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physi cal process, and tha.Jeceives neasurenents from

a device or a physi cal process or possibly from ot her

physi cal processes. The neasurenments and an al gorithm
" SYSIER ANDAE THODFORDTHST ING R CORTROLOS Y STERIGH AMaNB SESSHEL. T he

physi cal process to run as desired. |If the physica

process is a notorized vessel, then the control - system
IntrodRittiofcei ve neasurements in the formof a vesse

position, course and velocity, and can thereby 10

cal comtmlsysteen cangeoerally @ﬁaﬂ@rtas pspsiem et ginasg control svgnals to

o o555, SRS h oS Wipeblrntens g BORLESRHa g

procés¥ompossitsiy front ohes physm:altdnosesmeThe mdfasufmnemtefand an algorithm
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If thé‘gﬁfsﬁ&al gdf&ssh@é?mé’chnﬂéﬁ QBsRAVPEN RS c@xﬁ‘t@ol%&sfé’?ﬁ ﬁhay receive
lure in the function of a rudd

meastsrenm$ Hbtﬂleépﬂﬁﬂi)éd@éaeltmﬂqfh SO L3NSl V&J%Weﬁﬁ“ﬁ Gﬁn thereby
calchige HER mpégnéueqﬁ gﬁo\ﬁéﬂ 8R4 nkdaférg 8%t &%‘Brerﬁ{ar%rcﬁ%ssel
events so as or t ess

to maintarn a safe s
positiors @berss ancvelagityf ane achievgsd.e be that that the vessel
mai ntains the desired position or velocity, or that it
. 20 avoids undesired positions (to avoid collision or
Prolgenudd*scntjpuonhat it avoids a situation of

ont r ol | drift hat it tains a de
oS ahyaidl brasssolis Gaseia Tas fuf 8 Fesael, agbe influenced by
extefiN by ehtsIKE IRERAr el il vitd Spavds émgur@éntsanspunéxwwwevems like
or errors in sensors should not do undesired

and
loss (G MRS TobAPR A5 BAT8 REORIIRES ordaliie in tedHRElqMof a rudder. It is
desifad 6%&%@%@ orff®P BStE foP teoPess@f can hAIb Bieinal influence

n a rol or ItC sensor, or sud

and enﬁerreajtavem ef as g tlaqa vapiel te mairaing spie egt@t@ {\ sgie state may for
exarWBl%%ér ﬁﬁ?ﬂ'ﬁ tﬁé’v@séé‘? eﬁrﬁhm%ﬁﬁé%‘é%nr@d 59% tioR Ior §¥BEW”Jr Watit

I np uts romi nstrunent
avmde aadeam;ocssltuonsn(do avoid collisjurt er grouadrng)atthmst avo:ds a situation of

o AEH RO P RSk E ol Bl i Biliten
the dorgro! Systéhi in thy pasebf lnesiof sensyryigmals anenrersen\sensors should not
do qrr]rﬁ%%lgqr gﬁ nbgﬁr@@pe cor?lrpcgr}!s()aftlo%gr}?(g ra ssu c?lange in gallast pumping
in response to loss of a realistic signal in a roll or pitch sensor, or sudden corrections of
an apparent error in position.

Measurements {o a control system.

A control system for a ship, with inputs from instruments that give measurements,
and with outputs to actuators, propeliing devices and control devices that are to be given
control signals, is shown in Fig. 1 and in Fig. 3. This type of control system can receive
measurements in the form of sensor signals from a number of sources:
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sensors, - anenoneter for measuring relative wnd i
WOMSHA direction, - gyro conpass, - GPS sdiEiEN@2003/000445
GPS positioning systens, '5 - inertial navigation

systens that on basis of accel eration neasurenents
calculate velocity by integration with respect to
time, and position by double integration with respect
to-rdl!/;ﬁtchlhéayérsmsomsti c posi tion sensors relative to
fixed 0|n oor, - taut-wire system of
wh BNt E FegR RIS NG G SPaRE ahd deackon

ten ;@meﬂln pakg Wires fromthe vessel to points at the
sear | oor |s observed, - command signals for change of
coufPS $ANsEs PF 6P Scrrsitinningieysterd, posi tion, or

Sfifg&ﬁ%&ﬁéb@ﬁ%ﬁﬁ sgteltng‘?hé(t lgéasls og%glféblérggég ﬁfedaslfgeamerﬂs calculate

| evelocityesintegration with déspect totirae, and position byldouble integration with

se ueI | evel sensors, - engine state, cooling
vva{%?égﬂ%g{ ature, oil pressure, etc., The control

sy—shydmacndsﬁc @oyition @BhsSrs relalve S iksy %htéaéﬁhé sebK@or,
The propul sors may

b Bt e sy S BRVRR<hS csssian it 1e0gE: & e et fentioned

t hwirss f6, th Wess& t6 pOME apHE saf8oris be%te system
that is des%e to pull the vessel to e'ri ght

posFamgand Sofor §h§'ﬂ@@ of %ﬁsgpsde@aecbcme,t dedired|pasition, or

LBy alves to correct the roll angle
gr hgagﬁdgﬁ %tﬁ‘?&ZSSeYProbl ens related to control for

dyﬁi\?ﬂ@&%@ ea@ﬁnmomﬂers and motorsssel is a petrol eum

dr.i ﬁgzé r a petrol eum production vessel, for
exaruj?e a ?Ildr){g ship or an drilling platform a

pe'tlﬁi\tﬁléeﬁ‘-ﬁ@fﬁcfﬂubadmg tahikyy or a petrol eum production
pl_ Ml%ﬂév%l@%n%m?& trol systemmay al so receive

measur enen he heave
- fuel level sensors,

- engine state, cooling water temperature, oil pressure, etc.,

The control system is to give control signals to actuators like propulsors and
control devices. The propulsors may be ordinary propellers, tunnel thrusters or azimuth
thrusters, but is some cases also a mooring system that is designed to pull the vessel to

the right position. Control signals can also be given to ballast pumps and associated
valves to correct the roll angle or the pitch angle.

Problems related to control for dynamic positioning, DP.

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

control signal to an active heave 30 conpensation
ystemfor a riser, a drill string, cranes, etc.
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WO 2004/ 059411 PCT/ N02003/ 000445 the notion of the
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assi st in kee desired position

conigalsignal t%P'iOGfEEél?ré @r M@@étﬁﬁ tq agsistiin keepipa the denicedpositien when the
vesé%.fl |§|‘<H'tét€8 e ARRORR dirRtibih Bf tﬂerlﬁ?]athgf &rS&ﬁ{’ t%ﬂ%ﬁé&? %%ﬁhat the

forces to conpensate for changes In
thru@ﬁersmmtnmge withfercestorcompensetecfos chamges lslthe tensign ofi mooring
ineg BRI RIGRAGRE St ihal BE BH0R0 b EreibeliB system
can grvetdwtmbsignalg td> incesaseE ort decraswetensieadw the Mookihg lines of the same
reasoﬁl ated to testing of control systens of vessels. A
ip inspector can visit a vessel and conduct a test
on board of the control 15 system The test on board
g_Or_.connecting sensor
----- e SHEdf the systemin

dl Afsﬁrpeimpé@d:ﬂ ¢§new§|t é%@s&@w cdd@b@b’@ fest bR B&‘f@ ofithe control
stic test 3f the vessel for conditions that are
syste. lhﬁbe é&%@&et&?r Fan pe pq@e@gg R\ AiSEPNRELING BF Cejpnacyng sensor
systERSKan® s MBhitdr the pbd ;Qﬂ'%ealﬂ' thes SiPstérnah %ﬁfér&%tfaﬂt?r"e%tﬁatlons

occur or that can dangerous. It wl

Howgygg Mmaé(& aa@aa#wdsﬁt ehthe yesssl égrecqn@qmstb@t ane)éom expected, itis
|
nece%’gltélf)glg{%%(l fgk" r@:IF L u§\§ek ngﬁwe?gﬂ.%tﬁﬁg aYiﬁ sﬂ;agsq?t%g rtﬁélsral‘é?y oceur or

tion, In or
that é@ﬂbe&angymmtwlbba@msb@ eansigeredi apnan optian tocexpasetthe vessel to

extré‘fﬂgﬁﬁﬁ??t b{kegébﬂd?ﬁngﬂg rlé?'ée eﬁ‘é?é(ln Bdiadt Ftﬁbﬁlﬁﬁﬁ IWP&#%tg check if

nor na e con POSS I
the @nﬂ‘@l aystem psovides contralsignaisfor Icerreommnpensmoamf the error. Suck

rol signals that the
kmd%? %WE‘ égcggd‘gcggérators like 25 propellers,
r uu @qnczssmlejtct perfostrea simudationt bf seriser dat=te thelcontrbl system on
voar e BOAERBhob M et eSS heR 588 A0 e
propleherssruddersiandithrastery euoﬂwnym{utre@@ b4 lmﬁfdﬁnebﬁorbéf the control

tested is often related to of travel for
systems{_o aqest system and ?s not done presently as far as the applicants knows. A

disadvantage of visiting the vessel to be tested is often related to a long way of travel for
the ship inspector, that the ship inspector must bring equipment for interconnection to
the control system inputs for measurements, and equipment for interconnection to the
control system outputs for response in the form of control signals that are normally sent
to the actuators of the vessel, and in addition a data library that at least has to include
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the ship inspector, that the ship inspector nust bring
equi pment for interconnection to~the control system
i nputs for neasurenents, and equi prment for
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response in the formof control signals that are _
normally sent to the actuators of the vessel, and in
addition a data library that at |least has to include 3
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other? 54 in 9 fachidd nﬁféésl.lw ek ﬁﬁfebfblefnfr %sg%’é}% Mnspector. In

factory produ contro is usual to )
pém faﬂtw@r@@mt@nld@ ¢Qr¢mbsysteantspjlsuatm pembm( &Ab)calitd factory

sccob RSO0 AT U0 ST A AT B oAl 300 S s

the mamefantuner tdedssimalatech demsoridata to tﬂeecommm systénsargm frlopitors the

conr o800k T ST 58 rPEREREs Mot RF o i rves
efrors ovhecemeabatentérds ﬂanvéﬁlm’cas that ltas nfawmmrhas 6l?<>5rle§éen to exist,
gnal s.are onla¥ for e ment

and e W05 6 ot AR, P31 oAl I ek rpeptifal e san iachrer have

foreseem ‘lthmk RANNG e kﬁ&mﬁ Wltﬁtdédéﬁmy ho® heNtonbl §YstE@Will interact
interact with equi pment, systems, configurations

with W*@P?%Fvﬁﬁm RARNguRRiGRE R sivatiers thet themanyianturer of the
contréb/@fs@m\ has nadtore e @ﬁ&ddhﬁn aiﬁcﬁ FA?Qhe 'cBnﬁol%VEtérﬁ Svill not be

ntrol systemw || be 20 tested
teste% m@@éqﬂa@m@ﬁsm&l@ wh@rsCtmt crqmtrotmt@m is dnstaklachamae donnected for
use oAfle 4BEEWCt ed for use on the vessel. Exanple of a
practical problemin dynam c positioning. In dynamc
p03|t| oning of a vessel (4) that is held in desired

b & BPactcalPsr3BRm narfid dodfiders, or thrusters of

e essential for
t hredynasnia tpositioningadf & \lfe:sseb(s@) ¢hatke enatd intdesiredigdsfion of propellers,

rudde$§ OFf rﬁbstg}/segf tﬁer{al)(neq %r léglorlﬁe rty(/ege it may rtr)aey essential for the operation
that the vessel keeps its position. Several events may be undesired. One may

experience loss of motor power for one or more propellers or rudders, and have to
increase the motor power on the remaining propellers and/or thrusters and perhaps
rotate the remaining rudders or thrusters. One may also experience serious efrors
where the control system loses some of the signals from the connected sensors so that
an undesired incident may occur. The inventors have knowledge of an instance where a
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sensors that nmeasured the position of the vessel
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receiR?$ SRGWed éts@dgh\éﬁan?é Wp&éﬂﬁdﬁ‘gf abddt 75deterd té“thbl.@? ho such

. connection to the [1ng hole and active dr'il
change iB\rasitiondiad actuallyoogoyated: hike bydrgacpustic Wﬁ@f%ﬁmw a stable

pos 136G SR80 soReASl e B A58 tnd Bl S Sers LR
conwmrmteusan@ redsiesrandsthedsitiing piammewapwihpubmt@(iumm held at
; i |
the GHA FHREAR dorbre S heslothb elagil, FiqweBr R g thataner s
minutesl thehdnltimg platfogn suddénly Istartesd tof bvel towartls theigesiced position
aceqfipt B ihe I GRinec CXPRRGAE T HaF PepBiarit fisfoptls the
drillihg vittirthé Iasagcnaledtémergeaoyi dmwﬂexdusdsaha’ednbng wther thingaimslved
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disctgg@?;@qlgfs‘\léﬁ Zhes P g¢srte§ tmg: g‘g@%@]ﬁ&s&m&g h!i}%{] rsgtﬁgtlon can lnvolve
a risk ford Blowoutbit Jas &ivd 6if DP poltiesh BYTEpIling Of dﬁﬂmgeﬂdﬂd fmst tlypé of
anong ot her thlggs i nvol ved 20 dlsconnectlon of th

Situao8EANAIEO BIRSENhA M5k 10 Neseal A ceews TS BRg o diggnntitied DP-criling
may3hiis BeIvaRy sﬁ;sédswéqb\s@art aPrag% e diipiveits AbARINANAe initial

, pol l-ution b of drilling. fluid
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ensi ve st ar
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sign%f;ogqp@%\i(éé%é}\ fg%?e% t‘N ﬁw% é’a/ntHP gystt)g#usoécea%%\ﬁ? Hﬁafﬁ?'&oﬂ@i\’igns in the
software of the control system that require that such a calculated position must have
been stable in the preceding 5 minutes to be considered to be real. In this way sudden
changes in position due to erroneous signals are avoided. However, the new and
changed, but nevertheless stable position calculated from the DGPS receivers can after
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the preceding 5 minutes to be considered to be real.
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larg% é?{él‘ﬁi QEB%@: ISQ hﬁég:defaﬂgﬁ @gg@brbqtthg 8ORAARPEnE Rbntdi%ystem, which

will vary from one crane to another. Procedures have been established for the testing of

the mechanical design of such cranes. In contrast to this there are no established
systems or methods for the testing of the software of the crane control systems. The
reason for this is that the response of the crane will depend on the sea state and the
motion of the vessel in addition to the mechanical design and the control system of the
crane. A required detailed testing of a crane system on a vessel should therefore involve
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actu G5 PR SR e BT B 1he wegpel i had s Bsstmed in the

devehpmg?m*f&he Abhtes syswrmonwemmpie mqeis gs m?he?%ﬂ ;ﬁ?xsters for
actu | V | | T1

ayneifip #RsERnInge GBI DerBlatbn depusarine shas the thrter and the

thruéi rm@wuerknmm Whe! trR0caiol §9§émﬂ§l’ur€éd’@f 2flétee rseéﬂdanged then
the re 3 action to the vessel than what was assume

pHisghafisnesd of dhe F’WStQS@'B%Fhe thustraypbe changed, and
it will e ﬁebéss'aﬁy le%stﬁ% VesséIi fh%rc%ngrﬂ s‘?é‘rﬂa(ﬁ‘lﬁ\gensgpete if the system

positionin where the re tlon

stnll%@é@seﬁﬂs starly-ust er and t he

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

Known art in the field.
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t hrust nust be known when the control systemis tuned.
If a thruster is changed, then fhe relation between
haft spéed of the thruster and the thrust

Wbﬁg‘ﬁzﬂ g‘”ang 25 it will be necessary to test tﬂ?éf/“}l02°°3/000445
vessel with the control systemto investigate if the
system still perforns satisfactorily. Thus there is a
need for a nore effective testing of vessel control
systens, also in the cases where the vessel has been
moTthé iUSIPhtent6i 298 M&*Réal&m@mw@@ﬁ! 'enﬂulatmdnembﬂrfcr test of
ol d and. new conponents of the vessel have not

been
QU'%P@% NguigRYon: 8 CRBMO! systemEresesbes apendaiorymetnadder testing of

aplé}?d%yemu A tRE - ck%hvwsx b dolcdliea d ¢ es—Bf—\‘reeHE?n (§ POF) flight
20047 059411 PCT/ | I\I02003/ 0445 The US-Pat ent

simulgies pndiwhere Bigneisgirem aemrlcatledmemaj hauigatien tr@guleotb a “guudance

navigﬁgﬁ??ﬁ&; ﬁBﬁtgélgg%étg néé%#rcﬁa\f%rﬁﬁegegﬁéﬁ rgb{kéjfluf%gon This
US pétentadesomotudisougs aprcstnlemsl rbmﬂecﬁtudamatmspmismbnmgobim ¥assel in
ere s

iy oheTAtEHS R SPTEATAREPTBat SUr craBLPESaLoR, | R siasidaenton the
use Baipat] zﬁ’é\llg’a’t@nmilﬁohﬁécte&){.ﬁdd%ﬁv@t@r bqaipfhdnlﬂ Qn@gf'aﬁro@fdf
nerated. by simul ati on oes. not

“hydipSedd RRHEN e q i He Rt ProbIaTRIateT ISLbg s g ansk dges not

consf@éxscﬁ!eahwawsl A dniwirssdiding ot Abve 8MBOP! Bdindt8AA3IDOF as it has

stationary operation, it doées not nention the use o
"eSt‘éﬂ%%@'OMBﬂeéﬁ@ Bl IANCBitghe@otian.under wat er equi prent ,

pr o errs rel g%%(?m r%‘%@ﬁﬁg Ep%nd (? rgfg%g&n%f& %’E it controls"

descripesiancautomatad taatagparatusopthe testing ohBightycansiol Systems of an

airergites St of firnfilfadaSbiel or o8 PRl oRighf b sfstems.

The 'aptomoatad etelstta@@ara_ip@mmtdﬁs 4 systamraamidrolier haiig mem?try for storing
.S . 0

procffHireRufsnu GRS MatintiaL SbEL SE erloPRR R4 Sendtpius, and for

storiag rq:m.nﬁng)ﬂlglarnommdsgsmam tegtsdatan Thos atxmrtIateg test apparatus includes

a kefludrd, o Brsre e A Boe o B BEA drogianities Kiictions and

otherrmmmatfomnnmttne lan@mate@qeemmréramst and foroutpuittiag test data from the

ut omat ed test apparatus

O AN MY A O T

by triteéydterhtdnéolicrinesatbasét sigmas Bidtare dt'(’@ﬁ\e drcraft's flight controls
keyboard, a touch-screen, and a tape drive for

SYSt%'ﬁt and mpnien msaitingdestdata signainthat Ak Pedyeed by the flight controls
systgﬁ gﬁ%&ﬁ?’%g?@s ;éa; L8 @ﬁ&%éc?éd b BR#t8HHEe ca9E tb 2h onboard
central mamtenance computer mcluded 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 processes and synchronized by a central process. The software
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20 systemcontroller. Instrunments included in the
automated test apparatus and controlled by the system
controller generate test signals that are input to the
‘WQﬁ@%@ﬁﬁf s flight controls system and m)nltBFT/N02003/000“3
resulting test data signals that are produced by the
flight controls system The autonated test apparatus

is connected by an interface cable to an onboard
central maintenance conputer included in the aircraft.
testhmednsdoﬁédaiIsmapawtemyacﬁﬁ)nﬁzmwprbeessescpemimss signals from an

avioRigs (4VIGE @ g SePPIAUNE by grANUIAoB uBRg Cayifeliost BSmBatsr or from
actus m&hémdarhydéta%@ysﬁgm SO Ogadlrbmrand{gmn@ td asfuangvibfics
ru

rdance with t r anme nst ions to run the
hardmwr@pﬁn@§t6§ towapwy ? b%nqrsﬁsrpamslrmm hpskegnptegon a real-
tme¥ }vvare testbed for avionics" describes a virtual
in egrated software testbed for avionics which allows
aleSmatemtﬁBt)am él\rrcnaﬂéhgm edruatioptedt systemi describes an aircraft

e BN o 4818 SRRl BN REEAT aien when

in flight. A6 antiaft tePr e tsh lncT&@es 5 Qﬁtnb@r ef inStr\lRen@OHr QeP4ddting the
2003/ 000445 est osed yses

numbSh ot praPSRe RIS s TERS for RGREA DOy g Cetved by an

aircraftiviiEnG ﬂib%‘('% §\tOR A8HRIcRicRE Diumbsl SlihstriMents that monltor
runni ng on the host conputer or from actual e UI

the (4RBORRA & 1B YaTP Y BYTAB SRIRPNENEHiOARB SUBIHIJoeTaL Hrrratt s
expREdORI fr8cedddF M%thé?e PSRt dighdl il the él?d%éﬁ cBHﬁ)onents

- counterparts in the host conputer on a real -
diregis dhe; stinpgii Qﬁﬂ@ﬂi’ngimygmﬁntwq proguee ﬁtlmghtth%trﬁmlé!ﬁt%wose received

oy Blcr S 5k RThoeP o RPN Shlor 58 p MRS e ot o
stnmaln similac tawhatgreaircriaft would e expeged ito whentn flight; rgg@tczfmthe

¢ a0
ook BB AT e ndISL RN s EREodhinShAL M e gonerates
an ugdatedaset ngsmnulmgzl therairceaft. idhebsystem Blscaiecordst thevaepornise of the

o 8By 5 BB IR Foptore y gosomne

charged wnmﬁnswmgihaemesalmnaﬂt reefusittioning ptapenlyi The tslystem can also be
usedig AR Mgt Reavs HRe fisandfs et & Hiakb HIreARgaR i Be e during a

flight &@uBdtionul i generating instruments to produce stinuli

1 S BB RER e FSf BeBhOSA A o3 e cesroes

a métRbl laAll S&istéth fdrredlibiy!Jeadtate! iAduded w&rﬂéalmtwrf @F@éhlpboard
woul d be exposed to when in flight; nonitors

cranAEpaA NG R BRIUSTa: BoarD anale SHriset rmid aGBsensor gnd motion
sens‘iif@l‘?éteéi’l fe@d thedslrdrf éﬂ?ﬁﬁt%j%@éﬁféiﬁ@ces@ﬁr ﬂ‘\%‘ﬂ%ﬁfi‘ol%eiﬁe fane on

to the aircr em al so records
basns @ﬁ,pmmeawreme@ts and the commands from a crane operator.

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

A solution to the problems described above in connection with testing of control
systems for ships is, according to the invention, a method for testing of a control system
in a vessel, where the control system involves control and monitoring of the vessel with
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out put responses of aircraft conponents so that they
coul d be nonitored by personnel s tharged with insuring
that the aircraft is functioning properly. The system
WQaM4ap%idl be 20 used to train flight crews sin®ETINO28EH 00445
be used to place the aircraft "in the | oop" during a
flight emul ati on. US-patent 6505574 "A vertical notion
conpensation for a crane's | oad" describes a nethod
and a system for reducing sea state induced verti cal
contfasl| g?\%lsotfo cghes&l* ABRAE Euatdir s ihdre 198 FhetiBod\Eomprgds the following
encoders oom angl e sensor, turning angle sensor and
stepapt i on 25 sensor that all feed neasurenents into a
« centr ' f
¢ e B 7830 phSen st YA wE rePRIAN 19t She Pmore

sensups basrad firshsendartsigral tine tdthepcartttobsyststmor t surmary of
t he inyvent t he

* LirRiRen o fnad sinelF o BeicaguBr St it St ihd input

devig¥ 6@@:"@3&@%0@ lﬁ’él lihé oreffhand Sighal Itriéetoltnsfeﬁhlr@lrsys&m
met hod for tes of a_control stem.in a

¥ whegrepytation bha Pantr@ﬁ%"%wv&m eexwwﬁfam gRpasis “Hone or more
of th%%#ﬂkg%ggn%;dodﬂg aké %%%m d ngnglsv%c?@@ﬂdlﬁé 8k control signals

contro nals to one or nore
overa thirdisigral ling &9 the: aiug@rsod conpri ses the fol | ow ng

The?u?;g&@onfttpg?r%n%{ah c%&ﬁr@e&%f&lb%ﬁteé&”sor data.to

SV om one or énsors ovef a
*  fidistorswction of bgeat maresensordignas fronoene gemeng obthe sensors or

ition of co t
of ofigiind s fom i Mgt PLe Fobind E bd ho dbod S il ine
selectedeemsonsignalg rmlcomrmnd snghale are mbt séntdy dhexapntrol system, and
rePIg AT ANB 4 FRTBIOT i s SRRgRRded STt S Gl B mng sjamats, by
corrésondiitfsigRIEed deﬁ$@fs?d_;r$als an dommmlidm]gméls that at@generated in a
nals over a third e actuator

remadB SRR BiP I ESP RIS IN Horshan Seb S8 3 NG ipgton ne

tnroﬁgreEﬁe of nfdré ePtHeesighaNines te fife eontroPEgstesnsor si gnal s
fromone or nore of the sensors or of conmand

S
* f renntisned sompvitatiossindthe coplidlsyatanh podagisg ceal arﬁdg er?amulated
sené&?%lgn%‘i‘é SFé&ﬁn%ﬂﬂo%Qna% 6f‘€6r¥trd?§|g?@mﬂﬂ signals are

Ssent to the ¢ system "and repl acenent of
* on@ammmgethgfcontr@l sigeals mvse asemieRjeatialn lifededhe remote test
labo?é}HﬁPnd signals, by 15 correspondi ng simul ated sensor
signal s or corrmand signals that are generated in a
r elmoz prefesed eatbodimentyofithe inveatipr the methagawilldrclude aimulation in a

SimOSIEF i e refhdid TEE Ao b ans of an algorithm of the dynamic new

state of a vessel on basis of the control signals.

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

When the testing of the control system is completed, the communication line
between the vessel and the remote test laboratory is disconnected, and the sensors and
the command input devices are connected to the control system in the regular way, and
the control system outputs for control signals are connected to the actuators, for normal
operation of the control system in the vessel.
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through one or nore of the signal lines to the control
system * contl nued conputation in the control system

WB%JA real and / or sinulated sensor si
0 %Sb L gnals of control signals. and 20 * BN G2085/000445

t_ransm tting the control signals over a comunication

line to the renote test |aboratory. In a preferred

enbodi ment of the invention the nmethod will include
simulation in a sinulator in the renpte test

| atrer mvem@omgtsummd@fa systemdor tasting of acestral ¥R imawyessel,

e Eota TS afSeddF il B FAREEny dae sordang e

folloWiPigndlepsr t he dependent patent cl ai ms When t he
testing of the control temis co ted
P 3ndidl®, ar mere sensor

* CEMAAIBAR SANSAHEN DOBIIEVESE
sign@lﬁ%‘veté%q@t e td thediortronaatérad, and the sensors and

e comm ut devices are connected to the trol ..
*  sycaremand lrtpu; ¥i§EE N np@yd thehvesse! @qﬁ@ngegﬂor%ends@%qtrgﬁpos:tlon,
courglg,t \Bé;{acﬁt'yf &t S éﬂmﬁtéﬂﬁ 3 eq?tai"ﬁr?e Fool?uﬁ%hﬁﬁl sytée

for normal the control system

* i ran blgomthmm theldprirol sym:emcfomtmmautm socadrl eigoalsto the
vessBb el BFE ol oot 405 ot FeFisas ol st oftne conrol

signal8 cveet arimrehl tine tothe adtuateds, moni t or the vessel

o TR P e L B o e, 257

*  SEeHsPbr mors bémmuimat@n lines ifgrteansnission of bhe oc oare simulated

congi itond SLE BB Lom 4k SBRR R85 ekl i Baon to e
co'tt?él‘“s s@wer a command signal line to the control system

an al orlthmlnthe control qyste for

* coa-gm@iat%ﬂncdwdleg ,anrqtgorgh@rfg[ th |on\pg§5%qw dynamic state of a
vesfeg E‘r‘rbgﬁtee‘rplgéséd‘ oR&réviels %?été WoritioV Sighals, SREEgREMRS gaTahieters of the

Ing of the control 10 signals over a signal
vesgdlne to the actuators, in whi ch the novelty of the

* Sy\%&@ F#RBYM ﬁtcé{kﬁ% néisr ans ciifBPRansmidiy Bick Behew simulated

onmuni cation |ne ssion of on€ or nore
state pfithiearassel medeldn the e of simulated persansignalitacihmprontol system,

for contRALS chipBaRiohS T M ettt syABAT 81 BhYis'of thd'feal and / or simulated
sensor signals or real and / or simulated command signals, of control signals to achieve
at last one of ‘desired position, course, velocity etc,, and

* where the communication line is arranged to transmit the response of the control
system in the form of control signals as control signals to the remote test laboratory.

Brief description of the drawings.

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

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

11
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control system 15 * a sinulator including an
algorithmfor the sinmulation of a~new dynam c state of
a vessel nodel based on a previous state, control
WO 2840058411and dynami ¢ paraneters of the vesselBCTIN0O2003/000445
where the communication line is arranged for
transmtting back the new sinulated state of the
vessel nodel in the formof sinulated sensor signals
to the control system 20 for continued conputation

recdives dmmants Gonsy posiioA Spbaificiorl dévies, tee torthé! p(anerof the control
si mul ated sensqor signals or real and /" or sinmulated

SYsteRmaMRipdlly SRscii catwn deviee.andsa gﬂlapl&y eoshaftsraas specification device
for th@@b&'ﬁ@r 6f for%%%blb%jthﬂﬁéﬁs' Phe cBﬁfr'él%?stéfﬁ g I%E&ve

comuni cati1on | i's arrange
measumemts of nelaties windsdirastion laadoelative wing ;peemfarnm amanemometer

and el BCeRE QP RO Tn SRR St S i syl

oAbl Wave ﬁ@vatlon roll

.u

: pendd pliching, efthFhermontrbi syster cehlbasdafs@grﬁét !orsédm%nﬁélrjr' ARG shaft

spegd B bibfiayerd dindringles, Buviflers So ot ing deSTsn His tlohn coureqnd

velokRy &@SidHi®led he invention, which shall onl y be
restricted by the_attached clains 30 Fig

| TGS hielatss 4 4Tt a.GamiohSySIRRY o asgegyselmwhefﬁethe control system
is corPRbi to%ﬁ%ﬁ%@%t@’&&u!éf@@%ﬁ%@l?%n %Hb control system

course and vel ocit rom navi gat [ ns rumen
givepwesmmse i thel formoi/agorobsignas ta gt opaned:tedba@tuatmslds

00 R AR bl 8RS oy Ao
commndaeputa:lfzvms\mwmgtom 0f§hafcontrple&a;$tapem fication

S8 BFolel S0 H9E U o el b Ll Grtstor

arranggdini amemmtedsudummtlomtlamdnthd labose botmdommtl fresumh a first

a
rear e FRIBER o i Srlelar lncafien. \ifoR¥ of el eS8 isaton channels
for realitime pcgntrcﬂ,dsmmjlatizim emlnl Ioggntg, ﬂ'{meﬁ cﬁﬂb@é réalﬁh'i:ﬁmmcbg for real-
t t out put sha spee 0
tme§PEBE SErUSUGTHAE fasina Whicldbbines SonRgtien e agseipystem, ..
a copts éndwhonm%%sa@rﬂ orv4ll I9astioned/eBsar Whé\éﬁﬁulafdrgeca%on may be
illustrates a FAT of a control systemfor a vessel

€.9. @gha se-qaled clase seciety @R aRd. 10 i s connected to an
' rltl?rﬁ@ﬂlﬁsmafe% SYEBLePivt aXnTel syd ti&ﬁ%lﬁel@%e"&%& eldidhe real

control system gives response In orm of contr ol
sensgr gighals arg rsnl@peg Syrsipulaind sensessignals ever.a @mmunication line to

and 'frjolfnué tdstidor %oﬁ‘é %g@r\gﬁél%rd?\'e TG dihe BorfitfoiRsigntdid Fom the

he connecte
control system to the actuators of the vessel are sent back over a 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., that are normally arranged to give measurements to the contro! system of
the vessel, are replaced by simulated measurements from a remote test system via one
or more communication lines, and where the control system responds to the simulated
measurements where the response would normally give control signals to the actuators

12
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command i nput devices and actuators of the control
system Fig. 4a illustrates the basic idea of t he
tLo in which a vessel sinulator is
Wb:}}@r}’?g}bt e simulator location, with a | ogger, P?fa'rgfcﬂz%&%ooua
connected through a first real -time interface at the
simul ator location, with one or nbre comrunication
channels for real-tine control, simulation and

| oggi ng_ to one or nore real-tinme interfaces for real -
of the vasseblike 810 PEanaliess, irdddersdunpeidhmstens amush fhrustees, and where
the f%.%ﬁﬁﬁgé Edsetngv%té3 BB@nwa Ié%ﬁéggiﬁb éﬁ ggq?gns@éﬂ% F&?%@raﬁ:‘?ﬁwhere a vessel
simlaton leag. dm tl‘leofoamorﬁ mnnaigoritbm Gicudatgs aatheadynamialbebavior of a

sim N eR88 i rsotheiing Ritrol Shlal 8 -8 Eihoe £83EG system in the

vessdl e serid3thk hefr stateepl the 9es$di baicktd tHeekbrastesystem, for a new
resqoggnal s over a cammunication line to and froma test

ginthe oM g ypaRiedcante! eigaalgoee- of the control

si gRAbsidsiraBs &FovERitv Bf theXeksanhetidriinaks Wbﬁroﬂf pltch and

the "'vessel are sent back over a communication |ine
heag® the test |aboratory, preferably instead of bei ng

se Jsh&: ol ;

I F@stb?gt esté}c%/ﬁjegge \Xﬁéfrﬁqugleégélstﬁéh%r{eén@ os rugﬁ? aal i atncqj)’law, which
are ingpdrianhimcornestidn withrdinadiic positioming.GP§., plmspnnmtxon with oil drilling
. - i 1 hydr oacoustic position

wﬁhégﬂri@@l?g &9@&58@%&%%%@ ﬁg'?‘rBréﬁ?%) arranged to give

meBigu7 esmenissa sletthn ef aoelevamt prglsleamicolise o they imveation where a

conk SRS PSR o A STARA Rl e AIBAGHRG wrie s

drilling ewkerieithe @otial pbsitiys keamthe spsirstspbsitidrnef afembeiteedvith boldface

w., Measurenents where the response would normally give
X.control signals to the actuators 12 WO 2004/ 059411
PCT/ N0O2003/ 000445 of the vessel, |like e.g. propellers,
thrusters, azi mflt h thrusters, and :
ssrad embadiments of the.inueationy  on | i ne

t 0Tﬁ° 'irﬁ/'éﬁﬂéh Frféﬁldésaé’gﬁsﬁéﬁ%r &ﬁ@é@né&h&&i’f&eﬂesﬂﬁé mué dbRfrol system

) formof an al gorithmcal cul ates
2 ny%é{ﬁﬁe'lﬁ@hﬁxﬂ Grship, %d"@”%lagpéfﬁ Q@?ﬁ@leﬂpf@rﬁ@ﬂ%@qﬁ@m in

real:tlﬁ?e GREMd é’érpﬁnhﬂl&%'tloﬁ %th:?‘ﬂgei %Q%WQHW vt SViRhARFid 4a, and in

vesse senas new state vessel

morg &’Gl'@"tlﬁ Figte 4beanst 4c.Shhet eantrol systemd@)maydsglodsconiiot ans

rork 8 VRS bl 5B S oy ot st

of nomnahstdtes and expremehstates arderormal Ehgnges 1ol Sum merres and extreme

sy R4 L) 30BNy A e e

(H41)plrsaddition, ope reaywsimulateasrdinant mavemwiehbinoa sintuilatdd éddreme sea state
(Hy), failure situations with e.g. loss of motor power on a single propeller (16) where the

vessel has only this single propeller (16), with subsequent dynamic simulation of rotation
away from a desired course (7b) and drift away from a desired position (7a). One may
also simulate the loss of one or more propellers (16a, 16b,...) where the vessel (4) has
cne or more propellers (16b, 16, ..) that still functions, and study how the vessel will
react to the loss of one or more propellers.
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wi t hout nooring (or in some cases with nooring). Fig.
7 shows a sketch of a rel evant problem for use of the
i nvention where a control systemis used to control a
Wdr 2004/039¢11pl at f or m under dynami ¢ posi ti oni ng WPCENO2003/000445
is 'drilling, where the actual position and the
desired position of are marked with bol dface 15 "x".
Description of the preferred enbodi nents of the
i nvention. The invention includes a systemfor and a

”Efﬁ‘tﬁ@ f%lﬁwuhgﬁtbr@ d%&cﬁbtﬁﬂrl& bﬁ}ensdﬁhé’ %ystéﬂ'b a$48 nfaterial device

vessel . a ship, [1ing platform a
itustrateddh Eignds; bcam G.dar :pteaverairqn frem a regngte dabaraiesy (A to gontrol

sysEft Rl mbReeers P, 848300 0 "0na ac. The
c ?mhe eystepmac&mrﬁlﬂg tu_xl_ﬂyat wwehtmfmaltsamrmrgelf fanthe testing ofra agntrol
0 vesse . Te 0 e
systBin &) s Yaase! il anets i Ry saten ) Brpdded fiértol ana
morfék ft%'%s%bﬁ@?sr h’r’e?‘§‘ysﬁérlh@ﬂco§?c!|1ﬁﬁ';1 g8 the Aventivh comprdesand following
extrene es for the vessel (4), for exanple

featdfesi nary noverment in a sinulated cal msea state 25

+ (Hohe drren@%@ehge& aﬁaggéd%hrﬂaaaa ep\;/@ﬂs@ﬂm a'i@‘éﬁﬁﬁ@éd to send

ted
one Isqrr]tn?mg :sg:Jasow;lgrhalé @ ovesexsignalipedi2hisvibe CORtral SYStam42).
* Sl ot afIEES (10) o BERA he Vasse? lyark BiranBbd  fend a

desren] posutmm couese, ivetneity (YYestcr evereocorsmandisjgnah dinel (1t the control -

s Sta\ﬁ}/aré)from a desired position (7a). One may al so

yslg ate the | oss of one or nore propellers (16a,

. 16An. algdrithdne(ee) nfthecestrel sysigmi(2pisIrangeddor camputing control

. pro ers (16b, 16¢c, . t hat, st functlo

sigrBis 5 trofefrSokadtifton (2) BasaY o the senebt SIS 17 ey e

commmdre] sigaasl(be for. sehBinydi2Ae40arBrsignRNETI HARRHD 3/ gl dibe to the
In th%follovvl ng a brief description is given of the

as a material device illustrated in Fig. 4a, b
* and)n'é orfrAdrel dﬁrﬁhuﬁi&bh@mmﬁés)(ﬁ)as BRERGEd tESsHPos gr b simulated
to control (¥sterrs in one or nore vessels m%
senggy, signgls (7")an ﬁéSlWéQf@ﬁwQ?gHB?m signals (O &rom aarmotm test laboratory

(40)%rtﬁé‘ ESHtr&l%rysféﬁﬁ (3)eFhé Mmdte RbBRIBAGhay Be BrTaRA) 4 eduiipment for

a ves 4), where the control system (2) is ar r anged
realttime camrrmm%ai@n Migst tza)avallaé!%@tbem theylpborateryaapgk ampach vessel

didgefo the invention conprises the follow ng
thatqggé)é res: é One or nore sensors (8) arranged on board

*  t h@hessmole labpratory includeg adsimulaten(30) inclkiding amalgorithm (32) for the

SI[T]@I%H?I? éf t?'lsesrg@égyé% it @ P Rssl ABabr@) dakeb¥h previous state

(7, 7", control signals (13, 13"), and dynamic parameters (5) for the vessel (4).

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

* The communication line (6) is arranged for sending of the response of the control
system (2) in the form of the control signals (13) as control signals (13’) to the remote

14



T e

S
<

15

20

25

30

10 Command i nput devices (10) on board the vessel (4)

are arranged to send a desired position, course,
waeb@amkd (9) etc. over a command signal |ine

the control system(2). An algorithm (31) |n%ﬁ?Ndﬁmymm*h

control system (2) is arranged for conputing contro

signals (13) to the vessel actuators (3) based on the

sensor signals (7) and/or the 15 conmand signals (9),

[ ' of the control signal 13) over a signal
test{aﬁg@?&d@ﬁg actuators (3). S’!*gOneSoE rrznrev >
C OTHBIEOrete] ls@halsl Aesirchide §gﬁél§ fé‘l‘:??é?d!ébo a ?Sﬂﬂ tfe ?rﬁ{ of shaft speed

more si nmul at'ed sensor sign or siImu
(13a¢ 3 eiRg 0BF @haNase @mgellersa(ﬂ%é qrémmsters é‘s?t) andotatior gngles (13c) for
te | aborat
rucdefiigh O isteh (7 AncBOXSB other sl RBEE 0 i o O

cormeuseresars (8) imclsde baemmmbloétltmtohongt he | abor at or y
~and on_each vesse at, i.s to t est * The reno
- postif MRS Gy EREeR o), BiatPmiSe WausSeeh bosiion g ansuch 55 GPS
recefwlew(Ba? ﬁmydré’@dodsﬂt pbbiion %bﬁﬁbl@t(BﬁP lrﬁégﬁaﬁﬁg RReRYARRDIN Sensors,
state (7') of a vessel nodel (4 based oh previous
C.state (7, 7'), control signals (13 13"), and dynam c
- AR h (
COngémm ni ?gtﬁlg (()j ?ﬂcgg 385) f ?@égﬁr‘gnﬁé 8{ e%%erl cg leJ,'r;% qb)’b 58138
QYI'OWR?P&%G/\D@WGM@IM@S of the vessel nodel (4 ), in

- a bl LIRS BB el BriaRld @%teﬁi@%ﬁﬁ%

(7c ;(2) on basis of the real and/or sinulated sensor data

an bty ke P h B o Y R TR G Pt arection

(7e);one of desired position, course, veIOC|ty etc. 30 *
is arranged for sending of

-ariﬂgﬁ%%%égbkg?q#%éﬁégéll angla{@h (2) in the form of

- a phéteaf§BidePkosisgN & hd gnals (13") to
@ pt heargmt e ci Q%?/\D %OgﬁSﬁRI%W%%OS/ 000445 test

| 'aboratory (40). The control signals (13) include

Si IH%%r%férﬂeoeémbéaiﬁenjt 3fihd lﬂvéltl]tﬁ)r{ ﬁ%@gg[efz;%aééwﬁﬁ&:e@lth a knob or

13a, 13b). for one or nore prope
switahh68} éﬂgnquno disernnest an¢ on morgIseasgrisdgnalé ¢7) fromdide signal line

(12) 1% BTl PRty S A B moy e

providegotiht & sacorehswitém(g 508 arrarged Sadiscomndbt bae Br MGork e the

* comi 853 S ok ¥Rt e 37 e LSRGl ) an

provided&Vigy 2 thiR svBitIhSE@68) 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) can still be connected to the regular
electrical power supply on board.

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

According to a preferred embediment of the invention the system is arranged so
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etc.; - course nmeasuring devices (8b), to determ ne
t he vessel course (7b), e.g. a "1 V gyroconpass or
t her conpass. - a speed sensor (8c) or si s
W‘?%@E@% Pl ng accel eration sensor to determ ne ?h@mo‘%mmo“"
velocity (7c); an anenoneter (8d, 8e) to indicate the
(relative) wind speed (7d) and wind direction (7e 15
- aroll angle sensor (8f) to indicate the roll angle
(7f); - a pitch angle sensor (8g) to i.ndicate the
that fhiet remoém tesé labpggtory @0 l?pB@lﬂlpp@@Wl’(Brﬂ)%imuhmf (36) withean algorithm

(32) é&%ﬁ@ t &s@gfaté?ﬂﬁ' @é% %{ %%g%g% %ﬁr%%sﬁg]gﬁ%% ﬂ'ﬁtpqlr% aée represented by

compl@mbir pargaly simufateli'meaduremenn@| 71)iamel cofiro( dighalsq13, 13°) from
he control system (2). In addition, the system
the C&@H@?%MSF@PK%) the invention may be provided with a
O%&qﬁgdlﬁ%’td S:E)réféﬁ@j Sﬁ%@ﬁ bﬂhg'lﬁ?é?ﬂﬁﬁ%?%ﬁlrﬁuryémgoﬁ line (6)

r om the si
is artamget forcsamding ofsgzm enmE simulrted|seosopsignaladd’) forrhthe remote

st bl DA G5 3AEGol % Pl ERBGEL R PosiBRhEcted rom
a first #al-tieoimdrizzeqeny, ron theyeimte tdsh laﬂa:ratomwm ngnl thwls"aﬁhseﬂay the

dtof
comiEpRicRion 54 (€nas pe ArBmaEH S-Png Goandied b PHtistoptgeted from
a se€énd @%I—ﬂﬁ%ﬁﬁﬂeﬁa@@ Qsts‘)%ﬁ friel veu¥at @Y drd whiadfe e éécoha real-fime

connected to the regular electrical power su

Interigsa oI aTANGSS JrCeiNg ApIRStokiaidlying ytoh (18al v sianal ine (1)
t f th | t to th | th
130 th?%@ﬁg%ﬁ%%en(l ?gno e vessel enter into e al gor [ m

ntrol system (2) for the conputation of
t hcaooding t0 aprefiered ersidodiment oithelirventionaa simuldteyl command input

dev.%]g )Jé %&qbﬁgé‘ﬁr Sgﬂ? egf s‘?r%%‘?é%g%mér&gﬁq@ \(S’Thio%nthe remote

test RGHIAOFA0) OREI4HS rediHtiane Irterfacen@ag, drebbvérahecatrmynication line (6)

and bygine Feh e Breace i 5 Sl stfet st ace of a

veﬁ@k swmbﬁlﬁltﬁé Qlfral&_?éd 80 thiat il OF of parts of Greagenthhy (31 ) in the
I et el partia si mul at ed neasurenents (

contEan Ve (25 o8 g apdTipd JoaTbEatsa GTIRPIRCRE. YATHS CoRaUndation e
(6) Tlof thedrefte ikt Tebdratay. m&foﬁdlﬁﬁ% ﬁf&ﬁ%ﬁﬁm tref te5NBboratory

i nvention the communication ITne (6) is arranged for
inclusles @ ¢aja drgash €1 Drforingsing ehtharesponsadds’, 499 deans theregntrol system

2) tb HEeBSufeRiES (7, 7).

Description of the method for testing of the control system.

The system described above is arranged for being used in a method for testing of
a control system (2) in a vessel (4). The control system (2).includes controland
monitoring of the vessel (4) with control signals (13) to one or more actuators (3). .
The method according to the invention 'comprises the followirig steps:
- - Acquisition in real time of sensor signals (7) to the control system (2) from one or
more sensors (8) over a first sensor signal fine (12) to the control system (2).
- Acquisition of command signals (9) to the control system (2) from a command
input device (10) over a second signal line or command signal line (11) to the control
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test laboratory (40) which further is arranged to be
connected to and disconnected from a first real-tine
woRbRNkAace (6a), on the renote test |aboratory 64}%}0206%00“,

the sane way the comunication [ine (6) nmay lg

arranged for being connected to and di sconnect ed from

10 a second real-tine interface (6b) on the vessel

(4), and where the second real-tine interface is

arranged for being connected through the switch (1 5a)
SYSK#IB (he signal line (11) to the control system (2)

SR Haoh 8 OB Fe el S 300 B o one

ore mera:lomge @Cquirensensat sigmae(v) andpoatrmaid si)gnblsqm) tdrgl the dynamic

b th _
paraimiteisnaL & EAPSSsnan SERINAG! iRl SERSls 113heveiey third signal
line @29 tO¥RY adthigtofe@)-time interface (6b) to the control

system (2 The system can be arranged so that all of
- orTTm\WP\@' fof thrsinyegtien invaives the Hiscemrectionrmfoske arygoreraensor
signél%) i cat | o| B?‘dr”'l&lee& th%%'ebg’or@t(gﬂ%r @Lc%n?ﬁgﬁggibna%\’@ bRfthe
comrrmmdnmmrdpvnoes (({i[9)e lsoghatdhe Iseleictacesenson signelst (% br command inputs

© dGRRHE I 3 RbBLAER (B S 1RO e Y B e o
mord 8} thbmlédmm%mw‘m%@néﬁ (7¥on corﬁ]?@ﬁﬂlsmnélm(gyfwm @orresponding
od for éﬁﬁsj (?goof the control system The stys em

S'm%‘@ga SeRe LEPERERE signals € hifat geosneratedaama gemote
test fa‘b)brété@t(ubﬂwﬁﬁ re@p':eo't‘ t&@@\?&seﬁ(ﬁ?t'ﬂ@ §ifulatBd %lg}f%‘l%?'?i' 9') are sent

. The control system (2). 1ncludes control
°Verrﬁ>mm6\unw@ﬂ@m ling ésvescwh qng offnere efdhersignal il@em(ﬁ (43fo the

Fcﬁs e {%)ﬁ%‘?tr%%mé?@st 59‘}’353? rret hod according to

I nve I on CO rises the st eps:
- Acgomputation of the @@ﬂ!trqi isignatsf (1Se maow:lhcommme il He usual ey in the

conf3y8in e Bei2dy PP BB B SIAg 31 (L gP1E o or o
7c o( 2y,... Bor Gommqudsugnalm(ga‘ orcgatTemor 9b'g9elos Qgg\)“) E ot 28
ohe Ehnai SRS (o th 32 SR b ehR Phfiel SySfeat £94 fhen be

senttavet t‘nie mﬂmuﬁlcatléﬁ I|N@(®Q64h@5&ﬂéﬂa testh léb@r%%@ (@@)0445
utation in a control %orlthm

S y t % wi-.g &9 aﬁﬁf A enbement pgthgfmgtmgd be aatbe dethlen lnclude
snmmétﬁ;naﬁ Gsifnethts ey in theds 1Bbératory ?ﬁommﬁﬁs oF 8A a%ng%nthm (32) of

(9), and the dynam c paraneters the ves
a nexhdynagiel staje of aiveeselanedsl (4’3 pp hasis qfitag contsel signas (1®'). In this

way 3 1886%n the ddrit®) yéend @) £AS bR PerBHAES fiof the remote test laboratory

(40) on a vessel independently of where the vessel is placed in the world. The

simulation algorithm must take mto account the time delay caused by the use of the
communication line (6). _ , ,
According to the method according to the |nvent|on the remote test laboratory
(40) that is involved in the testing of the control system can be located on land, and the
vessel (4a, 4b, 4c, ...) that is tested is a long distance away from the test laboratory,
typically between 1 and 20000 km, and where the vessel (4a, 4b, 4c, ..) that is tested is
in @ nearby harbor, in a distant harbor, in a dock or in a yard, at anchor, or in the open
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The novel ty of the invention i nvol ves the , o
di sconnection of one or nore senéor signal s (7) from o
v re of the sensors (8) or of command b _
‘Vggﬁugﬁgﬁ?the conmand i nput devices (10), so %%gﬁﬁ %@ymm+b
sel ected sensor signals (7) or command |nputs (9) do
not reach the control system (2), and at the sane tine
repl acenent of one or 10 nore of the disconnected
sensor signals (7) or command signals (9), with
Seacorrespondlng simul ated sensor signals (7') or

I ") th t are genera
¢ o e Deipt (e Fouihey Pledp & Eoinp erere e BaiErigatio ine
bewﬂ&m memebsélemosmgrrah@te( i@boratopy @fcﬁsétﬁmbcteﬁvéﬁd ihe regular sensor
communi cation |ine (6) through one or nore of the

signgjspang thejrgadlar gommeapd wﬁalﬁéo thergentenl systemeanereponneaied, and the
conﬁ‘&l%l rﬁ@frﬁnﬁtﬁt%tcoﬁgpéy%éi? }éconn(é‘&{gb‘ﬁtoalhé‘éﬁﬂ.%ftoﬂs ﬁr normal

cont signal's contirnue 1 nt
openaipn iof theheontod systen lﬂybeaes$a) on basis of real and/or

<! RUL e, 506 Rt R Bl FRo8 oo s EPugh s epecl s 7)
comphs@@nte oérr})ore'ﬂﬂhmsm?wﬂg ﬁrﬁ@b&rﬁrﬁ@tﬁﬁbhﬁéerﬁ?{; é]st) ver
contr stem can t hen v
- ThE B e ARGIB AL RLO R 08) S O 8D cHHSeas GBS Teceivel (8a),
hydrbé@@usﬁic%dént%@ens%% @ﬁ? Gk :ﬂq’ﬁﬁc(?i’éwrﬁf ?ﬁ &ﬁﬁsors, efe.

di rent of the hod 't t hen mcFude
- GO@rSﬁdVa)tfr@ gOurseSensais (Bbbre. ge@}aymomp@ss@sanpﬁ@o campess,

-velof (% FBRPS el Se it 4 3% sl Phegrfu i doCoidialb sensor
- wingl gpedds(7d) an)wind dire¢tion (7&91?031 amnmnetbe(&ﬂ; 8ej,ol
b f th te test
- rolf e o (“H A gREL STREELEN! nependent |y of vher e
-pltd:lhanglesﬁabo:r &9 n’oart:a?dutmmséhsbrv(/a?) dh Tthe 25ds: mul ati on
t t coun i el ay caused
?ﬂ?f%’dm‘gé%e PFF?GW%%&PH%?%@H?PW fﬁ??ra/em?n the. ERER 54 gnals (13)
mch.tdé Sithealset S 3pc dii)dh i fotni GFsHaRVEIHddT drideoriThRoret [ﬁ'opellers (16)
test |laboratory (40) that is involved in the testing

or twstﬁfﬁe(%rﬁmngﬁ%f%w%ﬁfs Ké3¢)srdhaigters (18wnd mﬁflbﬂh gther

| conff@lscﬁa%ice@‘lé ’acﬂféve‘b‘he or mareldt&esiréd ?%gh%ﬁ (9 %obr%@g(gm/, velocity

di stance away fromthe test | abor "typi ca

(Sc)pet ween 1 and 20000 km and where the vessel (4a, 4b,

4CThe Tﬁeﬂhar h1()dfbef ﬁ&ioefé culatd &)rﬂl%?éfﬁﬁaﬂat{a %Zi ngi&\rqc’)r@ Jropellers

di st ant or In a vya
(164, r16bhé6mpe)nanc16.’ontl=‘oldeVﬁeQQﬂ)&)/xﬁéWﬂdudKﬂné\BQﬁmﬁé Ridiets (18a, 18b),

t of, th ontrol systemis
ana ey K e SE TR RriRiet i ne
The command input device (10) will at least include a position specification device
(1 Oa), a steering wheel (10b), a velocity specification device (10c), or a device for
specaf ication of desired mchnatxon angle pitch angle, heave compensation, etc. (10x)

- that glve a command sngnal (9).of one or more of desired position (Qa) desired cource

(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 includes that
the remote test laboratory (40) is used to verify that the control system (2) on basis of
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bet ween the vessel and the renote |aboratory is
disconnected and the regular sensor signals and the
ommand si gnals to the control system
W(ISZ&’ J‘éf and the 5 control signals f)r/omtr%)?r&ommmo““
control system are reconnected to the actuators, for
normal operation of the control systemin the vesseI.
According to the preferred enbodi ment of the invention

t he sensor signals (7) npri se one or nore of the
the siHlaied ﬁ@%ﬁwlﬁo@?r)arretherteﬁts andl PersiblY r(es)ammgrﬂel sensor srgnals
), YEGBUARELinf S BF) B95HEA08) SEHSMETa (8 Lot sgnal

9) gsxmsscmrﬁro{ Sighalsi(h3 etB’ pthat wilblead te patasard sseatecm‘sthe gessel,-and

whe b%/ m&géysgé'% g%{%%fiegﬂ%gégslg ?lnﬁgecﬁqty (7¢c) froma

Vet e bjarfie FRamERRs (SYofans vesser mdyl RYoREItAB mass (m), the axial
accel eratr on sensor; - wnd speed (7d) an w nd

momgnte 6f iNGHia, 78 the BiASs c&ﬂemﬁm eirtheygssglethe bul} panameter that
des@b tﬁe Bﬁ%try(c%ftlir 0P BsPex SBW [51%%3 néhﬁon oPerp&nsor
angl e ’3 ccor

roma pit sensor
signals (Vhﬁomrteéesrene@rse(ﬁbtndihemmtrof sysl’n@nr (By eam berdariedby means of a

switip Ol op el oLt 12) DR TeRA S oBpispard sighd o} 16 the
comfrihd inpuit déwmt(eorﬁto(thé)con&ndsm@h@) fray beushadee by(hdans of a

or thrusters possi bly other control devices
switgh, (trinonBe éraé‘a@ 1rq|é of desired position (9a),

c OHéérﬁdﬁrPQb a M@fé?ﬁéd ¥mBEditRt of tHemBBidtPabdBRNing %o hrﬁeeiﬁhven’crorr

. to calculate control signals to one or nore pro ellers
farlurqgrgratrpeg cay be teste)i byfiscamection otiens eemore of saiggted sensor

srgnb C(17?1gr‘ec@r‘rﬂ?‘na‘i’iﬁ F%@%ﬂr&é&?srrﬁ@% bre%k‘doh@ df%mtponents

e one or rusters e conman
anddthﬂre &g reEsponse pf tﬁre qasdrol sr&iemu(a)alrathpdgrm o gontrol srgnals (13,13)

and 306 SR {18, FE) bfloabRd i Mgedh (74138 festiratom o).
dekaieefsduationsezant alsatbedestet byestiangihgi measuraneants or by generating
distiidnces Bseirtsdh faer S (70Pr BT S8t gl dbrances tie
weattest] w&gﬂ eliwtﬂda?nor(égab Iheimasertﬁénwgs $7) thel Iat}e sangdrom the remote
Sire el OCl or. an e esired sta
testgatg:ra@@é 4% & F"tﬁy‘FO"E Isés"e“'d it ‘ﬁﬁstséh(d aﬂ@riwh%@sfneggsponse of
the B&MHA sggﬁﬁ?gz?ﬁ tHeforRioF corPoligrilsl (18] 13) ahdPsebey éugnﬁ*ars (19, 19")

enbodi nent the invention the nethod includes that

are jqggefl OnR l9gEeE(13) dpthetest dbewteryi(40lsed to verify that
L%};ﬁﬁ@k{ﬁfﬁ%@?&%d émbBRinféHt ioF R melifodetcitvgd8 e hvention

445
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).

One of the advantages of the proposed remote testing according to the invention
is that one will have a much larger flexibility in the testing of the software and the control
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the sinul ated sensor signals (7').in the test, and
possi bly remai ning real sensor signals (7), the

wo betdosdsed command signal s (9 ) and possibly rmw&mo“b
real command signals (9) gives control S|gnals

13') that will lead to a desired state of the vessel,
and where the control system (2) is certified on
basis of this test. 5 The dynam c paraneters (5) of
t he vessel may involve the mass (nm), the axial

systam i &S @ntlfemé upder signdated daikie situatians ad Lbdero simdated
exte R Shect ol BRIl R w o FEGE 12 o1 G Tehdona

testu’xgeasad)cemﬁmajml At (0 same rtimid) oneeavdidsstheSJisadvanteyes and limitations
nt r ol of a

of pr?\iggﬁly Uﬁe gqncéqj%ar?qagr}wg C(fyg)ssel%yogggﬁﬁgggmgnn@p\é\fy traIQ/el distance,

ti @@mmﬁﬁ HagBRl Ai of e 6
I o AT e N T B e, .
I

e BraPPeed mvspiion i is n@S@blgrtaltesstuam gertify. famwm desspls than
prewBuQ ﬂﬁé%?f“ﬁﬁﬂbgp&t nmet hod according to the
ailu

re S|?ua?|ons cay be tested by
dlsconnectlon of one or nore of selected sensor

Exanfl dPteuhd by Sloof BATEIR T8 chnbAleBbel. 1° wher e ¢ he
r Gmcme&mﬁn\témmncwﬂ 58 usetbtcetesiPh domtrohsyst&mmsihentioned above
nt rol nals é 3' and status signhals g19 .
will '"&eﬂ fgpetiong B fetpfeand rﬁb@%]@ Way1 e may iagigthe following example;
Itis de%ii@ﬁ 6 fisY alctirol Sytbiv @) i & Hﬁﬁlh@ %s§éﬂ4?é§ fuBRaiclSh &, 7.

i ng. nmeasuremnment’s’ or %ener
D""If@ﬂ wﬁ&gﬁ%@atw a%fpé%tr@jt%bmée @pgﬁmnate(rm) in pesition under the
oot FTSFAAGH A8 EREOHETARES ol 61 A G Pacuonces.
The d@ling vessel (4)énclaedes a cnotrol&ﬁstémmytmabcgrrembndsdo what is sketched

. t wh th
P g 308 P b5l 388 L MBS Frrace e
and  oomnedniceitigndine ((S{lﬁnd llfﬁ“om%taadealt-taheﬁt&ﬁ?ﬁiakﬁk;a)(tét% reffdte test
0 e es aporatory

laborgigay (‘ﬁ%osﬂ'lﬂ‘%' g gitRings: Tha cBAbaYRETT (O camisasagsrol and
monmmrcsﬂtm@dnmng Ivessesl\(emvitﬁ lpropwibﬁ @%m%éqm)qn(etd“rspeuer (16a, 16b,
16¢, *§ Ot fiistors 19 el eantial device k)

ey 2 ﬁH‘St gd RN EOégtawcg%ﬂBatv @ew%wsm)) thyusters (@) in the
form ePHIIMel ®RidieRn dAd'8zifrith triiERFs. R Betyl @?%Eé%éé?leooth as

“met hod according to. the invention, In
propylgieprdgvises (1@ognd ﬁOW&@QeVmBSt(h&) Ungler tite simulated tdriting it is

{ )

csrSHELGE HR0iG V8ol Ols S62H1ERET hodH 4T Wi smalest
possibie posifjort deviation, ravid wijis aeouf) (7bj and wetoditp (Te)ghatasnly

t of the vesse 4) . 3Q One-of the advant
comiHef o e wealer U BRCronb & s MueBte dm g waKgs and cument, The
methbd\fen’chyrﬂmlc positioning in agreement with known methods:may comprise the
following steps that can be executed sequentially: |
The control system (2) acquires in real time the sensor data (7) from one or more
sensor parameters, such as the measured vessel position (7a) from position sensors

*

(8a), e.g. DGPS receivers, and course (7b) from course sensors (8b) like
gyrocompasses, efc.
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Is that one will have a much larger flexibility in the
testing of the software and the control 19 WO

w@ o421 11 PCT/ NO2003/ 000445 system (2) in pb$/N02003/000445
entirety under sinulated failure situations and under
a sinmulated extensive spectrum of weather | oads than
what woul d be the case under conventional testing and
certification. At the sanme tinme, one avoids the

r hReRETPCR e P ke i ssaunapd AR 6§ Fat e SoRtmang input

dev:cteIr (QM? 'fondefﬁﬁﬁlé% s@céilé@‘ﬂo&]@ﬂéi«'gﬁﬁgl icfi S at 1BRS ?Qé‘lﬁon

trav time for ri equl pnent for tes

spectitation deibe (18R BheELH o HEIoORY SROGTaIonSleNIce (1S, that aive

comr&?ﬁs@ﬂ?lg Niols Brb]é ﬁﬁé’?}rr% gg%lr Sélﬁo%sqﬁc?}fé{%gﬁ *n% 7, desired

coursH (9b) Fotherfoim 9f ahgle fonruaider ok thrugtevsam}desir@d Ebeeclj (9c) in the
resent | ntl on _ can | a contro

form B Shahsnest R pr e S enadimistern o funct i on n a

*  safp s@ﬁ@ofse@ ghhemitabie sEASOMBIYNAISTEY) di»férbffﬁsffséds@wsfgaal line (12)

exa is desired to teSt a control system (
tOth@ﬁO@IFerSNS‘leﬂh@?)vessel (4) as illustrated in Fig. 7.

* Dr'l*He'd tTd@{nﬁb §’eljfb%ftﬂ rhi?ﬁaeﬁ@?@gtéﬁ V&b?ﬁ\?erasecond

potent err rs 1n p |on un
signal ﬂmeloacexﬂxmgmbmgnalllm (p(b)siotﬂwen:@mrdrs;ystequm Il not

- A48 508 e SRt LBl SRR f e cr o

acquired skatarteighals (74,17, 74a..) éncaodnmarﬁrmlgm?s (9e, t9he 98 ankand
I nterface

possi 3 Sah AT Bati e Oy el Bv B3 e HIRG pfe s Sighmofiants of
.nertlbr(lvﬁf friace fbﬁﬂhbe Vebsal (45 the trééttured st éﬁé&ﬂ(z 164) forpropellers (16)

shown 1 n the drawi ngs. The_contr ol stystem
T

and gngie (13 Jocidden(l %ﬁtﬂ'd Rassitie pihes captre ‘H@Véﬁqsl tpimgjntain and
resto}‘@ one Ior Hare‘ﬂf td@s iPécP BH%Iﬁbﬁ’ (Qéie?:fbl%é (éﬂﬁheioblﬁ? &92,2 el | er

nt r ol

* déthec@og\tqoisystenk@ tmu%ermS(tmg)contrﬁksjgm@NWqﬂﬁn A3¢.he including
the r{eﬁunf&{%héfyfﬁl%d @g%}‘g@ﬁ{ @Ofb{é tr%Fé;[)E'éérH d{zgél':%@nrtag{eh\?;m sldifal ine (14) to

contiol Ble shadt spaedr (dBajitoriprepeliets|16) @nddor thingsteisnid7 3 tard angles (13c)
it e that the drilling vessel (4
for "fédeé% @ggﬁrﬁgg&%ﬁé@ﬂl on (9a) with a smgal | est ()

~ The pogsiiyldf ¢he irmviehtiom ceie bieadxeoutedawith thict followingutess: ( 7b)

a el oc t hat. on 5 compensat e t he

e ol wERRS ot BkbtPhr i Sitgh ek on Seeananing (1), doaramore of the
sensdf dlgﬁursr(emrodeswe ofée:hheéiof m& ééffé@fﬁ (8) aeé utsbaﬁnétﬂed from the
contmgr eenent with known neth

FYSRITHG) sansifer ihaeaps of BewieBL {60k mamaldmeww or more
of thg %BH%@{@E&E‘(Q)Z%&QHH'cfoﬁﬁo! in ﬁ?&évnéé t)%'?@d%%ﬁﬁﬁécted from the

monk or more  sens paraheters, such
controhsystems(@.ed vessel position (7a) from posi tion

+  STREbF more of the disconnected sensor signals (9), e.g. the measured position
(7a) or course (7b), or one or more of the disconnected command signais (9), e.g.
desired position (9a) or desired course (9b), are replaced with the corresponding
simulated sensor signals (7'), e.g. simulated measured position (7a") or simulated

measure course (7b"), or simulated comresponding command signals (9'), e.g. simulated
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30 (8a), e.g. DGPS receivers, and_course (7b) from
course sensors (8b) like gyroconpasses, etc. 20 WO

4 11 PCT/ NO2003/ 000445 * The control system

Wf’%} jéoggﬁﬁres command signals (9) froma conma ()CVNB%HWOOO““

device (10), for exanple a so-called joy-stick panel,
including at | east a position specification device (1.
Oa), a wheel (10b), a velocity specification device (1
Cc), that give conmmand signals for one or nore of

desm@@ bositlom )tmmmumd assirég ceatsedob by lindihg 685 of Rdre of the
course in the formof angle for rudder or

sngnahh!m des, hwdwed@ﬁhe simulgied Fensey andhcemmandgyignas (7, 9) are

sl OB i B 5 U o

ovefa mmmwronshr@dﬁb tHrongh Eh2)or binth ohieswiiches. (52t 16i) and into .

onef e of s SRRBILS G514 S O I bR SR i

(7a)sramahe DAPS (dcbivdre (8d)earitPriplate 1BE6é BINalnbw, \ﬁro'ﬁ@%nd deviating

control system (2) then cal cul ates sequenti al

posiiagagiyen Histase MAkITem tt\ﬁ@osg@adpa)e\ahg@r@srve§s@lr{&b getually is.
. ”"?he%@ntr& ysterh éﬁ‘)“lﬂeﬁ S re gérllt?al CaRtinERY cc%ﬁPutatlbns of the

POSSI nam ¢ par amet
reqmlradesrwéts@e(aeg (1 ah)ijaior@ne"ﬁfﬁré‘tﬁ) Qndfangim(élracb for(nwigiens{18) and other

f
conprlihRies BRI Kb ol RS BUARGN, GBLS BREAS. et on s
of theui_dnoat ar@dlao snammatpd senboresighaler(7gonva'plrb abge\?bl; % dra’c, ..) and :
TEl SUR sl S e loFEsT 4S8, BRLE PR ) ana
the m.ﬁremv(e@eltﬂwam&mé%)t TeetvMpLed FespORE, thé?wcéuab control
i ncl udi n the required shaft sPeed (1
c-gnefso%?»e ﬂ)eﬂbféﬁtmfro %%t@rm (?250 EK?eQCt%\atPh(C’r)d ket TgR axarrnp the control
sngr(alg%a‘) or tﬁg r%bpﬁ?lucgf?g?gé‘liﬁrg ($6) eé?ﬁi iﬁé%lé ?'SCP bPRﬁJdefsf §18) can be
dlsqouaa@teg O(r.bsryd%ﬂh By meansrqfﬁ énrg switeh ( ﬁcr)eeontbatghe;mmroi pignals (13)
t
do d?\é%ﬂfrbﬂﬂeﬁgpﬁno T Sv\m&dﬁ % ?@&o‘&bh&‘fﬁ@ thst, t’iﬂsare instead sent

y neans o the sig
over theecqrarpynicatien 6me (ﬁ)rte tioé rerhete laboratory {4@nal s. ( 7)

fr ' ' C

"+ ST RB LR 2 el Mo 085 el BROEENE MR o
charge iscsimuldibd imat Itelast megnﬁaﬂhel semeof ignale ro'E) torthaﬂblecﬁ borf (2), and

the c d sigpals omt econt
wherd B3¢ BRI §3f BsPohot Wi frertroL S0P o1y Bs crsy of e ariing
veséblé{4pmﬁﬁﬁd3n?ed3fn mgmtﬁbmaﬁe@h@ré HeRSRAS %h?é?ﬁirﬁin {3 DGPS signals,
one wguld exSeHgﬁcseuéf(teer éo 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 suddenly regard as correct

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

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

The motion of a vessel (4) is described in terms of the velocity of the ship in
surge, sway and yaw, by the position of the center of mass, and by angles in roll, pitch
and yaw, see Fig. 5. A vessel will be exposed to forces and moments that influence the
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(7a) or course (7b), or one or nore of the
di sconnected command signals (9), e.g. desired
i b (9a) or desired course (9b), are repl o
‘Vggﬁhksﬁglcorrespondlng 30 sinul ated sensor SI ﬁjﬁ&nmnmmn4a
(7"), e.g. sinmulated nmeasured position (7a') or
sinmul ated neasure course (7b'), or sinulated
correspondi ng conmand signals (9'), e.g. simulated 21
WD 2004/ 059411 PCT/ N02003/ 000445 desired position
moti6Raf IheovessenThasetbrdes and chomentsaré abe)to ebxgitaliomidomayind, current

and &%g gffcg]g rdgeeggeoqap %ﬁ?HSi@g?nr%r\' éa gq?'gqéqlegé 1%) W\/\%‘%rése 1%] &nd rudders
(18) IR RS tate, f@rde%’iﬁéﬁcérﬁ%pohﬁ*i@ ISP Voréé%}:tléh tdde to angles in roll

respect to the vessel and are sent over a
and pdohand pasitiomin herve, @ﬁdtfmr@ hyérogeamic iesees brat errerelated to the

v St ERoB4 b 08 AP gt

pémman thesvegsel mgtuﬁﬂ ‘ayhéneastitdn momagsg ﬂm:weswl sa(be)seends a
ace ese W O an viatin SItlo .
contgReacs o Pedt § shlipoimelis e a5t ool r dhctassali shie the
geon‘hgf!?%'f tHeful by ahdthd hfés%Q!i'étthtncﬁ'V\ﬂlqué ((R&:wh hﬂréddmon

ornms sequential continued nput at.i ons of

estimatpsi of doe gmwyrsqse@cpqw@s;ew of % i@ Mk PS kpowp. Ufhen the motion
of t s%el(lgggo . enrfB%%r%o(ﬁg?ne%@ﬂ@ g@f on g}r% ﬂ'be calculated in

i'Ces eve at ast one esir t1on,
a snmulatcsre(SO)/ fdraiample by cisedi apealgerithor (32hel hien Qgcelarr&tlm and angular

acc@gpé,ﬂoﬁfo? the® R8I Rl GRA) Be chftuflted Fom & Huafins of fdthn for the

vessalgwhich af@found f&mh NeNdon's =@l Eulécs tawsgsu,ch ec)umlnds of tetion are

requjred vesse araneters (5 ted response
destilip Teabrae in e Sauaiang ok Motipndfe FBRTG BoLERRRR Seear

systragvesdel itashe actuator (3), like for exanple the

control 15 si naI &13%% for the control of propellers

(165“%“{0&90“ PYCEMEI SEMASE. rudders (18), can be

di s @RGP IRe Behftd o bhYydRgns of a third switch (1
5c¢) so that the control si gnals (13) do not control

t hethsr mpeents of inamip aithe Messalidders (18) during the
t t
v il Bhos S i g o ot

l'ine ratory The control
syshg@nc(:lgr)amm;wddedn'nbewegarded as a "black box" (2)

concB PR Pt BB ok o (2), and wherc

thewsbba@harlnpmg (2) responds with a control signal

ronPAEATOEIST SIS 1A SIRE FOBTES SALMERISNEY nle hyh due to motion

er hehve, hittAanB@H signals, one woul d experience after
5 mnutes that the control _ ¥stem (2) woul d suddenl

at t @aRAMelersdskating) the manplitudes flegrency ﬁm% direptionggwave components
rU%’ﬁTére@Eltnﬁ@?or&é%ﬁh rhdhhehts M #8'huio move 25 the

osition that the control system would
s udmegveregwrenmlonslof motion include mathematical models for actuator
forces from propellers (16) as a function of the propeller speed and pitch, forces
from rudders (18) as a function of the rudder angle and the vessel speed, and

forces from thrusters (17) as a function of the thruster speed and direction.
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because, it had been given as stable and wong for 5
m nutes. The notion of a vessel “and the sinulation of
jon. The notion of a vessel (4) is described
deot%/gémrrs of the velocity of the ship in 30 sufGa/NQZREHp004s
and yaw, by the position of the center of mass, and by
angles inroll, pitch and yaw, see Fig. 5. A vessel
will be exposed to forces and nonents that influence
the 22 WD 2004/ 059411 PCT/ NO2003/ 000445 notion of
The folléwing pe6deduféean delisRBtoditinpetind ation cfurvdseel (4, 4') over a
excitation fromw nd, current and waves, fromthe use
tmemteraaltfmaﬁgodd)l li ke propellers (16), thrusters (17)

c i P@Hg@ﬁ{ﬁ thd ilr@unnfcff Ué@ge?%[@ bf Sgﬂ{ééﬁgi%fi@é instant TO, and

spond to spri ce ac

~ the farobs andnbmertts rararmdlqmdﬂed abthls tnmbelasrtent arié dacelaration and angular

accelifalione e SevsmhapimenD ot Bt Smpbfd €Sl Bofiia
mot:drﬂ%? tlﬂﬁes%@l a, \493$ﬁén M}neri@épiﬁfﬁbréfbﬁ B@o\ﬁﬁﬁﬁ@bar‘i@é 88d to

whereas the noti'on of the vessel can be seen

calculaindg U’@ﬁi@@ ghthe M@S?f% ﬁEB@eérnlfTr%ﬁe where hds tr&ﬁtﬁ"“@ ﬁtQFh%f the
mtegﬁaﬁﬁﬁ%lg&r@ﬁ% ggYan l%e%?d@sfe t X Eﬁ??ﬁhﬂ%b? %ﬂgerange 0.1—1s.

mass di
WheR thienmotiom ofithél vessel (ébéf)u atdimss T v fis comphigg, das faseascand moments at

tme 4 Bt Bheh o Mgl 598 P SR Bk 37 e oune
from tﬁ@éqmtonemfwitﬂlcsh iA{gatn‘;lmsing mnhemd&lﬁr;ﬁégfationahsl imutibatofithe vessel
etk T e S4B o2 B2 kgl ol B st
TK=Toh*Kheibi ﬁmeqam fitcsticaddf rom t he equati ons of notion

for the vessel, which are found from Newton's and
Edinerwavesdiat 3@[&!113 é‘aﬁ%ﬁ' i geggrinask 2%Ha syof Waweerprenents

wheﬁerbr{eexﬁé\%)@cb'rﬁgohé‘ntt;g‘% SARidA 'itﬁwgfére'gﬁid favé Vﬁtnfaod;l{/é’l"(\freauency,

araneters a - The vessel nass,
amplgudé anddirectiarh d-aréngiven dgcatiar af sea mﬁspiﬁ)@iarﬁ distrirution of

[

a8 8 HoaBhRUEBF e wuaud BinBBRET SuPbe okl e specta
like thedONSWWAP or20TC $pebtad winene theaidtnsityes the wave spectrumis

hydr odynam ti.al. 00, = Vi [ Vs
paraffiibRRAIS W& B8 3Nn RPN porae LSS S ARTHS aig momens
actinghoh thelvesgelavill e turation f tHeeamplituge! febquerttyramidl direction of the
waves, and of the Velocity and course of the vessel. Forces and moments from wind will
be given by wind speed, wind direction, vessel velocity and the projected area of the
ship above the sea surface as a functio_n of the vessel course relative to the wind

direction. Forces and moments from current will be given by the current speed, current

- direction, the projected area of the hull under the sea surface, and by the vessel velocity

and course relative to the current direction.

Dynamic positioning - DP:
in dynamic positioning, so-called DP, the vessel (4) is controlled in three degrees
of freedom (DOF). The desired position in x and y and in course are given as inputs

from an operator using keyboard, roller ball, mouse or joy-stick on a control panel (10).
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25 - paraneters relating the. anplitude, frequency and

di rection of wave conponents to the resulting forces
wouwy0maEnt s on the hull. - Mreover, the equapeom®2003/000445

notion include mat hemati cal nodel s for actuator

forces frompropellers (16) as a function of the

propel |l er speed and pitch, forces fromrudders (18)

as a function of the rudder angle and the vesse

speed, and 30 forces fromthrusters ét as a function

A contfol systemhi2) i Wsed isceampuie tae requireshactusigrigaces in the surge and
9 i

ovay3 LTRSS ETLARNTHLRDE St oo bovsamange e
achlsws Ith@desl'rempmsmm gadi _cbuursm The tcon ol syStaip ¢2)ealsd includas actuator
atoc, Wi O B35 B et 2 pBber B b ol s gy rster
force@‘cohﬁbﬁoﬁdlﬁ@td ﬂ@@iﬁmaﬁb@d é@ﬁﬁttﬂff@tdeerarmﬁomtd Eﬂhe dontrol

accel erations of the vessel at time TO can then
systamo (@)Ut Faplementetthraughthedhaniig ofAn JAoHBM (3 oRexs §%mputer on
boarc(iéb9 d§?§sel @ge‘ﬁhlﬁaﬁ@r ! ( 3‘1{‘&&9&)9&! e¥drEY FBQ’lﬁoﬁ ;’(‘@a)%d course

lcu I on of t e vesse
(Sb) Wlﬁﬁ@mea\sbmdepdrsmm arhrecmwme (Faepp)otind pébasis o thistheoalgorithm

com%\gg? ipei %ﬁupgﬁ &ﬁL@ﬁ%ﬁéegtJh%gﬂﬁ Rd 8? n c‘gfh{ré ttr%éﬁré/cé”rkd tbund in

textbéerRS ah aﬁﬂmoﬂ the @tgdritnma indiudes ao aw:tairdm mb@mlétwhms paopklier
e CO

forceo B 418 Aaf d VAR 191055 62 FOTBLIGh T Rebilinapd gayse are
mea§ur%H‘bfyh§GP€l@risg&S fodtRiga3es A%r@acb%ﬂgsm éyﬁel'ns where

Integration the notion of the vessel
transwnd@fapareéepedmn the,ser flenry and é@#tﬂfélfﬁsewbﬁ'fee@ed'ﬂc@ééﬂn 8 a taut
wmehk&?oh@ﬁé?Q&ﬂogﬁﬁﬁﬁggbﬁé&nt" time TN is reached. The

tha on a vessel are described as a sum of

.wave conponents 15 where one wave conponent is a

si nusoi dal |ong-crested wave with a given frequency,

anplitude and direction. For a given location at sea

the prevalent distribution of anplitude and frequency
of the wave conponents will be given by known wave
spectra like the JONSWAP or |ITTC spectra, where the
intensity of the wave spectrumis paranmeterized in
ternms of the significant wave height. The resulting

forces and nonents 20 acting on the vessel will be a

function of the anplitude, frequency and direction of

the waves, and of the velocity and course of the
vessel .” Forces and nonents fromw nd will be given by
wi nd speed, wind direction, vessel velocity and the

projected area of the ship above the sea surface as a

function of the vessel course relative to the w nd
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direction. Forces and nonments fraomcurrent will be
given by the current speed, current 25 direction, the

roj.ec area of the hull under the sea surface, and
W‘gflgdf'ﬁ%hggssel velocity and course relative tcl’CtTﬁ‘éO2003/0"0“D
current direction. Dynami c positioning - DP: In
dynam c positioning, so-called DP, the vessel (4) is
controlled in three degrees 30 of freedom (DOF). The
desired position in x and y and in course are given as
Com#gﬁéﬁt%: froman operator using keyboard, roller ball,

use or joy-stick on a control panel (10). 24 WO
1. 2004/ 059411 PCT/ N02003/ 000445 A control system (2) is

) te the required actuator forces in the
2 ﬁ%g}ojﬁg&ré@‘ way directions, and the actuator nonment
3: abmmatfolrse(prapelmm Wuétbﬁﬂ?tﬁ@déﬁfps)el achi eves the

desired p03|t| on and course. The control system (2)

4. a1\lessehshipi£uling viesse) driling plasiorsnProiviclien Platiarme Srofer sea-
gom? QBpsdiat i on of propeller forces, rudder forces and

hruster 5 forces correspondlng to the commanded
4" acdimuiaied vesselsvense! moskehinssimlllatord80) abthes@imn( algoiithm (32).

5 o BTHTE e b el YERREL Sa0inaRl R S iac! Byl b ppnter of

mas$,30, Sdpbp ancrsenth of destia adopithetvessel (@), mads distritgion, hull
9 with the nmeasured position and course (7a, 7b),
paraé}%gréf ®Casis of this the algorithm conputes the"

6: I eQdnirhgnisstiomnire, uricmdiﬁg adirst rEBMBMbIntefaps (Gébﬂh rtﬁé remote test
theory and found in 10 textbooks. In addition t

'abOIéﬁt@fa!r(ﬂ% @ﬁrﬂ:ﬁ%&ﬂ?@@ reAl-tnedatgriaed GRidn 2 f Wﬁé{ﬁésel 4a (6c)ona
secoPldARR5bIHD), e ces, rudder forces and thruster forces

are conpute ‘The position and course are neasured by
7. DEEnsssignals, fregmrsensorsal@se&s: position- drmmrse; Zenslocity, 7d: wind

speﬁ@él?% \0@&% ?étra%’ke&?mf‘ﬁ:r@chf%@ qol??n%lg e@'d[roa(%ousttc

(relative )epdsitiomowitim redpecteatranspondes mreﬁms&aﬂlooﬂ, Bi, ZGPWihertnal position
and @gl%/ 059411 PCT/ N0O2003/ 000445 Conponents: 1. 2:
¥ ol system 3: Actuators (propeller 16, thruster

8: 17Semsmk§158a b&thn %enb’@@sel (gyﬁd)b?mpféé:t |8d: K)@Idéﬁﬁ%@hsor 8d: wind
speecf sens gsep wmd %lr&tl&rsoenus%trl 8P pﬁcﬁtser?sror Sg, ro?l Sensor, 8%

hydroacoustic position sensor, 8i: "Seapath 200" GPS/inertial sensor of position and
course.

9: Command signais from command input device (10): 9a: desired position, 9b:
desired course, 9c: desired velocity, etc.

10:  Command input device: Position specification device 10a to specify desired
position 9a, wheel 10b to specify desired course 9b, velocity specification device 10c to
specify desired velocity, etc.

11:  One or more command signal lines or a communication bus for command signals
(9) to the control system (2).

12:  One or more sensor signal lines or a communication bus for sensor signals (7) to’
the control system (2).

13:  Control signals including shaft speed (13a, 13b) for propeller (16) and thruster
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goi ng vessel. 4': Sinul ated vessel, vessel nodel in
sinmulator (30) or the sinmulator algorithm(32). 5:
wahﬁumgxqm c paraneters of the vessel. ba: ms%CmNo%ﬁsooous

5c: position of center of mass, 5c, 5d, 5e nonments o
inertia about the vessel axes, nmmss dlstrlbutlon hul
10 paraneters, etc. 6: Conmmunication |ine, including a
first real-tinme interface (6a) in the renote test

abor at or and a second real-tine interface (6b)

(17)03’(1%%9'?&363@@%'“%(18096§hw$iea(17éecond vessel (4b),

13" et @}ona'ol s?@ﬁ‘eﬁ%(ha? %%ﬁt[tfo tﬂg]aérﬂé‘\feqtrg& I%E%r%é@omp 2: ; on,

14: 7eOnﬂ mdmmnhn:di sngma( hrﬁs) (14Y br comiruimicatiohebusAgomtiee tontrol system

@ PGt Brs B RIS on the searloor &

GPS’altg}bggeyal position and course. 8: Sensors: 8a:
,a POSItion sensor, 8b: (gyro)conpass, 8c: velocity
'6-seﬁ’§@?3"38616)vm nd speed sensor, 8e: wind direction
17:se P pltch -sensor, 8g, roll sensor, 8h: 20
rggs’ct:eoﬁsﬂ C position sensor, 8i: "Seapath 200"
18: GPB/udderﬁBail (togetizan"aofuaparst ¢3)on and .course. 9:

. al s from command i nput device (10): 9a:
19: ?@gg @bg{gtl on, desired course, 9c: desired
3o:vel\/@sséns;ma|tamr xdﬁém@@rtﬁandbonamry( 4gyvi ce: Position

t Da t fy d
31: S ERTbF Aoy B4) f6 B Comrciabn g IByprLanalsd? axtodhs vesse

| actu&d)r@C{h V1B ﬁ%? bhi 'tfa@ts' &’%eﬁ%r* $i8ndis 9, Ean%}?c% Pﬁﬁ@% | &d'the

oc:|ty, or nofe command I Nés or

dynamtfomfamea%rﬁ |@1°fbtb§ V|e§$e'd6hﬁ%rrﬁﬂm§lw @ntr(owslgnaISt (R@) over a
sngrfa@ e PI|4I) % BB tbstbrs @’o C ngarﬂploerrﬁ}ééeﬁé?rgs(%)g @Q@ﬁ 17) or rudders

a conmuni ca ASOT 'SI
(18)30 the control system (2). 13: Control signals

o A 106 RT3 1 98 B 08 il ot o

the yasel an @aalsgjfslmulatad samsor siddels (7). 8esse! paranetars (§)1 Emulated
wmc% gg%%%é g&llr(ds qi?eé:tlon snmutlatgcri %vasvgmleva%o%haen \?/g\% g:rctec(:et%tn, simulated
current speed and current direction, etc, and the forces of the actuators (3) on the
vessel

40: A remote test laboratory
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14: One or nore third signal |lines (14) or

comruni cation bus fromthe control system (2) to the
actuators (3) (16, 17, 18) 5 15: Data |ogger. 16:
Propel | er (16) 17: Thruster (17), 18: Rudder (18):
(toget her "actuators" ﬁ@% 19: Status signals 10 30:
Vessel sinmulator inre 3 test |aboratory (40) 31:

1. Camhélodadbgtastihga ¢ahitdo! kostetrh 62)0@ mpmbahe Qessél (4p nm IWchh said
ghal s to the vessel actua

contrcﬁéys@r@é)s@mevsezﬁ R an )moemﬁ%af %ﬁ'@NSP%e'((é) W&h&ontrol
sanall{13) DR E SAERSALA (G714 MBI SRRRIH) e Blcwing
seque(n’tm) stepst he actuators (3), for exanple prOpeI lers
- (A bOn R el el A o Siser RIS A To BB sttt SR Vo e or
more %)éﬂééfr‘s%?'%ép@ fiedt sehasr y.gﬁéﬂtneoa y@é ‘séldeorﬁr' @tbﬁpl(z)

sensor signals , VeSS araneters [ at ed
* vxacnunsmee@f anmmamws@nabc(tg) m}Sa@IQﬂﬂﬁf@ﬂ ewstwav@) from a command

mput GBI S ORSE o TR S P 2P858 conro
systefcfyators (3) on the 20 vessel. 40: A renpte test

| aboratory 27 Clainms 1. A nethod for testing a ,
" ceempytatiopgp éneqrtiol algasithmar(Bikineaid epniral systemvi) en basis of one

I , .
or meig ¥ e <BBUFCT Bl SOAPONETEIRLPB] 7 gt of s
contrdilsigndl® (P3)eovar anthird s@gﬁalaher($4XfB>)saldabﬂJat@tsf(G§i
conpri si ng the foll owm ng 5 sequentl al

a@'&gpgantm ¢frPne=@ll MereRf SAIdseeRsar signds i 9;3 f(°7§‘ ong ydngre of said
sensd:rggéj; 8! of ¥ &Bhréand F@l ot ZTFé))m g0 con gr'bﬂ?\r }GEQAC«% el 10). so that

St “sensor signa to sald co
the sélé¢ted*saxsqu siginklso(7) of commmdjsgnglsa(l% d(>91)ot1flowsta|s;h|d control

systefu. a4 %%er%éa%%ff S BETEFe Bbrrid e RREE] ansof plgpats (7)o

i hah 5‘@1’5& felsPBhéi R8P YEASHIghdls 17') lated
said C%:cg?]t ?ola orl@?)hm (31) i E sai scl,rgrl{trol system (2)82%0 or simulate

comnias] SIgoaISd
characterised in

*

that said simulated sensor data (7') or command signals (9') are generated in a
remote test laboratory 40) with respect to said vessel (4) and transmitted over a
communication line (6) via one or more of said signal lines (12, 14) to said control
system (2);

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

transmitting said control signals (13') via said communication line (6) to said

remote test laboratory (40).

2. The method of claim 1, comprising simulation in a simulator (30) in said test
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or nore of said sensor signals (7) and said command

signals (9), and sending of said control signals (13)

over a third signal line (14) to said actuators (3) *

di sconnection of one or nore of said sensor signals

- i f

IaborétQ’yd Jogwgaglé 8ﬂ§f1%lg?c% tﬁl%r rr? égi’:\@%‘%&’)(r?a l%)stgtre &'a vessel model
(4") onlegbisest saldtontsel sidredls (131 sel ected sensor SI gnal s (7)

or conmand signals. (9) do not flowto said control

system (2), and replacenent of one or nore of said

di r (
3. Srg%gﬁ%’tﬁ?g%@ c?a?{r\ﬁp é%?&rrgés}%él s@wsBF ﬁgﬁgltsg(ﬁeaﬁ?oﬁ‘rée one or more of
the foflowirgy ﬁer(sbrpammetemrfr@hedaldcsansamj@l gnals (9'), 20

- a oSt h‘gj%%%d}%ﬁtg Egnfpaéwdtgasrgm””' NS BACISY ad B (dcdivers (sa);
hydro*a%éhsﬂ.caeeé.ﬁéﬁ Eéné'&r); (8h}, rhté@?éiﬁl@tadc‘éle‘-‘rﬁh& gs.s&ﬁ-h é6):

transmited over a communication [ine (6) via one
-a coolrseﬂrhe) frgfm saucsesmwsaﬂrs [8mee.g ayraagmpass al somermther compass;

- a velygiirt) oo 4 Ve R0, bR BRIPH 65 LitBfieby Bielslatian sgpsor
-a wmals@eéaqlm)aaﬁd arwindidirestion | 2é)cora elisarerfbeiedd (847 8epr
7b or 7b', 7c or 7c', ..) or said real and/or

-aro&anllec(amﬁm %rcglrmgde(sgaswrw@)a 9b or 9b' , 9c or
trol si |
-a piff angie {70 08ty @ A Selifor@eg conrol stgnals

test laboratory (40). 30 2. The nethod of cI aim1l,
conprising simulation in a sinulato 30) said t

4. 28heapeinel &f ¢laimo). IpyHehaIdgonke! g{ggéﬁ (t1|3rPrP?'§‘:E’}"S%1$'Qi‘a'S (13a,
130, I (AXATIR S S fod U3 50T Rf e GrindrropRiers 45) or
thrustems Wn?f )c and alnglae(ﬁ§o) fagirgaders(18Y pr tousters €17) rw_dcposaﬂrle other
contrSleieyises \PegchievabRB e Fioim of S5 e pasfian 8k EPUfseciap). velooty
(9c). position sensors (8a), such as GPS receivers (8a);

hydr oacousti c position sensors (8h), integrating

accel eration sensors, etc.; - a course (7b) from

5. Ciﬁsiﬁgﬁ%ﬂ 5t g%/é\Sp )I '%g%d%’o{g&r%%ﬂg iﬁﬁg%{eﬁc%nﬁ 92 I;:o%prlses at

least 68@ )po@rtuowspeafmnah Id@moeqq ehpraavhesl (36b% & veldbity sgecification
speed (7d) awnd direction (7

fr
devich Ao Bt rdevts fopapeciicatin of desias 11l andle. tVemaRdi eave
compRAGhfors &8 % 0xX) #hat gives a command signal for one or more of desired position

(9a), desired course (9b), and desired velocity (9¢) or some other desired variable (9x),

e.g. desired roll angle, desired pitch angle, desired heave compensation, etc.

6. The method of claim 1, in which said remote test laboratory (40) is used to verify
that said control signals (13, 13') from said control system (2) on basis of said simulated
sensor signals (7') and said simulated command signals (9') in a test, and possibly
remaining real sensor signals (7) and remaining real command signals (9), are such that

said control signals (13, 13') will lead to a desired state of said vessel (4), and where
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- a pitch angle (7g) froma pitch angle sensor (8g).
4. The method of claim1, in which said contro
signals (13) conprise signals (13a, 15 13b, 13c) in
the formof shaft speed (13a, 13b) for one or nore

.. pr I /), and angles (13c)
said 4%5'?'%? &%Sﬁ" {2%2% C%&'f'?ﬁr 0s éesﬁgs&(&'}f) and possi bl e ot her
control devices to achieve one or nore of desired
position (9a), .course (gbz,*’l‘? velocity (9c). 20 5. The
7. mbasetsedof slamil, in whigh %canauféaﬂwhaa'ﬂmmroaa{aoel@m (31) of
said dohhbl gy{%@%&% hgﬁg fex f 3g?ttﬁ@geée§(:¢| EifhAhg mass (m),
the a>da|vmome(nls &:Mertm ofatr‘ee\xessel ﬂm masecdlsﬁtrlbai]mmnf tife vessel, and hull
desired . roll an itc | e eave conpensation,
pararagters habdpteraup 8??/8 OQeEMI?Eﬂ?ﬁjhgrgnal for one or nore
of desired position (9a), desired course (9b), and
desired velocity (9c) or sone other desired variable
8. (9Re¢ metbod.qj claimsl, riedvhiezh theadigtennatdionrat sajsl sensaasigrals (7) from
., desire eave C etc. 6. The nethod.o .
said SRR @) 6 G F T AV alenb RS SpRe Y BEBPAPLASWiRG)(1Pa) on said
s|gnapﬁir%i g) verify that said control signals (13, 13')
fromsaid control system (2) on basis of said
sinmul ated sensor signals (7') and said sinul ated
c ' ( e [
o T IRTRE B R el BRT sBld poffimang signats (8)

from wmﬁdnah@hﬂhﬁ d@g)ce @0kt sl dondrol systenh (2958 dohe by means of a
wll lead to a desired state of said

2 3
SW'tcr\‘/é‘g‘i@IC’r{%‘?'d Séﬂﬂfl\kﬂ%r(é P9 said control system (2) is
certified on basis of this. 7. The nmethod of claim 1,
in which the conputation in said control algorithm
10. (Zhe méthoda:fd:lalmn‘t iolwhssts saich réRote sest |labyoratarg (40) is located on

land, B WIS HEsAal (47 4ty o 1ot e b st Riihteet 8t 2 long
dlstar%esﬁréﬂn@gld st MPbdrBfory %43@) yplé’eﬂlg H@Nvéen ﬂaélﬂf@(‘)@(ﬁ@ kﬁ'lh%hd where

determ ne the geonetry of the . The net hod

the vedsel that is testedhiscin a harber sib endeck ¢roam yalfd mmegem@trthe open sea.
signals (7) from said sensors (8) to said control
system (2) is done by neans of a switch (1 5a) on said

11.  10heingetabd|df ReaifhlR)in which Rglure b ingstiobls a?béleme&i byi msconnectlon one
whi ch the di sconnection of said conmand

or mare ehselected signalscAtithp imejeksaie sem@qr S 673R1(3) Stsaid gmmand
sig naéfsly @I‘)] zﬁkﬁlgtéq%%ﬂaggﬁ dgpc%ﬁiﬁ)o‘?fen \{yﬁé}e(tllné l?%s&?hns%aéﬂhe control

claim
systemhincthe $aind of sailt eoritred signatsof13t dB8Y aths)taﬂus digreald €tB,019') are logged

on a logger (15) in said remote test laboratory (40).

12.  The method of claim 1, in which failure situations are tested by changing or
generating disturbances in a selection of said simulated sensor signals (7'), or by
generating external disturbances like weather, wind, electrical noise to said simulated
sensor signals (7') that are sent from said remote test laboratory (40) to said control

system (2) in said vessel (4), and where the response of said control system (2) in the
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| and, and where said vessel (4a, 4b, 4c, ...) that is

being tested is situated at a long distance fromsaid

test laboratory (40), typically between 1 and 20000

km and where the vessel that is tested is in a

r : t e

form 5‘%5?8 BBfr?h@gﬁ% 1§ %?béiﬁ‘{i gap‘ﬁgmﬁ%dsugﬁélam%ﬁﬁa 'I%ulr%gged on said
Iogges(’cﬁ)ahlseltt:rem@tettestIedotatom(aOanecti on one or nore of

sel ected signals at the tinme of said sensor signals

(7) or said command signals (9) to sinulate breakdown

19, OFDESRORCERY St 1 06 SApeTs oy EORUGPAE 2 o

boarcbsajd seaseld4} isgsarit drom Saidiremoteatest! laggratbry $4nower! saiger
%%ﬂ}l n sal &arem}te test laboratory (40). 12. The

com im1, in which failure situations are
t est ed by changi ng or generating disturbances in a

sel ection of said sinulated sensor si ?nal s (7"), or by
14. g&hemethad ofctadmnblin whichus@idiemote tesd mtatoey (4Q9| onibasis of a test

of saifts3iip} Safi2d b od B aBp it FESEL 1 aBFRNESAAERRYS system 2
and td 4etif \A%Qaﬁatdiwtmﬁyét@h (B Y6r ®gu(at)usennsaidiveess ). (4),
and ere the response of said control system (2) in

the 30 formof said control signals (13, 13') and

15. SAigystdratorstestingal contrbPsystem) (23t alreargesivesses 84)0' said control
q_h&%;er (15) in said renote test |aboratory (40)
syste Reintaranged ta eentroliandyiApeitoraid yesseldth cpmprwsuthe

ystem (2) on 5 board said vessel (4) is sent
fo||ow§1@fr%rag%ﬁ§ renote test |aboratory (40) over said

* comnmcamsamsbrsw(@) (©0B)boald satheessel (M)doakendlarigwrimoréisensor
on basis of a

. which d t 0)
sngna[se(g °V§$‘l"§<‘ﬂr’% B‘f'n( Itosi?é‘{)gﬁgrﬁ?t(%s>§’§£ﬁﬂnl(% test result,
* éoMﬁﬁﬂ'lot |ﬂpgpd2%\ﬂ<t\,‘§so Fﬁig%n%’égr?%alcfyéés%’%{farrarﬁéﬁgsér% one or

certif sal ystem or re
more Qédasm@@pemtlon) course, velagityt @netorovee atdomgmand signabline (11) to

., system ((2) JQ a marine vessel (4), said control
said %@f‘i@gﬁtﬁ" @gi ng arranged to control and nonitor said
* Vﬁﬁ%@or(tl‘h)n (3aPIPsdig 'cﬁﬁtrbh:%/stérﬂ' QPVMr"tEe fc@ﬁf(ﬁéﬁ@tﬁ)n éﬁccﬁﬂﬁnl signals
or nore sensors (8) on board said vessel to send

(13) toyessr! aptvatoseF On ba@ﬁ@ﬁfawd(sversewgnalsdvgrs@d Fomenand signals

. 58 eSS B A8 g TR O gors 0.

*  ooe or marercenwrhudieatio® ingo @)tfopsending o8 Bne W& Infsret simuilited sensor
etc,. over a command signal line (11) to said control
ggna@ﬂt)@md(%smulated command signals (9'),

characterised by
* said communication line (6) running from a remote test laboratory (40) to said
control system (2);

* a simulator (30) including an algorithm (32) for the simulation of a vessel model's
(4) new dynamic state represented by new sensor signals (7'), based on the previous
state (7, 7°), and said control signals (13, 13'), and dynamic parameters (5) for said

vessel (4),
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20 an algorithm (31) in said control system (2) for
the conputation of control signals (13) to vessel
actuators (3) on basis of said sensor signals (7),
said command signals (9), for sending of said control
* S I
( WﬁLcﬁoér]ai@)co&Yr?unué%tgdnrﬁﬂﬁé g:dg t|£‘ Srriaﬁé%% ‘g?r %q'la?nofﬁéééﬁ Hshew
simu|afedoTtate)gepm$ented oy smctldms(igmwseznssbg E@Insls( @ ))ofw(?ﬁhlb%ssel model
si nyl at ed comma nal s "), C aracterlse
(4') tos3aid copifRlsysiam; &h ?ﬁ@nt(rmedr%ﬁm%@ tiop dhsal rcé’r%’loéslfﬁﬂn (2) on
I YA [ '
baS|sScfP|?l‘?§ g%%r g&%mﬁ §§|V%Iéje§??§aéﬁo?fé¥ r%{'ﬁ\!‘%@, 7o’r7 )?%rethe real or
simulsiedNaltés nf saldacommaed sigrndés (S 9')( of paideontiphsignalss(t!d) & achieve
[ese nted, by new sensor signals.(7: based on the
at leasf B 57 S HPRIEHROSEN, FopTSERIOEY fOL8ie 2R s gnal <

*( ﬂtﬁwhfbﬁ daid éﬁﬁnqym&éﬁcﬁw R7Y @)8S afrangéd fcﬁroefen‘é%gjof f@s@8ponse from
31 in which said comruni cation line (6

(4
said cantohgestern(2)de the fagmhefsaid spatreksignals rﬁu(B)aa%dorgtr@lmgnals (13) to
simul ated sensor signals (7') of
saM1§§Rﬁ8$§§4§$ %%Hiﬂh8%4') to said control system (2),
for continued conputation in said control system (2)
on basis of the real and/or sinmnmulated values of said
16.  s&hesystanyrhrlaim75, vognpcsllsngq% syitgh (bpa)ds aranogdda disconnect one
g [
or maf@ e 83 eri SR st dRf Sahetind, 2L o3 proLsystem @)
desi red position, course, veIOC|ty (9) etc., and in

17. S eEESR of RBTH dp SREBTising s sesgns SwReh o ef;'%{aerﬁnggsi to
dlscohﬁeét%éc@rrl‘ﬁb% Ofsgélg g‘%éﬁa s n%”s"‘{ﬁ) ) b B3Rl éﬁ?ﬁﬁ{&% sjgnal line

signals (13 sal enot € test |'aborator
(11)tQ63ldTh@1tsgl§lyetarm(2)cl aim 15, conprising a switch (15a)

is arranged to di sconnect one or nore of said sensor

signals (7) fromsaid signal line (12) to said control

18. SYRé&&Ysieh of chim 1BheokipsisRig #thikd SWifehlEL5cE ABiraSdeWtRdisconnect
second switch (15b) is arranged to 15 di sconnect one

one o5 Mofered sgfd santeo! signain 1 Difepnalsaid signakinent 14 frent saideaaitrol

systeﬁf al line (11) to said control system (2). 18. The
system of claim 15, conprising a third switch (15c) is

arranged to di sconnect one or nore of said control

signals (13) fromsaid signal line (14) fromsaid
ngﬂ@ ,swste%@ogyg{rgﬂﬁ( By whlchgsald dynamlc(par)ameters (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).

20.  The system of claim 15, in which said remote test laboratory (40) is provided with
a simulator (30).

21.  The system of claim 15, in which said communication line (6) for sending of one

or more of said simulated sensor signals (7') from said remote test laboratory (40) is

arranged to be connected to and disconnected from a first real-time interface (6a), on
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19. The systemof claim 15, in which said dynamc
paraneters (5) of said vessel (4) enter into said
algorithm (31) of said control system (2) for the
conputation of said control signals (13) to said
The system of claim 15, in which
saMr%ﬁkﬁ@&&&ﬁ &%g¥§§la oratory (40) is provided with a
simulator (30). 21. The systemof claim 15, in which
sajd comunicatio I|n 6) .for sendin : 30 or
22, 3hE IR OH B T I b SR COmaANGaton Ing Ris @aagoed to be
Q8846 ah8isd R d (#8acdri redli-titfediRtbrid id I
Connconnectaed #%)éﬁﬂg dlséJRnect%d ?onﬁa lest FggF)?Pégl vesse
(4), ahdwenerasaid eegqndaneai}ﬁnwnterfaaedﬁb) isearamgesbicelte cgnnected to said

signal (18 (1,0 10 sPAEoFHER SYeE L2RbRahLer SMIER 1188k et ea 10

and di sconnected froma second real -tine interface
(6b) on said vessel 5 (4), and where said second .
23. r &he-systam ohelaimade cospyising asimuwgtad eammanddnpielcdesdce (10') for

sendhfl o 3gl < HE coiindd Horlah B fapld B eRLebblatory 40

througloBald Pahgnme idtaridoat ﬁe}d) andoredsaididmmiericatiok life 6 @hd through
sendi ng of said sinulated command signals (9') from
said reg|-Hmednpisracedgb) 1oa3r)d £0BH Q! $¥8lE™M (2D t hr ough sai d
real -tinme interface (6a) and over said communi cation
line (6) and through said real-tinme interface (6b) to
24. sdhd systeim of clayrmatidmir( \fz‘lhich2the €htiee sf/et pant@bf séldiar‘:gdﬂ&hm) (31)in
. in.which the entire of or par orithm (31
said Gagtral sy gle @) o ATapaea i pofnpdn %&m&i@aﬁeg S'eplaced ovef said
comn@ﬁbéticﬁﬂlﬂné@'fhﬁ’rﬁ‘sﬁﬂj (& 6@%@590@« 86).d 15
comuni cat | I ne rom sard re te t est
| aborat ory (40) 25. The syst emof claim15, in which

25, 3hd SRR cBIITE bl Ao RN e s 1.

13b, ﬂSXQGnWIﬁ@RﬁH 6f shdfil&ecd ( 1:4ahr19§} fironelore, m@r’édpr%ﬁallél% 16) or
for rudders (18) or thrusters (17) or possib

thrus@mé 7)28nd @nglesi (1geyfas eudders. (18 her kyustera Gf7) or apaslbls' other
$Qﬁ% said sensors (8) include one or nore of the
contr oﬁ#%g - position sensors (8a), to determne a
p03|t|on (7a), of said vessel (4) such as a GPS 25
hydr oacousti ¢, positign sensors (

26. f‘g@;gﬁf&e? glaira| 15y whegein sad sersora (@) mcludecczﬂmrer%ore of the

fouov\,?@@sors (8b), to determ ne a course (7b) of said
vessel (4), e.g. a gyroconpass
- position sensors (8a), to determine a position (7a), of said vessel (4) such as a GPS

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

- a velocity sensor (8c) or an integrating acceleration sensor to determine a speed (7¢)
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);
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or some other conpass, - a velocity sensor (8c) or an
i ntegrating accel eration sensor to determ ne a speed
(7c) of said vessel (4); 30 - an anenoneter (8d, 8e)
to give (relative) w nd speed (7d) and wi nd direction

fy [ [ I
-a pifehiangle sefebi8y) RIGHE oMo} (ag) Togive a ¢
pitch angle (7g). 27. The systen1of clai m 15, wherein
Ld t est t 4 | ud
27, Ao 1Bl B R SR s
Iogge? &5 f%PR)?’g‘Pr'l g 8f $RaAkSpERsE Tzsﬁblférrﬁ of | ﬂ%&tl@r%gnaﬂﬁ%ﬁd status

fromsai d control system to said sensor s
signals7(137' 19’) fr@u said control system (2) to said sensor signals (7 7").
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