WO 2005/077754 PC'r/N02004/000386 Method and system for testing a
control system of a marine vessel. Introduction, The present invention
relates to a system for acquiring a verifiable control system signature

after approval of a marine vessel by testing and | or certification by a

I3 LGRS Eurther the invention relates to remote testing efaweRs&loosss
and YebiRdiaatorvetanician destioy ads cirdrob motteacadisiiorfevesdis!
system signature. Further, a system for remotely controlled testing and
vessigkiszjhr&l Q}g)nn is provided. A control system can generally be seen as a
system that provides control signals to a physical process, and that

receives measufenpesas!itdmen evicelars hySigalprope SEquRASSIDIY
fromeH¥RibiIBRYS] ents and an algorithm are

used 10 comﬁteﬁi‘dﬂ;%%ﬁ?ﬁ’%ﬁ‘g%ﬂ% PRy AT e Y52 s

[
ontr at
as deiRgaftneRElcation PrSssesniseiabedvesss!itbémvirdicontrol

systestatnayorezeive testhayugmentsd thadarsushanassehpasition

cour, velqci d_can.thereby calculate the control signals to
p rop@%ggqasﬁz' %u %%%s%gt%%ﬁﬂé%% Qr ?n%?gtgf?\?g SN e ot ang

veloBY§iareiacFrevielbeentioliathtastipe bieindeserisitarafioreiphysigabd.
process, in thisméﬁtielt%{@ﬁﬁfbsﬁ%&%%%lry%%éé%gﬁ%e&?s‘;"f)%%at
y

external .events ”kj a cr%g&:ge in wind, waves and current, O

uneXpRAfse SOONE RN RHA RYRIFRbRIOERSSoABDRORSVSBEllers, o
failuresistierentsifroofaderddeoritipHesicatrodeexnaciedsthptibam other

COnﬁﬁb§@%@s%.vﬂ$é%8§&m@ﬁt?%ema' influence and external

events so that the vessel can maintain a sa Bds?aqél%?g g‘ﬁfﬁ&%ﬁ%ﬁor
exaffiPPHie dhe ARl oheigralscs mibatdhesnhysitedisvetposisepardsalocity,

or thimsireyoitih e pHpsitacbpasiiians Aoieiseqllst _QFth%FPH{édHEa%éﬁ‘at

it avQj ituati f uncontrolled driff, that jt maintains a desire

cour eg,%@‘cwgﬁl%g’ﬁ RSN PERRUSHA R8RS PsYershl praitopase of
lossP8HERN3HH édg*ﬁﬁifym@m_ﬂs thesekwoes shiattdthetcdatusidsgirsd tand
unfqﬁuaaner@caﬁ@%%ie%'&K%_taoﬁe%eﬂw8@89%%@@%8%%%@?&3: &'hnd

|
response. to IossC%f a realistic g_l}fqnal in a roll or pitch senhsor, or'sudden

correatisité 3R IS8tk Bt ?H"E'S’sition. 1

Problem description.

The physical process, in this case in the form of a vessel, may
be influenced by external events like a change in wind, waves and current,
or by unexpected events like loss of motor power for one or more
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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ive measurements, and with outputs to actuators, like propelling devices,
cORtPBIHates and other control devices that are to be givercaanimb4/000386
signals, is shown in Fig. 1 and in Fig. 3. This type of control system can
redeirsureeasueimantsindheviaem of sensor signals from a number of
sources: - rol}/pitch/heave sensors, - anemometer for measuring relative
wind speed é%] "J?ré"cﬁ%’ﬁ,ef” S \WeecI Ry Ut InBpis EaRLialryrasmes that
pELFINRRP SRIIPNES -dne MK reawlipdsitm ayistzions ke probamimgidevices,

ACORIRHRHORIDER WL BIREL ' iptedration with respect
to timer and position OF do%ﬁ??nﬂ%%g\%rﬁv%ﬁ%egg%%?m contror
hy B%éoffsﬁ%%ii ry%eh%%’?efféﬁiv% DB psihesnlreheyssiaiomn -

tlgesiire Sysementeers thendireatiosf sprdengihaloneonRaretersioned
wigs-fQm the vessel to points at the seafloor is observed, - command
signals for change of course or desired course, desired position, or
desplaiteheRyBreRsEsSel, - shaft speed and load on propellers and

masaesnoniddslat AREEsERE e lalfkal SRNSOES dos daaglingiaqks. - ballast

lev Irsensors - fuel level sensors, - engine state, cooling water
- gyro comé)éss . S :
termmiperature, cooling water valves, lubricating oil pressure and level, etc.,

Th&BénaissystenGB Sopgisiatng ey signals to actuators like propulsors,

i pToK [ T I b
Sﬁ‘?@;ﬁ'ﬁ‘é’?@ﬁ§ﬁém, ke R R R
f

SUReGIYY ¥ dnisaadion i ctesrantioditesigne g osibioh the vessel
talthikghtgapatimnwitionsed sstrfa@aseinclude rudders for steering and

acti ils f mping or counteracting of wave motion. Control signals
can\%q g((’;%gg%t\%h?g' c')(%J ercont of%%b/\fgqe@ (& D RRIRIS RIS serfloor,
asidarEe sased iwheredbettisecibargie lengie pitohaogieore tensioned

wires from the vessel to points at the seafloor is observed,

- command signals for change of course or desired course, desired
position, or desired velocity of the vessel,

- 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, etc.,

The control system is to give control signals to actuators like propulsors,
control surfaces and other control devices. The propuisors 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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Problem related to testing of the control system of a vessel,

A ship inspector can visit a vessel and make an on-board test
of the control system. 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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The conclusion of the above is that there is a need for method
to verify that a vessel control system has the same response as when it
was approved, in order to indicate whether the control system should be
retested and re-approved or not after some time or after modifications of
any essential part of the ship.

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

4



only reveal errors where measurements from sources that the

manufacturer has foreseen to exist, and where the control signals are only

4 WO 2005/077754 PC17N02004/000356 related equipment that the
MahtifREtrét have foreseen. Thus, it will not be known withResrtsiraodiamnsss
the 'EGHEO LSRRk M a {BRRERIFReIRThare, fepseens Toosfigusmtioostar

situiattams wiat ébﬂarmwu&@tﬁ@é@it&’@%@?éfﬁlwﬁvﬂ%mﬁiww&ﬁﬁﬁ?&ﬂ- n
addajijg%ni]g accl): xTutrha .gig)srlgpl @gshem %?gbt be tested in the conhectioh
where the CORtTor Syatam (& fstaned s AR R TgE O R ereontrol
vessiiiemxafTphe dbzepeactidalapidbitemimadFidniie positionsyg tdmdymarsic
po%@qemgoqmn@ééﬁﬁéaim%ﬁe@Méhcgﬁﬁg? s?é’r%'tfé’ﬁ‘n%{aﬁ’l%%osﬂ s

rudders or thrusters of the tunnel or azimuth type, it may be essential for
the BPLRRIBH iTHIRON 22 ¥PREEDs its position within a very small radius

from the desired position, e.g. a radius of 2 m. Several events may be
unqggjpﬁ ek & VeS8 a%gl)éperiinegc%g%sig of motar power for one or
more p Jers,; and t i W8 notor power on the
remaining propem¥rsareirssitieniterofantgseehépshatascherid istiesired
fungtiemiel dEpRGHRING S USdaEs ObtRRYSIRESs %ﬁé‘%@%n%'ﬁ&r%ﬂ%ﬂ?g{‘t e, it

serious error sitL{a%i ns in which the control system loses some of the "
sighit¥ RS FPaea Y r? R ARIREOR e Yersrldesrsuin oRriHe maihin
ocaureTheralignttns frawe tie alels e misttivinstaneerinivhishanessqbia

theagtil il a C at a fixed position in
the open s@?&%%&%ﬁ%hﬁﬂ%&ﬁggg;ﬂ ;ﬁ?&%&ggﬁgl ?ﬁ%(ﬁf '%Reoés IEI) pwer

ThdG MRS HIAMSRIWELSES RiaiHEsRMh @B Sivud fixingTeesrithebyoterans

of gmwallen dynemiainpgi RN BIR oHAkISI RSN SHNAR o
a”%ﬂﬁ‘ﬁ%&%c&ﬁ% 'thl% E\(iﬁisnselr lll\ré, h(;:-sdeswed F}FOSItlon b% means of position
measurements aid Rote I SRR R JUH R iNst BHARS MBSt hce

se &Rt STEod Siivrfiphstforwhichs ey aipped syitteen dosdesoricob GRS
recaiyesfs H?&h%@%%ﬁé&%@@@ﬂé@?@%ﬂﬂ&%@&%‘@&%ﬁ?ﬁ% cfe%%ed Y
radio signals received from a number of navigation sate |{es. n a310a|t¥on
theO&ﬁHﬁqréf%?aa&?m%E%Waﬂ%sﬁ af fhuBRtanedNaleaoeste!, in
positmactesiserssthatrilieg pred ine wasitiopeabthgavesss i FRSRRAT 19

R e T T
The drilling platform was to maintain the desired fixed position by means
of so-called dynamic positioning or “DP”, that is, the control system was
arranged to keep the vessel in the desired position by means of position
measurements and motor power, without the use of mooring lines to the
seafloor. The drilling platform was equipped with a double set of DGPS
receivers that calculate the geographic position of the vessel based on
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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SR 005377754 PCT/N02004/000336 may be called a "steprahangeiosss
errdRaY e Kpdirsar Coiscobensstcoontifoe tytiydadimattcosstals postinmd

at theifesiesdpasiRNeLRILING ARl @9&%@%_3%@@ ﬁ%%ﬁl?ﬁ%%igy‘?ﬂeto

con&%%pgesltlgrs anc%. rudders so that the drilling plattorm w

interruption was hetd YRS CofRtichprapriiers Glifoneierasistbatitee

hydiBlisguset@ensihmedstarupton signaield HoWRvesbiuEyRE A that
aft "y illj r nly started to moye off towards
thejgfg?%%%iéﬁ?ﬁ%iﬁﬁé?%@éﬁ%%Eﬁﬁgﬁneafoﬁ*eeg&grsaﬁ»l gk, I

becaME e duspeirdistkshmige dieienitn g o fdties inatfassosiatisehly
emetapat yoprasedaiesinal ing dsaredipeamAciORAIALIING ALhe
drille§‘[gﬁl&%%gg$i§yatiqn m \élnvolve a risk for blow-out %&?S and oll,
or pollution by spil mggor\‘aasrill‘i%% fiBiae SGERSSPOR AR AR Yadhprslisig a
riskibafieciing rasasintae eresvgadoyrmodeshontiineshR-deding it may be
VeryiexnansiNeil e i 1]i{alsPR licants assume that
the ilnf'(tipl dden fﬁi‘%‘ﬁ“ﬁ%@@ﬁ%ﬂﬂ%?m%?e%%“ %é’rb@%""""’e a
rec%‘?ve%r?#%}']?éf\gé’fb%%?\%%djwoﬁi‘ém@dn%@ﬂ'nﬁtﬁ%dgitijnalfluid. Such
tramssiisation frematse Gliésemi@er?deH@Qeé%@ﬂfié!ﬁa%hﬁrél?b!\@ %ifﬁéﬁtgon of
hay A ficient. vailable satellites. The loss of the
DG\HP%CS%S}I:{;% %%\'/%Hg;%?ﬁﬁl n%ere% 5 lyyef)ﬂ) &N E%Qgﬁﬁ BRURREAof

quaifingntherpiicandssitanare batibecivitirbbwydtanchiengiriofgtibat such
a cpliiatedanasiiied W@@b%eeﬁéﬁ%gwﬁ&é%ehe&%%%y

minutes,ta be considered tp be real. In this way, the designer o
oA S 0T oo Breom e ok srealiotrhe
chagRrivars peshioa sitietvewbhadng sighsistitiewevenbedramaage
chag ‘ ition _calculated frgm the
gafteBUTREYSSthEIess Bté?@’sfal?ﬁ‘? Rl%% e Bean d%ﬁoéggsrpgb%ean q

DGPS receivers may after 5 minutes have been regar
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a rtBR frsians ehdbeneoobntreysiystananhdve believed to prevented
undesired sudden changes in position due to erroneous signals.
However, the new and changed, but nevertheless stable, false position
calculated from the DGPS receivers may after 5§ minutes have been
regarded as stable and was thus considered to be reliable according to the
logical program of the control system, and may have been given a higher
priority than the measurements provided by the hydroacoustic
transponders. This may explain why the control system attempfed fo
control the drilling platform to a new position that the control system had
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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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
PERFEEFY Bhanged configurations in a vessel: 6 WO 20051 0%778d2004/000386
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safety-critical situations will to a large extent depend on the detailed
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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 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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crane including the control system of the crane. Repair / replacement of
sensors for a control system. When sensors for a control system are
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o S 5% R i s el
givES ee ASABRCY 5HoN ARihBariine YeyiRtianse Realacamehspstem.

Repeidifioaidifiertioschiep nedmeri-ohadiuatprs: AlEhSR AR BRI Rhsor
mog?ggggrllotg of anactuator %Croﬂtrd system may givé a significantly
diffetent response for the \AHELING fesing e CRbaatiah Lheapehrs

e
modifksianseriahierysiive metifereme nsrfvolastion eoiievegsehthan
what was assumed during the development of the control system. An
ex le of this is in the use of thrusters for dynamic positioning, where

the TERRIohBtieaticih b repkaceqrm PhRERAIRBSter and the thrust must
be known whekitthereplateinsyste ihdsifingbnl br dRrusteads chaggd then

th ' he shaft speed of the thruster and the thrust may be
eSS e B Weertsdhte deseahude
sydRARD ioRdisiifateat theewpremdifidicaciontes awgogiiagtdifierent

speeifigatianfor i Ehasdeare i, @vﬂ%?@é@%%éﬂﬂ@d%%@{?ﬁ@wng of
vessel control sfés ems, also in the cases where the vessel has been

mated RPTA1E HIEiBL L SHA Rt e XRBRImaTE M dsiRdhRuUpe of

coltipastertdafdyreamispebiianingoihesntheahitisly bombitethasskhas to

be de gl NS hAREF NP IBURNIst must be known when the control
system is tuned. If a thruster is changed, then the relation between the
shaft speed of the thruster and the thrust may be‘chang‘ed, and it will be
necessary to test the vessel with the control system to investigate if the
system still performs according to specifications.

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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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
MOA° (1< a 8 WO 2005/077754 PCT/N02004/000386 sa:Caltaab@4/000386
d&grealesrfrdegrsisieierdamyif SPE)dishbsitnuiatressigete i sipnals
sdmailacbmeauiaﬁna&igaam@@tﬂétkaﬁ@@tawcb@ﬁdgﬁé’é%%%};éﬁ‘&w and
coptral) s ‘Zg%nmonn%oo%r% ttlg}e %'ch;g are(generated by simulafion. This US
patent o,oe not discuss problams elat dT AR Y phdtiatnng bria US
vesdenirflaaningtoierusioneobiasosielathd tboiymaiitatimitisyingeration, it

deesRatmention shertss-ef sranss ama?&}ﬂno?fs?&m‘%ﬁggﬁ%?gﬁma%ef

e%%i ment, inte%ration of hydroacoustic positioning equip roblems
rela

&t 18 BERALAAG A HEBEY RRE SRR tiBp R Ponapsic  wiprwiker
neanigiipent miegrstDO, ydrinsteastibantRARAsLRAksE reslorRg

ioR.J / ifch motion bei ired ty of
e R A e e e Ao ror
affersieihy HPQ@Y@&@@ES@HE@W@@M&@H@& iapparsalisdotatiey

tessiivghah fHghteCorOlss 8108 RbRBANES t@%ﬁ@f@@%ﬁ%é@ﬁf@tgd
S)é%t%n €1;or testilng a plurality of flight control systems. The automated test

appara“‘tuél?r?gﬁdes a system controller having memory for storing
protgddsialant o060 hatormito tegteppantabtie avtpanatrmtest
ARBALRIS AL HBE I 1AM} 9.4y 5 SysiqaLiest data, The
automated test rapparatus ﬁ]%j%éggsg %gﬂ%g%ggtr% fzjfgf&%ﬁl?gérn Pﬁﬁal-a

IR EIRRINSFiAY RS EARRA plaiuinteattassytiem ftotestiionainto
thelaatitynat€id hesoapprsgisen RN T hBoIPMHAGdesh A YGdes a

ler. Inst. tsi ded in th t ted test apparatus
e R o o ey s g na
irfRittie ltAResRteares tglautomatld tssitappamtdsrontior reisuitiggesstigta
smgrlsbiaasespeedised uiherig B canliolr seeipma HhsaHiamaLed

VRGN CIFRSEblEEH 7P iR [ ERENS AP ATaMEehanc
i . AfBMmashance
corsfputions hritb s tharanforotatiien MesTtheyAiaatetowsapiRadasUand
:@%%Eﬁﬁ%%%g%#%ﬁéﬁiﬁéﬂgs g%t%@ntrao'ﬁ%rl.s Ir(l:gt%‘%% s%cﬁﬁ%ad in
he automated test apparatus and controlled by the system controller
generate test signals that are input to the aircraft's flight controls system,
and monitor resulting test data signals that are produced by the flight
controls system. The automated test apparatus is connected 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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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
aVRLHIEE d5Tdvare to be developed on a host computer using e BRUBEHIR 0356

of CHIABLREY Progheanizedrmipng sien lzaTettsstions BrIeasSESedhics device

synohserizadbyea sorahikig f testbed disclosed uses 9
wQ, C2hqlor§/077754 PgT/N020§ffggg§§§ %éﬁﬁ%ﬁ%‘é’%%%w%@afe%r rom

procgssaeéa,qug?mﬁgtﬁﬁﬂﬂ§tﬁ8H?§9§ﬁ'§rﬁ@§‘H@/fm&bd geiner detingia
sinfUliiesrbarngrensie nesteompris oF A AUAHBIIRTSRY A ost

da@dpﬁww%qgmjﬂgl%g%gnd going to actual avionics hardware is
connected to their virtual bus counterparts in the host computer on a

real-time basis! &80k ARE80 Airamsrtig g elatidatiost tepstspgtem”
desivibenenairaaiarssasiestiAbogarsries il et emuiale he

stimquli ived by an aircraft when in flight. The aircraft test system
inc'ude&s%;t%n%er%' ggxr/bdf ?ﬁ’sﬂmﬁ‘ﬁg?& @eﬁ@%ﬂibﬁﬁ’é’ﬁ@ﬁﬁ ket o piervessor-
corrieBredmstrabee ofsoirgerstafioggtimtdtirecaivat mban A rRE When

in f§ghtzoli i f instruments that monitor
A 8 AN LR e

the response of the various ali
air&’iﬁg tei%‘c?ﬁ&?%’p?&@e%ﬁﬁﬁsrééﬁﬁﬁbértgfth@mwmm@@ml ifronitéhe

airtheftespopeeerthelvedthersAUcBRHaH RO NHIEUTERIS @Mﬁ%‘?wutfheg

stinguli te th received by the aircraft as it moves through
airr?‘f}l#reg?gg%?# !t)aﬁ§gt gfgeﬁ?e?% AN AR PR QP s el frese e

airiAfioEBensyie sifaats iecstim dligenenatipissherresporsprafithe
airetafii e SHNMIdANBICk: i i iy, segenerates an
upgﬁt%set of stimuli to the aﬁizﬁig Zﬁgy&g%%gﬁsgﬁrgﬁgyggggﬁéougﬁ ©
respdnseeo%yt%tgrgmﬁﬁl989;5@5@%@'&1‘@%?&%&%%#@@%@rthawtmiyan

coalttronitd keddyp perd dondlarhir geshwivingstinadhat s irgrafiis

fungtioni - . also he used to train flight crews
S T e Ao Satrereneiatos an

entREREH! &8 YatEmubdo sy airgartrfibal svistton gsmpemsetidhdor a

crase{oleadoteecobps & 8HMRE ABAASEHITHBL FRILILY tﬁ%?tﬁ%%e

'n%(fﬁg & r%%%trgr%téquoge%%ﬁl}wg‘ogg rgg%nv?/itshl?n%% rlf%n Z\{I?hce aeirncraf(z (iesrs,
functioning properly. The system can also be used to train flight crews
since it can be used to place the aircraft "in the loop" during a flight
emulation.

US-patent 6505574 “A vertical motion compensation 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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boom angle sensor, turning angle sensor and motion sensor that all fe_ed
measurements into a central processor that controls the crane on basis of
the measurements and the commands from a crane operator. A solution

¥ th¥ &BiEM, short summary of the invention. A solution topgayRe 8618036
probi& E’fe%ﬁmmsg@l%mmmpvmmmmmthusm@@

| . arranged, f or
vesseldimwiich said 66A s§]é_{get§v%é% FO% 077@%8 §%‘g§fm%

Is f
T rint 2ot
and Qfﬁﬁht@mmammMSmmnma r@nemﬁed&@@édomﬁgpga{begfga,d

id vessel's actuators
andygggam an $do sal
in q\}der to mﬁtalnﬁgédﬁémbge%& ion, veli?)m & 80aye Iﬁ?é’rsstate of

said vessel: in SWHiRA %@%Em%&ﬁ%ﬁiﬁ%@@qmmﬂmmgepmmt@mor
durm@eefr@t!mﬁﬂ%xmtmmrw)mmy@@m%ﬁé Peidind A G or

trol s d replacing said one ore o
e el eI S el Sl dRek s opaom R pemeriios

mor&&rfifi M%éﬁélﬂ*éhﬁ@%ﬂremm@ﬁnem&ﬁmlgx%ﬁ@&ﬁd& é@f&ﬂr@l
systanirtgts @@id control system work based on said real and / or
a)r/tlf;aal senz.%r nals {o d%enerate control signals to be recorded as said

control systemlse SRR SUYRLNY e Wk drseom)eid s firsd test
seqaiiici | To)yor sigithiy$b Grves(t® @csn&asqgg.g&@%]gfglpﬁ%@g ég%uséﬂ ge
0 said firs
?%%&agttz%%ﬁq gﬁ%n@ﬁggﬂgéga %ﬁgn vot s%/s?er[rlnsse (%% {gAald st test
resPBAYENET) Qsfier ﬁ@fﬂ&@ﬁﬁvmﬁ%grpammmgm Iaggetlme)(tl t2,

£3, ¥), to use tmoaagwga@mv&mmﬁts%@%@ éTé%%:ztﬂPJét(@ idCpnpo Jst test

ter response, S3 rom sal )
igigt%o systgrzPI é %%'0 Hﬂﬁ.fﬁ}; \ﬁﬁéﬂ'ér“é%ﬂg %fé’ﬁ?@@}ﬁﬁées(lslla@@
S3 re?@@%ﬁé‘ﬁ@l]y similar to said signature response (SO) to verify thatSl
saigfanHehREIRMinG e PARARd, 0L RSIher jﬁj }231 955%3%?5@ !

ficantly diff t from sal S|gna
AT é&%i&%&'é%%rgé%ﬁ?mm@ B8 pentinherkianidElonatitops

of tresonéthdataf pisrventon 8 &8INd foti&said control system (2), and
determining whether said later response (S1, 82, 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.

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

11



independent claims. Brief description of the drawi_ngs. The inventi_on IS
illustrated in the enclosed drawings in Fig. 1 to Fig. 10. The drawmlgs are
weant te-ilystrate the invention and shall not be construed to restrict the

i a0 rMhishds Rl restri ) enclosed. patent clairhs §§144000386
:H@%‘Eﬂr a vesgj @v?éhnﬁgél?t%%% rélm?ﬂl(és' (_:aonnc{r%%%%}ﬁw R &nd
merggﬁf\ée?ﬁéﬁ@mﬁm&B%EW@W}%@@MICth@on?rOI panel
ZOOEIBQH)ﬁ&d?.@YM@(&&@Q@B@éﬂgééﬂé%rﬂ%méé‘,r%ﬂh%\;/éﬁ@o&%&g@

[ rinstruments, and receives commands
SIS S e Spren e
velbftyepeelireion devicksantaivelociyoeshaitspertspediication
devire:foithadrepailey QoL 8@§'Hﬁﬁ'¥h‘§‘i‘?§%oﬂ&e‘?°%{é’ L S@’ Stem can

; 1 ) ) t ca eve
also recei etme?surement of relative wind direction an re]a |v'é Wth
culate i

speedTor an ANEMRIARBE ,Oéﬁtlﬁei?@éﬁt%g@%é&df%&c@]%i@ﬁorﬁﬁbﬂon

aboglieeapdett mghatds,mmeralevayiaame&nﬁiﬁl@@s@ﬁnﬁ,ﬁaﬁgny
[ tQ uenti output s speed to

B o o it R W cMER S A o B o

velStothecatreatd MRIoSitN astamiiexddctory acceptance test, "FAT", of

a control systei. afﬁﬁuiﬂ@fw%?w&@%: Q&%é}ﬂﬁﬂ@é%ét?‘ﬁ&l’",ltofpé Qoftirst !
bué grxeatf{'%ﬂ%lled 1jn gj\/.ess |. The control system is connected to an

ysten
interface. with simulared SeHsSr SIS SXAIRRSUIHE @ MasRl pstbRet

S|muFa
gV etk iR vesdeknTiof control sigtealsiintendedtéer ibuh Merface

CoOnMBERALIatATHIANGES o w&vﬂd%ﬁéﬁm@@!r{@ @é?&%th?vgé'a'

constitution of the vessel, as other cranes, other heave com%ensation
syStRRNISSHR INRRAT Dk gigaris drisnmghion Sud neittsenadiiadyo
lawetiidrantitsstedr, ieeseh BenayFAST mceuR il oRdhtsieyankat

th int ' sting and approyal. Fig. 3 illustrates a
R e SREiCy SRRATIR SRERERRD b hreagl Y

SETRGIORSHHRRFRY TPaY Ry eas Avith dbe fnelly lalincmearetitestiw ship's

CordeaksystemFAY. rhalibusHales »¥esseb MR %6%”&91%;3&'%‘“'&”

' i onnected through a first real-time
Io%%t&?eqywnh & Isc%ﬁ;‘%er where boti? are c g

sea and approval,

Fig. 3 iliustrates a typical set-up of a known control system for
a ship, with the connected sensors, command input devices and actuators
all connected to the ship's control system.
Fig. 4alillustrates 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 reai-
time interfaces for real-time control, simulation and logging which further is
connected to a control system, e.g. a controf 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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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
JENAYERE RS a control system, e.g. a control and monitoringPSyEkmemai3ss
leadY BRRIGISSA Ysithin stisiaaeation can be e.qg. at a laboratory in a

so- called clas§igodietyiriangs ieHaatNorrkerte BB aligan Huray

of §Bigp%%ﬁgaqrnrggnischer Lloy , Lloyd's Register, or another class
society. . lternatively: the Simulator GeRie fiby By S AR RSPoMishrd the
shigligcheneitediid etdee tighteidmepotertial exspendachiign e dransie

delaysteithes AURitordglays ia GmRY oy
electyrgma%r% e oehe T, The ) o%%é%[é‘eﬂ%é’éé% it

delSYHRIES Jid@rrl g Tsratin-skoehit sierripsgenst aid daeat a test
seogmmq",miohastmeaﬂrnmsarﬁmmqbﬁ,g}.ltnea'@i@rbléoame/\}/ﬁ{eq t
wing .diracti ight side a resulting response SO from the
cont e R S S R P HeCrenires
of tHadept seguiense. Tot accks sarivthstilitionatte ibpt sieme mre se thisor
"sigilra@bsent”, which is the crudest approximation, although relevant. At

the right side .th% sgeet.is,g‘ustrat,ed a set S of control system output
responses to a st SeURRUE ARG ARE b HstintRtsifpyiated test
sectighals imattiig Yfepecirggdh@inctinsiamdth&igosabluiplusiiaieson to

simybaigditest FOPasRYIRGnSteP change” which is another possible

approximation to possible errors in measurements. Fig. 4a4 is a more
realistic image 'df phedii& Satadralistisingge-ss posshlagimalatssitest

mesigpris] ehseni{ptieseibovig rrdniisien sheaanraealsitrRIdsEIaNgIng
con&'w ogus ignals and Iovr\{ drift si na;is and time Ferio s during which

several 8ro ai% raﬁ{gﬁé%ral%%'ggs ?J'pat%oé{?u@@/’g IRVt FigRals.

Frors occur
Figandsilgeneiders thirngormisirisoremsl ¢ uetisionunnoes ofdess

determinewhainer e caNQlRupiesR$ response has changed or not
when comparirg'l_ggontrql signals between the initial test signature and a

later control signdl A5 FRTRGF RE adondaiseamneideasiansiegessdor
vesselcnavinggantaritret Systemtel eyeim's response has changed or not

when comparing control signals between the initial test signature and a
later control signal acquisition of the control system.

Fig. 4b illustrates a vessel having a control system of which
one or more of the real sensor signals are feplaced by simulated sensor
signals over a communication line to and from 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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one or more of the real sensor signals are replaced by simulated sensor
signals over a communication line to and from a test laboratory, and in
which one ore more of the control signals from the control system to the
AAGIY 8Fthe vessel are sent back over the communicatiomdinedadiamoosss
test TRGHRSRE Prefeta bR RRIEANOH IS IMyrBely Witheautortignal facthe
vessetuigrsAct lhistases| Aikessg! WRISIBSChIRSRSRISIOr Rifsh. ol

[ ind direction, GIPS posjtion sensors, DGPS position "
s e B S pEiaat Se Bl Y Sawamgeieaton ne

protficR ieraakufeshdrheraiahe woerteah systeshsifriiateesselibgiBgdaRIaesd
' : ; tem vig ope or more
O o T Ty e S el
wd W%éﬁ PRI} ot Fﬁ@’ﬁ%@r@ﬁﬁ@ﬁ@@%@”ﬂe&;ﬂmse
wourkesaetraatiysgivesdbitreigiaisontteey cuupbRik % e YSTRRL I se-
PrORﬁ'kﬁ%qu%styﬂPﬁi é%l%ﬁ‘t'eoztsug%i{gath thruTters. The responise Is
I Ineto

instead sent via'a communication line t0 a SRBIPIE Mo Rifory where a
vessel simulatéit, § Iigiatasenoivevitlymfthmesaleluiedés e thedy Ramies

befratiatanal @oieaiereersElBolrsRoBRe: LS TRl SgnaLitom the

t tro|.system in the vessel, and sends the
e R B B RIS RIRe RoraeHaioresPorve (et mimot

updavec@hong gignals, etc. Fig. 5 illustrates an overview of a vessel

motions in the fqunys G, LaLQN, ngggpé% &3 @Ig%%ipgué@ggﬂch about

d yaw (about z), and translational movements _él 95:
Z\)N%rﬁl?'é%ﬁa V)t %ﬁ@h@@(ﬁﬂ%@ﬂ%@@ IRicnesthrdpvemiew of the
vessssitiotionsey Singmnsacto AR, oMK @fﬁ&@mﬁaﬂha‘_ﬁor in some
corg&%%@%imimo%%pn%r}wic positioning, e.g., in connection with oil drilling

' ing (or I

without mooring some cases with mooring). Fig. 7 shows a sketph
of a relevant pfd®lehsongse dictod dfvertiorantyersh ol OssyGHER iS

usarhisneentialereldlion atosRry ey RaRaslianing whlle s
drilling, where the actual position and the desired position of are Narke
with BT PRP40MgbdE ¥ rskilinarovheprciieeetalipositien and
testiydsfsired position of are marked with boldface "%,

Fig.:8 illustrates a timeline for typical points in.time testing of a
vessel's control system during planning, construction, commissioning, sea
trials, and operation of vessel.

Fig. 9 is an illustration of a preferred embodiment of the
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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vessel's control system during planning, construction, commissioning, sea
trials, and operation of vessel. Fig, 9 is an illustration of a preferred
embodiment of the invention comprising a two-part simulator

AYFHYERiErt This two-part arrangement comprises a first orclFOepE04/000386
onliFRIERHNSAHE Clrmpa ashRN 2aREdA adtan it eiwitetatioodaboratory.
connectors for connection to ordinary sensor signal lines and command

sgw%élnﬁ ltihgfcorré é)a!rg temo boa V\g% custom arranged
switc r conne ors to ou puPc gﬂ %ftﬁe:i“é%‘f‘r‘lmumcatlon

similar to Fig. &rnemeeamwram 9&@@@&%@% Pifeued,

%Irh dlment of
the inv W#lon comprising a two-part simulator arrangement. This two p art

arraﬁﬁﬁ% tRebhbbe dyardien Bishatnn o glﬁtdféttﬁ@%o?ﬁﬁlﬁ%@dtéﬂhﬁg a
contmésystemcmaaafaswm&mgmebb iteheeedioreeangestiopdaihe

4 WQ, 20051
Nltc%g : 003%% (%Cdérln ani atlon%llfr)te tco“ipf'egsf)?l%i%%e? pefyolgym
renﬂiféit&é&m‘tﬁ‘s&atwe%@@@.@ﬁ@hmmmmmmtﬁpme
inveRtom i é@@@@mwmﬁ@%@aﬁs@h@%@agﬁlw AeARPL T 't%fe

mvegt% rrc]> will f%i descrl d, with refitence to some émbodiments 0
the TAVER |o¥|S L'jg &dah &%ﬁﬁﬁ‘é’? AJBea TR iRl iveeatdi(des

a systeiindorf dinel contethegstont¢ajinmpefliacholkitbl Sysigaticn) smarMessel
() o SR A GG RIS n BB PTRon platore, n real

time over a communication channe own in an overview n Fi 1g.

4a SRS meiRieRtan herigsse) é(‘r)dfzpé erﬁ@p&ﬁfﬂjnaysmﬁvezrmay\ a
inclside.oatrebimdeaosisesing 1f thawerssl he Hestinmofiherontg)

Sys m mclud t le S|mulat|on of norm s and extreme |
staﬁ@ eéﬁ nct;:—;ﬁréniiiltlscl anges AN norﬁt%lﬁg%@%iﬁaﬁﬁéeﬁﬁt@'?gﬁtwgh
vessél (@psfef mainiewedina s single popeiten( Hinutates thalnessel state
(Hibly 8910 BRI IR BR06 RVERERH IR 8f

extrem gsea state (H2), failure situations with e.g. loss of motor power on

a siOTE P AL f&%)%ﬂte%’é%&%%&ﬁ&éﬂ%ﬁt@%&t%ﬁa enised
(16positiors(PspaOent dpparsic simultositodtionativvormrytiomnss depbadr

cou&sgr(g gl r S|r(-éJ sition (7a). On ay also
simulate sl%t)ru%a?%nsémvolf\?/él?té a?o@éf qn 9\/ th {P]é c—?ssel ?4%5}/3 one or
more propellers (16b, 160 .) that still functtons and study how the vessel

would react to the loss of power of one or more propellers.

Below a brief description is given of the éystem illustrated in
Fig. 4a1, 4b and 4c, for intervention locally on board the ship, or
intervention from a remote laboratory (40) to control systems (2) in one or
more vessels (43, 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 éomprises
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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of one or more propellers (16a, 16b,...) in which the vessel (4) has one or
more propellers (16b, 16c, ..) that still functions, and study how the ve_ssel
would react to the loss of power of one or more propellers. Below a brief
d’%@éﬁgﬁ’ﬁﬁé‘é‘ given of the system illustrated in Fig. 4al, 4b a0w/Mo2d0r000386
intervantor ISESRPOR HEsHFHHROsiiRN dFottireeplnsityiGretorenete
labépanonaMoyigmabintkol systenne &)ﬁﬁ&@&énﬁn@)ed\;esiﬁls §4at,i rzllb,a4c,
.).Th t I inyention is arranged for the tes
cbrrol systom O3, 1o g e 6 S o s oo
arr&ﬂﬁ%“@@&ﬁ%{%rﬁgﬁﬁiﬁi%ﬁlmN?@s@@ athmsyst@ ieemprsarethe
follewriso feajueas (Anmardnere senspit(Sidngtalen p BORIM G yesse
4) Grafrange to, send one or mare sensor signals (/) over & sig ine
(12§{0 r%es%rﬁrso&gg%\fﬁr@f'%'?ﬁﬁﬁa the REs($10) on board the
vessel (4) are @BGWIDtﬁﬁﬁS@ﬁﬁﬁAiEﬁEﬁﬂG&Q@W@%&@%ﬁ@ﬂ@?@ fgn?lnd
17 It i etc., over a command sig

e L) o B e A 5 T Rl B g araydem
(2) T8 At Eriged "R edivmaindeeblboraighaidq)LB) thetkentassnistatugaprs
it Ayt gtk VSRR

' he..control signals ver a sigha :
(S)enreég?rg'rﬁ(];r}tg %%%%%?cg% o%vﬁlrﬁ} g@?&i %Ehg') 6%ee{ﬁjéﬂ'§’éﬂ'¥c?§€riﬁ‘ ephor

mofeSERdhiakis delsoiesigials @) atuliatiserentedicamnnord sigsal (9)

fromariei0! (e SiTRarainidd) iR R (oINYPIm (BloThe temole
laborato be on land, and equipment for real-time conmmoim
musslg%ae{%/ﬁiaﬂ%yk?b?ﬁﬁmﬁ@iﬁﬁoﬁi&fﬁ?? sAaTtesdecalissel that is to be

tested. In an alfdamqmmmﬂeltmniﬁtllﬁwr@éﬁ}ﬁgj@éﬂ%ﬂ?ﬁﬁ%’%ﬁﬁéggl%g\f
B e e S R BB EA0 ey
inc‘FBEf&%pé?ﬁﬂmaP (@@Rﬁ‘fi@dm signalg¢iithefl skl m@nﬂa&(@gﬁ;
T LR e o0, o e 5
133, arﬁgr;}yna &: tor may also be arrang
locally and thus called a local simulator (30L), said local simulator (30L)
being connected to said control system (2) on said vessel (4) in order to
compensate for synchronizing errors due to time delays incurred during
remote testing. Such a local simulator will be described in connection with
Fig. 9 and Fig. 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 vesse! 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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parameters (5) for the vessel (4). A similar simulator may also be

arranged locally and thus called a local simulator (30L), said local

simulator (30L) being connected to said control system (2) on said vessel
APiR'8YdETe compensate for synchronizing errors due to tisergde@)ays ooo3se
inctitfers BBARee @it anttn gyStech @) deahsiforaior il dm wassgiad in

commepenauitioFit A i ifiFian e enadimant of e present

inv%%tion t %hso- calbed "signature" method embodiment; HdYator

ReT ALY Eeresuting SR signalsitibi) dppdrpritsireietor tiheboantrol

may even no

sydiemshigy not require feedback in the form of vessel simulation. The

communicationine . he arranged for sending back the new

simulated statgril‘% tﬁ@&&iyé&rﬁc%dg%g'?%%% squﬂ’?‘%f gé”i‘?‘sﬂr?’%i@ﬁ%)lé'“(ﬁ"ﬁ

to BSOSy sRaRd 2] Sor intiaueteompatatiomjreties (18)tEo tENEERT:

(2)(@M)basig ejtﬁtﬁare@hg@g/pfﬁmgjq{%%g?pg)dgfﬁ%%@r o1Jeg) and/or
nals

Si command signals, (9,9'), of control sig to ‘achieve at
Iegé%}?éér@&% éaFeaaq%%%’fFfP(%iMfa?é&maﬁ&@@ﬁ% (9,9Y) in the form
of desired posiliba.seosvse (Reloaity et Tde TaiTs Red o inss (63 Ty

be psra ' i 1Q/ 7754 PCT/N02004/000386 the
responggﬁg %r%ii%?:g &@fs?élar?{ %?lé&ﬁlg I%Krr%OSF R R z%%'o(’ié)

as CORYEPEJRERS DY fFifieercifipletedetarnintoiye e sblposiipna(za),

sestithearsBRIByaeNELSERIR/A3Adau IR S It RRAaRId the

shimteg;gmé\dg Lgigpz}s 13) include signals (13a, 13b, 13c) in the form
t ZQ‘l a, f

of shatt spe ' B) fOF Ohe o Hidre propellers (16) or thrusters (17),
and TOtAREARABENA 3 Vviers Uk (@ SleominttervdshehoduResib)Ve.g.
othegweltatarabkepadast BHBPEoRpEEaNes. The sensors (8) may

co[néogise one ore more devices selected from numerous different

deviceRSHWRERYdR S NdRdBiRsialing Recolesation sressutng
dediies(dag, ttredetleciting the vessel position (7a), such as GPS

recej oysti iti nsors (8h), integratin
e g e e R TR W) DRk 3o e
thé"{ﬂéjsgé'f%l?r%gﬁb), e.g. a gyrocompass or some other compass. - a

speeddaibasold Sehess{8gleoilawRENESRSRIIHoR,BENSON tO
- a pitch angle sensor (8g) to indicate the pitch angle (7g).

In a preferred embodiment of the invention the system is
provided with a switch (15a) arranged to disconnect one or more sensor
signals (7) from 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 fine (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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determine the velocity (7c); - an anemometer (8d, 8e) to indicate the
(relative) wind speed (7d) and wind direction (7e); - a roll anglg sensor

8f) to indicate the roll angle (7f); - a pitch angle sensor (89g) to indicate t_he
&ﬁéﬁ%ﬁ [€f?g). In a preferred embodiment of the invention tersystamoi®ass
probiié Wﬁf\se@\/ﬂiﬁgﬁ@é‘)ﬁﬁ}@ﬁ@@ﬁt@fdtﬁ@dhﬁ@dg@rifbmr(ﬁﬁrefﬁia_qsor
sigratsi)systentie)stanadine i seidheor antrebsiraien 12)s 1A ?;d{%"'g?éh

the 8Y§ gording to the invention can be equipped with a secon

switch ggﬁa@fanged to disconnect one or more of the command s[gnals
(10) from the slggaivin@Lm)an beeacontgsicsysttrat (B); andaiseseguipped
withsahitdhswitshd Laelseanae ddinaanaadopns,gn moreof the contol

system,

ignals (13 the signal line (14) from the . m,
frllgeralf\ré é‘f}é?s{(rfigﬁn&w%%hﬁsﬂatFo%ﬂWSPﬁ%lrﬂalRﬁ@élaf@m@kﬂ@hmtsystem

(2) feorassigtetisiocandiatatytios pestaltlaated fBSERBHRIRYSE P (2N

Wl b d to the reqular electrical power supply
o B o S IS DA A L L SGHHARDL L7
W BBt A7 PbA P RecTomgeddassllpandmeter thGy ptiepressat may

entesrintostheaatgodihay (@Fbbrite control system (2) for the computation
of the control signals (13) to the actuators (3). The system may be
arranged so tk?; Grne FEmdEee 5’["?5’5%@0’@@’4@? RrEfgppdansrAding of

sinRilaeF (BOR pinithaledkpritinsiBR) sy iged mesimﬁ&ftm I%l%_?h”ﬁfr?
| repr completely or part
D B ey e o
c%ﬁ& "SALIURE (BjeHRca{ R RS remRiRdesi oy ateny 1660 r@ingtzdy,
|ocwwmmmmahemmmtosptswrang@%1ffama%ég@a%fl@yoqr%rgfe- The
ication kine (6) may be arranged.for sending of one .

e B e e < hnais Yersphitn s
furths %@Pm@'er&qbfw@%dmﬂé@mimmmmmmﬁoneqtemtmugh
oo e () O e ey kg (2)dfe e
Corpr)]re ene tela%w%lgé?nf(@nlts o?rtrﬁaen%?/engc)ione, the communication interface (6b) is

connected via a local vessel simulator computer (30L) to said switch (15a),

as illustrated in Fig. 9, and also in Fig. 4c.

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 (60%), 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 ssaid local simulator computer (30L) via said
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isconnected from, a second real-time interface (6b) on the vessel (4).
$Ir?g()second real-time interface is arranged for being connected through
the switch (15a) to the signal line (11) to the control .syst'em_(2). Ina
préeétsd Efabodiment of the invention, the communication inigifaeRdfAhosss
is c%‘%{HEE{BW%'faedﬁ&e@/@@rgimamgmpummm)m sRighswitehto
(15apichsaititistrajeckin 4y <8.tAadsalaLbhfrig 's%gt%%c%g%r S%%%nﬁjated
comyrise fag s éc,?aremgtel arraﬁ%%ed simulator comipu e'é iy
said remoter?est%a% ratory (4O YGH Hs?ﬂmm@%ﬁi%lﬁﬁléﬁ dreemsai
signigfe(pimaiieniatinmustod mdmenin daigoaisdly @ SRS the jocal
consimnigafigmdine (6) to said local simulator (30L)_ on said vessel, and
rec ivinnq? id control signals %13) from said local simulator computer _
(30 Svha%%fi\a SRR IR iR vies. (1o fesy Syswrmngey aisocteinfyise
the wlifgeoferiotbiyedrangraie sidnarRager #3a) iHeSdf, 5?@%% E%t) ratory

itting an jpitial value of said simulated state
L%%ﬁ%%?ﬁﬁﬂ%ﬁ%@”%ﬁé%&% AT SERESTERtaRine ()

simfl& QYR Foa istartacsuédtosindcspeet srewing)direstion I\/la
Salratevmasiaasandien: e 101963 STHAIRLEAOH-AN SadeseRl
andreceiving said control signals (13') from said local simulatol Tipu
(30L§vu°aes(la|d’1 %&8&5%%‘7‘?% WMM@%@B@MW@W
lineA(B) sfdingselidifouttstrudatora(30kige0o (oTpeaiRie BARLCARIR)

j r m. acquires said simulated sensor
2%;?2%(‘3;‘%%?%?é?&*ﬁ%‘ate%%ﬁmsﬁa%ﬁé@aaw%Msggimanatwe

sinfGERBF S SHtRitimptite Watat snmonangheienals jo tinsylbeahSiretaior
(301 Je#t sizriakat@d coonmpasihnoiwlanas EH MIRKLR APQS ih?mé%%e y

' simplaged command signals (9') from the remote tes
b L AR R LR o ot gl

cortfHIfRd4on MRy (By athengeerahermedtithe veiasbacs) @mdadsrgomirol

sypamdig e Brofeiies SEBRdARL o915 INGION AUt or

tesé cqmnang 'Efés device (10, 43) ma%;/; e arrafngedcigggn)?%

shipoﬂ)r gésﬁfg § and sending of simulated commano_l signals (9"

directly to the éontrdfospigam Klgr pipyelaised %PPQ%FB?H% 8l ons

InV@E}%H%ﬁQef %ﬁ,{%]%%nr\e&%%soen %ﬁg%ﬁgg rgrtsitl"lrgigllartneea(s:grrgmgl?t

Slgé]g!fafgsgzcr;?xaé%gg (I¥(O:|)9T?1e g]ame control signal logger (42) may also be
used for recording a later response (81, 82, 83, ...) to said given
sequence (TO0), or, of course, other measurement sequences (T1, T2, T3,
..} being real or artificial. A memory (44) may be connected to the test
signal source (41R/41L) for storing the test sequence (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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a test series (TO) comprising simulated sensor signals (7') and simulated

command signals (9') as explained below. Locally, a local test signal

source (41 L) may be arranged at or near the vessel (4) to be tested, for

bYB\ﬁ%ﬂﬁ@”%’é’fﬂ art|f|C|aI measurements (7") or artificial commareisNgYbvihsss
dh ntedbggerf #ea)dsntseldistgrcording a

response (80Tﬁ@§y§¥@r99@£85¥8t%%(@ g@?gﬂ%&%ﬁg Gt s

(TO). The sa
ma) ST S oty o Heer fedgorseesel B, Bae covtemaic
givetsteRq@pimBud® ;o ofl eoidr st en ERGI QBRR] SEIMRRCEROL:
Tzsn-gr?rals k@l{@gﬁglop;ﬁrf é) %% uAt gwe y (44) may be connected to the

test signal source (41R/4 ors orln ie test sequence (TO) used for
es Wgémé%ﬁm@@@ﬁtmﬁm@mmnem@m toe/ silbng
stariiegstater test sequences (Ti, T2, T3, ..) The system may be a(r;z);mgedb
so that all of o arts of the algorithm (31) in the control system (2) can be
modified, callé{‘ e @prgéi SAIRFBRINBIoasHimibatRantak (6)
fro?ﬁséet@rf@t&(wsmabmmmm #ammr(l@)tow&aeamlx‘m&?fes?ﬁﬁl and (124
thedess lshar fQOkt lyges a data logger (15) for logging of the response
(13, 19)@15?3m8the ggﬁlsﬁl system (2) to the measurements (7, 7). 19 WO
2005/077754 BEHATES 6 470503889 Fanakctitiorths aonisdhsustentd)ing

ofﬂwwmﬂuimystempﬂfhkew&mww&ﬁ%ﬁwes@ﬁéﬂlﬂﬁ@H%@rﬁﬁ\gﬁ@e
usg dgl%n@ %f%r tgg Q'%P];P? %%}:@ system (2) in a'vessel (4), The
o)

con roI system includes o onitoring of the vessel (4) with
control S|gna%0('1‘9)11§®t'©ﬁe l@ramgrérabal@m@mtsls’rhm thetibodtfor $esténg

they@nined SYSEEhE e RoBHR isaiBealNNIA R IE ﬁgfé'?'f Of,ip real
t|me of se (fsor s% 1?5[(7 to the control system (2) one o more

SENSOrey 20HsBPERpIMI sy amis ﬂ?é%aﬁfﬁﬁﬁsflsl@frﬁhez)

Actpsisttionndf soimantiisigrast(e) stythasconty ehaysiamrPidramie (14)
cogalm@rggm%trgey,ce (10) over a second signal line or command signal

I|ne (11) to the control system (2).
Disconnection of one or more sensor signals (7) from one or

more of the sensors (8) or of command signals (9) from the command

input devices (10), so that the selected sensor signals (7) or command
inputs (9) do not reach thes control system (2), and at the same time
replacement 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 (7a or 7a’, 7b or 7b’, 7c or 7¢',...) or command signals (9a
or 9a', b or 9b', 9c or 9¢”, ..).

- 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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Computation in a control algorithm (31) in the control system (2) on basis
of one ore more of the acquired sensor signals (7) and command S|gnals
(9), and possibly the dynamic parameters (5) of the vessel, and sending
ol th&edHirBtsignals (13) over a third signal line (14) to the agtyRERES(Ra3sc
DisconnectionA%astidiog tﬁ@@w‘m@dw imefroon megwigthmﬁfi thse
et kORI SO P PR A SSIIANG M) R
reach o n&'@ 4! spRie %é"l’lrﬁ@a@pﬁmmﬁm@@)
mord anthe diseoninettiel ﬁ@&@ssigm?&js?m @@m@rﬁ gggrr}glft(gggp,t r\:\(f;h

g@@pg' imulat t sigpals (7) o comm Sig
;(r)é eneér]agtie 'S'r'?]ﬁ'j’ r%r%% egt%%%gb'%gé?o%%/ JEBES fﬁ’Pe §&Q6’ _ QEEd
(). taRdErarte Bshiakorat @y 410 sume owssal Tolependizatioorlingst6)
Hibeppmestal dregidiiimerib i oy R DA D
f te test labgratory. Computation . (13,
19} 5 ot T (R 6Pl oK, BieATay o s
reaf 83y erusatkitde sensdrtsigratariaioatian ﬁbeo@.bto?swid?gimgé)ugr

| : ' C.oso): cqniro

(1)t ane it PRt EOR 8 el Ol e
com ﬁ?&éﬁﬁ%ﬂ”‘l@“@ YFiiererpreunicatiandingds) tadhedosal@imulation

2008/0PTES4IPOTANDR0R4$00286ndRONHiINgG 1 arRreferrRiBhpdmeNt

il then,i e simulation in a remote
ol e TR o elei liesnston s sy
meSFTSeR aPdtgaMtand N dlsa Ry ayn aemistatesbasigertebyode! (4')
on baisapkds oparbainalid LhdR (e wrpaesian ggﬁ%@g@aﬂd

. b f d_from the remote test labora
VoSS RTEAENRD-6f (LR GRR RGmAl A Widopieatoutpu

sinf m{ﬁxi@wmeeenbegemmpaabuaxsz?_gnaartgf @Bilpjugad?%syﬁ ?&kﬂggg a.

o e e e AP Rl e ipoen

(30RY TR R SIRfiRed AROYe, 35 tedens ban soritingriatiish aléptite 1 3)

Coivank focthtrR itRe(§ ot aRImBUEAIOOR) at the remote test
laboratory (40). The test output (13') need not be transmitted in an online
manner to the remote test laboratory, but may be returned to the remote
test laboratory in one or more batches during or after the test has been
conducted. The test output (13") may then be recorded and analysed at
the remote test laboratory (40).

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 orin a yard, at anchor, orin 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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computer (30L) at the vessel, as shown in Fig. 9. The remote computer
(30R) commands the local computer (30L) to start disconnecting the real
SRRk Nd.command signals (7, 9) and replace these signals by the

d signals (7', 9') to the control SSTAHR1Y/ezpe
o S S R o) et et

(18N ARG Mistsndedlly vpesesing the test output (13") online in a
simulating algQsibuanid3) e Sl | lour of the vessel
mg%g% éﬁ .as (ile ribeéﬁ" bovgﬂ g?ﬁ%ﬁ%fﬁ%%@%ﬁi%amee 'tré\é?r(];ih%d%?l?)
back to the'rgpgn%jély'fjg gﬁ@é’(ﬁ‘%cﬁﬁﬁlﬁ@? e Y iginerers ce starameter
laB6rat®epPa0§8)The test output (13) need not be transmitted in an online
mannentss : ratory, but may be returned to the remote
test Iaborat%)a?rq3 ;ﬁﬁ@gﬁ&f éﬁ%?@%é@dﬁ%’ﬁ%&?z@r ﬁ’fgge%? [%5een
cofdti t‘é%(%%é’t’é@%ﬁ?ﬁﬁ#%@%ﬁay Heasae (8boridagatingnatyststation

thearesnotestiest laboratory (40). According to the above method the remote

tes that is involved n the testing of the control system can
be %ﬁ?éﬁﬁygé%% Cana the VSSLEI (R, 815 29YT9eRRe18 Qa9 heoNg

diSRie@Skom the test laboratory, typically between | and 20000 km, and
whackily (PoRbiia v oL iRl SIEd T DS Slpledin a nearby
at ancho

h%rgc% erfértl a distant harbour, in a dock or in a yard, r, orin the
open sea. Wh%%nﬁ%’testing of the control system is completed, the

cowindripaedifieabdtwiednithectioasganbihe @At ARy 48)
diseanagsiede A8 39) rfg(gjﬁlgrr%%r%sgnrssoip@s and the regular command
t

signals to the controlvs_étem are reconnected, and the control signals

frofi 81 e RRIIDT (78 Arpe BNGS0eI800 888 the control system are
reconnected Apdbrirefuatpks plsraesnalaRsirten: 8f the ﬁ’l%“%ﬁ%ﬁtee?

i | ding to the preferred embogdiment of the invention t
A L SRRaRTe e oo rormor et
frERPIRILONEBYr Mitfe pespallqrosifiBndT i starposTiparReaRgIS(&a),

UG QR) CUNRIR VBRSSO SERraR (Do

integrating acceleration sensors, etc. - course Oom COUrSé's

(8%“)8‘8?’& ngy%%%%ggg%ﬁi%Miion (9a), course (9b), velocity (9c).

The method can be used to calculate control signals to one or
more propellers (16a, 16b, 16¢, ..), and control devices (18) may include
one or more rudders (18a, 18b), and it may include one or more thrusters
(17).

The command input device (10) will include one or maore 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 (9¢) or another desired state (9x), e.g.
desired roll angle, desired pitch angle, desired heave compensation, efc.

‘According to a preferred embodiment of the invention, the
method may include that the remote test taboratory (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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compass, - velocity (7c) from a velocity sensor (8c) or a single-integration
acceleration sensor; wind speed (7d) and wind direction (7e) from a .
anemorgeter (8d, Be), roll angle sensor (70 from a roll sensor (8f), pitch

YR BARS rom a pitch sensor (8g). According to the Fr&f@zsd4/000386
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(18; %%ﬁﬁq“0|ﬁde one or ﬁhore udders & 8a, 18b), and it may include one

or fhore thrusidrar el siesaaRa | ﬁ&%()ﬁc‘éy(% hﬁlﬂ‘mblaée one or
mofeRifhed fitlowinystemmdiposhtite spesificaliprdeVipadPRg, ensors

stefe)ne Woeh o8) ot sRe Ry dBYee I Lol A Ay
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desir eave compens tlon ccor a preferred embodiment of
the invention, ﬁﬁé‘ufﬁeﬁtﬁwlm&ycmdﬂme thstett dyatisnentest iabosatary 640)

is uﬁaabtaf\@néméb@tempgamls%tsm&%% RRARSH e?é@@f'&é lfrl?et?‘#ne
sensor ) in est, an
%}5{ (7 th test, and possibly remaining real sensor S|gna

)RS MNP C%lﬁ?@/bei’f?tsmddﬁﬁﬁr@z@@m‘émw Qfdhfmand
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dy 4 %Yﬁété%méyﬁﬂwvégisbﬁmwm\@wmg;ﬁmmgzm axial

maoatentscoh st tia; Weamaaemdistribution of the vessel, and the hull
parameters thE of the hull, as_explained below.

h
Disconnection gﬂe%cél ; t&?ﬁ??ﬁeﬁoﬁlgf’% IRiiRe nergging

measurements or by generating disturbances in selected sensor signals
(7), or by generating external disturbances like weather, wind, electrical
noise, atmospheric noise or acoustic noise to the measurements .
Such disturbances may be sent from the remote test laboratory (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 (B).

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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(8) to the control system (2) can be done by means o_f a switch (15a) on

the signal line (12). The disconnection of command signals (9) from the
command input devices (10) to the control system (2) can be done by
r‘rYé)a%?gsé‘Vé{‘fNi ch (15b) on the signal line (11). Failure situammudld/m:m
tested by disconteelifit FYABtBHeaH Ofchst MopaRersemoiediestilg (7) or
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I ' test Jaborator . According to a . .
N e e T N
thePEo RSPy Siamiite)antemeatiodset eReasiomirtransritted fupdbiRgtor
labtiratiertg40) 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

thelchhixamyistefria@indhs tesbiahm ragerym(dn)LaniGrEiHkdge control

' t] f the vessel (4). 23 WO
20051077750 PENOE O LoD b CRLo b bR SR L svstem
préPoREi iRty inderdifinmsiondnaeatiomis tteinblewedl.fone a
mudiayairgegiflexiliolbwitiedrsinteoithesseiware g heSan %#I%

BSIH {értﬁm
e situations and under a simulated

o . : ; te

exEh A TR (LA IRt R g Weeede twereaatednder

coR@Eeneoihal tesithagthat potential errors in position under the test with
simulated dynamically positioned drilling will not have negative
consequences. The drilling vessel (4) includes a control system (2) that
corresponds to what is illustrated in Fig. 4a, b and ¢, and is in the same
way connected through a real-time interface (6b) and a communication
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 tunne! 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 (7¢) 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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and certification. At the same time, one avoids the disadvantages and

limitations of previously used methods for testing of vessel control

systems, namely travel distance, time consuming travels, high cost of

W&/@O%’ﬁﬁ@'fbr rigging of equipment for testing, etc. With the gsroposeet/003se
Rﬁ?lﬂ%\’m@@ﬁ% ﬁ&f‘ém&@tﬁ?%%r%@%agmrewously,

Wﬁélqaéameelynumber of operators. Moreover, the quality of the testing will

be improved.as the ut maic te%}executlonl g@ves the repeatability of
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dril ﬁg‘%@gs“%%ﬁaf%c Cﬁgmg]cgﬁt% s stee%s&) ﬁ1 Eé&r@iﬁ%r&ﬁ‘?@ ' what
isflldiRge Inesigagze sitiandsessifigadon tryisenitOs)ay swheelotétb), a
tW@t@@ﬁy%ﬁ@@iﬁﬁmﬁdﬂt%@% s%b)amaa @9@1@&%&@!@%@%@3@%% or

throu qorfa real-t me mierface 6a) to a remote test labora as shown

in 1he ?ﬁ)é; '(S’ﬁ’[t(gla%fs?é'?ﬁ“@ eoindriged Qhtise ?@Pﬁﬁ@r{%‘hﬁg
othhéaﬂmmﬂgm@sséb (4)pddtr prapulsiensdaviteegk6) [#te= proEe)ern (h6a,

Uil SrsnaCL LRI conalaiayisen A A ke rudders (18),

thrusters (1 %ln the form of tunnel rasters an aZ| " thrusters. The
7

thrusters (1 %ﬁ%ﬁﬁﬁfﬁﬁ@sﬂﬁﬂﬁﬁﬂﬂ"sﬂbﬁ RNGeESIABI20d) euerrelfifetices
(EBnddndighthermimuialed thélngitds dewimlte) that the drilling vessel (4)
is,at a statio osition g? %[? 3 asm il st po si%lg1 position deV|at|on
and with a cgﬁrés/g% an Hé eY’fﬁ? &%f?ﬁ&asc Setqand siggals
wéatbiaTia saedfodnsigial liffienceromaniddigvedisearid X tioréird.cbhérol
ggh f@n dynamic positioning in agreement with known 24 WO

20051077754 PCT/ 02004/000386 methods may comprise the following
steps that cal'BESURIEESERY (RSN calflaistracsrial pabpsies!
inoreabtimer¢hef tensacqldtad Berisomsigea R (MOIBLSERSOl OAhaABesRsand
SQY‘H?\Q@ @8 @E,aé&f‘?% \é‘?\%lssbssibly a set of required dynamic parameters

like mass (m) and axial moments of inertia (M1, M2, ..) for the vessel (4),

of the required shaft speed (13a) for propellers (16) and angle (13c) for

rudder (18) and possible other control devices to maintain and restore one
or more of desired position (9a), course (9b), velocity (9c) etc.

* 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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position (7a) from position sensors (8a), e.g. DGPS receivers, and course
(7b) from course sensors (8b) like gyrocompasses, etc. The control

stem (2) acquires command signals (9) from a command input device
&'/ 245¥%8XBple a so-called j Joy- -stick panel, including at le®STANGGStiON0386
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or signelebtrwndigetEthentatand signals (9a or 9a', 9b or 9b', 9¢ or 9¢', ..)

and the required vessel parameters (5). The computed response, the so-
called control signals (13) from the control system (2) to the actuator (3),
like for example the control signal (13a) for the control of propellers (16)
and the angle (13¢) of rudders (18), can be disconnected or blinded by
means of a third switch (15¢) so that the control signalé (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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command signals (9), e.g. desired position (9a) or desired course (9b), are
replaced with the corresponding simulated sensor signals (7'), e.g.
simulated measured position (7a’) or simulated measure course (7b"), or
HMedardd’édtresponding command signals (9", e.g. simulated tiasizes /000386
pSYrenly seardimsutater destrtseoited( BB nigiveindingtaisie ahinore 8f
thersigmnal dilees (12, 14), where the simulated sensor and command

signals (7, 9) are generated in a remote test laboratory (40) with respect to
the vessel (4) and are sent over a communication line (6) through one or
bath dhehensivitches (B5ae!ibin) thadsirntmxtmarobfﬂﬁr@rﬂf)tm signal lines
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case of the drilling vessel (4) mentioned in the |ntr08u§|on
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é%pg%eer%rthr ers andr dd rs of th essg}ﬁ(é%m order to move the

ssel t0 a new poéi%Bn F e (%ﬂtr BHRN 28 Weovessel is
2005107 tsasrat isl ozte 4300866 forces and moments that act on the

ship can be calculated in a simulator (30), for example by use of an
algorithm (32). In the simulator (32) the simulated state (50°) of a
simulated vessel (4’) is calculated ir a procedure given in the following.

The acceleration and angular acceleration of the simulated vessel (4" may
then be calculated from the equatio ns of motion for the vessel, which are
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 lengthi, beam and draft:
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suddenly regard as correct because it had been given as stable and

wrong for 5 minutes. 1.4 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
Me 2W0iri Sérge, sway and yaw, by the position of the centrecafmeass/000386

anf¥siiediamip addepensand yaw, see Fig. 5. The set of variables
(welgaiirsrRAstiopRrRBoRFRfifgiation, etc.) that uniquely describe the
mation of the vessel is said to be the state (50) of the vessel. A vessel will

bével%oo%sé 3'%818es and moments that influence the motion of the

ve§gehnEhes éareestants taomeite ey e sluentoexeita e muying to
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thrusters (17) and _rudders (18), from hydrostatic forces that correspond to
spRAPIBRIETa caRNNa tee B Rbiedanfrenusnacyirtdaticeptishiof waheave,
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e SHmARFOPIRE hyRId ReamftomdhiHsieess G rrsshiynatiaseaiben.
Vithres tehres pestibandfdinectiessel is given in terms of the state (50), then
forces and moments that act on the ship can be calculated in a simulatwr
(30), for example by use of an algorithm (32). In the simulator (32) the
simulated statee(BOi9wWing riocsawe vesdub(49dd taloutapedeirhe protiedure

givessseine faljawigeenThe tecaiaeation b '
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it f [ e vessel mass, - the position
o e L A gl tens

bRt Rk iR e Hafaudasa be wrmpHrigddreatrherenusitionendth,
bemtivarfdrdrafiieddel (4, 4'). Then numerical integration algorithms can be

used to calculate the motion of the vessel as given by the state (50, 50’) at
time us= ug*+h, where h is the time step of the integration algorithm. For a
vessel the time step h will typically be in the range 0.1 — 1 s. When the
motion (50, 50') of the vessel (4, 4') attime u4 is computed, the forces and
moments at time us 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 uy= usth is
computed. This procedure can be repeated at each time instant u= 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 compoment 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 wave spectra like the

JONSWAP or ITTC spectra, where the inte nsity of the wave spectrum is
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prevallent distribution of amplitude and frequency of the” wave

coMBHTESRHRIOE YosAtian HBiFR ales e samretatioracinowealer or
ITT@ @ ctrdgeviierestharittthnsityrdbtoessayR SRaEQINEtdSthe commanded

actuator forces and moments. The control system (2) is implemented
through the running 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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28 WO 2005/077754 PCT/N02004/000386 parameterised in terms of the
significant wave height. The resulting forces and moments acting on the
vessel will be a function of the amplitude, frequency and direction of the
WAREYEHEH the velocity and course of the vessel. ForcesmImNomnantsss
fré\ﬁ'}ﬁ SYYRHORS - SN ARlesplibie amuldsreandrsiablsseiriesiotb and
thenphej@Rerateofdhesincositie sarireufactidsad RigRTdPg

| ind directipn._Forces and moments from
RGN R R R
afed driydaitiihartasinger pasitionrfane cametgbpthavisselitalocity and

calissnFRIalive 60 e aRH RGP Br fd @NF@W@ R%ﬁi@%”é%gek%c%:té%.
d)(\na ic positioning, so-called DP, the vessel (4) is” controlled in‘three
deapgﬁgroefxﬁgbod% ﬁﬁ)ﬁfﬁé RRsRiRNRESAKIaHoD BRe pwsIRNEourse
arignalen beaivipatstiremsatioop arathichsiagekByb epsthn odan sl yidaoyse or

' ' A control system (2) is used to compute
ﬁ:“%%iﬁ%ﬁ‘ﬁ?%%&%é@?ﬂﬁ R SR et Tl

aBilisHdt siturtions S56urtRe yithedardds imthehwaxsszeheachickes tiethe

desirédqrasiting Refatsseofthe BABMERSYSImE DAL INANLESoor,
agpjﬁﬁ%g allocation, Wh{'ch ing/%ée the, computation of propeller forces,
er

radder forces Ana thrasest rauing jdseioniihg tetrtine ditingating
agt(Rigeddrebueendheoraesrbante vetittblayshete(2 isldmplemented

through the (iR EANAIBHRTHELAD ACORIANTSY 20 boarlhe
% ssﬁgl 4). This algorithm (31) compares the desired position (9a) and
SGfee

BPGfth IheWSEs Gt yeatica e sl aee Ftatarby seatenbasit
ofittviss tinecalg orithore sepatesighelseani eckagiusier faresspEnaIpants

' di tbooks. In addjtion the algorithm
D B B S P R st s
tﬁ?ﬁ&té?w@éfsb&ée@myeﬁéﬁformmmwm@dome itevenearstiokd by
[gdtens ebe e RyEas UBPASREST N e U SEOS Wiy SBRIMIFIS 2

tran§Pcinde{s ar L!aced on the sea floor, and taut-wires where the _
inclination of & tatt Wire fixed on the sea-floor is measured. 1-6 Testing of

a vessel's conpuimsystdrapDifterieattaitdies of masinbntehsysieas, .9.
DR swaimst e heendsreydrthipaatier withhe gonditions that lead to

the specific o ) ) _
control system with inputs in the form of simulated sensor signals (7a’, 7b’,

..) and simulated command input signals (9a’, 9b’ ..}, and in which the
outputs of the control system (2) in the form of control signals (13a, 13b, ..)
are used as control signals to the simulated vessel model (30). A test
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’) ard 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 sensor 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 = position

signal has an additional error that suddenly varies from zero to 50 m and
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29 WO 2005/077754 PCT/N02004/000386 failure situations. As an
example of this a sudden and stable error of 75 m on the GPS receivers
has lead to serious failure situations in the form of a so-called drive-off for
FArifigVéksel under DP control whey re the vessel suddeniyristidivenoosss
deSiRIBGRRGHRLeANt rterganeyadiidhe fiken dissemdydlithaifthesiser
andrmiBing ok tap ik ssiRgshacsshn Srermiadr ARUNRLRIRMING IS the

suﬂ\dgrqeloss of an acceleration mFasurement signal in heave _
compensation, ihwi f%ﬁncsa%'?esﬂ{é é‘ﬁ!%ﬁ?@al‘ﬁﬁﬁ‘\j% &9) Qkdyidigacoustic
coRfiséirratiensoirthéshedie. atipoohthbyesselrandrpateatiatisof ifigils
SitUsK O RF,CAR DCEN I [Sd ne or clgse.to the sea
flogr duﬁ\gg iggamgﬁng%ﬁgﬁggé rtatottpf gg\p@é?ﬁé%ﬁgcc%ra? ﬁé‘ 'E‘é%ﬁg&?,ﬁodﬁn

he IR 5nhiserdaiRpeonasysitestisasssith a rotating drilling string
arranged betverretioh vesisel i tweldDEpkaloing Seaflant ifanIide A

it ' ined form of 's locaion, speed o ,
iR AL A8 2 e LG i e
selistsiesigargsbaeroseaysie of terpged testutatighilsitoitdadis the
Predauslsyertaskinmies diRfalipinalion. LA HIUatPh M

be reproduced for testing purposes to see If the control systemto
tes%%’ﬁﬁg SABIHITL BPR QAR tMeSRUBRAbARRIAY BHt BRdiPesHitly eewified on
sybusis filiie. A proposed approach according to an embodiment of the
invention is to test a control system (2) for a given vessel by running the
control system with inputs in the form of simulated sensor signals (7a’, 70,
) areSeslisiien ebasindaiureot aigenifolsystam ), and in which the
outpwitgiottiba. control system (2) in the form of control signals (13a, 13b,
..) are used aéé:%}t Orl signals {o thé?zi?;yl ted vessel model (30). A test
scenario for thecon ?olasng 'R %y(f] d83h RS ke st nce of
te StREHSESd IRachee biee hi stalbksiftbatigiveompasg|. EqohdeNbasee is
givesinyea i ; ified wind s d' in
it e A e
(735Gl SPE P tRlEE AR Rgd B equence of command input signals.(9a’, 9b,

9¢", The boatlditiysienchdpseoastivg s HNR PRI the

pr ' rors that are added to the simylated senso, r signals (7a’,

R e I SR B Rl A e Brore s
Acceptance Testing (FAT) at the control system manufacturing site.

*

oA AR DL & e

Later, the control system may be retested during near-final
configuration at the time of commissioning of the vessel at the yard site.
* The control system may be tested according to an
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.

w

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 approvai or
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receivers (see Fig. 4a3) or so-called wild-points (w) where as position

signal has an additional error that suddenly varies from zero to 50 m and

30 WO 2005/077754 PCT/N02004/000386 then immediately to zero, an
SHOLFIPAHEdrm of steady drift of 1 m/s in one or more GPS renen®@(®4/000386
err6REtifcaiofophilet Fapiach syaiambestatiBhadihefnee dhenokeljfioatims

senrseiFdik® Riadsy becgiugrs (8a) or hydroacoustic position sensors, (see
Fig. 4a4), or the loss of oné? t%r%{nore sensor signals (see Fig. 4a2|). Known

conditions for praiosy PSLSRIAT F-ALTRe SRSSRO R InTaY BHiRESd Bsger or
spéeify satteseshoagen Poexaokitestizaisellcthegegusmaaiobthertrit she
INPKE $ED 8BS So i, WL d si nd the resulting control
signals are Ioﬁgged, and _asgd%%r%@g@s?z %%ﬂ%c?loognggsde{gséjt datd s
deSIRR TG TESRNM ERiemPhErtorriitPsarRiRBIBNN Shakid fest tmal test
basisthé thim the sgswirofsysiemsrifiay iy approved or not approved, and
possibly certified on basis of this. 2-1 Acquisition of a signature of a
control system Introduction. Consider a control system (2) that has been
od 581 ot spéfienh isionatinssiieatinh company, e.g. Det
Norske Veritao BafpifshighalsbsulpiondumKdaks Plase-A) SRy

po'ﬁ]ts of timegi)lease refer to Fig. 8: The control system may be certified
ea

y A1tk ORISR cHtR PBPIRGE SR fetEipaten. ()30 a
sinputztosest ithesfandisif & aotiry! dateniangsul rstirehdeAiyakibrceptrol
sy I ' r control system may he reteste
du?i{ir{?g‘ll n@gﬁﬁﬁgﬁﬁé{éﬁﬁ r{iette)%ll%a?ctﬁt?éﬁ ?lr%%%gf c%)r%rrlql\l’sesl?()ﬁlm%gsfg?’iﬁgz?}gssel
at HeNFKIesRE. for o mprtiepayidniataaiepls fshaisystemiiiheormthod will

enthodssented ihelnxppdmwvhile being approved and certified
immediately after.the time_of Customer Acceptance Testing (CAT) when
the vessel is s'étsllr%%a&%rgr%fo'ﬁ.ei EPSF? caprting fe 5 a
sta@ingatigoiehibatyeatictabyificatoatiogm paefe cibilypradutermined
cogmRanage TRRiNgrACsPHIBNG oG ryatie ARSOLE lred to eheck
continued control system health af!ter reprogr% mlr%{%é% bqgjr‘ié of or ther ut
command signals (9a’, 9b’, ...) for use as inputs to the control system (2)

instead of the real sensor signals (7a, 7b, 7¢, ..) and real input command

signals (9a, 9b, 9c, ..), and recording the resulting output from the control
system (2) as a signature (80) in the form of control signals (13a, 13b,
13c¢, ..), that in this case preferably may not be sent to the actuators (17,
18, 19). In a preferred embodiment, this original signature (SO)is then a
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, 82, 88, ..). 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, 2, S3, )
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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

Y B2OWIEY Z605/077754 PCT/N02004/000386 certification obteapintidoosss
& Fpstalkliplisg s enodilipetiares slkedailddio longer be valid.

Revamp modiissianssefithensiiled anBaURD: o SLIRL SfDew
cranes, .changln%nor extending the hull, ch?nglngq rilling derrick or
h&RVPESHPEMENSH G RIVISIHRIRRG 67 [Seiartiéh Abarkeesel (ayThe
R RPN T g
of tification. 2-2 Establishi
A o
h&P8"HEBH iRid<IfYisesoiftbl S arantplsustepRvaber mitinatido, it is

proiosadeLesielisia ?ﬁ@gaﬁﬁﬁﬁrm F?i'g?&ué r@g@&ﬁ%%%%@%%ls
fter the testing is completed.a e ship is ap 2d, 8 €

S TSR T SR veshel W aidet anejatem amieohsethoc

witP$iiodle yelisily, isodesaibbetdver AtsignatsesdS@ssct sty birslag apearding

to-RpeRieedy %V%‘éq‘lmﬁﬂﬁ f e \_/ention by generating a preferably

predetermined sequence TO of one or more artificial sensor signals (7a’,
70, ..) and inpHENGGR i e SifilsTeReptian ofyder aseassinpatseoshe
cemrrailsxﬁwmdz)c,inﬂeasélﬁfdg@mﬂl g@%ﬁéﬁf @g&adﬁs%ﬁn%tgcr% ggﬁ?r?;
real. ignals (9a c, ..), and recordin
b e e S 8BRS Rl ccoopirs i
cORERMaRY 1738, P3b/c'130, frpmratésithigred se predeiet)lyosajinot be
sephtfothgastiators (17, 18, 19). In a preferred embodiment, this original
signature (S {_és then a complete time section history of the control

signals. Later t&s Sf‘ﬁ‘BP@&?\/fﬁéfﬁéﬁsat%ﬂﬁ%ﬁ Kens pasrdLpeaid real
nsifee, aiciamarisgsigros (G T @iganerd o dbaeAE ALY (2)
eI R ol ston P TEMNRY SRR O adegbrase
o?SQ?gWa?ﬁf‘é?rS%@ff sequsacsy () Ernsaifinng ione (Mo waial corita
spidael @)dwrg42). ‘
* The control systemn's (2) response (S0) to said first test
sequence (T0) is then stored at said first time (t0) as the "signature"
response (S0) of said control system (2);
The method has the purpose of, at a later time (t1, t2, t3, wh
using the same given test seq uence (T0) input to said control system (2),
and recording a later responses (S1, S2, S3, ..) from said control system
(2), and determining whether ssaid later response (51, 82, 83, ..)’ is
generally similar to said signature response (S0) to verify that said control
system (2) is unchanged, or whether said later response (81, 82, 83, .)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 origyinal system response or “signature” S0. If
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changed or been modified, a comparison must be made between the
original signature (SO) and the new signatures (S1, S2, S3, ..). 32 WO
2005/077754 PCT/N02004/000386 2-3 Establishing a control system
KO3 7ddtailed. In more detail, a p referred embodiment Bfthed2004/000386
invéstiois bdmpifirsroeneshueciv Sleniidify aticemtial systems(R) of a

vessekddrdde, sema«a@@@we@a iR Q0 RERHNESIALS: isqaapeg for

receiving sensor signal from sensors (8) and command signals (9)
frofﬁ%ﬁi’lgeérﬁ%ﬁ%v ShrsaEist Hdbriss's rosioniiicepiditiessrgem (2), as
a rbsporme 30 @addIn emurém&ﬁscﬁﬁ)iéﬂ;ﬂr@@gﬁ@aﬂﬁk{@m@ha@%@%
8] s (3) of said vessel.in order to maintain
2"?&2?1@5“;?&é’ﬁ?}égéﬂﬁfy?%‘ﬁﬁé%é%‘; S Rla e The
metRBEPI&! éicarbifisationdas) the wisl bripenstepied: Turieigranfrsivimti¢t®),
fe@@ﬁ'ﬁﬁﬁzﬁﬁ@gﬁéﬁéw@ﬁmé&@u@g6§ﬁ%i§é§(?%@e@?ﬁr%tgat7§ws-Pe@!ﬁ&%l Or;tfol
system (2) is discannec and replace a first test sequence
cﬁ%ﬁéﬁéagﬁ‘ée%rg%@?i’mérﬁ R A A e TR
tegﬂ@ﬁjhahédtmbeff(ﬂll)etwaidnmmwltsysﬁenﬂ!(m)e_msmuemdcayste&b(Z)
s beulrdi e hasesh LSt ieal: BRCLlabdy Wil SRR SINASA”

7") to generate control signals (13') to _be recorded as said con

sy&‘éﬁ?? O et dipeagpus tediiepsise (SO) to said first test
se@ueieer(J@hfps sifdfisidime (tO) on a control signal logger (42). The
control system. sponse (SQ) to said first test sequence (TO) is then
stored at sai(;nﬁ?r‘sét%tzl)r{rlI(Se\'\}(D %Osngtﬁé% és%ﬁaﬁg?ﬁggoérg%aﬁ’o‘ﬂs%qge%fr said
coffiasisten pPfhehevatdipodhesat dopdetrysent flae differemimbdtet
3, sald BSHELIRG RIS GNGARRLFRMSSSE) EAMHLIASRIY COM Y iater
system (2), ng recoFr%larég a later response (S1, S2, SB,é..%? from said

oo R SR CaRP R imIAg AR REr iR A (3D,
S3or yeargefterdly Bimidantoksghalgratureceaspars i) saneridy, that
said, contyol t IS: er said Jater response, (91,
52 &5 i e D R S R S
indiE2Rea ?%ﬁ%ﬁ'%r‘hﬁ)f)%ﬁiéhﬁe@% 5 P the test initiated at

time t4 to establish the response $1. For each time instant us, Uz, ..up.

ey

un, the control system will output several control signal comprising control
channel signals like (13a, 13b, 13c, ....13K), which we may call a
multidimensional signal. The multidimensional values of the sequence S0
at time u, is denoted .

SO (Un1, Un2, Un3, Und , -, Unm y - yUnk ),
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, 13c¢, .., 13m, .. ,13K). In the same way the multidimensional values of
S1 at the time instant uj, is

S1 (Un1 Un2 Un3, Und , o« sUnm o oUnk ).
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 SF0 , at a time u, denoted

SFO (Un,1 ,Un2 Un3, Und, o yUnmy + sUnk ),
and the filtered version of S1 is called SF1 at the time u, denoted
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2-4 Comparison with "signature” SO. The later acquired system response
S1is, according to the invention, compared to the original system

response or "signature” SO. If 33 WO 20051077754

POPMBY 41000386 there is little difference between SO aad/Sd2dhemmo3s6
the systems ¥ dotsideter to. beldnchabigad,. ang tere is no need for a
nEnetamidem cenampeaRpIoyal e qeTilication L thereds asignificarins
d%(f&gr%cgethbeg/#en SO agd S1, then it is concluded that the control

syStem has BRIV ERD 51605 BF Leltiednan ke commig@d asd,
affdiesew approval / certification test should be conducted. To determine

what is a si%ig@pg’i@@pg%&n&ﬂggg ggnsider several limitations

realistically: The signatures SO and S1, and later system responses, may

contain some noise and I {euePtdEemBonents, as will the test

sequence TO, so acquiedsygien resmnsggwvill never be exactly equal.
Below follows an outline of a method to compute the difference. 2-5

Computing a difference. The following computation method may in a
preferred embodiment &tSid (wehtffrOHéIMBER o determine the

CffoiRieReBRVRRS SRR SAIELRLH BiBiS:aA BRLETRARSE i) £ecorded

at.time to, an ater response (Si) recorded at ti, which may be on the
or(?gsrl@“%gga %#OH?HQ) LolyAieryitdimepnienpsamarsefeedcorded
ag@biove.instants ul, u2, ..un..., uN, with intervals in the order of seconds
during the testqiti t fime t lish the original response SO, or
during the tg@ﬁ%ﬁ%%%gr{%gﬂg‘ﬁa SR rglrséngq%ﬁ%%r .EEOI‘IS Qﬁ?n

i PR ERWE], Q9 Mand outmttFiddenaoyisyeasnmaiitounut sbve ster
cengtelaignﬁbﬁarapfiﬁiﬂgaﬁ@@é@n,ceﬁémal@%}@&'%@i&%@a&@é}d#ﬁ&to

"fl’&%?fd@cjt\évew%gtwe may call a multidimensional signal. The

idimensional values of the sequence SO at time un is denoted SO

(Un.t, Un,2 TomBM8ran be ewed, as enweighited nicathesfisiosbecript n
iRgear e ' 3 .
e o cos R ST oo ioh

e UGRE AL SRR FHHRAR ¥rlney QRS berst %: thenitheremanthmds
SiguficanthsrabANity thin the cddfidNsystéi Mak been modified or altered,

and a new test should be conducted for approval or certification. Else, if
RMS(S0, §1) is less than the threshold value, then the system is
considered to be unchanged, and the approval and / or certification may
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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To remove high frequency components of the sequences SO and S1 that
can have a random nature, the sequences SO and S1 are low pass

filtered. The filtered version of SO is called SFO , at a time un denqted
SHO(1778h,2 Un,3, Un,4, un,m, .. un K), and the filtereecyavsinniahosss
s1 {$ cdifed-Birameansanssoun deiomeel 0B MO ROBBIS T Cording the

PCTOSIRRPRIO0ESa SighdNelSEN? HMd toiMhbs D) Hgﬁgg @5'32
diff(ﬂ,}(?}nc1 begl;/e%n SQ and S1 is then characterized in terms 0
e

value Tor the ditiehed seinRdye 1P eEted inReRsey soepMluiivas

follémgm@(cg@@,p&apyermmmeamém{m%*tNx(aﬂzébfr_ﬁaE@«hnsBi%ig’r{als
+ - In IC .

oo pizabneh HAUE N WG (N F L SR o sianare

co éqeration must be taken that each € measuremen
an

F1(EIIF Y dnaranpaseHufidiimsssdinglinghieseibdbe spquential
ropbi e A Al O e T
Iput I angie comman utpu ru
o oy, St W Ce o D oA RR i s S2oRitig 1) \RhEIe
acteRIFRAIArAUIH 6 RNES. (3 belhvié e dwsamaigintetl Bwanvagluepdthe
differgnee @awe@&mmﬁgapméfﬁa@%%ﬁé hE&%%?MS%&SD’ S1)

. 0
and\wreagdestissenkbise atonducted for approval or certiflcatlor_l. Else, if
e B R YA o g
be FoHCLFamTRARE . signalsiRe’ iBbrove ate genditated thtest the
Conpesonbe st ISTR | 0 69 1 S
e e e e S AU AR Sl o 1 PRl d
sigHeRAr S, be ity e né cantralsiigratisr¢1 fu, A3igntde, conivakre
Sy$kMidHatures SC10, SC20, SC30, .... are related to the combinations C1,
C2, C3 ... of command input signals.
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 (t1, 12,
t3, ...). In the test numbered n there will be input sequences TG1n, TG2n,
TG3n, .... and TC1n, TC2n, TC3n, .... leading to responses SG1in, SG2n,
SG3n, ... and SC1n, SC2n, SC3n, ..... Then by comparing SG1n, SG2n,
SG3n, .... and SC1n, SC2n, SC3n, .... with the signatures SG10, SG20,
SG30, ... and 8C10, 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 itis 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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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
Reyfipance, of the control system in relation to a specific set of sen sons

& JhpeRgSHigfynction of the control system. The procedur&$ AR td/000386
generate a preo‘etermlned sequence TG10 of artificial sensor signals (7a’,

35 WO 2005/077754 PC /NO2004/000386 7h', 7c' . .) from sensor group 1
af:one or QIR Ses S?{@ﬁ(ég’ cording the resulting output as a signature

GlO in the form of control signals (13a, 13b, 13c, ..), where the
S|gnature S F‘é?éf'e@%’@@ﬁgéﬁgié Uﬁ)‘-“@&ﬁ'h’éﬁld@@ §enerated a

Medetermlne/@muwmmedﬁ'ﬂﬁi’@ﬁ@f@fl(ﬂﬁuﬁ@@m@m% Hpsensor
%%@na%‘# 5@?&%%%'?"@% tguts re recorded as a signature SG20

related t0 sensor grou rocee ing in this way, the sequential input of

the input sedtiBiaisd TesEe) @20 MGAtEL i) aridoscodingabtBRnulator

GURSHOBAINGOHLRA 530, ....) for the
ggnsor gro SgrgbGl Gg%%sﬁﬂ?g@%een é? ggn?sor group G1
P

may be G c@(@@@'cﬁ{%%ﬁﬁﬁﬁww thes nyalsoacobistibe:
psitiiom sésnis: sensmsgbelBGSaavReRSOMALAIRAHGRS 00,

%@%‘%ﬁtlﬁsﬁ n addl on a set of input sequences TC10,
TC20, TG30, . Fﬂg]?ﬁ)értlfﬁ 1al comman in%ﬁt signals (9a’, 9b', ...) are

gﬁenerated to@é’ﬁﬂf’m@'W&eﬁmnhn%@emad@ffmﬁﬁmeﬂ%%&@hn
@ ?e’fnot@ft@&ﬂm%rwgn sifgls sEES BN YAUE e resorcec

O SC30, ....Int orm o con‘t:ro

z%is ge S%r* 1{% SC10
ShVESE° £) Rhareeeradyrriatédbsoate, SC20, SC30. ... are
fiated o thembm@fmasr&i: s6is 673 (8)0F £OFREIARN MPURIANAIS ..

f I ture for_th ti
e e 72 SR e hmistveh & o n

tﬁ@&@sﬁ@u ﬁ%@w% ?ﬁefe/dmawewﬁpqt wqu»m)qu@imfﬁGé’ﬁpeiiﬁsn

ABgohgds:, , I n, SG2n. SG3n,
. go SC In %ﬁ%%%%%%r.?.@%%%gﬁ?pé}rﬁ%ﬁ SIS (s aan

"”réﬁaté&‘i%d pAnGpuent dW'ﬂfééibnatures SG10, SG20, SG30,
T':and SCIGirS@2RdSE¢br. sighatkroiiRgrubiskirasnonses, that differ

e R o S e b'%%’rﬁo?%%“é‘é&%%@géﬁ&é&&w
generally comprising a simulator algorithm (32).

8: Sensors: 8a: position sensor; 8b: (gyro)-compass, 8c¢: velocity
sensor, 8d: wind speed sensor, 8e: wind direction sensor, 8f: pitch
sensor, 8¢, roll sensor, 8h: hydroacoustic position sensor, 8i: "Seapath
200" GPS/inertial sensor of position and course (8j).

9: Command signals from command input device (10): Qa:
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 communicetion 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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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 Cl, etc. If it is computed as
SBHREY FBbve that SC1 n differs from SC10, then the conBETEY@Lem000386
hSENBYeHHR4d) %@Qr@%ﬁaﬁ*@@‘iﬁﬁh@bontrol system is related to the

combmatuonccantmmm@mma@m@&@@1%@%@9%%?3 ller

(2
éa’%géq péyoot%”?ﬁg n§1 hgls; qg& %eurdzg@ Q{é{i %?aznf%ﬁ(g?ﬂmg
vé§se| anIn%QﬁI*iﬁ@ﬂd*ﬁﬂ%ﬁdh@bﬁm%t&tfoﬂhﬁ smothe tess dagoimtveseed) 4
Simpulated vec§ﬁsloN%@?@'tﬂ?&ﬂﬁb%@iiﬁ&é‘(@&zfeﬁ&tﬁ\ﬁm‘% I {0 GOR f6m

3 lly co sing a simulator algon hm (32 ynamic
g}%ra%'frh?f S[“Fé'\&%é%ﬂ?f%@% (B 181 p&&)lon of centre of mass,
5&55d 5e mDatearitgigérinertia about the vessel axes, mass distribution,

h {] I d t real-ti
B S e R R T

intisiae( M%tﬁw\@wk@/%@m 6 anskdiseannassing shitpett. 7:
S&ﬂﬂ%t%@m {mapresngarg ki é@ewwaneqa%n%%oe@uty 7d:

win eIat|ve .wingd_direction tive), |tch angle, 7g, roll
rfjﬂcpi l‘)i1sst| r'egfégfjf\fé? p%oéﬁlfé "Ug t@"ﬂ Shders
oﬁothﬁéoé.éaﬂm ('ﬁ’; G St il Ipoaltmmuiaﬁbctﬁﬂls)edr?gn,ranﬂlvemt speed

(Zka@éawé%gmma@&a i %@%ﬂ?g RENSH RGPS gﬁ&‘@fd

vessel (4°), predetermined, or calculated in a local or remote
( or 3OL)P6§’ﬁrg?élf9@omprlsmg a simulator algorithm (32). 8: Sensors:
847 position Jemesikr§h7{gyro)-compass, 8c: velocity sensor, 8d: wind

sqged Sensa, %% y\gl?% #ectlﬁz‘ gc%ﬁé’t&c Qﬂ%,?h sensor, 8g, roll sensor,
pos ea

8h: hydroacoustlc nsor 200" GPS/inertial sensor
of Bosmon afipdeupigngds). 9: Command signals from command input

dgyice (10): Aasomputer with a vessel simulator, either a vessel sim ulator
(30R) arranged in a remote test laboratory (40), or a vessel simulakor
(30L) arranged locally.
30R: A computer with a vessel simulator (30R) arranged in za remote
test laboratory (40).
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 siggnals
(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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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
BsNy/eEded course 9b, velocity specification device 1 Dedw/speaifyn003ss
dedtred velociycemputer Gitle atasonategenaleeiigmaldties or a

cogamunicationeBUs Ragaamenth IR (DR @%%?BH?&E@@%&%@M&?:

One or mqre sensqr signal lines or a communication bus for 37
OB P S P H Ui el LEHBH LG Ao s terFestligigrontro
systenal@fonB ffeanindicdigystmin@idihg shdtrapeed (13a, 13b) for

prggeller (16)\%%31%,%@&8 angle (13c) for rudder (18) or thruster
(17), 13' Control signals that are sent to the remote test laboratcb ry (40)

1448t or méyEmpiedRiSigRaksouse (EHR AtARgRR N tsaidremotadest

cohiisobsysiemofAbipioeidiayatansitt Mdssdrénidtd 57 Dataloggen 15a,
15?ai%15c0: §\6v*itsch§g fO{ZZisconnecting sensor signals (7), comrriand
signals ront enterting control system (2) and disconnecting outp ut
cofifilol signalé (083 test sighhtentrcksidstenai2ygedifbocoeaeatingsel
ariiicidl SRS FI9BAIST Vi HinRl SPMERnR SRR AS) ANdQUIppL,
control S|%}r}als (13" to and from local simulator (32L) or directly or

indRAL AR LSS iER lication line (6) from a remote test laboratory (40).

164Propeller @ 6pdffolEgusatdody@) (48) Ruddind kB)efingribesbasivators”
3)...10: i I : er with ssel simulator, either a
okatPoon AN Bt e M e Ee T el

ve888ISHARIGtS). P3aLiptatansrenrctR), SBREA cohipsrid witem vessel

sirselatendsQR))aurogR ghahremeiRiriasidaamegyrdRedaL: A
comguter with ?vessel sim to%?f ) arranged locally on the shl_p or
ves eef?ﬂseﬂ@%ré SRS Edntt6l alyorithm (31) for the computation of

cofifrol signal# test command device (43) for generating artificial command
signals (9a', 9b', 9c', 9d', ....)
44: A memory (44) connected fo said test signal source (41R/41L)
for storing said test sequence (T0) used for establishing said control
system signature response (S0), or/and for storing later test sequences
(T1, T2, T3, .). |
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 signais (9").

TO: A first test sequence of artificial measurements (7a’, 7b', 7¢/,
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(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 1 (4),
for sending of control signals (13) over a signal line (14) to the actuatars
B),2daveexample propellers (16), thrusters (17) or rudders (18)r/322004/000386
Algarithm in said vessel simulator computer (30) for the computation of
ﬂz«mdvnam'%meeve&ﬁm&&%ﬁg%@srg\@%g&ﬁg}iglﬁgg AR E0)
corresponding to the sensor signals (/) on basis of ve &7 parameters
(Qggﬁgmﬁéd wid'SSeed and wind direction, simulated wave elevation
and wave direction, simulated current speed and current direction, etc,
and the forces of the actuators (3) on the vessel (4). 38 WO 2005/077754
PCT/N02004/000386 33. A computer with a test manager algorithm (34)
34. Test manager algorithm that outputs a test description in batch form
to the vessel simulator (301130R) and that inputs the resulting control
signals from the control system (2) in batch form. 40: A remote test
laboratory 41 R: A remote test signal source (41 R) arranged in said
remote test laboratory (40) for providing artificial measurements (7a’, 7b’,
7c', ..) to said control system (2). 41 L: A local test signal source (41 L)
arranged at or near a vessel (4) to be tested, for providing artificial
measurements (7a’', 7b’, 7¢', ..) to said control system (2). 42: A control
signal logger (42) recording a response (SO) from said control system (2)
to said given artificial measurement signal sequence (TO), or a later
response (S1, S2, S3, ...) to said given sequence (TO) (or other given or
naturally occurring or random measurement sequences (Ti, T2, T3, ..).
43: A test command device (43) for generating artificial command signals
(9a', 9b", 9c', 9d', ....) 44: A memory (44) connected to said test signal
source (41 R/41 L) for storing said test sequence (TO) used for
establishing said control system signature response (SO), or/and for
storing later test sequences (Ti, T2, T3, ..), 50. A state (50) of the vessel
(4) comprising one or more variables
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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 | | oyp wise
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 ofBdidsstate (50). 50'. A simulated

state (504 bdhra SIPWRISH gﬁ%%ﬂh(ﬁ'la{ié%&: *‘2&?‘%&% said Sgi{gq%gi“é%zs(ﬁo&), in

ng te, sald simulated state (50") includ 1 varaé
varapies fﬁ@%ﬁé@?ﬁ?%ﬂ%@%@%&&@ @O ged fesporitmnpstheor
sifigraleskosorsigrals) @i chamAdist gest %%8&%95%@@%86%%1

MRgSLiew: o U 0 2005/077754 PCT/N02004/00
T Gt R S S i and

siﬁl;‘?g“fé’ fraRts @) 2adeommang sigory W/ I86viGiaivstrdl dgnabtirs) fokaid
verifytligatnanisalyis Qa2 MhRmANR SHIRSNES Sl N Jyhich sajd

ORI SYHE (LN its Qpgrative state is arranged for receiving sensor
signals (7) from sensors %’and command signals (9) from one or more

cEpthmsthod ehatagterized byt the follewinghiepssaid control system (2) as a
responsiisaif: Maas WH MRk nd signals (9), provides
cgntrgl 1)%[15)5 413)to sg,{?’ vessel'élac%uat%&g%)@%&%’gret%g%gFﬁ aensor
de&eé%osﬂbn?\i&é"cﬁ?}, SO Bstsde) spdacplarings it ontdovessel ¢83nid
skl AatRb aaty hrte fizg dest stqedialtoT0)g ieRiiLrie RiFskiRe:L0),

disennesting ] p%c,%t’ig re real sepsor sigpals (7a, 7b,
7(@';..) to said g?rirol syste%%?%%%g{r%%ﬁ%%cac&g&teo 8?%%?%“&' S¥ftpo
r

sensor signals by a first test sequence (TO) comprising one or more
aftificialetiemstiferneind ARpTE) #ork bisemon R RANASWF SR Qnsor
saiasTohyemriecr gAY FAVRSsiem {2) work based on.
S@éd real gnd / or artificial sensor sighals ? : 0 geners elilis Hgiiag
(Y3FIB5E PELBIHEI 1S SARIRBHE6Y Dyianepiairst test sequence (TO) for said first
time (tO) on a control signal logger (42);
* storing said control system's (2) response (80) to said first test sequence (T0O)
at said first time (t0) as said control system's (2) "signature" response (S0);
said method having the purpose of,, at a later time (t1, €2, 13, ..), using the same
given test sequence (T0) input to said control system (2), and recording a later
response (S1, 82, §3, ..) from said control system (2), and determining whether said
later response (S1, S2, 83, ..)is generally similar to said signature response (80) to
verify that said control system (2) is unchanged, or whether said later response (S1,
82, 83, ..) 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¢c, ..) comprising one or more signal
situations:

* a mere absence or presence of one or more artificial sensor signals (7', 7b', 7¢', ..);
* a step change of one or more artificial sensor signals (74", 7b', 7¢, ..} within a
realistic range;
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(2) control signals (13) as a response (SO) to said first test sequence (TO)

for said first time (to) on a control signal logger (42); * storing said control
system's (2) response (SO) to said first test sequence (TO) at said first

time (t0) as said control system's (2) "signature” response (SO); said LLOYD WISE
method having the purpose of, at a later time (ti, t2, t3, ..), using the same

given test sequence (TO) input to said control system (2), and recording a

later, JIRSPANE S Shhng2ofIRe of HOM 3 ralayste angd s
dete minin%?gpether;%d I;t?ar re???sﬂgg%gi, S2, Stdg%’izzbg’é’ era 2

(S
simiarts ¥ tEQpETREEE e ety {rattsditt cbntrol system
(2] moinectrahigesloor whether said later response (S 1, 82, S3,..)is

sigry{;lgg.?" Hyeliffermsntd i, i r Q) ta.indicate that
said con ro¥tgﬁstem (2%%%%&%%%%%%&?%@%%#% ¢ all?ﬁaf}nsegll& nt

reﬁmgﬁt of one or more sensor signals (7a, 7b, 7c, ..) by artificial
sensor signals (7a’, 7b’, 7c¢', ..) comprising one or more signal situations: *

a gnere n sence.of gne or.more artificial sor signals (7a’,
T 7o e O R e R e Il e v
7Brorgrecordthipahmessyseecrd sigaals 17Am P TE D BYFEFrIZLOMDANISE.
a slow drift or change of one or more artificial signals (7a’, 7b', 7c', ..)

within realistic signal.range of the corresponding real signal (7a, 7b, 7c, ..)
WA L e T e e et
(76} emegeitditd saiddstimgnehtosign@$)(7'). 3. The method of claim 1, in
which said test sequence (TO) comprises one or more recorded real
mgasurement signals (7a or 7a', 7b or 76', 7c or 7¢', 7d or 7d',...). 4. The
m%’thod%?%%ﬁ%’% ?rf Q/Emﬁ’éﬁ JB9hish wid sravercerbsersersigeeln @ memory
(4Ppavinceptedetorminddtestssigngnalo(7de (41). 5. The method of claim 1, in
which said sequence of sensor signals (7) comprises predetermined
sensor signals (7' Pg The method of claim 1, said method for testing a
cghtrol :‘;%’t&ﬁ 3) ClamAnidaehanioy isrtinearatal @t kebhg a
gieadshwitiposig ofititapwithi) fogieepingdigivdhiarsiadbpasiiov4Y Mithin
for s1igh YRASE brdm 52 RIS SLCIRINLL $@idmethod for testing a control

system (2) for a

7. The method of claim 1, said method for testing a control system (2) fora
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 (T0)
of artificial measurements (7a', 7b', 7¢', 7d, ...) to said control system 2)viaa
communication line (6) from a remote test Jaboratory (40).

9. The method of claim 1 or 8, comprising the transmission of said control signal
sequence (S0, S1, S2) from said control system (2) via a communication line (6) to a
test laboratory (40).

10.  The method of claim 8 or 9, comprising the use of a remotely arranged

simulator computer (30R) in said remote test laboratory (40) for transmitting said
42
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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 (TO) of artffi&iiD WISE
measurements (7a’, 7b’, 7¢', 7d’, ...) to said control system (2) via a
communication line (6) from a remote test laboratory (40). 9. The method

ofs@lﬁmeh%sl%o@g@mhsmfg ihe %ﬁgﬁﬁ@iﬁ&dﬁl&@ﬁﬁ@éﬁ&ﬁ BHAL #ONRh said ]

Se uence ro control sys via a communication
R B S SFF A, 167 M FRBRUIF P s O gesae, and
c@mmmgai&eqmloﬁ@mmélﬁmwgwasmmcompu&u(:(@ﬂﬂ)md
saifhte s esidakeyatory (40) for transmitting said 42 AMENDED

SHEET LLOYD WI simulated sensor signals (7') and said simulated
command signals (9') via said communication line (6) to said local

sihhulatdheompotbof SRin Brosajduekiskla motmpamﬁg@w&maﬁaghr (33) in
S'ﬁﬂf"}@;ﬁ%@éﬁ?% %%’9}‘% 2 me%ﬁg (goo?r%fgr (1 ) §)r qunsi va%uc of said

communlcatlon ine claim inw

1%@90)%?(‘%%9%635)%‘\“ smalptad srmmenibsisnaln) a0y is
aﬁtanmfﬂﬂaearlfmﬂil egtarblﬁ%a’c Wsﬁé&ﬁéﬂdsimkﬂaiféétﬁtﬁtﬁﬁlﬁa da
eguence .Q Slm C.0m an nals simulate
[&}ues or s%a S curre W|n Sheed gg @‘ %ﬁ& Wérln Zefigjving said
cerntrrksienals lANEiE) roiddreabeiandinen mmp(@@uwm sédchaid soelpamitation
reﬁeimm%aig ssRNbal sienaktl 3l emaaicciogsab shalaiauE HJg%
or

(Céhalf) Vi ommunlca'uon I é where said local simula
connec?ed) 6 %a IS EOhESE éf’ t%é?’?ﬁfo“%‘ﬁﬁé?%ﬁﬁ? é&fﬂﬂlé?d
sm@mmdlamlséﬁémwt(@) sinohlgtic(30h ket dutpors madh costepi algnals

(Yisfsapussishacahsimeetater §30L) and outputs said control signals (13')
to the local simulator (30L). 12. The method of claim 1, in which said test

sequence (T0) comprises artificial measurement signals (7a’, 7b’, 7¢', 7d',
.13 provitie dneshodidfedaitrol Spsedrick 23jdseid seqtitintal(FO)asmprizentsificials

havisardhe SapsNABIC AS, e%alﬂeaﬁgfmttélgm'&n&oq spggﬂ%gs%d
sm?géﬁ% nal voltage ra zge S|gnal current range, a similar logical or

AguremReRt MRl RAYIRg hesama RafReS Teal TRaSWEER Hemlim
1. prpeavidingre sifdlarcigriifi cieltape asigrs signt] signalsréfgs, « kimilar 18gical or
b@@gﬁr}m@gl J@ﬁﬁ'ﬁwg@‘?ﬁtﬁﬁgé’%@%ﬁg&?n said real measurement

13. The method of claim 1, one or more of said artificial measurement signals (7',
7Y, 7¢', 7d, ...) being artificial measurements superposed on said real measurement
signal (7a, 7b, 7¢, 74, ..).

14.  The method of claim 1, one or more of said artificial measurement signals (74,

7Y, 7¢', 7d', ...) being noise superposed on said real measurement signal (7a, 7b, 7c,

7d, ..

15. 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.
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signal (7a, 7b, 7c, 7d,..). 14. The method of claim 1, one or more of said

artificial measurement signals (7a’', 7b', 7c', 7d', ...) being noise

superposed on said real measurement signal (7a, 7b, 7c, 7d, ..). 15. The LLOYD WISE
method of claim 1, in which said artificial measurement signals (7a’, 7b’,

7c', 7d, ...) provided to said control system (2) have a predetermined

amplltude variation with time, said amplitude variation having a desired

ranfe. 4FhAmEthes EEFBIREIEAPILO Yoy th6.Blemethepsof claim 1,

fur‘ther compiring thadalleed
reeeRAen 0‘}56”50tr Signals wé“ﬁéﬁfn%‘?%ﬁééﬁgﬁzﬁao%%ﬁng the

ommany Sigh d gtenajsi(an %Cco}rﬁﬂmlmmput
(1@%@&3&@) @@mr@bgymé wy{@ira@diampiapingreici 008eT RN EsAMANT
Siaraad 89, 86,80 A0S QIS AL Comﬁkag%% 31508, o8
INC |

ng % erate by a test command dewce
teé? ) ¥R TS H) do Berinclydedrin@jd esttienpeaid (TO)
cmmldsymdmml«sﬁmwggn said real and / or artificial (or omitted)

sensor &gg%,ss |aI omm Is (9a’, 9b', 9c',
) tQ K nera eécygr%tor}é?gﬁ%t?é ?? ) toSBe 3ot a‘gaégﬂd?&’iﬁﬁf cial (or
éﬁ%ﬁtﬂeﬂgﬁn ) erdy 85 sairbaidinin mmmmsc%ememe )
(ﬁ@kmxateo&ttfﬂlss&iﬂa!slggg% ¥éedrded RS methnd af Slalmd 203 Eu?lp
@%whethe Jesponse S § enerally S|m|Iar(t sal
nature espon O@@y ucstlﬁé WA0g & eptrol sigmaligager
d|% ence (DO-1) as a function of time between said first response or

signature response (SO) and said second response (Si) * forming a

~ one-or-rore-dimen al RMS difference from said difference as a
fun?ctlo nﬂ% tlmt{aﬂ] o 2‘&{‘ R W RI P O Betnrriaingaysthet paiddasmensatiy 1) is
sEfarrally dmidtrciotirish sisoatoietponindtsize pmmmpwm&g beps:

sefficierfdynsiipibadifferv@idiyinay %@Kjﬁﬁﬁﬂgﬁ) h?ﬁﬁ%rge@egr? %a?f t rc%)onse

unchanged, or, vice yersa, if sai dlfference (DO-1) is larger than sali
deterﬁﬁ%@r& msRoms cor‘vgemc% QA SFeoRd BSRFBIGERM (2) has been
changeéosmiebetforeothogoititehiine Ol e differneetasin 18idhanataod »
ofwelgtioh W sdnoting the multidimensional values of the sequence

¥

deciding whether said difference (D0-1) is sufficiently small, i.e. smaller than

some determined size, for said responses to be sufficiently similar, to verify that said
control system (2) has been kept unchanged, or,

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.

18.  The method of claim 16, denoting the multidimensional values of the sequence
S0 at time u, V

SO (un,l sUn2 Uns, Uad s e sUnm y o »Ua X )3
in which the first subscript n indicate time instants U, Uy, ..Up..., Uy, and the second

subseript 1,2, 3, 4, ..m, .. X 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,l sUn2 , uﬂ} > Und .. sUpn 5 +0 sUn K )~
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SO attime u"y SO (Un;i ,Un,2,Un,3,un,4,.,Un.m, Un,K in which the

first subscript n indicate time instants ul, u2, ..un.., uN , and the second
subscript 1, 2, 3, 4, ...m, .. K correspond control channel signals like (I3a,

13b, 13c, .., 13m, .. ,13K), and in the same way the multidimensional--0YD WISE
values of S | at the time instantunis S 1 (Un,’,Un,2,Un,3,Un,4 Un,m,,
,U.,K) 44 AMENDED SHEET LLOYD WISE 19. The method of claim 17,
removing high frequency components of the sequences SO and S | by

loyyrpass-filterl nd ..and denating the filtered version of SO:
SI@O (un, gl%}ég%%%c a(lfgil}émnt%lnx}lgr}%g r?r Bha Y 8%‘888&"%" 'I?éered
vérarsacss 80 md JLbyLlow-pass filetingm$8 and\Sd nand ddontie) M Fied
meisns of stim 17, calculating the difference between SO and S 1 in
terms (g@ S values for the difference between the unfiltered SO and S I:
RMS(SO, ’Yil’ré"s‘ah’a“r'e’ro‘%ﬂfor PIgUl3E BO((U))}2 +[ S 1((u2)) -
Soddeping s @l B8Bigud)SI2 }, and denoting the difference between

the timesggrigs,ag, (DE1) & RMR(SO, 321. The method of claim 17,
calculating t e'ldifféreni:e b"étween“"éO%fr”\I%)S 1interms of RMS value for

the difference between the filtered time series SFO and SF I: RMS(SFO,
SHL) = Staanethod bbtlaSRIT(whlcul@ (e ierdntdetuRbh-55 kAN 8121 1ems
+L§M%Bes%§9hguwém%%g$§%%ﬁﬂgh%d'Jf§ Sgghetween the

, 22, A'metho

time series as (DO-1) = RMS(S0 according to claim |
for a coRYOY S ToHEaRPtRbrine surface vessel (4), where said
control system{ (B (vojvesogamiiel and monitoring of said vessel (4) with

control signals,| n&Q £ actuators (3), where the method
further comprisgs tﬁ‘e%%llow{ﬂgggz{equential steps: * acquisition in real time

of sensor sign4is (7) to said control system (2) from
+H[S1((un))- 80 ((un))]2 },
and denoting the difference between the time series as (D0-1) = RMS(S0, S1).

21. 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((u;)))2
+[ SF1((u2)) - SFO((u2))]2
+...

+[SF1((un))- SFO ((un)))2 },
and denoting the difference between the time series as (D0-1) = RMS(S0, S1).

22. A method according to claim 1 for a control system (2) in said marine surface
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
further 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) to said control system (2);
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one or more sensors (8) over a first sensor signal line (12) to said control

system (2); 45 AMENDED SHEET I-LOYD WISE acquisition of

command signals (9) to said control system (2) from a command input =~
device (10) over a second signal line or command signal line (11) to Shiy YD WISE
control system (2); * computation in a control algorithm (31) in said control
system (2) on basis of one or more of said sensor signals (7) and said

cdmmaneijsisitiats ¢@)0anthsesifingsab)BisheDesicighralm (b3 xeves a third
signahing; j tuato haracterised by discpnnection
Rt LRSS TR R PO
(E5gcored aetmdAnd signals (9) from said control input devices (10), so
that theceelpatetbaenacosignalsdihar caymand &Eﬂéﬂ%f&kﬂ%@%ﬂ%ﬁé%
s%g og%rl\c'g;glo%ys% rsrz3 IgSZJr gnd {eﬁ)aceéner% of one qr more of sal )
disconnected sensor sigrars {7)°of said SPRHRRG ERpekid P pngitanding of
cirbepnsidisignaimiiBxetes eriiod sigmellbin¢ ) 6) toimidatdacam@3iand
signaksa(@1)ethat are gg@erated in a remote test laboratory 40) with respect
tQ said ges%glggﬁ and.are sent over a,communication line (6) over one or
LT RS0}

more of & 8P fA 88 PHmPES 96 iy BT SHERAEA fom enmenwe of
ceadpatation §) ad ssohtoolsystesizia)s ¢p) fasissafdsaitreidhpacdevicsid 0),
S t | : : "ol ') OF said real
S O St SR S O T sl s b SR

SRER U554y awteriarsmsRtotirne aarseltald Aisorpeipdsensos of
arigaigo(ithon (ﬁﬁ)coﬁm}Miwmm)c\st%ie&m &f@n‘é%lkmfi%lhﬁéi)g,%als
[ w i said control sign '
Bl B B R R s dory
iR YA RSt L Y essebifbid isepent Reehr sommmniggtion ding €6) over one
imutatosf sdihppiel KBER) 7) Syith raracishiritsaanatry (40) for
tRansmif] iqd s nsqr signals (7" and sajd simulated
co.mm.agrg(?%ll %g'é%sé%%g\%%gﬁ zgcsom r%%nlga}a%%&nriy (%3 X ésa?g ?S’Lgaﬁeal and/or
ShifriilasdisrRiotaale §4epr dad Thesitig s ardeontiot sighiatd aftBor said
fé@ﬂﬂxﬁaih id écp}]alas'(g:utamr, @empﬁﬁexs(éemgrja.ﬁaiti&mmltg%@@p?)gm@);
met claim.21 in said sensor signals (7) includes one
S A e O B8 S e lrmhad (25 mev
syarmBis sty GYOShRS yaesssi frodeldSivorbasinebrsifBantml cipag GPD);
receiveyigmia) of HQasRUBIERAS PN SRASAS ISMMIREHBINe (6) to said

acceleration, sensor fc.;
remote test labora ory%lt&).

23.  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);

24.  The method of claim 21, wherein said sensor signals (7) includes one or more
of the following sensor parameters from said sensors (8):

- a position (7a) of said vessel from position sensors (8a), such as GPS receivers (8a);

hydroacoustic position sensors (8h), integrating acceleration sensors, etc.;
- a course (7b) from course sensors (8b), e.g. a gyrocompass or some other compass;
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- a course (7b) from course sensors (8b), e.g. a gyrocompass or some
other compass; 46 AMENDED SHEET LLOYD WISE". a velocity (79) OYD WISE
from a velocity sensor (8c) or an integrating acceleration sensor; a Win"(j" YD WISE
speed (7d) and a wind direction (7e) from an anemometer (8d, Sc); - a

roll angle (7f) from a roll angle sensor (8f); a pitch angle (7g) from a pitch

angle sensor (8g). 25. The method of claim 21, wherein said control
srgﬁéféﬂﬁ')(ﬂ?é%a@sﬂé’@ﬁ‘afy sepser Bshonmvintegrbne aerelerion spnsey
EM})&& N 1dm wmcp&ﬁﬁedieﬁﬂé;%}o@rm E?‘e‘tﬁb?@&)(@dlezﬁ@es

13c) for r 8) or thrusters (17 d possible other control devices
to ggﬁi,%‘;*,neg@ng%%%o?g‘)&g*g&rg%fnpogﬁ, n (9a), course (9b), velocity (9c).

268 PHehrprgledd Difedmmpiteh wrgeciensatitBpropellers (16) includes one or
more propellers (16a, 16b, 16c,..). 27. The method of claim 21, wherein

said control devices_(18) includes one or more rudders (18a,18b). 28. The
WL R PR R A
n{dBe,th¥bist@ed ifl thy. f28m Bhichafethed (T alAbRiorwirese in saigropsticoa(id)

SRR s Ao

SERRRL SnBITStaaLEtr @ ShEters e siFrg BOHESR D otrprRSahbiclogity

I@¢)that gives a command signal for one or more of desired position

(9a), desired course (9b), and desired velocity (9c) or some other desired
variable (9x), e.g. desired roll angle, desired pitch angle, desired heave
cOfnpenSigiBtbed of strioe 2d. oereia s pipRcers(iorinpludas e vptBamsst
|ahopaliery (K62) isbig9ed, t0). verify that said control signals (13, 13') from
said control system (2) on basis of said simulated sensor signals (T) and
said simulated command signals (9') in a test, and possibly remaining real
séhsor dimmrihad effdeienddirihgrrisaid sanzpldlerinesd B jnchrdes gop ehat
saiere eiitetsS(o8nIs86h3,13) will lead to a desired state of said vessel (4),
and where said control system (2) is certified on basis of this. 47
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28.  The method of claim 21, wherein said control devices (18) includes one or

more thrusters (17).

29.  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 (9b), and desired velocity (9¢) or some other desired
variable (9x), e.g. desired roll angle, desired pitch angle, desired heave compensation,

ete.

30.  The method of claim 21, wherein 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 said control system (2) is certified on basis of this.
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31. The method of claim 21, wherein the computation in said control

algorithm (31) of said control system (2) uses dynamic parameters (5) of

the vessel, including mass (m), the axial moments of inertia of the ves;*ﬂWD WISE
the mass distribution of the vessel, and hull parameters that determine™ vk
the geometry of the hull. 31 The method of claim 21, wherein the

disconnection of said sensor signals (7) from said sensors (8) to said

control system (2) is done by means of a switch (15a) on said signal line

(13). 33@&&&{%@9&@&&'a@%&b%@g&%@;&ﬁ%ﬂ&g&iggn%?%idoﬁ

command signals (8) from said command input device (10) to said’ control

syt A poidicomtinbspysmdhuses dyatmicruestotern Gief Shyrvesileipeyliag.
Thaseiotoahoihinvatnty bEigiRiaifine Fiete] [ erd IaRRralarbiton i the
located on, Jand, and where said vessel (4a, 4b, 4c,....) that is tested is
p?%égé%ﬁ izrlln?lo%lén %‘i%%tgrs%an%%%?ﬂg& a ?%Iflc?rtryy(%?,%}ﬁlﬁéally between 1
and 20000 km, and where the vessel that is tested is in a harbour, in a

dggk or pryandiansr e el HiRRRARSESeamedith BEkhadafslaighdl (1)
W, e&em.&allure s&gaﬂons are teilted %ﬁ 5gléicqnnectlon one qQr more of
SHRREHCTEROE VIt eoBrehiy SigPRIOY P EARS QA cOmRide) on
sigithée(@) lmsilate breakdown of components, and where the

response of the control system in the form of said control signals (13, 13')
and status signals (19, 19) are logged on a logger (15) in said remote test

laboratolEsIhebohtithetndbsra imdisonneeriom aharifcommarshy anals
te8)efrbinysatdarginguat igen deafieg Hiytorbid casiol syselea®)isafosaibly means
S@H@Bﬁghsﬁ%?&?wg’gﬁl)ﬁ% Pyl)generating external disturbances like

weather, wind, electrical hoise to sald simulated sensor signals (7') that
are sent from said remote test laboratory (40) to said control system (2) in
sadd veS3el thahdfwlakne2theviesfinnsid ainsaitcanitraiiemoid) ivciied on
fQ m&g%ﬁgl\gj% 5(]4% 13) a id status signals (19, 19') are
Ioé%aé on said Iolgger fé)ai’n sé%’ré'&%‘éqggﬁglﬁrgit%ﬁ(ﬂb%@géﬁ ce

Apenpie tsstiaboratory Pptymicatly botwesa hiwdhef08P dmsnarshwhese teen

nessselofivtdseckoedsaith aonaital By Eieridek) @ Do tnstdasselthdoise S 881,
from said remote test laboratory (40) over said communication line (6).
38, The method of claim 21, wherein said remote test laboratory (40) on

bakis oflfhe msthof sdiel dantro My igiiyasiusionssredssird by deepnpection

ABHY BY n 67 G FCRIVERId Sissia ki AAnddofGaiiie sAifsEaniot AYed (Dhiand

S u { {'b%‘:i‘ol g&%ﬁgtg%%ﬁcléoﬂm of components, and where the response of the
control system in the form of said control signals (13, 13') and status signals (19, 19"
are logged on a logger (15) in said remote test laboratory (40).

36.  The method of claim 21, wherein 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
form of said control signals (13, 13') and said status signals (19, 19") are logged on
said logger (15) in said remote test laboratory (40),
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37.  The method of claim 21, wherein new software for said control system (2) on
board said vessel (4) is sent from said remote test laboratory (40) over said

communication line (6).
38, The method of claim 21, wherein said remote test laboratory (40) on basis of a

test of said control system (2) and the test result, is used to approve said control
system (2) and to certify said control system (2) for regular use in said vessel 4).
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