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"Test Method and System for Dynam c Positioning
Systens"” Introduction Dynam c positioning (DP) systens

wo ovocwessel s are used for so-called stati on keRPQT/NQ2005/000138
whi ch the vessel shall automatically maintain a fixed
position or a predeternmned track at sea w thout the
use of anchors or in conbination with anchors. It is

" t th dt
Test MDY 30 SRR B Dy Bic PESHERIE SyReh& posi 1 oni ng

systemto verify that the dynam c p03| tioning system
lntrodta:umpabl e of achieving safe and accurate positioning
The need for xtenS| vgtft est i n i s due

Dynaflg pastiising (DR) Vs tRBTaiaE vosesis ora Bepd forcsp-Galach tation keeping
in wh|6bl RRE € Shhil @ltdtHagyAlyaihintaif i fleePbodifibn bPa r@@fiﬁt@‘mmed

the_vessel, other vessels and structures,
track é’h%ﬁ*& wﬁhe%&thsn@ec@mmr@ Ar b¥ combinationiwith amchass ukissimportant

to ha\%yé‘?égt% Qi%?r'\ tah@'% frg-:gﬁée fai%llﬁi t'%aéﬂt n§\9 g%;gﬁﬁ@' %d%namlc

yst em a conpli ( n| ca sys
posmmmng Lsyehen:s;csvwfy tlaatctharpimmm cpbmmmgrwssyemeﬂsapable of

B TG S S s
is duet fosthefgciahseihe sifdcestfl bﬁbfﬂti@ﬂ dfQhé H?néﬂﬁ@b@@hbﬁiﬁg@‘ystem is
nani ¢ _positioni ng system

n_conponents of
C“tlca’ Emth@ SAPY A Rbt f&vﬁﬁﬁeérotbahmﬁel%%@ shctures anshihigrevironment
and c?‘@?@{g‘ﬁ oftlf%em%% whNS LURBEr H?r%?h d&ltlir{;rig% g?rsm’?{)la%%émc

. tn rusters, ep03|t|on
positiening aystes iskRx cotmphcateddeshmoal syiskerw doonpriding aexpmplddr system,

Xt ensi ing of th se effec and this,notivates
a comPhSTHanBi Sian Sadrarh TR Ard douilors, Manh sy s gower
syster‘nwnd marihe siutaaatibn @y@@m It i IAp bt that ther testingebvdidesffects
art conprises the international §g,at ent

relateﬁﬁ‘a Phe Kiteraktiowss hemanePERONgNts aldne sWnaBus gasitioning system
mcludiﬂg fhRSomSHEe E@htrH%a@?élﬁQt tﬁegc;b?gr]’)utgﬁ ngﬁ&&gb@e%%/v?r system,

dévi ces for positioning of v
machinegy, thie poweb busas ribelbrustens, thespaesidon referene $yisiterys, and the

actah A3 ol P AP b g5, e BT g bR Rrece

and thio Motivbtessthetpreseftsdnventionriadihg alievb spRanPaid inetinod 996the
. describes a systemfor automatic ship steering along a
tes““%l@iﬁy%%mtj’rm%ort"ﬂ%ck US 5 260 874 describes an
aircraft test systemthat generates stinmuli that

_ enulate
Prior art

The prior art comprises the international patent application W09214216 which is
discussed below. Further, several US patents describe methods and devices for
positioning of vessels. US 4 301 760 from 1981 describes a method for positioning a
drilling ship over a deep sea well. US 5 023 791 relates to an automated test
apparatus for testing the flight controls system of an aircraft. US 5 523 951 from
1996 describes a system for automatic ship steering along a desired ground track.
US 5 260 874 describes an aircraft test system that generates stimuli that emulate
the stimuli received by an aircraft when in flight, i.e. the aircraft must be grounded.
US 5 541 863 describes a virtual integrated software testbed for avionics. US

6 298 318 relates to a real-time inertial movement signal emulation. US 6 450 112
claims a method for automatic positioning of a vessel including a command source
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the stimuli received by an aircraft when in flight,
i.e. the aircraft nmust be grounded. US 5 541 863
waleme/s43es a virtual integrated software testbedr/Noro05/000138
avionics. US 6 298 318 relates to a real-tine inerti al
0 112 clains a

for '“ngt"ﬁ”enit’%é IV%E?%JI%R% éﬁ&ggﬁ terﬁ%foifavzﬁ,\f@rs@&@ﬂermhﬂmgjaifﬁg:e or

mom@]t@@qmw sourcefor input of desi r_ed vessel postion or
rate to control laws, for determning a force or
nmonment requi red Con'ponents of a Dynam c Positioning

I@ﬁé | oni n system may conpri se:
Com ,&ﬁg]yn éjb?ﬁghﬁf:?p 'ﬂﬂ'%ﬁ%%@ system i ncl udi ng the
A dynaﬁmazpwummg (Dmatsgsterm\wtdwwmphséyst em and DP

of t war e; omput er network wer system

1. A YA s GG GomPis Sy SIRdIc idingithae SIP Campoiars, data
nnﬁmw%teﬁﬁfah@w%h{%ré he power buses and

swi t chboards, uninterruptible power supplies (UPS),
2. A GQaPViSRNGAMONE gh vol t age distribution, includi ng

3. A ﬁ’éwér] é@%@ﬁﬁﬁ%ﬂ@ﬁ&hg?ﬁ%{]” ﬁ%rfﬁ{){ﬁ%ﬁ}ggwg?aga } Iaj;gower management
systenp(RMertherpdvmhl:fusema@H évhtdhﬁalfo@ms ?l%tégggﬁglﬁ;gom(%rrsupphes
St ens
e T T
as @ldrine qutofmdRas %@%p@b‘%ﬁﬁ@ 'aﬂdtch%ufaf?l'b a&fmﬁé’été Jon

reference s tems and 'sensors. . O erdtor' station
4. Propidsianiinthe ¥mm @hthurtsstprSe@@dme:wetra, lanluolm lacat thewster control

R LN TP
5. A ropasyrement sMatemm thel formiof-gositiorsiefereatce ®ysiEhes BRd sensors
6. Angiia R statprAheR JbfTiklionds Pieeariecas ah apveatapon dispiays and
whErmtHese a&%’mmdomrﬁgm er)edbvic bt i éb&*atérg%Sﬁ‘%ﬁft

the vesse|. The simulator inputs the thruster and

oIS todhadiSYsteBm DP Conputer System and
cal cul ates the vessel notion that woul d have resulted

with such thruster and rudder conmmands. The si nul at or
Hardwaretindthetloopssigndationhat woul d have resul ted fromthe

The DETATHE e T APl T Bl Bt ol edoon
simulatibatin hidstHeODPESEREbI Sy stdia i§€6hﬁé@c€8 th BSSiRINREr Mtead of the
vessel. The simulator inputs the thruster and rudder commands from DP Computer
System, and calculates the vessel motion that would have resulted with such thruster
and rudder commands. The simulator returns the signals that would have resulted
from the measurement system for the motion calculated by the simulator. Seen from
the DP Control System it appears that it is connected to the equipment installed on
the vessel, while it is actually connected to the simulator. The DP Computer System
can be tested for a wide range of operational settings and environmental conditions,
failures situations and operator commands in this test configuration. This is a very
powerful testing method that is of great importance.

The main limitation of hardware-in-the-loop simulation is that only an isolated part of
the DP system is tested, namely the DP computer system. It is also necessary to test
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the vessel, while it is actually connected to the

sinmul ator. The DP Conputer System can be tested for a
wownae/osapgye of operational settings and envi r oPOEND2005/000138

conditions, failures situations and oper at or conmmands

in this test configuration. Th| a ver owerful
the DR eemw@errﬁé«srﬁm ashRArt péaeﬂntgs@é% SYstant o teatinghe

computbf’b&ﬁ{%l Fg iR ffhPu t@lesa}p bWéﬁ' %érggén%eﬁt@%tem

an i part sys emlis t
marina auﬁmammsmemah@uﬂeotlww@ﬁcowng of igisting nsingskardyarerin-

t i1t t
te-1od Sph 00T ORI T LD Belfelbschn P ApupegLem™
mathematitan nrtd@?l ubed s ee s?mll@tm IIEO% flﬂdﬂygﬁmd‘,h mestrmnlel
ut onat st.em et t
resembs # el JSoRE Wi Al doIrdED JBRoaS: ot B Yebdefaynamics,
hydro% rhiea)| r'nb)és@ferﬁ@ﬁt éy%%émrﬁi'ruﬁérsoéhd RRIRGS Uﬂh%%/cdmfraé)hmay be
emati cal nod used in the sinmulator, i.e

very gbpdeand yelmbla\mmtsww& bechiained Jear e resilisdn a/@wbtest cases.
rowell I bbw 8y BhF 55 o ERB a0t piBel BPREhyoutou

signalend welblalswery hibh- faamamg;dynammtseaw@rt)cagmoﬂbeaxoected that a
he resul

matheiaet noskf of auliclentangliety il BS RaE iR et wit Tee bavciware -

the-lo§P BRhulafsred the tihfs msfnm‘g tepresestiinieitivn. ©H M badignedsd of
as well as very high-freguency dynam cs _and it cannot

the abisweelliese i®a nersl for anmdsitipnal teatingdael fos PRsaYsteRISent
accuracy wll be practical for use in a
har dwar e-i nt he- |l oop sinmulator at the tinme of filing
FMEA Testingsent invention. On the background of the above,

tis i SSlbike pista R PS4tk A o B3 AR 5 b BO¥iERe o
and Eh’eai Aﬁ’ﬁy&éS(FMEAﬁﬂﬁ FM@A@&@@C@ hdmm@rb@ cﬁtld:'aﬂlféWre n‘\b@l& of
and Eff éct Analy n FMEA testing a nunber

the DBfSy§temS@a$ ldeslltlflﬁfieaﬁ@dié§)[Q:ﬁ‘te‘ﬂ hewrhesg Jailifg rapdes are handled
o e BESUSUC TRt SASED St A% B SRR anc
dlscommmglaml mmdnnecmg oables andmlmecmﬁsl ocﬂtlm: Bliﬂw%mstengwhlle the
DP SEJSTUROAF nenAoBPasD: Bl Q4T SEREbRiGS s ey be,fpmoved

and rd{RESRVEBlaskAfite ORI 418 gepiitied Wheredartoibd povbr system is shut
reinserted. Blackout tests are perfornmed where parts

downof the power systemis shut down. The format of the

testing of FMEA testing as descri bed above can be said
to be
The format of the testing of FMEA testing as described above can be said to be

brute force, where failures are simulated “the hard way”. It introduces problems
related to risk for damage of cables, connectors, and electronics boards, and
problems that may appear when a system is restarted after a black-out test.
Moreover, such tests are time consuming. Also, it is a problem that some fest cases
that are desired cannot be performed as it may cause excessive costs, excessive
time to complete, or risk to equipment or personnel.

Relation to previous patent applications from Marine Cybernetics AS
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brute force, where failures are sinulated "the hard

way". |t introduces problens related to risk for
wolavegeised cabl es, connectors, and el ectroni cSPODADA®S/000138

and problens that nay appear when a systemis

Paten} AgPRiaIEns AHeENwAG2oA No2ts 81, apRte LA pEHS of

Mariné Wbe@ﬁ@&% AMPDefNSrek@sVE @ s GRINNGS scea ARsthed Hhd a3‘§yétém for

may cause excessive costs, excessive tinme to conplete,
remotg testingot maggaicontiat Syﬁrtermérsonnel Rel ation to
previ ous patent applications from Mari ne Cybernetics
ASPat ent applications NO2002 6284, NO2003 5861 , and
The pRSENNDVZOGBN 09 04Ubasdd dhhandwaebiarthetloos sandlatien. Instead

testing (& geioraad MG 1By LS sy SIeLeRTi ndpuieuial oheEilarbhy moditying

the méay @@t sighahbr Q@%@sn?ﬁafé&fdﬂ@tﬁeﬂ dorhpéter e9stems such as the
si mul ati on. Insteadtes is performed with the

maring Pt IRAHOR SY$IgN, Powes m@ma@ﬁm%@yﬂ%mrﬁbrm qqntmj system
The n’icﬂﬁﬁ@i@ﬁ%ﬁﬁ? %E&rﬁil@@ Be‘U rr°?é(§*5HFIo%bQ;E?VItﬁ|nf trh%rfhﬂfé?%r ?Xstem,

conput er sys suc e | omat i on sys
powerpsymemnaeagm&mtemym emtbm thermatire automation sy&temsx ®hat the
nodi ficat.ion thes nal s rried.out |ocally
DP cofiuieh Set nfriad: MEYH By BERLERL 6L o sBillgs rthedunoe
DP Systéinedarehé che@kéchl Sutiheen®dr fafudtragap coMiprise Slige losy,
at the DP conEuter systeminterface. |In this_way the

constantreirqr, gpnsfa 9&varalngtﬁ@@aldﬂfsleﬁéo%gal@f@iﬂnrs%@@@n%mpre
senso?@ sq@ﬁgh%ﬁﬂs apiCiRedkBsor failures may conprise signal

I 'dss; . const'ant” error, constant or varying signa
offset bad calibration of one or nore sensors, sign

o oo £l gyl o

V\D9214216 of Edge El ectroni cs describes a systemwth
[l owi n CS elements_in its main claips rel evant for

Patent iRV A Edpe FIRCHONG JHRGIDRSI RStam with the
folIowﬁ‘lyaQBﬂ%ri% i §§r%?ﬁ %%Erag?ﬁ%\}%ﬁm? kY gi’e@é‘n@hﬁeﬂﬁoﬁhe

Vi ng sensorS and actuators for
i ndependently sensing and actuating a nunber of
Clai dszerent functions within the vehicle, (H an onboard
hputer for nonitoring said sensors and controlling

t e imeictive Uagiostiel sy sterh ert @ automistiietehicle @fshé ¢fpe having

el ectrically connecting said onboard conputer with
(1) a reiwmerk ef,.sensorsaid actuators for independently sensing and actuating a
number of different functions within the vehicle, (ij) an onboard computer for
monitoring said sensors and controlling the operation of said actuators, and (iii)
means for electrically connecting said onboard computer with said sensors and
actuators, said connecting means including an auto-side connector having a series
of auto-side plug-in terminals respectively connected with said sensors and actuators
and a computer-side connector disengagably connectable to said auto-side
connector and having corresponding, complementary computer-side plug-in
terminals connected to appropriate circuitry within the computer, said diagnostic
system comprising:

(a) first means for selectively and temporarily disconnecting one or more of

said auto-side terminals from corresponding computer-side terminals, whereby fo
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actuators, said connecting neans including an

aut o- si de connector having a series of auto-side
W@bagAas439% er mi nal s respectively connected w t hPGENG2005/000138

sensors and actuators and a conputer-side connector

gi g abl connect abl e to said auto-side connector
selec Pe@m 6 giRaRanae, onGRHMERe SPaFHIC SeRpeSAndpriactuators

from gg,ggoh{pdt@,r m nal s connected to appropriate circuitry
hin the conputer, said diagnostic system

c@d‘ﬁﬂcgnd geqnrs teﬁmpcxarllymmeﬁtabla Blitbesaiol ehg cmdore specific

S T R R SN T T

comptlwrmdmi‘ee’mlﬁé‘lg ff@lbdoﬁtQﬂMQGMbl c?ﬁrdtl@m dr k@Weabﬁ mbre specific
i sconnect one or. nore specific sensors and/

actua ?MWW@)Q@WCP%%?@WPW% agdcond means

PRIt LBt of ) 9 e PRERraREBL
compfiitesrsidehtsirminals mdrpothei latie careplis eonrxicded frermihei cbnmpondmg
or nore s eC]

auto- G0 Al REA B o B A et SBEGl Sorors

indepbadentofitte Wans dpePaiureof thesé MieGepBbss. Wi th said one
or nore specific conputer-side term nals when the

| atter are disconnected fromtheir correspondi ng

ClainP9%0- side termnals for simulating the operation of
sai'd one or nore specific sensors independent of the
aéﬂnefhodpﬁra@agmmg ah mmbwa eehiskernsiahe tyfé hawng3i) afetwork

nmet hod.,of . di,agnosi.n an onmotive vehicle, of the type
of serlsals ARY AofUa{ORUORSITEREN I BHE SPRSIAG NS AGIUR G aymber Of
differeitYeRERARWiHNiNIEE %H&I@Wﬁ) AF bHBO AR AnPWBPESr Rbnitoring said

different functions withi'n the vehicle, (H an onboard
sensoss apdicentrodingribaiqperatinn ebsaid eetiuaders, and (dip maasis fon glectrlcal/y

conndghi B B 8eE e i S B comciing

means #dluging v Sul@rwdet@bnaéaoshawng@ saneeot aung- sm@pwg-m

i ncl udi n aut o- e. connect or haV|ng a serie
termingls grspeglv I}’Lﬁ?ﬂﬂﬁcfse@g it apigl Sr%ﬁé%?ﬂqé! fﬁﬁf&; @d?omPUtef-
side c%h@cﬁ'o?sé@égﬁ Bl dheidbid & §a1@%té~s‘?&é‘9 c{‘n?éc%tdEnd having
di"séngageab

connect or y connectable to sard auto-s
correspomaétg, @ompidmeatay gooputesydadilvgyin ttommalseanaegted o

cpprof AR AR PLIE bR S MBRIEEH B B Yensioc

ceielestivalytarrd #inesorarily disconnecting one or more of said auto-side
tferminals, in order fo selectively and temporarily disconnect one or more specific
sensors and/or actuators from said computer; and

(b) controlling the operation of said one or more specific disconnected

actuators independent of said onboard computer and/or simulating the operation of
said one or more specific disconnected sensors independent of the actual operation
of those sensors.

According to the claims of Patent Application W09214216 an actuator signal to a
car-side actuator is either from the onboard computer, or it is from the second means
independent of said onboard computer; in the same way a sensor signal that is input
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(a) selectively and tenporarily disconnecting one or
nore of said auto-side termnals, in order to

waeloebsisyel y and tenporarily di sconnect one or PEN©2005/000138
specific sensors and/or actuators from said conputer;

to theibdaft Sibulhin it ek i Gresiie Sepaarintt Iofrommies hir

meansnbdep@hdmmﬂtreé a8 @Lf‘;elfdtlﬁld'@tthé‘éb g&%d}g_er ation of
said one or nore specific disconnect sensors

I ndependent of the actual operation of those sensors.

Moreé\?é}oft‘i’é qgtegﬁhggﬁlga#@pﬂﬁstﬂzf s&{js?c%rﬁrgegéﬁﬁgé ?@Eag%qtlﬁqrgirca fign
WOQ%HZ&G isfqesignetefo M‘ndeom‘mettbe sensonstancsaéﬂuatbrk hge

conn S8 B SRR Uy RN OTBe e e
each sngbalahrté comudtethd selsickeh@imputertd bRe eiigis b@ﬁs&e&s&‘tuatar and
i S frajmthe t hird neans i ndependent of

wherdtelagy fedianale age discoppesiedSens dhe commubenaite arfine yehicle side
by unﬁl@bgmgt@ébnﬁélﬂoﬁj'éiﬂql%féa‘a @%ﬁgﬁdegaw SS¥gh ity l}éatv\ggnﬁ%gnostlc

i cation 214216 is or a vehrcl
SVQEWMe sensors and actuators are connected to the vehicle
conputer with a network of individual signal |ines,
where each signal |ine connects the vehicle conputer

It cantbe conelwiadgthat QateaﬂrApmlcaﬂ@mwoezmmb where sel ected
ar e connec, om the conputer side or the

1. DefisihioBn G5 %HBP%!@E' yn?f "ROEHYRG ONGror TRt spRditagensor or
acumonesxgmg b?yaadaulggga&fa R4ditinaiRGrHi 28 e‘ﬁt%%gﬁé%al or

It can be conclu hat Pat ent "Appl i cati on
by scalipg ene o merecnfraaid signelscwish avi dffset endef gaindof gacly said
sighg¢_or nore speci fic sensor or actuator signals by
%dl ng sonme additional signal conponent to each
2. Dwsgnnla,llovyrfobyw&sptzsésmngtydhat one mbh&)refseﬁebds@halbaéﬁd/w bhe or

h d .. Do not
mdtP B)iE} sBRals B Bl Siroumdmmodedsensor signals
to Bé dMmmlt3o ansl bAbo AEcEHhp TR BiRE SR sigH A BénSinaise E‘d?@cébther

to calculate one or nmore nodified sensor signals

us‘?\"nBﬂfel?‘étstsl‘ﬂg@ﬁBBﬁ@@S'QBﬁ’ﬁuter si de sensor signal
term nals. Edge either uses or rejects single sensor
signals. The above nentioned restrictions, which are
quite severe in the testing of DP

The above mentioned restrictions, which are quite severe in the testing of DP
systems, are not present in the present patent application.

Short summary of the invention
The above mentioned problems may be overcome using an embodiment of the

invention, being a test system for a marine vessel control system arranged for
receiving real measurement signals from sensors and for output of control signals to
actuators, comprising the following novel features:

- a signal modifying computer arranged for being connected for receiving one or
more of said real measurement signals,

- said signal modifying computer being arranged for modifying said real
measurement signals into modified measurement signals that depend on real values
of said real measurement signals;
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systens, are not present in the present patent

application. Short summary of the invention The above
woreowbiosssesl probl ens may be overcone using an eP@DYDR2@EN00138

of the invention, being a test systemfor a marine

vessel. contral. system arranged r receiving real.

ek viafahnodAtconTR B 2aAa0rd Mg bR g6

FRERdIRENENY BRYnaId © Sid BohDOFsystampsaidi die dmiot® auMiew

novel features: - a si ginal m)dlfy}gﬁeconputer arranged

Mopagpseent ianet input relaging Somegr ahef saidfsamepsyrgent

I Fﬁ:}ﬁﬁurenent signals, - said signal nodifying
g@palljtl r being arranged for nodifying said real

rsaliceneoltsystegn armnged donadting epbneaidurnarenmnose greditied

t hat depend on real  val ues. of i d real t.: )
SPErRATERTers sidhely Ghck Fnaing brdfedlah iR MERR Y <H i Heignars;
s%O&snﬂ)r%aia%lm@@éétingcbfrﬁa&sumetrr@lrgyseérgm@m@tidrpon;a'rrdrs

control system said one or nore npdified nmegsurenent
§¢Bﬁ$§ﬁnﬁ%b¥ spiggnagdifing naeagUrsMent sigal gﬁ?@l‘“?éi? occurin one or
MBS { signal input; - said control system

arrange or acting upon said one or nore nodified

Furthemfeaturesrehthesingention areddefined inithg aliaghed clependend claims.
' el L . _
The AT SRE o8 merinsi Bl FRBPY PRshERUNPE sSFiom. oaic

systens aéckivingiréabtleeaemientesignals froat semsws aed provickingicomtrol
) one or nore sensors. Further features of the invention
signals [Q.agWaiNEd in the attached dependent clains. The

- connbﬁﬂﬁé‘bis‘i’éhé%'rﬁ@dii‘qu sd@puterBideelvirig bR or Atbre dMidfeal
vessel control system said systemreceiving real
measuremiM ¢ighals,si gnal s from sensors and provi ding control
chara&éﬁ § to actuators, - connecting a signal nodifying
conputer and receiving one or nore of said real
resaddl sigmahmoglifgingl computer eddiflyinpeshid meal rmeasurenemdisignals into

TR SR RS £ T
PRedd\fehRAt siHlale of said real
- said signal modifying computer sending said modified measurement signals
to said control system, said one or more modified measurement signal input
replacing some or all of said real measurement signal input;
- said control system acting upon said one or more modified measurement
signals and remaining unaffected real measurement signals;
for testing whether said control system acts in a desired way on errors represented
by said modified measurement signal imagined to occur in one or more sensors.
Further steps of the method according to the invention are included in the claims
depending on the method claim.

Short figure captions

The invention is illustrated in the enclosed drawings which shall illustrate the
invention only, and shall not be construed to limit the scope of the invention, which
shall be limited by the attached claims only.
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measur enent signals; - said signal nodifying conputer
sendi ng said nodified neasurenent signals to said

W@ 0084898 yst em sai d one or nore nodified nmeaBOT/A0RIVS/000138
signal input replacing some or all of said rea

. Teasurenent signal input; - said control system acting
Fig. 1 JjySHaled eyt Bith mvessel Bifaving srnsais 8 ianding gpRse sierals 7
to a coftfBlisPsen PNRRILR HISHrd @Rles RATHERTRBN R Qipﬂla%; f&é@irar gommand

testing whether said control system acts
consolgal0,50i@d £pbtrel systemyuavidingosoraaiandraigndls dol actedonsdikent

prope%grﬁ?égﬁ@?égggqgfgﬁﬁgﬁﬁérﬁi& one Or nbre Sensors.

rt "according to the invention
are included in the clains dependi ng on the nethod

Fio. 2 il Blecn Simp el S L ol i il s embodiment o
the invdnitisht nalvRichME sigh¥eodIfidaBoh Eowﬁ‘i‘uﬁeﬁ%ié in88kedBe ore the

construed to limt the scope of the invention, I C '
controfaystempe Theresunayd input gensale d@ is@ismidlusinaiedriTye signal lines

Ll LOor art with a vessel 0 having sensors 8
may bé(ﬁ%’ﬁﬁ[}eaés%%s@pégi gnals 7 to a control system 2 which

al so receives conmand control signals froma conmand

. 10 i d .control t i di.ng ,co d .
Fig. 3 {R5REIeE ¢ SafieR I dpsi Sitp PAceoTdnd  Aioa i aative
embodinent tsiBrenti8n, fdislg adrhputet tainpruricstidPhéfwdiR for sending

illustration of a systemaccording to one enbodi nent

. y ) .
sensopsigngls fromdheissnsorsnodhe signal m%g@r ersapetes 80i and for sending

e mRYSEhe bl 16354 ESp SR 2 Rl SYEER b ping
controksignals tbiaatgaters obthenahipi pl e serial lines. Fig. 3

illustrates a sinplified illustration of a system
according to an alternative enbodi nent the invention,

Descrijstio of peeferké & enfsoliHivis dcedrdrig'®s thd Mveitivtis'DP System
sensor signals fromthe sensors to the signal nodifier

Interfac@®out er 80, and for sending the nodified sensor
signals to the control system 2, said control system
provi ding control signals to actuators of the ship.

A dyndpeiqrogitioning sf/stene hecordihgelotibdiimesitio natpobelidegighedtvwith a

numbérnovf%ﬁftfciar%?\ inl?grféc'gg tc:c(?n idunriéﬁégse.‘%c%ording to established practice, a DP
System may be designed so that the DP Computer System is connected to a
measurement network and an actuator network, where the measurement network
and the actuator network are Ethernet networks, often designed as redundant
networks. The measurement network and / or the actuator network may alternatively
be replaced by a Fieldbus or CAN-bus communication that may be redundant, or by
wireless communication systems. Some sensors may be connected directly to the
DP Computer system with serial lines like RS232, RS422 or RS485, or by analog
and digital signal lines.

The hardware interface to the DP system, with input/output boards including serial
interfaces, digital-to-analog converters, analog-to-digital converters, digital interfaces
and signal conditioning may be integrated within the DP computer cabinet, or
distributed on the vessel. Such distributed hardware iﬁterfaces may be located in
dedicated interface electronic units or computers connected to a measurement
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A dynami c positioning systemaccording to the
i nventionmay be designed with a nunber of different

wo paoe0faee configurations. Accordi ng to establ P6Ha02005/000138
practice, a DP System nay be designed so that the DP

ut e stemis connected to a neasurenent network
netwog‘ggg)%h %%rﬁﬁéﬁrsﬂnheéf@m Knay,#ee oetintegratesiptonteetmagneor k
autorrﬁaﬂiénté%té?ﬁtdé e‘ﬁj é’sz Mo réﬁﬁa%ié“%ﬁf@éorﬂ?hl@%ﬁ%og f b8he

designed as r nt" nétwor ks e nea

vessehet work and / or the actuator network nay
alternatively be replaced by a Fiel dbus or CAN- bus
comuni cation that may be redundant, or by wirel ess

A first prefenietbé imbio diiriind [F- thSee rttos OsmgTBkérlbﬁllﬁegneCt ed
directly to the DP Conputer systemwth serial |ines

i ke RS232, RS422 or RS485, or by anal og and digital

Cms,aégg@p Blyg@;n ,,{I’%ldg\ar dware interface to the DP system
ut/ out put boards including serial interfaces,

1. d‘ihQI I'4)BI arepaiesiSystara i eonraated tntiepositionl referarice systems with

e ) g I O —
c&x}s;tematls conndctetirto thé &P ContputevSpstem with Gerial lines like RS422,

di stributed, hargivvare interfaces may be located in
ARSI 1888 el ectronic units or conputers

2. CIPRIIR (Gt p Gt SYRASH IS BBMHASLNS the tﬁvﬁaeﬁéy&éﬁf farough a

interfaces may also be integrated into the mari ne

aCArePYEr oWt mﬁtdﬁurtm@lly a pedydanisbinentieglodant
BB AR ST VBB Bkoceh Lo fTEELAR g or aigha

Grigsalder a DP Systemin vvh| ch 1. the DP Conputer

Systemis connected to the position reference systens
wth serial lines |ike RS422, and where the renaining

In a fufs*i? 6ﬁﬂfo‘dlrﬁfani BﬁH@%ﬂ%ﬁéﬁﬂﬁ%ntﬁfﬁéﬁ the‘ianIOS‘l@ﬁﬁF %dtfﬁng%mputer
uter Systemwith Serial lines |like RS422,

is usedrfal @EP iBg gwamosesw déis §lgnah@ogﬁymrﬁmm@wtesgssarémg%d for runnmg
a speﬁ%%ﬁé?gé@ vé?ﬁl B{l{/dg@cngl l@é‘@ﬁgﬁg‘lbg % r??\egdr}'mUFeGBf the serial

lines flmnﬂosiiimd@lweﬁcb ayatemsandw ok theuottien gehbersLdEﬂFthe measurement
r ot ocol by. har anal o or, di

systerfiaP eonnScibpiuhe 1 SRl uREsthie Ridprsh¥fiac Connected

to the SSi§iedimabdifiitg abnipater. YHael of ﬂﬁ@ﬁéﬂfserlal lines is replaced by a serial

line from the Signal modifying computer to the DP Computer System, so that the

sensor signal input to the DP Computer System is a signal that is generated, i.e.

modified in the Signal modifying computer.

The signal modifying computer is not a signal simulator. The signal modifying
computer receives one or more sensor signals that in normal operation would be
input to the DP Computer System. The Signal modifying computer calculates for
testing purposes new values for said sensor signals based on the signals of one or
more of the sensor signal that are input to the Signal modifying computer. The said
new values for the sensor signals are transmitted with minimum internal delay to the
DP Computer System over the serial lines from the Signal modifying computer fo the
DP Computer System.
The DP System may then be tested as follows:
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is used for testing purposes. This Signal nodifying

conputer is arranged for running a specially devel oped
wak@aab4soodi fying al gorithm In testing, one oPCTYND2005/000138

the serial lines fromposition reference systens and /

1. TR BEorbotEh SRR the Fh o R, M Easti R Siem, the

Thiustee8¢sternand ties Operatoe Statpradf theddP \Systerncnrputein their
Each of the sajd serial lines is replaced by a seri al

NOIMALOREBHYE A¥PS- gnal nodi fyi ng conputer to the DP
2. Th%’@Héﬁho&fﬁhﬁ'&b téPéénth%u§®%@élv§é @@l or Bk sér‘Psor signals

uer stemlsaS|g th i's ener at ed
from §1e M@@sﬂtementrsstst@nsggnatatmane;ar m@or@dﬁpd iefl seniser signals

coﬁﬁgyg@%caﬁg% fs¥i(§ln<?f§ﬁ§ %%%,r?f t‘f‘ef Q?@%ogls\?;%rge{]%lnvgﬁ%@gﬁa Nodified
setaem;ssjgnalsgmalcsmdeS lmtrreo$lg1a_?l mgdrfymgcnmmm#tbdMB damalgbrithm
0 ut er te [.fyi o .
thatgigpngron Be TG vewsid saiksensey Sian<08 SatpUleditng
coﬁﬂiuté%mﬂpﬁw ohbBrFherddmdaficdsdrizer Sighahl ® e DPChputer
nore of the sensor signal that are input to the Signal

SWﬁﬁmfyl ng conputer. The said new val ues for the sensor
signals are transmtted with mninmuminternal delay to
the DP Conputer Systemover the serial lines fromthe

A secSWmiefan'ddfglhbgdunapvithé invendidbPuSingpa com Bytetraratwork

The INuGRARN ERAIRYS FERE EHISCRONE S ERM Tor Matie, Feseh control
systerﬁy(Qz SFﬂaDgQ& fanYedsiiy rAed hitasarembhesigRakay Proftt 8éhsYis (8) and

stem are run in their normal operatlve

for outpd @f cgnterlsmlgr(éS) teoretpgiong (tdriput!®. conti nuously
A sgr{gjﬁd&’ mm%%@ |§%Pr ) fgpﬁlaﬁlrgféd?m&téed for regeiving one

asur ener es one o
or mowoﬁsaldsreghaleasumaﬁrmgmhmg?)to sai d one or nore of

N e L A T Rty e R

%ﬁ%uﬁé?ﬁ%ﬁt neﬂ@ %ngréferémye it é wslawély %h@f“t thaé oinfcsenmmed
signals, the ginal nput er out puts said

omeaswrampent sieals (&Y. J@ﬁsm@dl p@%n of the reabMmoasERpapksignals
q)ésf{o?%n&rﬁeﬁl?ﬂ?kﬁée ?) e%f‘&??éﬁ%iué%foftéfd FENGREAQfement

rk e rnvention nma
rsagnalseAsem dz);ampleeposnﬁgms@nm&from ol oﬁ@vcvesmﬂre GPS
Cso&tsro?é, said position signals comprising longitude and latitude, may be
modified by a constant or varying vector, said vector having a length and
direction, e.g. A length of 75 m and a direction of 30 degrees to the NNE,
representing an offset error in a GPS reading, giving an error of 75 m cos 30
to the north, and 75 m sin 30 to the east.
The signal modifying computer (80) is arranged for sending the modified
measurement signals (70) to the above-mentioned control system (2), of
which one or more of said modified measurement signal (70) input replace
some or all of said real measurement signal (8) input.
- said control system (2) arranged for acting upon said one or more modified
measurement signals (70) and remaining unaffected real measurement

signals (7);
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system (2) arranged for receiving real measurenent
signals (7) fromsensors (8) and for output of contro
wee@aaksg 13) to actuators (16, 17, 18). A si gpal/N02005/000138
nmodi fyi ng conputer (80) is arranged for being
nnect ed f rece|V|n e.of sai
TBadiibREReT i pLeh T BT Rosbidh iRy s Al b Reohsyetam @
G‘&SBtnolnSoraéuamaﬁ@ré Rpre®shitey lU?%aﬁd]mdcﬁﬁéd ARZSUFSIBAL signal (70)
irgnals (7), preferably in a relatively short

nmagm@ddpqu@@r ife@Re PE mme sengps ) (A@)an "ﬂﬁ@ductolry example, the
Sl haf Poye (e SHSionT R ekl P HREHMMANT Botibelit o
lseddenlga:hangmgmr Bmsjalallegeadmgamf@r@rqﬂrrsor,p@gla firsh GPS sensor,

' |s f t
SETELS EBTR 8 Sl Rl S TR sERRE TPl P
EBYsEE THedickt Athydis@ ré\@as ifané s9stevmrsy¢armbr@of dfscrlﬁﬁnaimg e.g.
vector having a length and directiagn, e, ?rhga
Pehigh-arioriy Rpsiben sinabike MY peaciss dGTES gigpal Hrbt by Some
e?l%rr%%%[]hhg%;gaw@sféﬁyoﬁﬁfrﬁéwo%)ﬁ a@%%l(/ﬁg%ﬁtﬁ‘rty & Mh 'wner\mse

an error o o the north 75 msin
tesst mr@cmwosﬁfmwnghmmrr@ofmm.mg adswgmagOU§B@}ran§ponder but

SO Wit BE0EL 8 b Srd BBl or T HiEln, P iRl Be
\tgésﬂ'blb?llgta)lr‘eedrl@gaa@i’n BﬁNﬁlcth?ﬁnaaépﬁndemd yfsimnl tcamitipnas to
endianng e o8P oty He ﬁ%&&syst%a%{%%m%ﬁung%@-em

(2) arranged for acting upon said one or nore nodified

_neasurenent signals (70) and renaining unaffected real
With refezsncetetite diayhiags in e tﬁ%sp&teﬁbgeccuglngﬁ@ thavryantien. the

g Sob P0G L BB RISl ) o

commﬁﬁdf’ommﬁrdmﬁc@(w)ain 4 ¢Ommarecysigad| fire OblouFuitneronretrmtest
Sensors the test

n tradquct ory exanpl e
Systerfanc SgRRaTe (B) are-cayetinn [Load abie! sfSETisng gnsag sional
line (1§Etvveen e. g. suddenly changi ng or unstabl e readi ngs of
ohe sensor, e.g a first GPS sensor, and | ess varying
or stable readings of a simlar sensor, e.g another

Cons§EPa TP Sghtegf Wt et w250 TeveR, I e system i
a) theiDP GompytealSystdme iscinmgdigd o the mead@snsnigysterntvdth a
bélor%&rlrt%r network that will typically be (i) a redundant or non-redundant
Ethernet network running the UDP protocol, (ji) a redundant or non-redundant
Fieldbus or CAN-bus, or (iii) a wireless signal transmission protocol,
b) the DP Computer System is connected to the actuators through a computer

network

In a second embodiment of the present invention an external Signal modifying
computer is used for testing purposes. This Signal modifying computer is arranged
for running a specially developed signal modification algorithm. In testing, the Signal
modifying computer is connected to a computer network that connects the DP
Computer System to the Measurement System. The signal modifying computer
inputs one or more sensor signals from the Measurement System, and based on
these input sensor signals and a computer algorithm, the Signal modifying computer
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error occuring becones really untrustworhy, and giving
priority to an otherw se | ess precise position signa
W@ eovb/08#868 om e. g. a hydroacousti c transponder , POLINO2005/000138
stiII reliable mﬁth respect to the test situation.
wou] d be desir

bl i . I ifyi
calculgies, e HRA VAR fof SeiEsT e SR Angy B Sib Bl mesitdas o
computéf‘@htrﬁﬁs l'lvfé h\%dﬁfé‘%ﬂ ﬁné&%l@ﬁaﬁﬁﬂoﬁ%cémhmmm dhe modified

function. reference to the drawi ngs, in the
Slgna'ﬁé@t"“@)ﬁbﬁé?ﬁ @@Umtdern@s theit gestingient i on, the narine
control system (2) is arranged for receiving input
command signals (9) froma conmand i nput device (10)
For testingapuposasdthei igpat of theeDiR CbmputeFSIystwn maybe ichangsd by

changE e & gl it o e CRTREE! SptcteiRufab B

Comp%tmé\/ﬂ&é@e%s the s&id rﬁ@am@a@en&ysggﬁalssfrmrthec&gﬁalt 0
t he neasurenent systemw th a conputer network t

modifying |c0ﬁwt%rdns§ea§eof(th? C&rrﬁéeeﬁ@'aatseaﬁowlﬂr'?@dmﬁa afﬁ Fransmitted

%ﬂr nning the UDP protocol, (ii) a
from tﬁé@ﬁé ?H‘%w\%ggte;ngdundant Fi el dbus or CAN- bus, or

(ii1) a wreless signal transm ssion protocol; b) the
ut er e d to the actuat
The D?D ﬁgﬂgﬁ] r%nag&ﬁ%ﬂﬁ)&teﬁgqcﬁ%$ﬂﬁlﬁﬁ/§a second errbggl ?nref]t of
1. Thteh@o\pfresymém MN@MGMrémaﬂt(S%teai tie G’ﬂnad:sten&%étﬂmngnd the
uter .1 s of testin oses. Thi
ORaIF StaieE el i RP SyStEmyaaquh 18 Bioit Samm o re e made,
2. Th@%ﬁ'(&ﬂﬁg?@r @g@#erﬁ‘?gééi Gitd RIARGIObT hivre nhé’dnﬁéétsig?ﬂzls from

SI gha yl ng conputer is connected to a
the: sigpat modifginguomplier instearket thetapsraspogdingusensospignals from

System The signal nodifyin
théc@l?&%ﬁé%?ﬁﬁ%?@o e or nore sensor signals %/ro?nthe
3. Thb’@ighaﬁmediafyiﬁgsfomputendorht&&&xdlslyrrebbb*/% dnepoit meemsensor signals
signal]s and a co ter .algorith t he Signal nodi
frog s MERSHI et SUstRBLYiAitES comPuter Tegog dpneliiss one o more
médhﬂé@%énsw LB cgh@éﬁbna'ﬁ@'tb ¥atbos® BRHIE dTuhdebAsdielgnals,
fied sensor Si s on the conputer network,

t he
whecsa .salobmodif@@bs@m\s:g@ls ae cpnpuiegindpe a%Q@EHéT'?d'fY'ng
co%ﬁﬂ%%ﬂ&ﬁﬁ %@S%Ig nl]rltrl'rlhi gﬂ& g)g é trt{jé“%lh%éﬂf{sgf&f ?éﬁlﬁ)rgfgnals
thé Sigral shedifyirg I:@mphtermtmaiﬂwaicéon@psmwesmodiﬁad seinsoDsignals
to the DP Computer System via the computer network.

With reference to the drawings, the test system according to the invention is
arranged for outputting control signals (13) to said actuators (16, 17, 18), like
propellers (16), thrusters (17) , and rudders (18).

Further, the signal modifying computer (80) is arranged for modifying said real
measurement signals (7) in a relatively short time into modified measurement signals
(70), so as for said control system (2) experiencing no significant delay of said
modified measurement signals (70) as compared to the corresponding reception
time said control system (2) would have received said real measurement signals (7).

12



10

15

20

25

30

35

Comput er System receives the said nodified sensor
signals fromthe Signal nodifying conputer instead of

W0 b@sosspespondi ng sensor signals that are traPGYNOR@dE/000138
fromthe Measurenent System The DP System may t hen be

h
The tegf SkSiPahcecrapGitBisn imentinn, S51d.co6) of SV tat2) waay comprise a
power@@ana]ijé)heﬁi &dtenm lﬁéluﬂh@ ?M@ﬁr@@r@(@p”)%r éé‘nélﬁ%p'bwer signals

nor na erative node. ut er Sste
like g%l@fateﬁoy Y oatags &/ rY), ssn@ra%@@wﬁpéacurrgmwmrgwneramr power

f t
(7P = A e P PSR (1 rtos tuf (A ST B e
Si gnal nDdlfylng conput er conti nuously receives one or
or . als fromthe Measurenent Systemvia
App"‘{agﬁ}:s ﬁ‘ﬁﬁ? }nv g{imk generates one or nore nodified
Posméﬁri'%f&reﬁbﬁ@s‘ieﬁ‘@te”s@%?%éiﬁeﬁ@ said one or nore of
the sensor signals, where said nodified sensor signals

are conputed in the Signal nodifying conputer with an

In a DE Ao b eRloRAAC B8so/1E delefft iR of pRRl oS0
measwement imone omowbrei peditoenederesicg @qb’@m@rﬂé Pesﬁﬁ’g g@mpenﬁ@

syster SR o S5O SE B i st g oS Rshb i e

; P f I
headln%?ﬁthg?té&sgtdlo fgﬂs?s?%lé lié7fb éilgzecé%fﬁérﬁ ?ﬁ% Bg%%réf]t(ﬁé f5fowing:

a) A QGPgsTesiton Bﬁferenaﬁwstmemyvmqrsy fmrenheerPSwséergadDGPS)

said
thal BisthoQuiaRBG of e PR AEAREE T pamolfRrlontie
gyrocempass thatodeaswes tee vesseiwourss, gmal s véitidhl referersefunit that
e3P B BAEHS AP Lo Bes oSSR Bstems,
likec@atiiabedr ta@dtmewmgamﬁsmemgcmay b@rusbumer&ﬂltﬁese
control sy tem &’9 woul d have received said real

mepgyEMe eQPg mpytes Swfén’t ean calpaiatenthe pesiipn @f the vessel
{

oA SALIRANY S SIPH R GO GRTDP 3 dhnee

for the dmmawigetpmrthel@ﬂ&wtemm@ gedldalneat/essejmefleence point for

( a t_curr (

the ffikaSidBaireiiling 86858 hidasDied Hireftir ShheGREdRl, o

b) A hydvercolgtid ia))smga neferénde §$l§téh‘ﬁwbé’|®é hydftﬁadoh@tld: heasurement

rﬁl I, cat{ ons hfe i nvention

system gives the posmon of the hydroacoustic transponder in combination with a
gyrocompass that measures the vessel course, and a vertical reference unit that
establishes the direction of the vertical line. From these measurements the DP
Computer System can calculate the position of the vessel reference point by
adjusting the position of the hydroacoustic transponder for the distance between
the hydroacoustic transponder and the vessel reference point for the measured
course and the measured direction of the vertical.

c) Tautwire, Fanbeam, DARPS, ARTEMIS, Gyro compass etc.

A correctly operating position reference system is critical for the safe and effective

performance of the DP System. Because of this it is common practice in safety-

critical operations involving DP Systems to use at least three position reference

systems. One typical configuration is to use to DGPS position reference systems,
13
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Position reference systemtest arrangenent In a DP
Systemthe position of the vessel is determ ned on the
whawic®34308 measur enent in one or nore position PEM/ED2006000138
systens. A position reference system out puts (1) the
position of . a reference point that is
and ol BHAIOAPUES POSHEN RRIZG DISteTlo The Juafvetan e IS i that it i

hopedﬁhﬁéeamﬁesu%emfrfﬁé .teﬂqeféreh&@ m% bh@é‘é:éld?]@?g)mengﬁted for
|

Position Refere emin
o or ellnmesiy@( éﬁﬁg(llllf@P‘BPthh iltonmé&iwté@mwé'r\@oﬁwlt'@h referenge

syster% S8 qgcbﬂ?ie‘&‘%ﬁ@ g@ﬂ{s i Ha%’ﬁggg %\)/(E& iQﬁ&%H’ﬁ%ﬁ etvgﬁt\mth three

asures he Vesse ourse er en
p03|t|omrdfertelmae systeas itshay othwr tHat thet DBrSystembeannet estadnlllsh the
satel lLite navigatipn s ste
Gysiins

correcsgPsiies Wi i ot e efe 35 BuRlurs, S agiargund of

this it Frhecsntérheté FeSERSN BATRO ivhdt e&téﬂ? t® MRS §steRy BhRdlesanalfunction
cal cul ate the position of the vessel reference point

of, or failure), EARQI rapIPeSitionfefereng ISEEPSsi tin of the GPS
antennae for the distance between the GPS antennae and
the vessel reference point for the neasured headi ng
The Siignbl nilifyiras coregutirrod thé preseit itventien is aalew bid Aiseful tool in
SI tion re

t
the teRi S0 BUSITE TSR T SPLrET OGE LD PRGN fedsregpe
systerhBESHNN (A6 AuBt bE cbhansteareollows asingy thatfirshpreféied
oconpass that neasures the vessel course,
embodignentaithe ameanbape I e dasasaitier it a6 APsWES Rt @'ied'%@ﬁyawm has
two Dg)Pé Qfste é bt aro{d’o‘& E8§|ﬁoﬁ‘?§|%‘r'éﬁ6@§§/s9teﬁﬂﬁltipp

mca the position of
transpcmdset on éhelseae‘h)qnoamﬂ thay each uzfttme@reaepq@dmrt ieferepte systems

are QR Ee s bR SHARIE wiken RE2P.80er e orce

point for the measured course and the rreasured
direction of the vertical Taut wi r Fanbea

1. T@p@ﬁé)omm’@mggst@y, @%Bﬁwgg%g/g@p the Q%gemen?]system, the
Adﬁﬁe Sa;y%nﬁ)gﬁg P@W@r&f’dr%tgﬁoﬁbﬁfmpssgtem &l ruhah their

e an ective performance of DP System
noBeahoperadietrhdde.it i s common practice in

2. THRER SN el Bhe B0 AL ABRALY B BR ST e ytoms
aré @rédo@meatedoﬂnomsthemm @)mmt@GBSﬁsms,i dricbarer iebtEaehcannected to
the YRl o SP TR SPGE HERiE SegaL fags periegisd 6 the DP
Computer System are replaced by RS232 serial lines from the Signal modifying
computer to the DP Computer System.

3. The position reference signals from the three position reference sensors are input
to the Signal modifying computer. Each of the position reference signals will
include the position of a point on the vessel, the course angle, and the direction
of the vertical line.

4. The Signal modifying computer calculates modified position reference signals that
would result for a given failure situation and transmits the modified position
reference signals to the DP Computer System.

5. The performance of the DP System represented by the output and other status
signals for the failure situation in the test is recorded by logging sensor signals
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hoped that a failure in one of the position reference
systens can be conpensated for or elimnated by using

WO pdoe0smbs on from the two renmmi ni ng position re¢ENOR@S/000138
systens. In several recorded incidents it has been

e % IiesDPTCoraputs Qe g REL LS Goel QLAprom the DP
ﬁﬁﬁﬂ@} S?thh%n@%d&%l @%&uésmawen one of the

ref erence systens has a failure. On background of this
it inportant to test how and to what extent the DP

To furfié? SRR B FosTiir (16Hr28 Bits dtb ettt it flBIRY three
exampglespwe preseintédin mea‘sttomnngnventi on is a new and usef uI

tool in the testing of DP System performance if
failures occur in the position reference systems. Such

Posmbmkéfé?auc@qeeenduRbadcéa &PbI Sighalguantyt he first
preferred enbodi nent of the invention. I'n the

description it is assunmed that the DP system has two

Positigy tetera ey Est fia 088 yheredRE MghaiinB@fihg SBridther € eed to

ranspon
test thegsdrfarmanice dftar BP $ystem with respect i a faijlredntheferm of reduced

et PR 5 Porh e (B Sy ek B aERror that may

incur tﬁ)éséaf?ﬁé etdfelBapBERIOR H bSMSGPB) rebbiReiriddahes sigialkdrom the
ator Station of the DP Systemare run in

same saépf saigoi)@ﬂr Suphfailure situatirns are knayen fespesursapg i recorded
mcndebggr?chofallﬂfeeﬂ éag’éleeeB g&fteﬁmg ‘f? 'hgb?r o@nﬂtﬁhéﬁ%&hlch is a

nce s s are di sconnec
potenﬁalllypsafety tﬁpaattemngancidantswhasit thadDE Syséematsesdherrusters so

tat 12§k A e CBUBE T BBt s E8 5. g acton.
The D%é?@teﬁ%haér taridegerhiiomis Assuphed @ have iy iIDGPSqusiticer
uter System 3. The position reference

referegrg systen ﬁﬁﬁwqfﬁé"'ﬂ%@'-tﬁf@l RQsHiPNY efREBRE SYSBMor s are
input to the Signal nodifying conputer. Each of the
position reference signals will include the position

As explairechabonte, dne pheitivegstarencs sysiemssayenaginecteshio hhﬁeSlgnal

oSSy eEbahEL bR G880 il SR ginal mocting

compl eeads enaditisd pesitibatrefgrohck sightlsttofthe BP @oreputer System.

failure situation and transmts the nodified position
Then based on the measured antennae position from the two DGPS position
reference systems in combination with the known GPS satellite configuration at the
time of the test, one satellite is selected for test purposes as having a failure
condition leading to reduced quality GPS signal. Then, it is calculated what the
change in the measured GPS antennae would be for the two DGPS position
reference systems with the reduced quality GPS signal for the said satellite. The
Signal modifying computer then adjusts the position reference signals to account for
the said change in antennae position of the DGPS position reference systems, and
sends the modified position reference signals to the DP Computer System. In this
way it is tested how the DP System handles inaccurate GPS satellite signals.
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reference signals to the DP Conputer System 5. The

performance of the DP System represented by the output
wan@eos4ses status signals for the failure situptT/a0200§/000138

the test is recorded by | oggi ng sensor signalsinput to

Co er System . and actuatQr signals out put
POSItWEPﬁ?DF% g& &ﬁ’f&% ere@@f@we%msm'spbayggtratt%?gnal
discrimiifd@ibn: To further explain how position reference

tests are performed, the followi ng three exanples are
presented in the follow ng: Position Reference Test 1

A s TR B R BORE ol B0 PR EL S0 G

momtdrCthteErate dhearfxtiondn 2EsErRs op ighabRary the@fodiédart Qﬁ@%@hsé%lgnal
lure in the formof reduced quality of the signa

as Inv?"'d)%]ﬂaﬁ yapRiionRIghS seaper sionabareTTaerithathakean halphyswally
reahsz "He e od RYudddGHDE 1§ sB3 %o %‘Iwelfalk?%éllﬁ gBmeE reference

GPS receivers recerve Si
systeros. lﬁeﬂ mdqrd@é;]r&ﬁﬂntftwolmﬁi@sa@qutmn efsremce dystamns iroa DP

Syl 3 RS LGS U Bl b, B8 motrs cuo
to an @tbcbtemttheleswamb digrial 2a0BRIoN8lyi, BOIedeB! c%ﬁ{t%étbgtalﬁ@ously
m.use vessel is drive

th
changguPaS i By 75 Tee IimaANd,bePaSsof thisRe\nGRAlE P fif two DGPS
pOSItlcﬁPFéfé’rréncghﬁer%(F;ag?@bﬁ&bW%a easisdriaid Wtﬂéﬁ)ﬁ%é@gtem.

have two position re erence system a
hydroacoustic position reference system As explained

lttu rn??ﬁf’% J‘%r,ﬁ@%‘t Hyé) ﬁbétﬁéﬁﬁjﬁ(g&ﬁéqt}ggb%& rg%%g eer(%eégrded
mmdeﬁfwfmheoffgyﬁbeﬂmmﬂada shed&h imphctrfeshhfay séviescomargeewaves
movedS HsSpalvasy iy S 61e e Buan o LS I Fastfomn 1B agPS
positidtO@férefBe 'gy8Bhe Fédo‘&%d[fﬁ:s’sg\ﬂjm% %@%ﬁg;‘éa{rgﬁ%ptsg B¢y, Bk the DP

in conbination wth S .
Systera(yhsscp@;gedtth@ pesecthsoundBGIS plsitioaseferenee signald because the

rate ofg%nazﬂ n&% w5§ ?ér QP{ t‘ﬁ% tﬁﬁqﬁ%@ @g@ gﬁgﬁg#fﬁﬁ.ﬁ%ﬁcem

was séfttoiaccept. A8 atresultl\bﬁiﬂhld ﬂhe \ld%egwas heft mmmlq@wt}m fdPerence
ant.ennae the two DGPS position reference
systerg§,g§@% ngﬁytc{%%rg %ME@H’ -qual ity GPS signal for the
said satellite. The Signal nodifying computer then
adj usts the position reference signals to account for

To test h@WstBBcDB IRYistRm ihandiascstisdiesiedions of isoproppsedipgse the Signal
modifyi?g tbhPutd SbEi 5@ s8XEhEgRtior? fhe position reference signals are

input to the Signal modifying computer instead of being input to the DP Computer
Systems as explained above. The position reference signals are used to calculate
the position of the vessel reference point. The Signal modifying computer then adds
a position increment to the vessel reference point corresponding to some pre-
specified quick motion that may correspond to the motion imposed from a sudden
impact of a series of large waves. the Signal modifying computer continuously
modifies the position reference signals so that these signals correspond to the
modified motion of the vessel reference point. These modified position reference
signals are continuously sent to the DP Control System, and it can be observed if the
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sends the nodified position reference signals to the

DP Conmputer System In this way it is tested how the
WOR0sYs48esn handl es i naccurate GPS satellite  PCT/NO2005/000138

signal s. Position Reference Test 2 - predeterm ned

0P s Bkl fibeietatartBhn il RaeaRingine positon
referepc@systenss.i n control theory is to nonitor the rate of

variation in a sensor signal, and then to discard the
sensor signal as invalid if the variations in the

Posntl%ﬁr}%?ére?i st%r- %"oﬁ%ﬁu&ﬂg ri can be physically

realized. e met use Systemto elimnate
failures |n position reference systens. In a recorded

rycroaB I Horiihy iR hleie i SoR I Gombinaiite wihBfen

positigrofériente &ysiEmsrit BPssydtsims OT e perfonhahde bhﬂleqﬁﬁiroacoustlc
satellite signal. Ooviously, a vessel canno

positiqnysferensAsys&ry icinapryiantesppeially iféhe@/arpaor@bleéngwnarthe

DGP S5 EretbrdritieSsyishémgl gnal s from the two DGEPS position
referenge wer e zgisproprl ately discarded as invalid by

the DGPS System It turns out, however, that this

RocorlB4 P 0L i Roshbo LA 855 e

operatacms em bé dfﬁmeﬁtlw\aymfdmaﬁmgathé&&ﬁﬁﬂol %Wstﬁrrﬂ usmgltue Zignal
msersa initial 05|1|on The DGP

modifylig Fpmpiiterer dnits JySHRaroUSE ASHIONHREETANPE RIcin g input to

the Slgﬁblﬁ%'lf?mg%ﬁrhﬁﬁtbk YThetihesB&idei2 al?%?é %ﬁﬂlé&ﬁffﬁgn{phu?atlon in

per ect Y sound pOSI tion reference si gnal s
the Signal anedifiting coawteffwwsrtb@ followingitests mregperioamgdr t han

o) Tk et TGSk e RS AR 5 PELEHER R p oy
refatedncpasdgnalsis seiledby addmgteemsisd ehgridl \tclalg?i gggltlbh &idial from

S‘?{XO[EQ?%W@'C F?QS'F'CQWO%"%%E@%'\%?%%Q ﬂ@dmoeﬁgﬁd $ignaktpithg DP

Coﬁﬁm?ékt Systbf. Tﬁi% tBS S be ERILAUEHAB- stJde?ﬂ% E:bl‘hBlned effect of
reference signals are |a§ut to the Si

nOIé@rﬁM@h hyskseacpustic anel BgPShpesition erﬁéeﬂDIB W@‘OS@N also
adcﬁ)ﬁg nﬁ?&ﬂjojh?o Ca]@qu%ﬂ O-Flhl%h ARRLL! s? aﬂ?f erence

nals are use e p03|t on ‘of the
b) The effeet on dfie DFhEysteai of acdlstic Siogmalinivatioh ermys duafnuireiﬂections
ition i ncreman he v ssel ferenﬁ1e sea-

h dds. a .
S iticagBRh bt T bRE Aol Dehveet FaapeRTH Ty
flodmmanﬁpdn@@ffbﬂ@rl@oﬁﬁ trafspoierutade caR Beadsiddny ﬁ1od| Pllng the

sudden jnpact of a series of |arge waves, the 'S
hydrgareysticgresitpniaferansstsionale ssing mathemafical models of

hydroacoustic signal transmission and the resulting change in the position
signals.

c) The effect of a reduced sample rate of the acoustic data is tested by modifying
the signals from the hydroacoustic position reference so that the sample rate is
reduced from e.g. 1 Hzto e.g. 0.5 Hz.

Position reference test 4 - vertical reference errors
A vertical reference unit is used in a DP System as input to the position reference

signals to compute the position of the vessel reference point. Failure in the vertical
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nodi fies the position reference signals so that these
signals correspond to the nodified notion of the

wo emsob4spef erence poi nt. These nodified positiBEOT/NO2005/000138
reference signals are continuously sent to the DP

. Lo the DP
refergrtt WihWLSS iroBH Valins T3 os Calbhon afibapositoneatinggessel
referdrive [psift, Eneif IS 6rENRehe YeHRM refBRSdd @it fs%SFeeﬂfa% 90

test 3 - hydroacoustic errors gdroacoustl C position
degrees; g?eéh@@ Gajeulatien may evan bieakasiewmdue o paissibleDERBIon by zero

IO AR GSEERIRECH RSB e el s, .

systemis inportant especially if there are problens
stens. Recorded

The afteef g} 8 Yaflr o 155 popBn rlaraionisiee i slonet mmodiying the
o ST L VSGAL 00 o g o
modifiagh 'QQ?WQtOGBﬁTRF? EomprietBystens to tgetrthacontrol systesis ioterance

to suétﬁéﬁé@iﬁﬁle%ﬁﬁ?%%r@ﬁ& hﬁ‘iPeratsﬁréranTB% gnal nodi fyi ng

comput er. esSe sighals are fied in a
conmputation in the Signal nodifyi n% co;‘r?uter }Nher_e t he
. follow.ng tests are performed a) The effect of noise
Wmdvaet'ﬁoé'ﬁg%bi ng vari ange on the hydroacoustic position
reference signals is studied by adding a noise signal
to the position signal fromthe hydroacoustic position
A DP Systarandlk ngrgalis have gne ios merei wind sesisgrathat onedseirethe speed

of SRR s ToRESIc T, T, BOAIRD o B

in maf@Psnginseringrit isgiassinhe o sgistilais they fatsv and dd)quglestti)irﬁﬂ_?ﬁ vessel
] o_the DGPS position reference si, S e
cue R, o S BOES BRI et Lol NS Bk st o e
DP Cempater tduhisve ifidrovdd assuraty iy tHeoBPodistdrf v ®eSwind is
communi cati on between transponders on the

strong; ngirﬁfefﬁ%eenrfaﬁ%a driaé sensan maK bespme defeph wudrmeyshgw an
incorrééfvdlGe HBetB S RYuP Y fb\ébgg?%g%éﬁﬁgg@?‘fé) 53}9&%(#)&8% t@the wind
9 nodel $

reference signals using nmathematic _
sensofiydr oacousti c signal transm ssion and the resulting

change in the position signals. c) The effect of a

reduced sanple rate of the acoustic data is tested by

To testbainf henDPtSystindnaridied & Gailurben Byidrarane Wihd SeRSsithe Bignal
modif)rliﬁg %ro%?pcu erS 8a|g gtustegeassfaoﬂg\lrvg: {'ﬁé S}virggsensor signal line, which may
be an analog signal line, or a digital RS232 serial line, is disconnected from the DP
Computer System, and the signal is instead connected to the Signal modifying
computer. The wind sensor signal line is replaced by another signal line of the same
type that is connected to the DP Computer System, so that this signal line transmits
a modified wind sensor signal from the Signal modifying computer to the DP
Computer System. Then the Signal modifying computer modifies the wind sensor
signal according to one of the following alternatives:

* Adding a signal with high noise variance for a defined time interval.

* Adding a drift signal so that the modified signal diverges from the sensor signal for
a defined time interval.

* Adding a constant signal bias for a defined time interval
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reduced frome.g. 1 Hz to e.g. 0.5 Hz. Position
reference test 4 - vertical reference errors A
WO 00bi0smbs ref erence unit is used in a DP Syst ePCEE02005/000138
input to the position reference signals to conpute the
N position of the vessel reference point. Failure in the
App@m f slgnalfreegs 8o that hewnpdifigr\sional én g opastant value fios a defined
time if@r¢dl! ation of the position of the vessel reference
point, and if the error in the vertical reference unit
The megdified windhsensy signal éesenttihdhe 2 Comhputer Systenminsteackof the

due to possible division by zero in the
~ Wind %’%%Fl ijg(rbm d

ependi ng on the inplenentation of the
conputations. The effect of a failure in the position
reference .systemis done by nodifying the vertical
Blackout preyentio §F§Fr%’tﬁt?r]89§’efﬁ"@'l‘\%9@“§ﬁgﬁyﬁtﬂ!nf yi ng
computer, and sending the nodified signhals to the DP
Comput er System to test the control systenis
Thrustess endnepetersutrivesrinodiesélreleetricisyateme ez mmtéy used in ships

and 1R R CR P eRg s Gl eshLEIGhERAle o ip grive

electricbEgemmetbrefthéﬁ‘&lpplwéle@mdah power td8n \edsiftal pbRit system on the
to t chni ues kné)vvn fromtextbooks in marine
VGSSGE?@% WelREs ?'i' PEORsIIeLs B'ree Fd\@rb*ay elaciical mriofsotheé arepgwered

from the'dQBcAh IS HRESR! In e behtal hbwe sy‘;ﬁ@{m‘ws used to

possi bl e t'o use 'these ca cu ations int gor
drive ether bmationg @f &he vessal like eeanas heawe campmduym d\nmm@ DP

refnge%ﬁér? @H@gﬂ ctoﬂalt@'ng&‘rés\gg@ i(@?\%h on#rgpte en cﬁ{h systems is

nd 'sensor

that if |tlm® eleotridal \p@h/m thiatds used biyethe wtleer ftuhcb@g@dﬁmea/essel is high,
wi nd sensor

then 18 SONEE et s BB Tae ta e IrFEss andans Brepslis Ravche nsufficient
compéﬁ*e@%s\ﬁ‘rﬁ‘&qé $e<§&iﬂacﬁtogé@he\7@fﬁé ﬂh'r@ﬁ tﬁé?ﬂ'ﬁlﬂo‘ﬁ'imﬁﬁﬂe@% L!@@ Hp

he w nd sensor signal |1ne, which
Syste@n T@ﬁaﬁafge i tjmcasa fios masnuadly goptrolied rRessals wharerthe pperator

a1k RN S ) BRIl TR eooocs
the powmmhateus aviileblei. idcasessofwiichibé avaitable electita graiveryis
insuffBEA 1 e L HAdees) Y BE SUTER A Braarobsista Istiated in the

powertsy%!@ﬁ‘ fesdReREigowRs thatg oﬁﬁﬂ@@tred&bqneldufférem §y8ems that
Si'gnal nodifying conmputer to DP Conputer System

consumsealeckiicabpgiar, afstit mﬁW@Vbeﬂ‘mit@Wmﬁwh Fe’symersai nd
sensor

If the lack of available power for propulsion is not appropriately handled by the power
management system, then there is a risk that the vessel may experience a partial
power outage where one or more of the switchboards and power buses are shut
down, an it may even occur that the vessel will have a blackout where there is a
complete loss of electrical power on the vessel, which is a situation that may lead to
accidents and loss of vessel.

On the background of the above it is understood that it is important that the function
of the power management system is extensively tested in combination with all the

installed units of the vessel, and in particular in combination with the DP System.
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b)

signal according to one of the follow ng alternatives:

* Adding a signal with high noise variance for a
waledocoem9g i ne interval. * Adding a drift si gnabCEEORIWAWO0138

the nodified signal diverges fromthe sensor signal

for a defined tinme interval. * Adding a constant

signal bias for a defined tinme interval* Applying a

Coﬁkﬂi ?Ia \fés‘ég \fntﬁ Bﬁ%&afe?ﬁ J%lf:h %?Qr’%l&ﬁﬂsqétﬁﬁgathe power

ant va or a nterva
delmmtecﬂ |bgdhwerlmbtﬂemmnemtgmaare sentdathe OR GenfprRitaodpstear under

ooV T 58 R B 085 ¥R RBag B W e

poWbr Uélﬁéﬁrﬁpﬁ@rﬁj oPtePBrhges |dthe/@|ecbwadp@wet c@hﬁﬂﬁéd <by other
stens are vvldelgliguse in ships and floatin

funchighs of e vesse! fsigholae Pputes redygtiondungtion ﬁgzhea%’ System
cah‘?%qeéféd%hw ﬂ'l@bpcéyl;étéﬁlll gf%rlfdrﬁ{aﬁ ogeff&ﬁ‘)tn SRR, Yvith the

ectrical ower an e ectrica ower system on
excapdionl than‘ttm pcmwesmdmtlag signatpbhethe gnrmratqrs«émthg/DP System

arc iy Ui SR ety Bl SRR B e Jfo e sidril
md@a;ﬁglgﬁ t!hf ﬁgweclrgrd?h lﬁlﬁ ?g”é@?ﬁﬁﬁcﬁheﬂ ﬂﬂlﬁc’d@ﬁi rei; tHe #dpis e.g
90%ner thieravadahie Pow rnzt aciesige | S b&rrgvﬁ%lsscapable of
haft%ﬂﬂ@sgucrgé{%ﬁtﬁaﬁoh §aﬁ§f§&tohf t he el ectrical power that

e ot her functions of the vessel is high,
Conla@luertaheﬂmrweﬁsehmth adRsystean|of which signals lmdtt@tlggghel power

oo IR TSGR BF AS0 FEBT Bhd otem

antl met Pty BPeDbmputerssysternsurides noasal dperatienpahd yhe power

ATRBRIeTGYFIEEoRA N D6 2 SIS PCSGTRLO Spproprately

redLRRSHBRS dviRsY ct,d?f%hnﬁiﬂ%%ﬁf’thé '?I%u@ﬁé’i@ Iif thBQatled:tﬁcéﬁVpﬂMél*&o?}su med

I n cases of which the avail el ectrical power is

by iotkerffunetiens of ‘dnepm@ei lﬁmmemDow9§f@lﬂctlm|f@hcti® ef the

po@%ﬁ%@ mﬁ% y's[bt %n%)@ Jégtgdﬁﬁl‘é}‘?@fp r%teheiﬂqfs%ormal
opgl'eabncaiwrwm teeta)mepiiomgm tthe Eowferindtwtmvmgnalb (ftom the
wn t
gen%yatg%ﬂt%ﬂhé%ﬁv%%mmwﬁw Fépats Medtied BvipB el
91 eaﬂaa@mtthévwe&ﬁbdﬁubars@’fwé tdisate thasthetgtilerifiem the
vesse eri ence arti power outage where_one

geperatersdogithensinslippe nﬁ%ﬁgpasuaegbm@rtotﬁlwe&rc@pgﬁw, e.g 90%
of the available power. It can then be tested if the power management system

handles this situation satisfactorily in combination with the DP System.

Propulsion system test

Propulsion systems are critical factors in DP vessels. The interaction between the

control system of a thruster, the power management system and the DP Systems

can cause problems, and it is important to test these systems in combination. A

propulsion system in this connection comprises a propeller, the elecirical thruster

motor driving the propeller, the drive controlling the pitch of the propeller blades, the

drive controlling the azimuth angle in the case of an azimuth thruster, and the

thruster control system that measures that shaft speed and shaft power of the
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down, an it may even occur that the vessel will have a

bl ackout where there is a conplete |oss of electrica
w@owen343ms t he vessel, which is a situation thaPCTa®Y2005/000138

| ead to accidents and | oss of vessel. On the

ackground of tphe above it is understood that it is
propelfé S Cat iR ine Hiutelimatotse fraliasnienss hednimpraded shaft
speediﬂ%h@ﬁkkﬁwﬁ%tenSiVe|y tested in conbination with al
the installed units of the vessel, and in particul ar
in conbination with the DP System a) Consi der a vesse

E L S . Of - wWhi si.anal s indicating,the. .
in 2 prépblRidh, ST EHPER] o HER B 8RR R B € isap errorin
one ortrotehef {bie tBouiot pitcHSyighairRMMer powarsignapleedbhek sighaf or

tg&%DP S stenT!s.d§S|gﬁed to apEroerlately reduce the .
thrustey HiRUs SI9ralFpt Migds 8PnE RY rYRNIngtae SYstent Heltenerna| QRaration
crcep g O AR e s o RERP b

lon function ©

cCOmpw@in be tested with the DP Systemin its norma
operation at sea, with the exception that the power
i ndicating signals fromthe generators to the DP
System are nodified by the Signal nodifying conputer
so that the nodified signals indicate that the power
fromthe generators to other functions of the ship is
e.g 90% of the available power. It can then be tested
if the DP Systemis capable of handling such a
situation satisfactorily. b) Consider another vesse
wth a DP system of which signals indicating the
power delivered by the electrical generators are sent
to the power managenent system and not to the DP
Comput er System under normal operation, and the power
managenent system and not the DP System is designed
to appropriately reduce the power consunption of the
thrusters if the electrical power consuned by other
functions of the vessel is high. The power reduction
function of the power managenent system can then be
tested with the DP Systemin its nornmal operation at
sea, with the exception that the power indicating
signals fromthe generators to the power managenent
systemare nodified by the Signal nodifying conputer
so that the nodified signals indicate that the power
fromthe generators to other functions of the ship is
near the total power capacity, e.g 90% of the
avai |l abl e power. It can then be tested if the power
managenment system
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handl es this situation satisfactorily in conbination

wth the DP System Propul sion systemtest Propul sion
weymhemsare critical factors in DP vessels. TPET/NO2005/000138

i nteraction between the control systemof a thruster,

t he power managenent system and the DP Systens can

cause problens, and 1aims i pportant to test these

1. A te§Y§$1 8 foff a%ghhg%sgé‘l © Bﬁt?cﬂlély&é?ﬁ (Qyéﬂrﬁﬁ@;éd‘fdr%éewmg real

ection conprises a p , the ‘electTica
measuremest signaist Gr) fbm \sengonsr(éypndgﬁ@n Putput pﬁ@ormtml\ﬁdgnals (13) to
t tcon{) Iz {]18 the pitch of the propeller blades, the
actualgs c1, )ol ling the azimuth angle in the case of an
chara@géfized byt hruster, and the thruster control systemthat
measur es t hat shaft g &d) and sh
tep(80)

) f .
e pIBRuNPaYIRA@OBEMIPGI L) BHengAR s BF MBseBnestsd fosreceiving
'Jneamhsre-,eﬁf 418 rearmRadanidiiisig rﬁnsgra of shaft powver.

propul sion systemtest it is o interest to test
the systemwhen there is an error in one or nore of

o] gy g o A ahangia v baiphgarcea
rreasurgnicme sigrsie ()iinto medified rradaa.mrerrmt sigrets 6(Q) thatdepend

one or nore thruster s alsl fledb t he Si gnal
rﬁmwe@vaee&&ﬁa@@w rameﬁ ?'QQ? systemyfor a °

R §|g\ﬁ9§ﬁ@dlf§l% sompatel (&)Osérfﬁﬁgﬂea) forkeAdingkdi® modified
recei ving real neasur enent (7).from sensors

(ByasuTanTant signatu(/ Orto cgit mtr@.sgﬁtm (%)1 §pid gne or more
%égfﬂaa rrﬁeésllﬁenfe?ﬂ % (fdgé}ﬁﬁl‘ftt S¥me 6t all SBid real

yI'ng conpu range ei ng connect ed
fmeaswemeﬂtrsggrraiéS)ompnbre of sai d real measur enment

urHig captalsystemar) abafpe: feking JHor SR RLE o iHRte modified
Srheaémsn{eﬂt sigils (PO} dricebra@ialgr @efected pawinsedsiipment
that depend on real values of said real neasurenent

SSignris £7);- said signal nodifying conmputer (80)

] = gented
B M SR O K XTI
by saidododified mmtremmlhtslgnag 0Al) ifag nadntpmccmm Q6e 9 RYFesensors
(8) or all of said real neasurenent signal (8) input;

2. The test system of claim 1, said marine control system (2) arranged for receiving
input command signals (9) from a command input device (10) on a command signal
line (11).

3. The test system of claim 1, said sensors (8) connected to said control system

using a sensor signal line (12).

4. The test system of claim 3, said sensor signal line (12) comprising an analog line,
a serial line, or a digital ethernet line, a fieldbus or CAN-bus, or a local radio

communication system.

5. The test system of claim 1, arranged for outputting control signals (13) to said
actuators (16, 17, 18), like propellers (16), thrusters (17) , and rudders (18).
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- said control system (2) arranged for acting upon
said one or nore nodified neasurenent signals (70) and

w0 esoaiopdspgy unaf f ected real mneasurenment si gnal SPCT/ND2005/000138
so as for enabling testing of said control system (2)
function on errors represented by said nodified
nmeasurenent signal (70) imagined to occur in one or

6. Thewst s?@féﬁ@bﬁck% 2. saﬂl?ng{v&%oﬁbfyﬁh Pﬁplﬁéfﬁ eu?qahﬁapged for

mari ne contro system arranged for rec
modifyiperaaid real gneasuregent signals (cYOmmarTalatlnplytsmbet/ilme iftOhodified

| t t f
measfferfeftUBRAN (FORRB astol Sl tin! Byt A peibReRg o
significast defay of Bgldansdlfmrmsaﬁlﬂ@fnént@igr(alQITO)Aas &'chﬁ &RsL to the

corre AT aesBiRh Hvi 5510 4anbo) aValer] @) Wauls hawe recelved said rea

meas&tdﬁﬂ@iﬁts@mmg (TR fieldbus or CAN-bus, or a |local radio
comuni cation system 5. The test systemof claim1,

arranged for outputting control signals ( 13) to said

i | . 1
r Th@ rétlijg ers %#Q?Inpléné d{é@rfgyge%g?)bc%r &%?tp%"ﬁft em
managemelnhsylstem maludlirsg gowbr sesdry i(Bio) fopspHsiay HoWdr é?@rlheﬂg like
aenerB RS} pgBRIbNY PR btk e P oot power
(7pP)eactivremestal géristatdt potr.(757h; aéeﬁéréto%%té’tu%@bé?' and the like.

system (2) experiencing no significant
nodi fi ed neasurenent signals (70) as conpared to the

8. Théfé’s"tg?ﬁgﬁ%f‘&afn?qegéfd%aﬁrea ﬁ‘bfjssfs? 9 ka?‘r&ééggi&zr)ﬂcelvmg

ve receivéd sai uréenen
input gomimandtsignals (8} fromod commbandlinpsibiddvicer(tl 0pbn sycdramatd)signal
"ne(1q2npr|3|ng a power nenagement systemincluding power
nsors (8p) for sensing power signals |ike generator
out put voltage (7pV), generator output current (7pA),
ator power (7pP), fractional totalﬂgenerator

9.A nlgfgagqu fQrgsting ag@a@m%ywsegt((&)t q:_pmt(oi SBptenuie), said syiskam (8)

o e e

signals (b ta antuatarsi( 16 A0, 18%vi ce ( 10) on a command si gnal
charaétbﬂ?eé in L.
- connecting a signal modifying computer (80) and receiving one or more of
said real measurement signals (7),
- said signal modifying computer (80) modifying said real measurement
signals (7) into modified measurement signals (70) that depend on the real
value of said real measurement signals (7);
- said signal modifying computer (80) sending said modified measurement
signals (70) to said contro! system (2), said one or more modified
measurement signal (70) input replacing some or all of said real measurement
signal (8) input; M
- said control system (2) acting upon said one or more modified measurement
signals (70) and remaining unaffected real measurement signals (7);
for testing whether said control system (2) acts in a desired way on errors
represented by said modified measurement signal (70) imagined to occur in
one or more sensors (8).
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9. A nethod for testing a marine vessel (0) contro
system (2), said system (2) receiving real neasurenent
waee@aaksf 7) from sensors (8) and providing cortT/aD2005/000138

signals (13) to actuators (16, 17, 18), characterized
in - connecting a signal nodifying conputer (80) and
receiving one or nore of said real neasurement signals
(7), - said signal nodifying conputer (80) nodifying
said real neasurenent signals (7) into nodified

10. Theawh@ﬁmsommm slajim@®, salhtontry systeom sehemgecaintmalsige.als

(19 BFLENERRS (FB RS UGS () st 117 S ructors

(18). measurenent signals (70) to said control system (2),
said one or nore nodified neasurenent signal (70)
i nput replacing sone or all of said real neasurenent

11. Thé afsthod Bxchbrit to clafAidd SERY gﬁ’él :ﬁxa#ﬁ@g%t%}nscﬂﬁ | (¥8) modifying

upon said one or nore m) nmeasure
said r@abmeaﬁur@wus\gm@s lﬁﬁ)amfastﬂlamlaheahommnrmrmﬂdmecgnal s
measlynehCUoh SR 100 IR s B LRI A G RS

significadt délay offsaklimeniified megsmien(e'fﬂ)s@nmmmcbé @orﬂpﬁt&d fo'the
hod accordi ng

CO"G%?QJIGﬁﬁE%fe%R“S” Bt pad @é@éﬂ@@ﬁlﬁ&%ﬁ%ﬁ r@@@ﬁaqi said real

meas(ilehehicsigiald (Ret uators (16, 17, 18) like propellers
(16), thrustér§ (17) , and rudders (18). 11. The

met hod according to claim9, said signal nodifying

12 Th%grgiﬁﬁ?%gofﬁ e%h} ?Bg%lﬁys'lﬂ'?ar ﬂﬂ%ﬁ&grﬁﬁﬂ@eﬁ (gptréh dsf'yI%g orie or
more néaardrreabmmasuggmelst gig0als (Epin&s oheor srord modified measurement
sors e eSS SRR B Bl L o
sngnalequ &b nbdified grRBLieHeh él@néi@'(?‘OF@éihb%n@t)bﬂs i, one or

ave received said real neasurenent signals )

more @éi-yﬁgle,m fissid greagusement siggalsd 7 isgich funations womprising addlng

i
consiAA i Al I 4 S5arE Ui AT Rl g s e
measukementsigngls (7) by constant or varying values, or using linear function
depending on said real measurement signal to modify said real measurement signals

7).

13. The method according to claim 9, connecting one or more of said sensors (8) to
said control system using one or more of sensor signal lines (12), and connecting
said sensor simulator (80) on said sensor signal line (12) for receiving said one or
more real sensor signals (8), and modifying said one or more real sensor signals in
said sensor simulator (80) into said one or more modified sensor signals (70), and
sending said one or more modified sensor signals (70) along said sensor signal lines
(12) from said sensor simulator (80) to said control system (2).

14. The method according to claim 9, using one or more serial lines for said sensor
signal lines (12), e.g. RS232, RS422.
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signals (70) that depend on the real value of said one

or nore real neasurenent signals (7), said nodified
wore@sosepent signals (70) being functions of seCTINOR@5/000138

or nore real values of said neasurenment signals (7),

sai d _functions conprjsing adding constant or var

[

15. Theamgdhod BCCRIANG o-'aim §s USIBEORE QPR compyter netiork bus lines
like a F3tdrdRnY bPBofidkdungaht EREFHIEHER0EISOH WD plotdcdl a Fieldbus or

constant or varying values, or using linear function
CAN-blus) i ﬁa@l@alg@ai/uan@alssmyﬁt@nent signal to nodify

said real neasurenent signals (7). 13. The nethod

according to claim9, connecting one or nore of said
16. Tieengetiad a6gordingsta claine 8t usihgonetamoee aetheonet commoinecation

of . sensor gsi | line 2),. and connecting, said

ines, SdiadhuorGARPBs @ Tashl Glio, SBREGREG SRR e (12)
for receiving said one or nore real sensor signals
(8), and nodifying said one or nore real sensor
signals in said sensor sinmulator (80) into said one or
nore nodi fied sensor signals (70), and sending said
one or nore nodified sensor signals (70) along said

sensor signal lines (12) from said sensor sinmnulator
(80) to said control system (2). 14. The net hod
according to claim9, using one or nore serial lines
for said sensor signal lines (12), e.g. RS232,

RS422. 15. The method according to claim9, using one
or nore conputer network bus lines |ike a redundant or
non-redundant Et hernet network on UDP protocol, a

Fi el dbus or CAN-bus, or a radio signal transm ssion
system 16. The nethod according to claim9, using one
or nore ethernet comruni cation lines, a fieldbus or
CAN- bus, or a local radio conmunication system
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