Calibration device, nethod and system for a container
crane TECHNI CAL FI ELD. The invention relates to a
wWa@le0BOB8BDr aut omatic calibration of a contai NRCT/EPANT064469
and a nethod for carrying out such an automatic
calibration. The nmethod may invol ve automati c and/ or
caf2BuaL RLOGEUULES 1 PACKCEOUND, AR, CROLAENELELANES crane
are usad 't o°hanar e FrelghF Contarner s°and espeC|aFFy
to transfer containers between transport nodes at
contai ner termnals, freight harbours and the |iKke.
St andard shi pping containers are used to transport a
great and grow ng volunme of freight around the world.
Transshipment is a critical function in freight
TECHNardlLi AgELDr.ansshi pment may occur at each point of
transfer and._there is usuaLlé % t remendous nu
d

er of .
The JBNERIEAEFs TERAESRuse Be SGNI65dedT PPENEPErFed 6£§atlon of a

conth@MRer ak¥nst ack, sandchateroaded Qngt @uanatlRer ashiapomatic
back onto the sane ship or | oaded i nstead onto anot her

calipgemion -t fagspeithodloadi Agvandcurbsadiang ccontdiorementg 1
froma ship takes a great deal of tinme. The
proc%@@éﬁgﬁnent of automated cranes has inproved | oadi ng
and unl oadi ng and nmade the productivity nore
BACKpRediNCt abiTe, and al so elim nated nmany situations in

whi ch port workers have been expagsed to danger and
ContPapity CRge Sacir S8 haRAPPRG LO! TEoHERENEPS e TS and

espeCaRtngl tsystems rbhatoneguhate b@%w@%%kkﬁgn%%p%@dmodes at
| andi ng of containers nust be calibrated. This may

contgampri sereaniBrat ifngight Spsbenysobnthéher an&egoftepdard
. ens. . For anpl.e gant I r i_p- hare_ .
Shlp%%%%eg%Fg?%?e?é g@e u%%d %%.t%a%s%%%ﬁe%hgggﬁgné§§1 r%w1ng

hat runon rail's, a
voluekr oif trhat giay aeocur itdeCadsed .byrahargepmentoi® ar critical
nore wheel positions on a gantry rail, which may cause

funcgigewlefr6r-ING REFELIOFs My arPee eRonTeybSicdancati rach
poin®l odaMBge stret Besareathes usually a tremendous number of

containers that must be unloaded, transferred to a temporary
stack, and later loaded on to another ship, back onto the same
ship or loaded instead onto another form of transport. Loading
and unloading containers to and from a ship takes a great deal
of time. The development of automated cranes has improved
loading and unloading and made the productivity more
predictable, and alsoc eliminated many situations in which port

workers have been exposed to danger and injury.

For accurate handling of containers the control systems that
regulate the picking up and landing of containers must be
calibrated. This may comprise calibrating sub systems of the
crane control systems. For example on gantry cranes or ship-to-
shore cranes (STS) that run on rails, a somewhat random error
that may occur is caused by changes in one or more wheel

positions on a gantry rail, which may cause a skew error. Other
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contai ners stand upon, so that the position of a
| andi ng sl ot for a container may change. | n addition,
wob@s/0ps8t cal sensor equi pnent or position encPAEEP2007/064469
sensors are repaired or noved a re-calibration is
necessar s_estimated that wt today
errol R TERuPES o (ay CIRE LBOGE 478 HouFu e Cor ARG dgea the
cont@&h%@%ﬁbaabasu@b@adsBoih%toﬁhgeﬁ@@ﬁkaoEPSf(Eaﬂgﬁﬁlng slot
Position Sensor) and co-calibration. A LPS subsystem
for ﬁlﬁ@@tﬁﬁée§o§@W|6ﬁaéﬂethénl@ﬁ@léé@ﬁvaWﬁép GPtafmptly sensor
equli&g%%d%E)p@%r q%n'b%%b@%m %@%@B%@gar%nQe@aIP d or moved a
subsystem finds the position of a target ing place
re-cen idrgtownd isl okcessamrya vehi cl e, as well as mappi ng
positions of other containers, container stacks etc in
the vicinity of a target. In addition, depending on
w mych time is available, an estimted 1-4 hours may

1t lﬁee§§éﬁ@t8ﬁ-§P§EkWﬁ§ht QQéyaﬁdm&&P&%ePepcﬁﬁHée§uﬁ|n@ay take

abou{h%s% %%%r%V%%%g%r%%%'%%t%%rE%&maabh@%k @5 ae0BlLali RE LS,
is a given stacking area of eg etmeen t wo
Sensam)acéﬁﬁ dfarest Rieenttiva IBleosk rhagnideen e@ﬁﬂhe@ta@@ A LPS

t ak f rodu t.i.on libr n i
subshRIER b REOBISH0n b T3 RBH Mokt aifel® o, smoty

spreb@e@ﬁtGMrha@eslﬁmﬁagnlmanunamgnhahdbaca@sesmbeystem finds
procedure is |nterrupted and has to start over severa

the pogegsiorn Cdddi fRgHSt 1P8ddfteR 1RGE AN SWSFCUGH Sarét pr on a

vehl%&%un%% wedh 3 sNB-RLERANCE RensSeR ¢ Wehk al-ene AiRed s,
'ock of containers. The error in neasurenment may cone

contﬁn@@maﬁya@ksnamp sourttes vsudhiay: cifnel itrabiegn iIm addition,

depeg%ntéy888|tlocurwh§é pg%P%W§ﬁ khﬁgﬁ%%;n%58ke£§38|ng hours

may @kf seksiti Bt elalcey ndi reetisornwheelameesirt ifaRcoh ugamnbl.y These
rail causi ng skew i n crane pOSI ti on, gant ry
are gySItRIgenieR§ 1 ERE6E S¥néh %Oémcfatoufoﬁoaf:eeeﬁ)rsrt wihdceddis a

glvekr%k%%¥1% % Fap%%f%g b%%%%ﬁ%gt%%r%Bﬁa%e%%a%%%%%%ntwhen the
angl e; skew of trolley ormon trolleyrai
bloc&y@ﬁenbeaM|bew@moedeﬁm@rtakﬁﬁ sypst e palodocatiioon If
calibration is to be performed on a crane in a block that is in
production it often takes more time than that because the
procedure is interrupted and has to start over several times. In

addition it is often not allowed, on safety grounds, for a

maintenance person to work alone in a block of containers.

The error in measurement may come from any of many sources such
as: inclination in gantry rail; curves in gantry rail causing
skew in crane position; wheel position on gantry rail causing
offsets in trolley direction; wheel position on gantry rail
causing skew in crane position; gantry positioning error
(synchronization offset); twisted trolley girder profile causing

error in measurement angle; skew of trolley platform on trolley
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error . Sone errors such as TPS system calibration
error tend to be constant through a given bl ock of
w@owsar4382 s. Ot her errors such as gantry rail PCT/EP2007/064469

inclination and direction depend on gantry position

rallgP%Pga% %Q%%.%%Ef%r Er%%‘%a to Q%% mn%@b%_% I% ation
oCcK rror in-gantry |ncI Rati on-ald6 tw st's 'thé

errotr.ol l ey girder, which nmakes the error dlfferent from

one row of containers to another in the same bl ock.

SUMVARY OF THE | NVENTI ON The ai m of the present

invention is to provide an inproved device, nethod and
Somes?§?@#ﬁf@Mcéuﬁ@nﬁfﬁcS&éﬁﬁ@r§ﬁﬂéﬁr@ﬁlpﬁeeﬁﬁpﬁl fgnango be
cons@%%q|E%Qo%é %”géQ abﬁ%@&alge%o%g%qgerghl%tﬁgq %&Q%rs such

are o by a

as gehamac&anusedcbynhheoathadhadrendepandepbndl@mn@antry

Advant a eous enbodlnents are described in sub-clains

POSIfd Ofingn FhyEpendent éFQPn@aylﬁoabﬁﬁrﬁﬂtgéﬁe@tgéﬁe“

blockheEE@%%thOQa%t%%lh%%@ﬁh%@l@%VEQ%ofQ%l%%%o%ﬁ%'%rolley
calibration of a container crane is described, wherein

girdeai d veémham&e sc tare eirs ogo Rt féEIred thy rams pereon of
cont%qg% SSE%ga%tthgﬁsgpur%.r%%m%e%ﬁgr and a second

sénsor, the device er conprising a calibration
rig arranged in a fixed position and conprising a
ality of markers each arranged at a known and

SUMM%B%eQFpgﬁﬁtFgﬁEgﬁ&Oglstance relative to one anot her.

The a@ma%fe%%%de%@%an15Q%nk@%%nt%oﬁoapQ%bh@%a%hoﬁmﬁ%%b%%
for automatic calibration of a container crane is

eVl@escmeb@@d saidd s¢eviege foonpritsimag iat chéastrag ibinr it the

sensaqr .an second ensor, and a.calibration rig
Lt Pang géa s “%l Px&d SpETt °n “anG ESmpritsihgTa -
plurallty of narkers each arranged at a known andfi xed

~position and distance relative to one another wherein
Thist Redc SEPBrafiies Prg§ PETarngAged PnM&thiked 2p6sit S8 TER
char%c%%@ﬁ%b@e%y the attached independent claims. Advantageous
embodiments are described in sub-claims to the above independent

claims.

In a first aspect of the invention a calibration device for
automatic calibration of a container crane is described, wherein
said container crane 1is controlled by a system comprising at
least a first sensor and a second sensor, the device further
comprising a calibration rig arranged in a fixed position and
comprising a plurality of markers each arranged at a known and

fixed position and distance relative to one another.

In an embodiment of the invention a calibration device for
automatic calibration of a container crane is described, said
device comprising at least a first sensor and a second sensor,
and a calibration rig arranged in a fixed position and

comprising a plurality of markers each arranged at a known and
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yard, freight yard or harbour. In an enbodi nent of the
invention a calibration device for automatic
W@ 2008074882 on of a container crane is descri bedPCHEP2H07/064469
device conprising at least a first sensor and/or a
fixe e%%gqti%%s%%u and g cal ifration rig arran g%er wderein the
ed position and conmprising a plura |ty ot imar Ker's
calieaeh iahr anged sak ra akpewn iand friixed posiitien anda container
di stance relative to one anot her wherein the
varde alfrbrgtiton 2ridg OFs "aFPaNged with at | east two 2 first
mar kers conprising a surface with a first visua
appearance. In another enbodi nent of the invention a
In acaknmbratimentdevi ceef anvantawat iec cedliblratioon defrige for
cont.ai ner, .crane is sai d _devi ce conpri.sing .
autodtE, B B TS aledr Cat SRt GEgnE deneBreraRy said
devieal icbmatiiennbi granearged ifAratf isxedorosinbi/eR andecond
conprising a plurality of markers each arranged at a
senspiewdnNdnd FRke®rpesol &nJardrarseanée PelfatPrerpgisnen and
comp@@%ﬁ?@rawg§ﬁ%bﬁlE o%tma%@%Est@%c%' %Eagg%ﬁe%% Q‘&%own and
the first "visual appearance are active rkers
fixedn@bh&tl@mba@ﬁﬁdnEtGhCEhae&aV&NEIGD @neabmbmaEmowhereln the
.% vice for. automatic cal i br tion ont rane
cal EEHGAGE FHEd . oaTd 08ercd loonpr SPS Cat "Pedst 14SH fegkers
comp¥eRSQLG ANELEIE a2 S a6 end aSQriS:@Ft, v@@@a@ @@blekarr@hlc@n rig
arranged in a fixed position and conprising a
plurality of markers each arranged at a known and
mn bR, PasLLLORAR0 di $tange Lakative 18,008 RIBLNEL ice for
e calibrationTrig iI's arrang
automwmlsecandbwatkemsoéompbb&tagnarsumhaeelmwUbsarseedndsaid

vi sual appearance. |n_another embodi ment of the
devichy ERPSH S 'PaPitbr&FEbn Sd&WiESE £6158Gt GiRdy °¢ © @ second

sensG@l, i Bhat 1:00.20f b2 16QBLAINEGr A¢H-aARgCS i@eSCIriRed, p8aiidion and
devi ce conprising at least a first sensor and/or a

compgasands eénsdiradnd va odaialskatrisom achg agreagged aitn agknown and

rixell X005 o0 a0d auEr 509 13 PLYT AL LrGL IR KRLSein the

at least two first markers with the first visual appearance are

active markers.

In another embodiment of the invention a calibration device for
automatic calibration of a container crane is described, said
device comprising at least a first sensor and/or a second
sensor, and a calibration rig arranged in a fixed position and
comprising a plurality of markers each arranged at a known and
fixed position and distance relative to one another wherein the
calibration rig is arranged with at least two second markers

comprising a surface with a second visual appearance.

In another embodiment of the invention a calibration device for
automatic calibration of a container crane is described, said

device comprising at least a first sensor and/or a second
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fixed position and distance relative to one anot her
wherein the at | east two second nmarkers with the
WG 2wendssl sual appearance are passi ve narkers. PCTER2007/064469
enbodi ment of the i nvention a calibration device for
sensaUtog%tIC %%HI H%% %& aa%%g%alger Cra%lxe% osition and
8eécr|geé sai 8eV|ce conpri sing a *Cali brati of rg
compafikanged ionuaafliix§d oposiatrken sa cplctir alrirbyigetl BRr keksown and
~each arranged at a known and fixed position and .
fixedi grgnte orelPadi e Stanefe TaAGFREE WRefdifn 2RO TRE&s I hERE 1N the
at l%b%%tt%% aeklvie %%&K%E% %QQBr%%% %%cohﬁ“@hgﬁ%ﬁogppearance
source fromany of the group of: IR laser, anp,
are pesisbive specera.lanp. In an embodi nent of the
invention a calibration device for automatic
calibration of a container crane is described, said
In a8eViBedearpli SifNgna Gakikhirabinol kiad idkbanged deRide for
fixed position a plurality of markers each arranged at
auto@aﬁﬁ§wﬁaéﬁ@rﬁﬁ%@@ ﬁés@tp@ﬁtéﬁ@eéi§ﬁ§ﬁ@elﬁeﬁ§ﬁpﬁé ¢, said
deviQE€ BRALHeN ph%r%bﬁl%&attaﬁtraeoaé%%ggg §pPASTEYEY position
mar ker conp i se a substantially part bounded
a plbyaautWeaétmameegsr&ﬁghtaad@egedchtaarangwd amndt lie xed

.arrang nown fix d position
pos i EiEIEREnE I6F e FreGHiron T COFi BRGEPen ABeresn oF Least
two &YLQNBLIC selikBr akiree raf cAnpentkal Rer iGNaRenk$ion source from
descri bed, said device conprising a calibration rig
any @ﬁréﬁ@e@rpﬁpaoﬁlxéa BESEL onRa lphgr alVilty Pof gREkErs lamp.
each arranged at a known and fixed position and
di stance relative to one another wherein the | east two
In ahi esbodimactti we maekenscare oeaeh carrianged oat tached ttor
a passive marker. In another enbodi ment of the ,
aUtOWﬁgéﬁtF&&l§r€5P08r8F|6nc886@&§eFoFr§G€oﬁﬁtdESCKlbed said
dem%@l bRt an nef a2 c%qrito@a@%ncrra@e alr$aHeser iihed, r3akd position
device conprising a calibration rig arranged in a
a plfurrddtpositt memieplsurcalcht probngeck ets aedckvar pangdd xad

pos i3 skoun,and Lixed position and distance LelAiue 1 Qe teast

two second or passive markers comprise a substantially planar
part bounded by at least one straight edge each arranged at the

arranged at a known and fixed position.

In an embodiment of the invention a calibration device for
automatic calibration of a container crane is described, said
device comprising a calibration rig arranged in a fixed position
a plurality of markers each arranged at a known and fixed
position and distance relative to one another wherein the least
two first or active markers are each arranged attached to a

passive marker.

In another embodiment of the invention a calibration device for
automatic calibration of a container crane is described, said

device comprising a calibration rig arranged in a fixed position
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two first or active markers are arranged in the sane
known and substantially horizontal plane and separated
Wb 2008/0k4882n di stance and a third first or actiREI/RRPIRBO64469
is arranged substantially vertically above the first
* Pl S0ahe Tt RCah anood Hont 167 e ngehtLgn 410 rited

posig¢abnbbati an sdevicee rbontawkonat v eCaniobhatd eheebid at least
contai ner crane is described, wherein said contai ner
two &hzsE i°g @SﬁﬂWSIW@&kﬁ§5aa§?s@éﬁﬁ@8ﬁﬁrﬂ§l g Catt AMeasfioyn and

subs%h&? a§§§sﬂ%rqagkg%lap§%%%ngnﬁe@%g%rakg%.%%V'Cﬁnown distance

her conprising a calibration rig arranged in a
and biX@dr@oéutﬁonoan@ccgwprm@mh@ralpl@mabmgydoﬁub&mhemsally

ch.arr known and fi.xed po
vert R R e P B e BN rar g R aF PR taepasared by
knowhnl kektSeR3I0H1iss apakt, of a | oad position system of the

cont ai ner crane and said second sensor is part of a
target position systemof the container crane. In

In a%”% %Bl%%B%C%fOEh%h§nb%%%E%h°% %aﬁ%&@%@ geg%%E%%a%bQ

calibration of a container crane Is descri wher ei n
autogaitd cc oatlaiomert ionawe Bsc@@ﬂhu@bkedrbmea1$y§Eenmlbed wherein
risin east flrs sengor and/ or a secon

st g o et R ary By ERe A BNs SRV raeT g TR i ge ot

leaslkt0 a2 rROSIt isen a6 agenbra of isxednandckrewn €aki Beaticen further
device or rig, making an image of a plurality of

Compﬁaﬁkéﬂsau§@ﬁgb§§¢d0@trﬂ@a@ﬁr@ﬁ@eﬁlﬂ@taséﬁ§@ﬁ pardthpn and
comp$dlkg 'a%'%%u%%% 2RQELLI N parapeters tor a&nown and
S m)e

east Jone contro or controlllng he cran
fixeﬂebahuveohoaadpdSBtb@neoﬁeaahda@ oo anktangether and wherein
Iandlnglllftln posi tion. The primary advantage of the

at 18atmht 6 Lo SPPBPAL i-6n Pdévi 86 P |slPﬁ3t%8§PtBP§t| gty of the

conthenear Lired oyt jautomaticeahly sWnkh miki mamcmarual +arget
intervention. For a basic calibration only a crane

posigpenatsyss cacrifonbeacenhecessacyanand no ground
personnel . Theautonatic process is faster than the
known manual et hods and

In another aspect of the invention a method for automatic

calibration of a container crane is described, wherein said
container crane 1s controlled by a system comprising at least a
first sensor and/or a second sensor, and wherein by the actions
of moving the crane to a position adjacent a fixed and known
calibration device or rig, making an image of a plurality of
markers using said at least one first sensor, and by calculating
one or more position parameters for at least one control model
for controlling the crane relative to a position of a load or a

target landing/lifting position.

The primary advantage of the automatic calibration device is
that calibration may be carried out automatically with minimum
manual intervention. For a basic calibration only a crane

operators actions are necessary, and no ground personnel. The
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saves a |lot of valuable tinme. The tine spent
cali brating manual |y has previously invol ved manpower
weowBo7482 wel | as | oss of production, - esti mat BCI/ER2007/064469
take 4-8 hours per crane. Previous manual nethods al so
suc oG 8o U500 4 STWA, OB ERGELR henoas anc
savest ackiong otfests vand eparnaret ehef icAget Upend. cihebhewing
calibration systemtakes around five to fifteen
Manugilayt 8§ SdEFENACHG 18N 1RTICEH Spr BEEESES TareShsed St etldr #S 10Ss
of pROMELLON NeckPR-sRLeader JBM eks non andeol bral . -
addition, the tine-saving potential of the automatic
calibration may be at |east doubled when | ooking at
t.he manpower costs for calibratiaon hecause mai ntenance
Pre O PO RAGr Sdr BE0SGR| §L70 ST ORER t G oRA R APoReTENTAC on how
muchbloglk of eehtakpers. aAnethemaadvantageous st Rat vehepRew on
automatic calibration gives a consistent accuracy .
sLackRRGUEREHE angi PeraBIrsER SfneoRtailngrs TARd NPy Che 19&mE 101
systEff (akboCEangsd b ilhe bl ogley Lh deperds eBoLAGing on wnich
accuracy of the reference markers and is i h epengént
procefskemameskiskld and texpepiogree £oThéen@éwsneplted deequiarésrs on

nQ _speci al._ ski.ll or_experience for performng_th :
and R f ol e AFRF APPon. Pt LASTaRUAP WPk CPhae Iy BBe autonatic
calibReedednduihiyn®eCarM$siseNiRa LAk deGulpMBbL ke RaNGe t$e manpower
limted to being able to neasure trim |ist and skew

costgnd ognterithg afthede EESUISEs MRS Shhe csy sEErPnher e usually
not BT3oubl 2BOLASE %ﬂ”g%%' T8Nt @f the o!f”‘é%%‘té‘i?e%sgraph' ¢

user interface is disclosed which is use 0 carry out
parts of the nethods of the invention and which

di spl ays the neasurenents, paraneters and vali dations
Anotgert REVERIFPEFatfond aso LdEt EFHI AEY T AROChER IOBFELt Ogf I1Ves a

constiRe ePiesent rhRVeRhireN gh$ k0 aPHAV LI 1LAR KkMBEOVeH t ainers and
conmput er program product and a conputer readable
is thedisamehdeirngla pregeaminecdedéd ocher éondepends on the

accuddrQmatd eall y cal Lbrat 9,2, G000 el i%lrd%neehdse%ltdof human
contalner crane controlle by a control system

skileoapd ®ixpgratnlkeastrha hieksines@nsioreguPSErsand/ @peadial skill
or ei%%%qgnce for performing the normal calibration. Extra
manual work that may be needed during commissioning or equipment
change is limited to being able to measure trim, list and skew

and entering these results into the system, for the LPS.

In another embodiment of the invention a graphic user interface
is disclosed which is used to carry out parts of the methods of
the invention and which displays the measurements, parameters

and validations of the calibrations so determined.

Another object of the present invention is to provide an
improved computer program product and a computer readable medium
having a program recorded thereon, for automatically calibrating

a container crane, said container crane controlled by a control
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sensor (TPS) to determne a position relative to a
freight container handl ed by a crane. BRI EF
WORBERI4831 ON OF THE DRAW NGS A nore conpl ete PCT/EP2007/064469

under st andi ng of the nmethod and system of the present

invention _may b ad by reference to t .ol Lowi n
syl SRR LeLe Pt LR “Whén Tt SREn SR Canj GG BRWena Second
sensblie (@ecoNManyieng rdraw agposhernennrefiagure toshowseligha

sinplified schematic diagrama calibration rig for a
cont@dpeai herJéraneYaéc6F@Rg to an enbodi nent of a first

aspect of the invention; Figures 2 and 9 show

sinplified diagrans of a |ayout for container stacks
BRIEENPES CRARTAONe OFc TéRe DRAWANfISei ght term nal or

har bour; Fi gure 3 sho a si i fied diagramof a
B mog gy RPA e sa R RaR AT Ser 261 R aReSnAa T S4eFaRs OFf the
pres@BveABRtntioguines Heandddpyhewrthewebatbs ther ra1methed

of carrying out an automatic calibration of the
detagdraidRer ré PaneNad&6rdicag o 1an Cerpyaicirert of tdeédrd
acco%%g%%gn%deg%-h vention;: Figure 6 shows schenatically

ah i Rierface fo di splayed for an operator to sel ect
Figuar acthomsofint he saupdrdtiec cahiebraticonipoocess calibration

. ccording.to an enbodi nent of the invention; Figures .
rig 39§ ShGRS SCREMAETEAr] § CORE 0P InbPe SPnEBPPaIBE FoPT & first
aspe@icsplrayineg ipethed ost.eps and ot her infornmation rel evant

to an enbodi nent of the invention. DESCRI PTI ON OF THE

F1gupREFERRED ENVBODIVENTSLFifgare diaghens &fsinplivPivgd for
contg%%%%agkg%k% %%b'%r%%h%%i%%? %F%%%oﬁglgng%i%%t terminal or
enbodi ment of a first aspect o he present "i'nventi on.

harbthe;rig is shown as seen froma view F in front, and

. has _markers mounted at three positions 2 , 3, 4,
FlguﬁﬁiéhSQP&S a simplified diagram of a standard container
illustrating axes and directions of movement;
Figures 4 and 5 show flowcharts for a method of carrying out an
automatic calibration of the container crane according to an
embodiment of second aspect of the invention;
Figure 6 shows schematically an interface for displayed for an
operator to select an action of the automatic calibration
process according to an embodiment of the invention;
Figures 7-8 shows schematically one or more interfaces for

displaying method steps and other information relevant to an

embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows a simplified diagram of a calibration rig 1
according to an embodiment of a first aspect of the present
invention. The rig is shown as seen from a view F in front, and
has markers mounted at three positions 2, 3, 4, which are
accurately measured beforehand and the position of each marker

is known. Each of the markers in the exemplary embodiment shown
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accurately neasured beforehand and the position of
each marker is known. Each of the markers in the
wWe2@apresy enbodi ment shownconprise a first nmaPKEEP2A0T/064469
a first visual appearance, such as an active marker
com %% G WhECQsESm%r%ferabl% a ll% %g%%%%’aan%aa %%Con%uch as
Prafker conpri sing a Y&Eond ditdiA appearaﬁge whi Ch7i §
an a@t&h@r@bkyea passl weikar Ker phaferabwgy Brrkehtpesiuticens and a
, 3 are arranged substantially horizontally at a
Seco@ﬁo%ﬁrgﬁé PPQ@§1§F§€aﬁcéego§€aWﬂSu?ﬁeaPﬁ@@§a§6§|Wpéﬁh4ls

prefb%a%ﬁ&aggﬁ%s%ﬁgét%%Ek%"%ap%rp%%@'%%E%%Eyp%%9§§ohge2 3 are

oint of 2-3 at a substantially vertical distancé
arraVQedAsw©ﬁtﬁ@ahadhechomeangtsléuchta@ angwmpbedpﬁumbd

or a n r at ma rea rrenot e , e .
atstpgae: poapd e OaRG bal e R oA bR fhae e P §ubttantially
perpeodieetly 18l :gned Eﬁeth@dV@bﬁh%abfdQF%Cbtoﬁ-sﬁﬁ%tantially

markers are also shown in the [ower part of the .
vertdicagr emsSitrngev VewrUVastsean IChekikngeddwn of cortapsve simple

plum%hgﬁcateSEh% E%%%%rth%%thﬁﬁlﬁgr%% 2 §%m%t%ﬁ§éegay be

wth a cross hatc are arra
mounéittiathegrooithe asecony chepassihwe mackers 6a- co&h@wmly

. as ain rectangul ar shapes defined by one or
a1igfpaht B Enes Gea ol 3 12RES (0o WAed RN 208 8L N80 shown in
the P@Sktl @R 2 of3the4d§a6k%§¢1%raaQEbWeU”@%k%%e%al%ok§ng down
arranged together with a second or passive marker

fromgabeveThEef gt Gheadtinpé @ﬁr@@ﬁ§VﬁawaﬁéeéS|ﬁ@hp are
1nd¢mﬁﬂ%83w9233%”% %Eeha%%%qn%saﬁﬁbaﬁe( R%d%t@%%%%d to the

ch i's detec during a Fati on pr dcess by an
secoopt bealbasedekyenraersensck suolnassaptaner acc€6Dgular shapes
canera or video canera qof the LPS (Load Position

defiggesh &y OPSTRE PAsSi vé TRafkér § 655c 1onpriss PG Cq T Ient -

surface with the second visual appearance are detected
by a | aser scanner of the TPS (Target Position System .
At ewhihchaglefrapesatdior 2oné o apie redges oftthe passieveSa-c is

arc LKL The Passhve mrken mRY, Lot example, have ar,
bSt anti Iy rec angular or Circular etc planar

firsshapeacBy vehing racrangeyent of 1combi Bedrtar get sonkheype, such
as aEI&%F(Infra Red) diode which is detected during a
calibration process by an optical receiver or sensor such as a
camera, CCD camera or video camera of the LPS (Load Position
System). The passive markers 6a-c comprising a surface with the
second visual appearance are detected by a laser scanner of the
TPS (Target Position System) which surface and/or one or more
edges of the passive markers. The passive marker may, for
example, have a substantially rectangular or circular etc.
planar shape. By this arrangement of combined targets, the first
marker with a first visual appearance, an active marker, and the
second marker with the second visual appearance, a passive

marker, arranged or attached together, the two sensors of the

two control system subsystems can register and be calibrated by
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marker with a first visual appearance, an active
mar ker, and the second marker with the second vi sual
wappsarssre, a passive marker, arranged or attBCHEPRR007/064469
together, the two sensors of the two control system
subsyst e C i ster and be cal_i brat ed bot h
oot b b o Rl os SRS BBrE ™ A o pRese: ot RE S BAPRPHEPT
yardyard Figure 9 shows a ship 10 and a STS crane 9 '
The crane is shown to have a gantry 17 under which
runs a trolley 11 forward and back in the X direction.
Figuitl 9 GhiGEl 0BKS alSAKNAWEaS g 0Nt M irdl Leehiots shown
l'ey supports a spreader 12 which hol ds a
to h@@&talqamtrg 1Thenceanehliicht gunise acomdileer 113 fofrerrd and
exa e, jout. of the s 10 .and_ al on ath_such as
back APEBE: 5 HerBr (un 10 “a S ORERRREr Lo0P 20 KiiNg 22 the
gantRhaee reuehoas angr ewndd 18kokup@brert @ aptkedek ron 20theth holds
vehicle (not shown) . The crane 9 ' runs on rails
a cogfdéncEachk -séhe15rang af flrégdhien CaNERrieeti df /i ACsr SFaiprle,
f e 1 of e r, c dior ect i.on
vt O G PP oY AR s R TR P Pay T r g8 Panzet
downFiogure c2naksocshows a ﬂamduhgopla@&tamneras ar@megndndlot,
c%ntainer tacks hn a fLeight tern1g_| gr Efbour |n
OT OPEwSf FEMCabOVe CLRETT VEght SydF@" Ergire -2 'SRowg 24 77 runs
on rBliogkuehecortahnees 250 @@do§ certainer ernaket9on in or out
The gantry 17 of the crane is shown supporting a
of t@@npg@ﬁ@rofst@§e@aﬁﬁ§® tthelicaned ner 2 §pﬁéé§§ﬁl@ﬁd This
Il ey i r
airefEBoTLs' BLSonuhGun e ches cEhAde SRRt Flkirap 210
showblacKa&oﬂtobfstamkadnemmLabmamSSaaddgb@umdlabmtst%&ks51n a

own but arbitrarily selected group of container
frel&@éc%§r§ﬂ8&&dO&n@afpﬁHé afd 2 pWé?&réEP%—@@P%@eﬁhﬁmérelght

yardcr@a%%rela Lhics sdeseniopki 0F thergrewps220 hLsacal kedtdiner
bl ock” of container stacks and ground slots.

cran€oi ai Ades gmay rve Iflullf shee csack as 40.0fvotuppntaiiner ¢

contQr@Lher sizes such gs 2.0 Logl contabners 14,A¢,a09ed iy

in ground sIots Pshardo
Figure 9). The crane runs on two rails 15r, 16r in the Y or
gantry direction. The rectangular block 20 of stacked containers
and ground slots 25 is a known but arbitrarily selected group of
container stacks around one crane and preferably between two
cranes. In this description the group 20 is called a “block” of
container stacks and ground slots. Containers may be full size
such as 40 foot containers or other sizes such as 20 foot
containers 14 arranged in ground slots. The block is also
divided into single lines of containers or ground slots in the X
direction called bays 21; and into single lines of containers
along a direction perpendicular to that which are called rows

22.

Figure 3 shows three principal orthogonal axes X, Y, V with

respect to a container 13, and shows three imaginary centre
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divided into single |lines of containers or ground
slots in the X direction called bays 21; and into
W@ 008024881 nes of containers along a directi on PCI/EP2007/064469
perpendicular to that which are called roms 22. Figure
llnes % h%h%%%t%rlnCI%at?ortho %@ako T orth onal a&%s
respect to contai ner 13 shows ﬁre nﬁgrnary
The gepiurel anes kobwisheicorbaiaen cwiltky eeepe@te&eo&he as a
orthogonal axes. The figure al so_shows , ,
rotagiagr amrati aWﬁ?téC§Qe®Xé§rUr 8 d45& FETAL énvVabsuihach a
cont%%%%'cﬁbn@é'§ Vlus@ EE%ED%I oWbI%xW@'%%daro ate about
container tends to |ist aroun its’long axis an
the patiat &,abodt at heiaxiesryr, Tamdta whiimheoner oF mhehends of the
twhich oEe of &Eelends of. the con arner Iong t he
CONEEXPS ThANGE Yl Gwer 'OREN A HE BEREP & aO
showhObetbomo@eeubntﬁeopﬁaeheaﬁwa@eﬁbee beﬁer@xuané axIeex.
calibration processes for TPS and LPS are both
The 2B3Qbuhe i6h. @rokcelsakisveotro Thie ayar dpX- ¥r¥ geehdiapgbeute
~ system and thus there is no need for co-calibration
(1. ebe?ﬁé@ﬁlﬁﬁetEPShénda?ﬁeXTﬁSV TReTFasalre Sy S&SH gRnadnghus
tner§0RS! henb ACGULAcy Lhnauahayht e ontainer 1 Block20ne res.
nce all cranes in a block are absolute calibrate
The meemgtthe saime ghebedenoes itshent ecocstracki ngroapabiulki tye

i mprove cause any asurenment errqr in the
contgIorEy BAoR the Farerercd Caryere i Fi DAk fre shaglute
caliefbeet eniall teraneme Wtrh rbhecautorati ¢ocalkizbratigon
systemthere is no need of extensive, tine-consum ng
capa@ﬂéekanSte@p§OWﬁﬁhbewea@ﬁn@narmﬁ@ﬁ@fﬁ@ﬁﬁﬁg@éﬁ@éfﬂ@eﬁ@@
ot he dj para r r
p031gqgnskgcﬁg%yr%§%%%? eT%g g%ége%ﬁlﬂ §b§% t%% %%he effect on
all sekhedi.agnose the status (|.e. gual ity) of its
calibration par anet er set, using the known positions
th [ c tati lgor.i
w0 S LSLRLNCE . 390k, a0 adap aplon alogr! Hhm 5
extebyitvee pasiticonisnging stacking tests with tweaking or fine

end

tuning of offsets and other adjustment parameters in order to

get a satisfactory result.

The system is able to self-diagnose the status (i.e. gquality) of
its calibration parameter set, using the known positions of the
reference targets. An adaptation algorithm is available for
automatically adjusting parameters used by the positioning
systems in order to handle the possible effect of changes in the
environment, such as shifting of the rails etc. This is

described in more detail below.

Automatic calibration of the LPS system is carried ouit using
three LPS reference markers bSa-c at accurately determined
positions 2,3,4 in the yard (see Figure 1 for marker positions
on the rig). A preferred setup of these markers is to use two

lower markers 5a, 5c (at D = approximately 2 metres apart)
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systens in order to handle the possible effect of
changes in the environnent, such as shifting of the
WO 200897488, This is described in nore detail beCDEP2007/064469
Automatic calibration of the LPS systemis carried v
sin thr erence . markers 5a-c
arragaet Ui gry i e GG ot PORE 5. 307 en e Dy AP 58
loweli guee Latomppavkemapesiyt 3oBs men rtReneiight. VA. The choice of
preferred setup of these markers is to use two | ower
detaﬁéﬁ@eﬁ§t9§ dggiepgt opsS=mapp PEx VRELECy IPRECieg on practical
i 55uBRAGKIALN SRS i LR 0L0RHBr ket 130 Phaged abeye ;and s
bet ween the | ower ones (at approximtely 3.5 netres
de81hebgbtavd)mﬁyTbe ckoiece agfy d@t@el@@lset@pSWuWehsthﬁspower
aried dependi ractical is

n R

on/ o E Y S ER 5GP or HancE ST FRGCEa Bt BFLGA TR JPec and o the
exis@@&@r@ﬁkﬁe&@d(ﬁ%%db@ynﬁ%és%@%het@oﬂ@r@b'%y%@e&WtbCBegister

the power on/off to the first or active reference .
and RarkerstsaseranderoPrRé térrst MRy Rivack eFs thgs 8y dere 12, 1f

c r-Ql Lo register d | ate

spregd %Q%ggfﬁﬁgﬁ)%ﬁgﬁnpgggon%ﬁﬁg%gpfggggﬁ %%,CfptrOllable
automecessarly., Brefetabl yrihies opowemoor/lgf.f shoul d be

controll able automatically, fromthe crane or

r - I G.cali nabl ed a
T ) [ oadoh "LRe sy 5t SR DuF! 1 braqucti an TR pased
LPS mgdebmiSDahhegt@r@@h@tﬂbnethermodedunatabyethe determine

position e spreader These positions are ..

rk

ver ] Reruela Lo e BPANE G pbLre FB Sor e hE S eader
posi@n@nRott-emabnt hechoad Gihe container pb3)tagweldl tas

the trim Ilist and skew. The calibration procedure for
Spreﬁﬁércﬁ@ﬁeb@ﬁépﬁt@ﬁ tdasilopsl dhgr essitagngr d3ar s well as
the %§hhbr%gggn u%&% after which the crane noves into

position at the reference marker rig, the spreader

narkers are smntched off if necessary and the rig
The galkérstignc rewicechiad dnr(sde akrsoeCalbelbpare KP8sists of
presgg%éggsqgﬁgE% %a%épﬁgQﬁohﬁggg%Q%%aa%@e&h%hﬁ %lk%% %Q%%e
moves into position at the }eference marker rig, the spreader

nece

markers are switched off if necessary and the rig markers 5a-c
switched on (see alsoc Calibrate LPS button of Fig 6). The LPS
camera on the trolley then detects the rig markers, measurements
are made by the camera, model parameters are calculated and the
crane returns to the block after restoring power to the spreader

markers and switching of the calibration rig markers.

On commissioning, or if any equipment (e.g. marker boxes, IR
diode, spreader etc.) is changed, there is a need to establish
or re-establish the relation between the spreader and its
markers. This is done by lowering the spreader and measuring its
trim, list and skew (see diagram of T,L,S in Fig 3). These
values are entered into the system where they are compared to
the corresponding output from the LPS to create calibration

variables compensating for any differences.
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are made by the canera, nodel paraneters are
cal cul ated and the crane returns to the block after
WO 2®B0O74882) power to the spreader markers and SRET/EPIONT064469
of the calibration rig markers. On conm ssioning, or
It 1Ef anél%QUIeneqt(%ﬁ cga%%er %§%Sto|@h%|0d%erence rig and
Spreader et ¢ ) I'S change there i's & need to
haveeih@bmpshs@nfpaiaﬁh@eblahstbalﬁbkatu@ﬁ between thes is done
spreader and its markers. This is done by |owering the
by egﬁﬁééﬁépgaﬁ@en€§§&ﬁﬂﬁ@SlP§ Fpﬁnﬁeﬁﬁ§€“§ﬁdm@%@WrGS@@lCh

shouqbagﬁﬁgﬁthg k%ow% '%e s@r%d) Fo@ﬁ%%%n%al%e§h@r%efe€ﬁgce

entered into the system where they are conpared
markeasr.espondi ng output fromthe LPS to create
calibration variabl es conpensating for any

The Q'sE%E%%%e%chhra%yp%§skﬁ|ec%qlk%%t%@emSB%ﬂed%%%%B% bR the

he reference rig and have the LP i agnose iIts
accugakiybodt itbe dstiatts orThics ive @@m@eby5@val@aﬁquomhe An offset

ti f the.ref kers whi houl d |
rrofnd i REASUGY, D% CFORG Of nd rerer Ghcer L the

cameR8r keus 1. ahle ahesuhbirngnaeeur acy ebrikbe cal pbkatedn will
nodel depends on the accuracy of the first or active

leadﬂﬁ@kérCQéI@Sﬁ@@ﬁﬂ@@nénCAﬁn@ﬁﬂ§@teéﬁpértpﬁttﬁélﬁlnear in
helgBQSlﬁo%%g hga%r%%e%nu% eEh%Ler%gb gh%l§§n% L® the same

an error in the to mar sition"will
offsbead Duranqobp@&pmndmnghen@kenasuan eﬁrmhetm@ﬁ isystem is

i near. {n hei ght. However .cranes t he
deteptgta Py gehe NE e S or Sel & Bk Pre S36ETel op PRavery

sma1Pheginsi R0t ot-he kRS ssY Stremhies idetenricned bypthbe nedelkriped
errors (which are likely to be very small) and the

in meger detréds befl omhe inneldidaatioon tralbhes aldeser Pedeint /
unco@% 819613 ?%k%%%h 0..addi tion t%st@%e%'“%%%lQ %%e%% the

ontrollable, ra on1errors
rallo@tbhe rail etc .). Figure 4 shows a flomchart for a
nmet hod of carrying out the automatic calibration on,
for exanple, the LPS system using the

Figure 4 shows a flowchart for a method of carrying out the
automatic calibration on, for example, the LPS system, using the

calibration rig 1. The figure shows the blocks:

400 start calibration, the operator press a start button (eg

Calibrate LPS 62 Fig 6)

402 move crane to calibration rig position, - the crane is moved

to be adjacent to the calibration rig, preferably automatically,

406 switch on markers on the rig, the active markers ba-c are

switched on,

407 the markers on the crane spreader are switched off, if that
is necessary, so that the sensor system detects the calibration

rig and is not affected by the spreader marker light sources,

13



10

15

20

25

30

calibration rig 1 . The figure shows the bl ocks: 400
start calibration, the operator press a start button
W@ esQ2ads8brate LPS 62 Fig 6 ) 402 nove crane tRCT/EP2007/064469
calibration rig position, - the crane is noved to be
adjacent to the.calibration rig, preferabl .
408 BitSmat s Fy, 406 SWCCR GF Aaer § o the Figevt T 1S
camea@l i ¥e mabkersedSaogidrienswotfched emi:i4e7 rtibemamkkesS 5a-c are
on the crane spreader are switched off, if that is
founfe@essdF¢sus6drhat the sensor system detects the
calibration rig and is not affected by the spreader
410 wanken akieght 190ukeesc408 ivake fi FAge maf-keirg mar keosley, the
relative to the trolley with LPS canera, so that the
measyEsct PO LePrthe fadtfv & 10 §ordrker §X5&2¢ t8Fe o engarker
imaglPRLedr et IOnpaleul 8Le skelati va1R0s! 0N ok fhfrer
markers to trolfley, the neasured positions of the rig
posimapkers extracted fromthe marker inage data are
conpared to stored values for the marker positions,
412 %%%c%ﬁb%%b% %ﬁ%%dﬁg%aR%E%q%t%%§ @%Bqud%kge?fk%% arison the
conpari son the nodel values may be update romthe
modefeasured valyues upbdohednmgasur ethevakassiradevadpers if the
checkinq,Ll found to be V%|i . 413 Present results on a
meASYrSHniE i iterface YBOR FHSCE61 9sedOPOF Exampl &3t Ers
86, 87 as shown in Fig 8 , which is then foll owed by
413 thesacti ersudf snowi ag geeghe cavway efrifamec &I0i, br7at i 60 ;risge for
and switching off the rig markers, and sw tching on
exampﬁg éﬁﬁgﬁdgg’ Pk@FsSPPW%tHQ &pPedder markers had been
switched off in 407) . The LPS calibration cal cul ates
whichhe sposieni drldbwekie bypreadecti2nandft he actua
position of the trolley 11 house (in both gantry and
movilEOlhehedihact i-0ns) c. 1A, a0ked prgvi aysly, the TPS
systemis used to detect the position of a Target

Landi ng Position (or
switching off the rig markers, and switching on the spreader

markers (if the spreader markers had been switched off in 407).

The LPS calibration calculates the position of the spreader 12
and the actual position of the trolley 11 house (in both gantry
and trolley directions). As noted previously, the TPS system is
used to detect the position of a Target Landing Position (or
lifting position) for a container 13, as well as to measure or
map positions for other container stacks etc near to the
position of interest. TPS calibration uses the position of the
trolley 11 house together with the known positions 2,3,4 (shown
in Fig 1) of the calibration rig. The TPS measures the position
of the rig markers in a similar way as described above and in
relation to Fig 4; and adjusts its calibration parameters until
the TPS measured position of the rig corresponds to the actual
position of calibration rig and trolley house position. When
more than one crane are arranged together both cranes carry out

calibrations using the same automatic calibration rig, which

14
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lifting position) for a container 13, as well as to
measure or map positions for other container stacks
wet@snass2to the position of interest. TPS cal PEGF/EP100TI064469
uses the position of the trolley 11 house together
wi_ith the sitions : hown in Fig 1)
wi 11 R SRR BRER, otk FodlndabareleCRETs0SE 6h TR Lners
equallhg fing tier keoski. nH@wewelrl aheway sas ydeser uked abeveassive
and in relation to Fig ; and adjusts its calibration
markgaPafetr &r SSFRLISE ﬂﬁeh?PSan€é§éﬁé§“60§ﬁP§8ﬁroPrﬁﬁ@rﬁPéY a
1aseOLrespends to the actual position of calibration rig
3 troll ey house position. Wen nore than one crane
are arranged toget her both cranes carry_ out ,
The Egﬁlﬁﬁéﬂpéﬁ§19§lﬁ§ Wﬁ@eséﬁesﬁﬁpéﬁﬁﬁlwléﬁl@BﬁaﬁpéﬁOWP@g the
Lps VAIGRYELL BNSyken! Bak ol cranes ikl 3Ll EARUM Sutcon
the containers equally in"the blo Fbmever the TPS
the spgtemﬂugegtemeWpéésﬁueSWamheesa@aLESbe@éuQeatuonassae Fig
i_fferent sensor, preferably a |aser noer. The TPS.
) - B3 FEr 81 81 HRAE T S oqdefc S AN San FoFi SRLAGTeRaon the
contkB3 eglkitbrathen. cMhen cpr essi RGet he s” sharbrealiobr.atthenresult
button the control systemw || first nmake an LPS
is pEglsebrad on (§€e UFrRg Gnﬁerﬁﬂﬁﬁeﬂsﬁﬁ RERfRoRM edgementy Sofin
ugcessful LP | | h . syste
i Ted aut The 100 Cal Lr 07 6n. The Fegert e orieBsioning
or ipr esenpednitn ishehaserd rtieef.adeveseagpantl akedi sipltaysiination
in Figures 7-8). Sone additional work is required on
of t@ '%groning or if equipnent is changed (i.e
| eveling and skew determ nation of the TPS) . Figure 5
FiguﬁboﬁsSaoMbOWCﬁabMChamtametho@emhodabﬁybagrgdhgtbat the
autonatl bration aon, for exanpl the TPS system,
aut oty Fﬁ@ %&latl}roﬁt P9n g BXATPHE f | Eer dFShoWS Ry using the
calid@ddictiioan g the Thloek 40407 s0fi nt heanetined tof thiedd ocks
the followng blocks: 508 make i mage of rig markers
400-Adl7arifv & heo meidlodep fhauge 4withle TPS loansar P logkishat
mar kers 6a-c are detected by trolley sensor or

508 make image of rig markers relative to trolley house with TPS
sensor; so that markers 6a-c are detected by trolley sensor or

laser scanner,

510 calculate relative position of rig markers to trolley house;
similar to 410 image data is processed to extract a position for

markers o6a-c,

512 calculate/update parameters for model; the measured
positions are validated and compared to stored values, and

parameters updated where necessary,
513 Present results on a graphic interface, similar to the
examples in Fig 8.

A graphical user interface (GUI) may be used to display one or
more of the information or values obtained using the system and

methods described above. Figure 6 shows schematically a
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| aser scanner, 510 calculate relative position of rig
markers to trolley house; simlar to 410 i mage data is

Wpewsesser to extract a position for markers GRETEPBIA064469
cal cul at e/ updat e paraneters for nodel; the neasured

osi;tions are v | i dat a npar stored v
st B B T bhate d inee At hs S ry L8 s oy dbBre Tice

comp&&%dh@ss@ﬂe@tgb@phb@nbnﬁeﬁf@@@rt&h@lbabaﬂabkﬁelon or
exanples in Fig %ra phi cal user interface g
aUtoﬁﬁﬁlﬁeC@éé@rﬁélﬁpsﬁﬁa% §mecéﬁlﬁ6@éeo#P§hé2vnF8rﬁﬁﬂﬂ gate a

contg n%%'ﬁ%%deE%hH%Qa%%'ﬂ%abh%6Sy%%%”k%n@aE§kQ%Q% the TPS

escri bed above. Figure 6 shows schematically
Systaghwﬁbﬂﬁbe@tel&@Baﬁﬂfoﬁlauﬁel76®thﬁch ¢Usplaysrdace 70
nterface conp sel ect.i ans f

t
ais AR B B TR P S s TR R sRuaV R BB apg e

LPS kB3i62attioncakibheate &h@oqh@mm@rsh@@@,1Gabmbb@h@nL@@@ut
66, and to calibrate the TPS system Calibrate TPS 64.
Stagﬁﬁg&ﬂet?@sﬁé@@@ﬁS@U#Pﬁnﬁéﬂwééée7énéps5ﬁaywﬁgCPnméy comprise

stat%%h§g%ab%tW§% ik %r%%tb% Q'SE%§XﬁQa@H NGt the bPScrane in

cal i tion process. |gure shows "i nf ormat’i on
callahamu0$t@@estunnthepmeadegsmakRSrSe@@WEGeohnﬁ@ 16arked

Whi ch may conprise status_indicat uch_as caner.a
0051 EiElhe a0 TOEAFEd OO g I n Al FBRALFon TBobte g dure the
proceRikeadet RBIKEr $ HROWE 0B 173 A1aRT kedkposi birke)st iNilgon. Lps
mar kers found 71, and FauF In the figure the

ReSuéﬁoaésﬁlﬁﬁﬂ@Y§héW§O?W@ﬁlpﬁeS@Ghe@@eﬂaﬁﬁﬁ@eﬂ§l&béa§ﬁﬂI
1nd9%at%PSa§e%%h%&éZe sphays I %%g%a%hﬁﬁb%%%ﬁoﬁss%%%% s@ful 76,

calibrated I cat d as conpleted), Tast camer
lastcakivkrat ican isuwecessf WkaiZled [7dst canera cal i bration

failed 74. Figure 8 shows a simlar interface 80

di spl ayi ng an LPS Mbdel Validation 82 result. Anong

Flgur%egl@E%m@agl%amqqg%rqhe%QfQ@%l@@ bhe paakiibbabionp@ngiode 1
di spl ayed on this type of interface are
Validation 82 result. Among the information determined during
the calibration and displayed on this type of interface are
status indications for: camera check started, crane in
calibration position (indicated as completed) spreader markers
on 83, rig markers found 81 (indicated as completed). Thus an
operator would understand that the crane has moved over to the
rig 402 fig 4, the spreader markers are off 407, and that the
rig markers are on 406 and detected. The figure also shows
results from a calibration including comparable figures for

measurements from the trolley (TPS system)87 and measurements

from the gantry 86.

As described above, a Load Position System (LPS) is preferably
used to determine, from the trolley position and the spreader
position, the instantaneous position of a container in space.
However it 1s also possible to determine the position of the

container under the spreader by means of external sensors. In
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status indications for: canera check started, crane in
calibration position (indicated as conpl eted) spreader
wWorarR@eT480Nn 83, rig markers found 81 (i ndi cat eRCEEP2007/064469
conpl eted) . Thus an operator woul d understand that
he _cr h nove ver to.the. ri ,
i PR el Car BT P agh > Cake CHECIERETFCG Rk BaFe Trom
exteanal0Re4@6rand detected. The figure al so shows results
froma calibration including conparable figures for
measurenents fromthe trolley (TPS systen) 87 and
nmeasurenents fromthe gantry 86. As descri bed above, a
The m@a@uwé@ﬁpwoﬁygy§meﬁﬁ(@E@)am§ 6P§f@ﬁabp9893§@mpélse adaption
meth%% dngig &9%%%@6 %r%|5%¥ Q%S%HEQ%légdeEQ%r%pr%a%%rst way
i nstant aneous position of a container
to msnamezeH@wemerlstfbx a|S@apessbbb&wEQSd@ﬁekﬁmpeatbentalner
osition of the container under the spreader ans
at tgﬁ ERTEr RAP1§ERS0rS. PGPSR Td&Ea Fr BRCE E L%@ P&y ~down;
and %hS%dgﬁtﬁ%RpM§%%&he@thc@%&%oﬁr% sexhernal sensors.
he nmeasurenent system of LPS and TPS may al so
—LPSc@wﬁﬁﬁ@eS@@aéﬁl@ﬁp@éﬁh@@§ é@@eap@@ﬂtﬂﬁﬂsaﬁnwﬁﬁd@rTP@
measur%'dmt%% ol n%aﬁne% f' r%t ‘“i’%)éggo oF i mze ‘iﬁle%r $idf O

rane to ntalner at t

—TPSpﬁvgéé%?ﬁ%ﬁuﬁﬁfhﬁﬁ%ﬁﬁéhE%ECr%E%gﬁa B epEoayRt o Tomina

pOSlsh@@Ide&@maatmhmae&@war@o&b&k@msaslw@ar@nTEQewqa@uhadwhlch
the container at a pickup of a container, and -TPS
indigpseem ehqiSd tieds e ORe OFr HGHE FEPKefs SEethe in

nom nal position. G ound markers are markers fixed on

Erro&@elgr%%%%uwgh%%tlQQEQQt%aEQQ1Q%SbEhQ%19% rQN& 07 REE from
ground slots. Errors in nmeasurement while handling

manyc@nsaubéesswuyce@ne from many possible sources: a )
t.i on %antr rai,l b ) Curves in gantry rai

I ncl.in
2) ToRGar A ERed oDre "R t i on

b) Curves in gantry rail causing skew in crane position

c) Wheel position on gantry rail causing offsets in trolley

direction
d) Wheel position on gantry rail causing skew in crane position
e) Gantry positioning error (synchronization offset)

f) Twisted trolley girder profile causing error in measurement

angle

g) Skew of trolley platform on trolley rail

h) LPS calibration error

i) TPS calibration error

Some errors such as (i) TPS calibration error are constant
through the block. Other errors such as gantry rail inclination

and direction (a) depend on gantry position along the rail and

are thus different from bay to bay. Error in gantry inclination
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c ) Wieel position on gantry rail causing offsets in
trolley direction d ) Wheel position on gantry rai

w@awsiomgsskew i n crane position e ) Gantry posPCT/BPIONT064469
error (synchronization offset) f ) Twi sted troIIey

gi.rder profi usi n rror _in L an
alsoS%&WSS F30|F£€€§F5t grnﬁgh Wbolggy ra|r%% % %l%ferent
fronmCahicbrnahieon ceanot hier). TBSteaki brati of ehboal$@@Eent types of
errors such as (i) TPS calibration error are constant
STrOfRr sligh 2ORETHICACK. 16t RéFCerF6ry 1§UeH 1as tgantryly grpund slot

but aﬂ%"%%%h%% ad %b%%%&l%%y(agCQ%%qnqo%nF%@n%%x the whole

position along the rail and are thus different from
blochkay thetbay., Ehege kmegdotry adacitiipati ddalrsgrownst slohie25,

rolle |rder h es t error different from
bay gﬁé F&ie @o QﬁoPﬁEFi %ga?é@é gzre of the different
types of errors the adaptation is made individually

Therborreaelrrgreuntasl atrebut cahsetdemsnehf as atieeal phaytion on
act ual. .row and for the whol e block that is, there are

gantey, FaddaptCors Wr6r F¢FodAB S0l Zghoﬁﬁyefforﬁo®n2§ and

adapkhegkn2 81K @ -s%aﬂlwﬁgg%r%faE%eeh%%%%r%ﬁ@htaﬁﬁfference
stochasti c such as eel position on gantry rail. To

(abopgddde ﬂﬁeuﬁ@ﬁaéproﬁdﬂw@§@€@¢r@ﬁst@ﬁ ﬁﬁétéﬁapﬁ@Wi@MCh is
defl %gyu%l%gageﬁ%%rt ctor% ﬁ%% %W%HE act%&%n%e (a%%1v1dual

| ustment o
for @ebmne@agslm@wmem@hblba&tamﬁ,auhe weughhdhaat@b$ ame
i ndi vidual for slot, é row and bl ock and al so
adapfrgiteid K& "PEF Fﬁénﬁéap SR bt we R dc FaRe s dhEpERn TFS

and %@%u%@dmngu@@%eg%%meen TPS and ground neasurenents.
he adapti on between LPS/ TPS and between the cranes

can not detect when inclination in gantry rail cause
the stacks not to be erected vertically. The

The %@%E&%%Eo%eW%EEnn%%%/Q%%ha%ﬁa%%§w%%n the cranes can not

detect when inclination in gantry rail cause the stacks not to
be erected vertically. The adaptation will make both cranes to
stack in the same position but if one crane has a bad unknown
inclination, both cranes will make a stack with half that error
in inclination. Therefore there is still a need for measuring
the inclination of the gantry rail. The inclination will be
preset to zero in the position of the calibration rig. The
inclination of all other positions will be determined relative
to the inclination of this position, and the values stored in an

inclination table.

The processing or supervision of the calibration methods may be
carried out automatically by one or more or computerised
processes without any need for supervision by or actions from an
operator. At any time an operator or other authorised person may
access the system to display, view, inspect or analyse live data

on-line or off line as required.
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stack in the sane position but if one crane has a bad

unknown i nclination, both cranes wll make a stack
woak/osBE that error in inclination. Theref orRCT/ARI067/064469
i's stiII a need for nmeasuring the inclination of the

In ag %%r e %Eleh%tIQ%lI%at%%nmarkgrs h%reset to e%gslgl
e position of the Cal'ibration rig. Ne i"nclifat i’ o

appeefraalck oenrposicti ans iwkl hakecdet ennicned seelsat iore pkang
the inclination of this position, and the val ues
i11lugggpgd Ofn SRR TCREL | RAEI b TPabMeT<TKE PPEcéssi RgappPle Pe

hlgh§§p%%%h%bgﬁv%ff%@et%%|b%k@%h%nn%%hQ%qS1&%%tb%rc% i ed

automatically by one or nore or conputerised
wavegeoge®§e@swpth@medawytheedlMWnn@MQ@mvbgldambw on the

act i o s from per at or i me per at or__or
SPregpRsr (Bt FOPLABY ) perCon s Vel eaek A 8 o PR g an 1 Ficant
for @hsplayerdi eWnsoR$ReCheosecaakly s rikieve datapersliviendikers
off line as required.In another enbodi nent the first

thatmipker Sikdacatt Vista)i shar sgppearance Barraréenstrst
mark%%%ﬁv%h%a$ﬁgE§Fb”m%ﬁab%e%%% 9L ¢ ?%b@gvb'k%”bﬂﬁkh%ﬂlar

sour ces. rst rkers may for exanpl e be highly
wavellehbettsi ve hdghﬂweraﬁbeemuv&at@rablbngbu obuftorin any case

wave assoc i.at ed th illumnation by
the HRE e En i eR R e R n i Sha ol ang Hi TeRREndy g0 those
of t$kdliifiseant ek st.hencamer aisensers rolhe thecond siankeks rs

are passive markers that have different visual

havecRafactér V4Eed PPORAERE CEI PSCOFALRET $0 Fhé ig@if gedour and
the %%%oﬁ% %% e%flﬁ%%'v% %%c@?%ﬁbﬁ%b%ﬁ %%%%%%%%Sa%cordlng to

ectlve to selected, bu ny case
a se%b&daboa@dkorBmeeaab @ﬁataeténmstla&daﬁecdmﬁfenemblto

those of the first markers. In its sinplest formth
APPERTREC g Kk éfs SHEFE 5OfFP§tSVF§§§|W&ﬁﬁ@aﬁ&ﬁc@ a@é&?&ﬁﬁgare

beln@od@t%b&%b_CQb%qgt@@@dtB%ds%QOQQOQ%@%%@%e@ave a second
Vi sual appearance according to a second col our. By

means of the first and second visual appearance it is

Meth%b%a%f h%h%n% E%%EW%E%hb%e%u%%r@%gg%rScon%rolled or

carried out by one or more computer programs. One or more
microprocessors (or processors or computers) comprise a central
processing unit CPU connected to or comprised in one or more of
the above described crane control units, which processors, PLCs
or computers perform the steps of the methods according to one
or more aspects of the invention, as described for example for
operating or controlling a system of two industrial handlers and
two presses, as described with reference to Figure 4. It is to
be understood that the computer programs for carrying out
methods according to the invention may also be run on one or
more general purpose industrial microprocessors or PLCs or
computers instead of one or more specially adapted computers or

processors.
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bei ng detected, registered and/or photographed.
Met hods of the invention may be supervised, controlled
W@eroogar4882d out by one or nore conputer progr aPGI/ERXNe7/064469
or nore mcroprocessors (or processors or conputers)
The %%m.%%%% pr%%gg%abo r%%%%%ln% u%%%rCPU C%%%e%% e egements or
conpri sed-in-one or r&°of “The “abovE deseri bed “cramne
softéarkr elbdenichst iwhischhprogassorse Rb@pubkercorpuirersssor
performthe steps of the nethods according to one or
Perfﬁé@et§§p@@ﬁ§0§ﬁ PR "PnPENEIL SR Sas 2dESEHThEE  f 6pta, stored

valu%éa”BEQCEQ tQB%rat%§%c% o%qg%%9|h'n%n@.%%%tﬁqk%ff%wothe

i ndustri al hand ers - and presses, as described wt
methp@bepe&weomglﬁl9366r4bedbtamQ.ﬁ@rbexam@éesn@odeﬂhanon to the

flow%@%g% ﬁg ?&95 %r%cgﬁiséﬁ%zﬁﬁy S%UegF&ﬁ 6ﬁ 6f& or

inte&&%@e@e66fahg@%%%0$¢ WDdQStﬁl@brﬁl@ﬁoﬁh@09&@@&%m0hay be
PLCs or conputers instead of one or nore s Clw
Stor&@aﬂ@e@ @6ﬁﬁ@ﬁép§ GF pPeTEssErs 2TRE éonpu MrpﬁéébaﬁBOM

EPRO@Q ME§@ROFOIPYLE 9%.%%&0%%%0 ?G%EEE%.O%hEO LWRLGe of the

ode portions t at na e the conputer or processor
progpenfsorim phetmetrthdads whsilrg mrequatlisonde at@mehthmsaldataOr

st val ues, calc at i ons, nchroni sati ons
CentEPIATs of Ct hE it hodl Tar e gL onery SUCCP Rad. TBaoPoF Mediun
suche%anpl ealgnerelatiion,t eptkem bewehar s s@f, hiagur es s4,, mdgneto-
, and/or to the graphlc user interfaces of Figures 6 ,
optigal gemogypaterefet Heapsogramvraythéestieredvinia flash

S hov l.sa_i P
e e B e, Wb 2P RSB PR pnows ana
ulta@ne mbdhhe nm@gmdﬂmglmem@wbbae m@mwhglmemaw abs@ bhe sSony
tored locally (or_central

memo§§|§56F§ ddifput &r ﬁ@a@&ﬁpéynééﬁﬁﬁl§&9h05§e§ ﬁﬁ@ﬁ@@P&e flash

memo@i 8k, @QI@OMrQ%e@V@t@|S%ayh%ﬁ@odb%kusgggnQ%%o tb%@%m may
nmenory storage means, in volatile memory, in flash

alSOnEWDP@rta§efﬁmwwéﬂ@d or sdpeddodrandat saser et wodkher
inc1KnQwa a”du%%Htab'%wor%'sUch”C'“%hngx enpyabl e menory
Nedia Such as “son

It should be noted that while the above describes exemplifying
embodiments of the invention, there are several variations and
modifications which may be made to the disclosed solution
without departing from the scope of the present invention as

defined in the appended claims.
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menory stick (TM , a USB nenory stick and ot her
renovabl e flash nenories, hard drives etc. may al so be
wae@d/074BB2 program may al so in part be suppl i ePICDEP2007/064469
updated froma data network, including a public
twork such as the Internet. It should be noted that
ile the above descri bes exenplifying enbodi nents of
1. 2t heliinvemtioan detheke fare asevehal cvakilabireRs candf a container
nodi fi cati ons which may be nmade to the disclosed
Crangp| $Hilen CRINCRGRETdEFAFE G FoRCrhé OddEple Dot ot KEystem
comeE%ﬁ%@IaEnﬁ%%%EOQ %ﬁr@%f%%%%pkn( @%jaga%9@§da second sensor
clains. CLAIM5 1 . A calibration device for automatic
(TPSgal icheakicterdsed bontaicréribgranen gaiod (dontairmregecr ame a
. __being.contraoll by a system.conprising.at least a
£ixefl Pob SQRSon 2 LBSA T PUP o S ECa R FAbeds (e TRY natkers
(5a-ghamacter,i sednby ra seakidbrat iomnbhe Ghh anikagedsikiadn and
- fixed position (2-4) and conprising a plurality of
distpackers l@save, thavep aneiabkrarranged at a known and
fixed position and distance relative to one another. 2
. A device according to claim1l , characterised in
2. It hatvitthe acalirbiiati oo cilgiins lar chagedtierigedd Xxed that the
.posi tion in a container. yard, freight yard or harbour. .
calipratiofevile '8cE6FEIHG Yt 3 cPaitm*td PoRardCer'séd SoRtatner
yvard, hat-ctibe ccalir atd en Jhiogd.s arranged with at |east 2
irst markers (5a-c) conprising a surface with a first
vi sual appearance. 4 . A device according to claim3 ,
3. GIABOLE Lo N bhat, Lhe 1) Ot Akl dikelfar the
a-c) wth the fir st vi Sua appearance are active
calimatkens. r5g. iA deviaceecaceardi g tleacltalmilret darkers (5a-c)
characterised in that the calibratigon rig is arranged
COMPLEH NG 3 XSt 2o "déCoRd fhartkers SP6a- EPPEGRPIICSi-ng a
surface with a second visual appearance. 6 . A device

according to claim5 , characterised in that the at
4. A device according to claim 3, characterised in that the at

CLAT

least 2 first markers (ba-c) with the first visual appearance

are active markers.

5. A device according to claim 1 or 3, characterised in that the
calibration rig is arranged with at least two second markers

(ba—-c) comprising a surface with a second visual appearance.

6. A device according to claim 5, characterised in that the at
least two second markers (6a-c) with the second wvisual

appearance are passive markers.

7. A device according to claim 1, characterised in that the
plurality of markers are arranged such that at least two first
or active markers (5a, 5c¢) are arranged in the same known and
substantially horizontal plane and separated by a known distance

(D).
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| east two second nmarkers (6a-c) with the second visua
appearance are passive markers. 7 . A device according
wo o008l0aés82 1 , characterised in that the plural P€EPI007/064469
mar kers are arranged such that at least two first or
9. a20tlve marker s, (5a, Se) are arranged,in;Lag same known
and ‘substanti a Iﬁ'hor|zongbl plrane ang Sépar ated by a
plurknowy difstan&erDhre8 arrAndevi eecaceokdi Rg tleaghkaimol first
, characterised in that the plurality of markers are
Or 2&rrdfg8dr&aeR tIRAr Cat AreastrEng e r8t toF &efryvgnown and
subsTBLKEES 1(53=6). 128 anLaRged d RLhe 3a0E koW 206 qistance
substantially vertical plane and separated by a known
(V) .distance (V) . 9 . A device according to claim4 ,
characterised in that two first or active markers
(5a-c) ) conprise an illum nation source from any of
9. it kevadreupcebrdiRd asek,1akR l4gMehatiaitlelre sei@ectr a nkanp wo
. 10. A device according to claim6 , characterised in
firsther acrtliggstafrkerseddRdCor FREPIVESMarkérld WiBaa¢)on source
C ri S ntial | I r rt un : a
Eronf 20 Sana 5t AraRt "Cage each afr angdd 5t R DL Fangeq e
lampat a known and fixed position. 11. A device according
to claim6 , characterised in the planar dinensions of
the second or passive marker (6a-c) are approxinmately
10. iandehe cer decetiideuble ctihe maet, i vhadard c@fisdd act ket at
mar ker (5a-c) . 12. A device according to claimé6 ,
Leasghamac Serciosed oirn Pelatl vat merEelreastarwo fiorerise active
rker 5a- r c rrang t to_a [
o (8arar 0 SR B5T e e aEbort i Ch 6 Aiaiote edge
eachcharacier sedtihe thatnatd east anewh msid dhixect pvweition.
mar ker is arranged nounted on the upper side of a
passi ve marker.

11. A device according to claim 6, characterised in the planar
dimensions of the second or passive marker (ba-c) are
approximately in the order of double the active area of an

active marker (5a-c).

12. A device according to claim 6, characterised in that at the
least two first or active markers (ba-c) are each arranged

attached to a passive marker (6a-c).
13. A device according to claim 12, characterised in that at
least one first or active marker is arranged mounted on the

upper side of a passive marker.

14. A device according to claim 13, characterised in that at the
at least one first or active marker is arranged mounted in the

middle of the upper side of the passive marker.

15. A device according to claim 4 or 7 or 8, characterised
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14. A device according to claim 13, characterised in
that at the at |east one first or active marker is
wa@eooafogss2 nounted in the mddl e of the upper SPABEPR{007/064469
t he passive marker. 15. A device according to claim4
ar characteri.sedat |east two first _or active
at lﬁgﬁﬁegwo(gérsgc) aﬁgtarran &erﬁ t%g sgﬁé ﬁﬁgwﬁrrﬁgged in
the subst anbiwal laychefibzenhali aplignecandcsepar aiedebyndl separated
known di stance (E» and a third first or active marker
by a( 5P vHs daptanged (Substanti &Ly Sy ditistallly 2abdve fRgker (90)
is a r%%%ebm% @%Eh%%l%§ﬁ§eQ%r%H@a§§@a %%%% Q%e f&@ Wntwo active
di st ance F devi ce accor31ng to any of clains
markE{BSﬁndh&E@@EQKEQE@YIﬁ khatnsdiidtancleeds? .first sensor
is part of a load position system (LPS) and said
second sensor is part of a target position system
6. @TRSyicel bcoramthiod of emhyautroratiiéscakibl, aldhetaetedised in
cont ai ner crane, said container crane belng control |l ed
thatbﬁaads@§téﬁ@@énﬁﬂﬁ§¢n@e@ﬁoﬁea§tP@rﬁlpétasé@§@rPP@PS}OD
d/ e TR ~char rig [
v B 5 4027 o 5 558l £ Ad Scor T Xed Bag " Tosition
systlkmowaiPeal.i brati on device (1), naking an |nage of a
plurality of markers (5a-c, 6a-c) using said at |east
one first sensor, and cal culating one or nore position
17. RARARBLE $ Ok @brkeast aNersantinel Jrodel-chekiner crane,
controlling the crane relative to a position of a |oad
sald( rapterdnart arget bandiongPitrildgdpssi € 6vste8 cAmprising at
1eas%e%h%‘1r%‘%c% LQing. 1o pel)ai t%%r %h%%%%% rls%%%ol%y %‘s‘f' ng
crane nanually or "au cal'l O a posit
charadmameﬁbdtb@ m@huh@atmancmﬁge 1902A wetho©oad¢db®|@@jacent a

to claim17 or characterised by switching on (406)
Fixegnaner OPE (PRSDTRErREr SOHICR o fpr SERTSUAR Imase oF

plur%ﬁ@%%r%%c%arQ%r%Ct%%ec”a%%e%§ W33k aQR BRe 1east one first
calibration rig. 20. A met hod according to claim217 or

senspg, ehar aceécivsed by swiet obfi ngref Poc40Zpnt bermmeckers for at

leas%no%%ec%%%%% %o%%%)fbr controlling the crane relative to a

position of a load (13) or a target landing/lifting position.

18. A method according to claim 17, characterised by driving the
crane manually or automatically to a position adjacent the

calibration rig.
19. A method according to claim 17 or 18, characterised by
switching on (406) one or more first markers with a first visual

appearance, or active markers, (5a-c) on the calibration rig.

20. A method according to claim 17 or 19, characterised by

switching off (407) the markers on the spreader (12).

21. A method according to claim 17 or 18, characterised by

making an image of at least two first or active markers (b5a-c)
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21. A nethod according to claim117 or 18,
characterised by making an i nmage of at least two first
W@Rr0080t4882 nar kers (5a-c)conprised in said pl uPel/EP300D664469
mar kers arranged on the calibration rig. 22. A nethod
cordi.ng to cI aracterised

comp Rt g Hog LT St SN T Sarer SR P Frrage
calidfrathenatrikbgeast two first or active markers relative

to the spreader (12) position . 23. A nethod according

to claim17 or 19, characterised by reading the

. ROSickih@Rs o Icratoqd%ga%%t en% kN0 Lhe 11:0adnReslded sea b

control nodel the crane control system X
calcméaho@ga©©@ndu@@st@fctaewmr$ crm2@a dh@ma¢meruse@ebpf the at

and confirm ng an accepta PS calibration
LeasE{TH0 oqah: ShoPs Tl Egde tCh08. 45 LG8, Booy bt SERESCEr (12)
posi€alinhration method. 25. A nethod according to claim17

or 18, characterised by making an i mage of at | east
two second markers with a second visual appearance, or

%a ShYB amarken S5 (8ae) Gampr hsedd n 93a'c%a@a‘é3%'ﬂ1tsléd°§oy

ers using one secon sensor. 26. A net
reada@@om@en@oﬁatabaswuﬁzo @h&ﬁ&@temss&@tbyt@&kﬂ@@dopesamlon
[ es_of the TPS passive nark %6a C) using a

contdPds FREEaASER| NG FBang toPCa oSG s SARRER- 27, A

nmet hod according to claim 22, characterised by
cal cul ating positions of the trolley house (11)
- Pelgttiheel e Ccorelisigc 6rd Corifasddi v& mwan k eharegiegisegg by

chec/r}l%g} nog aceending ta chalm.22, chanact %rll%%%t%n after one

i Ng marker posi‘tion val ues in as paraneters
or mbhe tangets pavistisan, C6@6r6u2no@éltabteﬁla@mbmnmmn@eamOd.
acceptable TPS calibration.29. A nethod according to
claim 22, characterised by switching calibration rig

25. fhl B8knel aeldove imer ker £165ar a7 eff 1and cﬁ\earfa%fale&qsed by
spreader nmarkers on. 30. A nethod according to clai m

maki2®, aghamageerifsed Byagppltyiongeawnd markers with a second

visual appearance, or passive markers (6a-c) comprised in said

plurality of markers using one second sensor.

26. A method according to claim 22, characterised by making one
or more images of the TPS passive markers (6a-c) using a

distance measuring means or a laser scanner.

27. A method according to claim 22, characterised by calculating
positions of the trolley house (11) relative to the second or

passive markers (6a-c).
28. A method according to claim 22, characterised by reading

marker position values in as parameters into the target position

control model after confirming an acceptable TPS calibration.
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adaptation to a LPS calibration in respect of an error
31. A nethod according to claim 22, characterised by
wappBpr4sg2 a val ue froman inclination tabl e toPEI/EPS07/064469
calibration in respect of a gantry rail or tw sted
20, LroLleygirder jngl ination error (32, Ao 8L oy itcning
pr Ogramf 6r “aut onet i ¢ CAFi By &F1 oS BF 25 tEEACT &Y
cali®irafeonsaiid Gantsai ker actare beirkgreontiell)ed iy adad switching
system conprising at least a first sensor (LPS) and a
SPre@@@én@a§@ﬁ§érOPTPS) , conprising conputer code and/or
conputer software neans which, when fed into a
computer, will make the conmputer carry out the nethod
30. @ceerdiong acoogidaings t27c3211332, Achenpeter iseddalyl epplying an

medi.um conpr n uter .program h when read
aaanlBtgh EOmBuiES o APOCRdstr 0 R obRsYe i o Sapdter

or processor to carry out a method according to the

steps of any of clainms 17-31. 34. A container crane

@oﬁ@ﬁépds@§ﬁéﬁﬁépglé@s?léﬁ@-@ént&Pﬁéﬁc@ﬁéﬁéedééﬁdapplylng a

valu%y%E%m MRSl %$g§)'%%%ﬁeatf'rs&@%eg%ﬁﬁb&%%§knaﬁ%/%espect

a second sensor arranged on sai d crane
of aclkanactyemriaséd oy tati sicealst- roné eyakjiibdatd dncliigagipn error.

arranged in a fixed position relative the crane and

conprising a plurality of markers (5a-c, 6a-c) , each

32. aranged cat o3 dknewn rand fuixed tpResicdkiian rand ofi $tEARCEont ainer
relative to one another. 35. A system according to

crangl, aismig4 copltaracterirsad o larophe oplatabivt p ofvstem
compn% E%rsaQS%e%StG%a%éf%gg% n}%% q#g&sg%%grgosec%%% %ensor

active mar Kers ( ing to c
(TPS34, c@h@&&@hﬁ@lS@@pbmekhabdbhanﬂV@Eabbhqu%rW&bKemare means

, %ﬂ c, 6a-c) conprises at |east two second or passive
whiChar KEES F@Q—&Pt03? CRUEEEEm Hdddr PG O ScICAMmUsSr carry

out %%%r%%k%%bS%@chdh%@tt%abq afitdsst 7sensor (LPS) is part
of a | oad position systemand said second sensor (TPS)
is part of a target position system

33. A computer readable medium comprising a computer program
which when read into a computer or processor will cause the
computer or processor to carry out a method according to the

steps of any of claims 17-31.

34. A container crane control system at least one container
crane, said system comprising at least a first sensor (LPS)
and/or a second sensor (TPS) arranged on said crane,
characterised by at least one calibration rig (1) arranged in a
fixed position relative the crane and comprising a plurality of
markers (ba-c, 6a-c), each arranged at a known and fixed

position and distance relative to one another.
35. A system according to claim 34, characterised in that the

plurality of markers (5a-c, 6a-c) comprises at least two first

or active markers (5a-c).
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38. A system according to claim 34, characterised by
conprising neans to cal cul ate and apply an adapti on

wo 000874882 t 0 an LPS and/or TPS cal i bration. 3BCT/BP2007/064469
system according to claim 34, characterised by

onprising neans to.retrieve .gnd RlLy.an.error. of
36 Pctihati OF To AR LAS Snd/Dr TP CATFEIREiSRT 46 AT the

plursySteModc aahiticRs t(@aclcai Ma34,) chapacisers sed1kyst two second
conprising at | east one graphical user interface for
Or P@iSSpIVEy Mig Xichfor(f&ticdn generated by an aut omatic
cali bration and/or by operation of the automatic
calibration rig (1). 41. A systemaccording to claim
37. 34 syechamacicerirseédoby oc ofprinsiddg &haaaeteadi sgdognamhigr said
. ut omati c | ibration of a container .crane, said :
firsgorPRener ((PaNe 5ePg oot POllted By tdpdt sotem and said
seco®@NBeinsioRg @bsheast parki bst asenseet( bBS)tand ayseeand
sensor (TPS) , conprising conputer code and/or
conmput er software neans which, when fed into a

g. Gomputer, Wl qrake Lhe copputer gabbyeQudl sie 7ethad, ;5
acggrgingatgoglai t%?-s%. 4%. Use of a coﬁtropgzystg%lSlng
meanfsolt oc aatlicallleitkeg aatl lbeadty eame aclaptdionelf oer ameorsaiod an LPS

d/s sten1cogp ising a first sensor (LPS) and a second
and/g&ndor H %%rgFﬁ Mged on said crane for calibrating at
| east one contai ner crane according to any of clains

31-37.
39. A system according to claim 34, characterised by comprising

means to retrieve and apply an error of inclination to an LPS

and/or TPS calibration.

40. A system according to claim 34, characterised by comprising
at least one graphical user interface for displaying information
generated by an automatic calibration and/or by operation of the

automatic calibration rig (1).

41, A system according to claim 34, characterised by comprising
a computer program for automatic calibration of a container
crane, said container crane being controlled by a system
comprising at least a first sensor (LPS) and a second sensor
(TPS), comprising computer code and/or computer software means
which, when fed into a computer, will make the computer carry

out the method according to claims 17-31.

42. Use of a control system for controlling at least one
container crane, said system comprising a first sensor (LPS) and
a second sensor (TPS) arranged on said crane for calibrating at

least one container crane according to any of claims 31-37.
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