WD 20081074882 PCTI EP2007/ 064469 Calibration device, nethod and system for
a container crane TECHNI CAL FI ELD. The invention relates to a device for
automatic calibration of a container crane and a nethod for carrying out

such an au{v%’Eﬁ&e'm%ssfal i bration. The nethod may i nvol vep%gg)g &4§%and/ or

manual procedures.” BACKGROUND ART Cont ai ner cranes are use Yandl e
freight containers and especially to transfer containers between transport
nodes at container termnals, freight harbours and the |ike. Standard

shi ppi ng comtidinagdionadeviged methodaan@osysteny foat aandngpivdgranegl une of
freight around the world. Transshipnment is a critical function in freight
handl i ng. Transshi pnment nay occur at each point of transfer and there is
usual ly a tremendous nunber of containers that nust be unl oaded,
transferred to a tenporary stack, and | ater | oaded on to another ship, back
onto the sane ship or | oaded instead onto another formof transport.
Loadi ng taneNtodioadieng.containers to and froma ship takes a great deal of
time. The devel opnent of automated cranes has inproved _|oading and
unloadln@h%nﬂ“ﬁﬁﬁéophéeb?B%®CW?ViFVVﬁﬁﬁefO%r%RHQﬂﬁéﬁFeca%&RF%ﬂ%ﬂ? &fi A nat ed

many sitdahi oy %r@ﬂbcﬁn@oétmeﬂﬂﬁak@6§ have, heenexpassdat o daRgen cand
injury. For accurate handling of containers the control systens that

regul at ecéhtepitdlonng Thp BaEh¢EANGnyp 1 eom e anatd cnased/ pe marildlbr at ed. Thi's
may conp%kggééﬁgésbratlng sub systens of the crane control systens. For
exanple on gantry cranes or ship-to- shore cranes (STS) that run on rails, a
sonmewhat randomerror that nmay occur is caused by changes in one or nore
éheel PBATKGRIMBNDOARE gantry rail, which nmay cause a skew error. Qher WO
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to the ar
especially to transfer containers between transport modes at

container terminals, freight harbours and the like. Standard
shipping containers are used to transport a great and growing
volume of freight around the world. Transshipment is a critical
function in freight handling. Transshipment may occur at each
point of transfer and there is usually a tremendous number of
containers that must be unloaded, transferred to a temporary
stack, and later loaded on to ancther ship, back onto the same
ship or loaded instead ontc 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 also 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

positicns on a gantry rail, which may cause a skew error. Other



contai ners stand upon, so that the position of a landing slot for a
contai ner may change. In addition, when optical sensor equi pnent or
position encoder sensors are repaired or noved a 5 re-calibration is

necessary. JF fg}lnated that with today' s manual procedgres it may take
about 4- B‘WBﬁ?goﬁg? crane to performa LPS (Load P05|€C3WP(§3W§3?) TPS
(Target Position Sensor) and co-calibration. A LPS 10 subsystem finds the

posi ti onexfortshealvoadiéeoftcan sabsddeendt in oecpldeadge)tdutﬂimgaﬂeiaf tthag,

handl i ng nd a TPS_subsystem fi t he posi tion d|ng pl ace
on a groﬁﬁﬁ%%ﬁqﬁFsoFtﬁﬁg‘X‘VEhF8lgga55tgﬁﬂ 0535 REpB n@ab oﬁ% f ot her
cont ai nefsr a eoRtainer wAvekEngeC TN Adei ticdl, Nivh¥n Obptai dalr ga%tnsotrn addi tion,
15 dependi ng on how nuch tinme is available, an estimated 1-4 hours nay be

spent on® S TGN g O eBP S GHRT ﬁ&F&ﬂ%Fe?e?§9ﬁ§Iﬁfﬁlﬁﬁpa#ﬁﬁééHT&F@egv@rage

estimpt esefQN id Ak 96k 0f BROrS, which is a given stacking area of eg
bet ween two adj acent cranes, when the block has been enptied and taken out

of production. If 20 calibration is to be performed on a crane in a bl ock
that is in production it often takes nore time than that because the
procedur & il iastamALpE ethdind ivhs tpBa st artareivdr PERGRAETS Y i Frediay| Rakaddi ti on

't 05 of hennol gabbauedhe.0n3etY SEOUNGS o L85 Juo B SUERANGE person 1O

work alone 1n a block of containers. 25 The error I n neasurenment nmay comne
f rom anyS@fsardny TE6ul Besgfudlesisdoni pensqrat isod ca-gahilbsatrigin.; AclP¥es in
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vehicle, as well as mapping positions of other containers,
container stacks etc in the vicinity of a target. In addition,

15 depending on how much time is available, an estimated 1-4 hours
may be spent on stacking tests and parameter fine-tuning. These
are average estimates for a block of containers, which is a
given stacking area of eg between two adjacent cranes, when the
block has been emptied and taken out of production. If

20 calikbraticn 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.
25

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

30 causing skew in crane position; gantry positioning error
(synchronization offset); twisted trelley girder profile causing

error in measurement angle; skew of trolley platform on trolley



rail; LPS systemcalibration error; TPS systemcalibration error. Sone
errors such as TPS systemcalibration error tend to be 5 constant through a
gi ven bl ock of containers. Other errors such as gantry rail inclination and

di rection d§pe0ng on gantry position and may thus differ frombay to bay
within a gYV SR8k, Error in gantry inclination al FETERPYY4%Re trol | ey

girder, which nakes the error different fromone row of 10 containers to
anot her railhd.rsamyshbnckal i SAVNMARYeOFod HETH NNTEON-Theowdtmoof t he present
invention is to provide an inproved device, nethod and systemfor automatic
cal i bratToh°of the 15 Iifting and handling systens of a container crane.
This and other ains are obtained by a nethod, and a system characterised by
the attached i ndependent clainms. Advantageous enbodinents are described in

sub-cl ai goné edrlesabavr dndepergentm 2901 hadden kRrarftésd aspect of the
invention a calibration device for _autonatic calibration of a container
crane i sSCHRE AT R ORARr i P Ve LA OEbnP hi AT ANERE i SERBNtFHAED SHFRa syst em

conpri si g #ntdy r@ast 1Aciidatichennar « aheki steeRpdngess Wantlie device
further conprising a calibration rig arranged in a fixed position and
conpr i si PRSE WruraK 1§y of iarkersTeAEAT b angedadt wat kiovh HEYED fi xed

posi ti on, g, digghancenr gl ative 1.9 :908: AL NES +,30: kN A0 Erpodiyrent of the
invention a calibration”device for automatic calibration of & container
crane i sgtedsn i édchsmples ded careonpi f Serrptatfriomasne ardw rst sensor and a

secopfl sgnsos; er%”%aaﬁe?#ﬂ&r %ki QRr k9 2rganged in a fixed position and
conprising a plurality of markers each arranged at a known and 3 WD
0081074882 PCT/ EP20071064469 fixed position and distance relative to one

anot her WaGreln dSer nvENTION

The aim 0f the present invention is to provide an improved
device, method and system for automatic calibratiocn of the

15 lifting and handling systems of a container crane.

This and other aims are obtained by a method, and a system
characterised by the attached independent c¢laims. Advantageous
embodiments are described in sub-claims to the above independent

20 claims.

In a first aspect of the invention a calibration device for
( automatic calibration of a container crane is described, wherein
sald container crane is controlled by a system comprising at
25 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 ancther.

30 In an embodiment of the invention a calibration device for
automatic calibraticn of a container c¢rane 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



calibration rig is arranged in a fixed position in a container yard,

freight yard or harbour. 5 In an enbodi nent of the invention a calibration
device for automatic calibration of a container crane is described, said
device conprising at least a first sensor and/or a second sensor, and a
calibrati oA/ EtP2Anged in a fixed position and conRGSHERY 7443 Ural ity of
mar kers each arranged at a known and 10 fi xed position and di stance rel ative
to one amokberpydieriennahfiedi cedidy akilanive otd Sordy LABYRIr Wiidrein lteast two 2
first markers conpri si Hg a surface with a first visual appearance. In

anot her ERLOITHERT Gt he PRYAMISDOA"adc A ¥o AT 1q8viBe? f ot &Syt omat i ¢

cal i brat ?Qﬂdpff@l%&t FLREr o8N\ Jus .descri bed, said device conprising at
| east a first sensor and/or? a second sensor, and a calibration rig

arranged in a fixed position and conprising a plurality of markers each
arranged gt ;@ KRowWnRRd oFi X8d RRIINLL B8R é”@'aﬂb%a%%% REL ALl Ve, t 0 one anot her

wherein the 20 at |east two first markers wth the first visual appearance
are act pveomatrkerslibnaghot hef eemootieheat ofanchd si deentilodda szdld brati on

devi ce f% gé’tr%@r‘l%af@l gpr?éélso?ia?f Sgogé%&e Gfane, Igegd%:“ bed, said

25 devi ce conpr|5|ng | eas Sénsor an or a second sensor, and a

cal i br at senseor g ara aangedilbna‘aldri xedy poshmgm and: fd@rprpssNyien [@ngr aI ity of

mar kers each ar r ang: p05|t ﬁ gd i st ance reI ative
8d W

to one aﬁS?ﬁ]éJFSW?ere nutrﬁg 5%613?’%16[}%%?55 ??% i & AV 't ¢ast two

secong rrmikediSpcBﬂtci@mipansl agstasiy fracetiwé he @ cﬁ&cmdtmesumhempeamance. In
anot her odi rent of the invention a, cal |grat| on d%w ce for _automatic

cal i brat FB ¥ty Foftdi ndr 2ETHNES §1GBsati vt $&°d< JebPd Tt sing at
| east a tbmptisenser sardhes @ Second rét WO 2008/004883nPET1EP20 0 710 64 46 9

sensor, and a calibration rig arranged in a fixed position and
In another embodiment of the invention a calibration device for
15 automatic calibration of a container crane is described, said
device comprising at least a first sensor and/or? a second
senscr, 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
20 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
25 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

30 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



conprising a plurality of markers each arranged at a known and fi xed
position and distance relative to one another wherein the at |east two
second markers with the second vi sual appearance 5 are passive nmarkers. In
an enbodi nent of the invention a calibration device for autonatic

cal i brati o084 88t ai ner crane is described, said dEHEEEEBHM® sing a
calibration rig arranged in a fixed position 10 a plurality of markers each

arr angedsatsér Known aaodl b xad orpesiyt horamiuh dnshaneged epddini@rnt @nane anot her
wherein at least two first or active markers conprise an illum nation

source fFORRTEH%F PRETYHdup off MAFIREF2sACh PRIPAHRY 3% 1 BIT®"Epéefra | anp.

15 I'n ansephodigmat off ahdeqidrverti 081 8 cal idy ahkopndend cefddleinadhemati c
calibration of a container crane is described, said device conprising a

cal i br at #onl®3% &MPafgednd Mmarkeirgedipdsiie Grecoadprypad t3PRsfan@fRer s each
arranged,al @ Jdnown and.fixed position and distance relative to one another
whereln at l'east 20 two second or passive markers conprise a substantially
pl anar part bounded by at | east one straight edge each arranged at the

arranged; gt 2 koun.and L1 xsd RAsLELon, 1 n.an,enbodi neny, of dhe invention a
calibration device Tor 2% automatc -calibration of a Contai ner crane is
descri bedutsmtd c devibeaciomprdfsiangoataatebreatanenisi geserideghd slanda fi xed

position, a plurality.of markers each arranged at a known and fi.xed

Dol L1 onapui e pre Py S e EataRn SrdaE aRe, o e h R EERR 11 r st
or aulive prikdrigyabé eackery rcaargedradtqehed tokacsdd passimedrarker. In
anot her enbodji nent of the invention a calibration device for _automatic

(cal i br at PO% 0F°Th 20Gn AP WL iEné T ¥e de cHH D 8GO T EEF dV At € te dRpFFsi ng a

cal i bratigy firgrabhrapgedvé markrsedoR®sidd om 19 1UWR: ROOBI O 74B882e from

PCT/ EP2007/ 064469 a plurali tRy of markers each arranged at a known and fi xed
any of the group of: IR laser, IR lamp, visible spectra lamp.

15 In an embodiment of the inventicon 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 at least

20 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

25 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

30 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



position and di stance relative to one another wherein at least two first or
active markers are arranged in the sane known and substantially horizontal
pl ane and separated by a known distance 5 and a third first or active narker

is arrangefosyfsbagiially vertically above the first goaepagibhdiGssmar kers and
separated by a known vertical distance. In an enbodi nent of the invention a

calibration device for 10 automatic calibration of a container crane is
descri bed, Piivetidity odamarkent fiatér 2€raneet sttc htreFRed Byl & st em

conpri si pgsftiod A% d@sthRsd 2ANSOKeaPF/ Ofe RRERRALAEDRSOE ad NRadevi ce
further “conprising a calibration rig arranged in a fixed position and
conpr i si hge af Wi &t egtdre maie@Ers éaehanrargribd ratha Rasewkrzawh BRf | xed
position j. st e i e o) er ej ty.l first
e B e R i
second sendor tlsirpartireft artartget mpoketri bh aEysingedobubsearoittldivner crane.

20 I n angt her SRES of %he va%nkion a_net hod,for. automatic . c %ibration of
. vertica apoye the %fs WO actlvecﬁarkers and separate g a
a contai Nnér crane i s déscri bed,” wherern sai contarnér " ¢crane i1s controll ed

by a syskeswrcomgutiisiangdastdmesst a first sensor and/or a second sensor, and
wherein by the actions of noving the crane to a position adjacent a fixed
and known 25 calibration device or rig, naking an inmage of a plurality of

mar kers usifig sdcdiaknkeastriana venst osensedlivaad iby eal ctd atdmg one or
nor e (?osi tion paraneters for at |east one control nodel for controlling the
cr antV r efRE PV 1D Cé%%?ﬁ%‘h Vf 2aCPBRALIRFT £y gét dﬁéﬁﬁirl?ﬁgq'l i"“l‘hteirﬁ@“

posi tioNnga B9 ddir AnleFaEyaRevaniage ref 1theopl QfRkkn eakbPaldpnrtrdevice is
that calibration may be carried out automatically with _m ni rum manual
i nt er vent#d®t adrl T8 tha8NECE ANHIOAt PoRCEANY LG Ene thBpeP Rt &t LWENRPENs are

necessar Yok Yy o e4NdL PEY SANNEl: aTh8n&ed in a fixed position and

comprising a plurality of markers each arranged at a known and
15 fixed position and distance relative to one another and wherein

at least first sensor is part of a locad position system of the

container crane and said second sensor is part of a target

position system of the container crane.

20 In ancther aspect of the invention a method for automatic
calibration of a container crane is described, wherein said
container crane is 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

25 calibration device or rig, making an image of a plurality of
markers using sald 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.

30
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 nc¢ ground personnel. The



WO 2008/ 074882 PCT/ EP2007/ 064469 automatic process is faster than the known
manual nmet hods and saves a lot of valuable tinme. The tinme spent calibrating
manual | y has previously involved nmanpower costs as well as |oss of

product i onweSadsiREed to take 4-8 hours per crane. 5 Rigyipssodmeual methods
al so required, depending sonewhat on how much tinme is available, an

estimated 1-4 hours to be spent on stacking tests and paraneter
fi ne-t uNPREOMIAME RERCEEF| bF a3 Trer $P3Tehhe ey rarganal f P& ad f&inft een

i nut s depend] g0 b ellodf. Riggesses A, Usedy! GafuPapoypr to the LPS

spr eader ers on I'n addition, the time-saving potential of the
aut omat i taneal ibhatsi pnewayuphky dtnviodyse ey vesc whv@nSI aokvegl s tlleesmanpower

costs fo(rD ﬁéﬂ&tﬂoﬂn gg‘%ﬁ&eeﬂ' nEgange g]ignugr%hg agvan sually not allowed

to work alone 1na blfo cont &l ners. age is that the new
autonatic calibration glves a con5|stent accuracy throughout a glven bl ock
of conta#ners and _is.th n the blo ends on

the acclfaty 't rrfaﬁélarlelfl%if‘ ére amfr"k@?%”éﬁ pﬁggpgﬁdﬁ?ﬁewrfathl?na °20 skill

and expemuemcameThe aemmrm,d Are @Bk i RSt &0 Jsmemloallrsskbllbe apergxpeari ence for
perform n%’é he normal calibration. Extra nmanual_work that may be needed

during cORFSSIDMETESor R RATARGET ERERGEIT Y M'EelCY Bkt e t o

measur e L{btem ldaklesaBdosk@W i @nd Lht ety hhegR sl @&Blaﬁ&lﬂlcﬂt&l tihe caystem for
the LPS. 25 In another enbodi nent of the invention a ic user interface

i s dt&cl BEREFIHATHIPSUHSRAET o Wy PPWEHt tparhts I5F tsﬁéeﬁ%?ﬁd?:%rws Phe

i nventi ognh@ngk mhireh odi$pi gy s dhe trIﬁléS%@{fi?%tp%te%%E%ﬁEBEr@he affd ovakhdations
of the calibrations so deternined. 30 Anot obj ect of the present

i nventloﬁalsbkﬁiﬂﬂﬂomﬁdebﬁnat least doubled when looklng at the manpower

costs for calibration because maintenance personnel are usually
not allowed to work alone in a block cof containers.
15
Another advantage is that the new automatic calibration gives a
consistent accuracy throughout a given block of containers and
is the same for all cranes in the block. It depends on the
accuracy of the reference markers and is independent of human
20 skill and experience. The new method requires no special skill
or experience for performing the normal calibration. Extra
manual work that may be needed during commissioning or eguipment
change is limited to being able to measure trim, list and skew

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

25
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.

30

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



i nproved conputer program product and a conputer readable nedium having a
program recorded thereon, for automatically calibrating a container crane,
sai d container crane controlled by a control 7 WO 20081074882

PCT/ EP2007y/@bA4da3ass8ySt em conprising at least a first gqAsao7iddid) and/ or a
second sensor (TPS) to determne a position relative to a freight

contai ner handled by a crane. 5 BRI EF DESCRI PTI O\I OF THE DRAW NGS A nore
conpl et eSURERT TARIIAGNBf 2t heearst Rod 1BRd §AT%m GPSI hahdfReLerfePRdent | on

may be hadnbyrrefenenceqtOetitnd Ql bewi Pgon detiaithed desgripdipn when taken in
conj unction with the acconpanyi ng draw ngs wherein: 10 Figure 1 shows in a

si npl i fi eenseiatatipeddpdgbham £@aki-bration rig for a contai ner crane
according to an enbodi nent of a first aspect of the invention; Figures 2
and 9 show sinplified diagranms of a | ayout for container stacks and a
cont a@ neBREE%nESQRIQTﬁf)@i Gt THEe DRAWANGSr 15 harbour; Fi gure 3 shows a

SI npl i f'ﬁdrpgr«%%o %S%Sd%n ongla_u nl% nd i Ioléstdngt% axes %rﬂg directions

novenen Bl BWCHAT 'S d of° carrying out an
aut omat i presadamteraNeomlofl héne womtad her refarsncac cor dhagfdsblcsnngzo enmbodi nent
of secon invention; Figure 6 shows sch r’qﬁtl cally an interface

for di spg?ﬁ% GFC{) d%gﬁrlBEé?’ét e 5358Mett S WOCGESRT o Tt R Ut omat i ¢

cal i br at heBomprOGeSS daeeOfigh nthdreian enbodi ment of the invention; Figures
7-8 shows schematlcall one or nore |nterfaces for 25 dis Iayl ng met hod

st epsl anfi Pt Fer! ﬁ%‘PBlsnéPl%nSJrr‘é:Iléwf&ﬁfi to %?Ptlé:nﬁd&f?ﬁ‘élﬂtao‘?ajt%al APBnt i on.
DESCRI PTLON £3r BHE oRREFERREL: EMBGREVENT S R JWie ckbshoMEn® & mpleikked di agram

of a calibrationrig 1 .
( aspect of the invention;

Figures 2 and 9 show simplified diagrams of a layout for
container stacks and a container crane in a freight terminal or
15 harbour;
Figure 3 shows a simplified diagram cf a standard container
illustrating axes and directions of movement;
Figqures 4 and 5 show flowcharts for a method of carrying out an
automatic calibration of the container crane according to an
20 embodiment of second aspect of the invention;
Figure 6 shows schematically an interface for displayed for an
operator to select an action cf the autcmatic calibration
process according to an embodiment of the invention;
Figures 7-8 shows schematically one or more interfaces for
25 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

30 according to an embodiment of a first aspect of the present
invention. The rig is shcown 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



30 according to an enbodi nent of a first aspect of the present invention.
The rig is shown as seen froma view F in front, and has markers nounted at
three positions 2, 3, 4, which are accurately neasured beforehand and the
position o ker is known. Each of the markers,j| | ary
embodi rrentfws g“\ﬁiiQ" 2008/ 074882 PCT/ EP2007/ 064469 c%érrfg%l%zg(g’mgﬁgﬁst mar ker
wth a first visual appearance, such as an active marker 5a-c which is

pref er ablopmarfigght Sigwtcaarkad withs@cdadshay kekalc dppeiesiangea edord vi sual
appear an Lebais eferably. g, passi {fr - r osi tions
2, 3 ar e‘égl \é,gjrcgn%edarsk%gsttagn?i a%bfcsln h?)sr ?ﬁ%?\?g%? at qglg%ﬁo%n%]ég% ﬁqi(deg’

di st ance sBcapdrtarkdre domprdsposid iarodd siana hrnggtaswbseanbialh | s

per pendi cul ar| bove the m d_point. of 2-3 at subst anti al | ertical

fi st ance PSR YREY (%412 CHETK T RETS B Suchvac a Smie CpPURDE1 i héCor a
sensob t hatrangyd beuyeachtiandy ehyri oy abey 18t nutiead tadproxede a ready check
that the r,ig is correctly aligned in the vertical direction. The markers
are al so%f6GACE P acH’f‘er_tI'O\XE? J_r’t'd é’l’ostlﬁéoai Aot ARGHESE; EWiF%fétl_saelelH | ooki ng
down freRrabayech e 1y Goothethd rsita @oiaet by exmrdkerss shBscaf £a11yndi cat ed
with a cross hatching and are arranged attached to the 15 second or passive
markers G&TELShbVIHSGCalVn PettHGiNlarSRApRRANUSK iSHER BY BnEBtlhore
strai ght (qdggs: it s egbadh Feitar MNayeBeh-8BE kednRR3kt i RBy e 3, 4 a first
or active marker 5a-c is arranged together with a second or Passwe mar ker
6a- c10Th&oR0tfilree WwiovadEi derdwikeeckayhpe B¢ ign isogpereetlvone type,
such s 30ghRy (10153 Bed); dh pde MUGRAL STHELRENREAUENG: 8 galdPral | on
rocess by an optical receiver or sensor such as a canera, CCD canera or

i deo camgealofet headtPSf( LbaddRomian dm aSyseeny .asTheepasspiengaidear s 6a- ¢
conpri si f W t.h t 25, secand _vi| | appear anc re detected by a
| aser scg%r?glr 3%5')(%\;%3?%@ 'ﬁf’g'( a?g]g rs%ogirt Pé?‘g‘gs‘?%‘%%r\%m%%hgsﬁf ace and/ or one
or nore indicated with a cross hatching and are arranged attached to the

15 second or passive markers 6a-c shown as plain rectangular shapes

defined by one or more straight edges in this embodiment.

At each marker position 2, 3, 4 a first or active marker 5a-c¢ is
arranged together with a second or passive marker 6a-c. The

20 first or active markers may be a light source of some type, such
as an IR (Infra Red) diode which is detected during a
calibration process by an optical receiver cor sensor such as a

camera, CCD camera or video camera of the LPS (Load Position

o~

System) . The passive markers 6a-c comprising a surface with the
25 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
30 marker with a first visual appearance, an active marker, and the
second marker with the second visual appearance, a passive
marker, arranged or attached tcgether, the two sensors of the

two control system subsystems can register and be calibrated by



edges of the passive markers. The passive marker may, for exanple, have a
substantially rectangular or circular etc. planar shape. By this
arrangenent of conbined targets, the first 30 marker with a first visual
appear ance n Lve marker, and the second marker w ond vi sua
appearancewogmg§§§h%e mar ker, arranged or attached tg%%?%égﬁmﬁﬁ t wo
sensors of the two control system subsystens can register and be calibrated
by 9 WO R00U8//#88@ PCTLEP200W @64469onbot hsrsyrst émsthe ¢dretsigreer position in
space in gpg container yard. Figure 9 shows a ship 10 and a STS crane 9'.
The crand®is shown 5 to have a gantry 17 under which runs a trolley 11
forward and back in the X direction. This direction is also know as the
gantry direction. The trol] ey supports_a spreader 12 which hold a
dont i nef 53¢ i Erans TT18 24 HOBeOne B rekTes o of FExarIe. 2 GREVBT ¢ he
ship 40 apdhalong ganpalh1suaiyeas wpath Puhd de rseted01 dorsritr-a agant ai ner, or
a Iandingﬁplape such as a ground slot, or onto a truck or other vehicle
(not shoWAfX TFhdbér Fn€iveCkifs THASr 8 FECtifier Sed¢ROskROMS 351 EN6f | egs in a
d'FeCt'9&ah€k§”dﬂ¥@bti@ﬁ.tfﬁéFﬂfﬁriegfsEB§o£E§“Hgsp&eghgﬁtﬁﬁ_éﬁid% ¥odikection.
This difection is also known as the trolley direction. Figure 2 also 15
shows a PRayoiiaigercdAt aipererans anéssante contaiiner $8acker igxagplerei ght
term nal ,or hardhauisyiig 2 var?a/vaflro%g_ gbpyen the el QQEh yard.pigyre 2 shows a
bl ock of containers 20 and a contdai ner crane 5‘. The gantry 17 of the crane
i s showndewuppor ta kgnaaigont aimer 123diseepd®o stugé eont agreynd spogader and
trolley | Fi_gur ) ... The crane.r.uns t rail 5 6rq /i he Y or

EP o & %{ﬁc% or &%%e v@%éFyg (éﬁ}(ﬁ%ﬁgpgékégé ér%Ae 9 Qu%s

gantry drrection. € rectangul ar 0Ck cont ai ners  and ground

(sl ot s~ 250m srag lenawdebutaal bidtr dr5i, | Y 6sef ebdad igr aupiokct comtiai mer ostacks

L

around one Si20s and preferably beLueen 190, & 3188 oLy 41 Spylgocri ption the

direction is also known as the trolley direction. Figure 2 also

15 shows a layout of containers, cranes and container stacks in a
freight terminal or harbour in a view from above the freight
yard. Figure 2 shows a block of containers 20 and a container
crane 9’, The gantry 17 of the crane is shown supporting a
container 13 (see also the container, spreader and trolley in

20 Figure 9). The crane runs on two raills 15r, lér 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

25 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

30 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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25 contai ner 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 Iines of containers or
ground slots in the X direction called bays 21; and into S|ngle | i nes of
cont ai ner sSWOSHB'ERY a direction perpendicul ar to thatPGIHiREH78844%al | ed rows
22. Figure 3 shows three principal orthogonal axes X, Y, Vwth respect to
a cont ai bened Fomndthes konsaihs caviitigenpeyt: centithe olOhWH 2D 8264882

PCT/ EP20Q7/ 064469 Ilnes for(%?e container with respect to the orthogonal
axes. ThESFHHNE A11S8 SROVR GiddFAERARL FRutY P a?k'?WegFE?Fosl‘ & 4% a rotation

about a vefit Ll adeius ¥, verticdl exner vl avtistvkirghrar O aiieh kends to
list around its long axis and rotate about 5 the axis Y, and a trimerror T

with whi EANEOREIGT teREsehfisl 3T tAFOUNEoAE &I h@?g Adig 2Pfer P DAY thangs | over

than ¢ hecQiheg; €nd, angh@Wor 88 & J0t 8t |9 aih’ﬁl'gh bhe LPRghdayy LM (el i ”e
axis X. The calibration processes for TPS and LPS are both absolute (i.

rel ati veceotaheey&ldnX- ¥o&/ Towr dixigt bangst kyyerandanhigie 10thdrere@d,s no need
for co-cahbifald an Bebeest LieiBRea0flal e PRanc e in8 Ui d s @ i gh and

consi stent accuracy throughout the con nce 'all cranes in

a bl ock ghe abslukeoncplibralad dsi igsthies sare el gpeRca% dNgly co-stacking

capability is inprov ecause any neasurenent error Int 15 position of
the refelenee nedrafétve Wil theakara KeYsHneoefdiastteosy sabm) carechetéluSWt h the

aut Oﬂ@t | eneal 1Y afd %@eéyﬁia?”&é %&Et?&’n GGG ftﬁét £DS1 %8y mepgonsum ng
stacking tests vmthtvveamg or |ne tuning o ef offsets an Ot er adjustn”ent

par anet efseiresriderist e h2¢h getd aogat sséactarqumaeyukhroiieowysthem i s able to
%elf-diaggggga&éga %%&UEO(Islnce %llt¥gn§g in a block are absolute
calibrated using the same references their co-stacking
capability is imprcved because any measurement error in the
15 position of the reference targets will have the same effect on

all cranes.

With the automatic calibration system there is no need of
extensive, time-consuming stacking tests with tweaking or fine
tuning of offsets and other adjustment parameters in order to

20 get a satisfactory result.

The system is able to self-diagnose the status (i.e. quality) of
its calibration parameter set, using the known positicons of the
reference targets. An adaptation algorithm is available for
automatically adjusting parameters used by the positioning

25 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 <ui using
three LPS reference markers Sa-c at accurately determined

30 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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its calibration paraneter set, using the known positions of the reference
targets. An adaptation algorithmis available for automatically adjusting
paranmeters used by the positioning 25 systens in order to handle the
possi bl e effect of changes in the environnent, such as_shiftin

of the
rails etc. VPRS2 yoscribed in nore detail bel ow. AlftCJ(thtz'?oé’”?f‘g”l bration of

the LPS systemis carried oui; using three LPS reference markers 5a-c at
accur at ehyraeget minad a30igosnddkens 5B, Bl dced ddwweyand seecdt guree 1 for

mar ker positions on.the rig). A preferred setup of ese markers is to use
two | O\Ag?w%rq{éﬁss 8%, a%%r?’g%malﬁe‘—lgagpgo’ﬁ?%‘?sel lﬁgﬁe{/pesleréepaqlﬂlcflos\o

2008/ 0748822 P ER2UQ7H004d6DnAmagnpedvad 1dY alchleghingr &erpatrtpl-aged above
and between the |ower ones (at_ approximtely 3.5 nmetres height V). The
choi ce ofSS¥RY AN1%@1gef ib Wi RRITSITBAE CRayL e RaceedPa_pEi Hg *oh practi cal

i ssues apds & A0rd LR REYTI0E TR saPYT B LYY b 9Riténind Rghr abl e and
may be necessary to be able to switch the power on/off to the first or
active reré&pEhde fRekEissbaer antd veoreherensy SEirkgrand&ke? LUSEd th¢ t he

crane copilol; & redl pt nand cu ate s e $osid;i@R). nount ed
on the sgr eadler?y%, HI:#Q rﬁ%%éeéés r;E. gPr]é%Z‘%a y thi gg(gg%rt%n/ og%lfS s% oul d be
cont r ol | abfl ecalidlagieornt teddd wosfitdmmi hrowrtate oor thempipedayderTHE ,adfomat i c

cal | br at hon L5 anabl.ed L, pari by £, 0pdsh b5 e LBS, sy sLam ULl g

producti on delr s a term ne very accurate e position of
t he spr eadesmarardedly, Thesechgasiaheons semottdien used to determ ne the
position of the 15 spreader and bottom of the |oad (the contai ner 13) as

vel | as phbe,fudnB ikl 8h1apehSkaivi sThRaG8Ed bIAtJ-0R ByoSedue fiplsahe crane
perator consists of pressing a "start calibration® button after which the
crane nbbessysftan.posrtngnpzadudidonetbe enedelmaskeblei g d¢teempneader
very accurately the position ¢f the spreader markers. These
positicns are then used to determine the position of the
15 spreader and bottom of the locad {(the container 13) as well as

the trim, list and skew.

The calibration procedure for the crane operator consists of
pressing a “start calibration” button after which the crane
moves into position at the reference marker rig, the spreader
20 markers are switched off if necessary and the rig markers 5a-c

switched on (see also 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

25 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

30 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 calibraticn

variables compensating for any differences.
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20 markers are switched off if necessary and the rig markers 5a-c sw tched
on (see also Calibrate LPS button of Fig 6). The LPS canera on the trolley
then detects the rig nmarkers, neasurenents are nade by the canera, nodel

par anet er sy Sofdlgey! ated and the crane returns to t fier
restoring Bg{v\e?@o the spreader 25 markers and sw tchi nﬁgg&?lﬁ%“cgal i bration

rig markers. On comm ssioning, or if any equi pnent (e.g. marker boxes, IR

di ode, spredderosqiRly (8 eharided crener eetern teddct seéerenfts shg gnd
re-est abhhoh e fpl abi e0sDElyRRn sthe SPIeARElo AU LS. FRIKEIS ooRl S TS
done by [owering the spreader and neasuring its trim Tist and 'skew (see
di agram of gyval@timgFitye3posithiass ofakbhesraferantcemedkens ovltitdh syst em where
they are red. t.o h or respanding tput frao e L to create

cal i brat Fgﬁw@laﬁuaabll 1ezglgcgrrlr(%énrfséff |ar?§1r gf Ig%?/&dll erog]n%ggr{%%%mmm%&
PCT/ EP200 064469 It is possible to let the crane return to the reference
rig and have the LPS self-diagnose its calibration status. This is done by

eval uati Afo! Des,pasid ansypled e plbeLencs: JALK Aloticdhlichen ahoi dpaual the

known, neasured, positions 0O e reference rkers. e resulting
accur acyacfutrdey cdl itbeaf édsthogelacdépenusriver the- ¢ @osdr deys ofArnt dfsekst or

active S5a- si.tLons ff rror d hej osjtion will |ead
to an o??%g§£elr$(}§lelq% Fh%lt%:%nnee‘\,rlaﬁnéggﬁ %ﬁd{%nofef'r;re%r 8}:{:}0{‘)%& t%lpe mar ker 5b
posi ti oncainéta Ifbdedadntioan e@oraresmondengop medrikeat iSbnpestotorn hatllis |inear in

hei ght . ver, all cranes. usi,ng.the same rig wll get.the sane offsets.
Dot PPh opBFar Tbie G TRPRRT a1 G RECLo8 STt It BARa by the model
(errors (nBieht arvdvkel yal D deanedr isisgathe and tthe eolr egdthess chmehe
inclination tables (described 15 in nore detail_below) in addition to the

al ways pPeseRts. Hifdaft PBETALI® YEnBBRFEF IO LT ShentES SHEA™ gdsi tion on

the determined by the model errors (which are likely to be very
small) and the correctness of the inclination tables ({(described
15 in more detail below) in addition to the always present,
uncentrollable, random errors (such as wheel position on the

rail etc.).

Figure 4 shows a flowchart for a method of carrying out the
20 automatic calibration c¢n, 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

25 to be adjacent to the calibration rig, preferably automatically,

406 switch on markers on the rig, the active markers 5a-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

30 rig and is not affected by the spreader marker light sources,
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rail etc.). Figure 4 shows a flowchart for a nethod of carrying out the 20
automatic calibration on, for exanple, the LPS system using the
calibration rig 1. The figure shows the blocks: 400 start calibration, the

oper at or pﬁ@ﬁﬁmﬁgﬁﬁ?rt button (eg Calibrate LPS 62 F“ﬂgﬂ%aﬁgﬁgﬁﬁve crane to

calibration rig position, - the crane is noved 25 to to the
calibration rig, preferably automatically, 406 switch on nmarkers on the
ri g, thed@Btmake nmeker sfbnic markerswrethetvort,o 408 thel hay keth 6BSt he crane

spreader _are sw_tched, o i f that i ecessary, S0 that the _sensqor system
detects F%nég%adli T ggﬁgn%%Oporsll&%ﬁﬁ |°§ hot &t é’%t éégb?a eerssgjraegd%?:errar ker
| i ght sotfirces,anltB Mé®sA0688/ 074882 PCT/ EP2007/ 064469 408 nake inmage of rig

markers relative to the trolley with LPS canera, so that the positions of

the acti ¥ey rd g JREKEr §e§9ﬁfv@g%sifc989do§®im§we§g’ £ 410, galLHl ahe ! elative
position of rig markers to trolley, the 5 neasured positions of the rig
mar ke¥ s BResEctckedosioarnheo freiticerigi magke datextarstednpaeredteo metrseed val ues

for the TRLkersRASLLEONS, 412 caleylahelipdal ¢ paramelers, for mdel , after
conpari son e odel values may be upda ed Tromthe neasured val ues if the
10 neasupesditiadnsgs are, upon checking, found to be valid, 413 Present

results on a graphic interface 60, 70, 80; see for exanple itens 86, 87 as

shown ingfh gcaﬁ?:ucm&%buba%{éigsgﬁa%w@df@y hdif13CLipas gémpm\goagtﬁéane away

fromcalibration rig, an swtching off the rig markers, and swtching on
t he spreadéel vediiesr mayi pe tindagmdedden g Kegesurgd bebweswilt ¢ided of f in

407);0 The.LPSFYhBeat LoD, CRlGUILALER: hhe ARSId k8nLef L gy Spreader 12
(

413 Present results con a graphic interface 60, 70, 80; see for

example items 86, 87 as shown in Fig 8,
which is then followed by the actions of
moving crane away from calibration rig, and

15 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
( 20 used to detect the position of a Target Landing Position (or

lifting positicn) for a container 13, as well as to measure or
map positions for cther 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

25 1in 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

30 more than one crane are arranged together both cranes carry out

calibraticons using the same automatic calibration rig, which

14



and the actual position of the trolley 11 house (in both gantry and trolley
directions). As noted previously, the TPS systemis 20 used to detect the
position of a Target Landing Position (or lifting position) for a container

13, as wel gepasure or map positions for other i tacks etc
near to th{goazg(gysoﬁ 8|H}§n of interest. TPS calibration usg@?ﬂ%@dog@@;@i on of the

trolley 11 house together with the known positions 2,3,4 (shown 25 in Fig 1)
of the calibretswe thgt Thth TR8ngsasut éslatier pegstrenthefcaia@inegsmarkers in

a simlar s d rj ahgv nd, | | ati.an g 4; djusts its
cal i brat ?%%@%la?? alrrrlet% Z‘%’sbgﬁgﬁ Q%tW%é’%ng'%e%%ﬁrsgﬁ t%&%? ?gn&o‘? pta%%qrv |%g

corr espomaskds tdae cabbuoabse posihaison of f tatarr aenenry | grafuk arlgl laey house
position., Wien 30 nore than one crane are arranged together both cranes
carry out®>%aliBP&ons using the sane automatic calibration rig, which 14
WD 2008/ 074882 PCT/ EP2007/ 064469 w |l ensure that both cranes wll later
measur e The Tohtaildbrstieguid Imadeninheehionde wHbweord fhkloFRESISESEEem uses

the passiye c%ﬁ@%@oﬁgsﬁ% af&%%%%.ik% bas ‘asd‘:cgrftf %E?gﬁréffosno.’ i erably a

| aser scanner ration s nmade i n sequence wt nd foll ow ng
the LPSthaladratdlosystenyiprlessirsy hhlee "st RS callibration”(dedt Fag t he
control stemw |l first e an _LPS calibration e Fi, ).. _After an
acknow e%ér‘% Cfof"a®§ 3%%geg4<qﬂmeﬂﬁsoga?i%lfca%els(?rfiutlhgﬁgc%%ftj%oﬁaﬁsl)?& Tt hen
carries oohtidie siidbemathbf addraiesThet resel 1Pl Qailshpaesent exhd irelshetuser
interface (see partial displ ays in Fi %res 7-8) . Sgng addi tional work is
requtt ed DPTTIFRESi SR higE GG FEGEFprentSS %S PEREAGEd TP PYS ével i ng and
skew det piginad i7008) .0bohdeadd®)ionkill gWk £k 51 hwm iaehl eMchainti fsQbnanget hod of
carrying out the 15 automatic calibration on, for exanple, the TPS system
usi ng ther tal9Bramesh +§ FHandee (i Gur 2 EHORS PRAaBEFY | T 1@ IPREIBI ocks

cf the TPS).

Figure 5 shows a flowchart for a method of carrying cut the
15 automatic calibration on, for example, the TPS system, using the
calibration rig 1. The figure shows in addition to the blocks

400-407 of the method ¢f Fig 4 the following blocks:

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

20 laser scanner,

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

markers 6a-c,

512 calculate/update parameters for model; the measured
25 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
30 more of the information or values ¢btained using the system and

methods described above. Figure & shows schematically a

15



400- 407 of the nethod of Fig 4 the follow ng bl ocks: 508 nmake inmage of rig
markers relative to trolley house with TPS sensor; so that narkers 6a-c are
detected by trolley sensor or 20 |aser scanner, 510 calculate relative
position of rig markers to trolley house; simlar to 410 image data is
processed MWD WYL a position for markers 6a-c, 512P%Té?1?¥ﬁﬂ7§f@ﬁ%pdate
paraneters for nodel; the neasured 25 positions are validated and conpared

to storedimghuesed alidhgrRar apet £reuupdaladcMher £ NaGessak Mt e bl  esent
results on a graphic interface, simlar to the exanples in Fig 8. A

gr aphi calcoiB&t s {0 T5186E LPURga R Be SHIEHIBY i &p|IiRFasAeN 0P 30 nore of the

i nf or mat i;0R ALt YAl ues et abReds U g ckhepsyst empand  wet heds, dascrd bed
above. Figure 6 shows schematically a 15 WD 2008/ 074882 PCT/ EP2007/ 064469

sinplifi edndpageandast, &aBUprs0e viiviach 6di sphdyso arliifretfatee Bohpri sing
selectio S r. .t cal.ibratio r L i tion of LPS,
Cal i btfr’at EYEE%Q'GZ(?%%&%Z&I% E?gt §4 éafllc(%‘ﬁf%ai‘]nglﬁg‘fsoaagf&%an??llﬁ%zra?%i%% 66, and to
cal i br at dishea¥R8 Sirsystsehpm@al ¢ breat e nTPEN&Y1 orFidjuapd ayeshdwsig GUE i nt er f ace

70 displaying,in a.chematic i nf.ormation displ ayed.during the LPS

Cal i brat o8 PR S BTG r b tond PR of MUY o B Tne o8 408K 1 ¢ he
process, skRSeSetpueime dridtes£p, Lrhisdyusayeconps | 58 whitiahusay nebngatices such as
canmera calibratjop started, crane in 10 c brati on position, Izi’ﬁr,eader

o
marker s BORBIS ol T ARk SHCT o8 FARREF, OFt 4P KT StRORRT” 7923 %hd Teaul ts. | n

the fipgureiltbeat MEOGRSStiBhY shavsidhahrkbes spiwaden markgaskade still on.
LPS Result 77 displays information _such as canera calibrated (indicated as
conpl et e@PSIFLRER) camd FAEEFTHr SYGh 'duceBdsTafltas, TN 5hpastd

ba'ibratb@@cé@&'fﬁkt7%hows that the spreader markers are still on. LPS
Result 77 displays information such as camera calibrated
(indicated as completed), last camera calibration successful 76,

15 last camera calibration failed 74.

Figure 8 shows a similar interface 80 displaying an LPS Model
Validation 82 result. Among the information determined during
the calibration and displayed on this type ¢of interface are

20 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

25 rig markers are on 406 and detected. The figure also shows
results from a calibration including comparable figures for
measurements from the trolley (TIPS system)87 and measurements

from the gantry 86.

30 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 is also possible to determine the position of the

container under the spreader by means of external sensors. In
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Figure 8 shows a simlar interface 80 displaying an LPS Mbdel Validation 82
result. Anong the information determ ned during the calibration and

di spl ayed on this type of interface are 20 status indications for: canera
check started, crane in «calibration position (indicated as conpl et ed)
spreader n¥OEBLO7488H 83 rig markers found 81 (i ndi catFéd/ R30028¢#4%t ed). Thus
an operator would understand that the crane has noved over to the rig 402

fig 4, theaspreadefataBrkensas alms bl 4040 WO ddpaknthee@Soy ightBItkens are on
406 and detected. The figure also shows results froma calibration

i ncl udi N§*edFHr ANECFPgures for neasurenents fromthe trolley (TPS
systen) 87 and neasurenents fromthe gantry 86. 30 As descri bed above, a
Load Position System (LPS) is preferably used to deternmine, fromthe

trolley posifd L ARALNey SRS BAS! 11 Ohail BE SLNSLAGE ANPOUBROB! | ON Of
a container 1 n space. wever It is also possible to determne the position

of the wvehtadhanduaderribenspireadderbyo meindnige exteraal A skisdr ¥ayin 16 WO

20081074 EP2007/ 06446 ddi tj.an, . dat r S | be

suppl eneﬁ?g%fﬁ/%%t ggﬁ)gmls e&q%re%ngfgégng%r%%eg%gs e%e%ntgaletggm of LPS
and TPS maytle smrmeoppsiseomdaptvheme Bnoeldwo dssaned mabgot h¢ hewst idowar der to
mnimze_errors. A f.irst.m@/ to mnimze error, is for a crane to al ways

pi ck up &"@otft & LoB WEREL NS S88FFPon"Ye SHHer e anot her crane made the
set - down-Lraingk demaddbtil @nrewddt rheheagondslt isystenwhetPIEy st em shoul d
report the same position as where TPS 10 peasured. the container at a pickup
of aIQ:on{"ﬁ?%lélf‘?dzi%& CYPLREYRY éth ShBdFE el fr €HE15Fbunfrar kers to be in
nom nal _}Eosition. G‘OUEQ mar ker s %rse mar kers fixed _on the ground_which

i ndi cat e the PoET SROBFHAJIRADIEOPE GFOWH "T5EES EPrBY st MIEEEdr enent
whi | e hapdsihhreoniraufar Safyr£ e heeRers fixed on the ground which

indicate the position of one or more ground slots.

Errors in measurement while handling containers may come from
15 many possible sources:

a) Inclination in gantry rail
b) Curves in gantry rail causing skew in crane position

c) Wheel position on gantry rail causing coffsets in trclley

direction
20 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
25 h) LPS calibration error
i) TPS calibration error
Some errors such as (1) 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

30 are thus different from bay to bay. Error in gantry inclination
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15 many possible sources: a) Inclination in gantry rail b) Curves in gantry
rail causing skew in crane position c) Weel position on gantry rail causing
offsets in trolley direction 20 d) Weel position on gantry rail causing
skew in crane position e) Gantry positioning error nchroni zati on of fset)
f) Tw st edWOr2B1802488%i r der profile causing error in rreenyTfFé’ﬁ@WP‘“@ngl e g)
Skew of trolley platformon trolley rail 25 h) LPS calibration error i) TPS

cal i br at h 08 el it sSeRe EFs DTSy YUGheds YhlcH RRkedl theati fhr efifFeranhe const ant
t hrough the block. OQther errors such as gantry rail inclination and

di recti oh*¢R)°Nfepgend bR FANISF pdsi £AEA e h@ht hESr B FIRERNBOYRSE PRus

di fferent f5omdbay -4aPaY: ol fOmaka Q%I\H/ddzﬂq RaL| Q&‘ch Jgro\ﬁqdzgqglcomssz
PCTI EP20071064469 also twists the trolley girder, which nakes the error

di f f er enbut falgmn gwambanéor cacingtlhéry . T@Ctlaade rmfr engf f@lhetltﬁ fwherlent t ypes of
errors tHe, adaptati qn i s, apde, id ‘}'o\éde?%ﬂF%" ¥ %F‘egg&gl O%(l%to% but al so

common for actual bay, acfual row and e who that is, there
are fourbagaplt, onvw Roangriounmk I00Fig5,2) bay 21, row 22 and bl ock 20 Fig.
2). There are errors that are stochastic such as wheel position on gantry

rail. Torpeduchd Q%rb?EaEﬂa faﬁe“%%%cﬁé%@fé Qibrt B wAdAPt élctrlo‘?&mo.‘ﬁ a smal |

part of the neasurenent difference 10 (about 50) is used for adjustnent of
t he systemtﬁ-ﬂowamJGthsre@&e née u@pagtwef giﬁosbaempss ehethgei ght factors

ar e Indlx&&%&%tlon on§ séﬁ?ﬁt&k E%(ﬁ%%é% % g ? f%greﬁé al for the
adapt ati on Wween cranes S an et ween and ground
measuy engabeut 5%) is used for adjustment of the system, How much is

defined using weight factors, the weight factors are individual

for slot, bay, row and block and also individual for the

adaptation between cranes, between TPS and LPS and between TPS3

and ground measurements.
15

The adaption between LPS/TPS and between 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

20 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

25 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 mocre or computerised

30 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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15 The adaption between LPS/ TPS and between the cranes can not detect when
inclination in gantry rail cause the stacks not to be erected vertically.
The adaptation will rmake both cranes to stack in the sane position but if

one crane has a bad unknown 20 inclination, both cranes will make a stack
with hal f M2A0087#82  in inclination. Therefore there TE/ER2P|706446%heed f or

nmeasuring the inclination of the gantry rail. The inclination wll be
preset tanzehethdr tddod@eseht othofrithe eakkdration & girfbevismel i nation of
all other positions will be determned relative 25 to the inclination of
thi s posPPPBRATARGRI tre aF5I DES 3%0rEd "PAKERS +hdhS&ENsR PALPRI The

processi RY10hi SMPRIYVisi@B0f the Galscbhatkops Moty ERynpe. Karried out
automatically by one or nore or conputerised 30 processes w thout any need

for supehyPBlonrdidesitiget FoRsEHT Gmbdsntopetaradr liMhtany £PAe an operator or
ot her 5a”twﬁ%ie3x§%ar%era%%|’&c'i@¥ed a&ﬁﬁ?%ﬂmﬁiﬁé{ﬂ&mﬁf&%@g' % 5%%6""’ | nspect or

anal yse live on-line or o 'Tne as require 8/ 074882
PCT/ EP2068PL08d269( ot rirandeher amivioodivawnictdieh § ittstt maekeignhbiera fir st

vi sual e nce hut _are not activ rkers in the n of . bei ng
| o natboncagurasdd tRESpPYs ARt TE R et e il i
refl ecti veat oiatdelififkirent nmaswaalcHarghteoi st iors X rwavehengihst associ at ed

with illumpation by |anps on the spreader (or trolley) and/ or wavel engths
that ar cPBFBRTTT U SPORCEIB-E dfe R RS ERELTS: e SECACHb ker s ar 6 pacsi ve
mar keps whbalehgores dirf hegBDy vé SuRlt iGBaract€rdidd;s tutomnt bgy fadsst  mar kers.
The surface may be non-reflective to particular 10 wavel engt hs or highly

( P

refl ecti VB%t BT $¥ e 6 2ThBPT PR LfiPaTASECT AR & SUR SdndPBFToptd diose
thar act epirsthese . Hafkersnt 14 oidNesep1 0kt therd ivhet srREkepsrxdas its
simplest formthe first markers

have a first visual appearance according to a first colour and

the second markers have a second visual appearance according to

15 a second colour. By means of the first and second visual
appearance it is clear to the system which set ¢f markers are

being detected, registered and/or photographed.

Methods of the invention may be supervised, controlled or

20 carried ocut 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

25 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

30 more general purpose industrial microprocessors or PLCs or
computers instead of one or more specially adapted computers or

processors.
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have a first visual appearance according to a first colour and the second
mar kers have a second vi sual appearance according to 15 a second col our. By
nmeans of the first and second visual appearance it is clear to the system
whi ch set of markers are being detected, registered and/ or phot ographed.

Met hods of MOP&YH8ht i on may be supervised, control | edPTFEP2HFO4ES | ed out by
one or nore conputer progranms. One or nbre nicroprocessors (Or processors
Or CONpUtrBESEoRATIYY $odr &R Il ri sRE0e6885h T WYdyreRUc- 688 NeXxdneehtis0 or
conprised in one or nore of the above described crane control units, which
processofSIt RS cosie EERpitRT < hFdr MGkm Ehe AW Saf OFhRrHERIRYs according to

one 25 OLoPBkfin ASREGEE N0 LIS ek 9Bns 2Sa ARAGEWRED §9Fa examlg for
operating or controlling a systemof two Industrial handlers and two

presses, vasueiescrdlisad ahi ohs r efrc@roaisat Fpprrandq thet liket $or Bdreunder st ood
that 4he,gppul of- i 8ALRIEI oL GAS VLRG PUL e TRNAds, according Lo Lhe

i nvention nay al'so be ruh on one or 30" nor e general pur pose |n5Ustr|aI

m cropr o€ ésscsrtor oBLESgores chnput ens/pnsteatheofgrepbiorusmr e specially
adapt ed goggu#ers O Processors, %9 mo 2008/ 7%@82 PCT/EP%901Q964469 The
conput er “Br o4t A Sipf 285 T otput el “proBt am Todd “ePERERTE B “Soft ware code
porti onsstbaéd nake phecesspriter ablovpl obessadrso [per boroMi heampetdrots usi ng

equati ons | gori data, store val ues, cal cul ati ons, synchroni sations
SR T ot Tt U NER M 37 TR SR R Gl

rel ato onptegthes il ewebast siOfwifd1@URES 4156 bandoeedt 0otHEL@r @phi ¢ user
interfaces of Fiqures 6, 7, 8. A part of the programmy be stored in a
pr ocessofSRsr e ClhufTalBo Iher RENfaREM CPROVET EPREMPER TEEPROM chip or

Simlar gRARNYs BaRIneTHE @150 -Rbut be 3%b RIQH, ARE kNG PAE ! g owhol e may
al so be stored locally (or centrally) on, or in, other suitable conputer
r eadabl ecBpeHfaimmemory storage means, 1n volatile memory, in flash
memory, as firmware, or stored on a data server. Other known and
15 suitable media, including removable memory media such as Sony
memory stick (TM), a USB memcry stick and other removable flash
memories, hard drives etc. may also be used. The program may
alsc in part be supplied or updated from a data network,
including a public network such as the Internet.
20
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

25 defined in the appended claims.
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such as a magnetic di sk, CD-ROM or DVD di sk, hard disk, magneto- optical
menory storage neans, in volatile nenory, in flash nenory, as firmwvare, or
stored on a data server. Other known and 15 suitable media, including
renmovabl e nmenory nedia such as Sony nenory stick (TM, a USR nenory stick
and ot pgraggovabl e flash nenories, hard drives etc. may al so be used. The
programmay also in part be supplied or updated froma data network,

i ncluding a public network such as the Internet. 20 It should be noted that
whi | e 1 he Aatalibeatibrsdevite forautomiti€ galitratiendod dicoataisenéraneesaidwoontadiver, t her e

ol ut | SiEneaing GonialiEt BY A PR oRE s Be e erst e ol pRSr L S BRI ag 25
def i nededdhd suhs2PPFPSF & Hdrabterisetb{a ¥\ Bratibn ity £8!drRifJedan StdLe for

autonmatic calibration of a container crane, said contai'ner crane being
cont r opbsitiom{2-4) and cemprising a plurglitytof Inearkersa(Sak-¢, Ba-c each artaP@edatd or a

second, sensor (.IPS), characterjised by.a calibration rig (1) arranged in a
fixed krb%\lgl;\@pgﬁlxgép@s&lgﬁoar}g{)% @Pr{ﬁ}%vﬁﬁ%%?iaﬁwt%r' markers (5a-c, 6a-c),
each arranged at a known and fixed position and distance relative to one
another. 2. A device according to claim1, characterised in that the
calibration rigis arranged in a fixed position in a container yard,

frei gh2. yérdevice aeeasding tolaim desharacterisediimthatdhe (calipiationdigdsact eri sed in

compr i S H#Tied phplighdn pYLFIABCAY. RefibeiBAb ool (CU1 oo ccor i ng

to claiml or 3, characterised in that the calibration rigis arranged with

at |east two second markers (6a-c) conprising a surface with a second

vi sual appearance. 5. A device according to claim1, characterjised in that

t he pl 8r a/ 4svieg ageardingstoplaim 4, chargeterisadhin that the calibratiopwig isi r st or

active : , r | i . : - - tially

nor i zoRande] dith Wiesd 2 AL R95 ) Bol s By B iR iR sLar
appearance.

4. A device according to claim 1 or 3, characterised in that the calibration rig is
arranged with at least two second markers (6a-c) comprising a surface with a second

visual appearance.

5. 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).

6. 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-c) are arranged in the
same known and substantially vertical plane and separated by a known distance (V).
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(D). 6. A device according to claim1, characterised in that the plurality
of markers are arranged such that at |least two first or active nmarkers
(5a-c) are arranged in the sanme known and substantially vertical plane and
separated by a known distance (V). 21 7. A device according to claim4,

char acyer ixsgélitd abbardirg® daineh, @Iﬁar%‘éftéﬁébdfﬁi hﬁt&wo(fﬁar@r):;)ct%rmérk%es an
illumnation source fromany of the group of: IR laser, IR lanp, visible

spect r éba-aihgomprisa amluumen@tmbswrﬁg from any.pfihe, grebpofciReleseadRilamphat  at

| east i tive markers (5a, 5c) are arranged in the sanme known
and sug'gbéé#%%tfé/)f izontal plane and separated by a known distance (D)

and a third first or active marker (5b) is arranged substantially
verti caIIy above the first two active nar kers and separated by a known
di st ance . A device according to any inms 1-8, characterised in

Chat 0BF anevieaarcaing to daiffe 3 charastpnised Phthasa lerstitwodiiskgractive(LPS) and
sai d Sf‘rFa‘?l!Eléri’rl 38§§$‘5) dré fgeRlindhe LaARUnRITALY Qﬂbét)égﬁglg)nﬁ&lpz?)ntal ané' et hod

for autona bration~of a contalner crane, sal tai ner crane being
cont r obh@depsrated by tacknovenpistanioey Dy tanidea tHirdefirkt osactbemarkerl(by) isand/ or a

second sensor (TPS), characterised by nmoving the crane (402) to osition
adj ace@fraggeq ﬁ&éé&f Alviyestical B’aﬁb%ﬁeaﬁhﬁéﬁsﬁé\?%'%mafkﬁ&?é\ ssﬁafem@@?of a

pl ural Ltk d]?fa'ﬁ@é?r\é (5a-c, 6a-c) using said at |east one first sensor, and
cal cul at1 ng one or 'e position paraneters for at |east one control nodel

for controlling the crane relative to a position of a load (13) or a target
| anding/lifti ng posi ti on 11. A nethod accordi ng to claim 10, characterised
by mekjng ,a | east rst _or_.acti rker. a-c). gonpri sed
h Sai B pAReNiFR SoeTOi tocy of s oo fharanserpiign AhabsAR ) A ik ot hod
accords@ﬂsdrqs bﬂ'dﬂahead?%rt@ﬁts%téﬁféms;) §RY SHlgodd dddRRTisbt WSar@bf Ahe  LPS
canmera fromt e image of the at least two first or active markers rel ative

t o t hetargel pesition $ystemudHS)i on. 22 13. A nethod according to claim 10,
characteri sed by maki ng an i mage of at |least two second markers with a
second vi sual appearance, or passive markers (6a-c)

10. A method for automatic calibration of a container crane, said container crane
being controlled by a system comprising at least a first sensor (LPS) and/or a second
sensor (TPS), characterised by moving the crane (402} to a position adjacent a
fixed and known calibration device (1), making an image of a plurality of markers
(5a-c, 6a-c) using said at least one first sensor, and calculating one or more position
parameters for at least one control model for controlling the crane relative to a

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

11. A method according to claim 10, characterised by making an image of at least
two first or active markers (5a-c) comprised in said plurality of markers arranged on

the calibration rig.

12. A method according to claim 10, characterised by calculating positions of the
LPS camera from the image of the at least two first or active markers relative to the

spreader (12) position.
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conprised in said plurality of markers using one second sensor. 14. A nethod
according to claim 12, characterised by naking one or nore inages of the
TPS passive markers (6a-c) using a distance neasuring neans or a | aser
scanner. 15. A nethod according to claim 12, characterised by cal cul ating

posi tiags of rrfe'ﬂ%d ééé&rbmg tBQuﬁﬁh {dlaharrabfetrigea by nﬁé’lﬂn%ﬁﬁ%ﬁ erofmiféas\re

mar kers (6a-c). A nethod according to claim 12 aracterised
appl i ﬁgoaﬁcmmaakar@rwﬁfba@ecgw@vmal appearance, rorrmge/@tmefkqa (@aﬂcbr 17. A

compr | SPprEEd S8R ARl BENEDS WBheRiielR $¥8bBona sencor (TPS)

arranged on said crane, characterised by at |east one calibration rig (1)
arranged in a fixed position relative the crane and conprising a.plurality
of markers (5a-c, 6a- each A arranged at a known and fixed position and

di standé-r éﬁ methed @@msﬁ@gatﬁ@dmm 12, gharactagined by cealing AHes edrgi m 17,
char acgrﬁégéseﬁ @;ﬁ%‘%&g;%%&&%&e g Tsi n@%@%?ﬁbgcoﬁsgﬁlﬁg%génfﬁpgr am f or

aut omat| c¥ca a contal er cra r crané Dei ng
cont r oldsed sbynmersyst em conprising at least a first sensor (LPS) and a
second sensor (TPS), said conputer program conprising conputer code and/or
conputer software neans which, when fed into a conputer or processor, wll
make the processor or conputer carry out the method according to clains

10-18. 133 A method according to claim 12, characterised by calculating positions of the
trolley house (11) relative to the second or passive markers (6a-c).

16. A method according to claim 12, characterised by applying an adaptation to a
LPS calibration in respect of an error.

17. A container crane control system for 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 (5a-c, 6a-c), each

arranged at a known and fixed position and distance relative to one another.

18. A system according to claim 17, characterised by a memory storage means
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), said computer program comprising computer code
and/or computer software means which, when fed into a computer or processor, will
make the processor or computer carry out the method according to claims 10-18.
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