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;' e3ezw4. B<6r TQX5 5 Method for handling containers and a neans to car
~out a nethod for selecting a desired position In a stacking target.

TECHNI CAL FI ELD 10 The present invention relates to a nethod for handling
frei ght compaomes. In particular it is a nethod for deter mRGTHREINOEHs r ed
position on a given stacking target wherke a container should be placed. 15
BACKGROUND ART A vast anmount of freight is shipped in standard shi ppi ng

containers. At each point of transfer from one transpo”ﬂmulﬂmm not her)
for ‘exanple in ports and harbours) there is a 20 trene .' mmmm
containers that nust be unloaded, transferred to a tenporanysghkack) and

| ater | oaded on to another ship or to another formof transport. In a place
for handling containers, such as a container 25 termnal) containers are
usualsl y sleisdiedot hasdihisigaotn atihgrs ent o gk tgrmtps ofit st meksl f&ont ai ner s

are usual | anged_w h I0 xes ord ralJ el in substantially
paral | el sF%?/émq'haggr OWS aPOSJI O‘S Quf ?o pr éc'cl ear ance bet ween

cont ai nergcigr€AEhFrewWp and with a clear ance bet ween each row 30 of
contai ners. Space in such container yards is at a prem um and so the
cl earance between container rows and containers is required to be m ni nal

and g acke. cONSL8hLNGn0LA MR d e ded O BhDBES4 0ot ORafln £AGN SLIH:: Nave
T et g ensity stacKing 1s also néecessary to av0| on
,ﬁranSpor&oﬁéaﬁhétance& platrdtiicwd apont Ai iera tiesthedl for determining a
desired position on a given stacking target where a container

should be placed.

15 BACKGROUND ART

A vast amount of freight is shipped in standard shipping
containers. At each point of transfer from one transport means
to another, for example in ports and harbours, there is a

20 tremendous number of containers that must be unloaded,
transferred to a temporary stack, and later loaded on to

another ship or to another form of transport.

In a place for handling containers, such as a container

25 terminal, containers are usually stacked in substantially
rectangular groups of stacks. Containers are usually arranged
with long axes ordered parallel in substantially parallel
rows. The rows are laid out to provide a clearance between
containers in each row, and with a clearance between each row

30 of containers. Space in such container yards is at a premium
and so the clearance between container rows and containers is
required to be minimal and stacks consisting of typically 4-8
containers on top of each other have to be created. High

density stacking is also necessary to avoid long transport
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35 distances within a container terminal.




2 The high running cost of ships requires that containers be novef7@RWEEN
~ship and stack as rapidly as possible so that a ship may be unl oaded,
|.oaded and turned around in the shortest possible tinme. To achieve the
shortest wioagisag and | oading 5 tines container handling euui/gEeishas to
be partly and/or preferably conpletely automated in normal operation. The
techni cal demands of handling containers are great. The tare wei ght of
containers is usually consistent, but the gross 10 weight varies

consi deffits yhigherwhaingofoshi phi K ibenrapnarssi shat apeRkaLiBeESaPesft, but

t he hei ght varjes bet ) f D . e PERN St r
Iengthsgﬁ?@egb ?EwgﬁﬂmgggP %Rﬁggégg$h%§45gk%dggn g?%éﬁgls ve?? gg%%n%’today
and everyOnguekyCpat ahNeadeldp 10aded find eugnatieanbandi inuske Shostehe 15

size of containers varies as well as the gross weight, The size qf the part
of a comessithlentimes FeadchégVenghea SOEREstcHBE PRGING s2Pel98AR TSI ze and

area_for_.all size f _co I / i ease,. | g th of

conti n&rd"HAngPe a?Pegegéﬁgggﬁ rgkgﬁf%ggﬁlpggnggngégp?%g%?tgﬂbggg pl ace
cont ai Ngyyse POraBlyr abRbYetsls apeoikited fhanermkbovpesstdost acki ng target,
so as not to create unsafe stacking conditions in the container termnal. A
retrieval problemnmay occur when a stack of containers is 25 placed so that

|t | eansoveLdsnacl ewBknshack off reemhageEsycAi oL Zont abrshear ahee s

required tor Vertical access between two rows of containers. -
hori zonttalr €| watghceolietweeninews iis usswfifiyccensistentaybubdt the poosishl e

for an automatic lifting device,eith to, se_.or. to access ¢ant ai ner at
thel30 M5ptIRCaVRENEF §g§§&.eﬁaggﬁfa%% rwﬁégngfhgﬁﬁ?%ﬁn%ycgnc?éﬁgfsa crane

MOViNg Qny gtandardised at 8ft, but the height varies between from 8
and 9.5 ft. The most common standard lengths are 20 ft and 40
ft long. The 40 ft container is very common today and even
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15 size of containers varies as well as the gross weight. The
size of the part of a container that is load bearing, a corner
casting, is the same size and area for all sizes of container.
With the increase in average length of containers handled it
becomes more difficult and more important to place containers

20 accurately in a specified place, known as a stacking target,
so as not to create unsafe stacking conditions in the

container terminal.

A retrieval problem may occur when a stack of containers is

25 placed so that it leans towards a lower stack of containers. A
horizontal clearance is required for vertical access between
two rows of containers. If the horizontal clearance between
rows is insufficient, it may not be possible for an automatic
lifting device either to sense or to access a container at the

30 top of a lower stack.

A container may be handled by a crane, a crane moving on

rails, a self-propelled container handling apparatus, or a



rails, a self-propelled container handling apparatus, or a 31 |H ASR 2003
wi nch of any type all of which are referred to herein as a crane: Each
crane has a lifting device usually incorporating a spreader of sone kind
that direwdgoesntacts a container, togrip it, lift it, | S&SSEP/ORM
release it. In 5 this description the t®rmspreader is used to denote a
part of a lifting device that is in direct contact wwth a contai ner.
Spreaders are nornal|ly designed to n(g#e nor.e t han one si%e of . cont.ai ner,
typi cal W%-%fvzlrwhz@ﬁ@r-%wp?o%gfc (i ST e F X Grof eh? oSSR hi gh
densi y St ackingh Of KeeR £&Heshaska of i POl /i Shankethpn a predef | ned
limits of the ideal position of a sufficient, but mninumTdistance, away f
For saf e roperpéraning asspkeadaecefssone tloind thedt directlyeebntacs snet .
containers is, to ground slot w th t he ground. sl ot.and rom ot gert.[%t acks.
§ o

cont i nuGEHAIRRT £ yE P nSEFPi tFent Lhbri Lot Hardif & T 07238 ce a

contal ne 00 feolAGK: £8A PRYCCERhCshRERIONE PARD! b Qlegbtle Jhpakicr oif
container 1Tn the stack, the container in the ground slot, as 20 the
posi ti ora an fhengréewilcestbat| 2d, imedihece dwedrdthdodrtect| gopFaaegrrel ati ve

to an intended |ocation. A container correctly.located | u | ot may
subsequetRTSAPENR ‘?J’é%nn%wag?yb e%ﬁ%?%‘gn?of efr}/% ear'lr]bcfée. aslg, gé%egng%m)re
cont ai neadé PLACLOLOP, t eppOEadigopbal et b F0-IOWEE S| DéngmyoRbalimes sheen
msplaced wth respect to the container beneath it or |ater have been noved

by accident or, for exanple, misplaced due to the effect of wind. It is

al sp_possi bl hat _anot ber, cont ai r o9.Clese to a
con?gi n %¥§]§£%{Ekomh'f"%ﬁgi Eggﬂhg%gmﬂsgyp?g%/‘?}gil}éwfcgf?rﬁe)%féf§gg% pgsitti oned.
Anot her aghosatls $batkt bé goauadnsusfatackey owta herswidi slent Wwithin

hori zontal . An_additional factor i_a tJ;at one. or nor containers il’tl: a_stack
may be derededinedotipsbf of FhguafeRy, PLeth Phat utg‘b%rg’é‘ﬁldn oneP ts i hces

of the coniakper; NGB PRAL AL hEh aEaU8he8, aawdAck-dP bEREr ABather. probl em
i s that agfélt&j%g%ljb g'stgfi‘ﬁs. Stacks that are, S%r lIoecoms) unst abl e can have

the samFerighfis apdréadbor $tagsabbse, neceswdly a0 L PoEENBPRELY VAt fohe

overlap of the, | oad. beari ng Bar'ge of a containers structure may be too
smalP. THeAF o5Rebeh! FRG BaPfSof*®S container is a corner casting fitted in

each corner of a container. Wen containers are stacked on top 10 of each

other it is the corner castings that bear the load. If the overl.ap of the
corner chssuffscoentohpairensadt SARBA2BACERT FFRTS | §°t BoCSHEPH e ¥t ack

1Ry, be SLRRLE (! ROt AR gcRRna) ohEOLIEIBIL fihaudl 4l gaRd ners 1o

ef ficientl ere exists a technical problemin determ ning accurately the
correct poesthinarwhar eha esaatki, néheshoutdiber simckiee debond silots as
realistically possible to o aRr edet er m ned

LIS o land a (éontfai ne orrectll1 8Ny .
posPPi onthet PPS1EFER @BstF&E0PE HBAVEF F bede TRE RFLEK Stpporting the
StaCkingincorrectly placed relative to an intended location. A
container correctly located in a ground slot may subsequently
have been moved, by accident for example. Also, one or more
containers placed on top of a container in a ground slot may
25 have been misplaced with respect to the container beneath it
or later have been moved by accident or, for example,
misplaced due to the effect of wind. It is also possible that
another container or stack may be placed too close to a
container or stack which is otherwise previously correctly
30 positioned. Another factor is that the ground surface may not
be sufficiently horizontal. An additional factor is that one

or more containers in a stack may be damaged or of poor



20 target is safe to land a container on and that the correct positﬂgnmﬁémm
be reached with a safe path that does not interfere with other containers.
[t s known from SE 9401120-2 and JP 8 165 086 and some 25 existin%

i nst al | atwong2i¥at attenpts have been made to overcome par PCHSEPHYERY obl ens
by nechani cal neans, for exanple, by edqui pping the container spreader with
two so called stacking guides. The gui des connect to the bottomof a

container to be |l anded and guide it . to line up. with the .top 30 container
beneat havelithe §P§EkFH@tgHgH@§ ﬁBﬁeb@Weﬁaﬁgﬁiﬁﬁﬁ%i%gdagﬁﬁaﬁ%%a}%%¥uding

that they. ;add weightiandageshotQ hackpiepddan. 5 -include a lot of
movi ng parts, Seénsors efc. mhlc% are subject to considerable forces during

transfer of container, which nmakes the stacking gui de a mai ntenance

i ntensi ve equi pnent _that al so reduces .t overall 5 availabiJlity of the
crane) AnRENGH BESPHEEt 1fabB25o BP@&F&ﬁf%Ei ‘Fﬁ@lﬁ%ﬁﬁ&ﬁi%&% a?%%f

resu ting iR-3mR0S|HhEPALEE BAnPELEYRER HeNG D Hory Bhdensd fdeters sapo neans

of controlling that this does not result in an accunul ated error_ 10 for a

whol e shaoke,- requeiléd spasepoassbdd ittlve therd phes abvel lamsebnshef lead
container itself, which adds to_the space.require t n ks d

t her eby PPEdGOEs PEF Elc?%na GeRSPEYTPa Sgtrél%“ﬁr} ﬁ?gegga%@ﬁo?ﬁéggi sr%‘ﬂ?n

posi ti oniyRg Haarbalt pErE5cg0nt abhek iakd GaN faioxwer ecdstdng sFst eedt in
errors caused either by ground conditions or containers not hayin aral l el

upper aedchowerneur pAcasconipipge -wiihgm coMGHNeHD 2ot BFREFST sOFoPPt nmay

be di spl aced e_guid , ). - L Kq i
add@iaSS%tF8ﬁ§¥°%Fﬁ£g%% ¢s end C%Qné&h%d@%yﬁgé(¥hé% b&er stRekiHgaguide
the overlap of the corner castings of containers stacked on

each other is too small the stack may be unstable.

Within the general requirement of handling containers

15 efficiently there exists a technical problem in determining
accurately the correct position where a container should be
stacked before it is realistically possible to land a
container correctly on a predetermined position. It is also
desirable to verify that the stack supporting the stacking

20 target is safe to land a container on and that the correct
position can be reached with a safe path that does not

interfere with other containers.

Tt is known from SE 9401120-2 and JP 8 165 086 and some
25 existing installations that attempts have been made to
overcome part of the problems by mechanical means, for
example, by equipping the container spreader with two so
called stacking guides. The guides connect to the bottom of a
container to be landed and guide it to line up with the top
30 container beneath it.
The stacking guides however have many disadvantages including
that they:

-add weight and cost to the spreader,
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each landing of a container. It is also known from GB 0656 868 to base an
.automatic | andi ng of one container on another by the use of a sensing neans
{-o 25 detect the relative position of an upper edge of the target container
With resp¥e®02B4the |ifting device/container to be |anded. Pﬂ%ﬁ’&%{ﬂﬁbd,
however, does not provide any nmeans forSdeterm ning the ground position of
the stack, the accuracy of the conplete stack or for avoiding interference
from adj acent .30_stacks. |t o] ' t er o] I in a
i roct | 5ATEAPEEI 81 10t R o CBAT R T ar CEBoPRE PrRc MR EhemFBLtEhd o he

6 | ong:axikeneh garedniaiteiceshen pl acing a container on a stacking target,
a container may al so be skewed. A skew is defined here as an angul ar

di spl acémenngotrens flegng fagont@inge cehtalnBrkart hheesprekinrg 8Hé i fie of
the row. 5 In the un | i d ' a [ j 9803341 system
descri b@?lgﬁgnﬁgfﬁo&%;é%ngésgr m edélﬁgehgr{églggegﬁgéi g%ﬁ{tjg?sl gggt ié%r?gggla
ground shati 168A 1atgortfaither crEree syst em i ncl udes the use of one or nore

hori zontal reference 10 pmarkers fixed to the groug% gd%aieat to, and_a
pr edet er g UAREEaREE CaldyY & Hie £ P BEARCEI &P, THReABFT $8nFRP*PePEFence

mar ker s _ar. i,gned _such i that, they may be detected by sensors on a
travel | Fﬁé’%&grg?‘gofrﬁaa veéLbI e crane) and the distance between the crane and

hori zonkalrorebeterea ik aworeasurathdeys 15Thheeséasnposmeanst hifs way) t he
horizontal position of a ground slot relati to a travellin ar a
crane nﬁ?%oéééﬁgatt&af ﬁg‘&s%r St hEeﬁFigaﬁeea{loaﬁ%ﬂﬁgagFot e&cr)(ragca

coni?i neld i dngheurd kot thereby determ ned. 20 However determnining the
position of a stacking target as a surface on top of a container, requires
in addi t+ireguireaspeate g soide Hehe apet érhepadi 8iBansiopReCfofPSur f ace. For

a safe stack,, infarmtion | | so quLr a t i Ltions of
cont ai n&PY G ¥He 1oEK Iwr%]%t e %dacg% %e?get %gggg gtgé‘%%%g %f’grtg'%%&ﬁ s a
surf ace (@ @P a0 areadmi erdwde €hstacktiippotieadiby,one or nore contai ners,

the horizontal position of that stacki ng target-is also rgguged. SUMVARY
OF THE HRVENRCENNS0 Juides oif dflecdS®EStneli RPEALEBRIPE pPEVIPEE t8™ et hod t o

det erm ne a nositi oy fom landiog &9nkekrg{'ys%mat%a@ﬁegst@c—,l%reabased on

cO
nmea uremarlﬁ of the orizontal an vertica .
either by ground conditions or containers not having parallel

upper and lower surfaces,
-if the weight of the top container is low it may be displaced
by the guides and, 7

20. -the operation of the stacking guide adds additional time to

each landing of a container.

Tt is also known from GB 0656 868 to base an automatic landing
of one container on another by the use of a sensing means to
25 detect the relative position of an upper edge of the target
container with respect to the lifting device/container to be
landed. This method, however, does not provide any means for
determining the ground position of the stack, the accuracy of

the complete stack or for avoiding interference from adjacent

30 stacks.

In addition to horizontal errors of placement in a direction

parallel with or perpendicular to the line of the row and the



7 position of the stacking target as well as a determ ned position ok 7 APR 2003
ground container in a stack. It is another object of the invention to
determine if a vertical envel ope of a stacking target is within

predet er mpaesbdssai ts and 5 represents a safe stacking tar gfCT/SERIPSShnot her
obj ect of the invention to provide a nethod to determ ne a desired position
on a stacking target relative to the position of the stacking target and

the ground container. It is anot heF’l obj gct .of the igventi on to determne a
saf e patlene akbs spicRi FENLELHEE. WPEN BRS18F0PhEPRLBIBEE BF The invention

to determne a safe digtanc en he shackbRoskawegt Angdkeweisr nore
cont ai net (f%ﬁl%%eég%‘ ﬁ%fegs'?gggé\igdj acer?t to a stzsicki ng target. It is

anot her qbi Beéd ohetbe aisnwentinonlte dBsplecdaieatposi thenlengaadsht 8tner
after landing on a stacking tar r%et and 15 thus ver 5’5&% correct pl acenent .
These artthot®ertabpest ¥iibe TREREFSed oy 0o8%atlorafig to the

i nveption. The present invention is a nethod for determ ning a desired
position on a stacking target for a 20 container based on_measuring the
posi t i onrof thdeuspatiiispedasyetishd paterdr cird icontann8BO0BA4LnE &tack. The

mai n advant age of the_present invention js that a _caoniai may be | anded
in a posi¥$erMofesCIRSS 1FS IRy C’%[2§°t ﬁdéet%e r?slhlﬁegﬁgukg%glg%ﬁt overl ap on

each of Lhe; Jofipnien LRI 10 ol e dont @iy doel ancendatihat .| Thes | anded
as close to the horizont al position of the ground contai ner ?s possi bl e,
el i M natsygtamyiacduddsaitée aseocf TE RfotrKere AFARCRGE LI LSLREENSS

cont ai ner may be _l an on.a desir S| 1 oAt ah-ReE+e2HRNes Ng a
st adRi ngn K GEE. foft%ggﬁ Bf'élet rré)e"]tn%dnay 5%bectéarir?qy tg)lrjr ace sgch the top surface
of a congpipghcst acksd fvdng Gr eumchirsl oflotor Thee Hoop zomchdcoedfrense 8 top

contai ner of a stack of two or re_containers stacked an 0 lLat. A
ground shatkersygse Kassaned gdat s%heékil??é' S g& egrt%egn%&s%%g‘tsz)r% ally

hori zontal su e OO Usre b 18 RPAe , S WnidaeBeCc Aistaueteed on t he
ground, %HSaSF#%g’%&Z%kq{b g)%cfteck or floor inside a building or the |oading

surf acepetwaemehing erafeemmchitc immtal o sierkes SITKEF JLasdRotNer, it

is only the corner castings. |ocated,in.each carner Qof. ontraineh-Shaf are
| oadSbeakPRGFEEE S i sL1 § aftY ¢ %{ﬂe sl'f%:hzec()fﬂgaoqn g%r%’etﬁggoverlaagrreach ot her

as 10 cl gsgly. a3 ROSsd bl a ThaavdVEiid qraet SOf as izt triagt b@ cont ai ner nmay
not be automatically |anded on a stack unless it is wthin predefined
linits tactheagedyndieanzehand THhe | FHRIoh 0 IS5 Fhat attenpts

to land automatically ar rgaf[i&i SV ¢ O @d Aemdany any of the adjacent
st acks igof’ﬁf"éf‘regriln% %%&gﬁ pul at ed Ty ghlgns around the path of the

container to the determ ned | anding position 20 The benefits of the present

i nvention include that container .. . .
However determf%ing éhe position of a stacking target as a

surface on top of a container, requires in addition,
measurements of the vertical position of the top surface. For
a safe stack, information is also required about the relative
positions of containers in the stack. In the case where the
25 stacking target is a surface on top of a container which is

supported by one or more containers, the horizontal position

of that stacking target is also required.

SUMMARY OF THE INVENTION

30
Tt is an object of the invention to provide a method to

determine a position for landing a container on a stacking

target based on measurement of the horizontal and vertical



pl aced on desired position on a stacking target overlaps not onl y1t7hbé’R 2003
supporting container nmaki ng up the stacking target, but also overlaps the
ground container or is placed in a mdposition of best overlap between the
st acki ngwaabsand the 25 ground container in the same stpackseobhissi means
that any error or displacenent in the oyverlap of containers placed one on
top of the other in the stack is dimnished rather than accunul ated. This
in turn nmeans nore accurately stacked stacks, which permts stacks of

cont ai nessitboheoiennel yta@kjagkerthngeth aespelct aso @addtermiered The net hod
provides that the _total devjation of the stack will_not be re than 2
times tPRSHBEPRI B AgIXCLRCaSPHRIIRF Harfe, S mayt i H° FFattiPe be better
than thalsect oﬁ. Anat Bek caduan ags it dRfghacouratly: stackat Siaeked s
that a safe working distance between stacks is nore easy to attain and

mai nt ai & svapkanyi terg®hi ¢ sensiitein theedetmmeined i s eand cl ear ance

bet ween adj acent stacks. of cont.ainers so 5 fhat cont.ai ner b dl ed
ef fi>ci eREPYEARA TR F‘h&&%ede?ﬁﬁ'é: Y cto"’fﬁ%eftn'er]tst. lﬁn(ﬁrh%&%%v%or&%te Olefsr{?%at a
cont ai ngp.,0RYi B8 st prabiicRl lay MaREE®dcd & @rrpirRCi S ediys IBad Wead diamget

position. This. offers 10 the inportant econom c benefit of rapid handling
of contannarstawkioh tereetr amslativeote dte inpsidiinai of nghe Gt askd ng
conpetitive freight,costs. ot her_ advantage. wi C i jt is
that cl&3f %‘F\Ee@nge%ﬁeﬁr&uélgzscoanﬁtaalrrb%a' rrlgg e alge%p%p?% a é]gntlcrél}ren%%;éeduci ng

the aregn¢énggHndonaedednined of i ipgricons ailerscadkingriessydt i Mention
is not limted by direction of approach of a crane towards a_ ground slot)
st ddks b$ anptberngriecshes dheainem bl o At RIPERe iy $2Myths. The

present i (YEALEOR20lh (8 dtsfhtdnd NedARLL 14 dife tEAURAY Maki ng.

cont ai néer Ran Fi ng fast” and keeping costs low It Is also not restricted to
shi ppi ngopesatiaeasdimynie cappidmes stadlanddircerty ton asbeekswd frei ght)
such as air freight, and containers on d off trains or trucks. .25 BRI EF
DESCRI PYREREEF F _ElBRﬂM&thféojp‘?%%e?ﬁ a"rr}h‘?/ejrﬂ‘_f%htwl?! t%em%aessucﬁ btgh in nore
detai | ;ps¢PRABRCHIFOR Vgt AifeeNet Osedl SEdB@L e LI Swh Eing Ahfg@uremndl
shows a top view of container horizontally msaligned in a ground sl ot.

Fi dufr e Rheshowsrafivesdrviesh aflacenerk- of containers wth accunul at ed

m s-al i gnnent s. 10 Figure 3 shows an end view of two stacks of

contai ners out of alignment. Figure 4 shows a perspective view of two
cont ai neheswi bRA other objects are realised by a method according to

the invention. The present invention is a method for
determining a desired position on a stacking target for a
20 container based on measuring the position of the stacking

target and the ground container in the stack.

The main advantage of the present invention is that a
container may be landed in a position on a stacking target

25 that ensures sufficient overlap on each of the 4 corner
casting to the container below and that it is landed as close
to the horizontal position of the ground container as

possible, eliminating any accumulated errors.

30 Another advantage is that a container may be landed on a
desired position on a container comprising a stacking target.
A stacking target may be any surface such the top surface of a

container stacked in a ground slot, or the top surface of the
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corner castings indicated. 5 Figure 5 shows a travelling part of a1 Z:rAane

_arranged with sensors and holding a container. Figure 6 shows i
part of a crane arranged with sensors substanti al Igy above a stgc'f(irﬁvel 1
target. Fivgoneridsshows a travel ling part of a crane arrang@GTWEIP0HED!
sensors to detect and neasure position 8f the ends of containers in a
stacki ng target and adj acent stacks. Figure 8 shows an end view of stacks

of containers indicating neasurenents for a vertical enve
st acki ngtorr gentagngsr €19asK&RS Ka Ode Y6y of‘eingf?v‘éo?%alc%?#éfg‘,e“aggf Er?g(rém

castings_15_and .ot e Pargs of,ga t gl ! f

: - 3@ AP 3isngkehonhEt8 sa€kipg karget.

- Figure 13 gﬁt%gldasgensor ?eloatl ve to asgroSnd con??i?nir 01"( agstacgei n whi ch
two cont aipeks naf @ agi@tken any cfukstagmiedly hFpyurental sHOWEaECRe SHFEf er r ed

errb_odi nment with sensor relative to a . container _in.a-.grou
hori zontak iélel@REaR0 amEMREPEE H el§°Bﬁgﬁ}§°5e%g%l?t ?g%s%?%tuﬁ@qctg\rl\ﬁer

casti-ng of .one Lot alney ik og $uRRle rieladeve boiadcegner chet lbgddhdt he
g_rour?d c%%figlsner. r&Fi gure 13 shows a devel opnent of th%e preferrgg ent?f)di ment
With 25 gusenrse dfelaticrd dle .ahent domdeingrs greusbaskes aRd tREr PFont al

reference markers. DESCRI PTI THE PREF S; ' -
include eaGRpHeThatt 'S are (?T:h? hcé’r&%ror%ggrggpg i gﬁégg s %\ase%ggl'ltjcrjgsvilejv
gf a container. 1 fMs-dgnedd Rk graundoskobedrifyouad $kotis2 i s indicated
y four corner mar ks 11 painted on the ground, of which only three e
201, 202 imPRd e \irsthl st aakeche I e SCONEALABr E?LCPs%ﬁS%n aﬁ‘)ére skewed

VA . g
y 1% angll%s(eelryr)asr%oaésli\belé_o the long axis of the ground slot 2.

The invention also assures that a container may not be
automatically landed on a stack unless it is within predefined
limits to the ground container. The invention also ensures

15 that attempts to land automatically are not made if any
container in any of the adjacent stacks is interfering with
stipulated margins around the path of the container to the

determined landing position

20 The benefits of the present invention include that a container
placed on desired position on a stacking target overlaps not
only the supporting container making up the stacking taxget,
but also overlaps the ground container or is placed in a mid-
position of best overlap between the stacking target and the

25 ground container in the same stack. This means that any error
or displacement in the overlap of containers placed one on top
of the other in the stack is diminished rather than
accumulated. This in turn means more accurately stacked
stacks, which permits stacks of containers to be densely

30 packed with respect to each other. The method provides that
the total deviation of the stack will not be more than 2 times
the positioning accuracy of the crane, and may in practice be

better than that.



5 Figure 2 shows a side view of the ends of first container stackE]Ang3
~second container stack 4 and a third container stack 5. Stacks 3, 4, 5 are
each separated by distance A at ground level. Stack 4 shows an accunul at ed
stacki ng wa @334 that the horizontal distance between thePEESEEHALEE! ners
of 10 stacks 4, 5 is reduced to a distawice B. Figure 3 shows a side view of
a container stack 3 on a surface that is inclined at an angle (3 to the

hori zontal . A second container stack 4 is fho t.o i ncl ude one ore
containeA%OEBeEA?ﬂvaﬁﬁﬁgédogrmHBH PArUr# ks %L%ﬁhﬁ%eéLﬁ?%% §.l§i§hﬁe £ shows
the posiliep %rﬁ?ﬁagai%%keggeéw&@ntBeaé}@@ syrfece efsy gpondagent ai ner

1 supporting a second container 7 placed on top of it. e corner castings
6 are thend maiythbdadidOpbeatiing.sThiacessires thammdarererefght contai ner
that are capable of bearing the weight_ of one or re gontalLn

Cont ai neF4fflisieRE 5E5éﬁangﬁ ES&WS?gegﬂ%a%ﬁ%%rsgﬂgg c?én?%@kgﬁﬁé%gds§hch
that gt hetdﬁ§£ n@ﬁnEéﬂab?QS mByObeeRghdateat &f N suichy asn@ 0l ehotEt dadiege
supported by the corner caStings 6 of a 25 supporting container such as
ground cootabneaifterbigure 5 shows a container 7 held by a travelling part
of a crane, conprising a trolley 8 and a spreader 9. The spreader 9 is
suspended by cables below trolley 8 such that spreader 9 30 with the

cont ai negndc HBY Qavéaita%@ Q% lawer edcuneeinés ohdeyb8. adtemathbhayyB is
arranged according to the present invention with sensor neans, preferably
'2- di mensiowakedr i8tdi ArePsESAgElYaBERSYERANEREIC har @t EEP dedBrFhed T - D
or 3-.D scanners._Ln k , 35 anners 10) 11
are§ﬁounF§8 %ﬂBgFgﬁPFaFF%%ggﬁgrggpgg%gﬁgﬁe§$€o I%éﬂgl%%%k?ﬁg down from

ei ther sidatafinkrsl | eyidh 5sAexardinalyt bmpdetamyem imnintanhahgedow hel d as

shown in Figure 5 is noved Loxprd a _sel ected st%&%in tarﬁeghlgh whi ch may
be adj aceRfl £6MBER&LI¥LaEREIGN e GAPEP nefROMRSE AT WA EF glir 676 A st acki ng

target ”?ééoh‘émileyﬁéﬂ(eff@&e 1SUERaRS cech Pn8HE fBEBWEENn as €08k AI AR $asked in a
ground slot, or the top 10 surface of the top container of a _stack that may
be up tomagvbe Bep&i gt acovimdimuey s rhflghingt Beki #6La a? Hedr2BnAs NERORT f or
exang!e in Fiqure 6 as %he ton surface of a container of a stack two

con |neF§thgﬁFlR€a§8Piﬁdn ans, preferably 3-D scanners 10, 11 arranged
on the trolley 8 detect the sides of 15 containers in adjacent stacks. In

Figure 6 container 7 and spreader 9 under trollg%_8 have been omtted from
the drawlhg PseseRé davensfion d§aPosi hphiEedyPY CoMstabt PRgPEI §RPESSS and 6,

3-D scanger 1 ol &% Bnd0s36aN Lhgcrl des. ai PreeyakahelQfidd ons
as indic§?e§ %%aa%gﬁfg% ,So g%ﬁigingrs In adfacent rows 13, 14 detect the

cont ai nebs by thaseiskacksf a@id ferasgr dentithdi sThncerefeBhc hANYERAINer in
each stack fromthe trolley 8...Figure 7 _ shqws nhe : ei ng taken
bet wden t-fe VERds USE IS adis §a5d lrt%b!vlglg ts:f%cﬁsb}éﬁ %g{ggggggtﬁ%&%%]sz

nmeasur enpRh 1S nede of diwe agianceobesween. eachisoal abneotderstheidtiar a
stack and the travelling part of the crane, trolley 8, so that the

hori zont &b ghippise Lerdsc RrcoMaY Rer aPR1EAE 5P RRNALIRACARY Thus for a

stack sueh-asd3. M GIA fie | NGl skaneeseLoioReED anal BbRgaiRda St ack
30 resul £ NOTT 26Nt al- measur'ement s, The measurenents for each detect ed

adj acent asidaQi¢ fare-=Shar ed itrwackrenory neans, for exanple connected to a
control unit of the crane. In particular, neasurenents of the position of
t he 2% osest

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in more detail in

connection with the enclosed schematic drawings.

30 Figure 1 shows a top view of container horizontally mis-

aligned in a ground slot.

Figure 2 shows an end view of a stack of containers with

accumulated mis-alignments.



13 containers of the adjacent stacks 13, 14, 33, 35 to the stackiﬂd7ﬂﬁﬁama
.15 are stored. The horizontal position of the ground container 1 of the
stack 5 conprising the stacking target is determ ned. The hori zont al

posi ti on wo ogednd container 1 in the x-direction and for BKEREPHOIEHasured
as shown in Figure 10 using 3-D scannexr® 10, 11 nounted on a travelling
part of the crane such as trolley 8. The y-direction may be neasured by an

addi ti onal sensor means 10 arranged at the ends of the trolley 8 or y be
est i mat Bignrem arhprsarn peRHt VaR¥i fa [§iv tOF PN DYy ?ﬁz top

ontalne | sing the stacking target is neasured as shown in Figure 9
usi ng 32 gggﬁﬂers 10, 15 11. Measurenents such as a or b together with c
or d naylggrbakeghbwsn&aparepébeiabigﬁm&nkﬁamwbi¢nmnainenﬁewi¢m measur e
the skew of the long axis_of a container. Wien the horizontal position has
been neé@ﬁﬁéé FBPLiRES2BNELS8kPHY target 15 and a horizontal position

det erm ped, [ ars tgﬁoﬁgoanérage&mr A £t W0 Posid | Phsarafes aeipar ed usi ng
a contro un|t o] e crane. Are ive overlap of the stacking target 15

W th respﬁsbrEOahﬁehpméﬁngoa obnthéngnbund container 1 is exam ned and

conpared . to predeterm ned | e overla pits a
IandlngFﬁﬁyrﬁrécégﬁwsaﬁdtgavﬁ éé??r 3136555 non’ aérw%%%%ng %arget will
then be.d 8@‘ Eﬁﬂstén\f%ugahb%b@c@ e RNl Ppeaf@st & stacking target,
conS|st|ng an envel ope projected up fromthe ground container to the .

top of thuartaadkshqwsabowaveélg@@emréd g & erearer dEMIEHWIELD scanners
L0 L osiakeatedol B LLay nf o The HIITENS Q%P Tof Nend CEdd LA St acki ng
containers in a stacking target and adjacent stacks.
Figure 8 shows an end view of stacks of containers indicating
measurements for a vertical envelope of the stacking target.
Figure 9 shows a sensor relative to corners, corner castings
15 and other parts of a container forming a stacking target.
Figure 10 shows a sensor relative to a ground container of a
stack in which two containers are stacked out of alignment.
Figure 11 shows the preferred embodiment with sensor relative
to a container in a ground slot and two horizontal reference
20 markers.
Figure 12 shows a position of the corner casting of one
container in a stack relative to a corner casting of the
ground container.
Figure 13 shows a development of the preferred embodiment with
25  a sensor relative to a container in a ground slot and

horizontal reference markers.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
30 Figures 1-4 include equipment that is part of the prior art.

Figure 1 shows a top view of a container 1 mis-aligned in a

ground slot 2. Ground slot 2 is indicated by four corner marks



t he maxi mum hori zontal displacenent found for all containers in the L7 AR 2003
. The wertical envelope for the stacking target 15 is conpared to the

di stances neasured and stored to containers in adjacent st (g_lgg 9If Hhe

hori zont WO ®Wi2334dnce between the 5 vertical stacking envel o’g "BEIHOE
stacking target 15 and the nearest adjhtent stack 13, 14 is greater than a
predeterm ned safe distance, a safe vertical stacking envelope is
identified and th ro f t Y landihg Si bi iardes. The
maxi nurﬂ%tiefgnc’tréf\t}g% é'gfgé%?rénggnggl?ﬁe o any cedntzgiqr'lerzo%g %\U%he st ack
of the stagkidd i anget fdSuis . absatedaaratied sagdionst Helre Iskewes et @i ve to
the ideal ground slot position. It should be noted that the horizontal

posi t i amgife ther afratitde coat Ahaed orgy ayd detfertien & BPRh$rlet Han one net hod
within the 15 scope of the clains. The position nay be directly neasured
usi ng sensor nmeans 10, 11 on the trolley 8 shown in Figure 10 and as
detai | gd 6, Jhg,b0si zogkaliResidE AhdTahal TE [ rdet eioriiethassi ng the
position of one or nore horizontal reference markers (17, 18). The

hor i zordtwdclpds) ta creamyd 200k aéngat ik@gk He arsurid Hhigid SBYEE18% or mat i on,

estimated from stored informati gn_abqut, an i j . rqund sl ot,
or gene‘%‘%ﬁ%}ﬁ Tr ﬁﬁ%‘gﬁ%n& nat i %na&e t aecshe%rreé!f%gag:lse{do%ﬁ) gl uratq{](:e(:';rle ‘zgea\c/kgl opnent
of the _cjdfm i pfven dest56R POShbiwen a2b Arcuriel sdeat ke teg-Kiargg edrnay sve

selected so as to offset existing stacking errors in the stack. 0F{)gure 12

shows ahaprdsenterivenbpladistancCoRfvesn diha HER GG TierC of

st gcking targe and nd .car ner A @ container |ower down in the
saﬁ@ st%&?ak%r%f ﬁaﬁgyrgﬁggéraogﬁd%cﬁsaﬁ%r 1. 30 Figure 12 al so shows an
area 23 within which the corner of the container 7 to be | anded nust be

positioned in order to provide.a m ni mum desirabl e overlap corr ing to
a rect dnpaNEe arehowsaf| ELBhYAThErk LT H 10 E‘otraCgﬁ)tB'?oonﬂ1 f%c%él%%w of
a corner_casting. A snmaller_ar [ I cal 4 neans
connect Bt ot 3 %Bﬁﬁ’%gguﬁlgt aglf edécrﬁ:lntgc?1 %g%sg{dﬁgnggthh%lspggil%ﬁd accur acy
of the c&aneiResi tiQAkNMBASKr eldiin ang Hnd ke | e systemrse Jompoiine®s, the
desired 5 landing position, is identified as the_position within area 24
whildh giivek damasedi aunPans pedédndnt sr‘é?%‘?’ﬁ/es‘flbf%fes ground cont ai ner.

Point 25 is the desired | anding position where the corner of a container 7
to be | anded should be placed. Thus a desired | anding posjition 25 is

gener ateilgenet bessbaskithg bostidriget ofhteneostasonds. 6 cHarReet?Red in

that the container 7 overlaps the | ower or C i as
the topSBBRRGPNEE RnHEARL PN i gs“c%%g’?#g %%%ﬂg‘ﬁléﬁgﬁ%%us
ensuring -yﬂééezahsnSt;aFkorfem.n@n@rédﬁﬁéfycagtm@me arel that osle ckssi ve
errors are not accunulated. 15 The_desired, | anding positian %5 and t-he
corlespbedi hyot anGERCESi At & GtantR%R heFetdrhef ’e’“‘iﬁ’seﬁ"? 35fcul ate
ref er ence pRSLLONELOG NG ARSI AL OBBL 500 &Y ShORE. cakdnkhe. pref er red

enbodi nEAP28F St Re PRivénton the position of the ground container_1 is
found byofeasueirBgmasti Heamdadedmn heopr afecathgopaex swEhiaseridy| ey 8
with 3-D scanners 10, 11 tQ one or nore horizoptal ref.er eLS-K 17)
15 ) sushigBemnGuehdEbeti iF (SPIIRE CRRabITeRed Shetien SarERtRES TRty
25 9803341:8n+Ih8cR0N 200 alugssereaceymBrkeesridy, cd8tingse6i nfpaaced for
t hat purpose adjacent to, and a pre-determ ned distance from a ground sl ot

i n 2thi chupgpoutdngorbaitedmelr j3neh taat 98°ouBdsABRA2IASEi Jure 11. A hori zont al
reference marker (19) may al so be placed as shown in Figure 13 in relation
to 30 one or both ends of a ground slot such that the position of the

gr ound ?Hﬁhrbn st R owdia esdritoi ey Deheddskey bytaageDlsuanpertl10fop 11 to

measure the full x, osition of th round container 1 jncludin kgw.
crane, comprfgf%g a trolley g gng a 5. The spreage§ &

spreadex
is suspended by cables below trolley 8 such that spreader 9

30 with the container 7 may be raised or lowered under trolley 8.
The trolley 8 is arranged according to the present invention
with sensor means, preferably 2-dimensional ox 3-dimensional

laser scanners, hereafter described as 2-D or 3-D scanners. In



16 In a further devel opnent of the invention an additional procedure7AgR2m}
.carried out. Once landing of the container is verified by, for exanple,
appropriate pressure sensors or |oad sensors arranged on a travellin

of the craW&OP¥2&4’5 position of the container 7 as |anded i &C W@%@%?ég]u5|ng
3-D scanners 10, 11 arranged on the troll2zy 8. The neasurenents are
conpared to the desired | anding position 25 and identified by a control

process i I it o h r g S ide a
predeterﬁgnedgT% %?@%%g.sﬁggﬁgngngg §Ogg§ﬁ§§59 fn%?céfgﬁgé%ﬁyéélandlng
I's satisfaphtynoialhat ceherhabgi 8g khenatrodatysbatbokingandownstr e

r epeat ed. 17 CLAIMS 1. A nethod for handling containers in which
contalneﬁ§§h%¥s%b@ﬁe@fu§Fﬁb1§Yn§veable crane with a travelling part such
as 5 atrolley (8) arranged to lift a container (7), conprising the steps
of noving, lifting and | anding said container (7) on a stacking target (15)
in astagkaconpingi ug ahéeﬂnVennéogcoundtadnéaimeheld)ascmhmwmtémised by

the steps .of 10 -neasuring the hqrizonta sition,of the stac t aJ get
(15), -d@tlgrqﬁ‘?n%gl% hléoﬁ‘égi Y B¥R A ﬁo§?§ﬁ6ﬁegfSFﬁSQb’P%u‘%ﬁr%%‘ht]ag a§1

-conpari pa, qgergé &é‘ﬁtPQé'BtH& Qf:aé?c's%%t éSKl:QQné@é ged él%&)znlﬁa”d sai d

ground contal ner ) det er m ni ng an over | ap fromthe relative pOSItI ons
of said §h@pkr®96taAgetaclsmgandrgatdmgyobndanmnSarﬁe¢e(agqh aeterweping if

th | t t t d d..
| andi ng. BOGAAGh €555 FORCERS-B0LEORKARRAR C7yTOIPAnE et ackl o Fargot (15

2. Agret @%ﬂ&écgﬁrahagtbg gbatBideri BAWAI Rathecs@ptayere (B t6 | anded
next to an adjacent stack of containers, characterised by the steps of 25

- measur i BEEhoet zohghr gpstahperbehigdn Sﬁéckaaglé9r$%$ Bhdieaghow®nt ai ner
ch Con R M3 8% n (A90nreCpl AUl RhLOG0R DOLEZOD 8L &1 SBhELBIED! oF 0%

each contalner e stackl ng target generating a vertica
envelOpeéhabkimmste@htagnéﬁsghighlSMeagﬂringamuanﬁg pr dbeiziohy ab - nlstance
bet ween t he troIIeY (81 and each contajner in sald gdéacent stacg
cont ai ne§anners 1 arranged on the trolley 8 detect the sides of
15 containers in adjacent stacks. In Figure 6 container 7 and
spreader 9 under trolley 8 have been omitted from the drawing

for the sake of visual simplicity.

Considering Figures 5 and 6, 3-D scanners 10, 11, on trolley 8

20 scan the sides, in several positions as indicated in Figure 6,
of containers in adjacent rows 13, 14 detect the containers in
those stacks, and measure the distance of each container in
each stack from the trolley 8. Figure 7 shows measurements
also being taken between the ends of stacks in a row of stacks

25 33, 35, and 15. A measurement is made of the distance between
each container detected in a stack and the travelling part of
the crane, trolley 8, so that the horizontal distance to each
container in the stack is known. Thus for a stack such as 13
in Figure 6, the distances to each container in that stack

30 result in horizontal measurements. The measurements for each
detected adjacent stack are stored in a memory means, for
example connected to a control unit of the crane. In

particular, measurements of the position of the closest
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1 7 APR 2003 18 -determ ning the m ni mrum di stance between the verti cal

- envel ope of the stacking target (15) and any container in said adjacent
stack of containers -establishing that a safe m ni num di stance between the
5 stacki ngv@&APEBH7 and sai d adj acent stack of containers exikgUSEP0I8SI3 A
met hod according to claim1 and 2, chard&terised by the steps of -neasuring
a first vertical and horizontal position of the top 10 surface of a top

cont ai ner _of the stacking t e ) A4, stior g e a t in
control GRPCAETES 9 eﬁ% a?{r?%aéseué%n%ta se?gﬁdlgds??i’oﬁgo%t east the
ground cgRbaiiely thrddt tite stk el stori ng the neasurenent in control
means nenory 15 conparing the first position for the top container of the

stacking target (15) and the second position for the ground container (1)
and selecting a.desirable |.andi iJi ' sugh 4éaty & hee gox ner
casting %‘ea ggﬁtzéjlnntea?l (pﬂé%qg(%:rggo%ga&p%i%&%%;&éﬁagﬁg stclackﬂl]ng target (15)
over l5aps cang@iRam? d easitauk iofg ttwergentisi meterh)ined .t Mheaytounid astakl | as
a corner casting of the. top container of sth%cki target (15)..4. net hod
accor di ngosé tdiogl o Broundh Goptatied by (HE &pT st afFE%S{RII- Nyt e

posi tion,qf m%%%u%reMdGE %v&nzglgg aﬂ‘ig{@zfeerlqj’%i'ngn@r—bers%a%%rs]-%o 191 pl aced

adj acent "o and a predetermn di stance fromthe stacking target (15)
- cal cul atniog tidee dinra zortvad 1 Jpiosg tpasnt off &l ewnachecsmchi B {91l bfy the

.stacking target_(15) based on the predeterm ned 30,di stance bet id
one or mBRE WordZSHtEHOT &HBf g‘fﬁem%%%?i YRR PEAI GO dstefPes%%rA%ﬁgn%gg
contgy ne%r(r%)ngcgd the Sadkidy darget (ddley 8 B mayAbetdind mocod dEngmt o
any of the clains 1-4, characterised by the steps of -detecting each

cont ai nean ndealadjedidritorstigtke greeend kPt he distance fromthe trolley (8)

to each container and storing 5 the nmeasurenents in control mnmeans nenory,
-nmeasuring the position of the nearest container in said ' adjacent stack

rel ativeqt@ tdus stiankid® dee gedp (ddtamwanpainipg dilgy wérd iscadclsimgki ng
envel ope to predeterm ned safe tol erances, stored in cogtrol means menpry

and det etmingety 10 nasHeEd 3% | SRPVRt IR G TP e W58 & W (i ef @

LO' FANCHT %%a%d?éxﬁg}&éc&%ﬁiélg £ 002Ny @igdthfechait d-& &hasacberised
e steps o
Y t;ien to measure the alignment, and in particular to measure

the skew of the long axis of a container.

When the horizontal position has been measured for the

20 stacking target 15 and a horizontal position detexrmined for
the ground container 1 the two positions are compared using a
control unit of the crane. A relative overlap of the stacking
target 15 with respect to the position of the ground container
1 is examined and compared to predetermined limits. If the

25 overlap is within limits a landing may proceed, and so a
desired position on the stacking target will then be

determined.

A vertical stacking envelope for a stacking target, consisting
30 of an envelope projected up from the ground container to the

top of the stack and above, is generated from measurements by

3-D scanners 10, 11 indicated in Figure 8. The dimensions of

the vertical stacking envelope in a horizontal plane include



-detecting a conpleted | anding of said container (7) on the 15 stacL?#ﬁRzm}
-target (15), -neasuring the position of said | anded container (7),

-~conparin the osition of said | anded container with the s ired:
position o gé?acklng target, -deternining the |anded pogwﬁﬁ%ﬁgwg? |

W t hin acceptable 20 predeterm ned tol drfances and if so, -generating a
signal showi ng the landing to be acceptable. 7. A neans to carry out a

met hod afﬁgrﬂ% bR ﬁg% ?5n€$?'§§sﬁlﬁc5ﬂén%ek@@ﬁdnfé%(kiﬂré%hﬁ&&ﬂéﬁ@“ (25)

on a stacking arge for a container (7) conprising a noveabl e
crane equhppae wtabkcohhe oveneansli envedppg éomenﬂvw steEmisinante faet he?

arranged wth a travellin 8art such as a tr % (%gésensog reans
(10, 11)iswRPERaEEE) F@yt‘e‘%) %%t%’il%‘asaﬁf‘ﬁaﬁblé&&m@f{?as PrEade? (9 -_UiThDI e
for hol d%ﬂg ??59 ﬁg“&@&@ﬁé (73 @Hé%é@ﬁhﬁka&e@%&%rm SBEEeRYc IEENSOr
means (1 F i Stances between trolley (8) and a stacking tafékﬁ (15)

may Ise sﬁeredcam theckeénprgnvednsecant tibed steckaneul targsai B drwed r
posi tion

- A% As3. A .aﬁ@s}i. addgenh aragh W At A§. SEFAKSH ADHES BREIgEermined
}xrmhe”Yigalcalcahgakcal)] satsalsRal eal caleakaalcalnad e al sal aadeif tadical ¢

a]ca]ca]ca]ca]ca]ca]ca]cRa]ca]ca]caI ~ abtzM a

eflPkbdauﬂktabvpcapeafcafcé?@é}@é?éé?cé]éép@&ﬂﬂﬂRﬁﬂ%ﬁﬂ%%]%%RE%R%%&ca]ca]c

?}??1C?]§3Lsmﬁ #ﬁ%@(%?%snlﬁé%f ?%%?%%F%%%%%?c%%éq¥é§caﬁcé?ca cajca ca]ca]dﬂ

a] cajoca] ¢a] eakcalaakcafceaheajcatkahgataabes] 4] da cal salda)edded-*1.J, - B

?20@B0p2314777L8[ 8:;

,g<=::W#&§aP%§ﬁ|Ghz]é}@éf%a¥%&?€é¥€af8af@&]&5?@&1é%ﬁ%%ﬂ%aﬁ%%}c%?%%ﬁ%%?ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =>M>>?@

AAAB2B[ BBCCCCCCCE+Ej EEFOHI I I 1 yJJuMM xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca ca]ca

] ca] ca] cakcahoalldabeahoagdatbat ceheahoalicahtallcal baf}l@:a}ﬁa}]éé] gEgerd
RRSAS6T TTRU

]ca]ca]cé%B&F&QFEaT@X]tg]éﬁfﬁﬁTﬁﬁfga?Xafgﬁ%ggﬁ = +é€%§§%§§%%§%ce+§g}gg
] cahef ffhhbhlN %' RhBNGeRTKIL KrhEP @shv_mzlcmmm oaza}e:c}tcmqaéaaqm@@ca] cal ca

| Ca” AL' 6% EposRvanSeDs| B (] S0 TN EXCLIG % TR Ci‘éc‘?‘% goerle

& &IOW & L %
Of(%z)f &n{) Qﬁ} E?ggg%o%ig’% é‘%}ff g’féa%éd“%?gd 535630 8 2P 9050 & () - Loa
0% & () - 38EeY&'nE)- ¥59hd0¥h& ppsitjon of one or more horizontal

10% & 5s&f dE f5"10% & 3"10% & -@2%$10% L/" 109& -gLs-
dow s (1 syt OO (s 10 St @ADL} LLLI088 (i

20 alternatively be found from stored information, estimated from
stored information about an ideal position of a ground slot,

or generated from a combination of these methods.

In a further development of the invention a desired position

25 on the stacking target may be selected so as to offset
existing stacking errors in the stack. Figure 12 shows a
representation of a first corner 22 of the top container of
stacking target 15 and a second corner 21 of a container lowerxr
down in the same stack, preferably the ground container 1.

30 Figure 12 also shows an area 23 within which the corner of the
container 7 to be landed must be positioned in order to
provide a minimum desirable overlap corresponding to a

rectangular area smaller than the area of a top or bottom face
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container. Point 25 is the desired landing position where the
corner of a container 7 to be landed should be placed. Thus a
desired landing position 25 is generated on the stacking

10 target, which position is characterised in that the container
7 overlaps the lower or ground container 1 as well as the top
container immediately supporting container 7 to be landed,
thus ensuring that the stack remains vertically straight, and
that successive errors are not accumulated.

15
The desired landing position 25 and the corresponding target

points for the other corners are used to calculate reference

positions for the crane automation systems.

20 In the preferred embodiment of the invention the position of-
the ground container 1 is found by measuring a distance from
the travelling part such as trolley 8 with 3-D scanners 10, 11
to one or more horizontal reference markers (17, 18 ) such as
those described in the unpublished Swedish patent application

25  9803341-8. The horizontal reference markers (17, 18 ) are in
placed for that purpose adjacent to, and a pre-determined
distance from, a ground slot in which ground container 1 is
situated as shown in Figure 11. A horizontal reference marker
(19) may also be placed as shown in Figure 13 in relation to

30 one or both ends of a ground slot such that the position of
the ground slot in the y-direction may be sensed by a 3-D
scanner 10 or 11 to measure the full x, y position of the

ground container 1 including skew.
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10 generated indicating that landing is satisfactory or that the

landing is hot satisfactory and must be repeated.
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stacked using a moveable crane with a travelling part such as
5 a trolley (8) arranged to lift a container (7), comprising the
steps of movind, 1iftihg and landing said container (7) on a
stacking target (15) in a stack comprising a least one ground
container (1),
characterised by the steps of
10 -measuring the horizontal position of the stacking targét
(15),
—determining the horizontal position of the ground container
(1),
-comparing the relative positions of said stacking target (15)
15 and said ground container (1),
-determining an overlap from the relative positions of said
stacking target (15) and said ground container (1),
—-determining if the overlap is within predetermined limits and
if so determining a desired landing position (25) for the

20 container (7) on the stacking target (15).

2. A method to according to claim 1, in which the container
(7) is landed next to an adjacent stack of containers,
characterised by the steps of

25 -measuring a horizontal distance between the trolley (8) and
each container in the stacking target (13),
-calculating a horizontal displacement for each container in
the stacking target (15) and generating a vertical envelope
for the stacking target (15),

30 -measuring a horizontal distance between the trolley (8) and

each container in said adjacent stack of containers
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characterised by the steps of
—-measuring a first vertical and horizontal position of the top
10 surface of a top container of the stacking target (15) and

storing the measurement in control unit memory means,
-—measuring a second position of at least the ground container
(1) in the stack and storing the measurement in control means
memory

15 comparing the first position for the top container of the
stacking target (15) and the second position for the ground
container (1) and selecting a desirable landing position point
(25) such that the corner casting of a container (7) placed on
point (25) on the stacking target (15) overlaps a corner

20 casting of the container (1) on the ground as well as a corner

casting of the top container of stacking target (15).

4. A method according to claims 1-3,
~ characterised by the steps of
25 -measuring the position of one ox more horizontal reference
.. markers (17, 18, 19) placed adjacent to and a predetermined
distance from the stacking target (15)
—calculating the horizontal position of a ground container (1)
of the stacking target (15) based on the predetermined
30 distance between said one or more horizontal reference markers
(17, 18, 18) and the ground container (1) of the stacking
target (15).
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safe tolerances stored in control means memory and determining

10 if the vertical stacking envelope is within safe tolerances.

6. A method according to any of the claims 1-5,
characterised by the steps of
-detecting a completed landing of said container (7) on the
15 stacking target (153),
-measuring the position of said landed container (7),
-comparing the position of said landed container with the
selected desired position of the stacking target,
—_determining the landed position to be within acceptable
20 predetermined tolerances and if so,

-generating a signal showing the landing to be acceptable.

7 A means to carry out a method according to any of claims
1-6 for selecting a desired position (25) on a stackihg target

25 (15) for a container (7) comprising a moveable crane equipped
with control means including a memory means, and further
arranged with a travelling part such as a trolley (8) with
sensor means (10, 11), which trolley (8) is also arranged with
a spreader (9) suitable for holding said container (7) such

30 that measurements made by sensor means (10, 11) of distances
between trolley (8) and a stacking target (15) may be stored
in the memory means and used to calculate said desired

position (25).



