1 A METHOD AND SYSTEM FOR OPTI M ZI NG CONTAI NERS | N A BLOCK Techni cal
field The present invention relates to a nethod for optim zing the
position of a plurality of containers in a block, especially a

contai ner block in a container 5port. The invention is also related
to software and a systemconfigured to performsaid optim zation.
Background A very large part of all traded goods in the world is
transported over sea by container shipsl The ever increasing anount
of international trade results in 10hi gher demands of contai ner
termnal s al L mor r,t

goods it h ot PEPOELENBIEEreR SR TR Enip ARG oL AN P An BBk
capacity of container termnals often inplies nmaking very expensive

i nvest ment s. T@thHealfeldt nents could be in terns of larger blocks (if
even possible) and nore cranes, other transport vehicles and
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m ght be too I?rrgle t.o bear. tJ nproved pl anni ng and handling of the

st orage bl odKS IR F'T EPHIA " Nas a 20great potential to increase the
overal|l term nal throughput since this part is often a bottleneck in
t he whol e i rBagkgrewad transport system A systemto optimze the

bl ock handling operations could increase the capacity of termnals -
too smal |l t o eédyangsetgiet bf ghorhayegédmnh thestosldab thadisgerté@eldr dey by
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for the entire rt, handl i al | _bl.ocks and | oadi.ng/ unl.gadj ng of the
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cont ai ner shooteds@btisgbogisphitaraghacity of container terminals often implies making

very expensive investments. Such investments could be in terms of larger

blocks (if even possible) and more cranes, other transport vehicles and

15 complex and expensive computer systems. The reason for this is to be able
to serve more import/export activities, and the resulting intermediate
storage without incurring longer, costly delays in either end. For many small
to medium sized terminals such investments might be too large to bear.
Improved planning and handling of the storage blocks in a terminal has a

20 great potential to increase the overall terminal throughput since this part is

often a bottleneck in the whole inter modal transport system.

A system to optimize the block handling operations could increase the
capacity of terminals too small to afford the high investment costs of large
facility improvements. In addition, larger terminals could of course also

25 benefit from a system that increases their capacity and effectiveness.

The traditional solution is to have a logistics system for the entire port
handling all blocks and loading/unloading of the ships. The port logistics

system determines in which block a certain container should be stored and



2 communi cates this information to a crane control systemthat
inserts the container in the appropriate block. The export of a
specific container is ordered by the port |ogistics systemand the
information is comunicated to the crane control systemfor the
appropriate block and the specific container 5is renmoved fromthe

bl ock where it has been stored. In the published US application
US2006/ 0182527, by Ranstromet al., a system has been disclosed in a
port |ogistics systemwhich controls the novenents of containers

wi thin each bl ock by.,assigni.n rders to the cranes t erform.,a
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of the crane to optim ze the position of each container within the
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orders in thgsed@es bhey datRsed &l §pet [beistibes it et tvhivi behiriBYhe
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for optim zitgpeHoempospdcifitak. each container in a bl ock w thout the
presence of a port |ogistics system Summary An obj ect of the
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reduces t he air exsvalt pictigfe afisaclp blagk amd theyosarm@vailable for moving the

containers within each block performs the assigned orders whenever the port
logistics system detects a container to move to a more favorable position. A
small port without an expensive port logistics systern having only one or a

15 few container blocks will lack the possibility to use the unused capacity of

the crane to optimize the position of each container within the block.

Another drawback is that each crane performs the assigned orders in the
order they are assigned to the crane, which may introduce extensive crane

motion before the next assigned order may be expedited.

20 Thus, there is a need to provide an improved system for optimizing the
position of each container in a block without the presence of a port logistics

system.
Summary

An object of the present invention is to provide a method that provides an
25 optimization process for the stored containers in a block which reduces the

drawbacks of the prior art systems.

In this invention we propose a more decentralized approach where the crane

control system in a block takes care of the container storage optimization for



3 this block. The port logistics system (if present) still determ nes
in which block a certain container should be stored and conmuni cat es
with the | ocal block optimzation system called crane control unit.
The crane control unit has three major tasks. It should optim ze:
5container insert, i.e. find an optinmal placenent for new containers
whet her delivered by Iand or by sea container renoval, i.e. in
shortest possible tinme renove a containér fromthe bl ock

cont ai ner re- stacking, i.e. during tines of low crane |load relocate

10cont ai ners_to avourabl e pos The, cr.ane, contr ol
ol cul at os. + UL PR TGP 18R FrslRten BFBrea FhE R8P Tehieh
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noves, are revie ue redrrange oore uce
the tinme 15nksdddet mam@'rtheksnltﬁenﬂaspemlzm al | these tasks t he
optim zation takes a nunber of issues into account, such as: the
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whi ch position the container will even uaIIy be delivered. In

20particul ar if iWhpder geBeered BrsPut el Akt by |and or by sea the

type and size of egthflen@émévhiach/ INRERM JdIsbetiDeesRBYe h R¥LREAGN | S
that the crane ca act%% S better used, conpared to prior art
sol uti ons. RiecKrdvant age is that an optinization of a

cont ai ner bl-ock neghthee? paehickitedi. evarindab@h oflgsoétank 0 BildldatsSy St em
is not present. Still. ano her a van%ggg mnth the present invention is

that tH& operati ngPYpREE He'2EP&, Y reduced, in order to

reduce wear and energy
The crane control calculates required container moves to handle these tasks

and in order to make it efficient, a queue of container moves is assigned to
each crane. The content of the queue, i.e. the order of the container moves,
are reviewed and the queue rearranged in such a way to reduce the time

15 needed to perform the tasks.

In all these tasks the optimization takes a number of issues into account,

such as:

- the actual or estimated time of removal for containers that are moved
- to which position the container will eventually be delivered. In
20 particular if it is to be transported next by land or by sea

- the type and size of container

An advantage with the present invention is that the crane capacity is better

used compared to prior art solutions.

Another advantage is that an optimization of a container block may be

25 achieved even though a port logistics system is not present.

Still another advantage with the present invention is that the operating

speed of the cranes may be reduced, in order to reduce wear and energy



4 consunptions, since the crane control unit has a nore conplete
know edge conpared to prior art systens. Additional objects and
advantages wi Il becone apparent for a skilled person in the art from
the detail ed description. 5Brief description of the drawings Fig. 1
shows an overview of a container port. Fig. 2 shows a container block

with one crane illustrating insert, renoval and re-stacking operation
according to the invention. Figs4 3a-3c illustrates a
re-stacki ng operation according to the present 10invention. Fig. 4
shows a container block with two cranes illustrating i

| ! | i nﬁert, rir%val
and re- st ackfHFEERORE PRCGEROTENA GORTCL WL DAY 8PP oM gle Igopdedge
fl ow chart oforhjpeerefitopeiss aftadystemsert, renoval and re-stacking
operation according to the invention. 15Detail ed description Figure 1
shows a port £:0r OV i i r t i St ) S
that contr OIQ&%PPE%Dd\Pi%%\tA%& ?)lfi @%Ig%%%%@rﬁ%:?g%kaj p?lgérfcr{!élcgglr%tﬁ?& %ﬁ%@ 2
arrive to uninddg ast frpwaidredsailgdrfieserintiorand t he contai ners are stored,
in this enbodinent, in four blocks 10. The PLS controls the cranes

that 20unl oagiikpaekdrijtisdbpshé Arptiggsa comuni cation bus 3, and an
unl oaded container is brought froma ship via a transport rail 4 to a

bl ock sel eCtﬁg. Eéhﬁ)ﬂgaﬁbgewg“g&e%ﬁ(?m&q}%}ggl[@ dedi cated to a bl ock,

and controlle nove e unl oaded container into a
suitable position within the block. A container that is going to be
| oaded ont o HEshishovs aceptaperdiodly witheoneranas ilnsiaiing ingpiedemgvalhe
transport raidd A-tacReglopeRiRerdeordifs tdteSiildhtdbn. The PLS i ssues
orders to each crane and these orders are arranged in a queue for 5

Figs. 3a-3c illustrates a re-stacking operation according to the present

10 invention.

Fig. 4 shows a container block with two cranes illustrating insert, removal

and re-stacking operation according to the invention.

Fig. b is a flow chart of the process for insert, removal and re-stacking

operation according to the invention.
15 Detailed description

Figure 1 shows a port 11 provided with a prior art port logistics system PLS
that controls all movements of container blocks in the port. Ships 2 arrive to
unload or load containers 1, and the containers are stored, in this
embodiment, in four blocks 10. The PLS controls the cranes that

20 unload/load the ships through a communication bus 3, and an unloaded
container is brought from a ship via a transport rail 4 to a block selected by
the PLS. Cranes 5 that are dedicated to a block, and controlled by the PLS,
move the unloaded container into a suitable position within the block. A
container that is going to be loaded onto a ship is collected by the cranes 5

25 and moved to the transport rail 4 to be transported to the ship 2. The PLS

issues orders to each crane and these orders are arranged in a queue for



each crane. The sanme applies when a truck 6 | oads or unl oads a
container on the "landside" 7. Figure 2 shows a first enbodi nent of
the present invention applied to a block 20 of a nmultiple containers
1 stacked in a three dinmensional space. A 5single crane 21 is
provided to nove the containers within the block (re- stacking
operation) as illustrated by the arrow 24, inserting a container into
the block (insert operation) froman input position 22 as illustrated
by the arrow 25, and renoving a container fron1therb|ock (renova

operation) t Oac‘i)'lxtcroUt let §a(r)r§é ett 1es w en a @% 4] t hg c%r x%r26'
I nput and out §8p05|t|ons ) prOV|d out5| EHe ock I a
dedi cat ed spacQKQIthndeh@ "l andsi de" of the block, and a dedi cated

space 28 for the "seaside" of the block. A crane control unit (CCU)

configured tgg ﬁ%@‘éﬂb&@h%ﬂ érhb&hﬁlea%f tHeQRHeSddt GV RLeIPiiEE B a
controls the rmverrent of the crane i/éaSSI(gnl nghcont alner noves to a

queue. The Pack &P of Aanplgipleceantainerini stncke nescBRERPIABRL SREEI A be

stored isn ar@inﬁl@%r&@&P%ﬂo@i&d&b%J@ﬁﬁé chgtaBert REIEO M AHIECK FreWi t hi n
the bl ock 20, and the insert _and renmoval operations fromthe external

dedi cat ed sp%é%‘%‘“é pPreiadiopbas Hlugiate! Bhehs HEW 2PoH1SEr e 2 soRRRS I But
position 23 theelddC@iRet opdretiéifirds aﬁrlﬁpudp@hlmﬁ b2 aR illedtedted by yREOr y
or an external nggog¥ 29 is accessible.to b ﬁlcgﬁ | nf rnatlon
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space 27 andld8iside’ of Houbldclheambs eleldithmti sphee Qa\ﬁaﬂuedaeam;e lothe
| npl ement ed flg&? % ér%ple%gﬁ{roglllmt iéCiP%?nq'scgklg l%I?r?}umcage ﬁct}'ua 0 WI th

figures 3a- an entire ynanlc |ded
i nt o sub- sedvgistiss sipandeldl) contrioletheundpemepft oti tiEngsnayt atsalgktmg
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in connection wt a-3c Illustrates a
r e- st adki ng agpéainer %hpté@ @9 rsérrrng in gnd{ee Mmtréﬂthwbmdlmg of ghe

sub-section 30 0hetNFithafkK p2QKIRS Chded ihdk LR EGhEM o%xtatﬂions from

the external dedicated spaces 27 and 28 in which the input position 22 and
output position 23 are located. The CCU is provided with an internal
memory or an external memory 29 is accessible to the CCU. Information

20 regarding container identification, current position (CP) of each container,
time-until-removal TUR, and desired output position (OUT) are stored in the
memory 29. There are normally several output positions and input positions

available in each external dedicated space 27 and 28.

It should be noted that the invention may be implemented for a sub-section
25 30, as described in connection with figures 3a-3c of an entire block. A block

may be dynamically divided into sub-sections dependent on the number of

cranes and tasks assigned to each crane. This will become obvious from the

description in connection with figure 4.

Figures 3a-3c illustrates a re-stacking operation according to the present

30 invention. A sub-section 30 of the block 20 described in connection with



6 figure 2 conprises in this enbodi ment twenty containers arranged in
an area with two by four containers wherein the maxi mum height is
four containers. A three dinensional space is created having thirty
two avail abl e positions. A single crane (not shown) nobves a contai ner
at the time as 5defined by the required container noves arranged in a
gueue. The queue conprises a nunber of cal cul ated contai ner noves to
performthe re-stacking according to thé invention. Re-stacking is
normal Iy perforned to put the containers within the subsection at a

nore favora ition red to.the current position. This 10t ask
o per for oo aER P s ORRAl b S fey BonBRRrk aPats I At ho
sub-secti on &fa witidtwihbp fowor @oadiaerserhérsing mebaamnnmv adight gnfotibe
subsection 3 t i t.i VAL

e st acki ng CePRRG A G O Elngd BEAK 5 et Ba Bk Sl iRlanar,

i nterrupted qu@msameﬁlyglmeamooshlwn)tmovewemnt@mer etrbwetime@ent ai ner

I's receiyed &)éfﬁeggaﬁt@@?g %géﬁgﬁlﬁﬁﬁﬂ%ov@ﬁ:e@%g&ch%ﬁm%@rﬁ%e' %f the

re- stacklng proc I n conn I gure 3a- 3c.
Bef ore t he cecamerigesrm BR@pPEr plocatgvatedmontdiner movesoin pefigim bameent

posi tion (CRyaliBnsacBaW Ihk Qv NB),, the CCU cal cul ates a value R
for each contalner present wthin the sub-section 30. The cal cul ated
20value R is_based on: tine_unti)J repoval (T t he contai ner from
t he bl ock, a%%rsiﬁcgeﬂgrlsmmlﬁge PENG thRTc tcag’F?é?erFr"BFﬁlPﬁhe &8P ent
posi tion (CRection at aegheetfatbraslegiddftionottnppired 66 tid arrréxﬁlﬁasmoﬁ Mbise
detaile descrkg% g n%ﬁhowt cal cul ate th§1va u R cancg und
bel ow. ‘The c& BY&Y 65? ISR RV ST TG 1O R RSpRbY 16‘? how
opti mal the sﬁﬂrwdtmntsmcasﬂtwlmn 06 comairennd i lmaefenncsredcffmﬁmcdsmlm al |
ot her contaif up- sect resent .invention
"5 b0 reduce bgn Sl APEIREN SPaatolPins BhotlroRt FEEBi or <
within the swferatéwts am tfmrmiotmm‘fr@ﬁmm isqmtfaratdy nvbﬁtﬂuptmb of the
hi ghest val ] \ Y
| Pustr at os FRac iy hERLLL:SE GIhe bP Rl Byl Roclod by e
sel ect dd. AlGeVrdemi e BbSi ti ons (AP) are identified and a
correspondi ng

The principal operation of the re-stacking procedure is described in

connection with figures 3a-3c. Before the crane can start to move containers
from their current position (CP) to a new position [NP), the CCU calculates a
value R for each container present within the sub-section 30. The calculated
20 value R is based on: time until removal (TUR) of the container from the
block, and time for moving (TFM) the container from the current position
(CP) to a selected external output position (OUT). A more detailed description

of how to calculate the value R can be found below.

The calculated value R for each container is a measure of how optimal the
25 current position of the container is compared to all other containers in the
sub-section. A goal of the present invention is to reduce the sum of the
calculated values R for all containers within the sub-section, and therefore
the container with one of the highest values R is normally selected to be
moved. Figure 3a illustrates the case when container “1” at current position

30 CP is selected. Alternative positions (AP) are identified and a corresponding



7 value Rnew is calculated for each AP to identify a new position NPI
for the selected container "1", as nmarked wth dashed lines. A nore
detail ed description of howto calculate the value R ew and sel ect

NPl fromthe plurality of AP can be found below. 5In order to be able
to nmove container "1" fromits current position, container "A"

posi ti oned above container "1" needs to be relocated to a relocation
position RPA fromits current position @PA as shown in figure 3a.
Avai |l abl e rel ocation positions (ARP) are identified and a

correspondi ng,Rrel ocate is.calcul at far h ARP to.identify. the
ol bcaton pOuT Rt el Byie e AR, b et B A pd <t §P% fonfbt e
i nes. A norslad¢dcdmadingesStt apmaried withosadhed diaes.ud atare thmiledl ue

Rrel ocate a“é]'es%ﬁlag%ﬁ 8%%5}}6 OMchfiSe Phe¥ ALl gi%%vaa{ncféeﬁgec%ﬁygl D%l fnd

bel ow. The requi ner noves are C a a a queue of
cont ai ner noMesality ohdR cendwtfedndvbelewt he f ol | owi ng appear ance: 15Task
| DMove 1CPA -> RPA 2CPlI -> NPI This queue is assigned to the crane

(only one crRngdef 8SIedhbleRo tdve cBxae)” aieh ftbeufrehBhodiBSK dositainer
initiated, i.e. to nove container A fromits current 20position to

the sel ect ed?y POBLSRFOAPPETHIRRET Theaeedd)te herdatated teafrelesatioot her

cont ai ner " ZpasitirEREL 8bhyitd berre@nbaitied CRPRUshobREinSREQE GahheiRble

value "R', whjich is gg@iﬂti ?fﬂgﬂ at ,CPniifaa illustrated.in figure 3b. A

new positi orf cIgS3UPRP PRUHEY areidendificqd andi FEELRARIOS ReeradS as

mar ked wit h didaheddlfonesh ARP o diehtifyotheereRbhort PosThMe RPY fdradonedine?”

from it current. 20m0s! 80 al R morBachRh Lol ahgy g cqnt ai ner
calculate the value Rrelocate and select RP; from the plurality of ARP can be

found below.

The required container moves are calculated and a queue of container moves

is now created with the following appearance:

15 Task ID Move
1 “A” CPa -> RPa
2 “1” CP, -> NP,

This queue is assigned to the crane (only one crane present in this example)
and the first task is initiated, i.e. to move container A from its current

20 position to the selected relocation position. The CCU thereafter selects
another container “2”, preferably the container having the second highest
value “R”, which is positioned at CP2 as illustrated in figure 3b. A new
position NP2 for container “2” is identified and selected, as marked with
dashed lines. In order to be able to move container “2” from its current

25 position, container “B” positioned above container “2” needs to be relocated
to a relocation position RPr from its current position CPg, as shown in figure
3b. The relocation position RPs is identified and selected for container “B”, as
marked with dotted lines



to a relocation position RPB fromits current position CPB, as shown
in figure 3b. The relocation position RPBis identified and sel ected
for container "B", as marked with dotted lines 8 The required
cont ai ner noves for noving container "2" fromits current position
CP2 to the new position NP2 are cal cul ated: Cal cul ated noves for
contai ner "2" Task | Dwvbve 51CPB -> RPB 2CP2 -> NP2 These cont ai ner
noves coul d either be added in the end 8f the queued tasks for the
crane, such as: Queue for crane 10Task | DvbveStatus 1CPA -> RPA
nmovi ng 2CPlI -> NPI BEP > RPB 4CP2 -> NP2 1 The t?tus field

i ndi cates t ht® T8¢ é’ﬁﬂt%’?eers‘BH‘f‘ﬁs OF ZLo8t& A %‘H%?r BRGESk 1. 1n
sonme cir cunspahit@s Cit tarehe ey posidor NPy arecdlctilatedear r ange t he order of
the tasks to take advantage of the cranes actual position after

conpl eting tRQclittKd thotlSRE oh¥aingr ©8€uUpi ed With. In this case it
may be nore advant ageous

Task ID Move
5 1 “B” CPs -> RPs

2 2 CP2 -> NP2

These container moves could either be added in the end of the queued tasks

for the crane, such as:

Queue for crane

10 Task ID Move Status
1 “A” CPa -> RPy  moving
2 “1” CP: -> NP,
3 “B” CPs -> RPg
4 “2" CP2 -> NP3
15 The status field indicates that the crane presently is busy with performing
task 1.

In some circumstances it may be more efficient to rearrange the order of the
tasks to take advantage of the cranes actual position after completing the
task it presently is occupied with. In this case it may be more advantageous

20 to rearrange the container moves for container “1” and “B”. The aim of the
rearranging is to minimize, or at least reduce, the required time to perform
the tasks in the queue for the crane. This result in a modified queue of

container moves assigned to the crane by the CCU.



20t o rearrange the contai ner noves for container "1" and "B". The aim
of the rearranging is to mnimze, or at |east reduce, the required
time to performthe tasks in the queue for the crane. This result in
a nodi fi ed queue of container noves assigned to the crane by the CCU.
9 Modified queue for crane Task | DvMbveStatus 1CPA -> RPA noving 2CPB
-> RPs 53CPI -> NPl 4CP2 -> NP2 Wen the task of noving container "A"
has been conpleted, as illustrated in fPgure 3b, the crane perforns
the next task in the queue, i.e. first noving container "1" to its
new positi onMT%QdﬁtJ]e‘rme‘gg ker cr(amw ng container "B" to its 10rel ocation
position, or TIrs o ng cOnt'&iner "B" to its rel ocation position
and t her eaf t Baskmoild ng Mm:@ai ner "S:&tuso its new position dependent on
whi ch queue {s assAgnte)Pto gy the CCU. At the sane tine as
the crane perforns the a8si gned ta in the queue, the CCU conti nues
to sel ect cohtai né8’s t &Pee>ddved to "opt| m ze" the positions of 15the
containers if the.sub-gectiqp 30. Container "3" is selected to be
noved fromits current p03|t|on CP3 to a new position NP3 and
container "4% is $&l ect¥d-T&Ppe noved fromits current position CP4
to a new position NP4, as illustrated by the dashed lines in figure
3c. No ot herwaeﬂttm: ek dfe@@lﬁng @orhalrﬁBVE‘dh&QbéHrﬂ@fm lete@DYLilkf3€rated in
sel ected coslllial n but conﬁzéu ner "1" 0 20be m)ved bef or e

cont ai ner S R BEHPRT (2 et BRI G ReS: LOIRELPAEE 4
can not be naweginentlo tblis renp@ERSHH hod th&éafﬂmmbwﬁgmbatamea*r ‘B3'to htas
been moved it

o ene T, HietosR G RERlbR G it meiad rERBOR S, RS 3 n bPaloS

cont ai ner " Andticdréafter anevinglcdedamsr f Ul todtwsnew position dependent on which
queue is assigned to the crane by the CCU.

At the same time as the crane performs the assigned tasks in the queue, the
CCU continues to select containers te be moved to “optimize” the positions of
15 the containers in the sub-section 30. Container "3" is selected to be moved
from its current position CP3 to a new position NP3 and container “4” is
selected to be moved from its current position CP4 to a new position NP4, as
illustrated by the dashed lines in figure 3c. No other container needs to be
moved in order to move the selected containers, but container “1” needs to
20 be moved before container “3” can be moved into its new position NPs.
Container “4” can not be moved into its new position NP4 until container “3”
has been moved its new position NPs. As an example, the tasks in the queue
for the crane are rearranged and the container moves for container “3” and

“4" are added as follows:



10 New queue for crane Task | DvbveStatusConments CPA -> RPA done( RPA
is now CPA for container "A") CPB -> RPB done(RPB is now CPB for
container "B") 51CPI -> NPInoving 2CP3 -> RP3 3CP2 -> NP2 4CP4 -> NP4
The conpl eted noves are preferably renoved fromthe queue, but are
10i ncl uded above to clarify which noves have been perfornmed. Figure
3c illustrates the positions of the container in the sub-section 30
after the conpletion of the nove of comt&iner "1". The nenory which
is accessible to the CCU contains the current position of each
cont ai ner, alqgl whu%n tthg move is conpleted (as indicated by "done" in
the status fi chB, YR8t &t T%nt posi tion 15o0f the noved containers are
updated in tHeskrei®dry aovendi cat edtaius t he Coonmemitss fi el d. The
re-stacki ng operatj.on ti S il the m..Qf I at ed. , .
values R for all c%nt ai?%gr% pf‘eséﬁlrfttnevm t hi rtuﬁl'f| '8 nsot?%{ig’é%’ i%ﬁ{%eri £
m ni m zed, or untiB” t h€Pee>RFackidugpeoper atRmisirew GPefargontdndyy Bih
i nsert eration o re a op d.0on. In a preferred enbodi nent,
t he cal ?BI atied van]irJe R@,\s( %lp at e?hﬁ%hgeach container that is affected
by the nove #f theé’sel &&setdREont ai ner to a new position before
anot her contai ner «g»s s@lzgc;ﬁ% In the exanple illustrated in

)

connection with fiégure a-3c, the cal cul ated val ue of the contai ner
4 “4” CP4 -> NP4

The completed moves are preferably removed from the queue, but are
10 included above to clarify which moves have been performed. Figure 3c
illustrates the positions of the container in the sub-section 30 after the
completion of the move of container “1”. The memory which is accessible to
the CCU contains the current position of each container, and when the move
is completed (as indicated by “done” in the status field), the current position
15 of the moved containers are updated in the memory as indicated in the

comments field.

The re-stacking operation continues until the sum of the calculated values R
for all containers present within the sub-section 30 is minimized, or until the
re-stacking operation is interrupted by an insert operation or removal

20 operation.

In a preferred embodiment, the calculated value R is updated for each
container that is affected by the move of the selected container to a new
position before another container is selected. In the example illustrated in
connection with figures 3a-3c, the calculated value of the container

25 positioned below the relocation positionn RPa for container “A” should be
updated, as well as the calculated value for the containers positioned below
the new position NP for container “17. These updated values will increase as
a result of the additional container on top. The updated values will then be
taken into consideration when selecting the next container to be moved. It is

30 possible that the next container will be a container positioned below the new



25posi tioned bel ow the relocation position RPA for container "A"

shoul d be updated, as well as the cal cul ated value for the containers
posi tioned bel ow the new position NP1 for container "1". These

updat ed values will increase as a result of the additional container
on top. The updated values will then be taken into consideration when
selecting the next container to be noved. It is 30possible that the
next container will be a container positioned below the new 11
position NR for container " 1" and that container needs to be noved
before container "1% ar amet er r ref erapl
taken into CONAIY e&g ?Ogncon aérrllers Ie%‘%clpﬁjga% E% aﬁ%%rbeggls t%l‘i3 §?1 e&%’FE)rX
cont ai ner " 1corftaioer t Hecapl he mbved; Thksapammmdéis\eae posfetabbntkeadnto
described in, e

™ Ut ofH%!ch‘egith’éer?%gQ%kl%x\hngﬁ%%%b pS&PﬁI?W& Jonmﬁﬁgﬁgﬁur%?og%f The
posi tion CPi plufaléa©ﬁa}:£@maézmepsmons aﬁpﬂ?atreued/mﬂemordwéetadﬂvBMer is
noved, but may al so be updated regularly if the crane is provided

Wi th a neanscémauffiphYarhbRrs @ERIRIP, | FINOUTIRY ) GiRCERS Srd f6red in
sub-section. Such a neans may invol ve bar code reader syste

transponder 6P mﬁé}b‘é"ePEBE}@‘HP{l i okspshehpntaiper 1 “I’H’cﬂPdél rg'c‘ﬁl’%‘i ed
val ue R for theGontah&EE rhévedABLENAR alddbaifdABd 2e AL HIRE crdden® for

novi ng" (TF iich.is determ ne ased on t curren osition and
t he out put %§?"‘Hfg6ﬁ“ hl’ﬂé“e@lﬁ‘rsrtgHF”%otE‘FtCPBWL%‘?HBt‘ﬁ%e%H‘(Oﬁ 3e5% 60 are
cont ai ner pasAEdctiva. Sticl adnédhst gy ma@bielbar b readeakgdtb@l e@naporidee
15esti nat ed tigeeé%to nove th sel ect ed contal ner fromits current

position to ¥° HF@&%B%"&B{ BB nt er medi at el y posi ti oned

cont ai ners between CP and OQUT may affect the calculated TFM It is
preferred thite catolatedoraliie Bdarerl contairends bayedra) B@Btand@r( FpRyameter

contai ners, “%moﬁ%&ﬂfg’g ﬁﬁg wkﬁch ?@Qet@ﬁﬁﬁn%ﬁ Mked Bn tH@EﬁfrleH@ﬁoélﬁon

connection with figures facilitate the 20nobve of
sel ect ed corfi™ W@rﬂutwtgm%tw smraeqtcmsmoevar& th@ BitBekporitieeatd ced

by two cranegnfdinepsratidiersAordli§aR tﬂ@meﬁ%r}?oﬁ*‘l@@é BilclaPA 4s @fe t he
bl ock 40 is provided on each side of the ock, each area is provided

with ardout FFHIReed Hsniomaveshg sslectedRontaiBer TPty RErreptposHio o r of

unit CCU, caffrt§ongpma ﬂﬂsﬁf&pﬁﬂ&ﬁ%§&l&tdlep@éiﬂor2e5ﬁébﬂtﬂﬁﬂfd1@émﬁﬁﬁf@'Py 44,
comruni cat esrgé{} the c fanes 4 {%gd 41b. An external comand center
EEC, such ad th%@f ithe cadgulated] TiMnthis Pesleaed fratiihalsedy t o

initiate ingeistd opeint frebad@ng MMFRAIcOBTaindds Osuch as container “A” and
container “B” described in connection with figures 3a-3c, to facilitate the

20 move of the selected container.

Figure 4 shows a top view of a block 40 serviced by two cranes 41a and 41b.
An area 42, 43 not being a part of the block 40 is provided on each side of
the block, each area is provided with an output position OUT and an input
position IN. A crane control unit CCU, comprising a microprocessor 1P and

25 an internal memory 44, communicates with the cranes 41a and 41b.

An external command center EEC, such as a Port Logistics System,
communicates with the CCU to initiate insert operation of a container into
the block 40 using one of the available input positions, or to initiate a
removal operation of a container from the block 40 to one of the available

30 output positions. The optimization process of block 40 is described in



t he bl ock 40 using one of the available input positions, or to
initiate a renoval operation of a container fromthe block 40 to one
of the avail abl e 30out put positions. The optim zation process of
bl ock 40 is described in 12 connection with figure 5, wherein the
process starts at step 50 when the optim zation is initiated. In
order to effectively optim ze the position of the containers within a
block it is necessary for the systemtolhave know edge of a paraneter
indicative of the suitability to position each container at a
5certain posjtion.wthin the_block.. value Ris therefore.calcul ated
T step 5t teRo P bRTRARE oo WiEfsin B BrotBe bl S0 SRR B e
to the corr ectipizapon ipiodtiidtednnfordar @ ¢destivelp npilinidei the tpoesitivhad kh¢ or
sub-section | ' ' j ,
éJnth%terst \Qﬁhlﬁ‘{l% }D{O%ktﬂ 246 ckSsa *o%f[hg g%soteg ﬂo%ater@%gjg}vg%gfe %2

nmenti oned above, tIine u renoval rumo nt ai ner
bl ock, and t# perdmgteningicagive PEN)e suitabdlifittaipesitionreanh chatadnarragat

ositio CP £ : | . Lid ,
gesi redrBCI(JT %esr{ Eﬁrrl %\??‘glégq#l?g%e%{g&gr Agigh%ﬁét %&é%ﬁﬁ%gegdﬁg Epﬁg?
i s inserted. Winsd rPllStetlye Hmedt tkspity mave satintontainer dp the caréciostput
st age(see beboon EHﬁMEBsEIBBﬁ withYeRBH10RR (Bt QBiohiEndt e ehte

relocating (TFR) containers 15to facilitate the nove of contaliners
| ocat ed bel declrEnelested: cont ai ner being | ocated beneath two 1

containers will include TFR conpared to a container situated on top
of a stack ORicbmdedi dieas mdivdricaaboos ttimenhal feieaMTUR) bf hdbarttkires

h high h T d.TUR will th b i al
oy aretdr 1 droHEe BRI e DT e Son e G i et
consi der e_d tmasltm)ra(_omsscp afsakectedeaxtdrhat omwuapba'dbecﬂOU_@).GWam desirader
representi ngOltJJilFf% é{‘o%dédtfr(%,&LﬂLg, E)P léﬁc%l%tt%c[ligv%;e%%%c H{a\s}\% ra1§ Eé%lrj‘%egr Tn%% t

container fromi current position osition where
| i kel y goi ngPltSombg atsenowpedy thismfbimatibroaka (ggeestege(bée/belaki.ng i nto
account that other containers stacked on top of this one have to be

renoved firstiringadee oi¥n nddyebd BRSRad ale tiMt fQdetRethS (THR oRiHhEas
cost to contaihers that are due for delivery soon.
15 to facilitate the move of containers located below. TFM for a container being
located beneath two containers will include TFR compared to a container
situated on top of a stack of containers. TUR for most containers within a
block is much higher than TFM, and TUR will therefore be an essential

parameter for the optimization process.

20 The value R should be considered to be a cost function that is attached to
each container representing the time it would take to transport this
particular container from its current pesition to the position where it is most
likely going to be removed from the block (preferably taking into account that
other containers stacked on top of this one have to be removed first).

25 Weights are thereafter introduced to give higher cost to containers that are

due for delivery soon.

The value R is stored in a memory 44 arranged within the CCU and the
process continue to step 52, in which CCU checks if there are any orders
from the PLS to insert a container in the block 40 or to remove a container

30 from the block. If there is an order to interrupt the re-stacking process, the



The value Ris stored in a nmenory 44 arranged within the CCU and t he
process continue to step 52, in which CCU checks if there are any
orders fromthe PLS to insert a container in the block 40 or to
renmove a container 30fromthe block. If there is an order to
interrupt the re-stacking process, the 13 process continues to step
53 in which the CCU determ nes the type of interrupt process. The
steps associated with insert operation &nhd renoval operation is
described below. If no orders are received fromthe PLS, the process

continues to_st 62.10 Sperforima re-stacki erati sel ecting
a cont ai ner .pEPﬁgéjsc%)ﬁ’ttlgiuﬁngo Fltaeyiér?gmt‘ﬂ%cﬁitgﬁg:s 9%?{}31 S?o? P’%’c?sefl
function) i sinperefiptr pioksgsss #he stepd .asdddimted atithymspdsiperaivg {rAPsndwat t he

sel ected COH(SI?EII,QE nissdetsgqu)%cﬂf)%lg{;v. identified within the bl ock, as

descri bed in connection w Igures 3a-3c, and a new value Rnew is
cal cul ated for each AP as the values R was calculated in step 1051. A
new positi ont! P8OTE¢E e reeived fkumihs ReP. the pretess ceptipiemiorsier 8P thased

on: the scal cprfdrada YaktRkRd Qeraiich B sclbiithLakonth e drmeysniaingge Rnew
for its AP, and a travel cost fed on tinme_faor noving the

] \ TCO) ba ) 1
cont ai ner f rigegtheghighest vapie R gorj coshiumctipnhisyprelsratie selseédd on time
for relocat imgerﬁ@ﬂtéelabds@ﬁ?ﬁ &Aﬁfsﬁibir %& g@lectb{ﬂleoﬂﬁﬁ‘i/rﬁerﬁeli tHd¥ea ﬁﬁ|i?@ithii_d
cont ai ner to NP. n urt her odi ment, t selection o is
baced on r eduihinghe et b8 o el R zPHE lon W f2BrRaia BTkt BEY od
cont ai ner: GaRaeR{ARH ralBER)dHGr Ed€n APwizahe vakiks towh¥ d31c&atH) in sep he
cal cul alted vﬂ e at th i

. cyrrent position,. . n) 1.s
CneULiltr 8 Yol phifiof 1 FiseRERid i Rlainst 1nsiosted GrmbaaRLgees
const ant pr efrerthbkylchikssd vdlan Rofoe it KIRIthe calculatediw valuk Re..chl ¢tisl AR, ed
travel cost f LN i c in fromt.h rr
position to The™ %Wﬂaﬁ%ts ﬁffr?gtb?\%ée‘?%}é??‘%‘? %g%é'r]fg Wei Ky %ﬂégrnlﬁg e@m(%
alternati ve e@@biﬁtﬁ. disis prefetadfly firther based on time for relocating containers to
facilitate the move of the selected container to NP.

15 In a further embodiment, the selection of NP is based on reducing, preferably

minimizing, a cost C for the selected container:
C=Runew(APn)-R(CP)+K1*TCy, where n=1 to N (1

- R(CP) is the calculated value at the current position,

- Rnew(APn) is the calculated new value at the nth alternative position
20 - K, is a constant, preferably less than one (Ki<1)

- TCn is the calculated travel cost for moving said selected container

from the current position to the nth alternative position, and

- N is the number of alternative positions available.

In an alternative embodiment, the selected container is the container that
25 will decrease the sum of the value R for all containers when the selected
container has been moved to NP. In that case a new value Rnew for every
alternative position for all containers in the block needs to be calculated
before a container can be selected. The calculations to find NP for each

container in the block is performed as described above.



In an alternative enbodi nent, the selected container is the container
that 25 will decrease the sumof the value R for all containers when
the selected container has been noved to NP. In that case a new val ue
Rnew for every alternative position for all containers in the bl ock
needs to be cal cul ated before a container can be selected. The
calculations to find NP for each container in the block is perforned
as descri bed above. 14 \When a new posi%¥don (NP) has been determ ned
the process continues to step 63 in which necessary noves are
cal cul ated Iganderod 8, 08.2008 1.0 uRNeINe el fel sd contalner, (¢ oam,CP
to NP. These' novés ay°i'ne relocating cont ai NS nat are° st acked
on top of th@BHewatﬂBdewmmm asd calcllatagridenrdéotoSwedlsde to movaithabl e
rel ocation i cated,
2 val e, oot Ryrihirerydin, SR I8N HEks {5l HEFIOLG: Rl
avai | abl e r etwdaineonthad sie stenlsed ARMP ofdbe delectedinotaihey etc. Tiherder to
cal cul atyl on Qe K8 3G8IEreltallas Bls@Bnl(RP) BRI ARIANPHEL feah biik

0

cal cul atl on for cont alners in step selection of
RP i s descr ilséagates. poeducd cosli fung@cmaI%Wcate\/mqwtqbﬁeca&@#@@drfawveﬁben

cal culated iR, SLeR r@%caﬁ&?y%ﬁé’ Eﬂﬁ‘?l 2 GoiRHBed Qbﬁeeﬁhgéafcﬁfatﬁﬁ%

crane 4la, 41b to performthe tas I there are pend mg{étas sin
t he queue, t%geeW%ém&héﬁam@wa@s%%émwﬁu%@ﬂ% at flhg t he

queues, as dQs@4inBRUNANGY 81 iaRdAARNREELHIANIRD i AdBHBES irPA0PE detlall | S
al so 15possible to rearrange tasks between the queues of the cranes,

to furtier rR&dR®e the time needed to performthe tasks. In step 65
the cranes performthe next task assigned to each queue and the
process contWhemeshd mos'eepa\&deen aafiiuddtetl e sttt @habe GCiht@atd :Ilguéthl@m

cost functi %gc%ﬁéﬁ?y Cv%?%gtﬂa A?l%)!,&) e%[’o?’ga ﬁ'lt%qggksn?irthnpverse eindlrkg

af fect the SonE contai ners 1 H 1
These val uestaak@rptfefcmealbl thespdatydet fadtonadeheonpidareten edwehionerding o

step 67. %glfula% assdegﬁﬁit?ééoél?OVEQn%ghﬁ F@Vl@@fig&[esaﬁéoé Cf{ 'si aé%o i s

i ncl udi ng St ep anot cont al ner S ect e
deci ded5i n staspiblrto neprrange Frasis detwernnide cmwg:a df the aness tefuther

process is fed, bagk ﬂxﬂé%‘é%ﬂoﬁfo@&ﬁh@tﬁ&l&o 52 (unl ess step 2566 was
omtted, then the process is back to step 51). If no other

In step 65 the cranes perform the next task assigned to each queue and the
process continues to step 66 in which the database containing the cost
function R is updated. The calculated container moves will affect the

20 calculated value R for some containers in the block. These values are
preferably updated before the process continues to step 67. However, it is
possible to omit step 66 in favor of including step 51 if another container
should be selected, which is decided in step 67. If another container should
be selected the process is fed back through arrow 69 to step 52 (unless step

25 66 was omitted, then the process is fed back to step 51). If no other

container should be selected the process ends in step 68.

Insert operations

Interrupt will appear when an order to initiate an insert operation of a new
container 4% into the block 40 is received from the PLS. The order sent from

30 the PLS comprises:



cont ai ner should be selected the process ends in step 68. Insert

oper ati ons Interrupt will appear when an order to initiate an
insert operation of a new container 45 into the block 40 is received
fromthe PLS. The order sent from 30the PLS conprises: 15 Contai ner
I D, I nput position (Seaside/landside) IN Furthernore, information
regarding "time until renmoval” TUR and desired output position OUT
may be included in the order to insert the container 5into the bl ock.
These contai ner paranmeters are not essential to performthe insert
oper ation, but thﬁokpomdque of TUR and OUT will inprove future

re-stacking opera PORs of the bl ock since the new container 45 may be

positioned in a nineutfmmeticaldPeagidsilandsdadiNi ng t he i nsert operation.
TUR is preferably estimted using the stored TUR for containers

| ocat ed wi t hirirthé@n kB PIH@GHnARN ek find Wt Qhtil AEnGANTATR Ghd R sRE

inserted i s unknown to the system and the estimated value is stored
in the menmor§UtEAL PefiHoR QUTERY &5 ipeludsgd dythg edlendo nseehibe spRtaiRgrue of

the stored Tk iy 6o RRE bENWirdRipArdietehd ffkndAQssdiitid®ld pbgoRPthe
provided in the order to insert the container, OUT is prePerany

sel ected to ‘P& operationy bPubhe kppwigdee did Uit ard CHY wikhimspys fdyre re-

%5 Pat ural | K smﬁlahg oiEéilatiaﬂg okl liledri]k aiglgé Vied\n €0 kb atanedr 48 mapypet i Me
efore it has been renove ro e hlock 40. An.insert positjion is

ol ooted by BeioRd B Ee R bl Sttt e tas (b WS e . ks

avai | abl e i nmeferaig estimared AdiRy thastiohal DURAH; canginar<ciabaigt atigdn tthavel

cost (TQ). Ri,nsert i t he sa araneter.s as the val ue R

Coe aboth TURPTRO ot Bed3RERY PBn O RaRRT R PR AR SIS s E S TRES e

for nmovi ng tdystermrral therestincitedealbe A4 fotral inhthe GuBmofCGl4 . SThisastthationt he

E : KI)E I o eggxig E?BLEL%&‘ GVaB N AR SNl @The BErEXTBRIBE cofBierPQithEd Bl
block 40. If OUT is not provided in the order to insert the container, OUT is
preferably selected to be a central position of the block 40. The PLS may

15 naturally update TUR and OUT for a given container at any time before it

has been removed from the block 40.

An insert position is selected by the CCU based on a calculated value Rinsert
for each available insert position (AIP) in the block, and a calculated travel
cost (TC). Rinsert is based on the same parameters as the value R, see above,
20 with the exception that TFM is selected to be the time for moving the
container from each AIP to the QUT. TC is based on the time for moving the

new container from the external input position (IN) to each AIP,

The insert position (IP) for the new container may further be selected based
on an updated calculated value R for each container affected by inserting the
25 container at each AIP, and with the aim of minimizing the sum of the

updated calculated values R and the insert value Risert for the selected IP.

In an alternative embodiment, the selection of the insert position (IP) is
based on reducing (preferably minimizing) a cost Cinsert for the inserted

container:



The insert position (JP) for the new container may further be

sel ect ed based on an updated cal cul ated value R for each contai ner
affected by inserting the 25container at each AIP, and with the aim
of mnimzing the sumof the updated cal cul ated values R and the
insert value Runert for the selected IP. In an alternative

enbodi nent, the selection of the insert position (IP) is based on
reduci ng (preferably mininzing) a costl®inseri for the inserted
container: 16 Cinsert= Rinsert (ALN+Ks*TCr, where r=1 to R(2)

wherein: RnsgralPpQ i S?&fl%ﬁﬂ&agl’z%y:x\rzitegedr:ilnt%%t val ue at the rthr%?r han

avai |l abl e i ns&Ft poET a constant, preferably hig
one (K3>1) TCr is the calculated travel cost for noving the
addi ti onal cBR®&!Her fromthe current position to the rth available

i nsert position, ﬁﬂgnﬁlﬂ’rﬂstﬂ?‘l% AlRaEd Hscttv@ilh@ht td Hﬁ%&&ﬂaﬁc@@iﬂéeﬁns-

This may be exenplified with reference to figure 4. An order to
insert 10 cont ai RefitI9% from t he external input position IN at the

"seasi deg' is. recekyefa toytail, Sréferabikh@ner e dif- ®sA0ki ng oper ati on
is interrupted. Each crane h?s gueue oé tasks to perform as.
described i conn&ttiFdHe GRICHAE HrREe cost o mefipg deitienal spriainey) v
configured to pri fitint theeurftipasi€ibh tomﬁéﬁdhimnlaﬂld Sh&et p?§ﬁ5n,ij£1d he |
crane 4la, operatjpng.,at the "seaside", will q e perfornmed 15unti
the CCU has sel ec%{é%ﬂé%n\”ﬁ%eﬁ'ﬂ avd'ﬂ}gﬁlg 15%?}‘8?{%?}0%(% crane 41b is not
affected by the insert operation, and the block may be considered to
be divi ded iTtis mpnmexeatplied v rafenenca Baligurd 44 6. orBate ipseme
Servicega Subseshiboas @lont A% BLAHK) Hut YAEERATNRISRE L TRYreBBved
over | appi ng%‘?’lhe insertO posi(?!lton }fs}ﬁysue}ggcltleg, as gesce%:ggigd a]ig'ovg? and

the tasks i frem&EIE0qiede 2adshgaedtacking epseatiomisanterrepted dbrpbcage
include the yVE§uERAN taSEs {Pperform, as described in connection with figures 3a-

3c. The system is preferably configured to prioritize the insert operation and
the tasks in the crane 41a, operating at the “seaside”, will only be performed
15 until the CCU has selected an IP. The queue assigned to crane 41b is not
affected by the insert operation, and the block may be considered to be
divided into dynamical sub-sections 46a and 46b. Each crane service a sub-

section of the block 40, which sub-sections may be overlapping.

The insert position is selected, as described above, and the tasks in the

20 queue assigned to crane 41la are rearranged to include the moves required to
insert the new container at IP as fast as possible. Tasks assigned to crane
41b needs to be taken into consideration when rearranging the tasks in the
queue for crane 41la to avoid unnecessary delay and risk for collision

between the cranes.

25 The process initiated by the order to insert a container is described in

connection with figure 5 and comprises:

- Selecting an insert position (IP), step 54,
- calculating the number of container moves required facilitating the

move of the container to be inserted from the external input position



insert the new container at |IP as fast as possible. Tasks assigned to
crane 41b needs to be taken into consideration when rearranging the
tasks in the queue for crane 4la to avoid unnecessary delay and ri sk
for collision between the cranes. 25The process initiated by the
order to insert a container is described in connection with figure 5
and conprises: Selecting an insert position (I1P), step 54,

cal cul ati ng the nunber of container noves required facilitating the
nove of the container to be inserted fromthe external input position
17 (IN) to an ins {d ' ot Dt b ' . i

bl ock, step 55, iﬁ??%ﬁ%ﬁ?ﬁ% t(%hgghﬁpfgg%ﬁJﬁggﬁH%?ggg%?ggﬁg%kﬁ%v%?pin
t he queue for eachBcrane, step 56, and 5performning the container
nmoves as arranged;ifhd e Yo tive & ROEERL bt %tﬁiﬂ'e{jnﬁﬂreé fofle e for
crane, step 57. The noves required inserting the contalner ih the

bl ock are preferafAsh generstep #6dadh the queue in step 56. The

contai ner noves PREFGHMRE thdcoli8he? MAES aRaffa@EAd by tifdfidifthyout unti |
t he contai ner has been inserted in the 10bl ock 40 before thé process
continues to st epC@ETUHEE HE A AFank ORe CEMEp AP -and stored in the
menory 44 for each affected container within the bl ock. Renova

oper ati ons The motes reqpiredihdertihs theagpeainenhethedslock aey prieferalbiyt i ate a

renoval operatian of. cont ai ner, 4 ithin the block 40 is received
(rom the pLareried ndd BhE Bed Sei the bl g portonted B Rl
57 are preferably carried out until the container has been inserted in the

10 block 40 before the process continues to step 66 and the value R is updated

and stored in the memory 44 for each affected container within the block.

Removal operations

Interrupt will also appear when an order to initiate a removal operation of a
container 47 within the block 40 is received from the PLS. The order sent

15 from the PLS comprises:

- Container ID,

- Output position (Seaside/landside) OUT

No other information is needed for CCU to be able to calculate the moves
necessary to remove the selected container from the block to the correct

20 output position OUT. It should be noted that the previously stored desired
output position may differ from the output position contained in the order to
remove the container. If the selected container is positioned below another
container within the block, this container needs to be removed to a
relocation position. This procedure is similar to the procedure required to

25 move container within the block during re-stacking operations, as described
in connection with figures 3a-3c. The selection of a relocation position (RP)
will affect the future re-stacking operations that will commence as soon as
the interrupt operation has been completed. A more detailed description of

how to select a suitable RP can be found below.



Cont ai ner I D, Qutput position (Seaside/landside) OUT No ot her
information is needed for CCU to be able to cal cul ate the noves
necessary to renove the selected container fromthe block to the
correct 20output position QUT. It should be noted that the previously
stored desired output position may differ fromthe output position
contained in the order to renove the container. If the selected
contai ner is positioned bel ow another cbhtainer within the bl ock,
this container needs to be renoved to a relocation position. This
procedure i sy} fdALs b8 MRS SIS o LERUI 8ok Bindk3s MRNGEATh ! ner
within the bloc uring re-stacking operations, as escribed in
connect i on wearmettiogn maidh Rausd. aritheorspliswst the stapfs adter skepcd3:i on posi tion
(RP) will affect the future re-stacking operations that will comrence
as soon as the i nhelkHARingPES alireft FRstRLRIP) 0PI &nsineAtdE femoved
detail ed description of how to select a suitable RP can be found

bel ow. 18 The pr BeEsYEHPEl $&R5%y the order to renopve a contai ner

i s descrg bed i n cemegRtingA Mihber didheaiRermMeve:ORR1ire € Sadilitatisil €S
after step 53: determ Pi ng the current of the container

) ositio . t .
to be renoved froM¥RE" Bt IADER %?@@%V&Pcmeg%réﬁg)laclﬂf&mﬁeﬁﬂl%ﬁﬁng
cont ai ner noves r efgcoaedirfedshiahgéd agoveltbe ONRINT thibe refldved bes to be

removed, preferably includjng.relocati any .cont ai pers _ar.ranged
above the contai nﬁ%pf‘g‘“ﬁerelp@grﬂ%ao? Oﬁ?lg@sﬁéﬂﬁ‘vglg eocé’é‘?"i“Bﬁr %’3&? tion
(RP), and novi ng tdmeovedrib dhaeelettod eetersmoneput poditien SHIBCk@eg 58Xt er nal
out put posi i on (Qfla, S1LR.53,,. 301 ALEodustng. Lie, requl fed, number of
cont ai ner noves i N the qireue e i e g L ?'l? heCesEary Y,
step 60, and per f grerbngothheragemtifaieressarpy expad), andanged i n t he queue

by controlling e ﬁgﬁ [ | hed q{gq i ng the
contai ner from t?}g&lg oc'%ggéaﬁg%%'%({@s %g\é?%grg?(?#{ze ?é}e hé} queue in
step 60, and the suitedlingpaddfciRRefgep@&dch cont ai ner that needs to be
relocated in step 59 is based on a cal cul ated rel ocation val ue

(Rrel ocate) iy maval teabired reheaak it cHsider @l HRDIoas aflepeldrisg i n
nor e

prioritized in the queue in step 60, and the selection of RP for each container
that needs to be relocated in step 59 is based on a calculated relocation
value (Rrelocate) for available relocation position (ARP) as described in more
detail above. The container moves performed in step 61 are preferably
carried out until the container has been removed from the block 40 before

20 the process continues to step 66 and the value R is updated and stored in

the memory 44 for each affected container within the block.

In an alternative embodiment the relocation position (RP) is based on

reducing, preferably minimizing, a cost Crewcate for each additional container:
Crelocate™ Rretocate(ARPm)-R(CP)+E2*TCr, where m=1 to M (3)

25 wherein:
- R(CP) is the calculated value at the current position,
- Rrciocate(ARPm) is the calculated relocation value at the mth available
relocation position

- Kz is a constant, preferably higher than one (K2>1)



detail above. The container noves performed in step 61 are preferably
carried out until the container has been renoved fromthe bl ock 40
bef ore 20t he process continues to step 66 and the value R is updated
and stored in the nmenory 44 for each affected container within the
bl ock. In an alternative enbodi nent the relocation position (RP) is
based on reducing, preferably mnim zi nggl a cost Crelocate for each
addi tional container: Crelocate= Rrel ocatam - R(CP) +K2*TCm where n¥l
to M3) 25wherein: -R(CP) is the calcul ated value at the current
position, Rrelocatg(ARRQ &aﬁcﬁﬂf‘edcéil&eg L54G8r g%la%ﬁd%{% %{?ccg-ftaﬁﬁ?
nt h avai I abl e rel ocation position IS a cons

hi gher than one (kesuthe qgrem:mors@onﬁe tbalnvblaa@é@ibltrralvéatlcabmsﬂﬁm, and
movi ng the additi M’]@Hhe%tﬂ%é}%rfa{dd%é J:@o %053%%1%%! tion to the nth
avai | abl e rel ocation p05| tion Mi1s er of available

rel ocation pgsitjion almof_the tlmzatlo s to.reduce the
G of the COMOIRODH T BEE FTLE DS e O ROt D) oF Bie HIUIEEHTaMASS
present sm t hicostefagbtit)dokall osntairfend psaeht @ithaf eafdmaalb&mcif a in’I:Gsectlon

Cont | gur ed 1§ BErIEn P GHEHC DB OR PE B E =B 3E ST

of the posi tpmgraﬂi canfiguredlto pyrfofm cohéraexensed on a cbhrpmker an sub-

secti on. Aco Lok § abl e..nedi mls efer bly encoded.with the
10conput er program ODFH?&G Fentd on & 1§1(Iia1r r?t el‘%“%ﬁ%? oy PHrub-

optim zi ng tdeetiposh compuddr- Iaa@dthle aiadngana‘s pccfﬂta@ﬂmmcsadeah“atlbﬂmck (or
sub- sectj on of th-ﬁli aminNe systemis adapted to control at |east
one crane 21; 21@ Tohf | gured to nove said containers within said

bl ock (or sub-section) and is further provided with a
The invention also relates to a system for optimizing the position of a

plurality of containers in a block (or sub-section of a block). The system is

adapted to control at least one crane 21; 41a, 41b configured te move said

containers within said block (or sub-section) and is further provided with a
15 crane control unit CCU that is configured to perform the optimization

Process.



15crane control unit CCU that is configured to performthe
optim zation process. 20 What is clained is: 1. A nethod for
optim zing the position of a plurali t¥0of containers in a block in a
port provided with a port |ogistics system (PLS), conprising:
provi ding at | east one crane configured to nove said containers
within said block and a crane : control unit for controtling said at
| east one crane qm gﬁ fo conmunicate with the port | ogi stics
system (PLS), a2 S gﬂg OWI ng. st s are erfor
identifying a se IneP 1(1115'»11%90 nﬁﬂ@lﬂ&ﬁ
position (Cp) wontameﬁs sub-beckiinm pcbrts;modmﬂreabmtha portdogistist i on
(NP) wi thin the?/ fPE‘S' Ofg ﬁ%xha gaﬁ%rodéfc@ﬂ@tc@mer

aci Q

noves required sel: g%ﬂﬁ&ﬁﬁg@ é@ﬁ‘r al gueue

t t % b
step A. C arrah@uRec I 2 %%ﬁﬁ‘ é‘c‘?%&e
for each cranepomrpéﬂ-lﬂ@'frfﬁrrﬂgmﬁm mgm%dﬁél%ﬁ@é@c'é%n%ﬁﬂﬁﬁ@ g the

queue by Contrakédftgcémxduﬁicdt@amhdr@pertal@@smmtmms),en of
perform ng thewq:ﬁ?{:]r ugg‘)iﬁg %@ ? Rt | ng addi ti onal
cont ai ners ot her se cont alL ner 5 facili tﬁﬁﬂt he rmve

to the new posi ter mg@cfr? CRIAIDRFA
rel ocated to a rel ouaenlbposﬁmn (Op) ¢#thin a sab- Smélamfﬁﬁdd? 0§kar m 1,
wherein said et hogh hHERYOSERIEP Smtﬁlﬁﬁﬂ@éﬁb%cﬁbﬁps A-E for

anot her sel ect ed pet hod of
claim 2, wherei ntqoag%SkR%%mﬁlh % Fﬁjeg‘;ﬁno%s %]ﬁpﬁe cont ai ner
moves in the queuetating thmovessl, %PI?P o ToWn§iE He':&cont ai ner

moves in the queCeawbngirhtive revuired Auriber oﬁcbnﬂamer mewen By awher ei n

the aimof step C Qﬁ ﬁ@fgfgﬁéﬁ@aﬂ@e required tine to performthe
cont ai ner noves ueu ach cr claim
bl A gpobonfBS TR 1.

3, wherein the s
crane control unitbycoujzoling seikat leasinreeranss wyrereustiesier fhgi ng
the container novepelfeimées thee cgutaieeromdves dmesless relécatihg net hod

of claiml, wher el fudiR i LOAtneRbthRe thatiiRcidBstetoriafiergst | On Lo
constitute the ent
facilitate 9%e mbve to the new position (NP), such that
each additional container is relocated to a relocation
position (RP).

2. The method of claim 1, wherein said method further
comprises:

E repeating steps A-E for another selected container within

the sub-section.

3. The method of claim 2, wherein step C further comprises
rearranging the container moves in the queue to reduce
required time to perform the container moves in the queue of
each crane.

4. The method of claim 3, wherein the aim of step C is to
minimize the required time to perform the container moves in
the queue of each crane.

5. The method of claim 3, wherein the sub-section is ser-
viced by two cranes connected to the crane control unit
(CCU), and step C further comprises rearranging the con-
tainer moves between the queues of the cranes.

6. The method of claim 1, wherein the method comprises
selecting the sub-section to constitute the entire block.



7. A conputer programconfigured to performthe nmethod of claim1 on
a conputer readable nedium wherein said conputer program when
executed on a conputer, optimzes theZposition of a plurality of
containers in a block, or subsection of a bl ock. 8. A

conput er - readablema@b %ﬁm oitedani tonfigaredtd rfm‘nrptlmme'thod 9. A
Boﬁé

system for opt fnczférfﬁ Iofeeﬁiéﬂlerﬂeﬁwmo ﬁ“é?ﬁ’ﬂs in a
st em sald

bl ock in a por r OV t

syst em bei ng a@%&%ﬁelfﬁr‘?ﬁiﬁmao ﬁlﬁquéggfedoﬂgac YRPUL nPP 1@8 to nove
sai d cont ai nerthenpositiorsaifé plurelity cifacentadnerseiar bloolss osanb-syst em
conprises a crgigiciPgfadloekit (CCU) for controlling said at |east

(PLS) . that i ol Lk &;&Eﬁ?%@%ﬁﬁé el eFod il e iod” 77

The nmethod of € erein the additional containers are arranged
above the sel ect@dAcsysteiméor optichinieg ¢ha positiandof agplaralignodi ner s

ﬁ;?hg‘d)vg]? tcf’al &?aﬁ%qneétlﬁéaﬁm% PQﬁidédOm It lo 1sﬁéstrT2FS
o ﬂb%ﬁlop%ﬂ%ﬁeﬁy@ 0L 18 o

moverent of t heYSSok
opti ni zi ng t heomasiranercarigirgi icameye said SRS Wit Hltsratfék
conprising: prigheicll mfradactegiast ianthatrsaid sysiémgoortprisesnmceanai d

contai ners w téBrﬁrél%ﬂan@éUd)aﬁ% BaRBIMEnEAHilolr WAL ohe dalen the

foll owi ng steps aré€ perf cted contafl ner (i)

a
to be noved fregnfigused: &womm%e(@yﬁ/ﬁgmﬁiog HLSSRYSSH of said
bl ock to a newRIgs), thanis(défighried to p ddosmbtheaneilod oBctainedl ating a

nunber of containger es f the

sel ected cont ai nﬂfnﬂgé 35&%?515%15%%%6&‘6 @@rdggidflap%%ﬂaﬁﬁ

cont ai ner novesiake AIGngsE abevedhe RRlCIFRCOLIANG, § %ﬂ%

cont ai ner rmve:&ichﬁo&al aog‘&dnelrs areenqueddo lyseleptedantemgl %H‘Jbt | east
one crane; ntlflcat|on in step Ais performed by: a)

determ ni ng t mﬂfcﬁ‘@ r a
sub-section of ﬁdﬁﬁfe ?%EI %%tl Ef%é logl%tg%

cont ai ner in syisterauded) rentp W‘fﬁme% £ me&ﬁm&} S ¥YTUR) of
t he contai ner theq;mﬁthe bl ock, and 22 a tine for novi ng (TFM the

container from tfig QuheRHd ﬂﬁsbﬁﬂlﬂﬂzi@ihé PosgitRAl 6fhguaNiigr ol
output positi Containers inablock, comprising: providing atleast one crane
configured to move said containers within said block and a
crane control unit in which the following steps are performed:
A identifying a selected container (i) to be moved from a
current position (Cp) within a sub-section of said block
to a new position (NP) within the sub-section;
B calculating a number of container moves requlred facili-
tating the move of the selected container in step A;
C arranging the required number of container moves in a
queue for each crane; and
D performing the container moves as arranged in the queune
by controlling said at least one craue;
wherein the identiﬁcation in step A is performed by:
a) determining the current position (CP) of each container
within a sub-section of said block;
b) calculating a value (R) for each container in said sub-
section based on:
a time until removal (TUR) of the container from the

block, and



(QUT); c) identifying a nunber of alternative positions (A's) wthin
t he sub-section for a selected container; d) calculating a new val ue
(R'B) for the selected contai ner base@2on the sane paraneters as the
cal cul ated val ue (R |n step b) for each alternative position (AP);

and e) selecting, gZT OEohBEn&ORbA IR chirreAt t he
nunber of alt % ?% % d
val ue (R) forelr?g1 I{’,‘{ﬁpg |3oﬁe‘(egﬁ 3&03:1&5% §gﬁ]§w \allgfues
(Rnew) for its al t(@UE);ve p05| - tions (AP s), and a cal cul ated

travel cost (I ihafefiag 4 imEnber ofoaitamaipied Qenicmm(aAPFs)amthe

t t
mot hod of ol ai Qg%’%ﬁsﬁﬁc%g;ﬁ tﬂg’j ﬁé{ ééﬁt%léh e gy e
updat i ng the culatmgangw \ ng t@%ﬁ?!ﬁc’ggc%‘iﬁé’&?%d by the
nove of the sel ebztsedmnmeaammpammh’ememh&mlculﬂie((lm&bue (Rha. The

met hod of clai mjhate ri@r%abh%ltdrﬁﬁﬁ{/e%%itldﬂ' @)&P)paﬁdep e) is
further based (acfd e"\a?g%ﬁ{dcpﬁ\l?ﬁ%ﬂtﬂ@éém’aﬂz bii #4762 the

nove of the seel 15. The
Mative DRSANR (AR DB %1 .
) ol By

met hod of cl ai m3HNOhH
further sel ect edhﬁa@&u fﬁd@ﬂ forcis cure EPOESH'B)%

cont ai ner: C=R( A]i’écaldﬁ?}aﬁdd ﬁé‘@'valubsa(]ﬁ,,ég,%forotsl\almamfﬂpOR(-CP) is the
cal cul at ed value Mo r ek position, Rfle,,,,(AP",) |sthe

cal cul ated new va Hq \Hatlfbc%lt irﬁé(fﬂ

fof te

e e e R e
alternative posttion (A

13. The method of claim 12 wherein said method further

comprises:

f) updating the calculated value (R) for each container
affected by the move of the selected container to the new
position (NP).

14. The method of claim 12, wherein the travel cost (TC) in

step ) is further based on time for relocating containers to
facilitate the move of the selected container to the new posi-

tion (NP).

15. The method of claim 12, wherein the new position (NP)
in step €) is further selected based on reducing a cost C for the

selected container;

C=R,, (AP, )~R(CP)+K,*TC,, where n=1 to N

wherein:
R(CP) is the calculated value at the current position,

R,e,(AP,,) is the calculated new value at the nth alternative
pos1t10n

K, is a constant, preferably less than one (K1<1)

TC,, is the calculated travel cost for moving said selected
container from the current position to the nth alternative

position, and
N is the number of alternative positions available.



container fromthe current position to the nth alternative position,
and N is the nunber of alternative positions available. 23 16. The
met hod of claim 15, wherein the selecfon in step e) is further based
on mnimzing the cost C for the sel ected container. 17. The met hod
of claim 12, wherein step c) further conprises selecting a cont al ner

g?f:?ngtnl Lgepg 2{ flEllﬁa%@ MatheR] éfélaﬁhil@ witerefiethid §db@ﬁo§|uglb@
wherein the con%saﬁﬁﬂf‘ ﬁn%(aﬁeﬁh%u Wﬁ?@?%aﬁ% c<:)|§§ @&ogéhg&eé%ptpﬁ step

c). 19. The eentaadenf claim 12, wherein said time for noving (TEM

Sl rther based 97, 31id e oFenah 10 “‘%if?’?%% SPL o o).
2. The ot hod BRSER SPIFCIEE SRETATe T o the ¢ e (RIS
rel ocating addi pitondd identifyimer & nontier mﬁahem&maepemqunrﬂtap ner to
facilitate the ve to the new position (NP) and each additi onal

rothod of o1 ai m 268 THerer ot ik 1%, RFHhd Gifterasr ik by

addi ti onal contlmg][mstwah@(]ﬁ}lsesblbaﬂkhmstephé same parameters as the

o8I Ll one (ARD oy 12 LRETALIRE ol Irﬁe Ehwhéfciftald aﬁﬁgﬁ% 5000
each avail abl e &éﬁ'@@ |@‘H%i'ﬁ{ ﬁ%"eEF\jBHaﬁH ja SHaneters

as the cal cul attammltoé'a(:ﬂ)tatmﬂ:ﬁmmm)o the sededtedvaortatnee 1nes|tqmat| on '
position (ARP).pYan aﬁh rrethod of claim 12, wherein the time until
A Ehaap

| (TUR) f t.h I t

(G0 “when each U PE et kbt The Befasd ATERer emoval
(TUR) is esti mceﬁpuseagral@mtsmg)raiﬂmonal mn:mtameafarom:hler(fﬂaﬁ) thor the
cont g' Inﬁgzryeg @emeéteé &Wifte érftot %ﬂﬁt'a'ﬁ?g%gx?évé EAE el el ofit tai ner
59, “The. et hod OPPAAEE S8 Add il cORtieR R relt AR (A TEIREAT SR unt i |

renoval (TUR) iposition(®&Bge val ue of the stored time until renoval
for the contai nerg Whdhikthbe M@ﬁkmagse@ﬂegéﬁﬁfefélécgﬁaﬂ dspnt rol

t JTh t
gglnprl(ggs»retrllémﬁgﬁ)t)r@rfﬁ#ﬁ&ff 1HS§'P?F8H¥%1&§$ i RELEEReA Bostd e, 11 om
a menory (DB) &keesepibparametersdscihenzelectionaf the newqm,mnonalm
menory (DB) furst %‘?@ﬁmaﬂ%léfeﬁoéﬁﬁ@ﬁ SR SHS TA gb ior
each cont ai ner urr.ent g
ohaim 24, wher ShlptedelaArin pAf mt?@w? e HY? eml |
updating the ctioteppsiioan t(AGRP) trsedford smneapar@memrs las thenory
(DB) each ti ”Ecﬁldiﬂﬁ‘fe@i {?QIFue'GR @ﬂaﬁﬂé 6 EhEN I ailabe ',rél%l&hhb}’l of the

cont ai ner. 26 clairm 2 wherein the aimof the
optim zation |EOIS]51% he sum of the cal cul ated values (R) for

al | containers pRdséhe methadoideirmd?, vdwreomthe time until removal
(TUR) for each container is given to the crane control unit
(CCU) when each container enters the block, or the time until
removal (TUR) is estimated using the stored time until
removal (TUR) for the containers within the block if the time
until removal for a container to be inserted is unknown when
the container enters the block.

23. The method of claim 22, wherein said estimation of the
time until removal (TUR) is an average value of the stored
time until removal for the containers within the block acces-
sible to the crane control unit (CCU),.



27. A nethod for optimzing the position of a plurality of containers
in a block, conprising: providing at | east one crane configured to
nmove said containers within said bl ockfand a crane control unit in
which the following steps are performed: A identifying a selected
container (i) to be noved froma current position (Cp) within a

sub-section of sgid-hl ock a . ii ng ckdR) stebt 4y 8oﬁjiﬁ_ises
b soction: B oaf methgd b SlaitT 2, Wi i & d
facili- ta] ngrgm%mgéh@?fhu%@tﬁsé@q?@@é@ é‘%&wﬁ%@rﬁﬁhﬁé

arrangi ng the hf‘e?:ﬂbgf‘{m eces¥iblotd aa'nbcra]m/esn’rmlamq'tj_éﬁglﬂbr each
crane; and D peéigo:m%qnlgréa Bzg@%zacé’% e@?&ér{]aﬁkéﬂeéallcﬁklét@_@ queue

by controllingS e; erein_the. opt ation is
i nterrupted whealun(Ry e each ceRialBeRat it %‘#IFFEPt PPB%‘HCEW& qck to a
sel ected ext er nah5oqeuinathsdtofoclapd 24, wheretethemat @f r(élP)t er nal
com mand cent Sgﬁf@ﬁgﬂ?ﬁﬂﬁ Iu?:ﬂ'u Watit pghersurede osifion by the
crane control U ef ore; .t he t ). F
det er mi ni ng t hel aFk & t%’(’}’&.rtlﬁghe : og'%e@szﬁ ggéﬁgﬁ%? ("E(gitgfehe?enoved
from the bl ockis Awadchy aetmeyiagr éﬁﬂHfYé’g &SRR es required to
facilitate the npgeTofe teehoélofatleincidtwhergini thesaigp of thejopti-
| ntroduci ng  { he . el riedonuahes ol sea pirRaIERKAed ENidERRire f or
each crane; anty l’,l ng e con[i]s;;;l]1 r VeSS arranged in the
queue by cont r 8lliGOIYAHETE PAESTIY L _gﬁ%ﬁﬁﬁés.e, @1 28 EE&_Y hod of
clai m 27, wher ei 37t Aermathed forqutimizing hemRatioRo2 R %rom t he
bl ock are pri oFbﬁ}aqﬁgrg'jﬁatmcky@@mpﬂsiﬁg: pikhd direg, aidleéasifores eilame27,
wherein the cal culatlo [ ¥ha -l i any
ﬂ’&é‘gmé%‘g\;‘é r}{lﬁ%@%ﬁﬁq c%ntgéﬁ efs Wthid) sdidl Blerki aved

containers arr9 ﬁﬁiﬁﬂﬁéo ﬁw?ﬁgrﬁf”%ﬁggi%ﬁé%ﬁggtegve

rel ocation postrangrcquepl uniidn iy 3
to the selected @xicemtifyingtepseleptssi coniaine) to beagio P81 Bod of

cl ai m 29, “hereink er%;p%%ﬁ%ﬁg shithiina 6BB}sdotforeaf baiadsliockonal
|

. . e’
container in step S selecte

ed: meters as the
sel ection of the n ﬂ%%’[’tﬂ%htl‘?ﬂ( &é@?gﬁggﬁﬁ%&gﬁrgm rsl ogat i on
positions (ARP B)caindl&tll@ammb@ﬂoféq)i%@éﬂ?’bﬁlqygﬁng?ﬁﬁgﬁaﬁ ) for
each avail abl e rel faid ofe pRowé bf the célRRIed asathinar i stepade

paramelers as ¢ hf: %ﬁl L3 e YBGHRell RurhBef bfR dhtaiiRl B80Es aval | abl e
rel ocation positio o
queue for each crane; and -
D performing the container moves as arranged in the queue
by controlling said at least one crane;
wherein the optimization is interrupted when an order to
remove a container from the block to a selected external
output position (OUT) is received from an external com-

mand center (PLS), and the following steps are per-
formed by the crane control unit (CCU) before the pro-
cess restarts at step A):

F determining the current position (CP) of the container to
be removed from the block; _

G calculating a number of container moves required to
facilitate the move of the selected container in step F;

H introducing the required number of container moves in
the queue for each crane; and

performing the container moves as arranged in the queue
by controlling said at least one crane.



31. The nethod of claim 30, wherein the relocation position (RP) in
step h) further is selected based on reducing a cost C for each
addi ti onal container: C=Rremane(Al 22"2§-R(CP)+K2*TC'" where n¥l to
wherein: R(CP) is the caI cul at ed value at the current position,

Rrel ocat e( ARP m I ation value at the nth
avai | abl e(rel oca%é %ﬁPa ﬁ@ 3$ il@ﬁ%lﬁdhﬁm@/@?%@%r@tﬂ gher

t han one (K2>Irem0VECthe icontmeraroul shedlockazk mdstitized mowheng t he
addi tional comfiphyeer fromthe current position to the nth available

rel ocati on posi e vai | bIe rel.ocation
posi ti ons. P ?étjgo qﬁ%ﬁ%%ﬁf M‘Hée{q‘\ﬁ %g‘f“‘ ué%“%’f“%sﬁmral ity
of containers hS O conprising: providing at |east one crane
configured to eeh:matlng) ldﬁmltélr.m‘é biranget hibyvectheadshtaigdane

trol t I r.f
o TR el %@ﬁ@%r@f&aﬂeﬁéeg;cmm
position (Cp) wit A ) GRSy tQI Ek IFH0XC db&i t i on
(NP) within the saeles:&d eziternal Outpiltl];mmhgna((){dﬁi)er of contai ner

moves required Becmhetmem@dtdfelmemfwh@mﬁqhe%ﬁsbaqm bERM N

quete foreacholy %@@?M@@%&éﬁ Sy ”eré%c gge n e
arranged in t %S Q@e&b%/S%}ﬁpPammﬁb‘:r #Asd §19Doﬁ the 1 wher ei n
the opti mi zatposition iint stapus)eformia¢h aazmlabbbarrelccnatmqioﬁnggst ai ner

into the bl ocfARIPO ﬂﬂd%eﬂéﬁ?&ted?@l%aﬂ@ﬁ'xﬁdl foeegLyed from
an external CWQTE{E%e?@ch%h @@Pgﬁ? fg:)@ ﬁﬁga%?g grelmsl—
0

performed befé) ers as the cafcu%ated value (R) 1n step b) for each available
relocation position (ARP).

31. The method of claim 30, wherein the relocation posi-

tion (RP) in step h) further is selected based on reducing a cost

C for each additional container:

C=R, ctocaie ARP,)-R(CP)+K,*TC,,, where m=1 to
M

wherein:

R(CP) is the calculated value at the current position,

R, ciocaze(ARP,) is the calculated relocation value at the
mth available relocation position,

K, is a constant, preferably higher than one (K,>1),

TC,, is the calculated travel cost for moving the additional
container from the current position to the mth available
relocation position, and

M is the number of available relocation positions.

32. A method for optimizing the position of a plurality of
containers in a block, comprising: providing at least one crane
configured to move said containers within said block and a
crane control unit in which the following steps are performed:

A identifying a selected container (i) to be moved from a
current position (Cp) within a sub-section of said block
to a new position (NP) within the sub-section;

B calculating a number of container moves required facili-
tating the move of the selected container in step A;



J cal culating the nunber of container noves required to facilitate
the nove of the container to be inserted fromthe external input
position (IN) to an insert position (EBP) within the sub-section of
said bl ock; K introducing the required nunber of container noves in
t he queue for each crane; and L perform ng the container noves as

arranged in th u RSy 33.
The net hod of g%ﬁg?gﬁépéq@%%ﬁﬁgégofggi&?@g rto |‘§1§{serfg t he
contai ner into tfechefekeaskchIB@and zed in the queue, 34. The
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(AP s), a value er r ea h avai (Al P)
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for each avail abl emsnsteacom@lsmﬂ;nmﬁo A IEPWr avel
cost (TC) based Oz%ééuﬁ%ﬁ Vﬁé@@n@if{mmaememﬂrommhanéxternal

| nput position (I é?llaﬁﬁﬁgsﬂ étlécifb
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The net hod of cl ai
container in step B R PIPSCSTNGSEAILY t he updat ed

cal cul ated valJJ@aId%)lafmg thacmmaraoﬁ\emmamwmamamn@d tdg t he
cont ai ner az hea 1%%{: ?nwé th@fb%ﬂn&am@rwﬂ@ms@ﬂtbd ﬁ%nﬁ?ﬁ ai m of
m ni mi zing the 0 ca e

i nsert val ue (m%@&%@l’%ﬁjﬁﬂBHﬁ Q&t@&@wa@?é aSSg‘esﬁ? ! ”(a(?g? 36.
The method of clwithinshe shbrsactiamel saieklockssi ti on (I ) in step J)
is further selrgheddirgsd the reqdiedngmbepst cGnisierer rhoves e i nsert ed

.
et (e 1o e RERARLY @ﬁ*&@?ﬁ%ﬁﬁéea{ “he rih avai | abl e
Insert positi ofherforming the container moves as arranged in the queue
by controlling said at least one crane.
33. The method of claim 32, wherein the moves required to
insert the container into the block are prioritized in the queue.
34. The method of claim 32, wherein the insert position
(IP) for the container in step J is selected based on:
available insert positions (AIP’s), '
a value (R,,,,.,,) for each available insert position (AIP)
based on the same parameters as the calculated value (R)
in step b) for each available insert position (AIP), and
a calculated travel cost (TC) based on time for moving said
container from the external input position (IN) to each
available insert position (AIP).
35. The method of claim 34, wherein the insert position
(IP) for the container in step J further is selected based on:
the updated calculated value (R) for each container
affected by inserting the container at each available
msert position (AIP), and



' K3>1), TCr is the
[ constant, preferably higher than one ( , T
Eglgﬁlgted travel gost for noving the addltlonal_cpntalnea Er?g1tﬂg
current position to the rth avail abl e2V¥nsert position, an

nunber of available insert positions.

the aim of minimizing the sum of the updated calculated
values (R) and the insert value (Ryiser) for the selected
insert position (IP).
36. The method of claim 35, wherein the insert position
(IP) in step J) is further selected based on reducing a cost
Cinsers for the inserted container: '

Cin:err:'R:'mer:(AIP,-)‘l‘K 3*TC,_, where #=1to R

wherein

RinserAIP,) is the calculated insert value at the rth avail-
able insert position,

K is a constant, preferably higher than one (K5>1),

TC, is the calculated travel cost for moving the additional
container from the current position to the rth available
insert position, and

R is the number of available insert positions.



