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1 AMETHOD AND SYSTEM FOR OPTIMIZING CONTAINERS IN A
BLOCK Technical field The present invention relates to a method for
optimizing the position of a plurality of containers in a block, especially a
container block in a container 5 port. Thé invention is also related to software
and a system configured to perform said optimization. Background A very

ORI AR ST BTN P UIE OPTINIZINERCONTAINERS PX A BLOCK

container ships. The ever increasing amount of international trade results in
10 higher d s of container terminals all over the world to process

@i %cgfﬂéfcﬂgg%ﬂrt) more goods with an increased speed. The demand on
increased throughput capacity of container terminals often implies making

veReaxssesivdnrvetioneritstén mveathnshiocenliimieinddhndepitiggeef a
bjacka kifye¥ERRRETRIR) AN BRIGC@NRDI taneReitvBiciesRAtdARtainer

complex and expensive computer systems. The reason for this is to be able
t@SEVERfidFE POR A ab dEtiRifs! anel tE Te Ut fiHe GRRLiiterdde

withautinciaidngpangenteastly delays in either end. For many small to
medium sized terminals such investments might be too large to bear.
Irgg@y&%gﬁaning and handling of the storage blocks in a terminal has a 20
great potential to increase the overall terminal throughput since this part is

ft ttl k in the whale int ydal t t.system. A tem t
PIFETEDIER RAAHE GRS EbUN TErads hancaBaEs) Bier sea by

texnitdisciostdprl Moecaéord therbighrg\asinerit aloistseohtsigaalactitie results in
e o o
sGlupontisseraiexpdogistioresyststs Yotliheremivecpoed Isaadiing aft dooiend on
aﬂ%%ﬁ@@éﬂfﬂ?@ﬁﬂﬂ@é&%ﬁéﬂp& LOERATEIOQISHERals 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
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

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

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
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system determines in which block a certain container should be stored and 2
communicates this information to a crane control system that inserts the
container in the appropriate block. The export of a specific container is
ordered by the port logistics system and the information is communicated to
the crane control system for the appropriate block and the specific container

SISHEMAYRA QMHRERIBE WIS Bas-RRER SIS S\ IBE REAISRRA S the

application US2006/0182527, by Ranstrom et al., a_system has been
dFUNREREINE HoptabpitRE iR lrcivnidecomiisehe shecHinsmtainer is

CORtRINRT Hithingaeh dBntkcRYsasaianing Praer iRt EGNes dnPRiiRIPaded to
specific task. 10 A drawback of the prior art system is that only the port )
T e as PRl AL dra e RBSTESR IR GRS L zfapleiner
fas maning: thérotontaneksckithire sadhHae dieparkaomsithe assigned orders
whenever the port logistics system detects a container to move to a more

favorpbls oSl HsSmplratWMthascsbuARsYe PR edislicsHYstem, a

having only one or a 15 féw container blocks will lack the %ossibility to use

iR dR e dpssahstisrlans dritha REBpIRAISE SRS TISHbIY BidhEABALaiHas

witiirete o df. comethesdranbasleiscthal @achgranadiarernadhe assignehnes
orders in the orderﬁge%/ ag assigned to the crane, which may introduce
&é‘%} oA

XN ghaPh ore the next assigned order may be expedited. 20

Thus, there is a need to provide an improved system for optimizing the
pOsitienbrelcf coathier #hDivaanithdiatiealrése marblagistiesoyisties has

Syleferalpioante At SRiECHRI RS REEBREIFMENUQA IS KRG itie A iBathed

that provides an 25 optimization process for the stored containers in a block

vﬂﬂEﬁ%ﬁHéé@fﬁ%F&%%Qg%Fﬂé%mﬁ Q?F%égﬁgd orders whenever the port

logistics system detects a container to move to a more favorable position. A
small port without an expensive port logistics system having only one or a
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.

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
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
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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 determines in which
block a certain container should be storeapand communicates with the local
block optimization system, called crane control unit. The crane control unit

hag RS A8 P 153 00HC ORI AT BreSRRIRIOAT B8R N &Phich
ogtlmal placement for new containers whether delivered by land or by sea -
c

HigkharseifitataeainehsheshSssHrr ethand ReTEEEAtdfTeV i thibocal
bigekk epiaineiienstyeking, caIEH I AN@RF M\ SN O aE0esHRrd0unit

containers to more fayourable polsitions The crane control calculates required
cBAR B B\HE T daskait FlRLRIhERIEHE in order to make it efficient, a

gueue of container moves is assigned to each crane. The content of the
queue, i.eorHaibieinsktielcd rinid erhraviésabhpdaesieonidiansereagudainers

rearrangge i SUER AN LCHE IS8 Biedime S needed to perform the tasks.
In all these tasks the optimization takes a number of issues into account,

such as: $ABIAERFA Bireetrlated timdhortem RRiThle dHRi s/ et fentainer
moved tg-yhiehdopriian the container will eventually be delivered. In 20
particular if it is to be transported next by land or bX ﬁea the type apd size of
Containef AN RS UANTT e St SRS B e e GRs dcy

is better ased icerptrad doepiiovarbddtutiosgidirother advantage is that an
optimization of a container block may be 25 achieved even though a port

|logiRtice WS IR NCAREBRRL 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

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
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

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
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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
consumptions, since the crane control unit has a more complete knowledge
compared to prior art systems. Additionalfobjects and advantages will
become apparent for a skilled person in the art from the detailed description.

5c%ﬂ§hﬂ?§ﬁ@ﬂ@?%i?fc@%%ﬂﬁ%scg%éﬁt}ﬂ%’%% QEBHEWRhBIEAN AT e dge

port. Fig. 2 shows a container block with one crane illustrating insert, removal

afIPRRTS IR PHREREOFYEERBIRIiNg to the invention. Figs. 3a-3c illustrates a
re-stacking operation according to the present 10 invention. Fig. 4 shows a
cAdiditienbladijevith fmol crdnestillgssratiipirseric reppavain afid e -dtdtdkihgerson

_o&e&téog r@ﬁggﬁgiﬁq&%ta e%eiliéa"a@ggﬂp"f@n? is a flow chart of the process for

insert, remova re-stacking ope atllon according to the invention. 15
Detailed description Figure 1 shows a port 11 provided with a prior art port

\Briet descrintionsofiihe. d5awings movements of container blocks in the

port. Ships 2 arrive to unload or load containers 1, and the containers are
sttigad| Bhihies emlowdinient, dhdaarbkbeles portthe PLS controls the cranes
that 20 unload/load the ships through a communication bus 3, and an

upigadesh sRBtainehisRI@UBIBIKOM i P Vi adARSRGHHAR Micea blegkoval
selected by the PLS. Cranes 5 thaf are dedicated to a block, and controlled
o e PeS B BB ASE B AR S RStMRe position within the
block. A container that is going to be loaded onto a ship is collected by the
ckiges3nBrdlyshsiies foips tralidperopaiiativnbeceardpsr feuthrtReessipt 2.
ThR&k%on.

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

and re-stacking operation according to the invention.

Fig. 5 is a flow chart of the process for insert, removal and re-stacking

operation according to the invention.
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
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
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
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issues orders to each crane and these orders are arranged in a queue for 5
each crane. The same applies when a truck 6 loads or unloads a container
on the "landside" 7. Figure 2 shows a first embodiment of the present

invention applied to a block 20 of a multiple containers 1 stacked in a three
dimensional space. A 5 single crane 21 is provided to move the containers

withip %H@%%éﬁ%%ﬁ@? (@ien) 2% URtEed &Y P AIEAMLE container

inserting a container into the block (insert operation) from an input position
20y Ehfuddatksddsy the arrow 25, and removing a container from the block
(removal operation) to an output position 23, as illustrated by the arrow 26.
Irliigtlaca& chipurs mfpmiﬁmmmmbfa@emdenhwlmﬁm zirpplied to a

t C ! I
2)% 8eE '%sgegyg%eﬁlgzufﬁefeb %?ré;ﬁe contr L?ﬁllt& %ggﬁf ure ﬁ?%%%ge A

cemgiamicne @&nsr@p@detbgismvwﬂwmqmasw@mwhlméhﬂ chl@ﬂkehteof

t%@a&rﬁﬁ‘% @%&%ﬁ?%s@ﬁd@l?&(é@%‘gﬁﬁq@ U Tﬁ%@rﬁﬁé’ﬁ%&?ﬁ&ﬁ%r into
CCU of which block a 15 container should be stored in and the CCU controls

tHEhRIRAR§BFERE CPSRRAIRBISTRRMATHEBIEROS AR Ptha trilliisaatereolas

ORgfalons, frara M@oﬁ@g@b@mmﬁtﬁdfma&a&@m @8rbwlicpéRgtibRYto an
posmon 22 and o g ag((ﬁjltlon 23 ated Th b]?U is pro ded Wlth an
itEHRAY rRé?FﬁB‘RP# n 5?%8 %1'5%‘8 %‘Eﬁ"&l eytput

Irﬁosmaﬂmgﬁé)psegarthdg)cmntamﬂmdﬁmkczﬁan autedntgpedittpa¢ERYdbr the
eaeh GORING" Mgl V%&Qa'%eé Sﬁ%deP L RQSIUONAGH e

are stored in t e memoryaﬂ%&?here are FIOI’ Iy severa%?butput pOSItIOI’]S
abpiput poshprenireliabié (Fehiirerfégnat dddicamanspiicete Mate g port

shepiidibe Qpted et BedoNaYionRan e imaiemenied-fan a%% 1o 25

30, as described in connection with flgures 3a-3c of an entire blo bloC

AP R R ERANGEI o ekt d BGIR wﬁgraéﬁbﬁdé%ﬁftwélmhmg%fa

container should be stored in and the CCU controls the handling of the
containers within the block 20, and the insert and removal operations 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
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
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

invention. A sub-section 30 of the block 20 described in connection with
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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 comprises in this
embodiment twenty containers arranged in an area with two by four

cApIADY LSRG ﬁﬂéiﬂﬂﬁbﬁﬁﬂg&{%&%ﬁﬁﬁﬁ{&m&ﬁ%dm an

dimensional space is created having thirty two dvailable positions. A single
crdfié REhShEnARY Aosvecon REIn STRATHE thie s MerRdicEsthis fodtired

COPERIRICRIOVE SIAU AR HE A ANEYBa dd & tHeH B S XML BHRRE A Ghilable
orm the re- stacking according to the

calculated container moves to perf ; ]
SR RD SRS R JRRARIBER Rt b GO THE CSRAIE Wl Phe
sdbfinedtion dicarewmuia-éavosabidrpasitionaompargd doithe querant Phsitipteue

This 10 task is per ormeid Wf]en tp%re is na new contaiper to be inserted into
COINRPIISES. a 1’1%81 €I‘dp ﬁa culate ontaimer OovVeES 10 gar OITI € 1‘66
the sub-section and when no container is to be removed from the sub-
setidhiRg aewaidiagditeethovalvepéieion have priority over re-stacking
operations and the process of re-stacking is preferably interrupted

INReIgRIRIM yiReRchalBep e fRSAEDTJ PO VR & csHtainer d SsieBehv aslebyi ibe
15 CCU from the PI_£S. T%%#frincggal operation oéf]rthe g-stackin%roc,e,dureljtsl,
dRECHBB A ABAFR LGN AR ROSIES B S ST NBLFSHA B T ANE ChnPRaleg! This
mMagk topiaifteractionhthe heurrrénipositiorc (0 R)itea tocke pasiticad i) the
CCU calculat value,R for each container,present within the -section
e ARG G et i
copthinardtbringnst modk eandvirhedoratiovidtpPRANIoIEY corstairee s taskits

CH{j’&%ﬂﬁ%ﬂQﬁd_(%)ﬁPo%&%%t?Q-%@ﬁ?ﬁgqgtﬁ%ﬁi)éﬂig%@%% fednore
detailed description of how to calculate the value R can be found }t))elow.
immediately when an order to insert or remove a container is received by the

CCU from the PLS.

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
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
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

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

MAYGE-IqUIe 3aIHSHRIGS 8 CREPBEN SR R el 'ﬁé&ﬂ%ﬁ%ﬁp%ﬁ%e

30 CP1 is selected. Alternative positions (AP) are identified anda
cOPIESshaMy¥neaI (4 RAB R ESR AR FlfstThest Hgs 16 iyl el aldod
pasiigfNBn fer sy seleqlediceataiearailic & Maikedy it dashadinese A

maqre detailed description of how to calculate the value Rnew and select NP1
f%iﬂ%wpﬂfréﬁtf%‘flgﬁ g‘é\‘ﬁn@e 6l below. 5 In order to be able to move

container "1" from its current position, container "A" positioned above
cbneider o hreabiettobaespeardaincs rélofamitpositienRPsiftion. igontainer

cukFeRbaRRifen Ghoveasohamein I9WE-d8 6 Gl 2Pis 4 ehocalian-PRRILARS

(ARP) are identified and a corresponding Rreloeate is calculated for each
ARSI TAB R CRABAT SRTSHORF, For B5rithrwen 10 I EsHRarkelable
withodalire linasitibeqrerigtailedesoiiiiomafhevttes salcaiaieRNe Valus

Rrejoeate select RP, from the plurality of ARP can be. fo elow. The

A A G HoSRL Pt e TP b B et ger
NOA ,caeateal-tudih majfmlm&dginﬁpe@rmm dbtaded H2dMoyeidriAT GBW RPA
2(:?12191@%6 h’él Qélﬁg'fiﬂﬂiﬂezﬂﬁé? ?%i%@? 51 ﬁl&ﬁrﬂgee ] ?191" l?t%eo?% can be

present in this example§ ‘and the first task is initiated, i.e. to nove container A
friomrid ealesht 20 position to the selected relocation position. The CCU

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

is now created with the following appearance:

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
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 CP: as illustrated in figure 3b. A new
position NP for container “2” is identified and selected, as marked with
dashed lines. In order to be able to move container “2” from its current
position, container “B” positioned above container “2” needs to be relocated
to a relocation position RPs from its current position CPs, as shown in figure
3b. The relocation position RPs is identified and selected for container “B”, as

marked with dotted lines
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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

taAdSlanaHen ReRAN RRAJRD IS ﬁ%(&‘ﬁg ReF{iMGPS fi‘?oﬁ'?‘i‘i’grb{%{‘%{e

3b. The relocation position RPB is identified and selected for container "
aBOopiHARE Ratredirecaam o siticae NEg @iFe Fabitiatet moves for movmg
container "2" from its current position CP2 to the new position NP2 are
c€laldadaded alvotede don@mstidneartt2iher "2" Task ID Move 51 "B" CPs ->
2 "2 CP2 2 These container moves could either be added in the
RIP% th@queuggmgks for the crane, such as: Queue for crane 10 Task ID
I\/ﬂove Stalis 1 'APCPARBsRPA moving 2 "1" CP1 -> NP1 3 "B" CPB ->
RPB 4 "25-CP2 spNR2§p, The status field indicates that the crane presently
is busy with performing task 1. In some circumstances it may be more
Fl:lt-%nt to I%rgaa}gan%%t‘pe% ord er of t[rfle L%(sks dt(? t&\ke %glivantg%% fthéu%ra ﬁ%asks
ctua pos ion after comp etlng presen y'is occupied Wi
cﬁaettnmayihe, rmond acvantageous

Queue for crane

Task 1D Move Status
“A” CPa ->RPa  moving

2 “1” CP; -> NP,

3 “B” CPs -> RPg

1 “27 CP3 -> NP2

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
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.



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. 9 Modified queue for
crane Task ID Move Status 1 "A" CPA -> RPA moving 2 "B"CPB ->RPs 53

"Mé&dified 'Hﬁ&ué fér Chéne NP2 When the task of moving container "A has
been compléted, as illustrated in figure 3b, the crane performs the next task

i@ﬁ&qu e, i.eMR¥Emoving c8EAIEr "1" to its new position and thereafter
moving coptainec R toe,10 relsatign position, or first moving container "B"
to. its relocation pgsition _and thereafter moving container "1" to its new
p%sition dgpendgﬁ%ﬁvﬁ'}?@h queue is assigned to the crane by the CCU. At
e same ' time aSthe-sraie performs the assigned tasks in the queue, the

CCuU con@'}ues ﬁe[gcﬁi,ontainers to be moved to "optimize" the positions of
15 the coftainers it the sub-section 30. Container "3" is selected to be

moved from its current position CP3 to a new position NP3 and container "4"
isViKaciag t8ethBlRtnbRrRsdRfer phatidis el RlFeH. sesiice pgd in
afgiitstatethb)-tag e pehasineshie figkreaxk MotathguedrtiaiReireeasdane

moved in order to move the selected containers, but container "1" needs, to |
B Aol AN o A ST BB Ao BTG, Mo 1t

Gehbdemdoridadtioot definsvatbiritogitoneaipasiiitintdl R4 veitlcadinaipesiiivn
nas PEREMG, eerd&%%v”l%‘g Pgﬁé{?lé‘e']}i?ﬁ* ésif?‘s”neexv%‘mB's‘??toh& é%s‘é%ﬁ‘e}g?o ytiich
ged an v and

for the crane are rearr the container moves for container
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 to be moved to “optimize” the positions of
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
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:
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"4" are added as follows: 10 New queue for crane Task ID Move Status
Comments "A" CPA -> RPA done (RPA is now CPA for container "A") - "B"
CPB -> RPs done (RPs is now CPB for container "B") 51 "1" CP1 -> NP1
moving 2 .63,. CP3 > RP3 3"2" CP2 ->NP2 4"4" CP4 -> NP4 The
completed moves are preferably removed from the queue, but are 10

iﬁ@WQﬂ;@B@VﬁP&'&‘HQ’ which moves have been performed. Figure 3c
illustrates the positions of the container in the sub-section 30 after the

céafletidh of thd@¥e of contalkUY ", ThéSRIBMSEL¥hich is accessible to

the CCU-gpntaingphecurgnt pegtien of eagrponéaingy, @pd whepdbginever”)
is completed (as indicated by "done" in the status field), the current position__
15 of the Moved Cohtaildrs are(ﬁﬂ'd%ted in tﬁ%Prﬁé%WagPi)ﬁ#%fé) frimer "B
cammentd field. The e NRackingragenation continues until the sum of the
cglculate, valuel?Fl _fgrfglgscontainers present within the sub-section 30 is
minimized, or until the re-Stacking operation is interrupted by an insert
operation ¥t remo¥al-20dperation. In a preferred embodiment, the calculated
value R isypdate@lqgemsg container that is affected by the move of the
selected container to a new position before another container is selected. In

t exadmﬁ)l itlltﬁistrated in_conn ct%)\?rlwith fi&urﬁj 3a-3¢, the calcujated value

of te CORtANE 28 Posittied beitivy the TeI6Eaoh PAsitE M RPA fof tolitainer

"Aidhoeld bleowupdatedrdg whllchsitiw eshalatdebealperforthedcdriaumrerSc

pﬁﬁ'lté paet%sp %Iqoewpositions 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
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

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
positioned below the relocation position RPa for container “A” should be
updated, as well as the calculated value for the containers positioned below
the new position NP; for container “1”. 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

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



10

15

20

25

30

the new position NP1 for container "1". 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 bé‘a container positioned below the
new 11 position NP1 for container "1", and that container needs to be moved

bEIRi PRI BE dorfdiRe MevaddTiERe BRAMRIEIR 88 FEB%%'%‘PMéﬂkﬁé‘fore

into consideration when selecting the new position NP1 for container "

fr‘é?ﬁ“’tﬁ@eﬁlu|1alWﬁf%t&ﬁﬁﬁ@e%ﬁd?%r%ﬁ@%r?d@cpﬁﬁfﬁfﬁélﬁé?&ﬂeﬁelﬁw

5&1&1@{@&1@&1@@{%@;@@1@@%@%%& PEA W TP, thiee 5iARiHEs: ‘Arefrom the

stared jn memory. The current position CP1 of each cantainer | is
B LA E O LTVER Q5 HIA e B A eIty it

the crane is prowded with a means to verify the container ID when moving
agzkainer fiaetiors. SushamedhsIMRy ikdhetbRe colte rebtersysterad in

UANS RRABH OriS I Rr dMPPEJRIAY MBIV AR RGN L G AR Y tifen

R for a container is based on TUR and on a parameter "time for moving"

(’Fhwomﬁeﬁ%laé@ﬁﬁﬂee%wa%%ﬂ@%mmﬁtﬁesﬁﬁsw%rm s e 1s

ppsdigted hﬁt@ﬂ&@ﬁé@%lt@ﬂe&m@mwﬁt&ﬁeﬁltmr\@r@nq%{aﬁgacross the
pa meters sto$ed in the memo%,TFM is calculat(gd as the 15 estimated time

BUETHE LML BIfATHE Y ONfi Mt BOSRiBRAELTE YLy Bamtponder
psﬁmem,lntmgtenhat@mpmmtwﬂdmommners between CP and OUT may
affect the calculated TFM. It is preferred that TFM also is based on time for

refpeating & GQNiRIRCISr SUCHAS ISR RN s RO TEARBNELLBA parameter
described in connection with figures 3a-3c, to facilitate the 20 move of the

slERRIPECREYTG. BEMHE MBS Asrominest Basediond RecreagHyRaRition

ceantesitlaapad i hbsiAorareRdeudnopositiva pat ahéhaibiaekgdsision are
rowgled on each side of thegloc each area i;}pﬁm%d Wi eréout[%ﬁt

PO URAA SRR € memory. is calculat

estimated time to move the selected container from its current position to a
desired output position. Intermediately positioned containers between CP
and OUT may affect the calculated TFM. It is preferred that TFM also is
based on time for relocating (TFR) containers, such as container “A” and
container “B” described in connection with figures 3a-3c, to facilitate the

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 uP and

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

output positions. The optimization process of block 40 is described in
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position IN. A crane control unit CCU, comprising a microprocessor pP 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

ORGSR Gh AAANRNGL M e hlpek #8190 ofhe avalleBs§QatRhe

positions. The optimization process of block 40 is described in 12 connection
VA RgiARtDWRdRIHAtR p%&g%egtmtgfﬁﬁcét@ﬁlwm@% pasizandf ide
inifaiesh owenta sffaetikely ontivessthe rastirngtten eoManemwitiage of
block it is nece_ssé?ijry for the system t({égj%ve knowledge of a garameter
ifRARR S B SlNiRy c}%%éﬂbtﬁ K LRGP CA S AR PEEifbA
withita thepbldiciorAwithia Bhis HeckiofevediotiRtrdtinestedprb lalwhichedfiacisep 51,

the time it takes ove e container to the correct.output ,pasition from
o R B e L A A SR R PR o
ipbalidenoiroas mpasidivat wisbie thedlock (enmvalgautiRngf thet cbataimdre
191389‘1%'&@8%)@”‘1 time for moving (TFM) the container from the current
position (CP) to a selected external output position (OUT). TUR and desired

QUT is proyided from PLS, or calculated, when the contaj is inserted. The.
PR b T A R B RE AR AR ot A el JEISR) Of the container
Firdherinold ot kMumbyibe hasedovinth) €THTNE theretodatingr(TieR) tdontaimesat

15 to. facili e move of containers located below. T, r ntainer .

B e B e Bl e OOl FORNAR Hesirea
coidine Priideast foproplet.costaglculiaientairees. theRdmtaiost éomtsieresl. The

WD 3196 S T EBshIARIEN: and IHYR %%%Q@&J%@l@@)?‘”

essential” parameter for the optimization process. 20 The value R should be

¢ Pﬁ‘lt %?ﬁggep%ﬁlﬁorﬁtay %%t'ogsté’l tolrsl ﬁtltg %Pnelg I'gr relocating (TFR) containers
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.

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 position 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).
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

from the block. If there is an order to interrupt the re-stacking process, the
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each container representing the time it would take to transport this particular
container from its current position 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

dﬁPM@é)ééQBHuﬂ&%é’%‘@t IS SRR TR EALRRERS WIDIR e FCU

and the process continue to step 52, in which CCU checks if there are any
ohaTS HRInPTAEESE ST TSePSRSSAMHEH i tHE MsRK APerataRABgergmoval

cgp@maﬁ@sfr@égdﬁg&iqggld&ﬁhere is an order to interrupt the re-stacking
process, the 13 process continues to step 53 in which the CCU determines

t f t ith.|
I G e e e e

PR foastacestacking ops o tivapte2selestijgfarneatrersackitg epHeineh
by sRIe5HAS & iRfiuEhR EaNBNefNaMng) taephighpsth Bedar cost

function) is preferably selected. Alternative positions (APs) for the selected

cOMeinaticiRerdinBiHeRerEy Whitntslardaslcantadnfadstud saltenidentfied
vwktttffiﬁu tes %ao%k,, &@.Qi@Mbe@iﬁ&:&ﬁﬁ@étﬁo@ﬁ{ﬁﬁﬁtﬁgdﬁé§8§t36pa&ﬁitﬁ%ew
vaI was ca ted ste ﬁébéé An W smo%ﬁfor the ﬁlected ¢
08?1 & é%l% ed® BSFC Nag GAIGLIRYS i step
CFL. thenfazlchtm&dmeﬁmﬂiaesaeewdordtstameraackalm\tdl frosi (ffﬁ)AiﬁMed
o0 IR AVNIHNE RANRIRGT ORECR,0 SR AL TEUSRIRIEREY for its AP,
fuﬂ‘l ase on tlme or relocatlng contalners to aCI tate the move O tPl
Sél@ét@dl‘@dmamét {3 Q) ass dnoan fLimee Fasrniveidingelite therdelasidnan NP j&0

based 8B, r?@*fs!"}ﬂve@é%%f rRkiBisag, &Cﬁﬁié%%%l%&%ﬁfg%ntamers to
container: C=Rnew(APn)-R(CP)+KI*TCn, where n=1to N (1)
facilitate the move of the selected container to NP.

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

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

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

- Rnew(APr) is the calculated new value at the nth alternative position
- K1 is a constant, preferably less than one (Ki<1)

- TCh 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
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 Runew 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.
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- R(CP) is the calculated value at the current position, - Rnew(APn) is the
calculated new value at the nth alternative position 20 - Ki is a constant,
preferably less than one (Ki<1) - TCn is the calculated travel cost for moving
said selected container from the current'fosition to the nth alternative
position, and N is the number of alternative positions available. In an

aligtRaty e e hRAiment s RS HEhONARANISIIA PRI Bidkiarddlto step

decrease the sum of the value R for all containers when the selected

cBRtAMENIGR BEEFSATEYIR T NP pkidatedanandralte rsaRldroenaye the

afsrnativecpasiior farah CoPRINGEs IThR kinsle5eREs iadadalrdisigtng
before a container can be selected. Tg? culations to find NP for each

¢ al ]
cOARRIEEHT b BER HEAE e 4R UL B VA WG e G HBvgrder to
pssitiona NR)thhk hetscdeataipivsd dihe(RR) dessacantitaiastolsie meed sntwbieh

necessary, moves are calculated in order to be able to ve the, selected
hie Rt o S e o
tleavedlabitacsiedadivtopasitienselaRE aortaivsibedcalwveddie cGabaldatian of

spitable ﬁ%'%%%%an&pa@glaﬁﬁé’#@amw}eiagrtﬁ@aaﬁ%ﬂﬁﬁsﬁ%frﬁ'@aaqﬁ, a

value, cost function, Rreioeate has to be calculated for every available
réRREIBSTSOENeD ARPIEsdasdamBbiE thdcssribrdion Brorgdieiedte
ipkased on the same parameters as the calculation of R for all containers in
step 51 and the selection of RP is described in more detail 10 below. When

the,moves have been calculated,in 3 C r u in st .
o A SRR I b SR T O L e o
tisécqueddothesenagie 4dkert Underpueige idiivaspken Crhsiagrthpending

QURYESIAHIE§HbRd AR FInealion WildidweasidRratidhi S ASe dRating
possible to rearrange tasks between the queues of the cranes, to further
the queues, as described above in connection with figures 3a-3c. It is also
possible to rearrange tasks between the queues of the cranes, to further

reduce the time needed to perform the tasks.

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
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
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 45 into the block 40 is received from the PLS. The order sent from

the PLS comprises:
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reduce the time needed to perform the tasks. 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 theé 20 calculated value R for some
containers in the block. These values are preferably updated before the
process @gﬁg&qﬁ@ﬁ@tep 67. However, it is possible to omit step 66 in favor
of including step 51 if another container should be selected, which is decided

i step 6 RHMRRREIRR ARGABIdedunsBideddNcted the process is fed back

through arrow 69 to step 52 (unless step 25 66 was omitted, then the process
ifect haok doestapf@ihafino otigardingtaimee shatild-de ceddtiHdRhenpr desssed

COdEI0SIRR Al NSBH RS %'Qnﬁc:'ﬂiﬁr(&‘l%"%’ﬂ' SRR @ﬁ) il 4?6 Sainer

initia e a Insert operatlon a new container 45 into t is received
friovrptHecrhlscR L EhwriocapiRifoMP BN PISSAce mptisescmbiat i antarip the

IRAUEROSHIGY eRasideARRAS RN S BN eUROLSd RSP IHAN AEST NG {HiREre-

until removal" TUR and desired output position OUT may be inCluded in the

oPRFHY IR SRETRE B RfiNBE IR iR Bfoke TK¥sERYRkREAPIRAErs are
npb@ﬁﬁﬁmé@hipmﬁtq@%bammerpwﬁ@ﬁl Qg thee Km%e@g@ﬂtwaH is

OUT will i prove future re- st |n of the block s ncet ne
A T R M R R
obmekl@m ﬂfLﬂEle‘Lmeferathlg esﬂtaﬁimd ushg iheestorkts TR riomeonbaihers
'OCas e’ '}ih' & 1Q.block Ovlflt&]eel-glé a ”}ile Genanento Qﬁ”ﬁ%”@é’uﬁﬁmn

nown (0] t e system an e estlmate alue Is store the memor
Tﬁ@@ktmh@tﬁyhaﬁs mlamma@hrﬁaféﬂag@mmﬁﬂ fhéogtgfmamﬁﬁomthm the

CBNRINGLS WIBHFIE 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
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,
with the exception that TFM is selected to be the time for moving the
container from each AIP to the OUT. 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
container at each AIP, and with the aim of minimizing the sum of the

updated calculated values R and the insert value Rinsert 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:
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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. Antfhsert position is selected by the
CCU based on a calculated value Rinsert for each available insert position

(P).in-the blogkpapg a-ralcylated trayel, gost (TC). Rnsert is based on(?T:e
M

same parameters as the value R, see above, 20 with the exception that
iéﬂ%}ec,ted to be the time for moving the container from each AIP to the
TTts based on the time for moving the new container from the
external Riputpaisitjas (i) taleatitddRnShe visert posiiomtthiR)vail dhéenewert
container may gﬁrther be selected based on an updated calculated value R
for each gontalne’r affected by inserting the 25 container at each AIP, and
with the HeioBrepnsiaing prefsuabbf Hehgiddian ealed&ed)values R and

the inserfyalueRINSSRLIAL P& BEIGEIRILP folnABvHE AlYRI&MBAJI B Akl r

selection of the insert position (IP) is based on reducing (preferably
minimizifGY8 B8t CIHSaH Reshiomdertba EhrymEPpsHdpesition, and

Rrzsert(AtRg) tiShahbaherazaliioR {BievtheseitionBinsert(AlPr) is the
calculated insert value at the rth available insert position, 5 - K3 is a

e ighar > ' is the c I
el R G G R S e S L

aveisdiadndariposithe erdrRlistaetnpeside i Bvalisbie wrasidsoditisnecived
THis Ay Hecxernpifiediwithsaferertsstefiguisoh ANdeLiisathif crane

R 4% Fo M el e poslion [ g e Sean, B ISR
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
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
queue assigned to crane 41a 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 41a to avoid unnecessary delay and risk for collision

between the cranes.

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



10

15

20

25

from PLS to CCU and the re-stacking operation is interrupted. Each crane

has a queue of tasks to perform, 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 thé "seaside", will only be performed

15 until the CCU has selected an IP. The queue assigned to crane 41b is not
affected fyihe seHRREIAQRAGBNGRiockimaLhe cepse G PBIock, step
divided into dynamical sub-sections 46a and 46b. Each crane service a sub-
section 0P®e block 40, which sub-sections may be overlapping. The insert

position i;,sRlgeiemhmdaseilesienavesanditbsrdaske it Ldidueiequeue for

assigned to crane 41a are rearranged to include the moves required to insert
the new EBATAAEMS B PR3 ossible. Tasks assigned to crane 41b
needs tope-fiakamiy ttheansideradio mohen de anrengied tnettasksibuthby
queue for crrlz,-tlpﬁlﬁ}g to. vogqe%rérg%%essagﬁgele% agc} risk for collision
between the cranes. 35 The process initiated sbylfhe order to insert a
container is described in connection with figure 5 and comprises: Selecting
aﬁhﬁs‘é‘r‘?‘ﬁésﬁ‘?&h”(ﬁp‘i %?T@H‘,gc‘%}&ﬂﬁﬁﬁ@lﬂ?é HuttePlidontsimer sy
r%&%lizf@@iiiﬁaﬂm (ﬁﬁ%u@ﬁz{\{%ﬁﬂfﬁgmié@ﬁﬁ&ﬁ@{i rﬂﬁ@ﬁt@ﬁiﬂéﬁmﬁﬁﬁd in step
external input ition 17 (IN) to an.insert position (JP) within the sub-section
o AR GEY SaRAb AU P Pere R B SEEBHBR eI del
thealede torfaradihenpnecsie pdaftiandsbte peejo®drothehconthireRivoueslated
g airanged i e quenshy £OROUNG, Sl LR aS AN ErA SIERRTLITE
moves required inserting the containerin t & block are prefrera y prioritize

in the queue in step 56. The container moves performed in step
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

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
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
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.
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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

Phe DRSRMEr 38041 AMBEfL SLAMMIRES: SoARtANG" iPaQUURYEd in

position (Seaside/landside) OUT No other information is needed for CCU to
becaBlead BaiibtEgHEN OIS FEREdses theettRe AHESEI8BEP container

from the block to the correct 20 output position OUT. It should be noted that
the previdattyrsionegs dbsied oirip gigstsdioiGRaydifierdoata thercwtngt removed

position ?p(gl&?iﬁjeedgpog!ﬁe%%rgg remove the container. If the selected

container is positione another container within the block, this
containeFalsedstinde revnhed o eontidngticnPesitieauied Frodiatingshe

similar to e PIRGERIEEIEANEST $HeT-RoyGaoAlRG L WIthIR HNeRe kb ingh o

re-stacking operations, as described in connection with figures 3a-3c. The

selectionPSPaCRINRHIDHT FEERTSF (RBIOVAITAfSOnRINGHLIR Ps-ERaRRIF! to 2

operationgdpat Wit ¢erpaatiHie #6506 ARPIheratensinhenei@ion hasdierbe
completed. A mc()fe detaile desg{ri tion of how to selecta s 'tg%e RP c§§ be
found bel S8 e Brode'sS IRt a B Hos BRYE RESIEN oitSRet s

gescribeMtror?bmantkbm \miptﬁga:ntm&a?ténmﬁmismmbe HtepSSaIftetdlsifepﬁ&e for
eterminjng.t ent position (CP).o container to be removed from

the bIock(,)rsg‘tse%%%é?l%l -Céé)ftl:elﬁaglpnéeg%%r%’é%? 8 e(%aétgdir%gr)ﬁoves required
facilitatingeterming ictivesririnenoydseae movededr éfethblg wesiaditig

reloca-tingontrolling each crane, step 61.

The moves required removing the container from the block are preferably
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
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 Crelocate for each additional container:
Crelocate= Rrelocate(ARPm)'R(CP)"'KQ,*TCm, Where m=]. tO M (3)

wherein:

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

- Rrelocate(ARPm) is the calculated relocation value at the mth available
relocation position

- Ko is a constant, preferably higher than one (K2>1)
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any containers arranged above the container to be removed to a respective
relocation position (RP), and moving the container to be removed to the
selected external output position (OUT), step 59, 10 - introducing the required
number of container moves in the queuelfor one or both cranes (if
necessary), step 60, and performing the container moves as arranged in the

aueve by conupe SRl ARNE-HARAL KIMRMSD (RIUEA (RmaV I iter

container from the block are preferably 15 prioritized in the queue in step 60,

and the JERERtAE SURIERSROEHAR Aeaths mkBratedddle Flqersdiendermidpap and
59 is basgdiomi GalgHIsiedbrelesatiBR: vabex (Rielpestabiy. available

relocation position (ARP) as described in more detail above. The container

J in. f o] ' til iner h
o o U ol 5 it (AR S A e

atfeshéwotion o pdentaidestoragsantigithémengiablosleaeh affubtegction
Cef‘m@glé%jﬂ?iﬁ‘ﬂ@d@@&%b%%@&%@%iﬁ%%ﬁmﬁ{ﬁlmﬁéﬁ{ga%@a computer

position (RP) is based on reducing, preferably minimizing, a cost Crelocate
fareSEMRAGMESEr eSS O e W B L REeIHE S QTR BARRIESD) #R2+TCm,
wistieniatida M @e2bosheiaior R (IR dsithe calsulatadrsale aitdha cofrenb-
position, Rrelocate(ARPm).is the calculated relocation value at the ﬂh
LSRRI RefSRA BOSHIMRS TRt Pl Phn  Wiored itk e
(K2mp)l& pogsathe calculated travel cost for moving the additional
container from the current position to the mth available relocation position,

apfle NhistinedHmbs - ef.availablesilagatien Bpsitians:d ieaBsafitieor a
optimization is to reduce the sum of the calculated values R
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 to move said
containers within said block (or sub-section) and is further provided with a
crane control unit CCU that is configured to perform the optimization

process.
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5 (cost function) for all containers present within each block, or a sub-section

of the block. The described process is preferably implemented as a computer
program configured to perform, when executed on a computer, an

optimization of the position of a plurality 6f containers in a block, or sub-
section. A computer-readable medium is preferably encoded with the 10
CeqaiHigr program. 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; 41 a, 4 Ib configured to .
ove sal TSHR AP RRHIR RS GRCI ST AEh SoRly AR S S et in a
phovide (2 Qjithwén dfe nartel casitrah el oit-@E (Rthaisi s eofifigueedt torevioraithe
oplimization RrRcess. Clai . e far optimizing th itj
s BTk cocaTRE L B T o Tahs dRagRia ey

ctmfigiddelaskr{d(e 3Qidrcwitithdiee édllawing steps awe @peripprasiting a
cgane copier| WSS WaiedR daig lenle 28 RPbiniiel thedpiowipgateps

are performed: ‘A identifying a selected container (i) to be moved from a

current M*W&B)\M’ﬂﬁm% %l%l-‘%é?ﬁfaip&@ﬁ@f bl dlrel éon%\ﬁ"ﬁ’&é?ﬁéﬁion
(NP) withwehesubhsastient38cBial@dpting a number of container moves
required facilitating the 10 move of the selected container in step A, C
Ffanging NS TBYRSH RUFGST SF CORCANAS BOES A USG5 IR e
(22), ar!dﬁbpgnfﬁmnmgelbetedrdafmnmwessasmﬂanged in the queue by _
i%ﬁﬂ:ﬁ%@%ﬁ%ﬁééﬁ@é%‘ﬁ%&%@% ser2of cONEIRNAce6Sqriing 12 6L}
each crane (21), and
D performing the container moves as arranged in the queue by

controlling said at least one crane (21).

2. The method according to claim 1, wherein said method further

comprises:

E repeating steps A-E for another selected container within the sub-
section.

3. The method according to 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 (21).

4. The method according to 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 (21).

5. The method according to any of claims 3-4, wherein the sub-section
is serviced by two cranes connected to the crane control unit (CCU), and step
C further comprises rearranging the container moves between the queues of

the cranes.
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comprises: E repeating steps A-E for another selected container within the
sub- section. 3. The method according to claim 2, wherein step C further
comprises 20 rearranging the container moves in the queue to reduce
required time to perform the container nfdves in the queue of each crane
(21). 4. The method according to claim 3, wherein the aim of step C is to

MynimizefHe Feaiise é%&tﬁ&g&f& AR {N6r Gl “ﬁ%mﬁl%%ﬁl“@ﬁeqfﬁ%‘t!ﬁdﬁ

each crane (21). 25 5. The method according to any of claims 3-4, wherein
tioRIises e HiBg e gy tReticaia9ckhreridi wsarbBe e e diaekunit

(CCU), and step C further comprises rearranging the container moves
bétweenThe quetleslcictivediragés.a2ily 6f dlhaénmseth6dwbeoetiinthtoidaptofication

claim, 1-5, wherein the hod comprises selecting the sub-section (30) to
SRR RS

constit e‘entire 7. The method according to any of claims 1-6,
wherein thetedarinfiedtide ansteptprsidep@Bld e h)aderainmingthin a sub-
cUE i Rosition (GBeef each container within a sub- section of said block, b)
calculating a value (R) for each container in said sub-section based on: -

tifle unticrdRERENG BRTBIHE)RAR- Aomtaep Bt Raith g PosegiiRrdased

moving (§fM) the container from the current position (Cp) to a selected

O D T R R S IR A

value (Rrew) fonthfselested (@htdntidasathtmethfrom the current position
(Cp) to a selected external output position (OUT),

c) identifying a number of alternative positions (AP’s) within the sub-
section for a selected container,

d) calculating a new value (Rnew) for the selected container based on the
same parameters as the calculated value (R) in step b) for each
alternative position (AP), and

€) selecting a new position (NP) for the container from the number of
alternative positions (AP’s), based on:

- the calculated value (R) for its current position (Cp),

- the calculated new values (Rnew) for its alternative positions
(AP’s), and

- a calculated travel cost (TC) based on time for moving said
container from the current position (Cp) to each alternative

position (AP).

8. The method according to claim 7, 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).
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15 same parameters as the calculated value (R) in step b) for each
alternative position (AP), and e) selecting a new position (NP) for the
container from the number of alternative positions (AP's), based on: - the
calculated value (R) for its current positirf (Cp), 20 - the calculated new
values (Rnew) for its alternative positions (AP's), and - a calculated travel

cgst (TCrfased @bHMEJOFRYY P81 caniaer Bea e CHIAMHRISAPA cost
(C(: to each alternative position (AI?.. 25 8. The method according to claim
7 &R

drefteaiRl Muthsy isrtnsedom phussion tRlasaHy grovsfineie da Agditate
(R dameaehbconéaipasabie dedthnbietdnoneRiinsoselrmiqappntainer to the

new position (NP). 22 9. The method according to any of claims 7 or 8,

wpgrein Iﬂ?et%ﬁ\é? 624 (:E?Ai%‘\gi‘c’spaﬁézfiﬂft*c‘ﬁﬁﬂgsb%&,%s?ﬁe%‘}ﬁ [9l"el9cRHId of
containers to facilitate the move of the selected container to the new position
(NI 1y PlesitiemhdtPhéesrdingidenper ddased-onwhdiwinge serictidenthe
S5dbeew Rasitigne(NP) in step e) further is based on reducing a cost C for

the selected container: C=Rnew(APn)-R(CP)+KI*TCn, where n=1to N -

CB) iséﬂ; C Féﬁ e at the current position, - Rnew(APn) is the
cRélEEI‘Et‘é H@\?\;ﬂ va gigltt e”ntwaé?t%err?zﬁ&/gop%gition 10 - Ki is a constant,

preferably less than one (Ki<1) - TCn is the calculated travel cost for moving
said seleREFLintainsplfontesk @lre mtgdstH sk osH ®ernative

position, R4 AN jsithemewnken sfaltemativgrositions auaiak!enative position
- K1 is a constant, preferably less than one (K;<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.

11. The method according to claim 10, wherein the selection in step €)

further is based on minimizing the cost C for the selected container.

12. The method according to any of claims 7-11, wherein step c) further
comprises selecting a container based on the calculated value (R) prior to

identifying a number of alternative positions in step c).

13. The method according to claim 12, wherein the container with the

highest value (R) is selected in step c).

14. The method according to any of claims 7-13, wherein said time for
moving (TFM) further is based on time for relocating (TFR) containers to

facilitate the move of the selected container in step b) and step d).

15. The method according to any of claims 7-14, wherein the method
further comprises relocating additional containers other than the selected
container to facilitate the move to the new position (NP), each additional

container is relocated to a relocation position (RP).
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11. The method according to claim 10, wherein the selection in step e) 15
further is based on minimizing the cost C for the selected container. 12. The
method according to any of claims 7-11, wherein step c) further comprises
selecting a container based on the calcufated value (R) prior to identifying a
number of alternative positions in step c). 13. The method according to claim

12eWhergii the FABIRNG MM IR 2R RFASSLVAIS RIS §$i€8‘éﬁ§h‘ REIRR ©)-

14. The method according to aRy of claims 7-13, wherein said time for

niskasg irrmy sitieR (REDASE gasuRad P RabeatiRi EPE R aresiaardhs same
fagilitaiecteesaavenefdiie atlectadico Mgt sterih) teg slapivhiabhe

method according to any of claims 7-14, wherelnﬁre method 25 further
BRI ABTRS AR GH AR R SAKRIBIRE I RRHETS SRIME (Rertistrier
t@ﬁ@hlﬁ&t&lﬁtﬂmmwm pemtpﬁsmmﬂ)l\t%)saaolm atditana portaieesis as

ocat dt? I;?|O atlo osmgn( tho actcord tg claj
e P R R Y Moo HI R e BRI LR G ).
contalner is based on the same g}arameters as the selection of the new

pbéition IRtEPE RS a0anEBiBSHIRRYGH plodRisns (ARPRSLGIR Shealdmaintil
rekqﬁ@kban (RAlye (Rrelpcate)ivhnens availalyatielecatonpasitiputitRELrU)

ed on the same parameters. as. the caIcuI ed value (R) in
R A T IoR SR I (AR o 8 o B AEBRTTl 1 R o
ctmttma‘eé@ ;Jushegdinet lseotrae tinmid wanonahid RJTICRe &ah td:mmmmnsegs/emthm
QRS aﬂ%fcﬁ{‘”Pﬂ%‘” (ettmabensach-containgr enfers 16-pIagk QhiliGwn

time until removal (1UR) is 10 estimated Using the stored time until remova
(PORN{HReROBONIANMTB iwithifaiddsisck if the time until removal for a

container to be inserted is unknown when the container enters the block. 18.
The. metiof ageandiic e stdimelit WhRIETT7S3ithestinmatan etifgation of the

time until removal (TUR) is an average value of the stored time until removal
for the containers within the block accessible to the crane control unit

(CCU).

19. The method according to any of claims 7 - 18, wherein step a)
comprises retrieving the current position (CP) of each container from a
memory (DB) accessible to said crane control unit (CCU), said memory (DB)
further comprises the latest calculated value (R) for each container at the

current position (CP).

20. The method according to claim 19, wherein the method further
comprises confirming and updating the current position (CP) of each
container in the memory (DB) each time a container is moved by retrieving

the identity of the container.

21. The method according to any of claims 1-20, 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
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time until removal (TUR) is an average value of the stored time until removal
15 for the containers within the block accessible to the crane control unit
(CCU). 19. The method according to any of claims 7 - 18, wherein step a)
comprises retrieving the current position{€P) of each container from a
memory (DB) accessible to said crane control unit (CCU), said memory (DB)

20JKsthel COMRISSS &%{@P@L@'FHI?&%%M%@)&]O&%%%%’B@P’f@ﬁﬁ&@ﬁy the

current position (CP). 20. The method according to Claim 19, wherein the

eI ORHE! WBHhHHSEY Bsharmims 2Tacssadinsieee almtsR Hdsition (CP)

ofreach geriainfiiistiBanement(Pigsshtmea ERNEIARIiSMAY 8™ B¥moved
retrieving 25 ﬂ]((}?ﬁ-i.%?mity of the container. 21. The method according to any

of claimsi28b RhBI&fKthe optimization is interrupted when an order to
r@nove aabnikitiegiromihddrloflcto taheteaissk extarqaihmdpatipiosiing the
(OUT) is Irrgzoc\%v(%dtflrom an, 4 exteﬁrnal cam anchenter (PLS), and the

following steps are Sesr?o?mgg B?/I% & Crane cohtrol unit (CCU) before the

pfbcess tostarty cingtéh Ayefudetdrminireethel coméminsasiioveOR) thietieieue for
containegfQhe removgd; from the block, 5 G calculating a number of

container moves required facilitating the move of the selected container in

slep F, HPpfounéNGy e Geplaiag iRt 8f contaiged ible fiigieediieue

for each@griieidng daertarmeing hg.container moves as arranged in the
queue by 10 controlling said at least one crane. 22. The method according to

claym _Zlﬂff‘{geree'[h%‘& Ty eI e DV RA NG SRR IR G RIGCK
are prIOI’I'[IZGCFIln the queue.
removing the container from the block are prioritized in the queue.
23. The method according to claim 21 or 22, wherein the calculation in step
G is based on:
g) relocating any containers arranged above the container to be removed
to a respective relocation position (RP), and
h) moving the container to be removed to the selected external output

position (OUT),

24. The method according to claim 23, wherein the selection of the
relocation position (RP) for each additional container in step h) is based on
the same parameters as the selection of the new position in step e) for all
available relocation positions (ARP’s) and a calculated relocation value
(Rrelocate) for each available relocation position (ARP) based on the same
parameters as the calculated value (R) in step b) for each available relocation

position (ARP).

25. The method according to claim 24, wherein the selection of the
relocation position (RP) in step h) further is based on reducing a cost C for

each additional container:

C= Rrelocate(ARPm)-R(CP)+K2*TCm, where m=1 to M
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23. The method according to claim 21 or 22, wherein the calculation in step
G is based on: 15 g) relocating any containers arranged above the container
to be removed to a respective relocation position (RP), and h) moving the
container to be removed to the selected €Xternal output position (OUT), 24.
The method according to claim 23, wherein the selection of the 20 relocation

position gRHAL ‘%B%hcﬁf’cqﬁ'% 98113@'@%&%%&%@1%?89 PN the same

parameters as the selection of the new position in step e) for all available
relocatioRpositiBHRIARP’ Q}eaﬁalavéaraﬁ?a@a%ﬁmﬁawaﬂ}eﬂmmaea@}lﬂﬁle
each available tRlacebigmieasition (ARP) based on the same parameters as

the calculated value ) in ste ach available relocation 25 position
(ARP). 252 H& (s %cé’&?gﬁ’fé]i’g’c%ﬁheﬂ P& the*ddiection of the
relocatiomM@ggkiohd R&lcinlsted hjafwlhmrstsfbamd\mngreﬂe ciddisicnst Cotdrainer
each addition contarlpeer C= Fé{elo a ARP P +K(23ﬂ)|’(%rgbrvlvh osmonl and
to M 25 a& IS the ca]i1 Ated value a he curren posnr P
RfelocatMARmﬂ)n@mb@aﬂfmathMbcalmaﬂam@@mtﬁ@mth available
relocation position K2 is a constant, preferably higher than one (K2> 1) 5 -

Tgsn is thealcaipirndtvedaest ioamovingdiiaadditmnaheestaines from the
current%smon to the mth agalllalble relocratlongjosmon and M is the nu%geblOCk

o BUARAH R S JhisA Y 5B, AFhe RSO A S ding AR oLt
ﬂﬂﬁnvmeemtethalommpbenmr(lurummm faorrdaerdetérsat @ommand

Itﬁlnegjﬂgj the(li) Iﬁ'le fo %Irlngasr‘%e%xstelgn l I%’Hngg% ?org melsprr%%%'gse g’estarts

from an ernal comman
at step A):
J calculating the number of container moves required facilitating the

move of the container to be inserted from the external input position
(IN) to an insert position (IP) within the sub-section of said block, and
K introducing the required number of container moves in the queue for
each crane, and
L performing the container moves as arranged in the queue by

controlling said at least one crane.

27. The method according to claim 26, wherein the moves required

inserting the container from the block are prioritized in the queue.

28. The method according to claim 26 or 27, wherein the insert position

(IP) for the container in step J is selected based on:

- available insert positions (AIP’s),

- a value (Rinsert) 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).



10

15

20

25

center (PLS), and the following steps is performed before the process
restarts at step A): J calculating the number of container moves required
facilitating the move of the container to be inserted from the external input
position 15 (IN) to an insert position (IPY¥\Within the sub-section of said block,
and K introducing the required number of container moves in the queue for

€agh crangand i HEIUBINEHEG SRR RURT AR RHANISIH LG BISHS) for

bé_lcontrolling said at least one crane. 20 27. The method according to claim
28,

SVPRIEMNRE ISR vebuitbar iifserlpr) e asathRier from the block are

prioritizeghn thsiaueueai&ilhbaivatiedRe diente Grithed affedtewhsiein
the insert pasition (IP) for the ¢ ntainiig\]i?n step J is selected based on:

AR IR ELEHIOTLRBIT aki PAGD S8 2RI T 9D HoP et adifAble
insert positoai(Al6Y) ihasidisin ghth same jpdrdmeiprhasdia lcaltitiedechiadse(R)
(R).in step b) for each avail insert position. (AIP), and a calcylated travel
cab B e S, B S R R SR B o
position (IN) to each available insert position 30 (AIP). 26 29. The method

acCordind 16 RG2S ARFRIGIASHE Fadm SkiNdermy e thelegheafirtie insert
steisitibiitie) ismsalesterruases 98 Bhscdpsiatedicrlicidated yalug(RYdertpach

container, affe%ted by inserting the container at each available insert position
(R?Ig?rgﬁ%cém A& %Sm of minimizing the sum of the updated calculated values
(R) and the insert value (Rinsed) for the selected insert position (IP). 30. The

nfethod dbcerdMydd KR 2ovigieramltibe Belection of the insert

- Rinsert(AIP;) is the calculated insert value at the rth available insert
position,

- Ks is a constant, preferably higher than one (K3>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.

31. The method according any of claims 1-30, wherein the aim of the
optimization is reducing the sum of the calculated values (R) for all

containers present within the sub-section.

32. A computer program configured to perform, when executed on a
computer, an optimization of the position of a plurality of containers in a

block, or sub-section of a block, according to any of claims 1-31.

33. A computer-readable medium encoded with the computer program

according to claim 32.

34. A system for optimizing the position of a plurality of containers in a
block, said system being adapted to control at least one crane (21; 41a, 41b)

configured to move said containers within said block, characterized



position (IP) in step J) further is based on reducing a cost Cinsert for the
inserted container: 10 Cinsert= R,sert(AIPr)+K3*TCr, where r=1 to R -
R,sert(AIPr) is the calculated insert value at the rth available insert position, -
K3 is a constant, preferably higher than 8re (K3> 1) - TCr is the calculated
travel cost for moving the additional container 15 from the current position to

therthayalahleNsehRGHINAsR0Y RalsRE MHBINGh AT @ERIRRIR IR bnfigured

positions. 31. The method according any of claims 1-30, wherein the aim o
the Riptionpation Redmstagr g iaihtorne dgtumed values (R) for all
containers present within the sub-section. 20 32. A computer program
configured to perform, when executed on a computer, an optimization of the
position of a plurality of containers in a block, or sub-section of a block,
according to any of claims 1-3 1. 33. A computer-readable medium encoded
with the computer program according to claim 32. 25 34. A system for
optimizing the position of a plurality of containers in a block, said system
being adapted to control at least one crane (21; 41 a, 41b) configured to
move said containers within said block,characterized 27 in that said
system comprises a crane control unit (CCU) that is configured to perform
the method according to any of claims 1-31.



