WD 02/ 14202 PCT/ SG00/ 00117 - 1 REMOTE CONTAI NER HANDLI NG SYSTEM FI ELD OF
THE | NVENTI ON This invention relates to a renptely controllable handling 5
system ofvgaartipaul ar but by no neans excl usive applicati geT/ddhoiobar

handl i ng of containers. DESCRI PTION OF THE PRI OR ART Exi sting contai ner
handl i ng systens enpl oy various forns of. .10 transport and cranes,

I ncl uding prinme novers (PMs), automated gui ded vehicles (AGYs), straddle
carriers, fork |I|ifts and yard cranes. Cenerall however, each existing
system enpl oys a conbi nat | BAMBTE yePITABNE R ﬁ%‘?’DzQﬂ@IW@Tm& anes (for

contai ner novenments w thin container stacking 15 yards) and ground vehicles
(or one or ' ) J O ' containers to or fromthose yards. Each
crane and \r:%&%f}lé rbg-'iéﬂﬁwﬂ%er In one prior art system the nunber
of crane driVBris iinweHkisomewiattese doc @d deyndtedat icop taxrodiiabde bhetwdémgor
near a pair cran | LT Lhe-of -si gh . -pait of
cranes an -ofsg{%tfng’og}%aip\rg%ct%&qﬁe%%v%g]%f %ﬁ%g% te(’:ér&gyegé?;eT%g)%%rl%%géogre

t hen control lied the thenddingeoff comtadnemst.abl e control |l er connected by

wi rel ess neans to each 25 crane, by neans of which the driver can control

each crane in turn. However, existing_conbinations of these practices
require a IW&%&W crane and nost ground 30

vehi cl es NMuSEx36s HiHY efbrita iefte Mandllliv galdy sttaffies emphliogh valrdatls forkisglf
standbynﬁehrreﬁ:d:and a%’a rdesul t, |ow 'lgl%.vi dual.gpr oductivi(thrs Vage,
recruit meht AHETIRRTT P S Sar ¢ PR "o & ~4Bive "SYSEEE T ¢i ng’ | abour
i ntensive - reethamasesbryiididabieh ilddgisst(AGVE)ppertiraddlieheafroriersf, ISrk
erpl oyee {1 anshird And A dlShlaler v cdiiialy, S duekeledls diugRn

i nvol venent .inevit l'eads to errors,” causing the i1ncorrect
i nventory of syshes redpslowfy@ combination of yard container handling

cranes (for container movements within container stacking

15 +vards) and ground vehicles (or one or more kinds) for
moving containers to or from those yards. Each crane and

vehicle requires a driver.

In one prior art system, the number of crane drivers is
20 somewhat reduced by locating a driver between or near a
pair of cranes, with a direct line-of-sight both of the
pair of cranes and of the containers to be moved by those
cranes. The cranes are then controlled by the driver from
a portable controller connected by wireless means to each
25 crane, by means of which the driver can control each crane

in turn.

However, existing combinations of these practices require a
large number of drivers, as each crane and most ground

30 vehicles must be manned at essentially all times, which
leads to high standby times and, as a result, low
individual productivity. Wage, recruitment and training
costs are high, and some systems — being labour intensive —
require considerable logistic support in the form of

35 employee transport and meal delivery. Further, the high
level of human involvement inevitably leads to human

errors, causing the incorrect inventory of containers, due



WO 02/ 14202 PCT/ SG00/ 00117 2 to errors in stacking containers and
positioning machinery, and inflexibility in the planning of operations in
the stacwiomyiyzmed. 5 Existing attenpts to overcone such paas@owonave
essentially been in the formof streamlining of operational procedures
and inproved yard planning. Sonme attemts have been made to control the
cranes 10 renotely, enploying radio frequency comruni cations |inks.

However, these systens .are costly ow tothe Iljmted. bandwidth.of the rf
communi ¢ati o ST SRREng COnRLORTS, A RO R N FRGPLPETY
crane. 15 Furanterinfbasitbhiig tyarich dhaned acwrimeonlof opreraticmzben ttyhees whi ch
flex differe cor.di to load leading to large variations in gantry
position dur?ﬁ%%§%§mgfggﬁgéd period of wuse. As automation typically
requires precise and repeatable notion, this feature of the cranes has

i npeded 2§ amy jaldiePla t1Qnigild QY eR-AURR IR i[;ﬁotﬂiie&sf nehd ~ Finally,

exi sting cranes do not. have standardi sed contro systens, which has
further inhi BSSERHS/IDHRRGT I thg Lorgy ©f shreammidRENgE °FHE | NVENTI ON | t
i's an obj ect cpfertid di=AS Prodduiaris @hd tikprefeide yalrel plEevidg.a remotely
control |l abl e container handling system 30 The present invention provides
a container handling system conprising: a plurality of yard cranes for
novi ng sai d Scor & sy tse dratveo Ibermmamadieortoc @atrtaidli ridpes iréhnesanes and 35
| ocat ed no ef quqgi ti f r Qvi._qi. t y
connunic%?io%gééF%g§% §%ﬁgk)ontrolcﬁghgggﬁﬁgggé%ﬁgb §§¥%H%£8ﬁzﬁﬁﬂg%2

PCT/ S0/ 001 Hpwever, these systems are costly owing to the limited

bandwidth of the rf communications networks, and still

typically required one driver per crane,

15 Further, existing yard cranes commonly run on rubber types
which flex differently according to load leading to large
variations in gantry position during any extended period of
use. As automation typically requires precise and
repeatable motion, this feature of the cranes has impeded

20 any attempt to introduce automation in this field.

Finally, existing cranes do not have standardised control
systems, which has further inhibited development in this
area.

25
SUMMARY OF THE INVENTION

It is an object of the present invention, therefore, to

provide a remotely controllable container handling system.

30 The present invention provides a container handling system
comprising:
a plurality of yard cranes for moving said
containers;
control means for controlling said cranes and
35 located remotely therefrom;
communication means for providing two way

communication between said control means and each of said



- 3 plurality of cranes; wherein said control neans is operable by a
single operator to control each of said plurality of cranes. 5 Thus, a

si ngl e opwoaizan2mt a renote | ocation can control nore thacTeeoooENE.
Preferably each of said cranes has one or nore caneras, the 10 output of
whi ch is displayable by said control neang to said operator. Preferably
each of said cranes has one or nore |location sensors for sensing the

| ocation of said _respective crane, 15 and providing |ocation data relating
to said respégﬂnﬁgl arfe (Y8 system Optionally said location data is
di spl ayabl e by sai d comfrealeimeard d aossirdloperatsol ssopklrableshiydaoper at or

can ascertain.of .th ' of r ectd . tnaj.nar., gh t he
oper at or does%l%&lengéf%%?%%onocﬁ \%nrg)rle F %21 %?n%%lﬁ%lﬁhﬂétqlﬁg I%?'Lushe i's
presently h&v#neasg is. Preferably said systemis operable in response to
said | ocagi on data to nove said respective crane if said respective crane
Is incorrectly |ocated. 25 Preferably said systemis qperable to nove a
container b n & W 1D SRFS e aitt PedeBPte J@F B0 capr ePBEIMy  sai d
yard pl an i s migiceriiHape by &airtk system Thus, rather than requiring to
drive the crane so as to 30 nove a contai ner between two | ocations, the
systemdirects that a particular container (having a | ocation) be noved to
anot her | ocatBmsfesmadhlyprandiderf tdwid tdreges beat icores car songaldathertlse st em

can perf gbm téﬁéﬁ%g%ﬂ"idﬂh%ﬁ i‘cé”&i%gé,{a%tl"er YN0 HIR A0 rrle%%%t lans may

be one above th other, or Ing y separated parts of the container
st orage yar d.saif eper@dtamse, however, the operator is not required to
j ockey a container over the entire distance the WO 02/14202 PCT/ S0/ 00117

Preferably each of said cranes has one or more location
sensors for sensing the location of said respective crane,
15 and providing location data relating to said respective
crane to said system. Optionally said location data is
displayable by said control means to said operator so that
said operator can ascertain of the location of said
respective container, though the operator does not need to
20 know where the container that he or she is presently
handling is. Preferably said system is operable in
response to said location data to move said respective

crane if said respective crane is incorrectly located.

25 Preferably said system is operable to move a container
between two locations specified by a yard plan. Preferably

said yvard plan is determined by said system.

Thus, rather than requiring to drive the crane so as to

30 move a container between two locations, the system directs
that a particular container (having a location) be moved to
another location and, provided that these locations are
valid, the system can perform the task without further
intervention. The two locations may be one above the

35 other, or in greatly separated parts of the container
storage yard. 1In either case, however, the operator is not

required to jockey a container over the entire distance the



4 container is to be noved: the systemcan performthe novenent
automatically, aided if necessary by the sensors. At nost the operator

wi | | contwal o2ttim2novenent of the container at the begi nnirgg/ssudioorizend of
t he nmovenent of 5 the container, or should a situation occur outside the
system s design paraneters, such as an acgi dent, an equipnment failure or
systemerror. Preferably said systemincludes job assignnent neans for 10

assigning jobs to.said.operator. Thus, ,the system determ_nes at job the
operator (or cé’é’(?ﬁlnc?ﬁerlagtogzro |tbr? Eoﬁﬁ#f'i x ﬁersé%é T (& e B TSRS \gggttend to
next. Pref emaviemerdf teertamatylcetlilyy erieledob f nieecspargt by Thel sdnsates his
or her readi ngsgfqr drhe el 35519799 bl ol AnL AR DY eShaCting t hat
specific job or I'n |C<’31‘i|r(#§3 readi néss tor the next job on a control panel,
or by indi caonigimer ednpihe bhegishinge apddwiroend o) theompyemedpedt or is

responsi bke, dhRelrA8.nd0r A ePHARCE @h tuaMRSnaSTAReduREikRe thest em
rather than for a specjfic crane. Preferably said communi cation neans is

operabl e to tSYATSH'tS B85 ign RFrameterEanfustefsr 25 PoOPitontfol , vi deo
and sensor Sg@nfedOIfA APt isys temeridr.a single circuit so that

said signals are synchronized. Preferably said comunicati on nmeans operates
in 30 asynchronous transm ssion or transfer node. More preferably the
conmuni cat i oPrefErsbly GEdrdalEves ttem tinadswiets  jobgmasd gnmeindg imeainsc fiomect i ons

usi ng thfoas%r%q%ql?fjgﬂsaﬁnégidogp@gqm\g.rtuaI path facility. 35 Thus,

the mxing o rom rent cranes can be avoided, and
significant delay between different signals, which could prejudice the

system can he@ i MHAtRh ten@ddrid 22 PEESERY AdLl bpetatBref@raklayh i f

each of a p'%@ﬂéé oéﬁigtgaﬁisﬂfjgggyggyg g %tem) should attend to next.
Preferably, after completing one job, the operator
15 indicates his or her readiness for the next assigned job
(for example, by selecting that specific job or indicating
readiness for the next job on a control panel, or by

indicating the completion of the previous job).

20 Each operator is responsible, therefore, for a sequence of
jobs assigned by the system, rather than for a specific

crane.

Preferably said communication means is operable to transmit
25 a plurality (and preferably all) control, video and sensor
signals for a respective crane in a single circuit so that

said signals are synchronized.

Preferably said communication means operates in

30 asynchronous transmission or transfer mode. More
preferably the communication means is operable to transmit
signals in logical connections using the asynchronous

transmission mode virtual path facility.

35 Thus, the mixing of signals from different cranes can be
avoided, and significant delay between different signals,

which could prejudice the system, can be eliminated.



of containers is regarded as an individual job, said system is operable to
queue said jobs so that said operator can 5 attend to each of said jobs
accor di ngwoom2giazd queue. Thus, the operator can be preserm@dkewnbivhe j obs
according to the sequence of the queue, rather than being required to
select which job to attend to next. 10 Rreferably said systemincl udes
queue determ ning neans for determ ning said queue according to
predetermned criteria. WMre preferably said predetermned criteria
include mnimsing the total nunber of jobs and/or mnimsing the total
time require®refeahilet d Saath ofs a2 8 uRadfidyaldfy thai desyisteeimhiamcllioes,

for each of sgi iR 1 1AM LA LY J1eh3henN9LE each

[ %?g%(‘e ve
Crane COI’]tI’O_ interface 1s mat e 'tO_ItS respectlve_c ané so that said
oper at or can icomRexakdg tofqusaied seighdohisn sohdhad sadel wleraton c@dpect i ve

of variatong ddempitd JRIEDE RBiel SRR Y SRIrdiGeN O lsaTRARMduRC! Udesisa
control panel . having a single set of contrals means of whi ch each of

b ;
sai d plural i tYHPRERFEE Gt Be SHRseRtssh By hs &h¢ 29Psp@ceFiinth e, a
singl e set ofthpEdplahcepcFVithed gueud)e rediharolthaie &as noC aedud resedd o

const 1 uct i on SSAET 30 Spelit {tSaA o obrer By sai d’ cormuni cati on means
i ncl udes conmuni cation cables provided as a cable reel system and nore
Er ef er ab y .edfe(iaa?:llﬁﬁ s%nggrsja[%%egpﬁinaluc{ééjr e(ﬁ%bl %erg‘én ?x%smetarf'l% for
andwi dth and interference problens associated wth radio equency
communi cat i o tRTEinisid aRidnguspel 2aTR EdESEE0 FREErergi npde fCaidIS T 3ai d
communi cat i OMJRART-dfe ka6 iRRRE iAW e i) ROLIWRIK 2eTRIAYIdR] a
synchronous E{fg¥%fgidgx¥%e total number of jobs and/or minimising the

total time required to complete said jobs.

15

Preferably said system includes, for each of said cranes, a

crane control interface, where each respective crane

control interface is matched to its respective crane so

that said operator can control each of said cranes in the

20 same manner irrespective of variations in said cranes.

Preferably said control means includes a control panel
having a single set of controls by means of which each of
said plurality of cranes can be controlled by said

25 operator.
Thus, a single set of controls, provided in the control
means, can be used to operate different cranes even though
those cranes may differ in construction and/or

30 specification.

Preferably said communication means includes communication
cables provided as a cable reel system, and more preferably
said cables comprise optical fibre cables.

35
Thus, the bandwidth and interference problems associated

with radio frequency communications are avoided.



5 Preferably said communi cati on neans includes sw tching neans for
swtching the crane to be controlled froma first crane to a second crane,
wher eby swiodh2ayskem i s operable to becone responsive to @acTl@ploam7t he
out put of said canmeras and also said sensors. 10 Preferably said system

i ncl udes aut omat ed gui ded vehicles for _hgndling containers beyond the
range of said cranes. Preferably said automated gui ded vehicl es enpl oy
magnetic field sensors. 15 Preferably said systemis operable by said
operator to interrupt, vary or intervene in the otherw se automatic
novenent by Faefexydilemsaefida coonaiinertiod0mEans, ianaopeoatobanan liomt er vene

in, vary or tgrmhat f tainer specified

| ocat i on, an(?eel%%o%sv}é%?}e e?ﬁ’é%gﬁg‘ér %s§§3%?ﬁ%ﬁ§€ﬂ%o§%%\r%?%%y“ﬁ@aeﬁs of the

af orenenti oned caneras and/ or sensors. 25 Preferably each of said plurality
of cranessi s gy Qv ded v Walily \WMagRhS il il @Rt b ugRRd SHReHRkLEf er ably
said systemincludesrails whereby each of said plurality of cranes is
rai | mount ed PS3@SB AFsisig tehiipandtiet SFageates bey rendred legs £regy pafilgsti n
the position g¥archacCARRE AL rdinkg thdreas. sBRUEEYBESER!RTI0ENrablEHE.
DRAW NG I n orbder t hat the pr es%‘r‘l?:E i_nvent ilon q%y be . nore §Iear.l 35
ascert ai ned, P2V FFELTEMSiTTe N WP LIRS BE F8EPHHE4 saﬂﬁly\ﬁ??egﬁs
exanpl e, w t landefadrseneaitdo semscasconpanyi ng  drawi ng, in which: WO 02/ 14202
PCT/ SG00{ Q0117 - 7 Figure la is a schematic view of a container handling
system according to a preferred enbodi nent of the present invention,
Figure | b is Brafiespldly saicksppstervfinglaciesaiaydomated guided vehicles

for handling containers beyond the range of said cranes.

Preferably said automated guided vehicles employ magnetic
field sensors.

15
Preferably said system is operable by said operator to
interrupt, vary or intervene in the otherwise automatic

movement by said system of a container.

20 Thus, an operator can intervene in, vary or terminate the
movement of a container between two specified location, and
may observe the progress of that movement by means of the

aforementioned cameras and/or sensors.

25 Preferably each of said plurality of cranes is provided
with wheels for rail mounting, and more preferably said
system includes rails whereby each of said plurality of

cranes is rail mounted.

30 By using rail mounted cranes, there is less variation in

the position of the cranes according to load.

BRIEF DESCRIPTION OF THE DRAWING

In order that the present invention may be more clearly

35 ascertained, a preferred embodiment will now be described,
by way of example, with reference to the accompanying

drawing, in which:



5 termnal at which the container handling systemof figure la; Figure Ic
Is a schematic diagramof the overall renote operation system (ROS)

ar chi t ect moen2afiziche system of figure la; 10 Figure 2a is pPCTRGI0®8E7di agr am
of the operation of the systemof figure la; Figure 2b is a flow chart of
the off-loading of a container onto an_OHBC yard during renote operation
in the systemof figure la; 15 Figure 2c is a flow chart of the nounting
of a container froman, OHBC yard during renote_operation in.the _system of
figure la; Figure 3a i l§u§8héﬁ‘atl'rscavis eﬁ‘ﬁtﬁﬁevfz%?’do | BcROPEBHIEF and
associ at ed sasydHtiens syfs tdre axyziretiningf Ha guereferr2d kEmpaddngnt ©fa the
schematic vi of .t rd.bl ock server of the systemof figure 1; Figure 4
i s a schenmat %\(I:%eweenv‘\?glfxfeﬁie l(?Drne{ne control interface of the systemof figure
la; Figure 5a is a sch@igure dbpissentvaeworfopnt ggampier oifam ¢oaliRpnBEt ween

the comusi Catd,Qn 1At War KaReh U@d QbhtGHROMANE ifly R 2% @Meafguldur e
la; Figure 5b is a schemati c CVSS Communi cati ons Fl ow "Di agram on System

(Active) of e’ systemof figure la; Figures 5¢c and 5d are a pseudo-code
30 representation of tlmeghieguest iBr aceshemavhdubeagiatnhef swnet ekreehlfli gure

la; Figure 6 is vi ew of .the rerEDte_ atar .consol e %of the system

of figure |a;rqgfo§iﬁé>p;a§aﬁtslog§y ﬁ% alti< (ﬁc%éllrfm or- théY

scenari o in Wigdrea Jari me nover has arrived for offloading of containers

ggfr} 2%0{) g‘(;ﬁ?ologr ati og;AGeRrding ot @ B8 ALS! ATLghafl 3¢ €nkdopiPaf26h4202
of the system of figure 1a;

Figure 2b is a flow chart of the off-loading of a
container onto an OHBC yard during remote operation in the
system of figure la;

15 Figure 2c¢ is a flow chart of the mounting of a
container from an OHBC yard during remote operation in the
system of figure 1la;

Figure 3a is a schematic view of the yard block
server and associated subsystems of the system of figure 1;

20 Figure 3b is a schematic view of the yard block
server of the system of figure 1;

Figure 4 is a schematic view of the crane control
interface of the system of figure 1la;

Figure 5a is a schematic representation of the

25 relationship between the communication network and various
components of the system of figure 1la;

Figure 5b is a schematic CVSS Communications Flow
Diagram on System (Active) of the system of figure la;

Figures 5c and 5d are a pseudo-code

30 representation of the Request Processor Module of the
system of figure la;

Figure 6 is a view of the remote operator console
(ROC) of the system of figure 1la;

Figure 7a is a system interaction diagram for the

35 scenario in which a prime mover has arrived for offloading
of containers during remote operation according to the

system of figure 1la;



Figure 7b is a systeminteraction diagramfor the scenario in which a
prime nover has arrived for nounting of containers during renote operation
accor di ngwoon2tihm2system of figure la; 5 Figure 7c is a syimsgobdEracti on
diagramfor the scenario in which the Renote Supervi sor Consol e (RSC)
requests full control over a OHBC (possiblgy for searching for containers)
according to the systemof figure la; Figure 7d is a systeminteraction
diagramfor the 10 scepario | whi ch an_exception occurs,.during_of fl padi ng
of containers (stack préfte’ §ﬁatacl'?)YS§85'oF'g‘ %lf’ﬁledﬁ‘gtr@ £5F Fg §ure
l'a; Figure 7esdenzerigysiremhindleraaginiore ahoa@:ramnafsomrtthere$cfe:mmom1mtnn‘gmocfh an

exception occyy, #Hq f cq Q%Q a I
m smat ch) accor qthre!t t @?&yﬁ{}% o#:%r%rtél%lna ure%(Bz-'tOl geflaelosg,f é:r(raa iC
vi ew of cranebfccﬁ/‘-ewet@ la/n a linear stretch of yard bl ocks in an exanpl e;

and Figuke 8b is a sche tr‘ec7‘6 %\é! %f gfs%aﬁl &%%QQ&%%lo%Odt LBl FBR the
exarrpl e. DETAI LED DESCRI PTI ON OF NT A _contai ner

handl i ng systSRMEESt dihgicta tﬁ}%w Sé‘ﬁ’@&"drlﬁé?rﬁ haHE RSNt

i nvention i nadififsstis MR &orfr SI0 e aommaai i(qua;stsam;tJIye f(o'iC@@)axaﬁung
iIIustratedsherratlcalléﬁt 21in and t he

ur.e I
fol | owi ng de SR £eCq r& set gﬁﬁsf%ﬂ] qul ?&%Ugﬁpllﬁled at a
contai ner term nal | oc&liemhrat 7al qlsayams@etemt hod;ghracltam yiaigregulfdrbéhe

empl oyedyn eaaRK L I D Senbalan: vl (Aellid e e op 2

I ncludes a renote contr operation tre for contraoll1ng container
movenent s i n PreEiTEGfer (3Eack profiid e sHeme tebipicsesrding |’Cr%é?|hestsh’@tt@ﬁl of
yard bl ocks &f Thgy lﬁe,éstleém 2 also includes a yard bl ock server 10 for
managi ng and 35 control % aII activities at and an |nt %grat ed

communi cati on network @&g I®nkiSng £HE SPENSR efé‘ﬁ’t%vl&n diagram fo

scenario in whlch an exception occurs during the mounting
15 of a container (stack profile mismatch) according to the
system of figure la;
Figure 8a is a schematic view of crane coverage
in a linear stretch of yard blocks in an example; and
Figure 8b is a schematic view of crane response

20 time in an example.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

A container handling system according to a preferred

embodiment of the present invention includes a remote

25 control operation centre (RCOC) as illustrated
schematically at 2 in figure la. It is envisaged — and the
following description assumes - that the system 2 will be
employed at a container terminal located at a guayside,
though clearly it could be employed in essentially any

30 container handling facility. The system 2 includes a
remote control operation centre 3 for controlling container
movements in a container yard 4. The yard 4 comprises a
linear stretch of yard blocks 5. The system 2 also
includes a yard block server 10 for managing and

35 controlling all activities at the yard 4, and an integrated
communication network 8a,b,c¢c linking the remote control

operation centre 3, the yard 4 and the yard block server



operation centre 3, the yard 4 and the yard bl ock server WO 02/14202
PCT/ S&0/ 00117 9 10. Although the follow ng description refers to one

yard bl oglo @auxwer 10 for managi ng and controlling all actpcdiddoe®oeribn one
yard 4, it will be understood that a facility generally includes several
essentially identical yard block 5 servers, each for managing and
controlling the activities of a separate yard. Additional conmunications

| inks 8b and 8c are provided between the yard block server 10, and yard 4
and remote P codfthtdiougertdie dirldaiting slesciidiiarelsefegs it YstSuch
gclont aid ner tkﬂrd&maééaﬁxﬁexsmcow_ o ddrHlihg |aﬁl_d idb;'iMlicﬁlfldjlﬂ'ge ﬁ)ﬂ?tﬁfﬁlii\ﬂ.&:_ies 4
epl oyed at a qua at ich cantainer i RS re doc f.ar_1 oadi ng an
unl oadi ng. 15”’5/&?%9 M%ﬂ?ﬁ&%%%%d‘@eﬁ%@ﬂe Hedt T3y 6: yard
bl ocks 5a i naddaerteradilghtindB(Ges yssatbrd 10 Aess it ifadulry GHdBEst i @aild yypardd Hllcakk 5c¢
Ssi x OHBCs Fi i (.c . di Qver .Q
operation SSys%gn‘f )éa%} (S:Jﬁ%ec Itar%ln%f} %9{]0{2'880 %ﬁ%g%%blqugrei 1g‘luér ea[ﬁeéz}wl}écﬁ?
conponent 20 shavwsdppnatfies ¥axdiwe and its function is described below. The
system 2 al so includes an automatic crane control system (ACCS), for
controlling individual OHBCs according to the conmands of the yard bl ock
server 10. FftdHerionale ommuir el Lonsdigtes 8P j315! fshidks ivkp d

al Locati on lsluséwa_er( Jﬂ%%}ya(ﬁ‘tﬂhb]&hﬂ&/@eﬁﬁr O}_Jlrm,ccléng}; yvaldd cordrid nesmaBey enment .
jobs and.all ocating each ,such job to.an BC ,and/.or operator as required.
30 In brggd t“e‘?’ﬁi{&aﬁl"%“f n%%%a?iﬁf?efaﬁld’%%’cks 5 are controlled
renotely and automatically by yard bl ock server 10 via the ACCS, except at

more criticalaphases,of ecﬁ@rg@émei dandling. %ﬁan%qmvﬁp%@tﬂrgturr& a5

interventionis redquir At such tines, an operator at renpte co

operation centle i adsighesthemiistamnity derjovaha OBGUaMNS A% odddton of
OHBC and oper&@d iz iSO Wifiass 17 et (IdBRM for loading and unloading.

15 Yard blocks 5a, 5b and 5¢ are located near the quay 6; yard
blocks 5a include eight OHBCs, yard blocks 5b four OHBCs

and yvard block 5c¢ six OHBCs. Figure lc is a schematic

diagram of the overall remote operation system (ROS)
architecture of the system of figure la: each component

20 shown in this figure and its function is described below.

The system 2 also includes an automatic crane control
system (ACCS), for controlling individual OHBCs according
to the commands of the yard block server 10. Further, the
25 system 2 includes a job monitoring and allocation system
(JMAS) (not shown) for tracking all container movement Jjobs
and allocating each such job to an OHBC and/or operator as

required.

30 In broad terms, all OHBCs in the various yard blocks 5 are
controlled remotely and automatically by yard block server
10 via the ACCS, except at more critical phases of
container handling by an OHBC when operator intervention is
required. At such times, an operator at remote control

35 operation centre 3 assumes remote control of that OHBC.
The allocation of OHBC and operator resources is determined
by the JMAS.



by the JMAS. WD 02/ 14202 PCT/ SG&00/00117 - 10 Figure 2a is a process

di agram of the operation of the system and shows the interaction between
a prinme nwoannizb, and OHBC/ ACCS conbi nation 14, a renote gamGoopenator 16
5 the yard bl ock server 18 and the JMAS 20. Wen a prinmer nover 12 arrives
22 at a yard slot for nounting operationgg the yard block server 18
assigns 24 an OHBC to service that prinme nover 12. The yard bl ock server
10 18 then sends 26 conmands to the ACCS 14 to gantry the CHBC into
position. The ACCS gantries 28 the OHBC to the correct slot, then the yard

]lgl ock rs]erver ﬂi%\ﬁ:@’\h@%. 3% /aiqm@éé@sktdlatdﬁnﬂ@%sﬁr@ pi;cé@aw?dmeamwﬁeah I ner |
romthe stack. The A OHBC npi cks ,up 32 .the.cqntai ner fromthe 15 yar
Stack, and t AP BGLIETNBIS s S RRRAC P SRR 3 P AT 32
troll ey to thadpOHRY/AMGRrcatisissEtsidrand, alhend@EeS/cHBE topdaays 36,10 t he
prime nover ghés | e rSs t eagla, the OHBC to a
predeterm%ne s?ﬁsaﬁdyqﬁ'e?%]ﬁ{gjje%‘?%m@c#}%o?ﬁ{ethe Sygé;od' bl ock server 18 20
informs 38 the JMAS to select a renote operator. The JMAS 20 selects 40 an

avai | abl e CoRgRIE AN ieRlAbhdwdles ¥ iH80 van b daid d ivilePs 1Bans:0f a
control and video swtchi ngi_r_ sg‘stem (CVSS) (not shown: see discussion

bel ow). Thus PYEFIEMARGEAE edhg 3D gk rsery e e s 4 &2 t he
25 OHBC and |owsy £ AZdHRA €Ot heriod endvidr W2 NErH®welrd Ble ckoRRIraiedy

compl ot i 88, i At GRS (T SURETS W SbnAGet 48 1o AIEY A S3ES
| i nks from t Hattcopersdttorors. CBins AGES IpntHigps &8 AHhaHBL tary ghe
respectively, dl.Quenards, Oéhérbetﬁ‘éfgéc%g\i% Yo, SOMAI NGIq PP and
nount 1 ng of a contal ner from an yar uring rennote operation
accor di ng to coynsa Lo |the REES fiiriak urcEhe qomdgsiner "fTanmdhe,
stack. The ACCS/OHBC picks up 32 the container from the
15 vyard stack, and the yard block server 18 sends 34 commands
to the ACCS to trolley to the primer mover chassis lane.
The ACCS/OHBC trolleys 36 to the prime mover chassis lane
and lowers the spreader of the OHBC to a predetermined
safety height, at which point the yard block server 18
20 informs 38 the JMAS to select a remote operator. The JMAS
20 selects 40 an available console and establishes video
and data link by means of a control and video switching
system (CVSS) (not shown: see discussion below). Thus, the
remotely located crane operator 16 assumes control of the
25 OHBC and lowers 42 the container onto the prime mover. The
operator then lifts 44 the empty spreader to the safety
height and signals 12 completion, which prompts the JMAS to
disconnect 46 the video and data links from that operator’s
console.
30,
Figures 2b and 2c¢ are, respectively, flow charts of the
off-loading of a container onto and mounting of a container
from an OHBC yard during remote operation according to
system 2. In these figures, “C31” refers to “Command,
35 Control, Communication and Intelligence”, the container

terminal operational control room.



35 Control, Conmunication and Intelligence"”, the container term nal
operational control room WO 02/14202 PCT/ S&0/00117 - 11 Referring to
figures 3woand48h, the system 2 includes, at a nore detaidcaikdoewell; a yard
operation system 54, a yard space manager 56, overhead bridge crane PC 58
(representing one of plurality of such-GiBC_PCs, one for each OHBC), a 5
yard pl anning system 60, an autonatic crane control system 64, a conputer

ai ded mai nte € nanagene syst m66 the JVAS 68. The rd bl gck
Sorvar 0| IR B R S A0 S AR R aea 86 o e

I nventory nocudre éxta jaab leatellocat ry@:rdnmhdmti@,n aylsteal 549b ac gatrdol

nodul e 76, a cran v r | | ' I a
renote job cOnt rca% ?naq%ll'ﬁgrogé a%q" %rde%fd'eﬁ gﬂrt e%t |ngl%§n3§&%gg§f$t§%’g&ch
of the OHBCs awfe M%Eﬁysnaelmfaf iof eqdhp PEBCMERCS c e £or <Elivh QHBEI, & which

can be di spl 38 (0 AhiORPIAHer WAL 8 it IR iCOHRle ‘E:%@ltt&%l?”sy%ste%l !
as location sensors. The " | ocat i on sensors provide the system2 wth

| ocati on dat £%203% é:foé‘tl?‘-Hifli Flidest medpEengpce H@l"&g@&\?nﬁ‘e s@?é'ﬁ*melstshe“t“dby an
operator to |watmzen d34BC, or by the system 2 when necessary (as

di scussed below). The OHBCs run on rails, to minimze variation in their 25
attitude under | oad, and the systemincludes communication neans in the
formof a br e sl ko cke|smyrveet \UGr Iinoérqde(syisregrea:adymddtﬂlwusat veaurst er

node, ang tr A ‘i’noc&{ﬁr ”FbOt'Cg)axfdll &l % stem,| b ;o ween each
CHBC and ﬁ%@calbﬁee conmuni cat’1 6n |II’1E‘ gl Er%b l%e Use § optical 30
fibre cabl es addnartderh i Mdan@ iLeceds @ro&l@fﬁrr@ﬂl aeslulen76, a
comuni cat i ORS-zrH Ad#Hli Kl 1N tdRlul &V ITEE0 22RG 23RN SAMN o cBiItd A Tbdilkeh saY a
parti cul ar OHBC, however %e transnmitted in a Si n%ll e circuit. This is
princi pal |y F@Wﬁﬁﬁ(ﬂ (gon rol module 82, and a breakdown detection
module 84.
15
Each of the OHBCs of the system 2 is equipped with cameras,
the output of which can be displayed to an operator located
in the control centre 3, as well as location sensors. The
location sensors provide the system 2 with location data
20 relating to that OHBC; this data can be used either by an
operator to locate an OHBC, or by the system 2 when

necessary (as discussed below).

The OHBCs run on rails, to minimize variation in their

25 attitude under load, and the system includes communication
means in the form of a broad band low delay network
employing a synchronous transfer mode, and transmitted over
optical fibre cable reel system between each OHBC and fixed
cable communication links B8a and 8b. The use of optical

30 fibre cables obviates bandwidth and interference problems.

All communications (including control, video and sensor
signals) with any particular OHBC, however, are_transmitted
in a single circuit. This is principally to avoid the

35 mixing of signals from different cranes, but also so that
that the signals from any one crane are synchronized, to

eliminate as far as possible delay between different



35 mxing of signals fromdifferent cranes, but also so that that the
signals fromany one crane are synchronized, to elimnate as far as

possi bl e de) @yakpt ween different WO 02/ 14202 PCT/ S0/ 001 peT1/8G0odA01131 gnal s.
Job and crane allocation nodules 74 and 78 constitute a queue determ ning
system for determning the nost 5 appropjyiate order in which jobs should
be performed, and by which crane. A key conponent of the system2 is the
ACCS 64 which is _provided by the yard bl ock server 10 with stack profile
10 i nformati &+9%Swel | as information concerning jobs, OHBC novenents,

etc, so that each OHBC can be controlled automatically by the system 2 and

the renote operator, manning.the renote nsol.e in contraql_centre is
only requir&H M ERES r‘_f‘ql‘lr?gar‘fd\?é‘nﬂ?tdc"@'fesa @oﬁpﬁt ng ctoélslt&\ﬁélﬁ:el? t he
cont ai ner fr cmeaerdedetrarimimed syaftetny Heirglie termintiingy thel mestover chassi s,
or optionall | t aj .t f i he 64
handl es all égﬁ}rogilrﬁ% %%0 JI{%&C gr@la?éﬁ?él Pﬁ%i%ﬁ%@t‘f go?éo?’%lxﬁ%trﬁ'eegyara ?(5(2@ r
mount i ng opétdidhoerang OHBC pi cks up a container fromthe container 20

stack and brings it to the chassis |ane above the parked prinme nover. For
of f-1oadi ng qperations, the OHBC brings the container to the safety height
above the prifmEFHGEPWRoE hE SYRHED #hd ScdheaPYeS o shisd dfack,
with only thiroviakid HyetHegiind By dokimicveirernat el thoRitaelk. p2ofings, in
nor mal usge thle fACCS 64 attends manual int.er vengsonoiﬂ%\% ]

t t

. oTma Oajoqs Qli%' o) 3
required:at WA R & Wrard 5l cfllé S&E! FOPSWTCRG P8 Acs
t he ACCS 64, movegiegdises dtite rsequihadd esypdr SHBC igane bee mondiratld etdhe j ob 30
TontOrT NG alth R0 HSIED Qe e MM 1R AUPLS opldadind. The
JMAS 68 in turn assigns renmote console to allow intervention by a renote
oper at or . Cp@ﬁﬂﬂing he remote console in the control centre is only
required intervene in the movement of a container to lower
15 the container from a predetermined safety height onto the
prime mover chassis, or optionally to pick up the container
to the safety height. The ACCS 64 handles all gantrying of
the crane to the correct slot in the yard. For mounting
operations, an OHBC picks up a container from the container
20 stack and brings it to the chassis lane above the parked
prime mover. For off-loading operations, the OHBC brings
the container to the safety height above the prime mover
chassis and stacks the container into the stack, with only
this last step requiring remote operator control.
25
Thus, in normal use the ACCS 64 attends to jobs until
manual intervention is required, at which point the yard
block server 10, which interacts with the ACCS 64,
indicates the required operator intervention to the job
30 monitoring and allocation system 68, for mounting and off-
loading. The JMAS 68 in turn assigns a remote console to
! allow intervention by a remote operator. Operator
intervention may also be indicated should any form of error
condition, equipment failure, emergency, etc. be detected,
35 at which point the operator can interrupt or intervene in

the movement of a container.



intervention nmay al so be indicated should any formof error condition,
equi pnent failure, energency, etc. be detected, 35 at which point the
oper at or @@2@t@rrupt or intervene in the novenent of apacwerny WO
02/ 14202 PCT/ SG00/ 00117 - 13 The renote consol e conprises a standardi zed
interface from which two or nore O—lBCs_(a?'% be controlled in turn; the
interface is independent of the type of C bei ng handl ed. This is

acconpl i shed by providing each OHBC with a crane control interface (see
bel ow) that CAf KEEP® ACAFPHXICLIPTISSHh & sStﬁ‘rn&ﬂrtqgre’*e@oH‘t”rt(ﬂrﬁ?é’rﬁ &R
(converting tvhﬁ]ﬁfﬁ&:wd‘&ﬁﬁ&rﬁﬁ@/ OH]ECQs tdin wwdrﬁjmtl%cpfui hﬁﬂiﬁ;r tieul ar

OHBC d OHBC o t st d h t

2 The oper atal A AiRs & TRFRIB Nath ia o ae ofo ST GRS MRS R res
dependi ng on THies tgqoaaafon@ﬂlﬁ@hed Use prandipay dadh QiitBOamJJtOn d erane act uaI
job. The §y5tc%HL2roQLar.}Lr§3@1:tb h@s %D%eaito% R ﬁ%%e f%%lgﬁ? &t iU

OHBCs according to the “here sw t chi ng s an

camer a/ sensorsméd-%cﬁmfdl% WOITthfIQﬂ- sentae r?g Q@W@rrftérﬁ@edﬂ”@@ @ ch job is

conpl et ed, anfbddisaMeXindPRHA ARG LS ety rlsa%iémam@@cst eN2)
is then switched to the operator consaole. 20 The *;éard | anni n%] }{_&%em 60

constitutes £IBMAGTEINS BPFEPUES dFD ftlhee S
bl ock server skstelhizs, | My Rddretdrs iig sy tdead fled Q)ft hﬁ.v}dﬁfgj tl ade

server an ore of| .e modul Wi bl ock
server 100 | e TR e BN ¢hs o, B G At ks
in the yard. afld ngpddiusl (a‘t’qmrml.orprtad Hil'e iadtoradatialn in the yard pl anni ng
system 60 are automatically transmtted to the yard profile nodule 70 and

made avai | abl e to users. 30 The yard profile information includes the
di mensi on of B EYStaE™ ek s alelthaaLnara ey ilokerdtiendadmiest cs of

each bl ock, dirpdimg.offls R End & @A) AhA’bys|Bti%ching all
15 controls and camera/sensor data accordingly. This
switching is performed as each job is completed, and the
next job in the queue (as determined by the system 2) is

then switched to the operator console.

20 The yvard planning system 60 constitutes a central source of
yard profile information for the yard block server 10.
This information is transmitted 61 to the yard block server
10 and stored in the vyard profile module 70 within yard
block server 10, in the form of a copy of the profile of

25 wvarious vyard blocks in the yard. All updates of yard
profile information in the yard planning system 60 are
automatically transmitted to the yvard profile module 70 and

made available to users.

30 The yard profile information includes the dimension of each
vard block, as well as the various characteristics of each
block, including, for example, the location of 45’ slots,
locations of OHBC columns and location of concrete
maintenance areas. This information is required by the

35 vyard allocation and crane control functions of the yard

block server 10.



| ocations of OHBC col umms and | ocation of concrete nmaintenance areas. This
information is required by the 35 yard all ocation and crane control

functi onswaXoztihmzyard bl ock server 10. WO 02/ 14202 PCT/ SG@Q/Daa0T117- 14
The yard space nmanager 56 transmits 57a container details to the yard

bl ock server 10, including a yard inventory at yard bl ock server 10 start
up. Further, details of any novenents of a contai ner perforned manual | y

are Lransm LU 2 Dl and §F oIS & PR AT HSEATh b
16. This in r ch i
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t he reci se rd. | at i.on each OHBC ard _.inventory nodul e

72 i spal o) re‘gjg% f%arr%:})]vci’ nsge]f‘ﬁeer pré‘:‘ et %F c}:}fjo%at | onyof ] obs

to be handl ecﬁ.rafmh;maftmronnmmtnglgiq’oﬁse Frawries Ctatrd:tiraesff ddcHREh in the
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appropri ate rexeBElkey JHGh 35 kt@lélﬁﬁﬁbr"iﬁ dmﬁibrﬁl'&‘r HEEC 1 Jlrb‘%ﬁimatins | ess
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inventory module 72 also ensures that contalners are placed
15 across a slot of uniform size. The yard inventory module
72 takes into consideration the yard characteristics
provided by the yard profile module 70 and allocates the
precise yard location for each OHBC move. The yard
inventory module 72 is also responsible for providing the
20 precise yard location of jobs to be handled and, for
mounting jobs, provides the latest location in the yard of
the particular container. If the mounting container
required is not the top most in its staék, the yard
inventory module 72 triggers appropriate moves to shuffle
25 the overstowed containers to locations less likely to

effect the original plans.

For off-loading jobs, the yard inventory module 72
allocates a suitable off-loading location within a yard

30 range provided by the yard planning system 60. This
allocation just prior to operation ensures that the
location will be the most accurate based on the latest yard

inventory information.

35 The crane controller module 78 provides an interface
directly with a crane’s ACCS 64. The crane controller
module 78 sends job instructions 65b to the ACCS 64, which



al l ocation just prior to operation ensures that the location wll be the
nost accurate based on the |atest yard inventory information. 35 The crane
control | ewonedute 78 provides an interface directly w th PCTESGEIETACCS
64. The crane controller nodule 78 sends job instructions 65b to the ACCS
64, which WO 02/ 14202 PCT/ S0/ 00117 -_1ps feeds back to the crane
controller nodule information 75a on the crane's current status, |ocation,

etc. The renote jo dyl e .82, for handling.exceptjans .that 5. aqccur,Qr
manual i nter \#ﬁﬂ‘i%%ﬂ%%q stq}eeqciﬁarrbed R lregnﬁr{%éiu(icer dﬁ&aoﬂﬁtéﬁnor? S3shoul d
such a situatarorthec @raned stessagnt corttaisn Agdattd ardertid.y of the crane is
sent 69b to the JMAS 68, at which point the crane will not accept any

instructions or controls fromthe crane controller nodule 10 of the yard
bl ock server T mameheq Hick mesiditleB2 ufion hamelliag andentions ddeitved, the

crane only reqehMes LAl FiiBrddif M € AR RANARKIAE RN e Hei 2

(see figure la). Once the renote handling is conplete, the JMAS 68 notifies
the yard bl o3& RRSPEF1GMd et omt SISt LR AEUTLS5 3 ARSERGR
resume the cadtliniing Rtheriadentifhie oy YheMokaneclikleserit reamtw heer vi sor
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15 can then resume the control of the crane. The system 2
includes a remote supervisor control console or RSC (not
shown) in the remote control operation centre 3, which is
the complete remote operator console with devices allowing
one supervisor to remotely operate an OHBC and to supervise

20 the operators in the remote control operatiéon centre 3.

The supervisor can thereby override the normal operation of
the system. Thus, if necessary the supervisor can switch
the control of a particular crane to the supervisor
console, or the allocation of a particular job from the

25 console selected by the system to another console

(including the supervisor console).

The job allocation module 74 is for sending a (mounting)
job 65b to a free OHBC when the yard block server 10

30 receives a signal (or job trigger) indicating that the
prime mover (or other ground vehicle) has arrived at a
slot. This signal provides the container location tracking
information required by the system 2. When that ground
vehicle is a prime mover, the driver signals that he or she

35 has arrived at the slot by pressing a “PM ARIV” button at
their terminal, indicating that the prime mover has docked.
In those embodiments in which AGVs are employed, this



30 receives a signal (or job trigger) indicating that the prime nover (or
ot her ground vehicle) has arrived at a slot. This signal provides the

cont ai nerwligagatipen tracking information required by the at®RId011Y\hen
that ground vehicle is a prine nover, the driver signals that he or she 35

has arrived at the slot by pressing a "PM ARLV" button at their term nal,
I ndicating that the prinme nover has docke In those enbodi ments in whi ch
AGVs are enpl oyed, this WO 02/ 14202 PCT/ S0/ 00117 - si gnal,

gener at ed autHreFicds ywangwleh aHenar Gyl at%e&mmgthfﬁ Ct%’i”@@z}t i on of
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al l ocati on Mgy 74 determines the best |ocation to off-load the

di scharged containers, and inforns 15 the yard operation system 54 and the
driver of the prine nover. Once there is a job for a crane to perform the
crane al | ocagiintin awidy) e disﬂmnﬁd b]kﬁ)sf orchad |deiatd @A ke priste 20
appropri ate crane to he jOb“%}ch‘q pr%&r erform crane aI l,ocat.i Q this

nodul e 80"i s "Tovi (?"hs T 1 de § SR G 155 S nes
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mai nt enance angy; JANAYaRN tem r npdul e 78.
25 An exanpl erm:} I'ts oper atlﬁél S J&Scussed eslcow Fi na Iy,awtehe break down
det ecti on nod@ntemted jnk\akerrabron adeis nd ideteraings Piodesterver 10

is down and, idcaX@on to off-load the discharged containers, and informs
15 the yard operation system 54 and the driver of the prime

mover.

Once there is a job for a crane to perform, the crane
allocation module 80 is responsible for allocating the most
20 appropriate crane to the job. In order to perform crane
allocation, this module 80 is provided with details 67 of
the status of all the cranes (including any maintenance,
training plans, etc) by the computer aided maintenance and
management system 66 and the crane controller module 78.

25 An example of its operation is discussed below.

Finally, the break down detection module 84 is provided for
detecting if the yard block server 10 is down and, if so,
taking over the functions of the yard block server 10

30 without interruption of operations. A “peer” server is
made responsible for the tasks of the yard block server 10,
with peer alive signals 85b being received by the break
down detection module 84, and alive signals transmitted
from break down detection module 84.

35
The information transmitted from the various systems 54,
56, 58, 60, 64, 66 and 68 to the various modules 70, 72,
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35 R cp e, nelsk el PRI

to the block
Job/Crane Allocation Modules 74,78 -
for crane deployment and triggering

of job to crane.

I

yard space|Yard Inventory
information

57a, 73a

manager 56

Yard Inventory Medule 72 -
synchronise the yard inventory 57a,
73a upon startup of yard block server
10.

Container
Movement

information 57a

Yard Inventory Module 72 - update any

container movement

container

details 57a

yard inventory module 72 - update

container details

information 69a

yard yard profile yard profile module 70 — for yard

planning information 61 |allocation

system 60

OHBC PC 58|job selected by [local job module 76 — send the job to
local operator |ACCS 64
PMGO Vehicle Module (not shown) - delete
information prime movers records.

JMAS 68 remote link crane controller module - to

determine whether yard block server
10 or remote control operation centre

3 has control over the ACCS 64.
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operator ACCS 64 PM3O Vehicl e Mdul e (not shown)
JMAS 68 renpte |ink crane controller

rs records.
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renmote control operati
02/ 14202 PCT/ S&0/ 0011
al l ocation nodul e
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7 18

3 has contro
renote conigol renote job 82/crane
operation 80 - for crane depl oynent centres input

over the ACCS 64. WO
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?o prinme yar
dt’p| ocation to

o@fgcgre%bg 4198 LPI &, Zré&u;gbbf,-

e prime nover nmover

To |
' status 74, whether the job is

done or not.

computer
aided
maintenance

management

crane
maintenance

information 67

system 66

crane allocation module 80 - for

crane deployment

Messages are sent from the yard block server 10 to the

other systems as information or to update certain

attributes in their systems.

other systems:

Listed below are the

important yard block server 10 output messages sent to

OUTPUT MESSAGE RECEIVING USAGE
SYSTEM
Confirmation of Job |yard To update yard space manager
Done/PMGO operation 56 table, job info 75c table,
system 54 etc
Changes to prime yard To inform the prime mover of
mover docking operation latest location to go
location system 54
Container mounted on |yard To update prime mover table.
different prime operation If prime mover of different
mover system 54 op group, to perform prime
mover swapping to maintain
the number of prime mover to
op group ratio.
Confirmation of yard space To update yard space manager




| ocation system 54 Container nounted on yard To update prinme nover table.
different prinme operation If prinme nover of different nover system 54 op
group, toweenfiezon pri ne nover swapping to nmaintain the nwdresGoofopri ne
nover to op group ratio. Confirmation of yard space To update yard space
manager WO 02/ 14202 PCT/ S0/ 00117 - 19 jganual job done manager 56 56
tabl e Manual Intervention JMAS 68/ OHBC To informrenote/local Required PC
58 operator [ffrat manoar T nter Vet o 1 s T equired. Job order/ Novenent ALCS
64 To send j j nni_ n@=nageerISt a¢Re PE¥LSY e conmands to ACCS 4
to Scanni ngivelLEST fA@benRl 4L M@”@Qﬁ&meorgérir&%r%' PEmFHALLEE 0Ssi ng
order Accurdte Yard JMAS 68 For raghl cal di[spl ay of Iylard Inventory
inventory. |[BSf¥E=% is a schendgli €8vi ew of Pﬂ%rii'r"&né oF ™Rl nterface
referred to bove The renot e oper ator's conseter@dtisn LOHQaLeddto th
systens int te il network 5 ar means

bi -directio obs 8 8??%‘? ”{"Vﬁﬁe’gﬁ F\I S5 %\%onnect &3 T%‘G?H(?g%ﬁ Zﬁcannmg
comuni cat i rﬁetmak:w?rbyllarqans of bi - di 1l ectrizore®l tsem@ 6di nk 96 i sfthe
actual craneg control interface 98. Int erfac <28 %an%g Q. gener,

U

control sig S1 I nterface 100 connected by mz ns o |rect|on

paral | el |injerter/Rpaking signal| translation| unit 104, itself connected|by
nmeans of bi - Irdggyéggagm p@_{.@éxl el link 106 to a machine dependent i nterjace
and sw tch [f68—The nuenlne dependent—Tntenface and—swtTir—Tommumicat s
by means of [ficcyrreet¥agdal par a|PRP FPnk 110Fe5 guerhheat ghiSPORY cPF ISy

112 of an i ndinveddaety OHBC. The inventory.

Figure 4 is a schematic view of the crane control interface
referred to above. The remote operator’s console 90 is
connected to the systems integrated communication network

5 or ICN 92 by means of a bi-directional serial link 94. Also
connected to the integrated communication network 92 by
means of bi-directional serial link 96, is the actual crane
control interface 98. Interface 98 includes a generic
control signal interface 100 connected by means of bi-

10 directional parallel link 102 with a signal translation
unit 104, itself connected by means of bi-directional
parallel link 106 to a machine dependent interface and
switch 108. The machine dependent interface and switch
communicates by means of bi-directional parallel link 110

15 to the control circuitry 112 of an individual OHBC. The
signals carried by bi~directional parallel link 110
comprise command and status signals for the OHBC hoist,
spreader, trolley, gantry and (for quay cranes only) boom
controls.

20
Thus, machine dependent signals received by interface and
switch 108 are translated by signal translation unit 104
into a uniform set of signals so that signals outputted by
the generic control signal interface 100 to the integrated

25 communication network 92, or received by the generic



signals carried by bi-directional parallel link 110 conprise conmand and
status signals for the OHBC hoist, spreader, trolley, gantry and (for quay
cranes onw)ozhiezon controls. 20 Thus, nachi ne dependent sirfITAGH0/0enei ved by
interface and switch 108 are translated by signal translation unit 104
into a uniformset of signals so that signgls outputted by the generic
control signal interface 100 to the integrated 25 comuni cati on network 92,

or received by the generic WD, 02/1420 CT/.SAx0Q/,00117 - .20.,control signal
it er face. L0CTHORY HE A AAERE 25 10 SRoh AR 5 b hdent on
t he parti cul astarderdiciest izgtd oo tofddgendaHiBC aurthentdar tircuiser The oper at or
control 90 (qpﬂ uant r t;, er r

consci ous of excé)dé\?% en é%y‘%ﬁe?}gﬁo%ﬁéﬁé c)l‘b%leeﬁgcl ont r gﬁté&d ﬁegn%el%gc%ro
time. It showentisl He (mikdantaaquentinitdp aparadamuniesd ittt net work 92

al so funcki ong,&Se oKX O MBH CHI SBUNTSKE fiare dilfFereHt RADELI4W orre )
paral l el /serial conversion 116 of command and status signals. Figure 5a is

a schematic rRPMESAHREONF G4 g ithdHi%e - bet ween the integrated
conmmuni cation network 92, the JMAS 15 68, the console 90 (one of a

plurality of consaol nd an OHBC agai n,. qne_of,_a plurality of
OHBCs) . The ]ic tszlb?lgts%@alcso i ?‘% n]tqha(e‘i \%%ﬁ( ec%rr?ptrﬁds e%onrl{ne%rhle%tlon
Asynchr onous fietarnsri s31 @l svbdair{ATMnsws chemmohimsision Thetdnfrota drildof
the 1N iy tqtsans M 680 LON oAl A Aol i enliadhe ttgen
cont ai ner ya d‘gcr anescj}gn rem)t/(:%"e oper at or conrsBcj)] es. 'ﬁ?e Integrate
comuni cat i orS FREWHrIE DR Lincl udes a plurality of Internediate Control
Centres or 1CCs (the ATM 25 switches that give ATM access to each OHBC)

12 ne for h of th B n nt ral Wi 122.. T
0 (one fo Eeiag?ureo SaF ies %_ls%ﬁ'?éma%:idc artacperé[se%ta LJl.%/ns o Ctr]ue relatr}l.eonship

between the integrated communication network 92, the JMAS
15 68, the console 90 (one of a plurality of consoles) and an
OHBC 118 (again, one of a plurality of OHBCs). The
integrated communication network 92 comprises meshed
Asynchronous Transmission Mode (ATM) switches and hubs.
The function of the ICN is to transmit the video, control
20 and data signals between container yard cranes and remote

operator consoles.

The integrated communication network 92 includes a
plurality of Intermediate Control Centres or ICCs (the ATM
25 switches that give ATM access to each OHBC) 120 (one for
each of the OHBCs), and a central hub/switch 122. The
integrated communication network 92 also includes control
and video switching system or CVSS 124, which communicates
with JMAS 68 and ICCs 120.
30
Each OHBC 118 includes a DCC access hub 126, coupled to the
cameras 128 and crane interface unit 928 of the respective
OHBCs 118.

35 The CVSS 124 is an application server specifically for
allowing the JMAS 68 to control the ICN 92.



I nt egrated comuni cati on network 92 al so includes control and video

swi tching systemor CVSS 124, which communicates wth JMAS 68 and | CCs
120. 30 Eamv2ahie 118 i ncl udes a DCC access hub 126, couplpgd/davolobaz
canmeras 128 and crane interface unit 98 of the respective OHBCs 118. 35
The CVSS 124 is an application server speeifically for allowng the JVMAS
68 to control the ICN 92. WD 02/14202 PCT/ S0/ 00117 - 21 The video,

control and data signals are transmtted in |ogical connections using the
ATM Vi rtual Pt ¥i89 t%‘f?ntqq’ﬁr 21d 433 $ignmE 3R ‘i)‘@s“s‘frb"rm'r%@ Y™hat the

vi deo, J c_onL rIl‘}F]gﬁECﬂ.' fdﬁrmécﬁgihrta{§ di00g ofiee mdafi&afuaaarwhfi AN ICIAEYD. lﬁ_e _
crossed wit ose fr,om another, cont ai ner yard .crane. i kewise, as this is
a bi-directionat® @ﬁn%%t%olﬁ?”fah‘ée it YTS ¢ Ztr]‘far‘brﬁl}f%e‘”rc%ﬁﬁ e operat or
cons_ol e cannod:ozhec_olcram_teihmtshigm from armtdmrtaionso | ward Ccridre @6 _124
provides a re@é'é%d?s&%"'&% NG, d 40k ah 1,0 théé‘ecdn%i%f‘%ax%’ dfdle . unlike
i n existing manual methods using a network nmanagement Station in i ch
each connect ilo¥kewicsie t A& hirites a disudirgrivonak capwmetion rdmt e

operation Syst&MLAN JRkeiA £Ake G- GRINEeUIONS Y tdbisdRe SeGHKS BO
match the job rates_handl ed. The CVSS 124 has been found to be able to

handl e 15 corfffeRIF¥hI I HHIRR LTOERRNST (FRIRISS 124 el i mi nates human
error. 20 The CVSS 124 software operates in a continuous |loop waiting for

the JMAS 38 t s%{ﬁs't | pstructions. \Wen the C\/S%S 24 _rgeceives
I nstruct ilgn fﬁb% eéfl\%&g%?,wl‘ espr%cre%%estjir?e 6 celnlﬂ) nec%loonnngégrlon
between a rendie Werd andorsotieat amhliiies conteatimringmanyahaie 2®odee
CvsS 124 res'@%q%’h%&ﬁc%%%éﬂé&&&en%m&?tﬁ{ LAY ot Se G | MShrtlic 1 die
other is on standby. The two
can take minutes to set up or take down, the remote
operation system can make and take down connections within
15 seconds to match the job rates handled. The CVSS 124 has

been found to be able to handle 15 connections per minute.
Further, the CVSS 124 eliminates human error.

20 The CVSS 124 software operates in a continuous loop waiting

. for the JMAS 38 to send it instructions. When the CVSS 124
receives an instruction from the JMAS 38, it processes it
to set up the connection between a remote operator console
and the container yard crane.

25
The CVSS 124 resides in two workstations. One workstation
is active and the other is on standby. The two
workstations continuously exchange messages to keep each
other up to date. In the event of the active workstation

30 failing to operate, the standby workstation detects this

and takes over its operation.

The CVSS 124 comprises the following five modules:
s Three main modules — Communication Module (CM);
35 Communication Ping Module (CMPING) and Request Processor
Module (RPM).

¢ Two auxiliary modules (Housekeeping/Maintenance) -



wor kst ati ons continuously exchange nessages to keep each other up to date.
In the event of the active workstation 30 failing to operate, the standby

wor kst at i wip @auset s this and takes over its operation. Therdwodds
conprises the follow ng five nodul es: Three mai n nodul es - Conmuni cati on

Modul e (CM, 35 Communication Ping Mdule,{CMPI NG and Request Processor
Module (RPM. Two auxiliary nodul es (Housekeepi ng/ Mai nt enance) WO

02/ 14202 PCT/ SG00/ 00117 - 22 Mai ntenance Mdule (MV),

Communi cati on AMehptenarsguMedptrnidsy / a‘Tﬁe%@e@%W“&FEﬂFf—@EtﬁF%h’rgeshown
schematical |y | Mofu98r cMAREI) . The CM mai ntai ns the comunication link with
the JMAS 38, and is responsible for establishing and maintaining the

net work connections to the JMAS 68. It comunicates with 10 the JMAS 38
usi ng the TCPIHEP avetrveolr K i angehplr ot cinote aired sheoomm ecthams oireadrifyedirs didlgptrss The
CM r ecei \I\//%\S r%guests fromthe JMAS 68 and sends these to the RPM It is
always JVMAS 68 that initiates 15 conmunication with CVSS 124. Once
connections have been established with the JMAS 68, the CVSS 124, as a

whol e, then rﬁ?&'d@%ﬁ%ﬂﬁ%%&mﬁléﬂl&ﬁtﬁnl@%ﬂﬂ}? SHeE eyl the
CVSS 124 are processes that, reside in s&g}l rs of workstations or

conputers. WaM rf'%r?%e%?ﬁrPSlb]tﬁlﬁP]br%g%l?]il N @k L@ R idthdPeact s as
backup at anynetaRrk idBhnddieiensairts tihs wa epnssuhi i iptadd enxiof 25

active a i nacti i nes v.er red ndant Et her net
net wor k rnLlﬁnksa}'1 T@%}N@Wﬁ% regﬁaﬂr R Wé’srt s th&ESo %carh on |inks

30 anpng t heszonmerdsitattanisenttedeaoketpr.onpt det ecti on of any

The CM receives requests from the JMAS 68 and sends these
to the RPM. It is always JMAS 68 that initiates
15 communication with CVSS 124.

Once connections have been established with the JMAS 68,
the CVSS 124, as a whole, then receives and processes JMAS
requests.

20
The JMAS 68 and the CVSS 124 are processes that reside in
two pairs of workstations or computers. Within one pair,
only one will be active and the other acts as backup at any
one time. There are thus four possible configurations of

25 active and inactive machines.
These are linked over redundant Ethernet network links.
The CMPING Module regularly tests the communication links
30 among these workstations to ensure prompt detection of any
failed communication links, and sends update messages to

the CM.

This is to activate backup processes whenever an active

35 component fails.

The RPM is the key component in the CVSS 124 that actually



fail ed comunication |inks, and sends update nessages to the CM This is
to activate backup processes whenever an active 35 conponent fails. The
RPM i s t heakeyi4zanponent in the CVSS 124 that actual ly WORA/SIGHAOR117

PCT/ SO0/ 00117 - 23 sets up connections. The RPM handl es the setting up
and tearing down of virtual «circuits foroghe video and control connections
between a 5 console and a crane. It does this by building up and invoking
a script file, .containing macro instructions that the ATM switch program
can process. AR ARMSPERI T on does not include a way of setting up
and tearing down virtual circuits in real-tinme so, rather using the

existing 10 I - r..orQvi sioni. { 1SRt
enbodi nent usllg%ptlﬁgg %e%{m%#%]un%eas%n%%%ggfg ea%\gi %%%l%kée%&%r §{§Le| vesl
messages frorgitnmlidhg ey ride t\oldenr aid sentgol; annraians thefivasgn éui ts.

The RPMr gt Urdsh AP RS a lexrdmssaaes ddad hﬂui@"B}P Hﬁcﬂcﬁﬁige dg'&rut come.
The RPM program flow is described i nd{)oseudo-,code format in i.gures _b¢ and

5d (in whi ch ¥HRKREE FREIReE HE nAOHRE1NE HREED - BHEHTE S Hithg to
the actual cofie) ATM sShotdil pbdamai=pd ddtadesAM  iThd 7erds GfigawfiIra dddion
resides in the ATM switcf%hat respofnds t,.a _nmanual icp ut_. .TheﬁﬁPM simul ate
the nmanual |cﬁ°p%ﬁ rt?str nlf% 1et2 paved scsreltpftlr\‘q I® e "B Weates and
updat es fil esriintulilslcistaribge ias r&f vigne # ,t ddtdeen syt dlhererstinthe
pddress ! € A dPUA Ml YdBIPbOBIRA Mty BYESIANG At

sw tches such 0st name, ATM port —connéction used, Virtua
| dentifiers, emhadigerts resps Yoe InRtqTh Rfagamaiyy cofta® d5eldc. 1t maps
the crane/console IDs to their correspondi ng addresses and ports on the

networ k. The conbinations, of all fields in he file are ur}_ique in t_h%t no
two cranes/c REM \rrfeives messages from the CM program to establis

or tear down virtual circuits. The RPM returns response

15 messages to the CM to indicate the outcome.

The RPM program flow is described in pseudo-code format in
figures 5¢ and 5d (in which the functions used do not have
a one-to-one direct mapping to the actual code). It should
20 be noted that AMI is the software that resides in the ATM
switch that responds to manual input. The RPM simulate the

manual input using a text-based script file.

The CVSS 124 creates and updates files in disk storage as
25 well as tables in system memory.

The Address File (ADF) contains information on the Video
Boxes and ATM switches such as hostname, ATM port
connection used, Virtual Path Identifiers, Virtual Circuit
30 Identifiers, crane/console ID, etc. It maps the
crane/console ID’s to their corresponding addresses and
ports on the network. The combinations of all fields in
the file are unique in that no two cranes/consoles would
map to the same address. The RPM reads the ADF data into
35 the Address Memory Table upon system initialization.

The Address Table (System Memory) is a copy of the Address



map to the sane address. The RPMreads the ADF data into 35 the Address
Menory Tabl e upon systeminitialization. The Address Table (System Menory)
is a copywefo2iihg2Addr ess WO 02/ 14202 PCT/ SG00/ 00117 - 24 pdrid@okent and
dynami cally updated in the conputer nenory to reflect the current
configurations. The Connection File contapps_the status of all the consoles
5 and any existing links to the cranes. is fileis an inmage of the

Connection Table and is over-witten ever time, the CT is updated or
rebui I t. Thi File deRfutaid Qﬁnamwlﬂmw%ﬁ%d ddedFhiGamPYRT ASBRFS e

purposes to ShFEVednYreXi @itttht YT ilgurddd dipnsol es. 10 Connection Tabl e
(System Menory) - This is a copy of the Connection File kept and

dynam cally updated in the conputer nmenory to keep track of the

Vi deo-t 0- consiilee Caroraestciororsi lancdedritm icentihed -dtetnen sl e ldorithec tdcors hetsen
it 15 bego Ve, 1he it .11 ai i I filg. I T sts and
response gcog'egﬁgbﬂycﬁ%ggr}glst glslné_{ns{jqﬁ (;J:Hb% :cjgs o_egst'i ngﬁl% éhlee n%?%%

Dat a/ message ipdre 45 BystConnratsiop iTehlife R des tovedirsird {ROQe Vet

al | owi ng asyngifoonots aperad iafled R ALeypund catmpns Nadye anddthers

Request Processing Mddule., Figure 6 _is a view of renote operator console
(ROC) 90. Théhss 1t 99 1579 RS LY e SRR R{rﬁ‘%ﬁesdit?plsé"ﬁ‘”hg
both video idmgescieeaiyadifiHmd thsamrisagad t h which each OHBC is
provi dedland information of use to the operator (such as the |ocation of
the OHBC; "and the identification nunbers of the prine nover or other
ground vehi clGonnduticontBalmer By Owim @lamad, -arthisha OEBQopyCarfs dibee 90

i ncl udes joyst] 134 @ . or
controlling ﬁirglgﬁﬁ?% %lﬁ%ﬁ%ﬁ%@h@p&s}mﬁ e e?(;qt gl%é; he oper at or

can enter or GFRPWHIRE iMERRTHt IO ke inask B the widaamhorgonsolisssue nore

conpl ex comBthections and the control-to-console connections when it

15 becomes active.

The Audit Trail File is a file of all requests and response

codes for diagnostics and trouble-shooting.

20 The main Data/message queue in system memory is the Request
Queue (RQQ), for allowing asynchronous operation of the

Communication Module and the Request Processing Module.

Figure 6 is a view of remote operator console (ROC) 90. The

25 console 90 includes a video monitor 132 for displaying both
video images received from the cameras with which each OHBC
is provided and information of use to the operator (such as
the location of the OHBC, and the identification numbers of
the prime mover or other ground vehicle, the container

30 being moved, and the OHBC). Console 90 includes joysticks
134 and 136 and control panels 138 and 140 for controlling
the OHBC. A keyboard 142 is also provided so that the
operator can enter or log any information required by the
system 14, or issue more complex commands.

35
An indicator light 144 is provided on the console 90, and

is automatically illuminated when the console 90 is active.



35 An indicator light 144 is provided on the console 90, and is

automatically illum nated when the console 90 is active. WO 02/ 14202

PCT/ SO0/ 8@lak74202 25 An intercomset 146 is provided so tAGavS@pmorvror can

conmmuni cate with his or her supervisor, or with workers in the yard should

an exceptional or energency situation arpbgse- 5 Crane allocation nodul e 80

of yard bl ock server 10 determ nes the nmanner in which each crane is to be
in a linear

depl oyed. The objective is t pl oy a _nu r x of cranes  in

stretch of yg\r"d SIS ?ﬁ*ﬂglr&leﬁés orrﬂvr’tﬁpebcgfsolot F PR s&Ver 10 such
t hat the turnomewuniateetachi Bvdd s icr feed MwekviEer cranes tdr evgukefray &l y
depl oyed in pqﬂggg %pg Qﬁﬁ[ of.. C gggﬁ | . S
proporti onal S#g_é]t'\‘ﬂaer nu erl%%ﬁ]}o S |ﬁr}5’t ellr ({)rl ocks. c%g{hgl\?\ﬁ(hi n each
bl ock 5, primE¥Rsers are preferably 15 served as soon possible, to

maxi m ze gurnaround tine. In the follow ng exanple, there are ei ght cranes
for a stretch of 5 blocks (each, bl ock neasuri n% approxi mately 40 slots).

Each crane hd&&3it &prsd et R 1801 of R PIRFFispieBdd s a
schemat i ¢ depictd i ids tiee il arendgesh (Eh taraolB8)id it Bd near stretch

of yard bl ock to . El .. As.is parent fromfijqgure 8a, the e bl acks Al
and El can ecgec‘ﬁ%eds‘erv%}be btgpjt%qﬂé{'eanless R%Fijig ahd' Uﬂ?fe% cranes
respecti vel y)in andl irea i sittetdil adk y=BHd thl dak sedc hurigled dilre aoreiresl (@ZR1 to
CR4, CR3.p0 1d tipeal v - nd of
AﬁgﬁﬁﬁgﬁE_ cé%gﬂgﬁg E%§§ﬁ1£%§é Qhe-@Hiéﬁf§§n§§f%Jﬁ%@§%?é&a

end bl ocks Al° e reac y one crane o _
respecti vel y)is MRXiMAIA dudihss|Btanes dre mrrfierap ot idemry3s tie puda® be

rﬁached byI an!iﬁ%iﬂéﬂ«'n&}gett tifH@QufﬁlfkﬁH}.esof |drar§é'§)lﬂrﬁ_é&}f‘]9$l%k hLQ§N_everh thatd

this exa e ls Intendeq to | ustrate the qgensit of, cranes I n the yard,

not as anp proportional to the number of jobs in)%heir blocks. y
Secondly, within each block 5, prime movers are preferably

15 served as soon possible, to maximize turnaround time.

In the following example, there are eight cranes for a
stretch of 5 blocks (each block measuring approximately 40
slots). Each crane has an approximate span of 1% blocks.
20 Figure 8a is a schematic depiction of the crane coverage
(CR1 to CR8) in a linear stretch of vard blocks Al to E1I.

Ag is apparent from figure 8a, the end blocks Al and E1l can
each be served by two cranes (CR1,CR2 and CR7,CRS8

25 respectively), and the middle blocks Bl to D1 each by four
cranes (CR1 to CR4, CR3 to CR6 and CR5 to CRS8
respectively). The slots at the very end of end blocks Al
and El1 can be reached by one crane only (CR1 and CRS8
respectively). Any individual slot in the middle blocks Bl

30 to D1 can be reached by a maximum of three cranes. It
should be noted, however, that this example is intended to
illustrate the density of cranes in the yard, not as a

factor to relax the crane deployment scheme.

35 In system 2, and for a prime mover working on a particular
slot, all the jobs concerning that slot are preferably

handled by the same crane and the same remote crane



factor to relax the crane depl oynent schene, 35 In system 2, and for a
prime nmover working on a particular slot, all the jobs concerning that

sl ot are woefanzl y handl ed by the sane crane and t he samEwssmbelicr ane WO
02/ 14202 PCT/ S0/ 00117 - 26 operator. This inplies that for every prine
nover parked at a particular slot, regardkess of the nunber of jobs at
that slot, the prinme nover need onIy be assigned to a crane as a whole.

the fol | owin the term_.PMj.o ed to 5 refer ta the list of sfor
g 4 ;
2 e e moverSRRER e (e TRAtE (iRt ahan SR s IO AR A a ¢
activity consot iaddgpartinodide, slo/tzh,l atedwasildata off st inmioet: Yl djcdet iad ty
based 00 Pastendd IAE! R ik TN dbc Bl &P INGLS dpal

nunber of COI’]t al ner  noves a a ar range spec tl ne.

Thi s i nf or mat3 o ddlehabl i tiﬂ’@ vy ld Bigek e verm o P[va Jéiéft i et 1Sk to

nunber of 5j obssfdy 6@l aGks 1 oINS 1t GPBFiAle A HIdIRiR IS tHanes
accordingly. 15 The yard bl ock server 10 polls the yard activity

consol i dat or $RfuILERSTRAN ar i nterval s (say, every half hour) for the
yard activity forecast of the next interval for every yard block under its

control. The nber of 20 cranes delo ed t.0 .each bl ock calcul ated to be
proporti onal 1?ﬁf‘?‘wblercclq‘cp s faoﬁcyecas qu:tl?ﬁnsﬁcl c‘j?% Aﬁﬂ

cal cul ation iwidixaiatfess datzed i @sgamaﬁ;ectwr@ls adﬁ:lerltczr éqmdcmmmarsetd will
have theip CLBxfa?é\ElcEét'Orlﬁe s InfRR1160T a‘gﬁ e do rtrhe‘d‘tesfﬁtrdaf%eq{ j obs

favours the ™25 gantr crane w | nst ucte to gantry after
conpl etion ofnumkzeltm Gantamersovsamt & Yanshaseae &t rhaPast §isss

forecast by theid@rde actma/it )’I‘l’ﬁ.@%ﬁlﬂdi@r{éifld?pdiﬂrﬁ drdibitha-nearizus HllRaks
30 are: Al1=10, B1=10, 1=30,, Dl1= 20 E1=10. fan normal i ze ”}ﬁoctj';n%er of

cranes in eacHBHIkidbste & Hiatate rB‘I“—?ﬂr of jobs 1n each

under its control and distribute its cranes accordingly.

15
The yard block server 10 polls the yard activity
consolidator module at regular intervals (say, every half
hour) for the vard activity forecast of the next interwval
for every yard block under its contrpl. The number of

20 cranes deployed to each block is calculated to be
proportional to the number of jobs forecast in that block.
If the calculation indicates a need to gantry cranes, the
cranes concerned will have their current ratio of jobs
computed. If their current ratio of jobs favours the

25 gantry, the crane will be instructed to gantry after

completion of its current job.

For example, suppose the number of jobs forecast by the

vard activity consolidator module for the wvarious blocks
30 are: Al=10, Bl1=10, C1=30, D1=20, E1=10. We can normalize

the number of cranes in each block as follows: Al=1l, Bl=l,

Cl=3; Dl1=2; El=1. If, at present, the number of cranes in

each block are: Al=1l, Bl=2, Cl=2, D1=2, El=1, and crane at

Bl has 3 jobs while those at Cl have 5 jobs, then a crane
35 from block Bl will be instructed to gantry to block C1.

The following are the triggering events in a yard block



Cl1=3; D1=2; El1=1. If, at present, the nunber of cranes in each block are:
Al=1, Bl1=2, Cl=2, D1=2, El1=1, and crane at Bl has 3 jobs while those at C
have 5 j ot® 02tk a crane 35 fromblock Bi w Il be instrumcadaoogantry to
block C1. The following are the triggering events in a yard bl ock WO

02/ 14202 PCT/ SGD0/ 00117 - 27 server 1Q peb_cycle: Procedure: Re-sort job
list Trigger: 1. New job instruction downl oaded 2. Contai ner novenent of a
job in the job |ist CZ Procedure: Job Allocation Trigger: 1. PM depl oyed
2. PM depl oynEHtVean®IEP FHi arrived 10 Procedure: Crane Depl oyment
Trigger: 1. PMacspluyed Re-RMa@arjolvedis: Crane breakdown; crane nove in/out

of a bl ock lﬁri‘l'%qee]_lj S%%{%@?’%@S‘%WOW&%%%% | ock server 10 are

sorted by their ock i and op grp oper at or group).
Each prinme nover depl oyed Gantaimiese knguemendsiofned Job dsurithe debailidts from
t he sanme BBl ock and 20 op grp. No inter-op grp jobs are assigned as the
ratio of prinme novers per op grp is predetermned. The list of jobs

downl oaded arregedriey t4RP &l be done by the quay crane, starting
from the curremggdene 125 me@epicsddr ascendi ng order of job sequence,

fol l oned by the | ooka[}e.acb rc%%{e;L seguences. %he job list 19b in the yard
bl ock server 10 is sort&d Mj ST (P8°S6  the 1 ocation on the
vessel ) for each crane Zedrerramivest two jobs of the sane tier (on the
vessel ) apd in the sane stack
Procedure: Crane Deployment
Trigger: 1. PM deployed
2. PM arrived
3. Crane breakdown; crane move in/out of a block
15
The list of jobs downloaded to the yard block server 10 are
sorted by their block_id (block identity) and op_grp
(operator group). Each prime mover deployed to a block is
assigned to mount containers from the same block and
20 op grp. No inter-op_grp jobs are assigned as the ratio of

prime movers per op_dgrp is predetermined.

The list of jobs downloaded are also in the sequence to be
done by the quay crane, starting from the current crane

25 sequence in ascending order of job sequence, followed by
the lookahead crane sequences. The job list 19b in the
yvard block server 10 is sorted by ascending tier (of the
location on the vessel) for each crane sequence. For two
jobs of the same tier (on the vessel) and in the same stack

30 in the yard, the higher container found in the yard will be

placed before the lower container.

Prime movers are assigned jobs when they are deployed,

From the job list of the same block and op_grp, the prime
35 mover is assigned the first x number of jobs based on its

capacity. The number of containers that can be mounted on

a prime mover is dependent on the prime mover chassis type,



30 in the yard, the higher container found in the yard will be placed
before the |l ower container. Prine novers are assigned jobs when they are
depl oyed. woRRamrizhe job list of the sane bl ock and op grp,pamsGopodme 35
nover i s assigned the first x nunber of jobs based on its capacity. The
nunber of containers that can be nounted gg -a prine nover is dependent on
the prime nover chassis type, WO 02/14202 PCT/ SG00/ 00117 - 28 the nunber
of containers_alrea on. t he prinme . mver d any addi ti onal

t ed
checks (e.g. VAT gMTHech) THAC-HERU Pl SRTLTEET 0 RHISssi gned
j obs, the primevemyend sannsaddictieohdab goeck (el omeisthis| dteckhithat

I nstruction Mééd;)q;éeég é&i%ﬁﬁ%ard operation system 14 and | ater appear

on the prine nover's termnal. e crane depl oynent schene is al so
informed of a prime nover on its way to that slot. The 10 crane depl oynent

scheme cam then HOkAEAEhdQ@ ISPt B | B imd MARfet O § & Vet Fhd S Pl EdTRydTOVET .
When a prinme nover rhtas keyed. arrive at a slot, the |jst of %lme nmover s

i nstructed t otYott® MRS BtoW | | TS samictian Witk be st hodverthe
nmount ed W t h woird adpeerst Bsis | gyelerh 014 hend | IsstePragieddv@t tistgricied to go
to that same slot,, so _that_ ihe ing of jobs assigned.to the first prinme
nover that v%%v%%pﬁs o%/%%ml‘%aiavm i&é%.g’ﬁ‘%/\ﬁg‘?ﬁao%??%% ?T%}\l/%r?e Hels ableseon

assi gned contmfermgdbst a hprimgrmeoremowerits waddetb | thanesdt £ heller ane' s

| oadi ng queus &b TEHLA £ LT DY &L ﬁ*?ﬂéb}i&é’é)cﬂef@étaer D ¢i2P
assi gnnment pr%%aédéare?p For an g?ﬁoa.di ng prrllerre nmover, this ispd%ne atter
the prime noveFalfasthetrrVaden atP¥Hee qie¥er 25 The prinme nmover travels to
an assigned slot. The crane assignnent | ooks ahead for a crane to serve

this prine ver. The, possible cranes to service this prjnme nover are
dent 1 fiod; (1MShe RSO e dREbATHE S ahe SIS | U1 I S5hd to
t hat crane' s mpiene mdtetdeies trected etd g to that slot will be scanned.

15 This prime mover is mounted with containers assigned to the
first prime mover instructed to go to that same slot, so
that the tying of jobs assigned to the first prime mover
that was deployed is avoided.

20 When a prime mover has been assigned container jobs, that
prime mover is added in one of the crane’s loading queue.
For a mounting prime mover, this is done after the job
assignment procedure. For an offloading prime mover, this
is done after the prime mover has been laden at the quay.

25 The prime mover travels to an assigned slot. The crane
assignment looks ahead for a crane to serve this prime
mover. The possible cranes to service this prime mover are
identified; if the job can only be done by one crane, the
job is added to that crane’s queue. If there are more than

30 one possible crane, the lookahead jobs for these cranes,
including the new job, are divided among evenly among these
possible cranes. This preliminary step balances the load

among the cranes.

35 When a prime mover arrives at the designated slot, the
crane recommended during the preliminary step is checked to

see if it is able to service that prime mover. If it is



30 one possible crane, the | ookahead jobs for these cranes, including the
new j ob, are divided anobng evenly anong these possible cranes. This

prel i m nawp ®iiem2bal ances the | oad anong the cranes. 35 \MgarsGopoiime nover
arrives at the designated slot, the crane recommended during the
prelimnary step is checked to see if Ltobs- able to service that prine
nover. |If it is WD 02/14202 PCT/ SG00/ 00117 - unabl e to do so, cranes

in that bIock ar anned and, if ther crane at the s S t he

orime mover i TEERE (AP (30 1 HRA IS efaaﬁé%%% bR e a s e
potential |y Sgrare titmata sd:ntnnearat Ogteersameecs1dt, tﬂ’rﬁe r;aﬁirrm movarans i s free

and is not t r ear |l d r Vel S
assigned to H%S%]b[f _ﬁ ?cget% and i f dt‘%{e crgﬁde IS regené'gﬂig:'oce°ll

di f ferent frmﬁtqmalelaorﬁmm}mt sslqiala;qﬁ a%ettﬁrmﬂsiechde 1o e eraqnex i f

it is juskifighddrd erddIrddieri £SIRe e S8ind Carahd Qs il eJanll%mearer
to another crane. Exanple Referring to figure 8b, cranes CRl1 and CR2 are

at slots 10 LaRPERERAed BT PT g &QvsTeliP asid e it vidrki Ad ot 45 ob 15

at slot 20 antbii,s =l i MAtige tHueHEY edrearaf t1€§ f.lreca e, di M ded tCRY ons
avai |l abl e. Prinme

rives at, sl.ot Assu t akes 5 to
gantry one sltc%'fe ]i%com%%rfl\&%% &3 r?@]\/ﬁ?elr?tlﬂl\?f \Rﬁl Egien rs}:q?\f{eet}: %s 60 s
+ 2x5 s = 70ts.isThmestied etbt i the viherthvl ccxaznéad:q;aemddg/ aCFjbeO:has: 8x5

s = 40 s: oSUFi%OSrFe:HEr t{geaq{spé}%lat &£h a further crane to serve a prine

nover is set at m nut es e advant age of CRl1l serving PML is only
30 s, CRLis not instructed to gantry. Suppose now that prinme nover PM2
arrives at slgagan;kge Assum ng it takes approximately 100 s 25 to nount the

contarner 2t LAt ok Miglfeul e LSl e L IR L 0 O L 01 P2
serve PM2 and 20 of a block respectlvely, and CR2 is working on a Jjob
15 at slot 20 and is estimated to complete after 1 minute,
while CR1 is available. Prime mover PM1 arrives at slot
18. Assuming it takes 5 s to gantry one slot, the
estimated time when PM1 will be served by CR2 is 60 s + 2x5
s = 70 s. The estimated time when PM1l can be served by CR1
20 is 8x5 s = 40 s. Suppose the threshold at which a further
crane to serve a prime mover is set at 2 minutes. Since
the advantage of CR1l serving PM1 is only 30 s, CR1l is not
instructed to gantry. Suppose now that prime mover PM2
arrives at slot 16. Assuming it takes approximately 100 s
25 to mount the container at slot 18 on PM1, then the
estimated time for CR2 to serve PM2 is 60 s + 2x5 s + 100 s
+ 2x5 s = 180 s. The estimated time for CR1l to serve PM2
is 6x5 s = 30s. The advantage of CR1l serving PM2 is thus
150 s, which exceeds 2 minutes. Hence CR1 is instructed to
30 serve PM2,

If neither crane is free, the prime mover is assigned to

the crane that it was initially recommended at deployment

time. It will be trigger to be done when one of the cranes
35 become available.

When a crane finishes its current job, the queues of the



is 6x5 s = 30s. The advantage of CRl serving PM2 is thus 150 s, which
exceeds 2 mnutes. Hence CRl is instructed to 30 serve PM2. |If neither

crane i s Hwoaps4tae prinme nover is assigned to the crane tggaisdodhovas
initially recomended at deploynent tinme. It will be trigger to be done

when one of the cranes 35 becone avai Igb%@._V\hen a crane finishes its
current job, the queues of the WO 02/ 1420 CT/ SG00/ 00117 - 30 adjacent

cranes are inspected. If either crane has a queue that is very nmuch | onger
t han that of e TFAIRS 3¢ Jé’rstﬂe\%&%ri Ve R ISRRNS PR #héBeYSnay

fromthat adjmeents Gfafe iFh lom@dedHsm et e thaFfrce QitlRy, izh 5
provi ded that_ the i e, nover ca sq_Trv.edrwit in the fr%e crane' s span and
that it has BEETYEH (IS GOTHARR & i T Pifeds MOTY G Btter wi Se no

prine nmovers aatfcanpwechrie oy dteherddgue urs . thi) fhesearcnd’s dueaueperifsor med
on the frge crane § fugied ﬁ{éﬁiﬁr{%\ﬁ% . 118, NRALLS] vﬁrtrﬂi‘ﬁecth%[]'f'?ee”“ver
is served, budt ~ prine novers I C ave been waliting for nore than a

stipul at ed tigranei\se gramrEnd, thed Bahsse bgemenitRhaferCRRNger Wwhat &g at

slots 10 and @f}-fhdid blrk. I ARRGHIR] Yro T nP IR RIS driss reidRid f:R8K,
but has two jobs at slot 18 in its queue. CRlL has PML at slot 13 in its

queue, whi ch HEEHFISHRF 30 minutes earlier. If 20 the threshold time for
transferring a prime nover job from another crane is set to be 20 m nutes,
then PML wi ||, be transferred to ‘s, queye. If CR2's threshold tine is 30
i it o6, e cer il vin T ot A dh e e S SR T
wi || have wainteetedsor |Trgeredrdeswmt 3¢ niviagd gerinb mebnwiild searveet,vddit
Modi f i cati ong, Widdinf Ve SR $600e 0f; ihgy IFAMe M trIRY o eadi |y be
effected by }person s{kleﬁledldln the art, and1L 1

stipulated time have priority.

15 Example
Cranes CR1l and CR2 are working at slots 10 and 20 of a
block respectively. CR2 completes its current task, but
has two jobs at slot 1B in its queue. CR1 has PM1 at slot
13 in its queue, which has arrived 30 minutes earlier. If

20 the threshold time for transferring a prime mover Jjob from
another crane is set to be 20 minutes, then PM1 will be
transferred to CR2’s queue. If CR2’s threshold time is 30
minutes, then CR2 serves a prime mover at slot 18 first,
after which PM1 will have waited for longer than 30 minutes

25 and will be served.

Modifications within the spirit and scope of the invention

may readily be effected by a person skilled in the art, and

it is to be understood that this invention is not limited
30 to the particular embodiments described by way of example

hereinabove.



it is to be understood that this invention is not limted 30 to the
particul ar enbodi nents descri bed by way of exanple hereinabove. WO

02/ 14202 RO/ 00117 - 31 THE CLAI M5 DEFI NI NG THE | NN oMRE AS
FOLLOAS: 1. A container handling systemconprising: a plurality of yard
cranes for nmoving said 5 containers; congfol nmeans for controlling said
cranes and located renotely therefrom comrunication nmeans for providing
two way comuni cation between said control neans and each of said 10

plurality of CfarfdINhaTH N T INTERhSRES Sop i@y a  single

operator to control each of said plurality of cranes. 15 2. A system as
clained in cllai mJd, erein each..af said,k6 cranes has one or nore caneras,

the output oft whi®tHFE2 %] TGP SRS %Ens to sai d operat or.
3. A system as cl ai ned a plarailmty, ofhgreeidh crackesoffoxaimdvidyy cadrkes has one
or nore | cattj:oqptf1 s for sensing the location of said respective

I'ng 10

crane, and provi ‘cation data relating to said respective crane to

said system 4. A syst@ardgad| gieged ifiercicgnrpl lider i ds girgnesc @&nicon 25

data is di splayables Werktd £ AHdAssmaNs to said operator so that said
operator can ascertain of the location of said respective container. 5. A

system as clainmed in clSHRURLCRIECH MmeemSd Qs PEAVILELINg0 Wiger @ e i n
response to sednthnuriced tidvh dadtivdeh MUK seurttrdlesRenis \“hd laith idf salidl
respecti Xﬁ cr a]ﬁ;erié' i ncor rcectl .located. 6. A systemas clained in claim
1, wherein s RstBm s 38 Shierabl e to nove a contai ner between two

| ocations specified bwhenegdimnd sgligh.control means is operable by a

single operator to control each of said plurality of

cranes.

15 2. A system as claimed in claim 1, wherein each of said
cranes has one or more cameras, the output of which is

displayable by said control means to said operator.

3. A system as claimed in claim 1, wherein each of said
20 cranes has one or more location sensors for sensing the
location of said respective crane, and providing location

data relating to said respective crane to said system.

4, A system as claimed in claim 1, wherein said location
25 data is displayable by said control means to said operator
so that said operator can ascertain of the location of said

respective container.

5. A system as claimed in claim 3, wherein said system is
30 operable in response to said location data to move said
respective crane if said respective crane is incorrectly

located.

6. A system as claimed in claim 1, wherein said system is
35 operable to move a container between two locations

specified by a yard plan.



WO 02/ 14202 PCT/ SA00/ 00117 - 32 7. A systemas clainmed in claim®6,
wherein said yard plan is determned by said system 8. A system as

cl ai med i wooclh2zaum2l, wherein said system 5 includes job agimgemitiinreans
for assigning jobs to said operator. 9. A systemas clainmed in claima1,
wherein, after conpleting a job, the sysgem.is operable so that an 10
operator can indicate his or her readiness for the next assigned job. 10.
A systemas clainmed in claim wherei n i d o] ni cati on, neans_ i
operable to 1 andh SRR e F13HRA HE Gl of . THRETh P Rt AR s
for a respectivedetaumeined coyismgld systtamt so that said signals are
synchroni zed. 11. A systemas clained in claim 10, wherein said

conmmuni cation nmeans is operable to transmt all control, 20 video and
sensor signal8.f & Yyapers i vabpredeln rekaim gl evhereini $akd INEe®ai d
signals ame syReliddd Z5sh ddsidhmdst aRamss CF&h MBskidgh i fods vheseid said

communi cati on neans operates in asynchronous transm ssion 25 node. 13. A
system as cl aPRREPFF ¢l ai m 12, wherein said communication neans is

operable to transmt signals in |ogical connections using the asynchronous

transm ssion .30 de virtual path facility. 14. sysiemas, clained in
claim1l, Wner%l n,zg‘i%yse%%rﬁ o)1 céfalprflﬁéajrllnt fz;/ojfm 'gjh’e We%liyer:b%’ h%f\%ﬁ’]f ngs of
cont ai ners i scomebetidey asjch, i tue véyisedm | b, operably stenthat ogperabl e to 35

gueue saii@ j O i t C i0.40bs
accordi ngl%t o] Qgﬁ%ﬁﬁ%&% OJ('Z) 14%012{%CT S %fg&%ﬂ%&%&{ 1%§éA§%>§€t em as

clained in clagsdgeed P ein said system includes queue determ ning nmeans
for determ ning said queue

10. A system as claimed in claim 1, wherein said
communication means is operable to transmit a plurality of
15 control, video and sensor signals for a respective crane in

a single circuit so that said signals are synchronized.

11. A system as claimed in claim 10, wherein said
communication means is operable to transmit all control,
20 wvideo and sensor signals for a respective crane in a single

circuit so that said signals are synchronized.

12. A system as claimed in claim 1, wherein said
communication means operates in asynchronous transmission
25 mode.

13. A system as claimed in claim 12, wherein said
communication means is operable to transmit signals in
logical connections using the asynchronous transmission

30 mode virtual path facility.

14. A system as claimed in claim 1, wherein, if each of a

plurality of the desired handlings of containers is

regarded as an individual job, said system is operable to
35 queue said jobs so that said operator can attend to each of

said jobs according to said queue.



according to predetermned criteria. 5 16. A systemas clained in claim15,
wherein said predetermned criteria include mnimsing the total nunber

of | obs awd/@ri4mizni m sing the total tine required to conmAcErsGwAIO7] obs.
10 17. A systemas clainmed in claim1, wherein said system includes, for
each of said cranes, a crane control integnface, where each respective
crane control interface is matched to its respective crane so that said
operator can ontyol each of said cranes jin the sa manner_irrespective
TBC0T var | aribhe. i S EOR A eSrn s I Sl it A% €A i e
wherei n sai d Toritudids que=ns dercd omliosi iy oweEn | fpandt tdanvimgn@ ssinylopiesrt  of
control s by ans. of I 2‘? %t sal . ity of cranes 20 can be
controlled b;/?sal onp%v{r’%f ]?&%. QEA“%% eén}‘lll%é%'lc éa"l med in claiml, wherein
said comrunication means includes communication cables provided as a

cabl e reels syps ema Z2a,2m A SYSILMAS &l ali®idy i1 cldidrdin Wigrei n said
communi cation neans i's. a broad band | ow del ay. network enpl oyi ng

asynchr onous RFSHRESMIRRA . cBbtenla Angluydg, Binidiging the ct'r%?arﬁ PUMREE 6 n
said comunisftjcs aRedSor el nidess vy tid g tEanSiniorreyuindd g the crane
to be control | ed lfrom a first, crane to a second crane, whereby said system
is operable t%or%roece(ﬁ% FE o?f%lﬁl'e to or display the output of said caneras
and al so said 35 sensors. 22. A systemas clainmed in claim1l1, wherein said
system 02/1-4202, P 0d:4LY: o s Lngl udes Q081 isq%dc hi cl es
for han\é\I@iong _%"é'nt gbfnsgrrs g{/%n%ﬂ%h%ec%_giﬁbedlo%&rggﬁ'd @ganes. E‘%MA sysﬁﬁgm as
claimed in clEehudes werei ¢pdhi of S5aid GHRANSE g F dBRRR XM ez lenpl oy

magnetic fi el this@EEsS, where each respective crane control interface is

matched to its respective crane so that said operator can

control each of said cranes in the same manner irrespective

15 of variations in said cranes.

18. A system as claimed in c¢laim 1, wherein said control
means includes a control panel having a single set of
controls by means of which each of said plurality of cranes

20 can be controlled by said operator.

19. A system as claimed in c¢laim 1, wherein said
communication means includes communication cables provided
as a cable reel system.

25
20. A system as claimed in c¢laim 1, wherein said
communication means is a broad band low delay network

employing asynchronous transfer mode.

30 21. A system as claimed in claim 1, wherein said
communication means includes switching means for switching
the crane to be controlled from a first crane to a second
crane, Whereby said system is operable to become responsive
to or display the output of said cameras and also said

35 sensors.

22. A system as claimed in claim 1, wherein said system



24. A systemas clained in claim1l, wherein said systemis operable by
said operator to interrupt, vary or intervene in the otherw se automatic
novenent Wy @aisgshasystem of a 10 container. 25. A system ayca/og@oiizn cl aim
1, wherein each of said plurality of cranes is provided with wheels for
rail nmounting. 15 26. A systemas clained,in claim25, wherein said system

I ncl udes rails whereby each of said plurality of cranes is rail nounted.

includes automated guided vehicles for handling containers

beyond the range of said cranes.

23. A system as claimed in claim 22, wherein said

5 automated guided vehicles employ maghetic field sensors.

24, A system as claimed in claim 1, wherein said system is
operable by said operator to interrupt, vary or intervene
in the otherwise automatic movement by said system of a

10 container.

25. A system as claimed in claim 1, wherein each of said
plurality of cranes is provided with wheels for rail
mounting.

15
26. A system as claimed in claim 25, wherein said system
includes rails whereby each of said plurality of cranes is

rail mounted.



