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1. Introduction

1.1 Research Background and Objectives

With the beginning of the new millennium developments in
containerization will certainly continue. Globalized production and
demands of consumers and the continuing increase in population are
causng a continuous growth in container transportation.

The expangon in containerization has rewulted in a larger vesd (Very
Large Container Ship : VLCS) up to 8,000 TEU, and a worldwide network
of high cgpacity container terminds. The economy of scales has caused a
tremendous price decline in maritime transportation and aso container
terminals are exposed to a continuous demand for better sarvice and larger
volumes to be handled a lower cod.

The tendency to increase in Sze of containershipsin mgor trunk lines
has been remarkable during 1990s. Containerships having over 8,000
TEU capacity have appeared dready . Furthermore, asthefixed day weekly
sarvices have been usua practice for mog container trades, the hours
to berth a cdling ports for regective ships have to be drictly kept
in order to maintain ships schedules. Consequently, the quantity of
containers to be handled (LPC : Lifts Per Cal) a container termina's
per hour will be remarkably increased in proportion to increased capacity
of ships, asthe alowable hoursto handle these containers a theterminals
will not be increased but decreased in future.

The professors of Ddft Universty gudied the concept of an very large
container ship duch as 12,000 TEU(suez-max) and 18,000 TEU (ma acca-max)
container vessd.)

1D Niko Wijnolg, Marco Scholtene, Frane Waals, M alacca-max, Delft university press,
1999.
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Ocean Shipping Conaultants reported recently 12,000 TEU vessd will be
launched in a decade?)

At the sde of the container port operaor, better cog contra and higher
productivity and improved sarvice levels focused on the following topics
are necessay.

- To more highly utilize the termind area
- To hande contaners eficently

- To swe man-powver eficently

« To paform automaed operaion thoroughly

The gevedoring busness induding container-handling is consdered to be
labour-intengve indudry, in principle. Accordingly, labour cog which is
edimaed to rise shaply by the increment of containers handled in future,
will suredly occupy the greater parts of container-handling cog than athers.
Thisisthebigges mativethat automated container termina s should be sudied
and developed by dl the gaffsin the world of container busness. By saving
workers in the yad due automaed handing equipment, reasoneble
container-handling cog will be ataned in the 214 century.

Futhermore, auitomated container termind swill be d so expected to resolve
a svere problem of a shortage of workersin container termina's egpecidly
in indudridized countries in the 214 century.

Europe Combined Terminds (ECT) in the port of Rotterdam decided to
go ahead with the devedlopment of automated container termind in 1988.
Their choice fdl on the automated termind shows the invesment cods of
an ACT ae 10 15% higher, but the savings achieved are far greater. Not
only do these savings cond g of direct labor cods, but aso traning cogs3)

Together with the upgrading of container crane capacities, the increasng

2) Ocean Shipping Consaultants, North Eurgpean Containerization, 2000. 8.
3) "Rotterdam's Automated Container Terminals', Engineers, 1998. 8.
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gze of container shipsrequires an improvement of the ground handling and
didgribution sysgems. An increase of the efficiency of those sysgems is
mandatory to achieve further reduction of termina operaing cods on the
one hand and to ensure sufficiently short lay time for the ships in port on
the ather.

Research and deve opment isfocusng on the agpects of efficient container
dacking, termind trangoortation and control technology. Automaed
trangoortaion sygems have dready been introduced successully to some
advanced ports, auch as ECT and PSA.

Container terminas will dso face severe problems on the initia
invegment in the 214 century. As a very large area aong the shore
lines will be required for container terminds, generaly speaking, it will
be very difficult to find suitable dte for many Asan countries, including
Korea, to condruct new terminas in coaga zones over the world. As
areault, the congruction cods of container termina swill increase grestly
due to big reclamaion work of land in deep sea areas or due to deep
dredging work in areas of shalow sea bottom. Therefore, container
terminals in the future should be desgned to perform high utilization
of land area. High sacking of containers in a termina brings high
utilization of land area, but sometimes this invites difficulty by
disegarding the selectivity of regpective containers.

In condugon, the automated a a container terminas based on the grong
moative to keep the container-handling cos a& a compditive leve, have to
peform efficent operaions of container-handing and high utilizetion of
land area by saving workers in order to cope with the aove-mentioned
gtudions in the 214 century.

The main o ective of this research is to review the sygem desgn and
operdions of automated container termind in our sudy, paticular emphads
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has been put on the operaiona contral logics and yard layouts of automated
container termind.

The quay and yard operation are important activities of al termina
operaions, snce it has a consgderable influence on the performance of
the automated container termind.

Interms of operationda control of ACT, severd other topicsto be examined
in thisresearch are: resource dlocation and yard sorage policy, and termind
logidic of new concept of ACT compared with conventiond ones. And usng
asmulaion modd owned by KMI, yard layouts of ACT areto be examined
including capacity andyss.

Findly, a feadbility gudy has to be peformed beween ACT and the
conventiond container termind.

1.2 Research Scope and M ethodology

Thisresearch congds of 2 pats. Thefird pat describes the deve opment
of Automated Container Termina sysems and technol ogies. The second part
andysesthe operationd contral and layout desgn of the Automated Container
Termind.

Thefird part cond s of 4 chapters describing the eaboration of thevarious
U ects. Chapter 2 ded swith the trend of jumbo container ships. It contains
alay time and required produdtivity level when the next generaion of ships
comesintothetermina, analysestechnica solutionsincluding container crane,
yard operation, termind operaing sysem. Based on higoricd daa of Pusan
container ports, lifts per cdl and productivity required leve are predicted
by regresson method.

Chapter 3 summaries the deve opment of the automated container termind
gysem and ACT under operation and condruction around theworld including
ECT, PSA, Thamegort, CTA. Based on the detals of previous experience



Introductionk x2e

of ACT, it is concduded with a comparison of the sysems and lessons.

Chapter 4 ded s with the handiing technologies of automated container
terminas around the world. Fird, container crane requirements are outlined
and usage trend and technology of Dual Hoig C/C are given. Second,
automated yard crane and automated guided vehicles(AGV) technology
trends are described. Third, automated termina operaion sysem which
is an important eement to the higher performance of the ACT is dso
included.

The second part of this research mainly focuses on the gudy of the new
way of operaiona control of ACT. Of the andyses, a number of isues
including ACT layout dedgn dternatives, cgpacity andyd's productivity and
performance are evduded.

Chapter 5 anayses the required operaiona control logics of ACT. The
main ubsysems of the operaiona control logics are : resources dlocation,
yard dorage policy, termina logidics.

Chapter 6 ded swith the planning and basc dedgn of automated container
termina with 1,050m quay length(3-berths). This chapter contains sections
on various Smulaion reallts. Firg, the reault of the smulaion of capacity
andydsispresented. Withthereault of capacity andysswe proposed severd
types of ACT layout dedgns. Based on these layout dternaives termind
smulaion and gate smulaion are performed to ge the equipments needed,
routing sygem, gae fadlities needed, ec. A tod for the smuldion is a
st of dmulaion modes developed by KMI.

Chapter 7 presents the feaghility dudy of ACT. The man am of the
dudy isto provide detailed invesment and the operationa cods of the
proposed ACT sydem in this research with the conventiona container
terminal.



2. VLCS and Productivity Requirements?

2.1 Background

Economics of scae plays an important role in container shipping. This
was evident from the developmentsin container shipping from the beginning.
The tendency towards large ships has accderaed in recent years and can
be observed with intercontinentd liner vess's as well as feeder vesHs.
In particular, as busness operaions get more and more glabdized, reducing
cods of trangporting rav maerids, pats, finished goods have become one
of key factors of corporate compditiveness. To meet such shippers demand
for reducing shipping freight cod, large shipping companies are not only
deve oping drategic dlianceswith each cther to promate shipping efficiency
but dso launching jumbo ships to have competitive superiority to athers
in the internationa shipping market.

Accordingly, it is naurd to seek for improving operaions of container
terminas for promating more efficient trangportation & more competitive
cod. Opedions of contaner terminas ae influenced by not only
communicaions technology and informaion sydems but dso basc
technologies of trangportation, equipment handling, sysem gpplication, ec.
Deve opment of automated |oading/unloading sysems & container termind s
is implemented as a pat of eforts to improve produdtivity in operaing
the terminas, aming & development of advanced terminas escaping from
conventiona terminds.

4) This chapter isbased on the next material. Chang-Ho Y ang, "Examining the Impact
of Next Generation Shipson Termina Operations and How Terminals Are Adapting
Quayside Operations to Service to Serve the Vessels', Develgoments in Container
Handling Automation & Technologies, IIR, Feb. 2000.
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The impact of next generaion ships, very large container ship(VLCS on
termind operdionsis reviewed, and how terminds are adgpting operdions
to sarvice the vessd's are examined. Sojumbo vessH'slay time and required
produdtivity leve areexaminedby usngthePusan container termind higorica
data. Some dterndives to sarvice the jumbo vess in terms of automated
equipments and operation are suggeded.

- Wha lay time would be?

» Asssdng the produdivity leves
« Shipping line's preference

« Examining technicd solutions

2.2 Increasing Ship Size

Pog-Panamax Shipstoday have developed to a capacity of 8,000TEU and
ships with 12,000TEU are on the drawing board. This tendency towards
more and larger shipsis supported by acontinuing hedthy growth of container
volume practicdly on dl mgor trade routes of the world. This is expected
to continue degite any potentid of asan economic digurbances.

Until now, about 170 Pod-panamax vessds are put into the market or
being ordered, and these are ordered by series vesse of 5-6 ships to be
put on the trangpacific trade, far ead/europe trade, and transatlantic trade.
The seebornetrade volume of the Trangpacific Trade, Far Eas/Europe Trade,
and Transal antic Trade have been increased by 6.5% 7.5% on the average
during lag 20 years. For this reason, shipping lines increased the number
of vesHs or condructed larger vess's to accomodate increased tonnage.
But with effectuation of U.S Shipping Act of 1984, the collgpse of monopoly
and oligopaly of the liner conference affected tariffs in competition and
therefore, the tariff of deep sea trade has been fdlen. Consequently liner
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shipping companies darted to make bigger vessHs to prepare for increase
of throughput and to get price compditiveness. If this Stuation doexn't change
for the time beng, the enlargement of vessds will be continued.

<Figure 2-1> Post Panamax Containership

Mog of newly built contaner vessels which are put on the mgor trade
can load over of 5,000 or 6,000TEU. Mgor liners have planned to put on
36 ships within this year, and after the year of 2001, 55 ships.

In the case of Globd Alliance, OOCL and P&O, they put 12 ships of
5500TEU and 1 ship of 6,800TEU on trangpacific trade. They have plan
of putting ancther 5jumbo ships after the year of 2001 Tatdly 18 ships
of 104,200TEU vessH will be put on.

By merging in the later hdf of 1999, Maerk-Sedand have cregted the
world larged liner company. Magrk-Sed_and have plans to put 4 ships of
6,200TEU and 3 ships of 7,100TEU in 2000, 1 ship of 6,200TEU in 2001,
tataly 8 shipsof super-szed newly built vessds. Evergreen of Taiwan shipping
line have plan to put tatdly 7 ships of super-Szed newly built vessds.
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<Table 2-1> Above 6,000TEU Containerships on Float

2000 2001
TEU Vessls TEU Vessls
OOCL, P&O Nedlloyd 6,800 1 6,800 3
Hyundai Merchant Marine 6,400 5
Maerk-Seal and 7,100 3 6,200 1
6,200 4
CMA CCM 6,500 8
Evergrren 6,000 5
Totd 8 22

Tenyearsafter 3,000TEU vessd s appeared, during the period of 1972
1984, 4,000TEU vessel sappeared, and after ancther 10years(1984 1995)
5,000TEU vessd's gppeared. With this trend, 10 years after the year of
1988, when 6,000TEU vessd appeared, building vessas of 6,000
8,000TEU weregeneralized, andbeforeand after theyear of 2010, 12,000
15,000TEU vessd may be built.

2.3 Required Terminal Productivity Change

To guess the laytime of jumbo contaner vessd, we have to look a the
lifts per cdl(LPC) and vessH produdtion of every vesse gze. Next chat shows
the breskdowns of factors tha influence lay time. C/C production depends
on the C/C types yad operaion methods, and terminad operation sygem.

<Figure 2-2> Factors Influencing Lay Time

Number of
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Usng daa of Pusan contaner termind, lay time and required leve of
quay crane productivity have been forecaged to service the jumbo vess
in time.

The next chat shows the rdaion between vessd dze in TEU and lifts
pe cdl. Platting are actud one, and the extenson lines show regresson
reaults from the actud result. The below line is average LPC by vessH
gze. And upper line is maximum LPC by vessd sze with 95% confidence
intervd . It means 3,600 lifts per 8,000 TEU vess, and 5,500 lifts per 12,000
TEU vesH.

<Figure 2-3> LPC by Vessel Size

The next chat shows the number of C/Cs used in devedoring by vess
sze, indicaed by LPC. The platting points are the actud reault, and the
curve tdls the trend with extendon to 5,000 LPC. In this case, we may
presume that aout 5 C/Cs can be assgned to 8000 TEU vessd of 3,600
LPC, and aout 6 C/Cs to 12,000TEU vessd of 5500 LPC.
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<Figure 2-4> Number of C/Cs by LPC
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This chart isthe lay time plotting; tota termina time with vessel size
indicated by LPC in Pusan Port from January to December, 1999. The
regresson result is shown with linear line from this chart. In this case,
with the current facilities and operaing sysem, tota termina lay time
should be 43 hours with 8,000 TEU vessd of 3,600 LPC and 63 hours
with 12,000 TEU vessd of 5,500 LPC.Unfortunady, whenjumbovessals
arrive, this level of lay time will not be permitted by shipowner.

<Figure 2-5> Lay Time by LPC
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VessH production can be caculaed by dividing LPC per vessd gze into
lay time, and C/C production by dividing vessd production into the number

of C/Cs.

In the case of Pusan Port, the lay time of 5000 TEU vesH is aout
30 hours. From the aove formula, the reault of vessd production is about
80 lifts per hour and C/C production is about 20 lifts per vessd.

<Table 2-2> Actual Vessel Production

Vess Lifts per Number | Lay Time | VesH ccC
Sze(TEU) | CAI(LPC) | of C/Cs (hour) Production | Production
1,000 800 3 131 611 204

574 3 114 504 16.8
2,000 870 3 13.8 63.0 210
606 3 116 522 170
3,000 1,300 4 184 70.7 177
936 3 139 67.3 24
4,000 1,900 4 24.8 76.6 192
1470 4 19.3 76.2 190
5,000 2,400 4 30.1 79.7 199
1,905 4 249 76.5 19.1

<Table 2-3> shows the presumed reult of vessd production per jumbo
vesd dze with over 6,000 TEU afected on the rdaion between vess
gze and LPC, LPC and the number of C/Cs, and LPC and Lay time.
Referring to the current data of Pusan Port, it can be predicted tha with
the arriva of an 8,000 TEU the lay time is 43 hours and with 12,000 TEU
vesH, the lay time could be 63 hours, and the number of C/Cs assgned
to ae 5 and 6 for each case.
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<Table 2-3> Vessel Production Required(Estimation)

VesH Lifts per Number Lay Time VesH
Sze(TEV) CaAl(LPG) of C/Cs (hour) Production
6,000 2,700 5 333 811

2,156 4 275 784
8,000 3,600 5 42.8 3.1
2,861 5 35.0 817
10,000 4,500 6 524 8.9
3,566 5 425 839
12,000 5,500 6 63.0 87.3
4271 6 50.0 84

When thiskind of very large container ship(VLCS) arive with lay time
of 24 hours, the required vessd production is to process 150 liftghr with
8,000 TEU vess. In this case the production per C/C per hour shauld be
30 lifts.

When avessd of 12,000 TEU arives, the vessd production should be
230 lifts, C/C production should be 38 lifts. If the gevedoring jab can be
finished within 30 hours, vessd production should be 180 lifts, productivity
pe C/C pe hour should be 30 lifts.

<Table 2-4> Vessel Production Required

VesHd 24 Hours 30 Hours
Sze(TEU) Vesd P . C/CP. Vesd P. C/CP.
6,000 1125 25 90.0 180

89.8 25 719 18.0
8,000 150.0 30.0 120.0 240
119.2 238 954 19.1
10,000 1875 313 150.0 250
148.6 29.7 1189 238
12,000 2292 382 183.3 30.6
178.0 29.7 424 23.7
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In the case of an 8,000 TEU vessH, it needs 150 liftgh productivity leve
to complete loading and unloading within 24 hours (putting the 5 C/Cs a
the same time, C/C production would be 30 liftgh). In case 12,000 TEU
vessd, vessd production should be 183 liftgdh (30 hourg)( 6 C/Cs a the
same time, C/C production would be 30 liftgh).

Pusan Termind Casg, it needs to increase C/C produdtivity up to 50%(20
liftgh — 30 liftgh)

<Figure 2-6> Pusan Terminal Case
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2.4. Shipping Line's Preferences

It is obvious tha in the container shipping indudry, shipping lines will
reman under congant presaure to contain cogs from the shipper and from
severe competition between liners. Thisiswhy linerswill increase the supply
of jumbo vessds in order to bring the trangport cog down per TEU.

However, usang jumbo vesss increases lay time. There are severd ways
to cope with this: building fager vessd's, skipping the port which draegic
dlianceor interport trafficvolumesarelow. Inthiscase, the port with re aively
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lower throughput woul d be skipped rather than the port with large throughput,
big enough to handle. But putting extra vessd swith high invesment would
be the word choice.

<Figure 2-7> Shipping Line's Preference
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Currently, individud liner companies use 8 ships as a flee of vessds
to sarvice Far Eag/European tradewith 9 11 ports caling. However, when
shipping lines are in drategic dliance with each other, each dhipping line
could be specidized in one region for its marke, in the region of origin(for
example MOL for Jgpan, HMM for Korea) and dedination area d 0, and
could kip some intermediate port caling. This means a shipping line can
reduce port cadling to 57 in FE/Europe trade.
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<Figure 2-8> Far Eadst/ Europe Route
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In this case, even the regiond ports should be prepared for the ariva
of ajumbo vesH because the flegt of contaner vessds may indude a
lesg 1 or 2 ships with the sze over 8,000 TEU.

In the case of an 8,000 TEU vesH, outreach of C/C shauld be over 20
rows, depth over 16.5m. Also the termina facility should be prepared for
theincrease of working load of C/Cwith theincrease of hatch cover according
to the increase of the width of vess.

2.5 Can the Required Level of Productivity be Achievable?

Le's look a the case of Pusan Port. Wha the dternaive plan may be
to improve the termind produdtivity up to 50%7?

The ship operation is the mog important activity of al the termina
operaions, dnce it has a congderable influence on both the day-to-day
performance atained in the container termind, and the quality of service
provided to the shipowner.5 Thomas®) pointed out the importance of
the ship operaion when he dated:

‘The ship loading and discharging operdion is often referred to as the

5) Tao, Chen et al., "Empirical Sudies on Yard Operations Part 2 : Quantifying
Unproductive Moves Under Taken in Quay Transer Operations', Maritime Policy
& Management, Vol.27, No.2, 2000, pp.191 207.

6) Thomas, B. J., Port Productivity and Costs with Particular Rd erenceto the Handling
d Iron and Steel Products(Ph. D Thesis), University of Wales, 1980.
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"Dominant Sysgem”, ance al incoming and outgoing cargo mug passthrough
it, irregpective of the route it takes through the port. So, thisvery important
operdion obvioudy afects the peformance of dl the other cargo handing
adtivities a the berth'.(p. 238)

At the same time, an eficient ship operaion is heavily dependent upon
an efident quay trander operaion.

Improving the efficiency of the quay trander operations will, therefore,
have immediae beneficid effects on the ship's operdion performance rates
and will enhance the performance of cargo handling procedures.

Firg of dl, wha we consgder as one of the mog important dternatives
is adapting a higher cgpacity quay crane. The C/C with a semi-automatic
operaion method has been deveoped as a pilat or desgned conceptudly
dready.

However, trangort equipment and yard equipment, and yard block
planning and layout would be very effective to support C/C productivity .
Y ard operaionmethod should be devel opedto support the C/C productivity
aso.

For the improvement of C/C produdtivity, terminad operation sysem should
be integrated to control the planning and operation very ecificaly.

Automatic Container Termind tha is finely planned and operated could
be a possble solution to improve termina productivity.

There are many C/Cs with higher cgpacity around the world. The
semi-automaic operaion method C/C which CreaTec Compay of Korea
developed is described beow.

This C/C named as Technatainer isaverticdly craulaing container crane.

- 2 Hoids 2 Hooks, 5 Troleys, 6 Soreaders & 2 Elevaors
- Semi-automatic operaion
- No-sway, No-pointing Time
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- 100 Vans production per hour
* . Maximize the performance with 5 st of trolley/spreader
» . Continuous operaion by usng 4 tracks smultaneoudy

<Figure 2-9> Alternatives to Archive Productivity Improvement
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<Figure 2-10> Vertically Circulating Container Crane




VLCS and Productivity Reguirementsx ki

The boom, composed of two box-type girders, together with the man
tower, conditutes the main skeeton of the crane. Four tracks are mounted
on the boom for the movement of the tralley, hoid, cable transport and
soreader, from battom to top, regpectively. The trolley track a the bottom
is for the trangport of the container, while the spreader track on top of the
boom leads the trolley-goreader unit back to the origind loading postion,
éther landsde or seagde.

Elevators ae inddled & each end of the boom for the trolley-spreader
unit to change tracks, a@ther from trolley track to soreader track or vice
versa

The hook, spreader and trolley repeat the operations in combination with
and in separation from each other in the course of trangporting contaners.

(1) Trolley + Spreader

This combinaion is the fundamenta unit which returns to the darting
pogtion after unloading the container, moving from the seasde boom end
to the landsde loading pogtion via the goreader track on top of the boom.
This combination is secured by four twig locks and four connecting pins.

(2) Spreader + Hook

The container i satachedtothe goreader, whilethe hook hol dingthe spreader
is wound up or unwound down by the hoig. Thus, the soreader and hook
operae as one unit while peforming dl the up and down movements.

(3) Spreader + Hook + Container

This combinaion occurs only when lifting the container by the landsde
hoid and lowering it by the seasde haid.

C/C productivity can be improved when combined with efficent yard
operdion (without delay or battleneck inyard operdion). Sofactorstoimprove
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C/C productivity have been edimated by smulation modd .

The next chats show the andyzed rexult of how layout and length of
yard block afect C/C productivity. The layout that RMG runs are pardld
to quay is wperior to tha of RMG runs perpendicular to quay. This is
because gae trucks have ther dedinaion behind the runs only with
perpendicular layout. As the block length gets longer, the cyde time gets

longer and C/C productivity drops down. Therefore, we haveto find adequate
block length to serve C/C.
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<Figure 2-12> Impact of Block Length
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Asthenumber of yardtrail ersincreases, C/C productivitiesareimproved.
However, if we increase the number of yard tralers per C/C, this may
cause congedion in quay, SO we have to congder thisis harmony with
the gevedoring operation. C/C productivity can be increased as the one
cycle time of YC becomes shorter.

<Figure 2-13> Amount of Yard Trailers per C/C
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The dud-cycle seasde operdion is expected to reduce the tatd operaion
time of C/C and the completion time of the entire ship operaion.”) In order
to quantify the ratio of the dua-cycle operaion to the entire ship operaion,
the concept of "length of runs® is introduced.

A "length of runs" could be defined as the number of consecutive ship
operdions of the same type (loading or discharging). A short "length of
runs' indicatesahigh ratio of dud-cydeoperaiontodl of aship'soperdions.
In order to ted the effects of the average "length of runs" on the tota
operdion, ten different series of operation times for a sngle C/C are
generated a each different level of the average "length of runs'.

The chart below shows that the tota operaion time increases as the
average "length of runs" increases. Theratio of theminimumtota operation
time to the maximum tota operaion time was 84%.

<Figure 2-15> Effect of Dual-cycle Operation
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7) Jong Wook Bae, Kag Hwan Kim, "A Pooled Digpatching Strategy for Automated
Guided Vehiclesin Port Container Terminals", I nternational Journal d M anagement
Science, Vol .6, No.2, Nov. 2000.
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Many liners are evaduaing that HIT of Hong Kong has raised C/C
productivity per vessd of 75 increased up to 95 lifts by improving the
terminal operation sygsem and yard operaion method.

Automated termina operaion sysem will optimize the termind resource,
minimize rehandiing on vessd andyard, maximizeyard cgpacity, and execute
the controlling of the termina in an integrated way.

Egecidly with expert sygem coping with exceptions such as machine
bregkdown or accident, automated termina operations sysgem could be a
solution to improve termind produdtivity .

<Figure 2-16> Terminal Operation System
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Tatd Soft Bank Ltd. of Koreahasdeve oped CATOS(Computer Automated
Termind Opeaion Sydem). This sydem optimizes assgning termind
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productivity, yard utilization, minimizes externa truck cycle time, and
supports full automatic termina operations.

o CATOS of Tad Soft Bank(Koreg) :
(Computer Automated Termind Operdion Sygem)
- To wupport Full Automatic Termind Operation
- To maximize Termind Produdtivity
- To optimize Yard Utilization
- To minimize Cargo clogng time
o Effedts on Produdtivity
- Ship planning time : 6 ~ 7 hours(manua planning)
3 hourg/computer-aided) — 0.5 hourg(automated ship planning)
- C/C productivity can be increased up to 25 ~ 30%

When udng automated termina operation sysem, rehandling rae per
vessdel of 9 10% drop down to 2%, and planning time per vessel of
2.5 3.5hours drop down to 0.5 1hour.

<Figure 2-17> Rehandling Rate per Pessel(%)
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3. Automated Container Terminal System

3.1 Definition of Automated Container Terminal

An age of the automaed container-handling sysems hasjud darted, and
the sygems have been adopted in severd ports and harbours in the world,
such as Rotterdam, Thames, and Sngapore. Furthermore, every daff
engaging the container operation busness over the world has begun to
have keen interes in the automated container-handling sygems. This
is due to the agonishing progress of container sysems. For the time
being, the computer sysemsareindi spensableto the efficient and punctua
container operdions in the terminals. However, the container-handling
gydems, integrated with computer sygems cannot be called the automated
container-handling sysgems. In order to clarify the exact meaning of the
automated container-handling sysems, atechnicd analyssontheredaion
of the computer sysems with container-handling sysems in container
terminals by developing dages is summarized in <Table 3-1>.

<Table 3-1> Stages of Development on Computerization in Container Terminals

Range of Amud | Cortrd, Faning Deta Trasmsm Driving Sydams of
Thr

: gams to : :
Sage o | & Doocumentaion S - Handling Ecuipment
Cotdnas (TEU9|  Sgems g BAIpmet =y v

Wok Oda Seds
| ~60,000 Manud & Veabd Rado Maud
1 60,000~150,000 Computeaized

Maud

Red Time among (Providing
i 150,000~ Conputer Tamindg  Camputer Loca
Tamndg
IV Autamdic by
Compute
Watanabe, 1(1996)., An Approach to the Automated Container Terminals, Seminar
on Automated Container Terminals by Korea Ingitute of Machinery & Materials.




50

In the early dage of contanerization, container-handing sysems were
manudly contraled in terminds, as can be seen in locd amdl container
termina seven now. However, manua control seemsto be difficult, epecidly
in cases when the termina throughput exceeds 60,000 TEUs. Thisis named
Sage I. In Sage , dl the container-handling equipment is completey
driven by manud or hand transmisson, needlessto say, and datatrangmisson
gygems on operaions among the control center and individud eguipment
are based on work order sheets supports provided by verbad communicaion
of radio so-cdled wakietdkie.

But, in mog exiding container teeminas, computers are goplied only for
termina contral and planning sydems, and rdaed documentaion, as ranked
asthe Sagell in <Table 3-1>. Thismeansthat individua equipment handing
inayardismanudly driven based upon work order sheetswhich are outputted
in bach by computers beforehand, and assged by verbd communication by
radio. Thisisnat red time operaionsbut isasep towardsfull computerization.

In accordance with increase of containers to be handled in the terminds,
rea time communication will be required to handling equipment in theyards,
in order to upgradether productivity and to prevent their own local computer
terminas will be incorporaed into the computer nework of the termind.
However, the driving of this equipment handing is gill manud. This is
the Sage Il for the computerizaion.

Finally, all mgor equipment handling in the yard will be not only
incorporated into the computer network of the termind but dso driven by
computers based on mecharonics, in order to peform highly efficient,
fool-proof and labor-saving operaions. Thisisthe Sage IV in <Table 3-1>.
A container termind of SagelV isdrictly defined asan automated container
termina .

At presat, mog container termindsin theworld are dassfied in the Sege
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I1.Many contaner terminasinindudridized countries however, areupgrading
into the Sage 111. Furthermore, the automated container termina sin the Sage
IV have gopeared. They are ECT/SeaLand Termind in Ratterdam Port and
Pagr-Parjang Termina in Sngaporeisunder condrudion. Container terminas
in Thamesport which is ranked as Sage Il for the time being, will be dso
upgraded to the astomated container termind s of the Sage IV, after finishing
thefind tess on automated sysems and equipment, within two or three years.

3.2 Development at the ACT Systems

The automated container-handling sysems are generally considered
to consg of both of hardware and software. The hardware is container
handling machinery/equipment either of conventional manua type or of
completely or partialy automated type based on the mechatronics. In
order to operate this machinery/equipment efficiently and precisdy, the
technology on software is very important. The software requires daa
transmi ssion sysems, and equipment and itspostion i dentification sygems
in addition to the conventional container-handling sysems based on
computer network for automaed sysems in contane terminds.

The container-handling operations in the ordinary container terminas
condg of sear9de and land-9de operaions, in gengd, as shown in next Table.

<Table 3-2> Container-handling Operations in Terminals

(For containers by sea trangport)

Seasde Container-handling with ships a quay-sde

Operations Container-shifting between quay-sde and marshdling yard
Container-handling in marshdling yard

(For containers by inland-road & rail-trangort)

Container-handling in marshdling yard

Land-dde |(Container-shifting between yard and interchange dotdrail-yard)
Operaions |(Container-handling a interchange datgrail-yard)
Container-checking a gaes
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Sea-9de operaions are divided into three kinds of operaions. Tha is
1) container-handling with ships & quay-dde, 2) container-shifting between
quay-dde and 3) marshdling yard and container-handling in marshdling yard.
Thefirg operaion of container-handing with shipsa quay-sdeis performed
by container cranes in mog cases other than roll on/roll off operaions.
Y ard-use tractors and trailers are used for shifting containers between
quay-gde (berth gpron) and the marshdling yard in mod cases.
Container-handling in the marshadling yard is performed by various
contai ner-handling equipmentssuch asrubber-tyred gantry cranes, sraddle
carriers, forklift trucks, etc., in conventional terminals. In case of adopting
draddle carriers, they are used for shifting work between berth agpron
and yard, in addition to handling work in the yard, in mog cases.

Land-sde operaions are usudly divided into two kinds of operdions, that
isto sy, contaner-handling in marshdling yard and container-checking a
gdes. In case of providing the interchange dats or ral-yard for receiving
and ddivering operaions from/to inland trangort, however, work of
container-shifting between the marshdling yard and the interchange
datdral-yard and of container-handling a the interchange datdral-yard is
additionaly required. Container-handliing equipment used in the marshaling
yard for theland-Sde operdionsisjud same asthosefor sea-Sde operaions,
needess to say. For the work to hift containers between the marshdling
yard and the interchange datgral-yard, yard-use tractors and tralers ae
mainly used, and draddle cariers ae ds0 used. The equipments to shift
contanersto/from interchange dots such as draddle carriers, top-lifters, ec.
is dso used for container-handing & the dats. But, in the ral-yard, the
container-handling equipment like rubber-tyred(RTGs) or ral-mounted
gantrieRMGs9), is separately provided in mog cases.

The automation on the container-handling work with ships & quay-dde
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is congdered to be very difficult in case of nat providing any spedid fitting
with cdling ships because only the technology of quay-sde container cranes
have to cope with ay movements or changes of draft of berthed ships by
tide, wind, changes of loading conditions, ec. But it is nearly impossble
in actud operdionsto provide uch soedid fittings for auttomated operations
with respedtive cdling ships. Thisisthe reason why there are no completdy
automated quay-9de container cranesin the world, for the time being. Only
the patid automation on the some operaions of container-handing, but
with drivers is usudly adopted by the laed quay-dde contaner cranes.

Shifting work to shift containers between the quay-sde and marshaling
yard has been automaed by usng automated guided vehides (AGV). But,
the gpecid devices such as chass sloader sysgem of ECT haveto be required
for container-handling of AGV with container cranes a quay-sde. The other
idea of automation of container-shifting is not to use any vehicles for the
purpose, but to perform direct shifting of containers between quay-side
container cranes and cranes in the marshalling yard by usng traversers,
like a sygem in port of La Sezia

Container-handling operationsin the marshaling yard for both of sea and
land-dde operaions are consdered to be possble for complete automations
based upon present technology . For this purpose, the technol ogies on postion
identification sysems for bath containers to be handled and equipment to
handle containers and on precise control sygems of handling equipment are
indi goensable. 1n caseof usng conta ner-handing equipment inthemarshdling
yard for recaiving and ddivering operaions directly with public-way tractors
andtrallerswith driversby theimprovement of layout to ag ointheinterchange
dasto the marshdling yard, specid devices like remote manuad operaion
on the attomated equipment are required for safety and exact spotting.

Container-shifting operations between the yard and the interchange dots
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or ralyad ae dso possble to be aitomaed by adopting AGVSs.
Container-handling operdions in the rail-yard are aso possble to be
automated by the same handling equipment as those in the marshaling
yard. However, there is the same problem on the automated operations
of handling equipment in theinterchange dotsfor receiving and ddlivering
operaions with public-way tractors and trailers with drivers as the case
described in the section of marshdling yard operations.

The checking operaions at the gates usualy consg of documentation
and physca ingpection of container conditions are consdered. Thisis
consdered nearly impossible to adopt complete automation techniques.
Recently, an independent control from traffic lanes indead of booths
for respective lane-sdesfor deding with gate documents became popul ar
together with pre-gate sygem, in order to save the number of gate-clerks.
The Automaic Equipment Identification Sysgem (AEIS) which is
dandardized as |SO 10374, consging of atag on each container and
a reader by micro-wave a each lane of gate is consdered to be very
effective for the saving of work force & the gate.

On the other hand, the ingoection of physcd conditions of contaners
reguires man-power to make the find judgment, even usng ITVsfor remate
ingpection. Aganthe compl ee automation of the gate operaionisconddered
to be nearly impossble.

The enlarged Sze of containerships requires the enlargement of quay-sde
container cranes uch asther outreaches lifts, ec., andtheincreaseinhanding
the larger quantity of containersrequiresupgrading of performance including
lifting and traverang speed of quay-sde container cranes to prevent agand
thedropinther productivity . Futhermore, theincreasein handling and 2owing
quantity of containers in terminds by expanded container traffic requires
the enlargement of and upgrading of performance including lifting and
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traverang speed of container-handling equipment in the yard. Thus,
quay-dde container cranes and container-handling equipment in theyard
have been enlarged and upgraded, year by year, snce the beginning
of containerization.

However, bath of theenl argement of Szeandtheupgrading of theperf ormance
for cranes and equipment are conddered to make their automaion more
difficult.

Although the exiding container-handling sysems consg of the handling
equi pment which i sprovided with parts of mechatronicsin some cases, based
on the conventiona technology and computer sygemsto support equipment,
the automaed container-handliing sygems are usudly integrated with the
conventiond handing equipment of high-technology, cong ging of dectronics
and the computer sysgem. The sygems on the data transmisson, the
identification of containers and equipment, the detection of equipment
positions, etc. are cond dered to bethefundamenta high-technol ogy having
grong possbility to be adopted for automated container-handling sysems.

3.3 PSA (Port of Singapore Authority)
3.3.1 Outline

Sngepore is locaed a a drategic point on a mgor sea route and plays
an important role as an advanced port with wel-developed port facilities,
effective shipping sarvice, excdlent termind facilities and competitive rates.
Unlike ather ports it is advancing to thetop tier of internaiond ports with
successul port planning and devdopment and effective operations.

Today, proper timing is consdered the mog important point in marine
trangportation and port operation. The successof atransshipment port depends
on the ability to trangport containers from one ship to ancther. Sngapore
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is providing shippers with the faged trangoort sygem.

The PSA was privatiized as of the end of October 1997 after closng
operation as a public firm for 33 years from 1964 to September 1997.
It is handling the larges volume of containers for a certain time - 2,000
containers for 12 hours for each ship.

In addition, it is maximizing its competitiveness through continuous setup
of revoutionay automaion and intdligent sysems, and concentraing on
edablishment of the EDI(Electronic Data Interchange) condding of
PORTNET (Electronic Data Communication Sygem), CITOS (Computer
Integrated Termina Operations Sysem) and CIMOS(Computer Integrated
Marine Operation Sysem).

The PSA has 4 terminds including Tanjong Pagar Termind, Kepple
Termind, Brani Termina and Pagr Panjang Termind. It is continuoudy
making huge invegments in setting up sophidicated container handling
equipment to catch up with the introduction of the newest next-generation
ships. It will edablish a next-generation extra-large container terminal
within 10 years. The 4 berths condructed in 1998 under the firg phase
of the new PPT (Padgr Panjang Termind) prg ect do not handle as many
containers as expected and are subject to continuous correction and
drengthening of the sygem through introduction of automation sygems.
However, mog of them are equipped with the newes remote controlled
facilities. Two other berths launched operaion in 1999.

3.3.2 PSA Termina Facilities

The 4 termind s operaed by the PSA are summarized in the <Teble 3-3>.
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<Table 3-3> Terminals Operated by PSA

Tanjong Pagar Keppe . . Pasir Parjang
2z Terminal Terminal Brani Termind Terminal
*Area (ha) 80 96 79 A
*Water
Depth (m) 11-14.8 96-146 12-15 15
*Barth 6(main) 3(main) 5(main) 4(main)
2(feeder) 11(feeder) 4(feeder) 6(feeder)
ccCc: 29 c/C: 36 ccC: 29 ccCc: 24
"Het Sz¢ yclgs | vc:i1w | YC:98 | YC: 59
"Cround 15,940 19428 15,590 14,443
*Reefer
. 840 936 344 648
(poirt) L
** 1997
Throughput i
(million 453 543 417
TEU)
**Throughput
per
Vesxl per 140 14 - -
Hour
(Lift)
Source : * Internet Homepage of PSA, 2000. 12.

** Internet Homepage of PSA, 1998.

This gudy is performed centering on the PPT operated with the newes

automated equipment.
3.3.3 Automated Operation of PPT (Pasir Panjang Terminal)

The PPT (Padr Panjang Termind) is the newes and mog advanced
terminal in Sngapore. It is located about 15 minutes avay from other
terminalsincluding Keppel, Tanj ong Pagar and Brani terminds. The PPT
isdesgned to be collectively operated together with the other 3 terminas.
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All 4 terminas will be operated as an extra-large terminal. Containers
will be transported within an hour between the PPT and other terminds.
When the second phase of the PPT prgect is completed, it will come
to have 26 berths and more than 100 container cranes. Four berths have
been in operaion dnce 1998 and 2 berths were added in 1999. The
grong point of the PPT istha the PSA is not satidfied with the current
sarvice levd for shippers but making many efforts to enhance its ability .
The PPT is desgned to accommodate new fadilities and technologies for
the next-generaion ships to be introduced in the 21g century. Each of the
4 berths which are currently operaed is desgned to handle 750,000 TEUs
pe year and increase its handing capacity by about 25%. Quay cranes ae
equipped with the next-generation functions and technologies and are ale
to handle extra-large ships having 18 rows of containers. The new OHBCs
(Overhead Bridge Cranes) in the PPT are the world's firg remate controlled
yard cranes in which an operaor is located a the center of each crane.
The OHBC dores containers in one-over-eight gacking to enhance land use
and berth productivity . Formerly, the OHBC wasteged inthe Brani Termind.
The key to such a new temind is tha the handling work is performed
asdesgned. Therequired paints are that thewholetermind operaion sygem
was teded accurady and dl the working facilities were wdl baanced.

1) Equipment of PPT

The PPT is equipped with C/C, OHBC, RMGC and AGV, but the AGV
isnot operated a present. In 4 berths, there are 12 C/Cs, 16 OHBCs and
15 RMGCs. When the firg phase of the prg ect is compleed, the numbers
rise to 24, 44 and 15, respectively.
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<Table 3-4> Cranes at PPT
Unit : Heg Sze

Ecipment Hed Sze Current Flet Sze of Phase 1
(4 Berth : 1998yr) (8 berth)
ccC 12 24
OHBC 16 44
RMGC 15 15
AGV - -

Source : Internet Homepage of PSA, 1998 2000.

2) Handling Capacity of PPT

The PPT has been operaing 4 berths since 1998, with total handling
capacity of 2.77 million TEUs. The 2 berthslaunched in 1999 can handle
1.38 TEUs and its handling capacity will be doubled later. When the
second phase of the development prg ect is completed, the tota handling
capacity will reach 18 million TEUs.

<Table 3-5> Handling Capacity of PPT
Unit : Million TEUs

Phase 1
Item Phase 2 Totad Throughput
1998 1999 | After
Berth 4 2 2 18
Throughput | 2.77 138 138 247 18

Source : Japan Container Association, Study on the Automated Container Terminal
in Jgpan, 1996.

Internet Homepage of PSA, 1998 2000.

3) Area of PPT

Thetatd area of the PPT is650,000 , of which 110,000 isthe goron,
397,000 theyard, and 143,000 the adminigrative building and auxiliary
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fadlities. Theyardiseguipped with 9,400GSinduding the cgpacity to contain
648 refrigeraor contaners.

<Table 3-6> Area of PPT

Unit : 10,000 , GS %

Ratio or Item to | Totd (Phase 1 +
Item Phase 1 (4 Berth) tdidl Area Ph(ase 2
Totd Area 65.0 100 34
Yad Area 39.7 61.08 -
Apron Area 110 16.92 -
eration Buildin
:1% ther Fecilities us3 2200 '
Yad Capacity | 9,400(648 Reefer) -

Source : Japan Container Association, Study on the Automated Container

in Jgpan, 1997.

4) Layout of PPT

Terminal

<Figure 3-1> Detailed Layout of 1st Phase PPT
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<Figure 3-2> Overview of PPT

5) Operation of PPT by Zone

In the PPT, the yard bay isin pardld with the normd line of the quay.
Each berth has 4 lanes of OHBCs dong the sea and a lane of RMGCs
on land. The AGV is dedgnaed to be used for trangport within the yard,
and the OHBC (Over Head Bridge Crane) as the yard crane.

The flow of containers is summarized as beow:

o Outbound container: Gate -~ RMGC - AGV - OHBC - AGV
- CC

o Inbound contaner: C/C -~ AGV - RMGC - Externad Truck

o Transshipment container: C/C - AGV - OHBC - AGV - C/C
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<Figure 3-3> Flow of Remote Control of Bridge Crane at PPT
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<Figure 3-5> Bridge Crane and Yard at PPT
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<Figure 3-7> Discharging by RMG Crane at PPT

<Figure 3-8> Flow of Bridge Crane Remote Control at PPT

CITOS sydem sdects contaners to be devedored by C/C
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Confirmation of changes in OHBC postion and gevedoring point to
yard truck
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Work dlocation and indruction for OHBC remote control operators
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Indruction of works falowing OHBC remcte control



poviii
3.3.4 Quay Zone

1) Sub-C/C Zone

This can be roughly divided into 2 zones - AGV trangport zone and truck
trangoort zone. The AGV trangport zone between container rails has 6 lanes
for trangporting containers, andthetruck trangport zonefor trangporting specid
containers has 2 trangoort lanes between C/C rals. Accordingly, a guard
wdl is edablished for preventing a tregpass between truck and AGV.

2) C/C Backreach Zone

Thisis the zone where the AGV perpendicularly transports into the quay.
The zone excluding the AGV trangport route is used for placing the hach
cover.

335 Yard Zone

1) Yard Operation

(1) OHBC Yard Zone

Outbound and transshipment containers are to be gacked in the OHBC
yard zone in maximum 8 tiers. The tatd width of OHBC is 45m wide,
and OHBC 30m is comprised each of 5 rows of gack & right and left
gdes and 3 rows of AGV trangport lanesin the center. The 3 rows of AGV
lanes in the center are used for linear trangport without a trespass. Each
AGV lane each a right and left Sde of OHBC zone is dedgned to be used
for OHBC and devedoring works.

(2) AGV Transport Lane in Yard
The zone between the OHBC and the RMGC trangport zones is dedgned
tohave4 AGV lanes. ThisAGV laneisused asbaththe AGV zonetrangporting
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inbound containers to the RMGC and the AGV trangport route trangporting
outbound containers temporarily gacked on the RMGC to the OHBC. This
laneisnat used as a separae trangport lane for discharging containers from
a ship but used as its extenson.

(3) RMGC Yard Zone

The inbound containers on a ship are trangoorted to the RMGC yard with
the AGV, and the RMGC yard is desgned as the buffer zone for outbound
containers. The RMGC is 2-9de cantilever type, and connected to the AGV
in 2 lanes and externd trucks in a lane. The RMGC is desgned to dore
containers in 12 rows and one-over-eight gacking.

(4) External Truck Transport Zone
For amooath traffic of incoming and outgoing externd trucks, there are
8 trangport lanes, or 4 round-trip lanes.

(5) Refrigerator Container Yard
Refrigeraor containers are to be dored in one-over-Ix dacking. They

ae not gored in the dedicated yard but gacked on dther the OHBC or
RMGC lane. Refrigerator containers are monitored with the remate control
g/gem.

2) Others

(1) Remote Control with CCTV
The remaote control sysem CCTV is dedgned to operde yard cranes in

a remote office. An operaor can control sverd yard cranes in the office
with the CCTV camerastha are st up in the cranes and the monitors that
ae st up in the office without operaors riding on the cranes.
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(2) AGV Operation

The PSA isteding 5 units of AGV deveoped for use & the PPT in the
Brani Termind. In recognizing pictures, the navigation sysem of "Tadiran
Co". of lgad didn't used the trangponder type of ECT but used the paint
mark type. This sygem is known to be more cog-effective. In the firg phase
of the PPT prgect, Y/T has been used indead of AGV, because the use
of foreign laborers a low cog has reduced the necessty of AGV's. However,
efforts have been continuoudy made for developing it to a fully automated
unmanned termind usng AGVs.

3) Future Developments and Prospects

The PSA, boading the world's larged transshipment port, is handling the
larger pat of containersto and from ad acent developing countries including
Mdaysa, Indonesa, Thaland, ec. Asvery large contaner carriers of 6,000
TEU dass are increasangly placed in commisson, and the number and time
of cdls a portswill be reduced in the future, the PSA is expected to erj oy
more advantages as a large hub port. With the growth of economy in the
countries mentioned before, they are planning to congruct more container
terminds. The Port Kdang (Mdaysa) having geographica advantages in
Ada sees the number of cdls graduadly grow and the Globd Alliance has
begunto cdl a the Laem Chabang Port (Thaland). They will try to chdlenge
the PSA, and the competition between ad acent ports will get fierce in the
future. In addition, whether the prg ect to develop a new large termind will
findly reach the fourth phase as planned will depend on long-term economic
growth in Asaand port development policies of those countries. Meanwhile,
the PSA hasbegunto provide conaulting for nat only maintenance of domedic
ports in Snggpore but aso condruction of portsin foreign countries, and
is ds0 trying to pogtively advance abroad the accumulated knowhow of
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condructing and operding container termind s. ThePSA congructedaconta ner
termina in joint venture with the Dallian Port Authority in March 1996,
and will continue to play a pivatd roe in condructing and operaing other
ports aroad in the future.

The PSA is planning an extralarge termind comprisng the terminds
aurrently in operation and the ones to be developed in the future. The PSA's
plans by phase ae ummarized in the <Teble 3-7> beow:

<Table 3-7> PSA's Future Plan

Phase
Item Phase Totd
Phase 1 Phase 2
Number of Berth 4 4 18 26
Quay Length (m) 1,500 1,400 6,100 | 9,000
Area (10,000 ) 65 61 2266 | 3536
Throughput (10,000TEUV) 227 276 1,247 1,800
: 2 Beths : 1999
The Year of Completion 1998 5 Berths : Laer 2009

Invegment Cog (100million $) 20 50 70

Source : Japan Container Association, Study on the Automated Container Terminal
in Jgpan, 1996.
Note : $ indicates Singapore Dollars.

In the Phase |, the PSA plans to develop a termind to handle 12.47
million TEUs with 18 beths and quay length of 6,100m by invegting $5
billion by 2009. Induding Phase , it will emerge as the world's larges
termind with the number of berths riang to 26, the quay length 9,000m,
tota aea 353.6 , and handling volume 18 million TEUs.
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3.4 Thamesport

3.4.1 Outline

The Thamegport, having launched operation in 1990, isone of the container
terminas growing fag in Europe. The operdion techniques of Thamesport
has been developed and automaion sydems are now being adopted. The
throughput of Thamesport in 1990 was 9,600 TEUs, and it was increased
to 139,500 TEUsin 1991. In 1996, the throughput dradicaly grew to 350,000
TEUs. Moreover, throughput of 450,000 TEUs was handed in 1997 and
annua throughput will reach that of 600,000 TEUs. The container mix by
trangoortaion comprise 75% of road, 10% of ral, and 15% of feeder.

3.4.2 Facilities

The Thamesport has the area of 40ha and is locaed in the Grain Idand
of the Kent Province. The quay length is 550m and it is being extended
to 650m. The port is desgned to accommodae 2 contaner cariers of
Pog-Panamax dass a the same time. The water depth of the front ranges
from 13.5m to 15.0m.

The Thamesport has the following facilities:

5 quay cranes, 16 RMGCs (2 units for yard X 7 Lanes = 14 units, 2
units for ral), 22 yard tracers, 70 yard chasss 2 top lifts (of 35t), €c.
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<Table 3-8> Thamesport Terminal

Item Thamesport Termind
Area (ha) 40
Waer Depth (m) 135150
Berth 2
Quay Length (m) 550
cgc:5
RMGC : 16
Equipment YIT : 22
Y/S : 70
TIL : 2
Throughput in 1996(10,000 TEU) 35
Source : Japan Container Association, Study on the Automated Container Terminal
in Jgpan, 1996.

The termind has 7 runsin pardld with the 405m of quay wadl, and each
run is eguipped with 2 RMGCs. The whole yard is divided into 2 sstors
in function, and the RMGCs are dso differently automated.

The wedern sector of the yard gacks outbound and inbound containers,
where externad chasss are exchanged.

The eagern sector, the upper zone of theyard, gacks contaners di scharged
fromaship, whereyard chass sget into during handling. Accordingly, trangport
works are required between the wedern and eadern sectors of the yard.

Each of the 14 attomated yard cranes is able to hande 25 contaners
per hour, and the number rises to 70 contaners per hour on per average

in case of large ships. The Thamesport is operaed 24 hours a day and 365
days an year.

3.4.3 Operation of Automated Terminal

1) Quay Operation

There are 5 units of manudly operated high speed Pod-Panamax dass
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container cranes in the quay, and the crane's ar draft is 30m and outreach
can cover 16rows. It isaso sadthat they are planning to esablish acontainer
cranetocover 17rows. Theguidancevehideisusedfor trangporting containers
beween the quay and the container yard. Thamesport has participaed in
deve oping andteding AGV .However, AGV isnot used presently for operaion
of the termina. The long-term god of Thameort is to devdop a fully
automated unmanned container handliing sygem.

2) Quay-Yard Operation

For loading containers to a ship from the quay crane and the yard, yard
chasss are used.

When gacking trangported containers, the yard tractor operator workswith
wireless remote control to operate spreader. Chasd's are trangported and
parked smply aong the yellow line on the ground, and the sevedoring
point is set up with the remote controller and nctified to the tractor
operaor. Origindly, the sysem was developed so asto inddl the laser
tranamitter on the RM GC, ataching the reflector on the chass s and guide
the chass sbelow the RM GC. Dueto the cog maiter, however, the former
method has been adopted.

Theremote controller atached to thevehidebody isof such ample desgn
asthe TV remote controller used a home. If AGV is adopted to trangport
containers in the future or problems occur in connection with qudities of
yard tractor operaors, the laser guidance sysem may be revived.

The mdter of adopting the AGV is withhed due to lack of funds, but
its ted reqlts are sad to have been successul.

3) Operation of Yard

The container yard is operated with fully automated cranes. In the yard,
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thereare 14 automaed RM GCscagpableof goring containersinone-over-sven
dgacking. A run is 650m long and containers are dored in 9 rows and
one-over-four gacking. The crane was manufactured by Morris (UK) and
can automaicaly agug its postion within the limit of 25mm. Each crane
is independently operaed on the ground and the quay to maximize ther
capacity. The yard can dack 25,000 TEUs and is extended for doring in
one-over-seven-to-nine dacking. Containers are receved and digpached
automaicdly, andthefind loading of containerson externd trucksisremotdy
performed by the vehicle operator & the trangporter exchange bay. Trangport
of containersbetween the crane zonesis performed by thetraditiona guidance
vehide.

Inbound containers are discharged and dispatched by the computer by run
and gacked in smal number of tiers badcaly. Outbound containers are
bascaly gored in oneto-four gacking and trangported to the fina waiting
place of the upper zone, unless the traffic isjammed in the termind. In
casxe the chasss having trangoorted outbound containers takes inbound
containers on its return way, it temporarily dacks outbound containers
neighboring inbound containers to reduce trangport of the RMGC. The 2
RMGCsdlocaed to the samelane can be operaed close a thelead digance.

In recaving/ddivery operaions, the RMGC is bascdly operaed in the
unmanned manner. The digatching personnd on the ground natifies the
externd chasds of the proper parking point, and operates the goreader with
the wirdess remate controller & the find gage of gacking contaners. A
person operates multiple number of RMGCs.

Thetermind computer draws out the proper handling method by processng
the updated information induding gackings & lanes, RMGC operaions, gae
operdion time, waiting time a the gae, ec. a an intervd of 2 minutes.

Operaors continue to communicae with the supervisor for proper contral
of handing.
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3.4.4 Future Developments and Prospects of Thamesport

The Thamesport ams to grow be one of the larges container terminds
in Europe. It has been dready extending its quay by 100m and condructing
2 new lanesinthe container yard. Accordingly, its Sorage capacity isexpected
to grow over 26,000 TEUs in the future.

In the future, it plans to condruct a container yard of about 10 acres
and edablish a gpace of 50 acres for trangport, repar, and aher rdaed
busnesses. The modd of the AGV of the UK is expected to be introduced
a the Thamesport. These AGV s are expected to replace the guidance vehicle
a the termind in the near future.

<Figure 3-9> Overview of Thamesport
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<Figure 3-10> Layout of Thamesport
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3.5 CTA of HHLA

3.5.1 Outline

In 1997, the City of Hamburg granted HHLA the right to operae the
Alternweder Container Termina in order to develop an automaed termind
enablingthemtoimproveprodudtivity and serviceandreduceconta ner handling
cog. It planned to increase the container handling volumeto about 1.1 million
TEUs by the end of the firg phase of the prgect and 19 million TEUs
in the second phase.

3.5.2 Facilities Plan

o Quay length: 1,400m
o Quay heght: 7.5m from the waer surface
o Waer depth: 16.5m
o Yad width: About 600m
<Table 3-9> Basic Date of CTA Terminal
Item Phase Phase Totd
Quay Length 810m 590m 1,400m
Area 530,000gm 230,000gm 760,000gm
Seadde Capecity 700,0000x/a 500,0000bx/a 1,200,000bx/a
Sowage Capacity 15,000TEU 15,000 30,000
Personnel  (Person) 300 170 470
Invegment Cod | 300 million DM | 270 million DM | 470 million DM
Completion April 2001 April 2003

Source : IR, Optimizing Container Terminal Layout, Logistics & Equipment Control
29 30th, November 1999.
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<Figure 3-11> Overview of HHLA CTA
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<Figure 3-13> Layout

of HHLA CTA
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3.5.3 Operation Plan for Automated Terminal

The CTA isplanningto esablishtheeffective andreliable container handling
gysdem by adopting the mog advanced technologies, sophidicated EDP
(Electronic Dae Procesing) and the smplified sygem.

1) Quay Operation

The CTA plansto guarantee rgpid sevedoring of containers by indaling
gantry cranes for Pog-Panamax dze container cariers. Height of such a
crane is 72m, its rotaion diameer is 35m, height of its am is 37m and
its weight is 53 tons. The fedures of the gantry crane recently deve oped
are as fdlows. Two travdlers of different function trangport containers. In
the semi-automatic mode, the ca toward the sea trangports containers from
a ship to the perpendicular lashing plaform on the gantry platform. In the
automatic mode, the fully automated traveller takes containers and trangports
on the remote controlled unmanned vehicle.

2) Quay-to-Yard Operation

Sxty unmanned trangporters will be inddled for trangport of containers
beween the quay and the yard. Its gpeed is 6nVs and the trangport line
is made up with the help of the dectronic sensors eséblished on the ground.
Any person is prohibited from entering the trangporting ste for safety. The
eectronic sensors are desgned to operae when the unmanned transporter
passes. The traffic control center monitors effective trangort.

3) Yard Operation

The RMGC will be used for gevedoring the containers trangported to the
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yard. The yad is planned to have an area of 225,000m" (112,000m" by
the end of the Phase ), condd of 22 dorage blocks (11 blocks by the
end of the Phase ) and gore 30,000 TEUs (11,000 TEUs by the end
of the fird phase). Containers are planned to be gored in one-over-four
dacking and 10 rows.

4) Future Developments and Prospects of HHLA CTA

The HHLA CTA plans to combine proved factors of ships and berths
with new dructures in order to control complicated co-rdaions between
separate sydem configuration factors based on the EDP. When such a plan
is effectivey implemented, it is expected to grow to atermind having the
highes handing rae per hour. It is meking every effort to introduce
revolutionary handling technologies and s a dandard for advanced
next-generaion container termina by inddling the newes and large-scde
fadlities.

3.6 Comparison of Automated Systems in Maor Terminals

3.6.1 Comparison of Automated System Modes

o Comparing automated sysgems in mgor automaed terminds, it is
noted that yard cranesare mogly automated, but the ECT and HHL A
terminas adopt AGV's as trangorters and other terminals adopt
Y/Ts as trangporters.
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<Table 3-10> Maor Automated Terminals

Item ECT/DS. SngapargPPT) Thamegport HHLA
gge; AUGMELION | ) /. RMGIASD) | AGV-OHBORMG AGV-RVG | AGV-2RVIG
‘Large vesd ‘Large Vesd © |'Lage Vesd :  |'Lage VesHd
Quay Mamed Manned Maned Manned
Qane ‘Lage AGV : ‘Large YIT : ‘Lage YIT : ‘Large AGV :
Autometed Manned Autometed Auometed
" ‘AGVAuomeed  |-Y/T:Mamned -Y/T:Mamned -AGV:Autometed
(Trander)
Atordion ASC: Unmamed G—IBC Unmamed RMG: | Umamad RVIG,
Zone ‘Lage AQ/Atavaed | -Lage YIT:Smi-Ato |-Lage Y/T: ‘Lage
YC ‘In YadAuarded | -In YadRande | Sami-Auto AGVAUaTeed
‘Lage SCAUtarded |RMG : -Shift:Autometed  |-In
Impot/EqatMared -In Yad:Auareed Yard:Autometed
‘In Yard:Manned
Gotat Rairt |- SC:Mamed Ummaned RMG:  |Unmaned RMG: | Unmened RMG
with Edard Remate Cortrdled |Remtte Gotrdled | Rntte Grirdled
Truck Manned Sami-Auto Smi-Auto
Rall -‘MTSManed - -
Manud | Of-Sandard|-ASOM:Mamned YT:Manned
Zone |BEmpy )
Cotaing ‘RIS Maned
Yad Type ‘Sngle Type ‘huffer Yad ‘buffer Yad ‘Snde Type
-Parpendicular -Padld -Padld -Parpendicular
Sak Hegt 3Tiers 6Rows 8ligs 10Rows  |4Ties Rows 4Tiers 10Rows

o The automaed terminas such as ECT of Netherlands and the HHLA
of Germany adopt the AGV-unmanned RMG sysem, and the PPT of
Sngapore and the Thamesport of Britain d so planto replacethe exiging
Y/Ts with AGVs in the future. There are 2 kinds of yard operaion
types: the sngle yard type in which dl functions are performed in
a gngle yard and the multiple yard type in which multiple yards do
different functions induding buffer and dorage sparady.

- The operaion sygems of the 4 automaed terminds andyzed in this
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dudy were origindly desgned to have the sandard AGV-unmanned
RMG sysgems. The DS and DDE terminds of the ECT and the CTA
termind of the HHLA have the sngle yard type in which a yard is
laid out perpendi cularly tothe quay, and outbound andinbound containers
arecdllectively gored. Ontheather hand, the Thamegport hasthemultiple
yard type in which yards are lad out in pardld with the quay and
contaners are separady dored, and the Sngapore's PPT adso has the
multiple yard type in which yards are laid out in pardld with the
quay withthebuffer yard behindtheyard and containersare separately
dored.

- In case of the termina that is operated with multiple yards, the
Thamesport in which multiple yards are laid out in pardle with
the quay transports containers between yards with the RMG. In
case of the PPT of Sngapore in which yards are lad out
perpendicularly to the quay, however, containers are desgned to
be transported with the AGV between yards.

o It was found tha the PPT of Sngepore and Kavaski terminds are
operaed differently in repect of the desgn for some reasons.

- In the case of the PPT of Sngagpore, the inland discharging sygem
is dedgned for operaion in aremate control way(semi-auto), but this
isnat used and gate operation is made with the RM GC because gae-in
and gate-out trafficisnot large and the semi-auto sysem requires huge
invesments.

They were dso found nat usng the AGV. They are sad to have nat
adopted the AGV but are only dudying it, because it requires a long
period of time (8 years) to secure the target traffic to cover the cods
requiredfor adoptingthe AGV andthetechnica problemsof thetrg ectory
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(navigation) sysem have not been completdy solved.

- The Kawasski termind was found to adopt the conventiona operaion
g/dem in which externd trucks directly gate in usng the buffer yard
asthe marshdling yard because the traffic is quite less than expected.
They dso do not make teds in the yard with the AGV and raher
plan to expand the conventiond termind in the future.

o The HIT adopting automated sysem in yard operaion concentrates
on solving the problems that occur in the discharging operation in
connection with its plan for autometion, because containers are gacked
closely and highly in the yard. Containers are discharged in full
automaion mode in the yard with the RMGC of one-over-five
dacking and 12 rows.

3.6.2 Comparison of Automated Yard Equipment

o The automaed equipment which have been developed for gacking
contanersin theyard indudes RMG, RTG and OHBC, of which mogt
important automated terminals are adopting (or planning to adopt)
RMG.

- Mog automated termind s are adopting RMGs as dacking equipment
in the yard, whose capacity is a little different from each ather in
terms of the number of dairs. In ather words ETC'sDSL is operding
(or planning to operae) RMG of one-over-two dacking, DDE of
one-over-three gacking, Thamesport and HHLA of one-over-four
gacking.

- But, the Sngapore's PPT is adopting a mix of OHBC and RMG -
OHBC for the yard goring on-board containers and RMG for theyard
goring inland containers. The OHBC used in the PPT of Sngepore
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isdedgnedto hand e containersin one-over-eight gacking and 10rows
in the unmanned sysem and have 3 separae lanesfor AGV operdion
in the center to be connected with the AGV.

The PPT of Sngapore was found to be operated in full automation mode
in the gacking area from the survey made in 1999, but is being ad used
to the remote-auto sysgem in the control center for connection with the guide
trucks in the yard center (3-truck lane). It was dso found tha truck drivers
working in the OHBC block are traned and managed by the PSA.

o Following is the comparison of characterigics of RMG and OHBC.

<Table 3-11> Comparison of Automated Yard Equipment

Itam RTG RMG GHBC
Rosshility of
Aicgtion to Vay Eay/ Eay/ Vay Diffiault
Gowvatiod Temird
Pedson o Jb Lov High Vay Hich
Intid Invesmat Low Hich Vay Hich

- Brgnesing Fadlities
- Engireing Fedlities - Engneing Fedities 52 Sgttzle’:%t
Tafricd Prctien | ACDEESY (0 | GETEESN 0 | G Gopd

e/t Sitlavet | peMt SHIATEL o | \ioy o ring ged

d Gaund GQaud boom with hich
intengity
. . ECT/DS.
Teminds Retaning ) :
The Eqipret Trmepat | Sgpae ()

- RMG can be patidly automaed. In case of desgning the yard in
one-over-four gacking, it is more economica than OHBC in terms
of initid invesments. But, in case the yard ground is soft and the
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RMG sydem is adopted, efforts shal be made to prevent settlement
of ground. For example, in case of HHLA and CTA terminds, experts
advise tha sattlement of ground should be tackled to adopt the RMG
gydem as their ground is soft.

- OHBC requireshuge initid invesmentsin erecting columns suganing
crane rall girds and ground bresking works. OHBC may aso incur
the matter of precison in connection with grength of the boom. To
solve this matter, a ded boom requiring more invesments shdl be
usd.

3.6.3 Comparison of Yard Operation Types
1) Single Yard

o This is the type in which yard is nat divided by characteridics and
purposes of operdion but operded in a sngle yard. In other words
the yard is not divided into several zones for on-board and inland
containers but used for goring on-board and inland containers in
a dngle yard.

- It was found that DS. and DDE of ECT and HHLA of CTA do not
separady operate yardsfor inland and on-board containersbut operate
dngle yards for goring both of them.

(1) ECT Type
o Advantages:
- AGV travding digance is short.
o Disadvantages:
- Yad crane travd digance ges long.
- High gacking is impossble.
- Initid invesments in a unit of yard crane are excessve.
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- It is difficult to tackle operaion due to troubles of yard crane.

(2) HHLA Type
o Advantages:
- AGV travd digance is dhort.
- Rdaivdy high gacking is possble in comparison with ECT type.
- Easy to tackle troubles of yard crane
- Yad crane travd digance is short.
o Disadvantages:
- Initid invesments requiring many yard cranes are excessve.
- Invegmentsin ground breaking increase asthe number of cranes
increases.
- High technologies are required for operaion of termind

(3) 2-Yard Type
o Temind is dasdfied into 2 types depending on operaion type:
- Fird, the Thamesort type is operated with 2 separae yards - one
for doring containers externdly delivered and ancther for goring
containers discharged from ships.
- Second, the type adopted in Snggpore is operaed with 2 separae
yards
- one for goring on-board containers and ancther for goring inland
containers, to effectively operate on-board and inland works.
o Advantagesand di sadvantagesof eachyard operationtypeareasfollow:

Thamesport type

o Advantages

- Not only container boxes can be assorted in night with idle yard
equipment, but aso containers to be loaded onto a ship can be
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moved to the on-board yard & night for effective loading in day.
o Disadvantages
- Excessve re-operdion may ocaur.
- Land use rae can be reduced without high gacking equipment.
- Yad crane travd digance ges long.

PSA(PPT) type
o Advantages
- Eagy transshipment
- Advantageouswhen transshipment trafficislarger than export-import
treffic.
o Disadvantages
- illed and precise termind operdion techniques are required as
AGV isin chage of travd beween inland and on-board yards.
- Degite high gacking gowage, actud land use rde is dmilar to
tha of a sngle yard. (High dacking equipment should be used
for ragng land use rae)

- Initid invesments in high gacking equipment are excessve.

3.6.4 Classfication of Automated Container-Handling Sysems

On automated container-handling sygems, many conaulting engineers and
manuf acturers of handling equipment have published their concepts and idess.
These concepts and ideas are dasdfied into the following two caegories.

1) Non-captive type

The automated container-handling will be performed by the eguipment
in terminas. No specid atachments, fittings or gructures will be required
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on both of containers and ships. Therefore, usud containers and ships will
be dways possble to be handled in terminds of this type.

The automated container-handling sysems of non-captive type are further
sub-divided into two caegories.

(1) Direct Stacking Type
Containers are placed directly on the ground, or sacked directly on top
of the containers beow.
o Meits
- eadly reeased, because of extenson of exiding sysem
o Demerits
- sdedtivity when choosng certan container
-rehanding is necessay when accessng certain container
o SHeced Termind
- mogd automated terminds that we looked into in this research choose

non-captive type

(2) Rack Type (Pigeonhole Type)
Contanersareindividudly sowedineach cdl (pigeonhol ) of rack Sructures.
(Jug like the rack sydem of an attomaic warehouse).
o Meits
sedivity of cetan contaner is excdlent
accessbility to certain container is excdlent
high eficency of container handling
o Demerits
vey large initid invesment

(3) Comparison of Direct Stacking Type and Rack Type
In the diret gacking type, dacking tiers will be usudly limited to four
or five high because it will be very difficult and troublesome to retrieve
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the desgnaed containers from the lower tiers of multi-tier gacks.

On the other hand, in the rack type, the sdectivity and accesshility will
be excdlent. But, as the utilization of land area will not dways be good
compared with the direct dacking type, very tdl dructures having 10 to
15 tiers will be necessary to compensate the wrong utilization of land area.
This will a0 require veary large-scde invesments.

<Table 3-12> Classification of Automated Container-Handling Systems

Nonrctive type Cytive type
The autameted container-handling to
The atometed container-handing to be be pefomad by nat anly the
Qlasficgion performed by the equipmant in teminds. eqlipmat in teminds but edd
Ay dtachmat, fittings or srudures na to be | atachmants fittings a grudures
required on bath o dhips and contaners. required for dther contaners o
ghips a bah o them.
Diret Sadking Type Rak TypeHogeohde Typd
Catanas to be placed
Divisin | dredly on the 9O o | cyyeingrs to e indvictelly soned in ezch ol
dredly on the top o (pigenhde) o rak drudures.
oontaners beow.
Excdlet sdedtivity and
Easily relecsed], because of| Excellnt sdedtivity and %&"HQ’ o
Maits | edesion o exdging acoessibility. _ hending
g/dems High dfiaency d handing Possibility to develop
no-men handing sydem
- Less Hativity and TR Vay lage initid
Deamaits aocessibility Lage initid invetments invesmerts
Under
CparaiondCondrudion:~
Masn: Mousdrgp sygem
ECT/SalLand Temind in| Unda Plan:~ Unde Alan:~
Ratedam Kdsr Sesd-Tang Sydem vikes latovidk sygem
Exarples | La Sezia Contaner AuoLux Apiaium Sygem Meausn Contanoveyer
Temnd HHLA, Teraoed Coveyar S/dem
ThamegKawaski S/dem MEQO Sydem
Cotang Taminds
Pesir Pajang CT,
Snggpare
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2) Captive Type

Although the automaed container-handliing will be peformed by the
equipment interminas specid atachments fittings or Sructures are required
for ather containers or ships, or both of them. Accordingly, usud dhips
gowing usua containers will nat be ale to cal on terminds of this type.

3.6.5 Comparison of Productivity of C/C

o Produdtivity of quay crane is only roughly compared because mgor
automated terminds have gredly different levels of automaion and
it is impossble to compare their productivity on a sngle gandard.
The following is the productivity comparison of the sngle hoig
container mogly used in conventiona termina s and the double hoig
second trolley crane proper for automated terminas.

- In generd, the tatd hourly throughput of a quay crane is about 35
for the second trolley and about 25 for the conventiona crane.
- Sngle hoigd quay cane: 20 25h
e Dud hog quay crane: 30 35 (1999, ECT)

38 40 (In future, ECT)

- Absolute comparison is difficult, but, in case yard operdion sygem
isproperly egablished, the quay crane of automated termind ismore
effective than the conventiond crane in generd.

3.6.6 Comparison of Yard Layout Type

o Yad layout is divided into perpendicular and pardld types. Among
mg or automated terminas, ECT DS_ and DDE and HHLA CTA have
perpendicular layouts, while Thamesport and Snggpore's PPT have
pardld layouts.
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o Advantagesand di sadvantages of eachlayout typeare ummarizedbeow:
1) Perpendicular Layout

o Advantages
- Yad goring efediveness is high.
- Easy for automation of separate operate inland and on-board operaions
- Easy for flow planning
o Disadvantages
- Apron width shal be wider than in pardld layout.
Unitary goring block is limited.
Effectiveness is reduced when traffic is converging.
High dacking is difficult as discharging equipment is required for
rgpid trave.
Difficult to tackle troubles of equipment
Difficult to adapt itsdf to enlargement of ships
- Low flexibility in usng yard

2) Parallel Layout

o Advantages
- Less limit in unitary goring block
- Trangport efficiency is high as tréffic is digersed.
- Effectiveness of yard equipment increases (trangport between blocks
is posshle)
- The number of required equipment is amal.
- Easy to tackle troubles of equipment
- Easy to adapt itsdf to enlargement of ships
- High flexibility in use of yad
o Disadvantages
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- Traffic contral is difficult because of heavy traffic and complicated
flow planning.

- Condruction of roadsfor trangport equipment isrdatively complicated.

- Automation of operaion sysem connected with equipment isabsolutey
required..
(Flow planning is complicated.)

- High gackingisdifficult asdischarging equipment isrequiredtorapidly
trave.

3.6.7 Comparison of Stacking Height and rows

o It was found tha the PPT of Sngapore has the goring sysem of
one-over-eéght gacking and 10 rows, the Thamesport one-over-four
gacking and 9 rows, HHLA of CTA one-over-four gacking and 10
rowvs, and ECT's DS. and DDE one-over-two gacking and 6 rows
and one-over-three dacking and 6 rows reyectively. The PPT of
Sngepore found that itsland isused very eficiently snce its sacking
height is the larged.

o The Hong Kong's CT 6 and 7 terminds are automaicaly operaed
only in yards, in which RMG is operaed in one-over-9x gacking and
12 rows.

3.6.8 Comparison of Terminal Capacity in Terms of Quay Length
and Area

o Criteria of comparison may depend on productivity of eguipment and
other termind gtuaions but the reaults of comparison can be roughly
summarized as follow:

- The desgned termina capacity in terms of quay length in the PPT
of Sngapore is 1,513 TEUYmM. (The actua throughput based on
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the traffic surveyed in 1999 was 946 TEUYm.) The capacity of
CTA'sHHLA was surveyed to be 1,357 TEUSYm, ECT'sDS. was
876 TEU 9Im, and Thamesport was636 TEU g m. It showsthat recently
planned automated terminas are desgned to have higher quay
capacity. However, the finding that the PPT of Sngapore has the
highed capacity is because its transshipment traffic is much higher
than tha of any other port. The traffic of PPT of Sngapore is
about 142 million TEUs as of 1999, 63% of the planned 11.27
million TEUs, but the transshipment throughput is about 75% of
the tota throughput.

<Table 3-13> Unitary Capacity of Automated Terminal in Terms of Quay
length and Area

*3ngapare (PPT)
* * *%|
Item ECT/DS. ( 1) Tharepat *HHLA(CTA
Capeaity o0l 2270000
(Desgned Veue) 30, (Epiricd Throughput in 1999 is 1420,000TE) 30| 190,00
Quay Lengh | 970m 1,500m 550m 1400m
Wae Deggth | 1365m 15m 135 15m  165m
Tad Area 60ha 65ha 40ha Tha
Jak Hagt | @ 8lier 10Row ATie FRow 4Tie 10Row
Copedity pa | 515ax 1513 6% 1357
Mee (876TRY)|  (BEmpiricd Throughput in 1999 is 946)
Capadity per 34920
Hedtae 14,16 (Enpiricd Throughput in 1999 is 21,846) 80 %048
Note 1) The ratio of box to TEU is 1.7(Empirical Vaue of Gamman Terminal of
Pusan in 1998).

2) Capacity per hectare is calculated from annual capacity (TEU)+ total area(ha)
3) * : The data of 1996, ** : The data of 1999

- The desgned termind capacity of the Sngepore's PPT in terms of



REvi

quay areawas urveyed to be 34,920 TEUSha (the throughput based
on the actud traffic surveyed in 1999 was 21,846 TEUSha,)), HHLA
24,048 TEUgha, ECT DS. 14,166 TEUSha and Thamesport 8,750
TEUgha. The PPT of Snggpore was aurveyed to use land in the mog
effedive way. In generd, the teremind cagpacity in terms of areais
rdaed to the gacking height of the yard. The PPT of Snggpore was
andyzed to have the highed termina cgpacity in terms of area as
it is desgned to dore containers in one-over-eight gacking.

3.7 Selection of Recommended System
3.7.1 Superiority of Automated System

In generd, the automated termind isanayzedto be superior to conventiond
termind in the following 3 agpeds:

o Effediveness of Handling

In preparation for traffic increase in the future, container terminals
should achievehigher productivity than present. Productivity improvement
will be achieved by increasng handling equipment and automation of
terminals. However, it is technicaly impossble to increase equipment
because interference of equipment may result in reduction of the entire
productivity. As container carriers tend to be enlarged and so width of
ship and freeboard increase, there will be limitsin improving productivity
through increasng equipment. In concluson, the container handling
equipment to be introduced in the 21 century should achieve higher
efficiency. Automation will be a good dternative to achieve this god.

o Effedtive land use
Whentrafficincreases, thevad areaof land on shore shouldbe devel oped
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in container terminas. However, it is very difficult to find proper land
for use as a new terminal. As a reault, container terminas should be
congructed neighboring upon waers. In addition, larger budgets will
berequired for reclamation and dredging works. To save such congruction
cods, the exiging container terminas will have to be remodeled for
ensuring more effective use of land. To use land more effectivey, the
methods to dore containers in higher sacking in the yard will have
to be invented. Automated sygems are thought to be the very solution
to high gacking of containers in the yard.

o Reduction of personne and prevention of accidents through
amplification of operations

Discharging worksincluding container handling are consdered aslabor
intensve indudry. Accordingly, as traffic increases in the future, labor
cod is expected to dradicdly increase and this will take alion's share
of tota container handling cos. Also, the possbility of occurrence of
accidents will also greatly increase. If operations are smplified through
automation, labor cos will be reduced and many accidents will aso
be prevented.

3.7.2 Sdection of Recommended Automated System

Based on the reaults of compari son and andy ses on the currently automated
gydems this gudy reviews recommendable automaed terminas in Korea.

o Types of atomaed sygem

The automated sygem widely introduced by mgor internationa ports
isthe AGV-RMG type. Its technologies are thought to be well proved.
It is the mog recommendable sysem to Korea, which isjud in the
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very beginning sage to desgn and operate automated terminds. It is
aso recommended in terms of management of invetment risks.

o Sacking height and rows

Mog automated terminds, except for ECT's DS and DDE, were
surveyed to adopt one-over-four or higher sacking rules. Particularly,
theyards of ECT'sDS. and DDE, the termind's having firg introduced
automated sygems (in July 1996), are dedgned to have one-over-two
and one-over-three gacking rules. The yards of the automated terminas
thereafter are desgned to have one-over-four or higher gacking rules.
It showstha gacking technologies have been advanced aming a more
effective land use in automated terminals. Accordingly, it isthought that,
if ground conditionsare satiSied, the sacking rule of & |east one-over-four
or up to one-over-five-to-ax would be available.

In connection with the number of gacking height and rows in the
yards of automated terminals, it was urveyed that HHLA has a 10-row
rule and the Hong Kong's HIT operating automated sysem only in the
yard has a gacking rule of one-over-sx and 12 rowsin case of RMG.
Accordingly, Korea is dso expected to possbly have 12 or more rows
if yard conditions are alowed.

o Yad opedion type

Mog international automaed terminas were surveyed to adopt the
sngleyard typein the perpendicular layout and the 2-yard type (including
buffer area) in the pardld layout. It was surveyed that ECT'sD3. and
DDE and CTA's HHLA have the sngle yard type in the perpendicular
layout, and PPT of Sngapore and Thamesport havethe 2-yard type having
the buffer yard in the pardld layout.

Korea is aso thought to sdect the 2-yard type in the parald layout
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or the Ingle yard type in the perpendicular layout.

o Yad layout type

In consderation of advantages and disadvantages of perpendicular and
paralée layouts, it isthought that selectionwill havetobemade consdering
terminal conditionsthrough studies of technol ogies, productivity and land
useefficiency concerning equipment control, interfaceof RM G and external
trucks, interface of AGV and external trucks, ec.

3.8 Analysis of Causes for Failed Automation of Terminals

3.8.1 PSA, Pasir Panjang Terminal

ltars

Cass far falue

Desgning pairts

Lot
Ostagry
& trangoat

ratey

Dedicaed blocks far gae opedion and
distharging were laid aut in padld & theend
o the temind, and the 2-Sde cartilever type
RMGC ae usd for dschaging. As reallts,
the AGV trangot digance incresses and
produdtivity fdls.

As the KMI layout temind is not a
transshipment temind as the PSA, sgparae
export/import blodks are nat planned. o, it
isdes gnedtohaveacartainlevd of productivity.

Layat
(Tradedo
irg
repdr &
nareas

In case prablems ocaur in trangpart in the yard
block dueto thefegturesinherent inthepardld
layout, externd pasonnd canat essly enter
the automeated zone which may bedly influence
the entire AGV oparaion sygem.

Maintenance is congdered in the KMI pardld
layout. Thet is to say, the maintenance zone
o 10m is designed on the AGV trangpart lane
by adopting the catilever type ATC. In case
o the papendicular layout, mantenance is
designed to be done in the Kiok zone.

Layat
(Godrudian
tetndggey

The PSA adopted the pardld layout engbling
to dack containers in high ddrs as it is the
temind foousng on the trensshipment
containers. It adopted overheed bridge aranes
enabling to gadk containers in 8 gairs inteed
of theRMGC. After thetermind wascompleted,
however, it wasfound that thetrangport of many|
aanes & the same time cause some problems
induding vibration. Lats of time was required
to gébilize the equipment.

Korea does nat have as many transshipment
containesasthePSA. TheKMI'spardld layout
is designed to usethe ATC and have containers
Sacked in 5 tiers and 15 rows with gbout 40
bays and gores 600 TGS and 3,000 TEUs. The
PSA is designed to use the OHBC and dores
380 TGS and 3,040 TEUs in 8 tiers and 10
rows & 38 bays. The ATC etablished is of
the type used & convetiond temind. As
utilizing bath-dde cartilever type of 12 rows
and oneover-dx daking, it is opeaed
unmamnedly in Hong Kong, and can be
immediately adopted.

Layout
(AGV run
dedgn)

As 3 running lanes are st up in OHBC yard,
much yard pace is required.

KMI'shath-end cartilever type ATCisdes gned
to be shared by 2 blocks. Much ace is nat
required.
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ltars

Cass fa falue

Desgning pairts

Layout
(Infragtruct
ue)

Asrail issst up onreinfarced conarete Srudture
for OHBC, additiond congrudion wak is

required.

KMI type requires condrudtion of rail.

Econamy
o AGY

254 million TEUs shauld be seaured based
on 6 beaths far economy of scde, but AGY
is nat required & presat trefic. (contaners
handled in 1999: 1 million TEUS)

Technicd
reliability
o AGV

Adaption of navigaion sygem of vison type
causes expoaureto damegefromdug, rain, €c.,
and limited frame processng goeed and SW|
ppot  mekes  commecid  operation
unavailable.

Navigaion sygem using trangponder

Layout
(s,
comunica
tions
ydem)

Aspadld layat, it hasmany aossesas AGY
travds indde bridge aane of one-ovea-eight
gaking. Problems were found in technicaly
stling red-time contrd of morethan S0 AGV'S
throughout the termindl . High cogsfor settling
uch prablans wes one of mgor causss for
falure,

Prgect team developed integrated cortrallable
gysem.

Layaut
(Navigdio
n Sydam)

It was nat perpendiculer layout like ECT, but
padld layout. An expensive trangponder was
nat used but a canera sysem was used that
caused many dissdvantages induding limits an
ewvironmatt during AGV trave.

InbathKMI'sperpend cular andpardlel layouts,
trangponder is used for navigdion sygem
without any technica problems.

S/gan
integaion

Equipment developed by differat deveoperg
causes problems in equipment interface and
gygam integation.

Prgect team can etadlish integrated syseam.

Soreadr
Saking
Quide

As durability and anti-shodk of stacking guide
were nat seaured, it is not used a present.

Technologies of gtacking guide weare secured
having gacking guide durability, anti-shodk and
acaurate snsors were developed.
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3.8.2 Kawasaki Terminal

Items Causss for falure Designing points
Falure_lnsettlngLép(aJtanaedoperalmg/stan * Digpersed deta processing sydem is s up
ty eC(J}T"ent/p 'msténdgm not considering according to process and data charadteridtics,

chaadteaidics of process : . . .
: * Sygem is deveoped in condderdion of
- Qveaload d saver processr Indll OO arantaritics of tamind operation.
owe's paformance and processing speed.| _ Milestone-based oach
- Effidency of smulétion process such as| O et-ariented d?gmoddling
shiplyard planning worsened. - Enterprise deta moddling
- Opedion goplication desgn and user
Operation|  inteface flexibility loves.
gydem Cliet saver design nat conddering
chaadeigics of daa
- Asdl daaisgored in DBMSof datasaver,
daa is oveloaded in newok and
paformance loves.
- Digplay goeed lowes.
Non-exigence sygem devel opment theories
- Cowentiond sygem deve opmeat method
is used. (Connection of work is linear, and
individua components are tataed.)
) o ) * Smple containg hendling process
Astamind layout is divided into tacking el * Increase of equipment trangpart speed
and buffer area, container handling process is * Qorage block of proper length considering
complicated and productivity lowers. equipment trangoort. gpeed
*How o expot contang * Qorege blok to minimize move o
Gae - Kiok - Saking Area —|  eguipment
ReayPont - Buffer Area » YC * Edimetion of accurale  produdivity
“*How o impat contaner _ depending onlayout type (Actud procuidtivity’
YC - Buffer Area— RelayPoint — Sadking  is nearly half theoretical produdtivity.)
Area —» Kiok - Gae
Trander should be made from sacking areq
to buffer area before ship arives.
- Dud opadion o contane causes
unnecessty RMG work.
Tamind | - Containg handling time from kiok to YC
Layout is excessive (13-16 minutes per contaner)

Too long block causes excessive equipment
travd.

- About 6 minutes are reguired to trangoort

a container from kiok to gacking areq,
causingwaitingof gate-in and gate-aut trucks
and yard congegtion. (A container should
be handled in 1 minute end 30 ssconds for
meding savice levd)
Asinterface beween RMG and YC ismede
a an end of buffer block in pardld with
quay, YC path converges on asde causng
inoceaxe o trangport digance and buffer
congegtion.
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Items Causes for falure Designing points
As temind operatar was absat in temind | Integration teaminduding al falowing experts
Temind planning, gods are nat conarete and ecificito be (_Jrgaqized
operation fedures ae nat refleded. - Tamnd opaaors
agizaion - Opedion and IT expats
- Equipmet expats
- Didribution expets
Urresson- As trangport process of Minimizetion of transport process
e yad Gate Kiosk— Sacking Area- Buffer - Yard to be designed o that equipment flow
ot Area- Shipiscomplicated andlong, andblock|  line is smplified and minimized.
islong, hourly produdtivity is low. (8 unitghr)
All operaion systems software were made by|* Redlization of integrated gperdtion system
Unskilled | equipment meker, and system ladk of expertise * Toberedized by integrationteam, functioning
opardion |concarning termind operation was etablished.|  equipment, operation system and yard layout
layout |- As omitted subsygdem was mede by athe
firms, sygem integration is dfficult.
In paalld layout, ecuipment is indalled &y, oo a1 |ayout isof convertiond terming
arun due to feures of RMGC layout which . : i .
- type, having 3blocksinarun. AGV dischaging
Layout |causes a decresse of efficiency due to work
. i and trangport routes between blodks enaures no
(yad |load and inteference bewen equipmet, |. .
. ! intaference baween aanes and inoesse o
operation) decrease_dtraqgam CroSsss ml_argngo‘crane digtharging crosses to cause no digat move
travd digance, and deteriordion of o gaes.

produdtivity.

In layout, dl contaners on discharging and KMI layout enablestravel of discharging routes

trangport routes of export andimport cotaingsaf AGV  bewean blodks causing running

by AGV ae desgned to gate in and aut in eficiency.
Layaut the eegen pat of temind. Accordingly,
(Yad conveaging AGV daeiades efidency and
oparation) distharging produdtivity. Now, it is chenged

to conventiond RMG type layout. Autometion

o RMGC was achieved, but, due to some

problems in development and goplication, it

is not gpplied.

- Client/saver computerization conogpt was Digpersed data prooessing sygem complying
introduced, but data disperaing process wagwith process and dada charaderidics s
nat redized, causng saver oveload and|etablished.

Unilled | handing dday.
computer |- Opeaion rdaed logic is hat made in
gydem agorithmbut processedin DB, causingfalure
in meking sysem required for astomation
o equipment.
- EDI sygem is nat s up.
Unteted dud trolley gantry is adopted. | In sdedting automated equipment, it isrequired
Automaed|- 2 drivers ae required. to sdect equipment which can be teted and
equipmat |- Haurly produdtivity is as low as 20 lifts|compared with current tedhnicd levd and

exiging terminds.




4. The Handling Technology of ACT?®)

4.1 Dual Hoist Systems

The demands being made of sngle-hoid cranes are dretching them to
the very limits of ther capability. It is edimaed tha if a Sngle-hoid crane
was to be fitted out with dl the lates performance enhancing techno ogies,
productivity would nat exceed 50 moves an hour, compared with atheoretica
edimaed requirement of 60-70 moves per hour for the laes generaion
of ship-to shore cranes to waork a 18+ container wide pog-Panamax dhip.

Although nat a new concept by any means the second trolley sygem
is gill seen as aviable option by some to improving the hourly move rae,
mog natably by VIT on its KoneCranes and Flanders Container Termind
(FCT). ECT inddled adud hoig sygem on itsNecon cranes and, initidly,
clamed that it increased produdtivity by as much as 15% and brought about
a smocther handling cyde. However, ECT has now removed or no longer
uses the second trolley on its dud hoig cranes, citing reiability problems
and a falure to increase produdtivity as the man reasons. Ansado, which
has supplied dud hoid cranesto the Sea-Land termind a Kaohsung, points
out that the red utilistion of the dud hoid is very rare. The mog recent
intereg in the dud hoig sygem comes from HHLA, who have ordered three
units for deivery in 1999 from Nodl.

Whilethere are benefitsto adud hoig sysem, it cannat, of course, increase

8) This chapter is based on the materials, "The Future of Container Handling
Technology"(Cargo Sygems, 1999), "Developments in container handling
technology "(Cargo Sy stems, 1997), "Recent developmentsin information technology
for container terminals'(Cargo Systems, 1999).
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termina throughput by itsdf. The red bottle neck in contaner terminds
remans on the quay. Nodl condder that the low level of demand for dud
hoid sydems is a rexult of this problem. There is no point geeding up
Quaysde operations of yard sysems cannot match their produdivity.

Although there are variaions in desgn, cranes with a dud hoig sygem
normdly have two extra feaures compared to dandard sngle-hoid cranes:
a moving plaform and a hoig frame.

Usng a rope pulley sygem the plaform carries containers weighing as
much as 55 tons over a digance of up to 35m, moving automaticaly between
themanualy operated main cranetrolley a the quay s de and aparking postion
bdow the tedescopic soreader of the daionary hoig a the landsde.

The hoig frame loads and unloads the platform and dso lowers and hoids
the containers, over amaximum digance of 5m, oncethe platform has moved
off. All movementsare controlled by an on-board PL C connecting the chass s
loader to the chassdtraler train.

Inusng semi-automeation oneoperator i susudly suffident though sometimes
two operaors and two cabs are used. To protect the drivers from the impact
of sudden accderdion and decderaion of the trolleys, the cabs are run on
independent raillsa ongsdethetrolley runway. One problem with two trolleys
running at the same time dong the same rurway is deflection in the boom.
Dud hoig sydems a0 increase the overdl weight and the whed |oads of
the crane. This means they ae nat itable for many dde terminds.

Nodl has deveoped two dud hoig desgns. The fird, under condruction
for HHLA, uses a lasher plaform to the ship to an area where they can
work safely. The man traley brings the container to the lasher plaform
where the twiglocks are removed. The second trolley is fully automated.
It trangports containers between the traller and the plaform. Nodl desgned
this sydem to improve lasher security. However it dams tha computer
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smulaion has demondrated that it is 20% more productive than a sandard,
sngle trolley crane.

The other, paented Nodl sygem invaves two independent trolleys that
can pass each other. Although there have been no orders, Nodl dams tha
this desgn can increase productivity by 70% over a sngle trolley crane.
It dso offers lower whed loads than other dud hoig desgns.

VIT is ancther of the double-traley or dud hoig sysgem. VIT'sdud hoig
craneswere upplied by KoneCranes.Here, theplaformispostionedverticaly
costothelevd onthe deck of the vessel where the containers are handled
inorder toreducethel onger ship cyde.Baththe ssaandthel ands de operations
are under the automatic control of the PLC. VIT reportsthat its dud hoig
cranesgive anincreasein productivity of 10movesper hour. The disadvantage
is tha the maintenance cods double.

KoneCranes has manufactured dua hoig cranes with following
specifications:

<Table 4-1> KoneCranes Double-trolley Specifications

Lifting capacity under oreader 40.6 tonnes
Out-reach from waersde rall 45.7m
Backreach from landside rall 22.9m
Lifting height above rails 33.3m

Ral san 15.2m

Hoid speed with full load 55m/min
Hoig speed without load 130m/minute
Ship trolley speed 180m/minute
Shore Trolley peed 75m/minute
Gantry oeed 45m/minute
Boom hoiging time Sminutes
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4.1.1 Paceco-Mitsui Supertainer

Although the Supertainer desgn concept hasbeen around for severd years,
there have been no ordersto dae. However, Paceco-Mitsui continueto market
the SQupertainer concept consdering it to be the only crane fag enough to
handle the future mega-9zed container ships. A mega ship is defined as
20-22 containers wide with a cgpacity of up to 15000 TEUs.

In theory, the Supertainer is capable of handling 90 baxes an hour, which
isthreetimesfager than anew Portainer Crane. The operaor's cab is atached
to the watersgde trolley and the chute operation's cab/checker's cab is &
the container chute, but there is no operaor cab on the landsde trolley.
A key devdopment here is that the trolleys do nat travel when hoiding.
Indead, the horizonta movements are undertaken by the traverser which
takes the containers from the waersde traley to the landsde trolley. The
traverser runs dong the outsde rals of the girder while the trolleys are
mounted ontheingde. When thetrolleysand thetraverser overlgp the hoised
container istranderred. Mog of the operaion is done automaticaly except
for pogtioning on landsde and watersde and trolley lowering mations.

The traverser plaform can be rased and lowered to mach the container
height on the ship. This reduces hoiging and lowering time and, therefore,
overdl cydetime. Thismakesthe Supertainer mog itablefor a ship without
hatch covers, but with extended guide rals aove the deck. However, as
present shipsaredl hatch cover dedgn, thefollowing € ementsareincorporated
in the Supertainer dedgn:

» Semi-automdic cone handling: The semi-automaic cone is atached
to or detached from the bottom of the lifted container by the workers
on the ground. Containers aove hach covers ae handed between
the ship and the ground with their semi-automatic - cones underneath
thebottom of the container. Thetraverserisded gnedtoreceivecontainers
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with cones atached.

- Shorter pah handling: For a hatch cover hip, it is not necessary to
lift each container up to the maximum heght. The traverser can be
lowered in three geps, to atotd of goproximatey 8.7m. This reduces
the cyde time for a container in the hold by five seconds.

- Hach cover handling: When a hatch cover is handed, the traverser
is moved to the quay dde beyond the watersde trolley. The watersde
trolley can pick up the hatch cover, trangport it to the backreach and
lower it to the ground. The landsde trolley is moved to the end of
the backreach to dlow for this.

Bath trdleys are MOT type to diminae the complicated rope reeving
tha would be needed atherwise. The hoiding ropes are reeved down from
the drums, through the sheaves of the headblock, back up to the trolley
and connected to hydraulic cylindersingdled in thetrolley frame. Hydraulic
cylinders operaethetrim, lig and skew of the oreader, for snag protection
and absorption of rope dack.

The concept of the Supertainer has undergone some desgn dteraions snce
it was fird unvelled. The mog recent specificaions offered from Paceco
Corp. indude three different outreach options. These are liged bdow.

<Table 4-2> The Paceco Supertainer - Dimension Options

18 row outreach|20 row outreach|22 row outreach
Backreach 50ft 75ft 75ft
Foan 100ft 100ft or 150ft | 100ft or 150ft
Lift height above rall 125ft 130ft 135ft
Lift height below rail 60ft 60ft 60ft
Tatd lift height 185ft 190ft 195ft
Traverser clear height 110t 115ft 120ft
Leg cearance 60ft 60ft 60ft
Portd tie clear height 550ft 50ft 50ft
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In addition to the different S9ze options avalable, there are two different
peed options.

<Table 4-3> The Paceco Supertainer - Speed Options

Cae 1 | Caze 1
Main Hoig(bath trolleys)
V\|/_||t§ stlTr?sd 99m/minute 137m/minute
Lowering 113m/minute 152m/minute
Without load
Hoiging 198m/minute 274m/minute
Lowering 198m/minute 274m/minute
Trolley travel
Waersde trolley 152m/minute 152m/minute
Landside trolley 76m/minute 76m/minute
Traverser trave 152m/minute 274m/minute
Chute travel 76m/minute 76m/minute
Gantry travel 46m/minute 46m/minute
Boom hoig time 3Min 45 3Min 45

The rated load of the waersde traley, landsde traley and traverser is
65 LT each. Therefore, the tata rated load for the cranesis 195 LT.

AC inverter contral isplanned to ease maintenance. However, it isintended
to equip each man hoig with 2 X 750kw DC thyridor control. While totd
motor capacity is gpproximady 4,500kw, power consumption is far less.
This is because the No.1 and No.2 conveters are connected to a sngle
large trandormer s0 as re-use backpower from one sde to the ather without
going through the trandormer. On the Supertainer, when one hoid israsng
the ather is lowering.

The power source to the Supertainer is AC, three phase 60Hz, 11kV.DC
power to the traleys is through conductor bars and shoes. AC power for
trolley travel and communication i sprovided through fesoon cables. Because
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of the high traverser speeds, AC power and communicaion to the traverser
may be by contactless (inductive) power supply.

Ingde the chute is a safetly dopper to ensure pratection should a driver
wak undernegth it when the landsde hoig islifting or lowering a container.
To prevent injury there are hydraulicdly retracteble gops indde the chute.
The extenson of the dopper the hoiged container or spreader sops
automaicaly jug before it. Once driver ssfety has been confirmed, the
dopper is retracted.

In addition to fager handling speeds other esimated benefits include
excellent cos performance, with initiad cos per box lift being around
58% of a New Portaniner model, and running cog per box lift a 79%
of a New Portainer crane.

It isdso damed tha the ease of automatic operaions confirms rdiability
and converson to further automaic operation while a lack of swvay and
cycdicd moves ensure operator comfort.

For the working of pog-Panamax ships four $andard pod-Panamax quay
cranes are used. Paceco sugged stha the Qupertainer isused in corjunction
with two gandard cranes thereby reducing the number of cranes required
to work a ship by one. The company dams tha beddes this advantage,
which a sobringsabout cog savings, theflow of quay-to-gacktrander vehicles
is amplified and congegion reduced.

4.1.2 Elevating Girder

In July 1997 VIT put out to bid its devaing girder crane. This was the
culmination of the 'Container Crane 2000' prg ect VIT had been undertaking
in cojunction with KoneCranes. The basc idea is tha the crane operaor
can be pogtioned as doseto the vessd being worked as possble. To achieve
this, the desgn will feaure a boom cgpable of being rased and lowered



Ex0

horizontdly over the container sack. Attached to the boom is a high gpeed
trolley, weighing between 30 and 40 tonnes. Whed loads are around 175
kippswhed with 5 foat spacing.

During operdions, the boom is podtioned as dose as possble to the top
of the current row of shipboard containers. Once a container is sHected
from the ship, the soreader isfully raised and locked into thetralley. Trolley
oeeds of 275mVminute are possble without load sway.

The crane has the option of being fitted with anti-svay, but redly only
to be usad in ceatain sotting Studions. The man specificaions are tha
the boom mag mug be ale to devae over a digance of 60ft a a geed
of 20ft/minute. Although Virginia Port Authority(VPA) invited tenders for
an devaion girder desgn in 1998 for the Hampton Roads termind, VPA
decided on a conventiond A frame dedgn. There were problems with the
heght of the devaing girder crane a this paticular termind.

The plan for an devaing girder crane has nat been sheved indefinitely .
The desgn will be congdered again for future termind up-grades.

4.1.3 Independent Double-Trolley Design

This is perhgps the mog recent concept in twin trolley cranes. Flanders
Container Termina FCT), a transhipment facility owned by Katoen Natie
Terminds, amsto achieve a minimum average of 210 container moves per
hour per vesel and become the firg "fag termind”. FCT cdaulaes tha,
to achieve this target with "conventiond™ pod-Panamax cranes a leas 6
cranes working smultaneoudy are needed. However, this is very much
dependent on having a sowage plan that enables 6 cranes to work
smultaneoudy and yard logigics tha can cope with the flow.

After atechnica evauaion of the sygems available, FCT put out atender
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for a doubletraley sysem in 1998. The difference between this and the
other double-trolley desgns outlined above is tha there will be no moving
plaform, but nether will the trolleys pass each cther. It is intended tha
bath trolleys operae independently over the full range of a 52m outreach.
Although the trolleys can operae within a digance of 8m of each cther,
it is intended tha they will hande containers on ther regective sdes of
the ship. Each trolley will fitted with along twin oreader. FCT dam that
smulaions have shown an increase in production of between 45% and 78%,
depending on the ship and loading plan.

Seven manufacturers came up with a desgn for this type of sygem and
a shortlig of five was then compiled. FCT has recently made a decison
on the find desgn and the supplier and a price has been agreed. However,
FCT needs an increase in container traffic of around 100,000 TEUS before
it canjudify an extra crane, otherwise the desggn will have to wait until
an exiding modd needs replacing.

FCT have adopted a draddie carier direct yard sysgem to support the
planned increase in productivity. This involves draddle carriers fitted with
twin-lift soreaders sarving the quay cranes. A buffer zone is employed on
the yard, rather than buffering under the quay.

4.2 Full Automation - (RMGs, ASCs, OHBCs)
4.2.1 Introduction

While RMGs have obvioudy become eader to automate than RTGs,
driverless machines are dill the exception rather than the rule. The prime
examples of where they are used are & purpose built 'automated' termina's
auch as ECT Ddta SearLand, Thamegport and Pasr Pajang PSA.

Whilethesetermind s have successully introduced fully automated RM Gs,
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other termina s have nat had as much success. NKK corporation experienced
technicd problems with fully automaed RTGs a its Kawvasski termind .
Likewise, Samaung heavy indudries did not have a favourable experience
introducing semi-automated RMGs a PSA.

422 RMGs

At the Ddta SearLand termind lightweight Nelcon Automated Sacking
Cranes(AC) are used in corjunction with AGVs. Fdlowing an origind
ddivery of 26 quay cranesin 1989, ancther 28 upgraded modd swereinddled
in 1995 as pat of the 2000-8 prged, capable of gacking 1 over 3 high.
The origind ddiveries have low sacking cgpabilities and as such only need
ample mechanicd load control mechaniams, while the more recent units,
becausethey gack higher, have needed dectronic anti-sway devicesingdled.

Whilemog postioning sygemsfor yard gantriesuseintermediate reference
points, the ASCsa ECT use aHoles-devised magnetic sygem for continuous
reference for movements over the gacks. Mounted on blocks benesth the
cranerals are magnetic trangponders, placed & 3m intervds. These generae
magnetic fidds which are picked up by sensors containing microprocessors,
mounted on the undersde of the ASCs. Accuracy can be obtained to 1

At Thamesport the driverless RMGs travel dong the rails and condantly
check their own postions usng ardaivey smple technology. Reinforcing
bars 20 long and welded onto plaes, have been bolted onto the deepers
under the rals a known intervas. On the cranes are infra-red beacons. As
a crane moves dong the rals the infrared beam is interrupted dlowing
theRMGtorecdibraeitsdf, such aswhentheralsarewet or when postion
is log due to powver aurges. Accderation and decderaion are under the
control of the on-board PLC, while the postion of the cranes is reported
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to the centrd by radio data trangmisson. The only pat of the operaion
involving human input isthelowering of containersonto truck chasss where
an atendant contral s the process usng aremate control unit. Thisis Smply
because truck driverstend not to park exactly under the line of the spreader.

HHLA hadrecently rel easedinformati on ontheded gn of thenew Alternwerder
termind, now under condruction. The yard is to be fully automated,
incorporeting AGV's and ASCs. The AGVs will operae in a 100m wide
area between the quay cranes and the ASCs. The yard dorage area is to
be divided into 22 dorage blocks with a tatd cgpacity of 30,000 TEUS.
While some blocks will be of a pecid desgn incorporaing sed plaforms
to savice reefer units, mog will be ten rows wide, 37 long, with trander
aeas & each end. Each block will be served by two ASCs. The unique
fedure of the ASCsisthat they have been dedgned so that one larger crane
can move fredy over ancther smdler, inner crane. This gives each crane
the ability to service the entire block Smultaneoudy with dl dots accessble
a any time. Ancther advantage is tha, should one ASC bresk down, the
other can dill operae the full length of the block.

As is with the driverless RMGs a Thamesport and the OHBCs a PSA,
the trander to and from road trucks will nat be fully automaed. Trucks
will reverse into one of 9x handling lanes a the rear of the halding block,
where the ASC will automaticaly postion itsdf. The find approach and
locking of the soreader into the corner cagings will be remate controlled
by a centrd supervisor usng cameras that would need to be mounted on
the ASC or the goreader. At the time of writing, HHLA was dill in the
tender process and no supplier had been decided on. However, it isundersood
tha the concept of two ASCs passing each other was developed by Nodl.
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4.2.3 Overhead Bridge Cranes

The lated development in unmanned yard cranes is the OHBC sygem
a the Pasr Pajang Temind a PSA. On April 3, 1997 the firg two
Keppd/Mitaui cranes were inddled. Twenty two more followed over the
course of 1997. Twelve more were supplied in 1998 and the fina 12 will
be inddled over the course of 1999. These incorporae what PSA dams
to be the laed technology, namey an automaic crane control
sygem(ACCS) comprisng an APIS an autométic travel control sysem,
a dack profile scanning sysgem and an automatic fine aignment sygem.
The prime reason for PSA inveging in the OHBC sysem is tha both
land and labour cods in Sngapore are very high. The rewult of this
is tha the cranes, which run on girders mounted on 28ft tal concrete
pillars, are high enough to be able to gack containers one over eight
high and up to 10 wide plus three truck lanes. This is a big advance
when compared with the one over six high sacks atainable by the MHI
RTGsa Modern Terminalsat Hong Kong and aso by PSA's own K eppd
Mitsui RTGs. The lifting mechanism, which has a capacity of 40tons,
iscomprised of awinch hoig and a soreader, suspended a the headblock
which atached by ropes to the trolley. The drives are powered by AC
motors and except for hoiding, DC drives are used, achieving horizonta
travel gpeeds of 90m/minute when loaded, 120m/minute when unladen
and a trolley speed of 70m/yminute. Laden hoiging speeds average
53m/minute, the faged dtainable by any yard crane in service, well
over twice the rate for mos RTGs in operaion. Unladen, a maximum
of 130m/minute is possble.

The initid plan a& PSA was to use the OHBCs in conjunction with
AGVs. This plan is now on indefinite hold. The ABB-supplied ACCS
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was to be used for picking up containers from AGVs, and usang the
ABB CPC dectronic anti-svay and load postion control unit. Used in
conunction with a Target Postioning Sensor(TPS), it facilitates the
automatic pick-up and landing of containersin the sack or on vehicles.
The TPS is a piece of laser-based equipment which is used for fine
adignment of the gack and profile scanning.

However, currently precise remote postioning is only possble with
PSA's own prime movers and not with vehicles arriving from outside
the port. This is because there is no uniformity in their dimensons.
Consequently, the OHBCs used for interfacing with externad vehicles
are manualy operated. They are controlled two a atime by operators
gtuatedintheterminal control room. A swith other advanced crane sysems
the OHBCs operating gaus and diagnogics can be monitored from the
central control via a computerised crane management package.

4.3 Automated Guidance Vehicles AGVs
4.3.1 Introduction

As with other technologies recently taken up by the container handling
sector quch as bridge cranes, AGV's themsdves were not a new concept
when ECT and PSA initidly began teding them in a container termind
aoplicaion. However, the container termind creates different technologica
requirements. The earlier versons were desgned to work in endosed
environments and as uch were batery-powered surfaces. Moreover they
didnat requirenon-gop, round-the-clock operating. Unlikeother yard container
handling machinery which the large suppliers can manufacture to a $andard
inbulk & rdaivey low cog, AGV suppliers do nat manufacture heavy-load
vergons unless there is a definite buyer.
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The primereasonsfor ECT opting for AGV sarethe same asfor automation
of other termina equipment: to save on long term high labour cods and
human eror or mativationa problems and to achieve round-the-clock
produdtivity .

For outdoor operations AGV's need to be consderably more robug than
an indoor type of vehicle capable of withsanding repetitive shocks as
containers land on the chasss a the shore-3de and traveling 24hours a
day over uneven surfacesin dl kinds of westher. Such ecifications clearly
add to R & D cogs, making thistype of sysem only aviable option where
cod benefits will outweigh dterndive labour cods in the long term.

To date, MDGattwad is the only large scde manufacturer of AGV's for
container handling, supplying ECT. Kamag and MEShavetededther desgns
in Sngapore during PSA'sAGV trid. Severd other suppliers have prototype
desgns incduding: MHI, Liftech Oy and Huisman-Itres.

The key to an efective multi-AGV operaion lies in the traffic control
gydem. Essatidly there are two types of traffic control. The fird, centrd
traffic(CT) control iswhere there is no information processng 'intelligence
ether builtintotheAGV sor inddled & oecificzoneswithintheinfragructure.
Zones are those areas bordered by track interactions. Here dl vehicle
movements are directly controlled by the sysgems centrd traffic controller
viaa sysem of mutua excluson. Didributed traffic(DT) control iswhere
the AGV's and posdbly the critical zones have some form of 'built-in
intelligence’ implying tha overal ‘control’ is replaced by 'coordination'.

As ECT was the pioneer in the use of the traler-tran concept so it has
a 50 been & the forefront in implementing AGV technology . Currently, ECT
is the only operator actively usng AGV's, though PSA has been carrying
out extengvetriasfor severd years and Thamesport has pogponed the idea
after succesdul tedswith its Terberg/Firefly prototype. NKK aso consdered
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udng AGVs within a totdly auttomated termind a Kawasski.

432 AGVs a ECT

ECT now around operates 150 AGVs a theDdta SearL and termind (D)
and the DdtaDedi cated Eag(DDE) termind, manufactured by MD Gottwal d.
Snce their introduction, the vehicles have undergone around 70
modifications. At thetime of writing Hutchinson Port Holdingsare seeking
EU approva to purchase ECT. This cag some doubt as to whether the
AGV development would continue. However, & the Container Handling
Conference in London in 1999, the Director of ECT confirmed that
Hutchinson was committed to maintaning AGV devedopment a ECT.

ECT's AGVs, purpose-built for use & DS, are two-axled, four-wheded
chasss cgpable of carrying ether a 20ft, 40ft or 45ft container of up to
40ons. Powered by a DAF diesd engine, they can run 24hours a day for
severd days without refuding. Trangmisson is automatic with a gpecidly
desgned torque converter built in. Bath axles are deerable, but only one
isdriven, dlowing for a high degree of manoeuvrability induding crabbing.
Maximum oeed fully ladenisaround 18 gh. AGV sare cgpable of dimbing
a one in twenty gradient.

In late 1998, ECT asked MDGattwad to develop anew AGV modd with
an increased cgpacity of 60 tonnes, configured to dlow one 45ft, one 45ft
or two 20ft boxes to be caried, rather thanjug one container as a present.
The deved opment and teging programme of the new modd, the CT60, has
nov been compleged. The CT60 incorporates an onboard MDGattward
computerised navigaion sygem (Navimatic) with data input from fleet
control asto the desired path, to congantly compare and monitor position
and heading (every 20 milliseconds) with the subterranean transponders.
If there is any track deviaion it will make the necessary speed and



Exiii

positioning ad usgments to bring the AGV back onto the programmed
path.

Navimdic fegures a podtioning accuracy of lessthan 20 , a repeating
acauracy of less than 1°, cycle time for serious tasks of one millisecond
and cyde time for navigaion purposes of 20 milliseconds. It has smoath
deering dgorithms, smocath driving and postioning dgorithms, dip error
detection and detalled mantenance interface.

For the new CT60 modes operating soeed is normaly beween 12 /hr.
The gpeed can be =t t0 25 /hr but any fader isnot recommended because
of the possbility of containers overbadancing on the track curves and the
spoeed over the transponder would be too fag for adequate readings and
regponses of the fleet control programme. The fird ddiveries were made
in June 1999 and 41 of the new vehides will be in operaion by 2000.

At present, navigation is based on a combinaion of grid technology and
FROG (Free arranging on grid), developed by Indudria Contractors Holland.
The sygem is based upon postion egimation with odometry, combined with
podtion cdibraion on apaint grid made up from passve trangoonders buried
beneath the termind surface. This dlows AGVsto roam fredy, raher than
adong fixed axes. When an AGV passes over atrangponder, thisis activated
by an antenna under the AGV determining the asolute postion on the grid.
An on-board micro-processor controls the geering via an RDT link to the
Traffic Control Sysem. The mechanica and dectricd functionsare controlled
by a Semens Smatic 55 progranmable logic controller which dso acts
as a diagnogic sysem, detecting fud and ail levds, faulty components and
SO on.

Whilethe D termind has been secificaly desgned to be 'unmanned,
each AGV is fitted with infrared sensors a the front and rear which can
locae dg ects within a 10-12m range & optimum speed. AGV's move by
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‘daming’ 10m areas ahead (‘daming areas), usng the RDT-centrd contral
link. In short, these 'areas ahead of the vehides are sensed out to check
tha there are no dbgacles in thar path. Should there be, the AGV's 20p
and only move once the dbdacle has quit the 'daming ared.

TheAGV sdhuttlebetweenthe areabenesththe quay cranestothe Automated
Sacking CranegASC) a the gack. The interchange between the AGV's and
the ASCsiscontrolled centraly. AGV sarepart of theoverdl logigics sygem.

433 PSA's AGV Triad

While ECT has years of experience teging and actuadly operaing AGVs,
PSA has ye to sdtle on ay sygem, having been carrying out tegs with
bath MES and Kamag AGVs. Fidd trid s beginning in 1994 involved usng
three Kamag and two MES machines & the Brani termind . Teds involved
working a angle berth usng five quay cranesin corj unction with five AGVs.

In the same way ECT's MDGattwa d-built vehid es use the FROG sygem
to contral navigation, so the Kamag/MES chassstha weretesed were fitted
with Tadiran Tdemaic's AMOS navigaiond sygem (AGV Management
and Operaion Sygem). At ECT trangponders are used in afreeroaming grid
format. But this has only been possible because DS is a purpose-built
automated terminal. PSA, which is hampered by lack land availability,
has had to go down a different route.

The PSA protatype tender soecified load travel gpeeds of 7nvsecond with
cornering speeds and crabbing speeds of 4m/second which require 350HP
engines. The AGVsthemsdveswerefitted with an obgacle detection sygem
congging of two radar points & opposng diagonas which sveep through
270° to gan 360° range of vigbility over a digance of 40m. As with the
FROG sysem, AMOS deedsthe safety zone, the parameters of which are
determined by speed and direction of travel. When an obdade is sensed,
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AMOS gives a command for the hydrodatic drive unit to dow down. Should
an og ect gopear within a amdler 'ahead’ area, the dbgadle detector gives
a command to the navigaion sysgem. The Kamag versons have on-board
diagnogic sysemswhich were built into the & ectronic contraler repongble
for monitoring and contralling the hydraulic and dedricd sysgems engine
paamees, drive and deering sygems dgnding and warning lights and
other components. Norma maintenance data is transmitted between the
onboard communications sysem and the computer controlling the whole
AGV operaion. Once the AGV is dddined to the maintenance area,
alaptop computer could be used to receive areadout of the AGV s gatus
including data on wha work needs to be done. Work on all the main
mechanical sysemsis made easy by mounting them in a saf-contained
Power Pack, located in the middle of the vehicle, which could beremoved
as a whole from the quick-disconnect couplings.

Tadiran dam tha AMOS demondrated a draight ahead drive & a speed
of 6.5m/second, with an accuracy of +/-10 dong the lane, the abilities
to change lanes to pardld, u-turn to a pardld lane a 20m didance and
turn to perpendicular lanes a speeds of up to 3m/second with loads of up
to 50 tons. However, Tadiran is currently undertaking further research and
devel opment to improve the sygem'’s performance to achieve higher driving
anddocking accuracy, fager reactionsto commeands, faser and eas er adaptation
to various types of AGV and more autonomous contral of the AGV.

PSA and other companiesinvalved in the prgect spent consderable time
and effort developing AGVs for the Pasr Parjang termind (PPT). To dae,
no AGVs have been put into use & PSA. The initid trids conducted with
Kamag and MES AGV's and the AMOS navigaion sysem were compl eted
in 1997. Thelates availableinformation istha PSA intendsto Sart replacing
its current prime movers with AGV's beginning in December 2002 & PPT
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Berth 6. The operaiona sysem will be teged in 2003. When this is
successul, theintention isto extend the AGV sysgem to other PPT berths.
PSA cdculaes that AGV's will permit each berth to handle a minimum
of 750,000 TEUS.

Degpite PSA regarding the initid trias as commendable, it is undergood
tha theinitid results did not meet the demands of PSA's complex operationd
requirements. In May, 1998, it was announced that, for the fina phase of
deve opment, agreements had been dgned beween PSA DSO Naiond
Laboratoriesand CET TechnologiesPte Ltd. Thisnext phase of deve opment
seeks to improve further the vehicle control, navigation sensors dgorithms
and wirdess communications. DSO will desgn and deveop the Navigation
Sydems and hande the desgn integration of the entire AGV sysem based
on PSA's ecifications and requirementswhile ECT will supply andintegrate
the componentsused intheNavigaion Sysem. PSA will providethetermind
operdions knowledge for the prg ect and d so devdop the AGV Deployment
Sygem(ADS).

434 The HHLA Altenwerder Terminal

HHLA and its container handling subsidiary Container Termina
Altenwerder GmbH announced a decison on the technology for the new
Altenwerder terminal in Hamburg. Thisterminal isplanned for completion
in 2003. The termind will use the doubletrolley crane design developed
for HHLA by Nodl and the ASCs. The quay to sack trander will be
by AGV. All tha is known about the AGV's desgn is tha they are
to be a diesd eectric, rubber tyred vehicle capable of carrying up to
two gandard containers a a speed of 6m/second. The planned navigation
gydem condds of ‘dectronic markers (transponders) set in the ground
that the AGV reads when passng. The fird dage of the termind is



Exxii

planned for completion a the end of 2001. This will see two berths
designed to handle 1. 1 million TEUsS a year in operaion.

4.3.5 Other AGV Prototypes

Severd manufacturers have developed AGV prototypes on the scae
necessary for automaing quay to sack trander.

1) Huisman-Itrec AGV

Huisnan Soecid Lifting Equipment BV, pat of Huisman-ltrec of the
Netherlands, have desgned an AGV for use in heavy indudry. The desgn
originated in the MA thess of Marco Broer, a dudent of Ddft Univergty
in the Netherlands. Cdled the Sdf Propdled Modular Trangporter (SPMT),
a vehide is in use in Huisman's own factory.

The SPMT is a modular dedgn vehide consding of two independent
halves solit longitudindly. Depending on the gpplication, different Sze and
shaped middle setions can be coupled between the haves or they can be
coupled together. Multiple SPMTs can d 0 be coupled together |engthwise.
Each hdf isidenticd with its own diesd hydraulic drive powered by a DAF
diesd engine, dectronic unit, braking unit and hydraulic lifting unit. Speed
is controlled by a digitd dectronic control sygem, controlling the engine
speed, digplacement of the drive and the drive mators. A configurdion of
trangporters can operate ether with traction control or with gpeed control.

Unlike other AGV dedgns, the SPMT lifts a load by driving undernegth
a rased plaform and then lifting the plaform, and the container placed
on it. A hydraulic lifting sysem is employed to raise the load. Each lifting
cylinder can be dlocaed to a gpecific lifting by means of bdl vaves. For
container handing, the SPMT would lift containers from a raised plaform.
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The containers would be placed on ged frames supported by the raised
plaform. The SPMT would then lift the container and the frame from under
the plaform. Unloading would be the same process in reverse.

The vehicle has crabbing deering and can turn & 90°. Navigation
is achieved by DGPS. The SMPT offers congderable saving on vehicle
turning space in the yard. Huisman-Itrec calculate that the SMPT could
operaein ayard with 60m between the quay crane and the gack buffer.

2) Kamag AGV

The Kamag AGV itdf is of welded ged, two-axle condruction and is
capable of carrying a 20, 40 or 45t container. Both axles are designed as
deering axleswith brakes. Only one axleisdriven. The drive sygem cong s
of Mercedez Benz OM 401 LA waercoded diesd engine producing 302HP
a 1.900rpm linked to a hydraulic motor, driving a gear on the axle
differentid, which itself drives the outsde planetary gears connected
to the whedls. The drive is hydrogéaic to provide smocth acceleration
over awiderangeof operating conditions. Brakingisregul ated by opposng
the direction of traved, thus reducing wear on the norma braking components.

Both whed's on an axle are connected by tie rods. They are deered by
two geering cylinders acting independently on each whed . Drive and geering
encoders are integrated on the axle. To ensure optimum traction and geering
on uneven ground or roadway's, the non-drive axleismounted with pendulum
bearings. The drive axle is rigidly mounted to the frame dructure. The
electronic deering sysem is equipped with four different Seering
programmes:

- MODE 1 - Normd Drive with adl-whed geering(+/-40°)
- MODE 2 - Front Whed Seering
- MODE 3 - Rear Whed Sesring
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- MODE 4 - Padld Seeing

Kamag offers three different safety sydems. The fird is the Obgacle
Detection Sygem(OD S), free of contracts. Thisinvolves sensors |ooking
for movement in safety zones draight ahead and sdeways. The sensors
have a range of 30m front and back and 5m sdeways. Two zones are
monitored: The Emergency Sop Zone and the Decderaion Zone.
Decderation zone digances are reduced with speed. The second safety
gydem is a front and rear ultrasonic sysem. The third is a mechanica

emergency sop sysem.

<Table 4-4> Kamag AGV Specifications

Payload 40,000

Vehicle deadweight 18,000

Tyres 8X 13.00R 25 Twin
Axle loads 2X 29,000

Max traction Approx 5,300 daN
Max gradient ability |oaded 6.5%

Maximum loaded gpeed (fla ground) 20 /h

Accderation to full geed 20 seconds

Turning radius (al wheel deer mode) 115m

3) The MES AGV

The MES AGV teded & PSA feaured severd
Kamag modd:

» Whereas the Kamag AGV's fegtured an ultrasonic back-up €ectronic
bumper,theMESvers onusedalesscogly but larger mechanica bumper.
- The Kamag AGVs had independent deering mechanisms while the

MES machines used intermediae tie rods.

» By ugng an extra sensor & the whed measuring time againg digance

key differences from the
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covered, the Kamag unitswere ableto accd erae over the same digance
whether laden or not. The MES AGVs did nat have this feaure and
werereported as accd eraing faser when empty, but 4 ower when laden.

43.6 Merits and Potential of AGVs

There are varying opinions of the merits of AGVsin container terminds.
Their grestes benefits are a potential reduction in labour cods and an
increase in safety. Speaking a the 1999 Container Handling Technol ogy
conference in London, Rob van Eijndoven, Director of ECT, argued that
AGVsare definitely economically viable. Without providing a numerical
compari son, Eijndoven esimated that AGV's, in combination with A SCs,
had reduced the number of people needed in a crane team from seven
or eight down to three.

When they were introduced & ECT, AGVs were intended to be capable
of supporting high gpeed cranes operding & 50 moves per hour. As with
any new technology, there were dbvioudy prablems implementing AGVs.
It isundergood tha productivity & ECT was around the leve of 25 moves
per hour, later moving to 30 moves per hour. ECT now plans to increase
its productivity from 30 moves per hour to 35 moves per hour by further
enhancementsto the AGV operaion. The new MDGottwad AGV sthat can
cary two twenty foot containers & a time offer condderable potentia to
achieve this by dlowing twin-ift operations.

Naticeably, the plan for the new North-Wed termind on the Maasvlakte
includes AGVs reflecting the beief of the research and desgn team that
they can achieve the kind of produdtivity levels edimated as necessary to
savice vesHs of 8000 TEUs in 24 hours. As far as AGV's themsdves
are concerned, it is worth nating tha the Smagic prged involves giving
them more ‘intdligence’ to improve their operaiond flexibility.
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Although ECT remains committed to AGV's, the pogtion of PSA is less
certan. AGV implementation a& PSA ssemsalongway off andis gill suly ect
to saidactory further devel opment.

As discussed above, HHLA recently announced its decison to implement
AGVs as pat of anew automaed termind & Alternwerder. The fird two
berths of the automaed facility are expected to be operaiona by the end
of 2001, representing a mgor breskthrough in termind automation. While
the tender process is nat expected to be completed until the end of 1999,
this is the firg time dnce ECT implemented AGVs that anather termind
made a concrete decison to follow its lead. HHLA expeds tha the totd
invesment in the four-berth termind will be in the region of DM $670
million. This indudes seven quay cranes and 60 AGVs. It is nat known
what the cog of the AGVs themsdves was.

As fa as Thameport is concerned, while no firm commitment has yet
been made, it seems dear tha it intends to introduce AGVs in the near
future. AGVswere pat of theinitid plan when Thamesport was congructed,
but lack of development funds forced the idea to be shdved. Thamesport
dill plans to use the radar navigdion sygdem that it teded in 1993. This
technology isnow being developed for draddle carrier automation in Petrick
terminas in Audrdia

For an edablished terminad with a large invesment in infragructure,
switchingtoan AGV operaionisdill very high. AGV smay beaconsderaoly
more atractive invesment for agreen fidd termina . However, despite many
new terminds carefully consdering the idea, as yet only HHLA at
Alternwerder has opted for AGVs. Anather of the lated terminds, Ceres
in Amgerdam, will be a draddle carrier direct operaion. However,
MDGottwad condderstha AGVsae ganing in an acceptance momentum,
but because of the initid capitd cog outlay, AGVs are redly only feasble
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wherethere are high labour cods. In termind swhere [abour cods are lower,
a labour intensve operaion is more economica & presen.

MDGattwad is currently engaged in extensve negatiaionswith a number
of mgor ports throughout the world. Negatigions involve the vehidle and
the layout and sygemic planning of the termind. MDGattwald expects that
within threeyears, a leas one more port will bein operaion with itsAGVs.
Other manufactures, such asHuisman-Itrec, havebeen invalved in discussons
with container terminds, but have nat yet secured any firm commitments.

4.4 Terminal Operating Systems
4.4.1 Introduction

Hidoricaly, termina operaions have centered on cranes and yard
vehiclescarrying out their tasksvirtualy inisolation. However, astypified
by advanced operaors such as PSA, ECT and Thamesport the trend
is towards wholly integrated sysems whereby each component in the
terminal set-up dovetails with another, so minimizing equipment
non-productive time. Many aspects of terminal equipment operations are
dready semi-automated but the focus has been on automated vehicle
geering/guidance and postioning sysems as exemplified by the AGV's
a ECT, the unmanned overhead bridge cranes & PSA and the driverless
RMGs a numerous other ports.

While labour cod reduction has been a prime mativation to automate,
often accompanied by <kills shortages, the main mativating factor has
been improved productivity. Thisis in part achieved through fager and
more efficient equipment performance.

Perhaps more important has been the linking up of dl the logigics
parameterstothe central control system. Full control of termina equipment
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is achieved by being able to marry the physca flow of goods to the
information flow. This section |ooksat the componentsthat gointo making
up the overal termina management sysem: container/termina vehicle
tracking and the planning/management systems they interface with.

Efficent termina operdion isto integrate dl activitieswithin the termind
area into a seamless whole. A number of termina operaors have or are
developing their own software for integrated management sysems which
bring together planning packages desgned for dowage, yard, traffic, EDI
and berth control. At Bremen, for ingance, BLG claims tha its most
date-of -the art technol ogy isitsin-house devel oped V an Carrier Operating
Sydem(VCOS). Felixdowe, Southampton, PSA and Hong Kong
Internationa Terminal sareamong otherswhich havein-house management
and planning sysems. Others like Hessendie, the Port of Hamburg and
the Port of Genoa have set up software companiesto develop proprietary
gsysdems made availablefor use by other operators. The Hessenatie Group
includes Cosmos NV which iswell known for its yard planning sysem
SFACE, vessd planning sygem SHIPS, transporter control sygem
TRAFIC, EDI messages monitor SGNAL and the Container Terminal
Control Sygem(CTCS) which communicates with these modul es.

The vad mgority of avalable software sysems are PC-based. Recently,
themarket |eader,theNavis SPARCSsysemformerly AppleM acintosh-based,
running off the Apple sysem 7 operaing sysgem, is now Windows '95
compatible. Mog other operating sysemsare either DOS, UNIX or Windows.
The later is used with Cosmos SHIPS SPACE and TRAFIC packages.

Packages are available either as integrated modules or as separae
applications, covering all or mos agpects of modern container terminal
operaionsincluding sowage, berth,yardandrail planning, gateprocessng,
cusoms, payment control, EDI interfacing etc. Mog sysems are dso
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compatible with radio data terminas and the Internet while some can
be interfaced with (D)GPS gydems.

4.4.2 Typical Sructure of Terminal Operating Sysems

On an dementary levd, termind operating sysgems have a three layered
dructure. The bottom layer is the database used for receiving and goring
information about the containers themsdves, induding weight, dedination,
shipper number and so on. The medium layer is the planning module
which plans the movements of containers through the yard and the
loading/unloading sequences from vessels. The top layer is the control
modulewhich sendsingructionsto the crane and truck driversand ensures
al of the movements are made accurady.

1) Database

The database modul e gores, manages and communi cates information about
the containers in the termind. This includes the name and contact detals
of the shipper, the dedination address, the container number, its Sze, route,
shipping line, haulier, contents, dangerous goods information, cugoms
informaion and anything ese which may be required.

Thisdataisprovidedtothetermind ontheBill of Lading, alegd document
which the shipper is obliged to provide to accompany the shipment. The
Bill of Lading can ether be faxed to the termind and typed into the sysem
manudly, or it can be tranamitted by EDI as an dectronic document and
input into the database automaticaly.

The database holds a record of the pogtion of containers in the termind
a any time. It is updaed whenever a container arrives through the termind
gde or on avessH, or whenever a container is moved in the termind. The
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information in the datebase is used to plan termina movements.

The daabase will keep records of dl the container movements through
the termind, which can be referred to & any dage. The information can
beusedto print out reportsand lids, such asalig of containerson aparticular
vessel, alig of containers carried by a specific haulier or a report
about terminal performance. If the terminal sysem uses digital
photographs or a driver identity scheme, this information is stored
on the database. The database can beused to gorebilling information,
prepare invoices and keep accounts.

Many termina operating sydems opt to use generd daabase ftware
which is nat specific to the container indudry, such as Oracdle. They then
use a dadbase interface module, such as Navis EXPRESS as an interface
between the database and the res of the sysem. The interface module
performs all the tasks which are specific to a container terminal, such
as preparing j ob data for the planning sysem, handling EDI and internet
communications and didributing data around the terminal.

2) The Planning System

Thiscanincude acontainer yard planning sysgem, avess planning sysem
and someimes a ral planning sysgem.

The container yard planning sysem works out the optimum way to move
the containersthrough the yard. The firg contanersto be moved are dways
placed on the top of a pile. Containers might be placed near to the vess
they are to be loaded onto or placed near the gate if they are to be driven
out of theterminad . Sraddle carrier and termind tractor movements through
the termind are minimized.

The vessd planning sygem determines the optimum way to unload and
load containers from the vessd <o that crane and truck movements through
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thetermina are minimized. When |loading the vessd, containers are carefully
placed 0 tha the fird containers to be removed & the next port of cdl
of thevessd areplaced & thetop of agack. All regul aionscovering segregation
of hazardous goods on a vessd mug be adhered to.

Smilaly, the ral planning module determines how containers should be
loaded or unloaded onto atrain. This can get complex if there are a number
of different trans in the yard going to different dedinaions being |oaded
smultaneoudy.

3) The Control System

This module issues detaled indructions to crane and truck drivers about
the container movements which mug be made through the termind and the
order in which they mug be made. The indrudions are tranamitted to the
trucks and cranes by radio data networks and digolayed on mobile computers
in the cab.

Many termind s use postioning sysems to ensure that al the movements
have been made accurady. Theuse of satdlite postioning sygems, to ensure
tha the crane is in the correct locaion, is ganing ground. Other options
are radio tag sygems which send a ggnd to the centrd computer when
adradd e carrier passesacetan point. The computer sysemisasoinformed
when the containers are moved up and sown or released, 0 it can enaure
the containers are put down in the correct k.

4.4.3 Inputs and Outputs to a Terminal Operating System

There are many forms of daa input and output to a termind operating
gygem. Input includes natification from a shipping line about the cargo on
board avess, natification from ahaulier or rall company about the containers
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to be brought into the termind by road or rail, and natificaion from the
gate sydem that a container has been brought into the termina . Output
includes natification to a shipping line aout containers loaded onto a
vessd andtheir position, notificationto ahaulier about acontainer awaiting
collection and natification from the gate sygtem tha a container has
left the terminal.

At present, mog ports, terminds and shipping lines are usng their own
proprigtary messaging format for this messaging. However, the use of
theinternaional UN-gandard messaging format isgaining ground. These
messages are developed by a number of organizations around the world,
overseen by the United Nations, to ensure every company uses the same
dandard forma. The format was originaly developed to replace paper
documents. For example, the BAPLIE message is sent from a shipping
line to a container termind to lig the containers on board a ship and their
postion on the ship. This message replaces the bay plan pgper document.

In the future, communication beween computer sysemsislikey to move
beyond tranamisson of bach daa in gandard formas towards condant
communicaion. Tha means tha rather than the shipping line sending the
container terminad one sngle BAPLIE message describing the contents of
acontainer vessd, the shipping line and container termind will bein congant
communicaion, The container termind will have access to dl the shipping
lin€'s data about vessd's coming into the termind and the shipping line will
have access to data @out dl the containers coming through the termind
which are of concern to the shipping line.

This type of continua communicaion is made possble by the advance
of the internet. The gpoeed and rdiability of the internet is increasng dl
the time as devel opments are made o tha more informaion can be caried
adong a wire.
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4.5 Communications Technology
4.5.1 Introduction

Communicaion within the termind isjug as important as equipment in
the produdtivity equation. Migplaced containers and dacking errors arejud
as bad for termina produdivity, if not worse, than dow machinery sygems.
To achieve efedtive termind control, it is necessary to have a redtime
continuous communication link between the various components within the
gygem which in turn leads to a highly efficent monitoring of contaner
postions and equipment within the termind . Modern termind sysems need
to be seen as more than a way to achieve a greaer levd of automation.
Traditiond solutions, usng a combination of pgper or datainputting based
gydems and a telephone or other ‘wire/cabl€ - based communications, are
rdaivey ineffective. Aswel as prablemswith time | gpsesbetween messages
amply reducing efficiency, thereis alack of continuous monitoring. Often
the location of a contaner is amply not known until it reaches a point
where its pogtion is checked or entered into a sygem. The chance of a
migplaced container is gregly increased. Incorrectly received or trangmitted
messages can compound the prablem.

The modern solution to such problems lies in wirdess communications
technology cgpable of transmitting and receiving dgnds in red-time. This
sedtion focuses on two such technologies. The fird is focused on
communicaions within the termind environment. Radio Frequency Data
Communication (RFDC) isthe current gandard for red-time communications
between centra control andterminad equipment. The secondi sthat of € ectronic
daa informaion(EDI) which is the sygem of choice for red-time
communicaion beween the termina and externd parties.
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45.2 Radio Frequency Data Communication

Some terminals, and the number is decreasng, Hill use voice radio
sysems, whether VHF or UHF, for communications between the centra
control and the manned yard equipment. Here, the operators are required
to report their postions andjob sausto the control centre and to record
their movements manudly. In the control hub the controller has to key
in the received information or write it down for a data entry clerk. This
approach is uect to a reaivey high level of error.

When tied in to an integrated termina sygem. RFDC has, for those
operaors udng it, proved invauable in the scheduling of the mog
appropriate vehicles for particular jobs with a minimum of machine
inactivity . For efficient scheduling it isnecessary to have up-to-the-minute
information detailing vehicle job gaus. Feedback on parameters, such
as delays and edimated times for job completion, alows for flexibility
in scheduling, thereby dispensng with having to dedicate vehicles for
pecific tasks. For indance, by dedicaiing sraddle carriers to particular
quay cranes time is waded when a draddle carrier is required to wait
in queue, when in fact there might be a container waiting underneath
another crane a the other end of the dock. RFDC alows vehicles to
interact directly with the centra computer wherever they areinthetermind,
either providing feedback or getting new work orders. Thismay involve
consgderable change for termina daff used to a greater degree of
independent decison making in their dailly duties. However, experience
has shown tha productivity can be increased.

The key performance indicators for an RFDC sydem are response
time, range and data throughput. For RFDC sygemsto work effectively,
al the components mug have the same processng power, otherwise
the whole sysgem will only process a the rate of the dowed condituent.
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Mog RFDC sysems are supported by 32-bit processng power. Thetrend
throughout those indudries usng RFDC istowards cusomized sysems.
Thisisbecauseof thewidely varying needsof theuser andthecharacterigics
of the working environment.

While there are bound to be dight variaions in the sat-up of RFDC
gydems, there are common features. In the cab there is either a mounted
mobiledatatermina or onethat ishand held. Thered -time communication
link is made viathe location of radio base gations around the termind,
thus creating a wireless local area network(LAN).

Each vehide move or change in gaus is picked up by the mabile data
termina which tranamits the daa via the neares base qaion to the hog
computer, which in turn verifiesthe accuracy of thisinformation and updates
that on the database, thus providing a red-time inventory of yard adtivities.

RFDC terminds need nat jus be mounted indde a vehide cab but are
adso portable and in this ingance are paticularly useful in trucking yard
management. Should a truck be directed to a spedific locaion only to find
it occupied, it can be re-directed by a person on the ground with a handsg,
which in turn updaes the yard co-ordinator and the hod computer. The
yard co-ordinaor firg fixes a dot locaion sygem in order to maximize
the yard traler cgpacity and arange the tralers. Thisis a diagram of the
yard divided into zones which in turn are sub-divided into numbered traler
datswhich adt asreference points for the locating and organizing of tralers,
thus doing avay with the need for yard checks.

While there are RFDC gygems avalable from LXE Inc. Teklogix Inc.
and Morris among others, some of the larger termind operators such PSA
and ECT have desgned ther own applications. Thisisin pat due to the
fact tha certan important criteria vary from port to port. This is the daa
capacity of radio frequency channds, the roaming effect and variaion in
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the times of trangt.

1) Comparison of RFDC Systems

There are two sygems currently used for RFDC gpplicaion: narrow band
and soread gpectrum.

Narow band sygems operae in the 70 band a around 400 and
512 Mhz. They transmit data up to 10,000 bits per second(bps). This
equatesto an averagetransmisson raeinthevicinity of 75,000 characters
per RF termina per second. Narrow band sysems are capable of
tranamitting data over awide area of over 1000m, minimizing the number
of antennas required.

Foread goectrum dgnd saretranamitted over awideband frequency, 2.4GHz
or 900Mhz, usng ether Direct Sequence (DS or Frequency Hopping (FH).
With DS a continuous sgnd is tranamitted over a very wide pat of the
overd| avalablebandwidth. Thisdlowsfor greater datathroughput but power
and range are compromised. Continuity is achieved via redundancy. This
term is goplied to the dternaive tranamisson of binary-based digitd déa,
where the '0' is converted into one long bit-gream and the '1 is inverted.
This means tha there could be up to 1,000 bits representing each individud
bit. Even if the dgnd bresks up during a DS type tranamisson, the daa
can be gdidicdly recovered usng redundancy.

The gpproach usng FH invalves the sending of information by ‘hopping'
from one frequency to another with terminas and trangmitters in
synchronization. Normaly, the number of frequencies 'hopped' is aout fifty
withtheoverdl bandremaining on eachfor | essthan onesecond. Theadvantage
of FH istha usable power ismore tightly concentrated, thus gregter ranges
can be obtaned a only margindly lower data raes. On the negaive sde,
because redundancy is nat avalable, broken sgnds have to be sent again.
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Both DS and FH occur in the 2.4-2.4835 GHz range, which isjug benegth
microvave leves, and the 90918VIHz range. Maximum power output is
dependent on the country of use, but dmog dways gives a lower range
and propagation characterigicsthan narrow band. Because of the propagaion
properties of these very high frequencies and the low power output, Soread
spectrum trangmisson ranges are shorter than those of narrow band sygems,
but the volume of daais congderably higher & aove 2 Mbitd'second. Put
anather way, Joread Spectrum sysems are better for trangmitting more data
fader over shorter ranges. They have a much fader band rae than narrow
band. Therefore, they can tranamit much more data: up to 200,000 characters
per second. Coverageis Poread spectrum's main di sadvantage. It i's dependent
on the frequency and the power leve dlocaed. Thereisamgor difference
in this area between Europe and the USA. In Europe soread the gpectrum
is dlocaed the 24-2.84GHz range and power is a limited to jug 0.1W.
There are some differences within Europe. Germany, for indance, has the
13- 1L5GHz range avalable. Inthe USA the sygem is much more powerful,
operding & 900MHz and 2W. Although opinions vary, when the difference
in coverage is trandated into the container termind environment, a oread
goectrum access point has in the pas. obtained 10-30% of the coverage
of a narrow band access point. This means tha much more infragructure
is required for a goread gpectrum sygem.

According to UK-based Naiona Semiconductor, as FH sydems use a
psaudo-random sequence to control the profile of 'hops it is unlikdy tha
they could be s ected to interference from DS or narow band sygems.
Should a'hop' cause interference, the 'packe’ is regained in the subsequent
'packet’ with only a 5% degradation in throughput. Where there are severd
DS and FH gydems in the same location, the DS devices tend to show
extendve jamming', but the FH sygemstend to reman largdy unaffected.
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In June 1999 LXE introduced a new spread spectrum sygem clamed to
be amgor gep in reducing the number of access pointsrequired for a oread
spectrum sysem. Us ngthe Spireantenna, devel oped by L XE'sparent company
EMS LXE damsit is now possble to reduce the number of access points
required for online and red-time data communications down to amog the
same number as needed with a narrow band sygem. The Soire antenna can
be placed between container dacks without suffering from ggnificant
interference in trangmisson.

The sydgem was teded in Sngapore, Hong Kong and Hamburg. Some
vad improvements in coverage were recorded, incuding coverage from an
accesspoint in afour high resfer gack of up to 250m. Overdl, LXE consders
tha it can now offer a goread gpectrum sygem with coverage from each
access point of 200m. This is a ggnificant improvement on the previous
50m. In one ted, better coverage was recorded with DS than FH, dthough
bath gill me the needs of the paticular termind .

2) The Problem Interference

While gpread gpectrum technology isless proneto interferencethan narrow
band, there can be a problem if the bandwidth becomes saturaied by the
proliferation of other wireless equipment such as RFID vehicle location
devices. Cad or humid amospheres dso affect performance.

Interference in the radio frequency spectrum can be controlled by the
regulated placement of narrow band frequencies in dealy defined
non-overlgpping frequency bands. Narrow band sgnds can compress large
amounts of deata into very narrow paces so tha radio frequency power is
tightly concentrated into a Sgnd that takesup amere 'dice’ of the frequency
range. Two of the man approaches to controlling RFDC sysems are
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outlined below. The data presented here is UK-specific and is merely
provided as an example.

One approach involves the use of approved equipment which can be
used in the telemetry band, which uses frequencies in the 458.5-458.8
MHz range and a maximum power output of 0.5 wats. The equipment
mug have government approva, but the use of the Teemetry band is
otherwise un-regulated and as such no transmisson license is needed.
Using 32-bit based technology datarates of up to 9600 bands are allowed,
though this gill provides sub-second response times. The problem is
that with un-regulated frequencies there is, in theory, no ceiling on the
number of radio gation set-ups. The only solution to the likely resulting
interferenceisto find an unoccupied frequency. It is consdered advisable
to obtain a full goectrum anadyss of the area to be covered in order
to identify exiging current sgnals before inveging in an RFDC sygem.

In the UK, for example, potentia buyers of narrow band sysgems can
buy alicenseto operate, usng frequenciesin ether the 430-450 MHz (UHF
1 or 450-470 MHz (UHF 2) ranges. Power output of up to 2 wéts can
be used, thus enabling greater tranamisson ranges, but gpeed i s compromi sed
where trangmisson raes of 4800 band are the maximum, in accordance
with UK government regulaions. A licensed sydem is protected from
interference from unlicensed users.

A smilar problem to interference is absorption. Higher frequencies, such
asthose used with sporead spectrum, are more easly absorbed by dense cargo,
uch as paper and wood. Because narow band operates a a much lower
frequency, it is prone to this problem.
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3) Choosing a System

There are a number of key factors to condder when making a decison
on whether to use a narrow band of a soread gectrum sygem. In terms
of price, narow band sygems are chegper in the man. This is because
soread spectrum sysems have in the pag required somewhere between 2-8
times more access pointsthan anarrow band sygem. For LXE, this equation
may change ggnificantly with its new gread spectrum sysem based on
the Spire antenna. Narrow band sygems have been favoured because mog
terminas can eadly operae with them. Therefore, the extra cos of soread
goectrum is not judified. Thisis reflected in the mod recent deiveries of
Teklogix and LXE. Of Teklogix's seven mg or inddldionsin 1998, 9x were
for narrow band. Of LXE's recent inddlaions, only one has been a soread
spectrum sydem.

The recent increase in the use DGPS technology for yard vehicle
positioning andtracking islikely toleadto agreaer use of spread gpectrum
gydems. The greaer information carrying capacity of spread spectrum
means that it is possble to put more devices on the sysem backbone.
Soread spectrum, while more expensive, enables a termina to put both
voice and data on the same band. For atermina that requires this, only
one frequency is needed. This makes the two sygems more comparable
interms of cog. Spread gectrum coverageis a so beneficid to atermina
that hasin operation aRFDC sysem in client/server mode and/or using
a graphica user interface.

The following comparison is provided by LXE.
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<Table 4-5> Narrow Band/Spread Spectrum Comparison

NARROW BAND SPREAD SPECTRUM
SY STEM SY STEM
Coverage XX
Throughput X XX
Maerid Pendrdion XX X
Feed X XX
RF Power XX X
Regulated license X
avalable
Unlicensed usage X
Interference sengtivity XX X

A further option isto combine the two sysgems. Teklogix offers base
dationsthat support both spread spectrum and narrow band radio bands.
One such sysem was recently indaled a Shangha Container Terminas
Limited. Narrow bandwasused for the maintermina management sysem,
with spread spectrum being employed for the gate operations where the
small area and high data throughput made it more effective.

Which sygem is the mos appropriate very much depends on the
characterigics of the particular terminal, and perhaps more importantly,
the country it isin. The technology has now reached a level where it
may be appropriate to inved in hardware that is capable of supporting
more data trangmisson than is currently required. Taking this long term
approach dlows for future growth.

4.6 Gate Operations - Personnel Identification Systems

With the exception of the Maher Terminad Logidics sydem, the OCR
sysgemdescribedabovedonatidentify truck drivers.WhileM aher hasPerceptics
cameras and computer software for this purpose, ancther gpproach is unique
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identifier cards & entry and exit gates. These are common in other indudries.

With respect to container termindss, the remova of gandard checking-in
procedures a the gate a 0 reduces queuing a the gate, facilitatesthe trander
and exchange of information and hence gpeedsup thewhol e container handing
process.

It is edimaed tha an undetected human input error occurs one in three
hundred characterstyped in. Automatic deta capture technol ogies can reduce
thiserror rate by afactor of a leas 10,000. Such an improvement produces
economic benefits nat only from fader input and hence greater leves of
output, but d sobecausethey alow for unlimited dataamendments. A particular
benefit for intermodda operaors is tha data can be read a high speeds in
a fragtion of a second when usng RFID sydems.

The collected data is made immediaely available to the centrad computer
gysem, thereby saving someone having to read, check and take the document
to the centra control. However, it gopears from research for this report that
there are a number of larger termina operaors which gill require drivers
to leave thar trucks and go into the gae office in order to get the necessary
paperwork processed.

4.6.1 Machine-Readable Card Systems

Sverd terminds are now operaing card-based Automatic Daa Capture
(ADC) sydems. Many have developed their own in corjundion with an
in-house community/EDI sygem.

The less common of the two main avaleable formats isthe magnetic gripe,
the other being the 'smart card', though in the wider fidd, the former has
the larger number of gpplications.

The magnetic dripe works on exactly the same principles as cash cards
and trangt tickets, whereby data is encoded onto maerid on the card, and
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on coming into contact with a magnetic reading/encoding head the binary
data bits are picked up and encoded into digitd sgnas. The reader then
trandorms these back into dea bits.

A much newer concept in ADC a container terminasin that of the Smart
card, acredit card-9zed piece of plagic, in which information i s downloaded
onto an embedded microchip. The advantage of these over magnetic dripe
cads is that they can dore consderably more data and can dso embody
minute processors, cgpable of adding, ddeting and modifying data, manage
transactions and contral access to data. They are read from and written to
ather through contact points embedded on the card or through inductive
coupling. The later types can be read by bringing the card doseto areading
aurface without having to swipe.

At those termind swith smart/swipe card sygems, the arriving truck driver
swipes or insts his card into the reader & the gae entrance. Contained
on the chip are ddals rdaed to: the driver and his haulage firm and the
conggnment to be picked up. Once this information has been retrieved and
trangmitted to the centrd computer, afird message is sent to ayard vehide
to the appropriae locaion in the gack to pick up the assgned contaner.
A second message is rdayed to the truck driver, informing him where to
collect it.

Southampton Container Termind has recently introduced its Advantage
swipe card sygem. Trucks can be processed through the termind gate by
the driver entering an dectronic PIN number. The sysgem operaesin tandem
with manua gates. At present around 30% of haulers have opted for the
Advatage sysem.

4.6.2 Biometric lIdentification

Of the available AD C technologies, biometric identification isthe mog
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complex and expensive and as such it is not surprisng tha few of the
urvey regpondents have even consdered carrying out trials. One mg or
North European operator has recently begun tria swith its own in-house
sygem.

The technology is mog befitting in high security esablishments where
redricted access to unauthorised personnd is paramount and cog
consderations are secondary. Container terminas do not quite fal into
this category, though in those more high-technology operaions which
own equipment worth hundreds of millions of dollars, there probably
isreason enough to ingall the mog advanced security sysems available.

As with other ADC technologies the purpose of biometris ID is to
crae a unique patern by encoding persona characterigics. Usng some
physologica feature, mod appropriately a hand in the case of truck
drivers, information is digitised and dored in the central computer's
memory. ECT is a pioneer in usdng biometrics for driver identity
verification. The procedure requires the trucking company to transmit
the pre-information via EDI to the termind. The information detailing
thejob in quedion is sent to the gate where the driver dismounts from
hiscab and checksin, usng hisswipe/smart card and left hand for biometric
identification. Only when both sets of information have been verified
as corresponding correctly is he given natification to proceed. The Cargo
Card can be used to identify the driver, and hence the container being
caried, & every dage through the termina. ECT switched over to the
Cargo Card sygem in May 1988 and other terminads are expected to
follow.

ECT isaurrently working on increasing driver throughput before embarking
on the next sage which will involve the driver not having to leave his cab.
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5. Operational Control of an ACT

5.1 Port Resource Assignment

5.1.1 Equipment Assignment
1) Outline

Port resource assgnment is to plan how much and when to dlocae port
resources incuding facilities, equipment and manpower and further to make
decigons on how to digpach port operation resources according to the plan.
The main purpose of port resource assgnment isto enhance the produdtivity
of atemind by efficent digribution of port resources and identification
of gydem battlenecks. The equipment assgnment described in this section
is to dlocae contaner handling equipment for each operaion and assgn
operdions and taks to each equipment. Quaysde contaner crane closdy
rdaed to ship beth planning is described in more detalls in 5.1.2 titled
‘Beth Assgnment'. Planning is described firg of dl, and then equipment
digoaching for operaions is discussed. This gudy is roughly divided into
two patsin terms of the type of equipment - an ATC (Automated Trander
Crane) asayardcraneandan A GV (Automaed GuidedV ehicl€) asatrangporter.
The sudy of La and Lam9 shows that throughput, efficiency and waiting
time in a container terminad depend on combindion of various workload
and equipment (i .e., how many yard cranes and yard tractorsto be dlocaed
to a C/C).

9) Lai,K.K.,andLam,K.,"A Sudy of Container Y ard Equipment Allocation Strategy
in Hong Kong", International Journal d Modeling and Simulation, Vol.14, 1994,
pp.134 138.
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2) Assignment Using a Negotiation Based Bidding

(1) Outline

In an ACT, alarge part of operation sysems are unmannedly operated.
With the centralized architecture of operaion sysgemsin the conventiona
terminal, it is difficult to cope with avariety of requirementsin an ACT.
Therefore, the digributed architecture of an operaion sysem is suggesed
as an dternative.10) In general, the digributed architecture is favorable
in making rapid responses to changes in the sysem and preventing
interruption of the entire sysem even in case a problem occurs, but
unfavorable in developing and using effective relevant decison making
procedures. Accordingly, this sudy intends to review the applicability
of didributed architecture to the ACT and present the agorithm or
methodology for equipment allocation. This dudy aso describes the
negotiaion based bidding as the proper decison making procedures in
order to condruct the didributed architecture of operaion sysgem in an
ACT. The negoatiaion based bidding is smilar to commercia transactions
in which demanders and suppliers negotiate prices. In this sudy, the
negotiaion isrepresented asthe rel aionship between the operation agent
requiring resources and the resource agent enabling to allocate resources,
where agent, astheunit independently making decis on, meansthe software
controlling and managing an individua task, equipment, operation or
groups of equipment.

The operaion agent can be catagorized into the loading/discharging
operaion agent and the receiving/ddivery operation agent according to
the kinds of operation. The |oading/discharging operation agent manages

10) Lin, G. Y., A Distributed Production for Intelligent Manu acturing Systems(Ph.
D. Thess), Purdue University, 1993.
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the process of loading operaions and discharging operations related to
containerships. Thereceiving/delivery operation agent managestheprocess
of receiving operations and delivery operations related to outsde trucks.

Firg of dl, the events triggering decison making in the negotiation
based bidding will be described. The | oading/discharging operation agent
will reques equipment when the actual work processisde ayed comparing
with the planned schedule, when interference between the ATCs occurs,
or when the travel digance of equipment is extended. When the travel
digance of the ATC isenlarged and work is delayed, it will be requesed
to add more ATCs. The receiving/delivery operaion agent will request
equipment when the waiting time of an outsde truck exceeds the target
waiting time. Theresource agent, which managesATCsor AGV s, requeds
new alocation of aoperationwhenthey completetheperforming operation
or become idle.

(2) Procedures

In order to apply thedigributed operation systemto equipment all ocation,
the information sygem identifying the termina conditions on rea time
is required. The informaion sysem continues to monitor termina
conditionsand detectsrequessof equipment all ocation. Whentheoperation
agent requeds equipment, it requeds the resource agent to edimate the
effect of allocation. Theresourceagent, which receivestherequed, submits
the effect of re-alocaion to other operaion agents as well as the
correponding operaion agent. Allocation of new equipment and
re-alocation are decided in consderation of the effect of alocation and
the location and condition of equipment.

The operation agent initisted negotiation refers to the negotiation
occurringwhen the operation agent request sequi pment duetothebeginning
of a new operation, delay of operaions, trouble of equipment, etc. The
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resource agent initisted negotiation refers to the negotiaion occurring
when equipment finishes an dlocated work becomes idle and requeds
a new work.

Operaion agent initiated negatiaion
[Sage 1] Reques equipment and submit bid
When the operaion agent requeds the resource agent to alocate
equipment additiondly, the effect of alocating equipment is edimated.
Usng the edimated effect, the price bid is derived from the following
formula:

p:%(q, Ef= PXT) + v v o v oo e -1

E = AM XPyr + o o e e e (2-2)

TiZ QXte v v+ o e e e (2-3)

Where,

E, : effet during the expected operation time when a unit of equipment
i is added

T, : expected operaion time of equipment i (time interva required for
completing the remainder of operaions assgned to equipment i)
P : bid price
In case of loading/discharging operaions
P, :amount of cog savedwhentheprocessngtimeof performing operaions

is reduced by a unit time.
AM;: processng time reduced by adding a unit of equipment i required.

In case of recaving/ddivery operaions
P, : amount of cod saved when the waiting time of an outsde truck

is reduced by a unit time.
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AM ;. average walting time reduced for outsde trucks by adding a unit
of equipment i required.

In addition to the bid price edimated above, dl other factors including

kinds of work, kinds of eguipment required, operaion time, location of

equipment regued, etc. are combined for giving abid to the resource agent.

[Sage 2] Reques for revised agreement for dlocaed equipment

Theresourceagent being given areques for equipment fromtheoperation
agent identifies whether its bid price exceeds the minimum level and
available equipment exigs. When both conditions are satified, it allocates
the equipment whose traved cog is the lowed.

When the bid price exceeds the minimum leve but there is no avalable
equipment, it requeds other operaion agents to revise the agreement. In
this case, it should describe the kind of equipment required.

[Sage 3] bmisson of revised conditions on revised agreement

The operaion agent being given a request for revised agreement
re-edimates dlocation effect of the available equipment and makes a
proposa reflecting expected operaion time and current locaion for
submitting to the resource agent. The edimation is made in the same
manner as in requeding alocation of equipment.

[Sage 4] Evduaion of conditions on revised agreement

After colecting proposds for agreement from the operaion agents, the
optima equipment dlocation plan is drafted in condderation of bid prices,
locations of work, current locations of equipment requeded, ec. Egimaion
for sdecting optimal equipment is derived from the following formula.
Equation (2-4) is to edimate profit from dlocaion of equipment j to
work k. Equipment ] making the esimated vaue highed is allocated
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to work k, where opportunity cos of equipment refers to its minimum
bid price.

Rjk: katk' Cjk .................... (2_4)
Cik= @ Xt + s+ djk ................... (2_5)
where,

R;, . profit when equipment j is asigned to operaion agent k
P, : bid price of operaion agent k

t, . expected time of equipment dlocaion to operation agent k
¢ . cod of dlocetion of equipment j to operaion agent k

a; : opportunity cog of equipment j

S . sgup cod of equipment |

d, :travd cog of equipment j for operation agent k

[Sage 5] Sgning and revison of agreement

Agreement isnewly sgned or renewed depending on the edimation reaults
for optimd dlocaion of equipment made by the resource agent. Then, dl
the data is renewed and operaion begins. In some cases, equipment is not
additiondly dlocaed but the current Stuaion may continue. After an dapse
of a ceatan peiod of time, this procedure is iterded, or ancther reques
for re-dlocaion is given to the resource agent. <Figure 51> shows the
procedure of the operaion agent initiated negdtiation.
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<Figure 5-1> Procedure of an Operation Agent Initiated Negotiation

An Opardion agat requess |
equipmant dlocetion I~

A resourceggant canfirms
whethe thee is ay
minimum bidding price,

After awhile
A resource agant confirms No
redundant equipment.
Yes
Among redundant ecpipment, ane Reques ather oparetarsto revise contract
incurring lesst oogt is dlocated. for find equipment dlocation
A

An paaeon agat sbmits conditions of
revised contradt.

A resaurce ggat
evauates condtions of
revised contrad..

Bid is confirmed o revised bassd an
optima equipmeant alocation resultsmede
by resource agat.

Resource Agent Initicted Negotiaion
[Sage 1] Announcement of available equipment
When equipment becomes idle, it is classfied as available equipment.
The resource agent managing the avalable equipment natifies each
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operaion agent tha the equipment is ready to be assgned, including
its kind and location.

[Sage 2] bmisson of bid

The operation agent that receives the announcement from the resource
agent edimates the effect of additiona alocation of the concerned
equipment and the bid price. The esimation is made in the same formula
asin the operation agent initiated negotiation. Then, the operaion agent
prepares a proposa in consderaion of bid price, location of work and
period of use time to submit it to the resource agent.

[Sage 3] Evdudion of proposd

The bids received from operaion agents are evaluated in terms of
bid price, location of work, location of equipment, operation time, etc.
in order to make an optimal equipment allocation plan. Bids are evauated
in the same way as in the operaion agent initiated negotiation.

[Sage 4] Sgning of agreement

New agreementsaresgned accordingtotheoptima equipment alocation
plan prepared by theresource agent. When the effect of expected alocation
isnot saigactory, agreement isnot sgned with the concerned equipment
remaining available. When equipment isnot alocated to remain available
for a certain period even after the operaion agent initiated negotiation,
the negatiaion procedures are taken again. <Figure 52> shows the
procedure of the resource agent initiated negotiation.
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<Figure 5-2> Procedure of a Resource Agent Initiated Negotiation

A resource agent anaunces avail ability P
epuipment dlocation -

A

An oparation egat submits bid for effedtiveness of
additiondly dloceting equipmet.

Afte awhile

A resource agat evaduaes
ubmited bid.

Allocae
Allocae

Méke nev contract based on optimal
equipmantt dlocation esmeted by a resource agant.

H‘ Lt as redundat equipmat

The mog important edimaor used in computaion of expected cod and
effect isthe lifts per hour of a C/C in case of loading/discharging operaion
andtheturnaroundtimeof outs detruck incaseof recaving/dedivery operaions
(to be easly computed from the waiting time of a truck). This edimaor
is evduaed through the gochagic modd.

(3) Estimation of the Throughput Rate and the Number of

Equipment Required for Loading/discharging Operations
Definition of gochagic modd and egimaion of throughput capacity

The discharging operation among the loading/discharging operaions is
summarized herein. The andyd sresultsmay beused for theloading operaion
by smply replacing roles of a C/C with tha of an ATC.

[Sage 1] Define dates of each handling equipment.
<Table 51> dexribes daes of each handing equipment required for
loading/discharging operaions.
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<Table 5-1> Description of States of Each Handling Equipment

equipmant dae degription
CC |BlokedB) Opadion is ddayed because o no wating AGV.
Waorking(\W) Containe's ae dghaged from a dhip.

ATC |Id«() Waiting the AGV to arive
Warking(W) Digharged containa's ae dadked in the yad.
AGV |Id€() Waiting & the C/C to teke ovar containers

Blodked(B) Wating & the ATC to be saved with containa's loeded

Loeded trave(L) | Travding with containe's lceded
ravel(® Travding without a containe to the next locaion of

operaion

Handing equipment is sysemaicdly connected to with each other and
trested as a gang of resources sarving containers. Their dates are expressed
as providing sarvice or waiting.

[Sage 2] Define of sygem dae

Sydem dae is defined with the following nataions :
X : Sde of a yydem

Scc . Sae of a CC

Satc . Sae of an ATC

N, : Number of AGVs waiting in front of a C/C
N, : Number of loaded AGVs traveding to an ATC
Ng : Number of AGVs waiting in front of an ATC
Ne : Numbe of empty AGVs travding to a C/C

N : Tad number of AGVs

As shown in equation 2-6, sysdem dae is defined by combining gaes
of dl handling equipment.
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X =(SciciSate NN, N Ng)» ooeeee e e e e e e (2-6)
wheeN= N+ N_ + Ng+ Ng

[Sage 3] Sydem dae as a whole defined by combining gaes of dl
handling equipment

The operation processcan be definedin Continuous-TimeM arkov Chain
on the assumption tha the service times of handling equipment are
digributed exponentialy. Completion of service by equipment is defined
as an event. When an event is completed, gateis changed. The transtion
rate describing change between saesisdecided by multiplying the service
rae of handling equipment by the number of handling equipment, on
the assumption tha service time is didgributed exponentialy. More than
one dae of equipment is related to the gaes of the sygem, in which
date of the following equipment is decided by the gate of the preceding
equipment. The trangtion rate can be defined by the connecting Sate
of each equipment.

<Figure 53> shows the rdaionship beween daesin case there is only
one AGV.

tee - Savice rae of a C/C

tate . Savice rae of an ATC
# . Savice rae of a loaded AGV
ue - Savice rae of an empty AGV
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<Figure 5-3> State Diagram in Case of One AGV
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[Sage 4] Edimaion of deady-date probability for each dae

Astime passes, each gae comesto have one geady-dae probability .
Seady-date means that the total trangtion rate within a dae excluded
equd s to the totd trangtion rae within a gae included. Equaion 2-7
shows trangtion between daes a deady-date.

IZmlp(i)yij#ij = kzmlp(j)yjk#jk ............... (2_7)
Where,
X (i) : Sae of equipment i
m : Number of daes
P(i) : Seady-dae probability of X (i)
Yi :1f X (i) canbechangedto X (j), y; = 1. Gthewisg, y; = 0.
Li . it refers to trangtion rae from X (i) to X (j).

Formula 2-8 means that the sum of dl Seady-dae probability is 1.
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When Equaions 2-7 and 2-8 are dmultaneoudy solved, deady-dae
probability of each gae can be obtaned.

[Sage 5] Evduaion of loading/discharging operation's throughput with
deady-dae probabilities.

C/C utilization (U.)
Ugc= le(i) SGWe s e e e e e e e e e e (2-9)
GW :If Sge= Wfor X (i), GW=1

ATC utilization (U, -c)

Ugc= le(i) CTWe e e e e (2-10)
TW @ If Sirc= Wfor X (i), TW=1

AGV Utilization ( Uy ey)

STP(i) - (N, + Ng)
Upgy= —— e (2-11)

AGV queue length in front of C/C (L ¢¢)

Lgc= .Zmlp(i)'li .................. (2_12)
I, o N; of X (i)

AGV queue length in front of ATC (L A+c)

B, : Ng of X (i)



&R

Throughput rate of loading/discharging operaion ( Cgy)
CsyS: e X UC/C ................... (2_14)

With Equation 2- 14, we can cope with operations of atermind in dynamic
environment.

Evduation of the gochagic modd through smulaion

In order to evduate vdidity of the sochagic modd, the smulaion was
compared with the gochagic modd. The sarvice rates of C/Cs and ATCs
were edimated with the actua daa for goplicaion to the ochagic modd,
and the service rae of AGVs was edimaed with the digance from the
berth to the container yard and the eed of AGV. <Table 52> shows the
reaults of the experiment made by setting the digance from the berth to
the container yard & 65m, 400m and 750m, and the number of AGV s from
1to 6.

<Table 5-2> Comparison of Stochastic Model and Simulation M odel
Unit : container count per hour

Diae &am 400m 750m
o AOR Sﬁ'c Srmulation Sﬁ'c Smuiation S&CE'C Smuiaion

1 %6 | 316 | 114 03 | 66 46

2 26 | 20 | 192 | U8 | 4 | o1

3 209 | 20 | 242 | 28 | ©w3 | 12

4 06 | 20 | 23 | 280 | 213 | T3

5 311 | 20 | 291 | 312 | 245 | 213

6 34 | 20O | D1 | 20 | 268 | 249

The experiment results show tha thereis not so much difference between
the gochagic modd, in which service time is exponentid digribution, and
thesmulaionwith actud data. <Table 5-2> showstha thereaultsof $ochagic
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modd is less than those of smulaion vaue in case the digance is shorter,
and vice versa in case the digance is longer. Congdering convenience of
the mathemaicd modd, it is thought tha the gochagic modd is useful
in gite of the possbility of a little error.

(4) Estimation of Waiting Time and Equipment Required for
Receiving Delivery Operations

Allocation of ATCs for recaving/ddivery operaions

In dlocaion of ATCs, the andyss of work factors a ATC is very
important. Ryul) provided the basic data of gandards and egimated
operdaion raes of individua equipment and the entire sysem used at
thetermina with that bas c data. Thebasic dataof sandardswas suggesed
by classfying work factorsof transfer cranesand that equipment operated
a the container termina and then measuring that data. The processng
timeswere anayzed again in terms of mean and variance for each work
factor, andthenthesmpl eregress on equationwasdrawn out. Theequation,
after goodness-of-fit, was finally used for analyzing sandard time for
each operation.

In recaving/ddivery operaion, ATCs will be dlocated on the bass of
the bidding procedure and its dages are same as the procedures described
above. The queueing modd described below will be used for dlocating
equipment & the beginning $age of receiving/ddivery operaion & operaor's
reques. (For example, when the waiting time of a vehide exceed the target
waiting time)

If the ATC isworking when an outgde truck isin queue, then the outsde
truck shdl wait. In this case, the queueing modd is used for anayzing the

11) Ryu, M., A Study on the Container Handling Time in Port Container Terminals
(Madger Thesis), Pusan National University, 1998.
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waiting time of the outdde truck.

As arivds ocaur & rae A , the sarvice time per ATC fdlows a generd
digribution, and only one ATC sarves autsde trucks, the M/G/'1 queueing
mode can be used. <Table 53> shows the formulafor the queueing modd.

<Table 5-3> Basic Measures of Performance for M/G/1
(Receiving operation)

[tem Natation Dexcription
ariva rae A Arrival of loaded outsde truck
srvice time Yy Mean handling time + Meen travd time
congedion rae p=Aly Utilizetion of an ATC
variance of v Variance of handling time +
srvice time Variance of travel time variance
expected number of AV+ o

cugomers in ygem Le= 0+ 2(1- o)

ed ber of 2 0’
expected num L = AV +

Memn lengh of waiting vehides in blodk

cugomers in queue a7 2(1- p)

expected waiting I e . .

fime in sydem W, = y Wiating time o arivd vehides in Hodk
expected waiting L

time W, = 7‘4 Waiting time o waiting venides in dodk
in queue

In case ddivery operaion isto be done with the ATC, it is nat known
when the ATC can srve the ariving externd truck. So, anayss was made
with the given arivd rate of outsde trucks and the mean and variance of
ATC's operaion factors in the queueing modd as follows.

Mean and variance of handling time (x 1 ,0%)

Mean and variance of travel time (. ,0%)
Mean and vaiance of rehanding time( « 1, 6%)

In usng the queueng modd of M/G/ 1, the traved time was edimated
on the bags of firg-infird-out (FIFO; in case of one block).
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As means and variances of each operation factor are mutudly exclusve,
the mean and variance of sarvice time can be derived as follow:

1

mean) =
IJ( ) gt pT

V(vaiance) = o5 +o% +0%

Deermination of the number of ATCsfor receving/ddivery operaions
In the pardld layout, we dudied operaion with the divison of import
and export yards. Travd of ATCs may cause dday of operdions in case
of export, while, in case of import, ATCs do not have the work load and
may be inddled a the block reaivey far avay. In casethere is possbility
of dud cyde, however, it isthought to be effectiveto dassfy them differently .
And, it is dso more effective than not to classfy them in terms of workload
baancing.

3) ATC Allocation

Only the number of ATCs required is decided in loading/discharging
operaions, while the working region of ATC should aso be decided in
recaving/ddivery operaions. In generd, deerminaion of the number of
ATCs is rdaivdy smple in loading/discharging operdion because the
determinaion of the number of ATCs depends on the number of C/Cs, and
ATC dlocaion depends on the working schedule of C/Cs. In
receving/delivery operaion, however, decison making is more difficult
because arriva of externd trucksis not expected and service level aso
should be consdered.

It is dedrable to dlocae ATCs to more urgent work according to the
effect theeffectsof dlocaing an extraunit of equipment tovariousdterndives
of work. It isnot easy, however, to decide priority becausevarious operaiond
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conditions have different peformance measures.

(1) Parallel Terminal Layout

In generd, dlocation of equipment by the loading/discharging operaion
agent depends upon the working region of the equipment because there are
many cases in which only one ATC is dlocaed to a C/C. In this cass,
there may be no complicated theory of dlocating eguipment. Even though
more than one ATC sarve a unit of C/C, ATC dlocaion is nat difficult
because the loading plan is determined by of the working region and
sequence for the C/C. But, there is possbility in which the loading plan
gets complicated. In case of pardlel layout, there is a probability in
which acertain ATC isgenerdly alocated to a certain C/C for exclusve
and intengve operation, because it intends to minimize ATC travel. In
recaeving/ddivery operaion however, there are a number of points to
be consdered, and service levd for externd truck may heavily depend
on decison making. In addition, scope and contents of drategies depend
on the kinds of ATC - RTG or RMG.

It is important to alocae working region aming to achieve service
baancing for externa trucks. In the discharging/loading operétion,
alocation of equipment by the loading/di scharging operation agent equal s
determining the working region of the equipment because ATC is
exclusvely dlocated to a cetain C/C. In recelving/deivery operdion,
however, there should be a certain operaion theory to properly adlocae
working regionto each ATCbecauseonly thelig of equipment isdelivered
to the receving/ddivery operaion agent. When the receiving/ddivery
operaion agent is given to one more ATC or hands over its alocaed
equipment to another operation agent, it is required to adus working
region of the equipment allocated to recaving/ddivery operdion agents.

Allocation of working region for receiving/delivery operaion ams to
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baance service rae. Working region is dlocaed to each ATC in
consderation of the number of externa trucks and the type of block.
Allocation of working region refers to the coverage of block. In case
the number of blocks where receiving operaions occur is four and 2
ATCs are dlocaed to receiving operation, the block equa to haf the
whole operaion volume will be alocated.

There are some points to be noted in dlocaing block in consderation
of features of block layout and ATC in container terminal. Allocation
baancing is not easy because the block layout of container terminal
consds of run and section. In addition, ATC can eadly travel aong
therun in block layout, but face difficultiesin traveling along the section.

(2) Perpendicular Terminal Layout

The fact that working region of an ATC isfixed should be consdered
in yard planning for load baancing. Accordingly, the matter of ATC
dispatching is an important isue in the perpendicular layout.

4) AGV Allocation

For thismatter, other deci 5 on making proceduresarerequired depending
on which drategy is applied to AGV digpatching, such as dedicated
di gpatching, pool ed dispatching. In case of pooled dispatching, aparticul ar
agorithm isnot required. Accordingly, loading/di scharging operation for
alocation grategy will be described in assumption of dedicated dispatching
hereinbelow.

5) ATC Dispatching

"Dispatching” isto assgn specific works to certain equipment. It ams
to maximize utilization of equipment and minimize operaion delay or
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waiting time. Whenever a C/C completes a operation, it natifies the
corresponding ATC of the next work.

(1) Loading/ Discharging Operation in a Parallel Terminal Layout

As C/C aways announceswork to be done, ATC comesto have severa
jobs. When AGV is dispached, ATC is decided dso. As loading/
discharging operdion is performed in orders liged up in the sequence
lig, specific theories of dlocating jobs are not required.

(2) Receiving/ Delivery Operation in a Parallel Terminal Layout

In conventiona terminds, recaving/ddivery operaions are recorded in
the operation sygem when vehides passthe gae. In an astomaed termind,
dedlivery operationissameastheconventiona termind, but receiving operation
is triggered when entrance indruction is given from the operation sysem.
La and Lam®?) developed a new type of yard crane operdion in order to
reduce waiting time of container trucks and improve sarvice levd. Firg of
al, they teded 4 draegies (FCFS, ODM, NT and SST) for scheduling of
the yard crane with the smulation modd . The tes continued for more than
2 canes. Findly, they suggeded improved ways in condderdion of
effectiveness of the new layout drategy. Reaults indicated they learned tha
the neares draegy is more excdlent than the one-direction movement
comprigng dl draegies. They d <0 learned inthetes of multipleyard cranes
tha the home area zone drategy (having its own region to provide sarvice)
ismoreexcdlent thantheful| gack zonedrategy (providing servicecons dering
waiting trucks throughout the region).

The study of Leeld focused on reducing waiting time of trucks in

12) Lai,K.K.,andLam, K., "A Sudy of Container Y ard Equipment Allocation Strategy
in Hong Kong", I nternational Journal ¢ Modeling and Simulation, Vol.14, 1994,
pp.134 138.

13) Lee, K. M., Sequencing Delivery and Receiving Operationsfor Tranger Cranes
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order to improve serviceleve in receiving/ddivery operaions. The sudy
suggesed usng the reinforcement learning method for ATC dispatching.
The tes was made for the Stuation in which a trander crane serves
trucks arriving a various locaions because the method of alocating
working region to equipment for operation is improving efficiency of
theentire sysem and demondrating moreexcel lent functionsby preventing
interference between equipments and alocating its own working region.

On the assumption tha delay cog occurswhen the operaionisdeayed
over the limit of waiting time, the dynamic programming modd was
suggeded to optimize gaic problems under the dynamic dStuation in
which jobs continuoudy occurs to when deciding operaion orders to
minimize the tota of such delay cogs. And the reinforcement learning
method was a 0 suggeded to compare it with other methods. In addition,
comparaive anayss was performed between the reinforcement method
and other methods.

FCFS (Firg-Come-Fird-Sarved) : Fird coming trucks are sarved fird.
UT (Unidirectiond Trave) : Trudks are saved in adiredion, and if there

isno truck in the direction, direction is
changed.
NT (Nearet Truck Fird Saved)  : Thetruck neares the craneisfirg saved.
FT (Sotes Processng TimeRule @ The truck whose service time(container
handingtime+trave time)istheshortes
is fird sarved.

(3) Loading/ Discharging Operation in Perpendicular Layout
When a C/C completes a work, it natifies the corresponding ATC of the

following operaion. However, assgnment is made when the concerned AGV

(Mager Thesis), Pusan National University, 2000.
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passes the rdevant decison point on the route making a natification. At
this moment, the concerned operation ether belongs to the queueing moded
or isdlocaed to an ATC. Of course, the decison point may differ between
loading and discharging (because of different required time). In the
perpendicular layout, recaiving/ddivery and loading/discharging operaions
are parformed by an ATC in ablock, in which loading/discharging operation
has dways higher priority.

6) AGV Dispatching

Inthis chapter of AGV digpatching, only the loading/discharging operaion
is described. It iswhy recaving/ddivery operation is performed ether by
the buffer yard or diredly the externd truck. In this connection, Bose et
d .} dudied the carrier-direct sysem operated with sraddle carrier between
quay and yard. Sudies were focused on how to dlocae trangort works
to dradde cariersin order to maximize productivity of container crane and
reduce lay time of ships. Two dternaiveswere sudied: dedicated dispaching
of acarier to a crane and pooled dispaching of a carier to severa cranes.

(1) Dedicated Dispatching
In dedicated digpatching, jobs of a C/C are dlocated to an AGV one by
one. Remaning jadbs to be done by C/C are dlocaed in order.

(2) Pooled Dispatching

In pooled digpatching, C/Cs and AGV's are pooled for dlocéion. In
the exiging digpaching agorithm, dispatching is generdly made a the
rae of LN when vehicles become idle and operations are announced.

14) Bose, J. e a., "Vehicle Digpatching at Seaport Container Terminals Using
Evolutionary Algorithms", Working Paper, Germany :Technical Universty
Braunschweig, 1999.
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uch a digpaching can be made in a smple rule, but its performance
issaid to be not so good. Accordingly, the centralized heurigic algorithm
for pooled dispatching and the digributed AGV dispatching algorithm
through negotiations are described below:

(3) Centralized AGV Dispatching

Kim and Beel® auggeded the heurigic of AGV dispaching for
loading/discharging operaion of automated container terminds.

The purpose of AGV dispaching was set to minimize operation delay
in comparison with the origind C/C operaion plan. In this case,
performance of the AGV depends on the kinds of operaion on ship
- trangport of containers from the yard to the C/C in case of loading,
and trangport of containersfromthe C/Ctotheyard in case of discharging.
In this course, thereis a point of time when operaions are synchronized
between a C/C and an AGV, which is caled the event occurrence time.
In case travel times of AGVs are not consdered, the minimum event
occurrence time and the interva of time which do not cause any delay
canbeedimatedthrough anayses.Incasethe AGV trave diganceincreases
during operations, however, the event occurrence time shal be inevitably
enlarged. And such a delay is applied to dl operaions following the
delayed work. In addition, various feaures of a container terminal and
operaion effect of AGV shdl adso be consdered.

(4) Distributed AGV Dispatching
This section describesthe di gributed di patching to minimize empty travel
times of AGVs and dday times of operations.

15) Kim,K.H.and Bae, J. W., "A Dispatching M ethod for Automated Guided V ehicles
to Minimize Delays of Containership Operation”, International Journal d
Management Science, Vol.5, 1999, pp.1 25.
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The concept of didributed digpaching is based on the negatiaion
described aove. For example, in case of vehicle, bid is given to the
mog profitable work after esimaion of profit with handling charges
and cogs of each operaion. The difference between aternaivesbringing
about thefirg and the second largest profit isa so suggesed. The operation
having received morethan 2 bidsisdegradedin atractionthrough lowering
handling charges, while the operation having received no bid isupgraded
in atraction through raisng handling charges. A solution is sought for
within the dlowed limit in the course of aduging handling charges in
the fird and the second bed dternatives.

The handling charge of each operation is same a the initid dage,
but may increase or decrease as assgnment problems are solved. Cod
depends on operation, trangport equipment, travel digance and delay
pendty. Travel digance refers from the point completing the present
operaion to the place of another container to be handled. Delay penalty
is egdimated in comparison of due-time with the expected time of work
compl etion esimated with expectedtime of travel and operation. Deducted
cods from the handling charge esimaed in such a manner is the profit
of a vehicle.

5.1.2 Berth Assgnment
1) Outline

The ol ective of berth assgnment isto decide the berthing times and
locations for ships entering the container termina and the number of
C/Csto perform loading/discharging operaion. Therefore, berthing place
shdl be so0 decided that ships may berth a the mog desrable place.
Berthing time shall be so decided that ships can be mos satisfied with
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time of arrival and departure & the terminal. In addition, the number
of C/Csto perform operaions shadl be decided. In berth assgnment,
therewill not be agreat differencewith the conventiona termina because
the automation of loading/discharging operaionis ill difficult and there
are a number of gtuaions and requirements beyond control. Therefore,
this section describes bas ¢ concepts and sudies on the theoretical trends
concerning berth assgnment.

<Figure 5-4> System Diagram of Berth Assignment and C/C Assignment
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2) Analysis of Existing Studies

o Sudy of beth assgnment with heurigic dgorithmi6)
This gudy described assgnment problems on the assumption that berth
is discretely located. In berth plan, the 0-1 integer programming model

16) Lee, H. G. and Lee, C. Y., "A Heurigic Algorithm of Berth Assignment Planning
in a Container Terminal", Journal d the Korea Institute d Port Research, Vol.
8, 1995, pp.1 8.
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was suggeded to minimize totd lay time of ships & termind, tota lay
time a berth and maximum lay time & berth. It a so suggesed the method
to edablish berth plan in condderaion of orders of ship arriva and
operaion of termina by usng the concept of MPS (M aximum Postion
Shift) showing the maximum tolerable allowance in orders of arival
and berth of ships. To solve redidic problems, this sudy performed
numerica experiments suggeging heurigic algorithm with smple rules
relaed to ob ective functions.

o Sudy of container berth assgnmentl’)

For the berth assgnment drategies currently used in a container termind,
3 new berth assgnment drategies were suggeded, and ther effectiveness
was compared and teded through computer smulaion. This dudy dso
conddered berth as discrete resources, one of severd berthsto be alocaed
to a ship. Smulaionswere performed to compare and andyze mean waiting
time, mean sydem lay time, occupancy, €c. for the following 4 palices:

) Each firm has its own berths but, in case of no available berth among
its own berths another available berth is immediady dlocaed (Policy A),

) Beths are s0 dlocated that ships can complete works and depart the
gydem a ealies (Pdicy B), ) Anavaladleberthisimmediady alocated,
and, in case of no availableberth, shipsare given weighted priority depending
on large, medium and smdl sze (Policy C), and ) Ships are dasdfied
into 2 kinds, L and M dass ships are given the earlied departure criteria,
and S dass ships are given berth on the FIFO badsin case of no L or
M dass ship (Policy D). As reaults Policy B and Policy D were found
to be beter beth assgnment draegies.

17) Lai, K. K. and Shih, K., "A Sudy of Container Berth Allocation.", Journal d
Advanced Trangortation, Vol.26, 1992, pp.45 60.
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o Sudy of berth planning problemsls)

This gudy isreated to the decison making of berth location of ships
by describing it on a continuous line congdering ship length, berth time,
required operaion time, minimum ship-to-ship digance and minimum
digance from the end of berth are given. As the firg trid to define
berth in acontinuousline, it ismeaningful in the aspect that berth planning
was dudied in 2-dimenson packing. It is gudied to minimize the tota
berth length used & a certain time when berth time is fixed. It expressed
its gudiesin graphics and decided berth place of a ship by usng heurigic
algorithm. Experiments were performed on the bad's of actual date from
Sngapore.

o Sudy of scheduling with multiplej ob-on-one-processor paternld)

This gudy defined berth assgnment problems as scheduling problems
inwhich severd vessd sareassignedto sngleprocess(berth). It approached
the scheduling problems to minimize operaion time by classfying the
case of completing operaion a an goron and another case of moving
the operation place of a ship. It assumed that operation time is given,
al ships have dready arrived and width of a ship is large comparing
with operationtime. Experimentsweremadeby applyingfirg-fit decreasng
heurigic on the ground of Bin packing problems and smilarity. Analyses
and experiments were made by applying heurigic dgorithm both in case
of inability to move a ship with transformed FFD heuridic and in case
of enabling to move a ship by minimizing setup time.

18) Lim, A., "The berth planning problem", Operation Research Letters, Vol .22, 1988,
pp.105 110.

19) Li, C. et al., "Scheduling with Multiplejob-on-one processor Pattern”, IIE
Transactions, Vol.30, 1998, pp.433 445.



eTdxiv

o Sudy of crane scheduling problems?0)

This gudy suggeded heurigic methods to decide the number of C/Cs
to be alocated to each time zone by ship and by bay on the bass of
the number of containers alocated to bays from a ship. It sudied both
the gatic case in which severd ships have arrived and the dynamic case
in which other ships arive in the middle. In case ships have arrived,
modeling was madein integer programming. Together with severa useful
dlocation rules, heurigic methods were suggeded as solutions.

The dudy of maximizing reduction of cods through earlier departure of
ships and minimizing crane dlocation cogs have been done. Onewesk point
isthat it has nether solved interference between cranes nor gudied crane
dlocation schedule in detalls. However, it is condgdered to be meaningful
in the aspect that it fird dudied discharging crane scheduling.

o Sudy of a branch and bound solution method for crane scheduling

problem?d)

Asuming tha a ship has several holds required for discharging in
the gdtuaion in which severd ships are waiting, this gudy examined
when to dlocate a certain holder to a certain crane in order to minimize
the totd weighted berthing time with multiple cranes. The 0-1 integer
programming model, and the branch and bound method through the
optimization method have been suggeded. In suggeding solutions, the
2-gage approach in which cranes are allocated aiming to satisfy departure
time after finding the bed depature schedule for each dhip is used.

20) Daganzo, C. F., "The Crane Scheduling Problem", Trangortation Research-B,
Vol.24B, 1989, pp.159 172.

21) Peterkofky, R. I. and Daganzo, C. F., "A Branch and Bound Solution Method
for the Crane Scheduling Problem", Trangortation Research-B, Vol.24B, 1990,
pp.159 172.
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Seaing tha interference between cranes was not consdered, it is thought
tha this gudy's main target was not the container termina . Ancther wesk
point is tha the gudy focused on a daic case.

(1) Berth Assignment
Decison of berthing time and place of ships ariving & a container
termind
Features of berth assgnment
o To decide berthing place so that a ship can berth a itsfavorite place
o To saidy dedred cdling and depating time of a ship
o To require ssfety digance between ships for berthing and departing
convenience
o To prepare berth planning in compliance with characteridics and
operdion draegies of termind
Shipsto be sarved in the same time zone should be given a ceartain ace.
And, shipsto be sarved & the same berth should be given a certain interva
of time. Operation commencement and completion times of each C/C shdl
be decided in consderaion of avalable operaion zone of the C/C o that
loading/di scharging operation can be completed within the planned berthing
time.

(2) C/C Assignment
o TodlocaeC/Cssothat | oading/di scharging operation canbecompleted
within the planned berthing time
o To decide gating and completion times of each C/C
o To edadlish plans by dassfying operaiond and supportive C/Cs
a each berth and checking possbility to utilize supportive C/Cs

(3) C/IC Re-Scheduling
o To frequently check operaions for ships and make C/C and berth
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re-scheduling in case berth schedule is expected to be ddayed due
to dday in operaions of ships

5.1.3 Gate Lane Assignment

1) Outline

Gae lane assgnment isrelaed to decison of entrance lane anong severd
lanes in casxe externd trucks arive a the gate of the contaner termind.
This matter can be dudied in 2 agpeds. Fird the operaiond policies are
dudied to decide entrance lanes for a certan number of trucks expected
to arive for a catain planning period. Second the decison to use assgned
gae lanes for ariving trucks during operaion of termind.

The fird method is to edablish a plan to dlocate lanes for trucks
expected to arrive by usng such information as expected time of arrival,
kinds of containers, utilization of EDI, operation time of each gae, etc.
when information is avallable. In this case, plans can be made with
the mathematical model of resource assgnment problems. The second
method isto alocate lanes for arriving trucks a a certain time of arriva
inthe course of actual operation of container termina becauseinformation
of future events including kinds of containers, EDI utilization, expected
time of arrival of trucks, etc. may change from timeto time. This section
describes operaions of gae lanes gpplicable to ATC.

2) Dedicated Lane Assignment

(1) Pusan Port

In Pusan and Kwangyang ports, container terminals are currently being
operaed with dedicated lanes for some containers. Each of them is
alocating a dedicated lane a gate for on-dock firms because those gate
lanes are separa ey equipped with inspection facilitiesfor on-dock empty
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containers. Of course, those dedicated lanes can be used for container
trucks of other firmsthan on-dock firms. In Korea, there is no container
terminal operating dedicated lanes to be dlocaed depending on kinds
of container and EDI utilization. In addition, entrance and exit of specia
containers are operaed a the rightmog lane of the gate where roof
is not given as the lane should be large for entrance and exit of specia
containers. In Korea, there is no container termina being operated with
dedicaed lanes for specid containers.

(2) Pusan New Port

For gate lane assgnment problems, the KPC made many smulations
with 8 employees for 10 entrance lanes and 5 exit lanes & the gate
which are closed during meal and shift times, in which 2-3 dedicaed
laneswerealocatedfor boththeEDI utilizingtruckscarrying red containers
or empty caches and the trucks naot utilizing EDI and carrying empty
containers. But, the amulation results advanced from the basc scenario
were not found. This means that service time for trucks a the gae is
not closay relaed to the operation of dedicated lanes. Therefore, the
KPC did not recommend operaion of dedicated lanes.

5.1.4 Summary

In terms of alocating port resources, this section discussed operational
drategies, uch as equipment assgnment, berth assgnment and gae
assgnment, in an ACT. The characterigics and requirements of an ACT
can be summarized as follows.

- More éfident informaion sygem

- Red time control of contaner handing eguipment

- Flexible and rgpid response for the changes of termind

- Decison making without interference of operaors
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An ACT requires new gpproaches to the operation sysgem because the
operdion sysem gppliedto conventiona termina s cannat copewith avariety
of requirements of ACTSs. In this gudy, the procedure of negatiaion based
bidding is suggesed to adopt the digributed architecture of operation sygem
as a new gpproach.

Theoperaionmethodsfor ATCs, AGV s, and Sorage space are presented
to increase the productivity of atermina consdering the characteridics
and condraints of ACTs. Also, this gudy proposed mathematica models
to secure rdiability and efficiency of decison making.

Operaiond draegies for berth assgnment and gate assgnment in ACTs
are expected to be dmilar to those in conventiond terminds. So, the gudy
on these operdions focuses on the literature review of previous qudies and
the urvey of cases used in current termind.

5.2 Yard Operation Strategy

5.2.1 Outline

The throughput rate and the produdtivity of a termind depend on dze
of ayard, yard layout, and flegt 9ze of equipment ec. Therefore, to andyze
and evauaethesein dedgning acontainer termind, yard operaiond drategies
should be reasonably dudied.

Yad operaion means decison making of contaner dorage in
consderation of yard conditions in termina operaion. Yard operation
isclosdy relaed to not only yard gorage conditions but a so trangporter
travel and didribution of workload in ayard. Therefore, experts of yard
planning and control dynamicaly operate container terminas analyzing
and cong dering operation information caseby case. Y ard operation, aming
to digribute workload to maximize equipment operation efficiency within
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certain yard capacity, plays an important role in an operation sysem
to maximize productivity of the termind.

The oy ective of this dudy is not to develope optimd draegies for yard
operdion but to sugges the ways to redizaion of an astomaed container
termind .

Decisgon making of yard operaion congged hierarchicaly of the planning
dage to dlocae gorage space in the yard to ecific containers and the
operdion dage to decide a soecific Sorage place when gae-in discharging
containers arrive a the sorage space. Yard gorage planning is the sage
to dlocae dorage ace in advance before individua containers arrive
in consderation of gevedoring volume from a ship and expected time
of operation, while the decison of gorage place isto decide the planned
dorage space on rea time bass in consderaion of characterigics of
containers and current conditions of yard when containers actudly arrive
a theyard. The sudy of Kim22) who developed yard operation decison
support sysem in analyss of operationsin the Pusan container termind,
aso st up a decison making dructure for yard operation with the
hierarchica gructure of planning and control focusing on planning functions.

Yard operaion draegies are suggesed for perpendicular and parallel
layouts of the yard block in consderaion of the desgned capacity of
thecrane, travel conditionsof trangporter, container flow andthedifference
in productivity therefrom.

Firg of al, generdly applicable drategies and theoretical devel opments
for yard operaion are suggeded in 5.2.2 by reviewing important goas
of yard operdiona draegies. And then, theories of gorage planning

22) Kim, K. H. & al., “Development of Decision Support Sysem for the Yard
Assignment Planning of the Import and Export Containers’, Korean M anagement
Science Review, Vol.12, 1995, pp.1 12.
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are described in 5.2.3, and decison of gorage placein 524. Lag 52.5
summarizes the contents and reaults of 5.2, yard operational drategies.

5.2.2 Purposes of Yard Operation
1) Reduction of Operation Time

Time required for devedoring operaion largely consds of discharging
time of C/C, discharging time of ATC and trangport time of AGV. The
way to reduce operation cyde time in yard operaion isto dlocae dorage
poace enabling to reduce trangport time of AGV and dlocate equipment
enabling to reduce discharging time of ATC.

In other words, in order to reduce trangport time of AGV, containers shdl
be dored near the sevedoring place in consderation of not only trangport
route of AGV but a so to limit the operation space between AGV and crane.
ATC operdion time is influenced much more by variable factors such as
ATC trave digance reaulting from digperson of operaion places and the
number of rehandling depending on conditions of sorage space than
by reativey invariable factors including hoiging, travel, loading and
discharging. Accordingly, the way to reduce ATC operaion time isto
dore containers enabling continuous operation of ATC in compliance
with the pattern of devedoring operation.

However, thetarget of service depends on operation contents, and operaion
time dso differs accordingly. In generd, sevedoring operaion focuses on
reduction of service time for ships in which discharging work is operated
in a rdaivey smple flow, while loading work takes preference in yard
operaions as loading work is complicated and requires satisfaction of
anumber of conditions. Meanwhile, in gate operation, reduction of service
timefor externa trucksisimportant. In this case, servicetime of delivery
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operaion shal be intensvely managed because rehandling in the ATC
operation occurs more frequently in deivery operaionsthan in receiving
operaions. Accordingly, for achieving service gods, it is dedrable to
use gorage space near the quay for loading operation and make gae-out
operaion occur & the yard near the gae.

2) Increase of Utilization of Storage Capacity

Utilization of dorage cgpacity isdosdy relaed toyard operdion drategies
for reducing above-mentioned operaion time. In generd, contaners are
classfied in groups and separady sored according to various characterigics
including devedoring ships dedinaion, 9ze, weght, ec. This realts in
nat only reduction of operation time but dso reduction of broken space
enabling to secure much dorage ace a the time of completing operaions
for each group and more effectively utilize available sorage space for
containers to be dored later.

Broken space refers to the gpace which cannat be used for collectively
doring containers beonging to same groups in a certain forage Yace due
to inability to dore contaners beonging to other groups despite exigence
of empty dorage soace. In conduson, broken space reaults in reduction
of yard utilization, and unreasonable utilization of forage space reaults in
dradic increase of operation time due to increased rehanding, reduction of
produdivity and deterioration of service levd.

3) Dispersion of Operation Load

In case devedoring and gate operaions converge on a certain zone
of yard a atime, work load comesto exceed handling capacity of ATC,
which generdly resultsin increase of gantry time of ATC and accordingly
reults in increase of operaion cycle time of ATC and waiting time



EBRxxii

of transporter. These problems may be mitigated depending on how to
alocate equipment properly to each zone consdering changing operation
load to control handling capacity in operation space and how to alocate
operation requeds effectively to individual equipment in compliance with
dynamic stuations.However, itisimpossbleto alocaeATCsor didribute
containers additiondly in the perpendicular layout, and operation space
of ATC is dso limited in the pardld layout. In concluson, alocation
of equipment cannot solely determine the rewults of yard operation.

Proper disperson of operation load without reducing operation of ATC
is to keep the efficiency of equipment operaion. This means that it is
closdy relaed to not only the operaion scope of ATC but aso the
number of C/Cs allocated to ships.

5.2.3 Yard Space Planning
1) Outline

Planning for adlocation of dorage space to a ship does nat refer to the
decison of specific gacking postion for each container of a ship, but refers
to digribution of Sorage capacity of the yard to gorage gpacesin compliance
with the above-mentioned purposes of yard operaion. Space planning is
nat used for deciding gacking order and number of gacking containers,
but only used for reference & the initia Sage of deciding gacking pogtion.
Allocation of dorage space to a ship is dosdy rdaed to berth planning
for the ship. Berthing postion of a ship expected to enter a berth is dosdy
reaed to proper decison of dorage pacein condderdion of travel of AGV.
The number of C/Cs to be dlocaed is one of factors to be conddered in
deciding how much gorage space should be secured and dispersed because
the discharging operdion is peformed in rdaion to ATC operaion in yard.
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Tdeb-lbrahimi & d 23 fird dudied theories of dlocaing forage gace
of container termind, introducing various conceptsto explan space dlocation
of yard induding space booking, Sorage soace, new avalable gace, c.
They ds0 anadyzed dynamic draegies to utilize a temporary yard to dore
on random bass the containers arriva before gpace dlocaion, in which
they dso sudied additiondly required containers. Kim and Kim?4) moddled
dynamic space dlocaion with mixed integer prablem in consderaion of
bath acquigtion of additiona space due to depature of other ships and
requirement for additional space for gae-in containers. Park25 solved
problems with heurigic methods based on Sequencia Decison Making
(SDM) and the heurigic method based on L agrangean Relaxation. These
methods approached problem solutions with search methods utilizing
limited conditionsby classifying requirementsinto onesto be necessarily
satisfied and onesto be kept. It used beam search method as the search
agorithm. Kim26) gudied space dlocation of an import container yard
to minimize rehandling for each case in which import container arrival
rae is congant, cyclic and dynamic.

Duetouncertain future Stuationsand changing forecas gorageplanning
it is difficult to decide an actual operation sysem and is required to
bere-planned, corrected and supplemented fromtimetotime. It isdifficult

23) Tdeb-lbrahimi, M., De Cadilho, B., and Daganzo, C. F., "Sorage Space vs. Handling
Work in Container Terminas", Trangortation Research-B, Vol. 27B, 1993, pp.13  32.

24) Kim,K.H.and Kim,D.Y ., "Group Storage M ethods a Container Port Terminals",
The Material Handling Engineering Division 75" Anniversary Commemor ative
Volume ASME 1994, MH-Vol 2, 1994.

25) Park, K. T., A Pace Allocation M ethod for Export Containers in Port Container
Terminals Considering Liability to Model Change(Mager Thesis), Pusan National
University, 1997.

26) Kim, H. B., Operational Policiesfor Import Container Yard in the Port Container
Terminal(Ph. D. Thess), Pusan National University, 1999.
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to apply mog of the exiging mathematica models to actua dtuations
becauseit requireslots of time for making analyses and finding solutions.
Accordingly, the agorithm accepting intelligent search methods centering
on practical knowledge and experience is recommended.

2) Parallel Layout Yard

Whenever a ship departs, dorage gace is dlocated to the ship requiring
it. The basc draegies goplicable to the pardld layout yard are: (1) Ingdl
ayad block for ether discharging/gae-out containers or loading/gate-out
containers, and (2) Divide the block into sections perpendicularly from the
quay. Following are the deails.

(1) Sectional Division of Export/ Import Container

In perpendicular layout, it is desrable to make operation continuoudy
performed in ablock minimizing travel of ATC in the marshaling yard.
Accordingly, it is dedrable to divide sorage space into loading/gate-in
container block and discharging/gate-out container block.

(2) Division of Equipment Block into Sections by Berth Position

In generd, ablock islad out perpendicularly to the quay dong the pah
of AGV of uniform gze in the pardld layout. If blocks laid out on the
same pependicular line are divided in sections as shown in next figure,
they come to have dmilar AGV routes in operaion podtions connected to
the quay. When the AGV isto travd to other operdtion pogtions than a
block in acertain section of the quay, itsfrequency of transport over crossngs
and trangport digance increase. Accordingly, unless there are inevitable
gtudions, a ship's containers shal be gored in the block of a given section
near the berth.
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<Figure 5-5> Allocation of Section in Yard in Parallel Layout

Vesd A Vesd B Vesd C
Quay
Sdtion A Stion B Sedion C
Block

In generd, import containers have smple operaion flows and do nat have
so much paints to be nated, and gorage planning for them does not have
much influence on producivity. As a mater of fact, the dorage sace is
planned after arrivd of a ship in mog operation sygems. Meanwhile, export
contaners gate in before arrival of a ship and d s have influence on the
loading operaion. Accordingly, this section describes only the Sorage space
for export containers.

In the pardld layout yard, there may or may not exig buffer blocks
between externa trucks and interna automated zones. In case there is
no buffer block, arriving export containers are either immediately sored
in the marshdling yard or re-marshdled to the marshdling yard a a
proper time after temporary sorage in the random sock block. The buffer
yard operaion will be described a the end of this section.

3) Perpendicular Layout Yard

This is the type in which the yard block is lad out perpendicularly to
quay, and the yard crane also travels in the perpendicular direction to



EBRX X VI

quay. The contact point of transporter and ATC is separaed into berth
operaion and gate operation points, and thetrangport routein quay between
C/C and berth operaion point of a block is more flexibly operated than
intheparald layout.Accordingly,intheperpendicularlayout,itisdesrable
to dlocae dorage gace as shown in next figure in consgderation of
the shorteg trangport time of AGV rather than with the concept of a
section in yard block for berth postion described in the pardld layout.

The perpendicular layout assumes that ATC is operated between the
operaion pogtion of trangorter and the equipment postion in block.
Accordingly, the influence of digpersed equipment podtion on operationd
cycde time of ATC is less than in the pardld layout. In addition, as the
number of ATCs alocated to a block is limited, interference between
equipment does reduce produdtivity even though various kinds of operaion
are paformed in a block. Accordingly, in the perpendicular layout, it is
more effective to prevent waiting time of trangorter by baancing work
load of ATC.

In the perpendicular layout, unlike in the pardld layout, export and import
containers are nat classfied in ablock. And, the gevedoring operation takes
precedence over the gate operation in operaion the of ATC inyard to endure
operaiona produdtivity.

Gate-in containers are gored in the block within a certain digance from
the berth, in which the digance is decided depending on the expected berth
pogtion of a ship and the number of C/Csto be dlocated. In case gae-in
contaners arive dter decison of block, sdection is made among blocks
nat busy with operationsinthe direction of balancing gorage. In ather words,
block decisonisdwaysso madetha thevaduesfrom dividingtota containers
of a ship or group by the number of blocks are Smilar to each cther.

Discharging containers, likegate-in containers, are oredinthebl ock which
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is locaed near the berth and has enough sorage goace (a proper réio of
gae-in and gae-out containers should be decided in advance) and does not
have excessve ATC operation load. In this case, the key isload bdancing
of operdion type.

For loading, like discharging, selection is given to the block which gores
containers of the same group and has the lowes work load (leas waiting
operation).

Export containersare sored inthe bay near the berth, and import containers
neared on the opposte Sde. Bay isnot so divided in advance, but divided
only if possble.

<Figure 5-6> Storage Space by Ship in Perpendicular Layout
Vessd A Vessel B Vesse C

< ) < ) <
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5.2.4 Decison of Stacking Position
1) Outline

In this ssction gorage planning as a planning function and operaiona
draegies for preparing specific operaion ingruction will be described. In
fadt, in case of adopting sorage planning, the plan is ajuded through
rescheduling because of a number of varigble factors.

As dacking pogtion is decided on the assumption tha ATC, AGV and
externd truck are rdded to each ather, it is dosdy rdaed to dlocaion
of equipment, and their Stuaions are required to be fully congdered for
decison making. As the factors to be consdered are different depending
on the kinds of layout and container, sacking podtion draegies should be
uggeded after fird confirming whether layout is perpendicular or pardld
and then checking whether they are export or import containers as briefly
discusd in the lag section.

2) Export Containers in Parallel Layout

Sorage postion is decided when export containers arrive. Decison
making is performed for two matters: one for deciding bay and another
for gorage podtion in bay. A primary bay is given to a group. In other
words, aprimary bay is once alocaed when containers arrive, and when
the primary bay is full, another primary bay is dlocaed. Primary bay
referstothe bay for goring containersbe onging to agroup. Accordingly,
in case the primary bay has further sorage space when containers arrive,
only sacking postion in the bay is decided. In case the alocated primary
bay does not have sorage space, it is required to decide upon another

new primary bay.
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o Bay decison draegies

Thisisreaedto planning a gpecific gacking podtion for export containers.
To enaure rapid loading on board, containers of Imilar characterigics are
required to be gored in a space or gaces locaed near each other where,
if possble, little ATCtrave isrequired and continuous operaionin avalable.
This refers to gacking bay planning, deciding the bay to gack containers
group by group. There will be many dternaives but it isthe mod redidic
method a present to use the rules which dorage planners have consdering
in the type of condrants identified through experiences.

Anather point to be consdered here isthat ariva time of containersis
uncertain. Accordingly, the volume of arriving containers are uncertain, and
containers of various groups are gored in mixture. Thisresultsin reduction
of loading eficiency.

But the prablem istha the space dlocaed to a ship islimited and the number
of ariving contane's of a graup is uncatan. Accordngly, the gacking bay
should be decided in an adaptive manner. Therefore, for decison making,
it is dedrable to adopt flexible methods including condraint satiSfaction
programming.

3) Decision of Stacking Position in Bay

Sacking podtion should be decided when containers are to be dored in
a bay by ATC after the externd truck loading gate-in contaners arives
ATC. When loading planning is sst up for a ship according to bay profile,
it should be enaured in generd that heavy containers be put on the ship
battom in the concerned dorage space in condderation of dability of ship.
Accordingly, when heavy containers are gored on the bottom of the yard
dack, posshility of rehandling becomes high in loading operaion. To do
this, containers are divided into groups depending on weight, and exiging
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groupsinto ub-groups. However, if grouping is made more deeply, required
gpace tends to increase as broken gpace increases. Accordingly, this chapter
uggeds bases required for deciding sacking postions in the dlocated bay
in yard operdion, and aso suggeds the dgorithm to minimize rehandling
for the container groups separaed only by dedination to andyze influence
of rehandling during operaion time.

The gudy of Kim and Park27) described cases in which composte factors
including dedindion, gae-out dae, weght, ec. are applied to dacking
operation. It centers on sysgem redization method and coding drategies in
congderation of compodte factors incduding gae-out time, weght and
dedination influencing decison of dacking postion. It aso describes
methods of information input for planning and interna dructure of the
decison making sysem utilizing them. It also describes egtabli shment
of theories for not only decison of gacking postion for containers but
aso rehandling. The gudy of Kim, & a .28) suggesed methods to decide
optimal gacking podgtion to minimize rehandling by using the dynamic
programming expressed in network model covering from the initial type
of dorage in bay to the final empty bay without a container sored.
But, it was found as areault of the gudy of performance of the following
heurigic methods that dynamic programming that requires too much
computation is not only smple but dso effective in performance.

<Table 54> explaining the reaults of the ted, shows tha decison
of gacking pogtion with heurigic method is not grestly different from

27)Kim,D.J.andPark,Y .T.,"A Planning Based Slot A ssgnment Sysemfor Containers",
Journal d the Korean Institute d Intelligent Irf ormation Systems, Vol.5 1996,
pp.145 166.

28) Kim, K. H., Park, Y. M., and Ryu, K. R., "Deriving Decision Rules to Locate
Export Containersin Container Y ard", Eurgpean Journal d Operational Resear ch,
Vol.124, 2000, pp.89 101.
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the optimal gacking postion decison method in the terms of the total
number of expected rehandling. Thosetwo methods can remarkably reduce
the number of rehandling in comparson with the random sacking postion
decison method.

<Table 5-4> Comparison of Total Number of Expected Rehandling
(In Case of One-over-four and 6-row Stacking)

Decison Method Tatal expeded rehandling number
random dacking 8222
heurigic procedure 0.395
dynamic programming 0.286

Source: K. H. Kim, Y. M. Park and K. R. Ryu, "Deriving Decision Rules to Locate
Export Containers in Container Yard", Eurgpean Journal d Operational
Research 124, 2000, pp.89 101

4) Import Container in Parallel Layout

Primary bay is decided when the firg discharging container is dispatched
and when the primary bay is full. As rapid gevedoring in very important
interminal operations, decison of goring postionisakey torgpid di scharging
operdion. Accordingly, the proper method is to decide the primary bay by
C/C and gore continuoudy containers coming from a gecific C/C in the
concerned primary bay is used. In the case the primary bay becomes full,
sdect the next primay bay on red time bass.

5) Export containers in perpendicular layout

Sorage block is determined whenever containers arrive a the gate.
Sorage postion in the block is determined when gate-in truck arrives
a inland operaion posgtion in the block for gorage.

The number of dorage blocks and scope of block are decided on the bas's



e

of the number of C/Cs expected to be dlocaed and berthing postion of
ship, and the gorage block for gate-in containersis sdected to ensure equd
didribution of them. By doing so, dorage space and equipment load are
equdly didributed.

The number of sorage blocks may be morethan that of previoudy sdected
dorageblocks, but should nat belessthan previoudy sdected ones. However,
too rgpid increase in number may influence gate operaion of other ships
and should be prohibited. Therefore, it is dedrable to adopt shared sorage
paicy based on DOS (Duration-Of-Say) for deciding sorage postion in
ablock. For example, if required space rae of gae-in is 60%, the portion
equiva ent to 60% of bay ag acent to operaion postiontowardberthisdivided
into 3 sections, near, middle and remate. The contaners of fag dass of
the leas DOS vadue among gae-in containers are fored in the near section,
containers of middle dassin the middle section and containers of dow cdass
in the remate section. In congderaion of the entire arrivd digribution and
ship departuretime, gae-in containersare dassfiedinto 3 dasses, fag, middle
and dow. This refers to the in terms of remaning time before departure
time for utilization for decison making. Containers of same group are sored
in the same gack to reduce rehanding. In case of grouping containers in
the perpendicular yard layout, weight dso should be consdered. <Figure
5-7> shows preferred sacking podtion of gae-in and discharging containers
inthe perpendicular yard layout. And, the Sorage space of gate-in contaners
conggs of 3 sctions, (near, middle and remote) in terms of digance from
a ghip.
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<Figure 5-7> Classification of Storage Bay in Block by Use
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6) Import Containers in Perpendicular Layout

Sorage block is decided when C/C discharges containers from a ship to
load them to AGV for trangort to yard and then AGV traves to yard,
and the gacking pogtion in the block is decided with AGV ariva a block.

It is very important to operate on-board loading regpidy in termind.
Accordingly, in decison making of stacking podtion with discharging
operaion, rapidness is the key to operation. Among blocks, such a block
aswork load is leagd and the number of containers discharged from a ship
does not exceed the limit should be sHected.

Sorage gace should be locaed on the opposte of berth to ensure easy
gae-out operaion, but in condderaion of rescheduling, it is recommended
to discharge more containers in the same bay. Discharged containers and
loaded containers should be gored in different baysto prepare for praobable
rehandling. Not gacking containers discharged from other shipsin the same
dack reduces probability of rehandliing. In the bay where a cetain time
has passed after discharging operation, assortment work is performed as its
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dacking height is lowered.

7) Buffer Yard

The dacking operdion is conddered in the following 3 cases:
When gae-in trucks pass the gate,
When gae-out trucks pass the gate, and
When operation sygem indructs move of gae-in contaners to
marshalling yard.

It is assumed that operaions made by crane in buffer yard have priority
as follow:

Gaeaut goaaion which AGV with cotaner is wating (on FHFO badg
Gae-in opedaion of the larges waiting (FIFO)

For gae-out operaion, both AGV and externd trucks should wait beow
crane to which precedence is given. In case of gate-out operation, loading
is performed from AGV diredtly to externd truck in principle, unless there
is no externd truck with arivad of AGV.

(1) Gate-in Truck

As gate-in containers are gored group by group in the marshadling yard,
it is dedrable to make a ship use the same bay or make a group use the
same bay in order to minimize handing cog for trangort to the marshaling
yard.

However, asit may be assumed tha sarvice for gate-in trucks isimportant
and move of dacking will be performed a an idle time, it can be enough
to pay dtention only to prevertion of gacking containers from cther ships
in the same gack. As awhole, focusis s&t on gorage in the gace nearest
to berth and reducing waiting time in gae-in operaion.

The evduaion vaue of the buffer craneis computed. In computing evadudion
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vdue, dgance from beth pogtion of gaein contane ship and the number
of waiting trucks are congdered. Arriving trucks are dlocated to buffer yard
crane having the highes evdudion vdue. It shauld be nated tha it is only
for the gacks in a cartain range causng no interference to a neighboring arane.

(2) Gate-Out Truck

As savice time for externd trucks is the mog important performance
criterion, the digance from gacking pogtion of gate-out containersto buffer
yard crane and the number of trucks waiting are computed as evaduaion
criteria. Crane should trave the leas digance if possble and be operated
on FIFO bass, whose procedures ae summarized as follow:

Evduation vadue of buffer crane is computed. In evduaion, the digance
from gacking postion of concerned containers and the number of waiting
trucks are congdered. Arriving trucks are dlocated to the buffer yard crane
with the highed evauaion vdue.

(3) Re-Marshalling

Gae-in trucks gored in buffer yard are moved to the marshdling yard
when treffic of externd trucks is nat heavy. In this case, the buffer yard
playsthe role as a random gock pile. Random gock pile refersto the place
where ariving containers from a ship are temporarily sored until they have
gpace to be gored in the marshdling yard. The timing of loading to the
marshdling yard depends on dze of gace to be dlocaed for the random
gock pile. It isthe gace to be fird excluded from the entire buffer gace
and the gace for goring containers of a ship, to which yard is dlocaed,
for a day and the gace for goring temporarily some gate-out containers.
The remainder of the gace is used for random dock pile. It is difficult
to decide to move dl contaners & atime severd hours before dosng time
because it is rdaed to beth planning.
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Re-marshding of gae-in containersis advantageous in terms of removing
broken gpace a a proper time to secure avail able gorage gpace. The clearing
draegies to secure empty bay by moving containers daying in a bay &
a proper time to another bay were andyzed by Cadilho and Daganzo.29)
In addition, in connection with gecific operaion plans for tha purpose,
Kim and Bae30) gudied how to remarshd export containers from container
terminal. The 2-gage approach of task sequencing was suggeded as a
solution. The fird dage is to solve bay matching and move planning
problems, and the second sage isto minimizetota travel time of transfer
crane. Bay matching and task sequencing problems were modelled with
dynamic programming, and move planning problems with trangportation
deci sonmaking. Pointsto be consdered closely are summarized asfollow

o To improve efficiency of AGV and buffer yard crane and reduce
influence on service for externd trucks by transferring containers
when gae operation load is low.

o To reduce mixture of container groups in a bay through trangfer from
the group because of too much handling

o To secure more buffer yard space by bdancing trander (based on lift)
for containers loaded from 40 ft container

o To minimize trangoort of buffer yard crane and marshdling yard ATC

To minimize AGV travd

(@]

52.5 Summary
To dedgn a termind, yard operaion draegy is absolutely required for

29) De Cadilho, B. and Daganzo, C. F., "Handling Strategies for Import Containers
a Marine Terminals®, Trangortation Research-A, Vol.27B, 1993, pp.151 166.
30) Kim, K. H. and Bae, J. W., "Remarshaling Export Containers in Port Container
Terminals", Computers and Industrial Engineering, Vol.35, 1998, pp.655 658.
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decison making refleting actud gtuations. To sugges ways to devel ope
future operdion plans with the theories induced from actua experiences
knowledge and theoreticd dudies the hierarchid decison making Sructure
congging of the plan for yard sace dlocation and decison of yard Sorage
pogtion is essatid.

Gods and drategies concerning the time of implementing yard operation
draegy, yad layout type and operationd logidics were andyzed. <Figure
5-8 dhows the implementaion flow of yard operaion drategy.

<Figure 5-8> Flow of Yard Operation Strategy
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5.3 Bagc Plan for Operations & Logigics of a Terminal
5.3.1 Outline

There are three isaues described in this section. 1) Generd functions and
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operdions of atermind, 2) Devdopments of automated container handling
gygems having concentrating on container handling equipment and termina
layouts gpplied to auttomated container terminds, 3) Basc plansfor operaions
and logidics sygems of atermind by reviewing facilities required for each
zone (quay, yard, ral and sarvice areq) in atermina for effective operdions.

5.3.2 General Functions and Operations of a Terminal

The quay of atermind is equipped with container cranes. The yard behind
the quay is used as Sorage for containers. Containers are tranderred dther
beween the quay and the yard, or between the yard and the gae.

The kinds of container in a teeminad ae as folows:

» Regula contanes (20, 40, 45) and gpedd cortaners (45 or lager)
- Full and empty container

- Redfer contane and tank contaner

- IMO container (for dangerous méater)

- Bulk cargo

Fecid contaners are dored in separae gaces and yards for regfer and
empty containers are operaed in separation from generd yards. Reefer
containers in a reefer container yard are connected to dectronic facilities,
and ayard for empty containers provides deaning, reparing and mantenance
savice. Inland termind is connected to rals and roads. Ral cranes load
and discharge containers to and from rail carriage a& a rail termind. Each
termind is equipped with proper contaner handling equipment for loading
and discharging containers to and from outsde trucks.
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5.3.3 Container Handling Equipment in an Automated Container
Terminal

1) Outline

To edablish a mader plan for an operaing sysem and logidics of
an automated container terminal, it isrequired to anayze equipment used
in automated container termina in respect of types, characterigics,
pecifications, ec.

In this section, equipment used in the exiging automated container
terminal sand equipment to be congructed by manufacturersare described.
Some specifications and characterigics of equipment may be changed
according to requirements from users, circumgances of ports to be
developed and types of operaion sysems.

<Figure 59> shows the factors to be congdered when sdecting kinds
of equipment to be used in container terminds. Equipment agpplicable to
the basc plan for an automated container termind will be gudied in terms
of these factors.
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<Figure5-9> Analysisof FactorsRelated to Container Handling Equipment
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2) Container Handling Equipment for Quay Operations31)

(1) Classification in Terms of Operation Method

Quaydde container handling equipment iscaled acontainer crane, agantry
crane or a quay crane, and performs loading and discharging operdions.
Their weights are aout 40 tons and heght about 40m.

Container cranes can be dasgfied into three types: sngle traley, double
trolley, and dud haig, in terms of operaion methods of its trolley. Mog
conventiond terminds adopt dngle troley type, but astomaed terminds
including ECT (Europe Combined Termina) of the Netherlands and HHLA
CTA of Germany mogly adopt the dud hoig type. Operaion methods of
trolley are described as follows:

Sngle trdley

o As the dandard operaion method used mog widdy a present, mos
convertiond ports use this sygem.

o A trolley picksup a container from a ship and tranderesit to an inland

trangporter.

<Figure 5-10> Single Trolley Sysem
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31) This subsection is summarized based on severa articles of TOC 97, TOC 98,
TOC 99.
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Double trolley

2 tralleys running on a ral

Sealand Termind in Kaosung dso adopted Ansddo crane.

If it is gpplied to an automated container termind, it can be handled
by one operaor.

Badcdly, 2 cabs and 2 operaors are required.

Opeaor cab is locaed on anather ral which is separated from the
lane of a trolley.

It can be successully used for dud hoig cranes in VIT (Virginia
International Termind).

(@]

(@]

(@]

(@]

(@]

(@]

<Figure 5-11> Double Trolley System

(1
Mo

o The waerdde trolley covers hadf of the width of a ship, the trolley
covers ancther hdf.
o There may be a case in which, while atrolley traves, anather trolley
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interferes. To solve this problem, each trolley isrequired to have very
precise load control sygem.

Ingdlaion of devator rail iscongdered in order to reduce the waiting
time of a trangorter while the landsde trolley passes.

Dud hoig

The plaform of VIT to the land has the devated mid-plaform type.
Dud hoid of VIT ae locaed near the deck to minimize the trave
time of a waerdde trolley.

ECT is operaing the "ship sygem” which tranders containers between
aplaform and a ship and the "dock sygem” which tranders containers
beween a plaform and a trangporter. This sydem is a fixed plaform
equipped with a traverser between 2 operaion sysgems. Thistype is
equipped with 2 trolleys and 2 hoids. At the same time as the trolley
loads containers onto the second tralley to the land, it traves to a
ship again and the second trolley trangports containers to the ad used
position to load them to transporters. The advantages of this type
include easy automation and easy connection to trangportersbecause
thewaersdetrolley performsonly operaionsfor a ship. The second
trolley horizontdly trangports the hoig to the land operaion on
ground.

CTA type is amilar to ECT type in terms of the travel of atrolley
and the trangport of containers, but its features exig in the dructure
enauring easy trangport of containers between atrangporter and ayard
by a inddling route for dangerous cargo and a hach cover in rall
goan and dlowing trangoorter to pogtion a back reach zone.
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<Figure 5-12> Dual Hoist System
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CTA-Type

| Becead Trotiey

-
W

SQpetana sysgem

An operaor cab is inddled a the waterdgde trolley and a checker
cab isinddled & a contaner lift device. The tradley does not have
a cab.

A trolley does not move during hoiging, and horizontd trangport of
containersfromthewatersdetrolley tothelandsdetraley isperformed
by atraverser. A container is trangoorted by traversr when atrolley
enters into traverser.

Unless when watersde and landsde trolleys are sdting podtion for
atarget contaner, it is manly operaed automaticaly. It is desgned
to aj ud the height of atraverser toimprovethe cydetime by reducing
hoiding didance, irregpective of ship sze.

A traverser is operaed a the gpeed of 270nVmin, and hoiging
135-150m/min, 270m/min in case of no-load.
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<Figure 5-13> Supertainer System

(2) Specifications of Quayside Container Handling Equipment
Soecifications of container cranes described above are summarized as

follows:

<Table 5-5> Specifications of Quayside Container Handling Equipment

Operdtion Type Snge Trdley Dable Trdley Dud Hod (Spatang)
Tonneoe 0T 0T
Qutreath %5 m 50 m(1BRowvg  65.5M(22Rows
Badkreach B5m 15m 23n
Ral San V5 m 05 457/m

Drive Sed 45 mmin 46 mmin

Trdley | Ssedde 180 mmin 152mmin

Seed | Landdde 76mmin

Travere Sed 152 274mmin

Hosting | | oeded 60 137 / 152mmin
Up'Down . .

Sed Enpty 135 220 mmin 274mmin

Upper Ral Sen 3A0m 38In 41Im

Lova Ral San 14.5n 160m
movehr 40 5 D
Provider Nodl, ZPMC dc. Paosco-Mitaui

Applicdble Part Gengd Port

Source : TOC 97, 99 Conference, Cargo Sysems
SQupertainer is designed conceptualy and not commercialized yet.

Note :
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<Table 5-6> Illusrations of a Dual Hoist System

: Dud Hod Type
Cpadion Type ECT vIT CTA
Tomeage 06T 06T 06T
Qutreach %5 m 457 m 530 610 m
Badkreach 5Lm 29 m 165 m
Ral Sen 05 m 152 m 3HBOm
Drive Sped 45 mmin 45 mmin 3 mmin
Sedde 180 mmin 220 m/min
Tralley peed ) e 75 mmin 240 mimin
Travee Soeed 120 mmin
Sedde Hoiding |  Loaded 8 mmin 55 mmin 8 mmin
UpDownn Soed | Enpty 170 m/min 130 mmin 180 mmin
Landsde Hoiging Loaded 50 mmin 55 mmin 75 mmin
UpDownn Soed | Enpty 120 mmin 130 mmin 120 mmin
Uppe Ral San 3H6.0m 33B.3In 370 410m
Love Ral San 16.0m 16.0m 230m
move'hr &0 &0 &0
Povig Ndoon KoneCranes Nodl

Source : TOC 97, 99 Conference Cargo Sysems

3) Yard Crane
Yad cranes are used for tranderring and doring containers in a yard.

(1) Yard Cranes

ASC (Automated Sacking Crane)

o Automatic loading and unloading operaions for AGV's and remate
control of operaions for outsde trucks

o Currently used in ECT of Netherlands

o An ASC is used for handling containers in ASC yard and should
saidy the following conditions:
- To be controlled by an AGV and a draddle carier
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- To be controlled by fixed flipper
« Maximum lifting weight is 350kN or less

o ASCs have haght to lift 1x 96 or 2 x 96  contaner

o A trolley operaes soreader a the highed postion.

o An ASC dores containersin ayard in 3.25m in direction of crane
travd and 2.8m in drrection of troley trave. In a postion sdting
g/gem, redfer contaners should be located uniformly away from
plaform.

CATC (Catilever Automated Trander Crane)

o Automdicdly operaed a both sdes

o Contaner blocks are in pardld with quay

o Automated operationfor AGV sandrematecontrol for trailers'chass ses
o Refared to as CATC (Catilever Automaed Trander Grane) in this
dudy

Width and heght of a CATC can be changed a requed of user.
An automaic CATC peforms operaion

Gantry travel speed is 240 mymin(4.0 n/9

A CATC is 0 high asto lift 96 -high contaner

A trolley operates a soreader a the highest postion

o O o O O

<Figure 5-14> CATC Drawing(l)
One-over-five and 12-row dacking CATC
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One-over-five and 15row dacking CATC

<Table 5-7> Specifications of CATCs

11%

item STiers Rows STiers 10Rows| STias 12Rows STiers 15Rows
(Bah Cat)| (Bah Cat) | (Bah Cat) | (Bah Cat)
Troley San(m) 2864 315 372 45H9
Hoig Heght(m) 180 180 246 246
Gatry Spesd(nymin) 150 150 150 150
Haiging Speed| Loeded K] b ) b
(m/min) Enpty 70 70 70 70
Trolley Soeed | Loadked 120 120 120 120
(m/min) Enpty 120 120 120 120

Source : Hyundai Heavy Indugries Co.,Ltd.

Overhead Bridge Crane (OHBC)
o An automaic bridge crane is operaed in yard
o Working with an AGV for | oading/di scharging operations, tranderring

directly to trucks
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<Figure 5-15> CATC Drawing (2)
Inner ATC of 5 Tiers 6 Rows
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Rubber Tyered Gantry Crane (RTGC)

o Madly traved

o Sorage of containes in pardld with quay
o Mawd opedion directly for outsde trucks

<Table 5-8> Specification of an OHBC

Item OHBC
Tonnage 40
L oaded(m/min) 90
Gantry Speed Empty (mmin) 120
Trolley Speed(m/min) 70
- L oaded(m/min) 60
Hoiding Speed Empty (mVmin) 20

(2) Characteristics of Yard Cranes

SHection of which kind of a yard crane depends on operaiond draegy
for newly developed termind s asfollows: (It dso can be changed depending
on the type of yard layout.)

- Automatic - Mogly usng container handling equipment of rail type,
auch as CATC, ATC, ASC, OHBC.

« Semi-automaic - Mogly usng CATC, ATC, OHBC

« Conwetiond - Mogly usng container handing eguipment of RTGC type

Traved eed is90 240nVmin, veticd trangport 70 150mymin, hauling
goeed 20  65mVmin with load, 40 135m/min without load depending on
gze of equipment. Speed of equipment can be modified by manufacturer
a reques of user.
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<Table 5-9> Specifications of Yard Cranes

Item Maximum speed (m/min)| Turning Radius Driving Typel
Type Equpment | Gantry | Trolley| Hoig (m)
Trengart
R N O vy
Sevedoring ner
RTGC 1A 70 2050 15 Manned
ASC 240 50 20140 - Unmanned
ATC (Non- - Unmanned
Sevechring Catilever) | ] ] Unmanned
CATC ) Manned
. 120 150 | 65135 (Sami-Auto)
(Cantilever)
Unmanned
OHBC |90/120| 70 | 53130 - Unmanned

4) Transporter

Transporters®) are used for either trangporting containers from a ship to
a yad or trangoorting containers from a yard to a ship. As trangporters,
AGV9Automaed Guided Vehice) areused in automated termina s and yard
truck in conventiond terminds.

(1) Transporters

AGV

- Trangporting containers between a ship and a yard, and adopting
automaed trave sygem based on centrdized contra sygem

- Twin-ift loading avalable

« Driving speed 4 5m/s

- Navigaion sygem: Control sygem for unmanned trangporter AGV,
and deciding direction and postion with trangponder/magnetic and

32) Cargo Systems, Developments in Container Handling Technology, 1997.
Cargo Sydems, The Future d Container Handling Technology, 1999.
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dead reckoning

« Podtioning precison: 20mm or more

- Loading and discharging containers in a certain kiosk zone to the
waers and the land through trander points with a yard crane in
the case of perpendicular layout, and loading and discharging
containers together with CATC or ATC directly using transfer
point on transporter pah in yard in case of pardld layout

- Control for prevention of collis onthrough supervisor and operation
of guide sygem

« To sense and contra probable collison through laser or RF sensor

AGV is principdly an unmanned operaion, but remotey controlled in
case of gpecid Stuationsinduding repair and maintenance work. In contrad,
ayard tractor isused in a conventiond termina and operated by man. AGV
has the maximum travelling speed of 300nVmin and a turning radius of
9m while yard tractor has the travelling maximum speed of 750mymin and
a turning radius of 7m.
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<Table 5-10> Transporter Dimension (By M anufacturer)

UCT Meke KAMAG
Destriptian — — GOTTWALD MES HHI
Ddivay Dedingion - PA ECT PA -
Ddiveling Qy - 3 110 2 -
Tomnage 40 Tane | 50 Tome 40 Tome 0 Tone| 0 Tone

Capec Ix 20ft 2x 20t Ix 20ft 2x 20t | Ix 20ft
Lgredmtanaty b A0ft | Ix AOft Ix 40k Ix A0 | Ix 4Oft
45t | Ix 45t Ix 45t x 45t | 1x 45t

Sandad : 45m's
Max. Speed 45m's Sm's (16.2Km'h) 69Ms | 651's
) (16.3 Kmh)| (18 Kmh)| ECT : 3n's | (25 Kmh)| (234 Kmih)
(108 Kmh)
Sandad : 40m's
(44 Kmh)| (18 Kmh)| ECT : 3n's | (18 Kmh)| (18 Kmh)

(108 Kmh)

Axle Qy/

Tire Qy 24 28 24 24 24
Sezing Mode 4 4 4 4 4
Length (mm) 17,200 (17,200 17,200 16720 | 1580

Whed Basg(mm) 9,000 10,000 9,000 9,000 9,000
Caneing Radius | 13500 | (13500) BEO | (1330 ({83%’
Navigdion ngée Imege Inductive Wire | Imege Tragoonder
S/dem Trangponder | Processing o Trangoonder | Processing
Chdade o .
Detedtion Laser M'R”"Wa'l € L(J]Irtrgc Lasr Lasr
Sydam
Postioning
Acarary 0 0 0 (20 2

(mm)
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<Figure 5-16> AGV Drawing
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Termind tractor
This equipment trangports containers nat to be trangported by AGVs in
a termind and should be equipped with wirdess communication devices.

<Table 5-11> Specification of a Terminal Tractor

Factor Content
= Sze
- Length 5.026m
- Width 245m
- Whed base 2.80m
- Width of Track 196m
- Tuming Radius 6.5m
= Soed 38knvh
» Axle Load 250kN (Max)
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(2) Characteristics of Transporter
In genera, an AGV usad in an automated terminad is an unmanned

trangporter. In conventiond terminals, terminal tractors (yard trucks) are
used. In automated terminds, containers which cannot be trangported
with an AGV aretrangported by aterminad truck. SCSraddle Carriers)
can be used either to trangport or to handle containers and widely used
in Europe.

<Table 5-12> Transporter Dimension (By Equipment)

Item Max Speed Turning Driving
(VM) | o oiusm)| Type
Type Equipment Travel
Transport Terminal Tractor| 600 750 7 Manned
AGV 300 9 Unmanned
Trangoort + Sevedoring| Sraddle Carrier - - Manned

5.3.4 Automated Container Handling Sysems
1) Outline

The container handling sygem of an automaed container termind can
condg of various combination of automatic container handing equipment.
Among automaic equipment deveoped until now, a trangporter incdudes
an AGV, and ayad crane indludes ASC, ATC, CATC, OHBC, ec. This
setion describes automaed container handling sysems to be combined
centering on these equipment.

2) AGV-ASC System

AGV-ASC gydem is an automaed container handling sysem
commercialized and having been used by ECT of the Neherlands. In a
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padld layout, this sygem shows such wesk points as prablems in AGV
trangport route and operation and limited gacking height and rows of ASC.
This sygem isused only for yards in perpendicular termina layout. Its
operaion rules are decribed beow:

Trangport between a container crane and a container yard is performed
by unmanned equipment, which are given orders on wireless communication
with a centrdized control sygemtotravd . AGVs cantrace pogtion, direction
and accurae eed, and d0 have vaious fundions to ingedt engine
temperdure, fud leve, ec. Thesefunctionsare performed by grid trangponder
ingdled under paved road utilizing anavigation and wird ess communication
gysgem. Unmanned equipment periodicdly report its current postion to a
centralized control sygem monitoring travel of dl equipment with awireless
communicaion sygem, and a centralized contro sysem decides the order
of equipment trave.

L oading and discharging with AGV are performed under a container crane.
After a contaner is loaded on an AGV from a dhip, an AGV traves to
the kiok, a seadde trander point of an ASC, by the centraized control
gygem. Loading is performed in reverse order to discharging. An empty
AGV travdsto thetrander point desgnated by a centrdized control sygem
to teke over container from an ASC. And then, when aloaded AGV traves
to aC/C desgnaed by acentraized control sysgem, loading operaionsbegin.
In mog cases, an AGV trangports containers beween a container yard and
a C/C. To snocth the flov of containers in a termind, an AGV is used
for trangoorting containers beween an ASC auxiliary yard, an ASC yad
and an empty container yard.

An ASC, automatic RMGC, is used for operaion of contaners sored
in ayard. A container yard consds of blocks perpendicular to quay.
Only regular and reefer containers are gored in A SC blocks. Other types
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of containers are required to have special conditions for gorage therein.
Non-gandard containers deviating from sandard specifications are sored
in a separate block. In case an ASC is out of order, it can be replaced
with another ASC in the same block until the ASC is repaired in both
perpendicular and pardld termind layouts.

To ensure smooth receiving and delivery operationsin ayard, a leas
a certan number of ASCs should be secured. Export containers are
digributed to ASC blocks, and then are given fina sorage position by
the A SC receiving information of final sorage postion for the container
from acentralized control sysem. In case of trangporting containersfrom
aASCyardto seasde or landside, the centralized control sysgem indructs
the ASC to travel to the container. On landside, atransfer point of kiosk
typeisalso planned a each A SC block. Import containers are transported
to these tranger points by ASCs and loaded to trucks by SC (draddle
carrier). Export containers are loaded to trucks by ASCs at these transfer
points.

- Features
Containers to be gored perpendicularly to quay
Smple devedoaring sysem of seasde contanes (C/CAGV/AC)
AGV stobe separated seas de and |lands dewhich resultsin more narrow
traveing scope and less dop gace
Large termind gpron Sze

- Layout Alternatives
ASCs traveling perpendicularly to quay
Allocation of one A SC and operaion of sgparate maintenance equipment
for each yard block
Adoption of separate sysem (SC/Road Truck) for recaiving and ddivery
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operdions
- Automaion dternatives
Container handing equipment in a yard: ASC per block
Container crane: Automation of |oading/discharging above goron only
Apron o Yard: Automation (AGV)
In yard: Automation of ASC
Import: C/C - AGV - AC - Yad - ASC -~ SC - Truck
Transshipment: C/C - AGV -~ ASC - AGV - CC
Export: Trueck - SC - ASC - Yad - ASC - AGVY - CC

3) AGV-CATC System

AGV-CATC sydem, unlikethe AGV-ASC or AGV-ATC sysem, isgoplied
to a perpendicular termind layout of yard whose AGV transport route
differs from that of the sysem mentioned above. In other words, the
AGV-ASC or AGV-ATC sygem hasakiosk zone on seasde and landsde
to discharge and load containerswith ayard cranethere. In AGV-CATC
gydem, an AGV approaches directly to ayard crane or atranger point
to load and discharge containers. A yard crane is of cantilever type and
containers are transferred below the cantilever of a yard crane.

Trave of AGV and overdl contra and operaion of CATC arenct separaey
described because it adopts the same sydem as in the 2 sysems mentioned
above. But, its feaures are tha eyport and import contaners are loaded
to outgde trucks in a separde buffer yard through remote controller and
manua  equi pment.

The discharging and trandfer paint of the AGV-CATC sydemisedablished
onroad for trangporter in ayard. Theremay bemany tranger points depending
on block length.
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- Feaures

Container to be dored in pardld with quay

Redivdy corplicated cotane handing sydem (QTAGVY/CATORMGO)
Requiring smdl goron sze (comparing with container handling sygem
goplied to a perpendicular termind |ayout)

Personnd in charge of remote control and manuad operaion of RMGC
are required for landsde receiving and ddivery operaionsin a buffer
yard.

The number of spacesfor decison of $op postions increases as AGV
enters each container gacking podtion and its travel scope is wide.
Unmanned and economica

- Layout dterndives

ATCs trave in pardld with quay.
Routes for AGVs and outsde trucks are completely separated.

- Automaion dternaives

Container handing equipment in a yard: CATC Type

Container crane: Automaion of |loading/discharging.

Apron o Yard: Automated (AGV)

In yard: Automation of AGV and guided operation of externd truck
Import: C/C - AGV - CATC - Yad - AGV - CATC (remate)
- Buffer yad — CATC (guided) — Truck

Transshipment: C/C - AGV - CATC - Yad - CATC - AGV
- CC

Export: Truck — CATC (quided) - Buffer yad — CATC (remote)
- AGV - Yad - CATC - AGV - CC

4) AGV-OHBC System

AGV-OHBC gydem is aiiteble for the termina having a large pat of
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ther cargos on transshipment containers. The PSA of Sngapore has adopted
this sygem, but it isnat completdy automated. Not much information about
the detalled operaion sygem is known, but it is more uitable for handling
hugevaume of transshipment containerswithin a short timethan for handing
export and import containers.

- Features
Containers to be dored in pardld with quay
Re aively complicaed gevedoring sysem (C/C/AGV/RM GC or OHBC)
Requiring less goron and terminad Sze
Personnd in charge of operation of aRMGC are required for landsde
recaeving ddivery and discharging operaions in a yard.
The number of spacesfor decison of $op postions increases as AGV
enters each container gacking podtion and its travel scope is wide.
Trangport of export contaners in a yard occurs.
High ingdlation cog

- Layout dterndives
Container handling equipment: One OHBC per block, one CTRMGC
per block
OHBC/RMGC trave in pardld with quay.
Routes for AGVs and outsde trucks are completely separated.

- Automdion dternatives
Container crane: Only loading/discharging above goron is automated.
Apron o Yard: Automated (AGV)
In yard: AGV automaed, externd chasss manned or unmanned
Import: C/C - AGV - RMGC - Truck
Transshipment: C/C - AGV - OHBC - AGV - CC
Export: Truck - RMGC (temporary gorage(manned/unmanned)) - AGV
- OHBC-AGV - C/IC
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5.3.5Yard Layout Plan for an Automated Container Handling System
1) Outline

This section describes autline of basc plan for yard layout dternaives.
<Figure 517> and <Figure 518> show architecture of termind including
container flow for each yard layout.

Yad layouts can be divided into 2 different types (layouts pardld with
and perpendicul ar to quay) whose combinaions of handling equipment differ.
The contents of this section are logidic flow of each container handling
gydem in each layout in condderdion of overpass vaious gructures and
a buffer yard required to be egablished in a yard for the connection with
outdde trucks and yard cranes.

Alternativesfor etablishment of an overpassand abuffer yard arerevieved
in pardld layout, and dternatives for entrance of outsde truck in a yard
and edablisment of a buffer yard are qudied in perpendicular layout. By
doing so, equipment connection and kinds of containers to be handed in
each sector are reviewed and layout type is dso compared.

2) Parallel Layout System

) Ship - Container crane operdion: export/import
Manud or semi-automdic operaion sysem
) Contaner crane « Apron (AGV) operaion: export/import
Sami-atordic o atometic devedaing sydem (Trdley type of a O
) Apron(AGV) o Yad trangort: export/import
Automaed trangport sygem (AGV)
) AGV o Yad Crane ~ Yad operaion: export/import
Automated trander (AGV, CATC, OHBC) sydem
) Sorage gace in yad o Buffer yard trangort: recaving/ddivery
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Automaed trander (AGV, CATC, OHBC) sygem
) Sorage sace in yad o Gae trangport: recaving/ddivery
Semi-automatic (remote control of ayard crane) or automated tranger
(OHBC) sygem
) Dangerous cargos and cothers
Expat/impart, recdving/ddivay: maud dsthaging s/dem usng tralers
) Empty container
Export/import: manud, semi-automated or automated trander sygem
Recaving/ddivay: manud, sam-atoreed o astomaed tranda g/dem
) Reefer contaner: Automated trander sygem

% Fedures of a buffer yard
- Buffer yad ~ yard austomaed equipment: fully unmanned and
automated (AGV)
- Bufferyard — outgdetruck: semi-automaed guide (or remote control)
- Andysds of dternaivesfor recaving and delivery operaion policies
- Dedgning of container handing equipment, location, Sorage space
and interface between gates and routes.
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<Figure 5-17>

Logistics of Parallel L ayout

< o Ship &
| Quay oot |
| CC-AGY
| Yard (CATC) |
AGV=CATC A AGV=CATC/A

Yard (CATC) |

? AG-CATC/A AGN-CATC/A

| 3 i Yard (CATC) |
AGV-CATC/ A

AGY-CATC/H
Buffer Yard (CATGh £ |

o ]

TT=-CATCM RT-CATC/M
R L s e
TT-AS TF‘F'S# # TT-FS
Of-Standarg/Empty Yard | | on“WheelYard |
RT-RS ? RT-RS
! Inspection Area

—_— C Flowal AGY
___________ p - Flowal TTs

— = : Flow of ATs

CATC/A @ Automated CATC 7T @ Tarminal Tractor
CATC/R © Remote CATC RT : Road Trailer
CATC/M : Manned CATC

. : Transfer Point RS : Rzach Stacker
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3) Perpendicular Layout

) Ship - Contaner crane: export/import
Manud or semi-auttomated devedoring sysgem
) Contaner crane « Apron (AGV): export/import
Manua, semi-automated or automated discharging sysem(Trolley
type of C/C)
) Apron (AGV) ~ Yad: export/import
Automaed trangport sygem (AGV)
) AGV o Yad Crane -~ Yad: export/import
Automaed trander (AGV, ATC) sygem
) Sorage space in ayad - Gde trangport sector: Gae-in/gae-out
Semi-automated (Yad Crane remate contral) or automaed (AGV,
ATC) trander sydem
) Dangerous and other containers
Export/import, recaving/ddivery: Manud trander sysem by tralers
) Empty container
Export/import: Manud, semi-automaed or automaed trander sysgem
Gae-in/gate-out: Manud , semi-automaed or automaedtranger sysgem
) Reefer contaners. Automated trander sysem
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<Figure 5-18> Perpendicular Layout
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4) Comparison of Yard Layouts
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Characteridics of each yard layout, architecture of equipment and
connections with outsde trucks are summarized as follows:

<Table 5-13> Comparison of Yard Layouts

Qasfi-
e Padld laat Repadala layat
- Applied to covationd and sam-atamged |- Applied to atamated ternind and SC
teming teming
Kind o |- Layaut o dl edding temind - Damegic: None
temind | - Damedic: All - Ovarsess: ECT, KINGSTON, Kaosung, €c.
- Ovasss: PSA, OSAKA, HIT, Kaodung,
BURCKAI, Kaweaski, €c.
Arctites | RTGCHTrdler - SCtrangpater nat required
e d | RMGC+Trdle - ASCHAGVY
. - CATCGFAGVY - ATCGFAGY
U |- aBcrAGy
- OHBC+Trdle
- Repid travd goed - Sow travd e
- Lage tumning radus ad imegda opadion- Svdl turning radus and irregula operation
avdlade avdlade
- No linited fattars - Allowed trudks limited
Feturesof|” Marmed cpadion (ess/ contrd) and wide - Unmenned qoaraion (difficuit contrd), sl
lavat gpadion scope gpadion scope
YO . Manly haizotd n + haig gparation - Manly dred in + hdg oparation
- Yad fledbility: Eagy dhange - Yad fledhility: Layout dhenge inpossble
- Conplicated and lang trangoat raute and longl- Snple and shat trangpat raute
tr - Difficult acoess to ayad
- Esgy aessto ayad
- @C : Oy loadnydsharging ebove gran
- @C:Ony loadngdghagng aove goron auareted
atoreted - ApranoYad: Autareted (AGV)
- ApronoYad: Autareted (AGV) - Inyad: Auomdion by AGV,
- Inyad : Autometion by AGV, menned aparetion Mannedunmenned gpardtion of
Aa for o edtend truks atomeed rdl exteand trudd/Rall
atareic opadion - Irpat : @C-AGV - A ceded) - A
dion |’ Inpart : C- AGV - RMGOmamed unmanned) —RMGmamedunmanned) —
opa ~Truddral truddral
- Transhipmat : GC-AGY - RMGC(unmamed)| - Transshipmat : JC-AGY -ASC
-AG/-QC (lceded) -AGY - AQC
- Bxport : Trudk/rdl - RMGC(mennedunmanned) |- Bxpart : Truddral - RMGC(menned/
-AGV-QC unmenned) - AGV — ASO( caded)
-AGV-QC
Conatiin
with |- Egddidmat o an ovepess - Acoess o outdde trucks to a yad
audde |- Egadlidmet o a buffe yad - Egadidmet o a buffe yad
trucks
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5) Comparison of Yard Layout, Considering Combination of Container
Handling Equipment

Advantages and disadvantages of automaed container handing sysems
and qudies on an optimd yad layout are reviewed in this section.

From the dudy on the cordation between contaner handing sygems
and yard layouts it wasfound tha the AGV-ASC sygem isthe mog proper
gydem for aperpendicular layout and the AGV-CATC sysem for apardld
layout. The AGV-OHBC sydem was excluded in this discusson because
transshipment containers are mainly handled.

<Table 5-14> Comparison of Yard Layout Considering Combination of Equipment

Jasdficgion Advantages Disadvantages
. Q/t;frtned and commercidized |\, o equipment reqired for
- Smpleflow sygem of AGV and :?Ed(gonnedlon with - outsice
AGV-AL | vehides
(Perpendicul | < Excdlent mobility of yard cranes
a layout) | - Automaion between quay and
yards
- Remote control of connection
with outside trucks
- Relaively ampleflow sygem of Sparate sedor requi
- . equired for

AGV-CATC ﬂggg%a&gaﬂmw? connection with outsde trucks
(|Pa§iu|§ - Relaively less numbe  of
&y equipment is reguired than other

type.

AGV-OHBC Advantageous in handling largel = Expensive reinfarced concrete
(Padld volume of contaings in| dructure required in yard
layout) transshipment « All yard operaion is nat
Y automated.
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5.3.6 Logistics Flow and Container Handling Equipment

1) Outline

The factorsinfluencing logigics of atermind are operaiona environment,
location, Sze, operaiond drategies, and labor drcumdancesin atermind.

In this section, logidics of an automaed termind for each termind layout
andbad cfactorsconcerning operdaiond grategies, contaner handling sygems,
goplicable container handling equipment, ec. are discussed. Sages required
for devdoping new termina logigics are described in <Figure 5-19>.

<Figure 5-19> Flow of Developing Logistics System
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2) Quayside Area

In quaysde area, ships and container cranes, and container cranes and
trangporters meet and containers are transferred between equipment at
trander points. Traffic of outsde trucks are dlowed only in a certain
zone of a termind including a service road. The zones dlocated for
the connection with outdde trucks are separated from internal operation
zones with fences and barriers. The zone alocaed for the connection
with outsde trucks exids between the front of quay and the transfer
point of a container yard. <Figure 520> shows factors to be consdered
when this zone is designed.

In other words, 5 components including quay, service road, lane for
gpecid containers, trangporter travel route and a hatch cover yard should
be consdered in quaysde area. In each component, its length, its width,
its functions and its roles also should be congdered. Their functions
and specifications can differ depending on the type of the operating C/Cs.

Quaydde area can be dasdfied into the ECT type and the CTA type
of HHLA. Bath of them are reviewed in this gudy.

<Figure 5-20> Analysis of Factors for Quay

Sze of berthing ship
s Quay H  waer depth
Crane rail and supporting gructure

Length
Quayside—1 Quay sarvice road —H  Width
The number of lanes
Lane for special [ |  Fences for separating special lanes
container Road width/number of lanes

Trengoorter travd zone  Number of lanes

—| Hach cover yaad H  Maximum width/area for alocation
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(1) ECT Type

Sarvice road
The road between quay and the cranerail isused for traffic of ship service
(bunkering vehicles, managers, ship crew, ec.), traffic of termina workers
(shift, med, repar/maintenance, etc.) and vistors. The ECT dedgned 8.5m
wide service road in quaysde area on the bass of actud empiricd data
congdering optimd traffic flow and safety . C/Cs are operaed between service
road in quay and lane for goecid containers.

Jecid lane
Road for specid containers (ungandardized or dangerous cargos of specid
type) is locaed in front of crane rall and used for trangoort of containers
and cargos, nat usng AGVs. Trangport isperformed by atractor and chass's
gysem. Fences are edablished to separate AGV zone and secid lanes. In
ECT type, fences are st up between an AGV zone and a gpecid lane. Lanes
for pecid containers are dso used for routing of externd truckstrangporting

expensve mdters.

Ral gan

In ECT type, ral span of a C/C condds of sverd lanes for trangporting
contanersfrom a C/Cto aAGV. In generd, one lane is dedicated to each
C/C. The number of lanes depend on the totad number of C/Cs. Maximum
wicdth of ral span has been about 30.5m in generd until now, but now
is desgned to be 30.5-35m in order to secure dability of cranes and the
minimum number of lanes in preparaion for cal of uper pog-Panamax
cass ships in the future.

Backreach
In the ECT type, this zone is desgned to dlow AGVs to trave
perpendicularly to quay. The zone where traffic of AGV is nat dlowed
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is the zone where hatch cover is locaed. Containers can be temporarily
placed in this zone. The zones where AGV travd is dlowed or not are
decided in advance.

Zone between backreach of a C/C and a yad

It is located between backreach of a C/C and trander points of sacking
gace (ATC-seasde, TC/M-seasde and M T-seasde). It indudes AGV trave
lane for access to ATC blocks and trave zone where trangporter entering
quay after operationin an ATCblock turnsandtravel ismade perpendicularly
to quay. AGV trdfic is operaed by logidics flow sygem, in which AGV
traveling to a certan C/C by order of control center is not hindered by
ancther AGV.

<Figure 5-21> Zone Between Backreach and Yard in ECT Type

! oapron 106m
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(2) CTA type

Zone between seadde ral and quay
This zone is used as quay sarvice road in ECT type, but it is used for
preventing indination of ships, reparing quay, upporting cranes, €c. and
its width is a&out 3m in CTA type.

Ral gan

This zone is aout 30.5-35m wide, and consds of 2-3 lanes for handling
goecid containers around the mog seadde ral. In ather areas, it consds
of zones for traffic for ship sarvice (bunkering, traffic of managers, ship
crew, €c.), treffic of termind workers (shift, med, repar/mantenance, €c.)
and vigtors, and for hatch cover dorage.

Lanesfor gpecid containers (trangporting off-gandard or dangerous cargos)
are located a seadde between C/C and rall fence and used for trangporting
containers and cargos, but do not use AGVs. Trangort is performed by
tractors and chasss sygem. In the CTA type, fences are s&t up between
dorage for hach covers and lanes for ecid containers. Lanes for gecid
containers are d so exceptiondly for direct routing of outsdetrucksincuding
trangoorting expensdve mdters.

In this gudy, 3 gpecid lanes are edablished 10m wide in congderaion
of CTA type. Accordingly, these 3 pecid lanes, the zonewhere hatch covers
are dored and the zone where hach covers are nat dored are gpplied to
AGV travd and waiting zones.

Length of entirerall spaninduding dl theabovezonesis sat up as30.5-35m.
And, if possble technicdly, it is desrable to be desgned to have 30.5m
in order to reduce the area of goron.

Backreach of a C/C
In the CTA type, the AGV operaion and travel zone consds of severd
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lanes to trangoort containers from C/Cs. In generd, one dedicaed lane is
dlocated to onc C/C and the number of lanes depends on the tatd number
of C/Cs.

In the CTA type, lane wicth is aout 4m. Accordingly, in case the CTA
type is goplied to this gudy and a maximum of five C/Cs are dlocaed
to 8,000 TEUsdass ship, 5AGV traved lanesand 1 passng lane arerequired.
In case a lane is desgned to be 4m wide incdluding right and left safety
digance, entire back reach width is described as fdlows:

- A : Allowance between center line of landsde ral and AGV = 2m
- B : 4 |lanes (discharging/loading lanesx 4m (lane width) = 16m
- C : Allowance beween dscharging/loading lane and travd lane = 3m
- D : 1lane (travd lane)x 4m (lane width) = 4m

Width of back reech = A + B + C + D = 25m

<Figure 5-22> Backreach of CTA Type
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Zone between back reach of a C/C and a yad

The zone between back reach of a C/C and a yad is for AGV trave
which is locaed beween seasde container sacking block and backreach
of a C/C in padld layout, and between yard block kiosk entrance and
backreach of a C/C in perpendicular layout. This zone condds of AGV
U-turn sector and 4 AGV travd (both-way) lanes.

Inthisgudy, thewidth between backreach of aC/C and ayardwasedimated
as follows:

« A : Widh of AGV U-Turn sector = 26.5m
« B :4lanes (AGV travd lane + dlowance) x  7m (lane width) = 28m
Width = A+ B = 54.5m

3) Container Yard

In this section, various container yards desgned a the devel opment sage
are described. Sages and contents of analyss of a container yard is shown
in the following figure.

Sep-by-gep andyss defines gorage space for kinds of handled container
and dudies the ssadde trander point. Analyss edablishes functions, roles
and dandards for container yard through andyses of gandards of dorage
pogtion, landsde trander point and other supporting zones.
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<Figure 5-23> Analysis Stage of Container Yard
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For seasde or landsde dorage of containers, a container yard should be
decided upon. This depends on type, sze, dimenson of contaners and
characteridics of cargos. Container condition can be another factor. If
a container yard is made on the bas s of data, the location of each block
in a yard is decided on the following bases:

Needed sze of each block
Equipment operaion scope
SHey lavs (dangerous containers)
Lavs concerning charadterigics of containers (off-gandard and

refrigerator containers)
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Type and Sze of container ariving a atermind can be found from the
information given by termina users. If possble, thisinformation should be
ingoected and corrected.

In

Arriva through seadde: ingpected by an ingector & a C/C
Arriva through road: ingoected by an ingpector a a gae
Trangport of container after ingoection a ingection point: ingoection
by an operator a a contaner handling equipment

Trangport of container between landsde trander points: ingpection by
a remote contraller @ container handling equipment

mog cases, gydem informaion can be obtained from type, Sze and

code & container dorage gacks. Criteria for doring contaners in a ATC
yad ae as folows:

Genegd contanes ae handed by AGVs and outsde trucks.
Genegd contane are handled by ATCs.

Genegd contane are dored in ATC yard.

Container shdl not exceed 20 ,40 and45 inlength, 8 inwidth
and 9.6 in heght.

Container having no top ral is sgored mog above.

Container having no cover isnat gored aove, but gored on the ground.
IMO container of other than type 1 and 7 is alowed to be sored
in separate dorage. IMO type 1 (explosves) and 7 (radioactivity)
are not allowed to be dored in a ATC yard but dored in chasss
type in an on-wheedl yard. Other yards are sulj ect to the same rules.
Analyss of container gorage space and relaed factors are shown
in <Figure 5-24>.
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<Figure 5-24> Analysis of Container Storage Space and Related Factors
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In generd, container dorage Yace condds of a genera container yard,
arefrigerator contaner yard, an empty/refrigerator container deaning facilities,
seadde and landsde trander point, €c.

(1) Automated Container Yard
An automaed container yard i s operated with automated container handling

equipment uch as an ATC and a CATC, and used for handliing generd
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containers, refrigeraor contane's, repar-free and ingection-free empty
containers, ec. A port of ablock can be dlocated for dorage of refrigerator
contane's. The trander point of an ATC lane is locaed & landdde
(ATC-landsde) and seasdde(ATC-seasde) in perpendicular layout.
Containers are exchanged between an ATC and an AGV a seasde, and
between an ATC and an outsde truck at landsde. In a parald layout,
containers are exchanged a trander points of each block and a buffer
yard may be set up for the connection of automated handling equipment
with outsde trucks. Supporting facilities including lighting, electricity,
pipeine networks, etc. are edablished in each block. In a perpendicular
layout, space between blocks can be used as service road for maintenance.
All specificationscan be aj used depending on economy and productivity .
Automated container yards are classfied as follows:

High gacking gace for generd containers: Eladic layout for goring

generd container of 45 long and 8 wide

« Soace for conneting and goring refrigeraor container: Providing
temperaure contraling hegting for tank container

- Contaners are exchanged beween an ATC and an AGV a seadde
trander points (perpendicular layout).

- Contaners are exchanged beween an ATC and an autsde truck &
landsde trander points (perpendicular layout).

- Contaners are exchanged between an ATC and an AGV a trander
points of each block (pardld layout).

- Yad dorage draegies depend on a termind layout.

Genegd contane yad
This zone consgs of ATC yards for goring general and refrigerator
containers in an automated sysgem. A container gack is 20 long with
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digance between containers of 04m and 8 wide with digance between
containers of 04m. Containers nat loaded under this condition cannat be
dored in automated yard but gored in the ATC of the manud yard. L oaded,
repar-free and ingection-free empty containers are gored in an automated
yard. Some IMO (dangerous) containers are o handled in ayard as for
generd containers in congderaion of geogrgphicd gStuations, but sl ect
to cetain conditions to be controlled by a centraized control sysem. But,
IMO containers on chasss ae dored in an on-whed yard.

In case of a plan for entrance of an outsde truck in ayard, a container
islad out perpendicularly to quay, in which each block conggsof 2 ATCs
(1 externd ATC and 1internd ATC) or 3 ATCs (1 externd ATC and 2
internd ATCs) and 2 auxiliary blocks. In such ablock, the container-AGV
connection point is automated and the container-outsde truck connection
point is remotey controlled.

Refrigeraor container yard

A sparated yard should be provided for doring containers requiring
refrigeration and hedting. Thisyard is equdly didributed to severd blocks
in perpendicular layout and should be &ble to gore enough inbound and
outbound containers from seasde and landsde. It shares certain blocks in
pardld layout. The platform should be desgned to be equipped with certain
eedricity to ensure one-over-threeor higher sacking of refrigerator container.
As many connection points as required for an ATC should be made and
access road dso should be desgned for access to a refrigeraor contaner
yard.

Additiond activities induding connection to refrigeraion monitor and
temperaure monitoring are required for handling refrigerator contaners.
Pogtion for optima cycle time of refrigeraor monitor should be sdected
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and refrigerator monitor is provided by a refrigeraor vehide (RCAR).

For safety, certain criteria and procedures (communications) are reguired.
Each resfer container has a connection point & location. In particular, before
recelving an order totransport reefer container from centraized control sygem,
refrigeraion monitor shouldtranamit to acentraized control sysemtherecord
showing that the reefer container is nat connected.

Trander point between container handling equipment
Pardld layout plan 1 (for edablishing an overpasy
As blocks are in pardld layout with quay in the plan for esablishing
overpass, the plan doesnat have separae seasde and landsdetrander points.
Thislayout plan dependson length of blocks, but hastransfer pointsconnected
to AGVs by block. Unlike perpendicular layout, it does nat have a limit
to the trander point, which depends on length of block. Containers are
exchanged below cantilever of CATCs equipped in each block. All operaions
are automated in exchange of a container between a CATC and an AGV.
The overpass leve road is edablished for connection with outd de trucks.
and can be used only with outgde trucks. As connection with a CATC is
rematey controlled, no limit exigsin trander points. However, as accurae
pogtioning is required for trucks it is better to edablish a certan limit.

Padld layout plan 2 (for eqablishing a buffer yard)

In the plan for edablishing a buffer yard, the same method is goplied
to trander points of AGV's, type of equipment, block layout type, ec. The
only difference is tha a separae buffer yard, indead of an overpass, is
edablished behind a yard for connection with outsde trucks. The plan for
edablishment of abuffer yard isthe same asthe above in layout of trander
points with AGVs type of equipment, blocks, ec., and only differs from
the above in terms of edablishment of a separate buffer yard behind amain
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yard for the connection with outdde trucks indead of an overpass. This
layout aso depends on length of blocks, but has tranger points to connect
with AGVs in each block. Unlike perpendicular layout, it does nat have
a limit in trander point but depends on length of a block. Containers are
exchanged bdow cantilever of a CATC edablished in each block. Exchange
of containers beween a CATC and a AGV is automaed.

A buffer yard is edablished for the connection with outsde trucks. As
it is connected with AGV on CRMGC seasde and with externd truck on
landsde, CRMGC is operated by a worker. Therefore, a separate trander
point is not required for the connection with outsde trucks.

Plan for entrance of outsde trucksinto ayard (Perpendicular layout
1 and 2)

Trander points provided for dl ATC blocks on landsde depend on block
width in perpendicular layout. In the plan for entrance of outsde trucks
into ayard, ablock is equipped with 2 ATCs (1 externd ATC and linternd
ATC) or 3 ATCs (1 externd ATC and 2 internd ATCs). An internd ATC
tranders contaners & a landsde trander point (ATC-landsde). An ATC
goproachesto landsde trandfer paint through space between 2 trander points
(landsdeand seag de) in condderaion of safety. Safety proceduresand devices
are required for preventing the interferences of outsde trucks and ATCs.

When containers are tranderred an ATC and an AGV a seadde trander
point, dl operaion is peformed by an automated sysem, and the number
of trander points dso depends on block width.

(2) Off-Standard Container Yard

Off-gandard containers above or bdow gandards are handled by a gpecid
cane (ATC/mawud) or a R/IS (Reach Sacker). An ATC/manud has
characterigics and secifications smilar to ATC but is given a manual
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operation. An ATC/manua should have soreader which istdler than 2andard
height and has movable flipper. Off-dandard containers tdler than certain
height (of specia limit or off-gandard A type) can be handled by an
ATC/manua, but off-gandard containers shorter than cetan heght
(non-gandard B type) cannot be handled by automated equipment.
Accordingly, non-dandard B type is handled by a R/S in a separae
off-gandard yard. A sparae non-dandard yard should be condructed for
off-gandard containers. An ATC/manud yard should sore as many
off-sandard containersasposs bl etoreducethenumber of manual transport
and termina chasss. If it isimpossble to s&t up a ssparate ATC/manud
yard, a sepade non-dandard should be edablished.

An off-gandard yard is located behind a container yard and used for the
interface of yard trucks in a pardld layout, while it is locaed on left or
right of an automated container yard for the connection with yard trucks
in perpendicular layout.

(3) Empty Container Yard

Empty containers can be gored in d@ther a generd automated ATC yard
or an empty container yard. In addition to the function of dorage, an empty
container yard has spaces for ingection and repair. Mog empty containers
of good condition are gored in a ATC yard and should ensure rgpid gate-in
and gae-out of empty containers to landsde. Inspected and repaired
containers are trangported to a ATC yard. Repair and cleaning facilities
ae dso ingadled in a empty container yard. An empty container yard
should be designed so large as to accommodate re-digributed empty
containers.

Container handling equipment in an empty container yard incdludes RS
and FL.

Like off-gandard container yard, an empty container yard is laid out
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behind a container yard in pardlel layout for trangport to yard truck.
A left or right automated container yard is used for the connection with
yard trucks in a perpendicular layout.

(4) On-W heel Container Yard

A chasss carrying a container is gored in an on-whed yard. In thisyard,
a container cannat be gored in an ATC or ATC/manud yard as its type
and Szearedifferent. Containersbe gored in an on-whed yard areasfalows:

« Specid non-gandard containers (non-gandard type B)

- Dangerous container (ulject to IMO rules) grades 1 and 7

- Non-gandard A type container in case ATC/manud is used

- Non-dandard C type container, bulk cargo nat gored in container but
dored in whed traler

An on-whed yard has severd separate dots and can use devices for
connecting severd reefer containers.

Likeanon-gandard yard, an on-whed yard islocaed behind an automated
container yard in pardld layout for trangort to a yard truck, and a left
or right automated container yard for the connection with a yard truck in
a perpendicular layout.

(5) Facilities Related to a Container Yard

Facilities required for operaion are as follow:

« Trander pointsfor outsdetrucks: Trander point of container to externd
truck is deermined and it should cause no waiting.

« Internd termind lane: If aral termind is condructed in atermind,
lanes shauld be desgned for trangoort between a container yard and
aral termind, and aso desgned to st up lanes required for trave
of externd trucks to a yard.
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Landsde Operdion Building (LOB): A landgde operdion building is
required to monitor a container yard. In generd, it is locaed & the
place where nat only the gaus of yard and operaions of equipment
can be fully monitored but aso where a contra sygem of automated
container handling equipment can be operaed.

(6) Safety in Container Yard
Following technologies, devices and procedures are required for sfety
a a number of trander points.

Physcd measure: Inthe desgn of the equipment and thetranger points,
provisons are turned to one ancther to safeguard safety. In this regped,
one can think of dimengons, driving soeed a trander points, barriers
and marking of areas

Sensor technology for identifying accuratdy a trander point and the
location of eguipment

Proper operation rulesinduding training programsfor manua operations
with termind workers

Order ajugment sysem to prevent Smultaneous operation of manua
and automated equipment in trander zone

Prepardion for inaccurae location of manua egquipment
Emergency switch button for dl equipment

Adug devices for astomaed equipment in a process control sysem

4) Rail Terminal

(1) Outline

This section discusses fadlities required for a ral yard. A ral termind
congds of aral yad and a switch yard.

For a dealed plan for Sze and facilities of aral yard, it is conddered



e Ivi

tha forecag of containers should be handed in a ral termind and plan
for future expangon of nationd ral network nationwide should be reviewed.
Fecific maters to be conddered are described in <Figure 5-25>.

<Figure 5-25> Stages of Analysis of Rail Terminal

Basc andyss of a rail termind
- Andysds of port and ral plans
« Andyss of mgor

factors (rail yard, switch yard)
« Andyss of traffic

Badsc andysis of a ral termind|—]

l . Sze & position of fadilitiesin arail
terminal
 Terminal length, thenumber of tracks
Detailed andyss of sandards| | + Minimum length and turning radius
for rail trangportation « Maximum alowed inclination
- Ral gauge
- Switch raio
l  Tran length (minimum and maximum
length)
Decison of gandards for
operaions
(2) Rail Yard

A ral yard should belocated & landsde of a automated container termindl,
whose functions are to load and unl oad containersto trans. Mg or eguipment
of ral termind are ral cranes.

(3) Switchyard
A Switchyard should be located & landsde of an ACT, and is used for
waiting or changing container trains on empty tracks connecting amarshaing
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yad and a ral yard on empty tracks of aral temind. Safety and gop
teds requiring accuracy can be performed in a switchyard of arall termind,
but dlocaing trains is nat performed in a swithchyard.

5) Gate Yard

(1) Outline
The purposes of a gate complex are as follows: high productivity & géte,
flexibility for increased traffic, better sarvice for cugomers incduding
trangportaion firms, shipping firms, etc. and minimum operation personndl .
The mader plan for the gate operation in an ACT is edablished through
the following gages of andysds.

<Figure 5-26> Stages of Analysis of Gate Yard

« Layout of a termina, future

devdopment plan, gate extenghility,
Basc analyss of operationa ec.
drategy in a gae + Savice leve for cugomers
+ Gde productivity
l « Minimization of operaors

» Gde operaion method
Detailed andyds of operations in - Position of gate huilding
a gate complex . Gaein gandards
+ Gate-out dandards
l + Podtion of truck service zone
+ Trouble-shooting
+ Gdae auttomaion technologies

Decison of dandards for gae
operation
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<Figure 5-27> Analysis of Factors Related to Gate Yard

Gate complex

Gate building

Gate- in lane

Size

No. of inspectors

Path between parking lot and gate
building

Position of security office

Gate- out lane

Queue length

No. of pre- inspection points
Sewvice for trucks in trouble
Capacity at gate inspection points

Lane for chassis w/o container

Lane for overloaded truck

Queue length
No. of gate-out points

Service for trucks in trouble

Selection of position ensuring
operation of terminal and other

containers

Service center

Cther factors

Located near gate and gate
building

Service for gate- in truck in trouble
Service for gate- out truck in trouble

Extensibility of automated facilities
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(2) Functions of a Gate Complex

Gaein sty ingection

SH ey ingoectionismadefor dl container carriersand other vehiclesentering
the termind, termina workers, cugomers (shipping firms, shippers), €c.
Ingpection of dl vehicdes entering the termina ensures underganding how
many vehicdes have entered the termind for an arriving time and ingpection
of gate-out vehides.

Drivers bring bar code cards when entering the ACT. Termind issues
cads for drivers who do nat have bar code cards. Safely ingedion is
automaicdly performed when drivers submit their bar code cards confirmed
by a computer sysem.

Géae-in confirmaion

Gae-in confirmation ismade with communi cations between gate operators
and drivers and processng of information trangmitted from termind sysem.
About 90% of gate-in and gate-out container carriers provide information
for termina in advancethrough EDI, and only about 10% of container carriers
provide information for the termind in writing when ariving & the gate.
SQuch prior provison of information through EDI ensures rapid and smple
procesing of operaion & gae.

For rapid processng of arriving trucks providing information through EDI
in advance, a separde lane is given for trucks bringing documents with
empty chass svehides. In addition, aseparaelaneisd so dlocaed for gae-in
confirmation of non-gandard containers.

Snce the of the weight of a container is dso required for load planning,
weght metersareinddled a lanes of gate. Gate-in trucksfor carrying empty
containers are given trave point in yard from termina sysem. In addition,
when problems are found in gae-in trucks, gate operators indruct trucks
drivers to move to the trouble daion to solve the concerned problems.
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Gde-in container ingoection
Gae operaors paform the ingection of containers condition, such as
type, Sze, externd brokerage of container, IMO of empty container, seding
of full container, etic. When the ingpection is completed, they provide truck
drivers with printed-out ingpection report. For gate-in trucks with empty
chasss, however, such inspection is not required.

Cugomer sarvice center

A truck driver moves histruck to the cusomer service center when gate-in
documents are nat be processed or there is a problem in the IMO labd.
He contacts his office by phone or fax asto correct the documents in the
cugomer sarvice center and then tries processng them again a the gate.
It is aurveyed tha about 5% of dl gaein containers face such problems.

- 3% of 90% trucks whose information is processed by EDI sysem (=3%)

- 20% of reddud 10% other trucks (=2%)

Gae-out container ingpection
Gae operaors ingoect the container number, container type and Sze, the
ingde of an empty container, etc. for gate-out containers. After ingpection,
he issues and delivers the ingpection report to truck driver. Processng
procedures are as same as gate-in operation.

Cugoms office

Gae-in container is not obliged to submit any document to the cugoms
office. There is no cugoms officer & the gate-in lane because dl cugsoms
clearance procedures for export containers are processed via dedronic
equipment before the truck arrives & the gate. Exports containers dso do
not receive gae-out ingoection, and its physcal ingection for cusoms
clearance is made when container is gored in termina. When a truck
arrives a the gate, itsingpection has been dready completed. Therefore,
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the cusoms officer and cusoms clearance zone are not required for
gate-out export containers.

Gae-out security ingpection
It is the same as gae-in security ingpection.

(3) Contraction of a Gate Complex
Alternatives & each dage of for the condruction of a gae complex are

cdosy rdaed to the devdopment of man roads in the port. Gae is the
commencement point of operation of an ACT, and should be designed to
gmoathly handle arivas and departures of containers consdering annua
traffic.

(4) Preliminary Gate Operation

Prdiminary gateislocaed ahead from the main gate which includes shipper
and forwarder offices and drivers lounge. About 20% of entire trucks use
these fadlities. A truck can day there for 15 minutes on average.

(5) Gate Operation Flow
Functions of gate according to flow of containers
Arrivd
Truck driver enterstermind areafrom publicroad. Beforeenteringtermind,
truck driver can enter either prdiminary gate or directly gaein zone.

Prdiminay gae
Prdiminary gatei ncludesofficesof trangportationfirms, itsagents, ingoection
firms government agencies, ec. Trucks and office employees private cars
are dlowed to be parked here.

Gde-in zone
When lanes are busy, trucks can wait in the buffer areain front of gate-in
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lane. When, when a lane is deared, the truck moves to the lane. Truck
movesontheweght inddl&ion a thelane. Theweght checked i stranamitted
to the computer sysgem of termind. This weight is used only for loading
plan. The weight described in cargo recapt is not required to be ingoected.

At gaein processng point, the truck driver presents his truck 1D card
(i.e. bar code cad). The termind sysgem compares information of truck,
driver and container from bath the ID card presented by truck driver and
EDI. Through these procedures, the truck driver isregidered and processng
for entrance into termind isinitiated. During the process, the camera sysgem
recognizes the number and the type of atruck and container with the CCR
(Computer Character Recognition).

A camera sydem in dl directions of container obtains gaic video image
of the container. Thisimage is used for procesing a the gae. This image
is gored for 3-6 months for reference to prabable dam (dam for naurd
damage). Finding factsand information of thetype and the Sze of acontainer
can be automaicdly performed with the datic video images obtained by
CCR. For afull container, its sed number isread with €ectronic equipment.
If dl information is correct, the truck driver isgiven an ingruction induding
information of a traved point.

Sometimes an empty container is also loaded & the guide line. In
this case, the container number will not be important and the termina
gsydem or operaor decides seasde sack, proper transport point in a
yard and the container number. Inspector works with wireless data (from
computer sygem) and communicates with his supervisor. It is assumed
that an ingpector recelves the message including the indruction of a
traffic lane to which atruck hasto go for service through his computer.
At peak times, dl gae-in lanes are opened. But, some lanes can be
closed if gate-in lanes are not busy. In this case, less manpower will
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be required for handling and ingpection.

Exceptiond gae-in operaions

Truck drivers not usng the EDI sygem should submit documents to
operators in identification office above gate-in lane. To deliver origina
documents to them, truck drivers put their documents in the cartridge
and use pneumatic pos sysem. Operaors should manage daa entry
required for termina computer sysem.

The operaor in the office aove a traffic lane should ingoect IMO |abd
for dl IMO containers. He checks externd image of container to confirm
whether its labd is correctly atached or nat. If the labd is not correctly
atached, the driver can immediaédy go out to gate-out zone to correct and
atach IMO labd as indruced.

Someimes, the CCR (Computer Character Recognition) sysem cannat
recognize a container number. In this case, operaor uses recorded image
of container for putting container number in the termind computer sysem.
If the type and the Sze of a container are incorrectly recognized, correction
is peformed through the same procedures.

If it isimpossble to recognize alabd decronicdly, the ingector checks
the labe dtached to container to put information in the termina computer
gygem. The ingpector works on ground.

After dl empty containers are ingpected, an ingoector opens the door of
an empty container to check emptiness and then inputs the empty container
condition in the termina computer sygem.

In case of an empty chasss, the CCR sysem can automaticaly confirm
whether a container is loaded on the chasss or nat.

If some automated gatefadilitiesareintrouble, an operaor and an ingoector
should manudly provide service for a truck from time to time.
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A gde-in laneis prepared for non-gandard containers. This lane iswider
than other lanes in width and does not have limit in height as it does nat
have a confirmation booth.

If atruck driver took the wrong way to arrive a the gate-in building
(i.e, priminary gae), he can go out directly through the gate without
entering the termind.

Cugtomer truck driver hasto exit thegae complex through thegate-out
traffic lane.

Termind man road + trangport point
Pasdng the gate-in traffic lane, a truck driver moves to the desgnated
trangoort point and parks his truck & one of the trangport dats. Through
this trangort dat, atruck driver can ddiver or receve a contaner. After

tha, he can move to the gae-out traffic lane.

Gae-out zone

There is the buffer area in front of gate-out traffic lanes, where a truck
driver waits if the lanes are busy with gate-out operation. When a lane is
cleared, truck driver moves to the lane.

For gae-out operaion, atruck driver gops his truck and submits his ID
cad (i.e. bar code card) to the console. A camera sysem checks the truck
and its container and recognizes the number, the type and the sze of the
container through CCR. The camera takes gatic images of a container from
dl gdes and aove. Taken images are used for gae operaion and dored
for 3-6 months for evauation of probable dam such as automaic loss of
regidraion. Checked items and information of the types and the szes of
containers are automaticaly gored by CCR in gaic video images. Marking
of the full contaner is read by dectronic equipment. There is no weight
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ingdldion in a gae-out zone.

During such operdions, a termina sygem checks the correctness of a
container number and the condition of a chasss and adso compares them
with the handling plan in atermind. If dl information is correct, a gate-out
door is opened and a truck can exit the termind.

A gae-out ingector a0 uses wirdess daa and voice communicaions
for operation in the same manner asin gae-in operdion. An ingpector brings
a portable computer with him to receive aty message showing the lane in
which he has to sarve a truck.

All gate-in lanes are opened when traffic is heavy. In case traffic islight,
however, some lanes are dosed and less personnd will be reguired for an
operaion and an ingoection.

Exceptiond gae-out operation

There are some cases in which a CCR sygem cannat correctly recognize
a container number. In this case, an operator puts the container number in
termind computer sysem seeing sored container images. In casethe container
number is incorrectly read, the operaor takes the same procedures.

In case marking cannat be dectronicaly recognized, an ingpector checks
marking number atached to the container and puts the information in a
termind computer sysem. Ingoector works on ground.

All empty containers are U et to ingpection. An ingpector opens the
door of a contaner to confirm tha it is empty and puts confirmation in
a teemind computer sygem.

Chass s without container can be automatically identified with a CCR
gydem. Unlike a gate-in operation, there is no ingpection of IMO |abel
in a gate-out operation.

When a pat of the automaed gae faclities are in trouble, an operator
and an ingector sarve trucks manudly.
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One of gae-in lanesis dlocaed for non-gandard containers. This lane
is wider than others in width and has no limit in heght.

Departure
Compleing the gate-out operation, a truck driver can ether drive to a
publicroad or movetothebuilding inthe preiminary gateto check subsequent
works.
A seaurity officer dso ingoeds trucks before they leave the gate. This
ingection is made on the sde of the departing road from the termind .

<Figure 5-28> Overview of Gate

Classfication of operaion type depending on gae operaion flow
The flow of gae operaions is dasdfied as follow:
Fird, gate-in confirmation and container ingpection is performed a a gate
(l-dep gae)
Second, gate-in confirmation and container ingpection ismade & different
gaes (2-4ep gae)
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Third, security ingpection, gate-in confirmaion and container ingoection
ae made sparady (3-4ep gae).

1-d4ep gae

The flow of gae operaions shown in <Figure 529> can be summarized
as follow:

Fird, termind operdion iseconomica because security ingoection, gae-in
confirmation and container ingoection are performed a one gate.

Second, a separae lane is dlocaed for a gate-in operation of a chasss
without container and agate-out operation of empty conta ner because container
ingoection is not required for them.

Third, a separde lane is dlocaed for a gate-in operation of the truck
which has not provided information in advance through EDI.

<Figure 5-29> The Flow of 1l-step Gate Operation

Container inspection
+
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2-dep gae

The flow of a gate operaion shown in <Figure 530> is ummarized as
follows:

Fird, the operation flow of a 2-gep gaeisdifferent from that of a 1-gep
gdae. Seaurity ingoection and gae-in operaion are peformed a the firg
gae, and container ingpection & the second gate.

Second, a chasss without container passes the second gae without any
operdion because container ingoection is not required there.

Third, aseparael aneisdlocaedfor gate-out operation of an empty container
and a chass swithout container because container ingoection is not required
there.

Fourth, a separae lane for security ingpection and gae-in operdion is
dlocaed for thetruck which faled to provide information in advancethrough
EDI.

<Figure 5-30>. The Flow of 2-step Gate Operation
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3-dep gae

The operaion flow shown in <Figure 531> is summarized as follow:

Fird, the difference between the 2-gep and the 3-9ep gatesisthat security
ingection and gate-in operaion are separaed, and security ingpection and
container ingoection are sgparated in a gae-out operaion.

Second, truckswith container and other trucks can be performed & a same
building.

Third, a chasss without container passes the third gate without any
operdion in both gae-iin and gae-out operaions because contaner
ingoection is not required.

Fourth, a separde lane is dlocated for the truck which faled to provide
information in advance through EDI.

Fifth, the 3-2ep gate sysem requires more land and more personnd than
the 2-4ep gate sydem.

<Figure 5-31> The Flow of 3-step Gate Operation
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ECT/Ddtatermina s adopt the 3-2ep gate sygem for the foll owing reasons:

Fird, the Dutch Cugoms House is goplying tight cusoms clearance
procedures to ships and a0 operaes a separae security dation for gae-in
and gae-out trucks.

Second, the 3-4ep gate sysem is adopted, but a requed of atruck driver,
he is dlowed to pass fredy & each dep. But, the truck is tightly checked
in cae of a gae-out operation.

Third, the 3-gep gate sydem requires lots of land and personnd, but the
time truck drivers consume & the gate is reduced.

Fourth, Ddtatermind is used in many European countries. Accordingly,
truck driversfromvariouscountriesarerequiredtobed ertedthrough separaion
of sy ingoection and gae-in confirmation.



6. Design and Evaluation of an ACT

6.1 Outline

Desgnof container atermind may greetly vary depending on pre-conditions.
It is very important to st up and review pre-conditions complying with
the dedgn of an auttomated termind through anayss of newly automaed
discharging sysems and equipment. In this chapter, actud cases consdering
above-mentioned sysem architecture and operationa draegiesare suggeded
in order to explan ACT desgn and its evauaion process. The contents
of this chapter are: andyzing conditions and contents required for desgn
of termind and prepared andytica scenarios for two desgn dternaives of
padld layout and perpendicular layout, and then, summarizing results of
capacity andyds for each scenario for various factors through smulation.
Also we review drawing out productivity of an integrated operation with
andyds reaults of capacity of berth and yard. Thisis nat only important
criteria on comparison of various dternatives in making decison for the
desgn of atermina but dso provides daa enabling prior comprehenson
of prablems in desgn.

6.2 Simulation Scenarios

In the actud case to be explaned in this chepter, it was assumed tha
quay is 1,050m long. Cepacity and productivity of termind gregly vary
according to makeup of discharging equipment and sysem, and heavily
dependent onlayout. Accordingly, desgn dternativesare preparedin different
cases of pardld layout and perpendicular layout.
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6.2.1 Paralld Layout

When an externd truck enterstheyard block in aparadld layout, operaion
contral is difficult in generd, which may be a mgor cause for accident.
Therefore, externd trucks do not enter marshding yard by setting up buffer
yad in padld layout.

6.2.2 Perpendicular Layout

Unlike pardld layout, the method of operating CTA in which externd
truck directly enter trander point of each block in marshaingyardisintroduced
in this layout.

6.3 Berth and Yard Capacity Analysis

The mg or purposes of andyzing quay capacity and required yard capacity
are to review length and treffic of quay and edimae the number of C/Cs
required and berth utilization for each scenario for each traffic volume, and
to decide yard capacity depending on reviewed and esimaed quay treffic.
The detalled contents of andyss are as follow:

- Influence of quay traffic on LPC (Lifts per cdl)

- Edimaion of the number of quay cranesrequired for efficient operaion
- Beth utilization

- Comparison of yard required for contaner dorage

6.3.1 Criteria on Deciding Capacity Through Simulation

Savice leves for norm-time excess rate and waiting ratio of ships were
reviewed in order toj udgewhether particular smuldion resultsare accepteble
or not.
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6.3.2 Procedures of Analysis
1) Scenarios

(1) Scenarios by Annual Handling Volume

720,000 TEUs: Based on 240,000 TEUs per berth

1 million TEUs: Based on 330,000 TEUs per berth
12 million TEUs: Based on 400,000 TEUS per beth
1.35 million TEUs. Based on 450,000 TEUs pe berth
15 million TEUs: Based on 500,000 TEUS per beth

o O O O O

(2) Scenarios by Ship Arrival Pattern
In connection with ship arivd, 3 different scenarios were reviewed : 1)
equd hip arivd intevd, 2) £ 6 hours and, 3) £ 12 hours difference
beween planned and actud ship arivd intervd.
o Equd dip arivd intervd as planned (Scenario 1, Low Pesking)
o Changein ship arivd plan : £ 6hours (Scenario 2, Medium Pesking)
o Changein ship arivd plan : £ 12hours (Scenario 3, High pesking)

(3) Scenario by LPC of Arriving Ship

Average LPC gredaly influences quay capacity because quay operdion rae
to totd operaion time increases as LPC increases. In addition, the number
of cranes dlocaed increases as LPC increases, and LPC increasesin generd
as gze and length of dhip incresse.

o Méakeup of LPC scenarios
Congdering tha average LPC of Pusan PECT was 860 in 1999 and ships
adso tend to get large, 3 different LPC scenarios were made up, in which
LPC increases by 50% and 100% from the present LPC.
- 860LPC scenario
- 1,285.PC scenaio
- 1,680LPC scenario

o Andyss of causes for LPC increase
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(4) Summary of Scenarios Made up

Sanaio (TEU) Ship arivd patan LPC
1 720,000 Low ing 80
2 720000 Low %@r\g 1285
3 720000 Low pesking 1630
4 720,000 Medum peeking 80
5 720000 Medum pesking 1285
6 720,000 Medium peeking 1630
7 720000 High peeking 860
8 720,000 High pesking 1285
9 720,000 High pesking 1680
10 1,000,000 Low peeking 80
1 1,000,000 Low pesking 1285
2 1,000,000 Low pesking 1630
13 1,000,000 Medum peeking 80
14 1,000,000 Medum pesking 1285
15 1,000,000 Medium peeking 1680
16 1,000,000 High pesking 880
7 1,000,000 High pesking 1285
18 1,000,000 High pesking 1680
19 1,200,000 Low peeking 80
20 1,200,000 Low peeking 1285
21 1,200,000 Low pesking 1630
22 1,200,000 Medum peeking 80
23 1,200,000 Medum pesking 1,285
24 1,200,000 Medium peeking 1680
25 1,200,000 High pesking 880
26 1,200,000 High pesking 1285
27 1,200,000 High pesking 1680
28 1,350,000 Low peeking 80
29 1,350,000 Low peeking 1285
30 1,350,000 Low pesking 1630
31 1,350,000 Medum peeking 80
2 1,350,000 Medum pesking 1,285
33 1,350,000 Medium peeking 1680
A 1,350,000 High pesking 880
b 1,350,000 High pesking 1285
6 1,350,000 High pesking 1680
37 1,500,000 Low peeking 80
38 1,500,000 Low peeking 1285
39 1,500,000 Low pesking 1630
40 1,500,000 Medum peeking 80
41 1,500,000 Medum pesking 1285
42 1,500,000 Medium peeking 1630
43 1,500,000 High pesking 880
44 1,500,000 High pesking 1285
45 1,500,000 High pesking 1680




Design and Evauaion of an ACTches

2) Input Data Setup

(1) Makeup of Arrival Data
o Ship type by LPC and its rdio
o Ship type raio for each LPC scenario
o Rdaion of ship type to ship length

(2) Allocation of Cranes
o In case of Pusan terminds, C/Cs were dlocated up to 5 per vess .

Based on higorica dae and regresson results, C/Cswill be dlocaed
by LPC.

(3) General Input Data
o TEU converson rae 15, with 20 and 40" containers amounting

to 50% each
o Raio of ariving contaners as folow:

- Export/import containersvstransshipment containers= 62.7 : 37.3

- Import vs export = 50.1 : 49.9

- Full container vs empty container = 89 : 11

o Conddering mean dwdl time is 4 days on average and didribution
of dorage period is based on empiricd table.

o Produdivity of quay isbased on 30liftghintermsof tota productivity
per hour.

- 30 liftdh conddering tha cyde time productivity of dua hoig
C/Cis60 Liftgh, and C/C operation efficiency and C/C operation
rae are 0.67 and 0.75, regpectively.

- 255 liftgh when theordticd productivity of dngle hoig C/C is
adways 45 liftgh.

- Accordingly, produdtivity istargeted to be higher than conventiona
method by 33%.
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o Congdering seasond pesk factor is 12

6.3.3 Results of Quay Capacity Simulation

1) Reasonable Handling Capacity at 1,050m Quay Length

Smulaion results of quay capacity read as follow:

(@]

To achieve quay capacity of 99% in 27 scenarios, the number of C/Cs
required for saidfying ship waiting rate and norm time excess rae
was edimated and berth utilization rate and quay capacity a that time

were andyzed.

The number of arriving ships was edimaed by cacaulaing weekly

traffic for each scenario and dividing it by average LPC.

For a newly ariving dhip, its berthing time, ship length and LPC are
decided. When it berths, its waiting is decided according to availeble
quay length and the minimum number of avalable C/Cs within the

concerned Space.

Period of each smulaion was 6 weeks.

<Figure 6-1> Ship Arrival Pattern

Ship arriva pattern
Vessel No.

- Ship arrival pattern(before change)
- Ship arrival pattermn(after change)
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<Figure 6-2> Ship Arrival Simulation Results (In Case of Peak)
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<Figure 6-3> Berthing Position of Ship
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(1) 1 million TEUs Scenario
The dmuldion reults of waiting probability and norm time excess of
95%-percentile satidied the limit of 1% and 5% respectively in every case
generated from the combination of LPC scenario of ship type change and
pesking scenaio of ship ariva patern. In this case, the proper number
of C/Cs is edimaed to be 10 for medium and high pesking.

<Table 6-1> Simulation Analysis of 1 million TEUs Traffic

Waiting

LPC | Pecking Number of orobebility NormOTime Excess 99% Berth
C/Cs of vess 95%-quantity occupancy
L 9 0 0 77
860 LPC M 10 0 0 86
H 10 0.6 0 86
L 9 0 0 63
1285 LPC M 10 0 0 63
H 10 0.8 0 A
L 9 0 0 63
1680 LPC M 10 0 0 62
H 10 0 0 85

(2) 1.2 million TEUs Scenario

The dmuldion reults of waiting probability and norm time excess of
95%-quantity satidfied the limit of 1% and 5% regectively in every case
generated from the combination of LPC scenario of ship type change and
pesking scenario of ship ariva patern. However, the scenario with LPC
of 860 doesnat satidy thelimit of 1% of waiting probability ratio a medium
and high pesking. In this case, the proper number of C/Csis edimaed to
be 11 a& medium and high pesking.
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<Table 6-2> Simulation Analysis of 1.2 million TEUs Traffic

Waiting Norm Time
LPC | Pecking | NUTRL O lprobeniity of  Excess | 990 Beth
vess 95%-quantity pancy
L 10 0 0 86
860 LPC M 11 19 0 99
H 11 47 0 99
L 11 0 0 63
1285 LPC M 11 0 0 86
H © 0.7 0 89
L 11 0 0 64
1680 LPC, M 11 0 0 63
H 11 0 0 87

(3) 1.35 million TEUs Scenario

The dmuldion reaults of waiting probability and norm time excess of
95%-quantile stidfied the limit of 1% and 5% repectively in every case
generated from the combination of LPC scenario of ship type change and
pesking scenario of ship ariva patern. However, the 860 LPC ship type
change scenaio does not satidfy 1% of queue raio a medium and high
peeking. In this case, the proper number of C/Csis edimaed to be 11 a
medium and high pesking.

<Table 6-3> Simulation Analysis of 1.35 million TEUs Traffic

Waiting Norm time i
LPC | Pesking N“r&bgs o probability of eXCESS Ma(teﬁpled
vessy 95%-quantile
L 11 04 0 912
860 LPC| M 1 33 0 1061
H 11 54 0 1080
] 1 0 0 959
1285 LPc| M 11 0 0 958
¥ 1 06 0 958
] 1 0 0 682
1680 LPC M 11 08 0 682
¥ 12 0.8 0 958




26Ixx

(4) 1.5 million TEUs Scenario

The dmuldion reults of waiting probability and norm time excess of
95%-quantile stidied each limit only & low and medium pesks in case
of 1,285 LPC and 1,680 LPC scenarios. It is edimated tha 1.5 million
TEUs scenario cannot be accepted with quay length of 1,050m.

<Table 6-4> Simulation Analysis of 1.5 million TEUs Traffic

Waiting Norm time Max.
LPC |Pesking Nurg/bgrs of probability of excess occupied
vess 95%-quantile Length
L 11 33 0 86
860 LPC| M » 48 0 9
H » 5.6 0 99
L 11 0.6 0 91
1285 LPC| M » 11 0 R
H » 2.8 0 R
L 11 0.0 0 91
1680 LPC| M » 0.7 0 A
H » 29 0 A

2) Conclusion

Ascontainer carriers are getting larger, the maximum quay traffic capacity
sidies savicelevds a 1,050m quay with 1.35 million TEUs. The number
of C/Csis edimaed to be 11 & medium and high pesking. In this case,
however, the number of gpare C/Cs required has not been conddered.

6.3.4 Simulation Results of Maximum Storage Capacity (TGS

The maximum gorage cgpacity was edimated through smulaion of the
maximum gorage cgpacity required for the 1.35 million TEUS scenario. In
this case, medium and high pesks were andyzed, as ship arivd pdtern
scenario ams to andyze maximum dorage cgpacity a pesks. For ariva
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of trucksfor ddivery operation beforethe ship arriva and trucksfor receiving
operation after ship departure, empirica didribution for dwell time of 7-days
was used. T/S containers were conddered to be gored for 10 days. Yad
dorage after seasde and loading/discharging operations were analyzed
through a 7-week smulation, in which the number of containers sored
for 4 weeks after the fird 2 weeks was shown. The maximum dorage
capacity is not required to be consdered because it causes excessve
dorage demand a yard. Required sorage capacity was edimaed with
95% percentile. This means tha maximum gorage capacity is relevant
only for the time less than 5%.

1) Medium Peaking Scenario

In 1,285 LPC scenario, the maximum gorage capacity of 95% percertile
was edimaed as 14,465 VAN. This meanstha more than 14,465 containers
are dored only for hours less than 5%.

<Table 6-5> Maximum Storage at Medium Peaking

Senaio Average Sorage Capecity Maximum Sorage Capacity
(VAN) 95%-percentile(VAN)

860 LPC 10,479 11,538

1285 LPC 12,688 14,465

1680 LPC 11453 13,015
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<Figure 6-4> Storage Space Required
(1,350,000TEU, Medium Peak, Average LPC=860, CASE 1)
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<Figure 6-5> Storage Space Required
(1,350,000TEUS, Medium Peak, Average LPC=1,285, CASE 1)
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<Figure 6-6> Storage Space Required
(1,350,000TEU, Medium Peak, Average LPC=1,680, CASE 1)
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2) High Peaking Scenario

At the high pesking scenario in which ships arive within £ 12 hours
comparing with the origind schedule, the maximum dorage cagpadity is
edimated a 14,802VAN in case of 1,285 LPC scenario.

<Table 6-6> Maximum Storage Space at High Peaking

SLenario Average Sorage Capacity Maximum Sorage Capacity
(VAN) 95% percentile(VAN)

860 LPC 0,463 11,556

1285 LPC 12,878 14,802

1680 LPC 11,508 13,247
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<Figure 6-7> Storage Space Required
(1,350,000TEUS, High Peak, Average LPC=860, CASE 1)
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<Figure 6-8> Storage Space Required
(1,350,000TEUs 11 C/Cs, High Peak, Average LPC=1,285, CASE 1)
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<Figure 6-9> Storage Space Required
(1,350,000TEUSs, High Peak, Average LPC=1,680, CASE 1)
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3) Results of Analysis

<Table 6-7> Maximum Storage Space(TGS)

Sorae Maxinmum Maxinmum Total
Throughput = Sorege | Saae TGS
(VAN) | B ity | Copecity | 3K T | conggring
(VAN) | (TRY) seasond pesk
Full Container 11045 | 57% | 19378 | 29067 | 5 |5813 6,976
Empty Cortainer 2058 | 7% | 394 | 5916 | 5 |1183 1420
Depot Enpty 254 | 79% | 338| 57| 5 | 101 122
Of-Qandard Cortdner | 553 | 7% | 737 | 1106| 3 | 368 442
OWhed Cortainer 150 | 100% | 10| 25| 1 | 225 270
Redfer Cortainer 12 | 7% 150 | 25| 3 75 9
Subtotal 15072 | - | 24697 | 37046 | - | 7,766 9,320
Consdaring Gatepeck | 388 | 57% 681 101| 5 | 205 245
Totdl 15460 25378 | 38,067 7971 9,565
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6.4 Terminal Simulation Analysis

The mgor purpose of termina smuldion andydss is to figure out yard
layout and edimae termina Sze, productivity and the number of equipment
required for each layout dternaive. The deals are as follow:

- Yad block andyds (Block length and width)

- Dealed yard layout

- AGV-ATC Smulaion

- Edimaion of produdtivity and number of eguipment required

6.4.1 Yard Block Analysis

This section anayzes block length to decide the number of yard sections
and block width to decide the number of ATC rowsin pardld layout. Yard
block andyds is a preiminary anayss dage for dedgn of detaled yard
layout, in which fdlowing points are assumed for ample andyss.:

- 1.35million TEUs scenari o and maximum sorage capacity of 9,565TGS.
-AGV cydetimeiscd culaedwithaveragespeed of eachpathincongderaion
of number of returning sections, crossngs and merging.

1) Analysis of Number of Yard Sections

(1) Pre-Conditions

o Andysesaremadefor scenariosinwhichthenumbersof yard sections
ae 3 and 4 in 1,050m quay length.

o As the number of sections increases, the percentage of road Sze
in yard increases and the net dorage gpace decreases. Accordingly,
traffic contrd in goron becomes complicated and the number of AGV
turning paths on trangport route increases which reults in decreases
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of average operdion geed of AGV.
o When there are 2 sedtions, it was andyzed that length of a block
gets longer by 500m, and ATC operaion cyde time ges longer
and AGV waiting deteriorates produdtivity of C/C.
(Andyss of block length, 300m and 600m, in desgn of Pusan New
Port showstha C/C produdtivity is28.8 and 20 liftgh repectively.)
o Section operaion method
| || || | | | | | | | | |
| || || | | | | | | | |
| || || | | | | | | | | |

o Based on 12 rows of block

o Intermind with quay length of 1,050m and termina width of 600m,
6 runs were dedgned on the bads of experience neé dorage ace
raio of 67%.

(2) Comparison of C/C Productivity
The number of AGVs per C/C, layout of 3-sections is superior to tha

of 4-sedions in produdtivity. This is due to the increase of average cyde
time of AGV as the number of sections is increased to 4.

<Table 6-8> Comparison of C/C Productivity in Each Section
Scenario (liftghr)

Scenario 3 Sections 4 Sections
3 AGVs/ CC 25 19
4 AGVs/ CC 33 26
5 AGVs/ CC 42 32
6 AGVs/ C/C 50 39
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<Figure 6-10> Comparison of C/C Productivity to Number of Sections

C/C Productivity
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2) Analysis of Number of Block Rows

For 135million TEUs scenario, the number of equipment and produdtivity
of C/C are andyzed for each scenario for number of block rows in order
to decide ecifications of yard crane.

o Scenaio for number of block rows

(1) Layout for Each Scenario

- Throughput : 9,565TGS

- Quay Length : 1,050m, Termind Depth : 600m

- Empiricd area raio of Ne& Contaner Yard Sorage Area : 67%

Asreallt of desgn, the smilar TGS conditions were satisfied with 7 runs
in 9-row layout, 5runsin 12-row layout and 4 runsin 15-row layout. However,
required depth from quay to yard is 475m with 9-row, 400m with 12-rows
and 375m with 15rows. Therefore, the required depth from quay to yard
of 375m with 15-rows turns out to require the minimum yard area.
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9-row layout

Tenmingl Layout Screen New Yard| Paih Croste| Berth Path| Gate Path| Equip Call

alm

o 57T T

&1 ER2 GFE

G4 GPE GPE

&r GPa GPg

GPia G GP2

G113 G4 GF13

LF ol T =Pa

L k] G L

] == -:‘j
paming P -0,
GH
12-row layout
Terming Leyoui Sareen New Yerd| Path Creste| Berih Path| Cate Pah| Equip-Call
B S —
H Ik - [+ - - - - [2x] - -
s

GF1 [ =) =P3

GPd. [+ o] =S

GFT GFE (= "]

GFID &P =2

SR 3 [ iF- 3 [ odt]

E— | |
parking M mair-b
=B



280xxx

15row layout
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(2) Analysis of Net C/C Productivity

Criterion of layout comparison is C/C produdivity which is edimated in
raio to tota operation hours and net operaion hours. Productivity per net
operation hour incdludes number of hatch cover moves, gantry time and AGV
waiting time. C productivity for layout comparison is defined as net
produdtivity of container moving from ship to AGV. Secificdly spesking,
it was cong dered that theoreticd productivity of dua hoig C/Cis60 liftgh,
and net productivity of loading and discharging containers in one bay of
ship is 55 liftgh which is 914% of theoretical productivity due to the
difference in gacking postionsin bay and number of rows. This figure
isamean value which was applied to esimate pure productivity of Sngle
trolley crane in Crane Sm modd of Liftech of the United Sates.



Design and Evaluaion of an AEGIX2&1

(3) Comparison of Purposes for Using Productivity

<Table 6-9> Comparison of Purposes for Using Productivity

Classfication Termind smulation analyds
Purpose For comparison of layouts
cc - 55 Liftghour
productivity | - Pure productivity of dua hois C/C (in case of travel of container
vaue in a bay of ship to AGV)
For compari number  of uipment required for layout and
Purpose of use productivitF;/ o?gquay S o+ i
- Lower than 55 Liftghour
_CJC It is because of hatch cover travel, gantrying, delayed AGV service
edimeted |y oher then 30 Liftghour
proS:ctugnty It is because of non-productive time such as breakbulk work,

gevedoring rehandles, or crane breakdowns.

(4) Estimation of Number of ATCs Required for Each Layout
Scenario

o Number of ATCs required for each layout
T=Rx N (R : Nurbe d rung N : Nurber of equipmat for each run)

o Edimaing the number of ATCs required for each run stisying
the ne produdtivity of C/C, 55 liftgh, by changing the number of
ATCs for 9, 12 and 15row scenarios

o Number of ATCsto be anadyzed for each run should be in the range
of 2 7.

o Inthiscaseit is assumed tha wating AGV causes no deterioration
of produdtivity.

o As the function of ATC productivity by scenario rewulted in the
number of ATCs required for each run were 28 with 9-rows 25
with 12-rows and 24 with 15rows regectivey.
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<Table 6-10> Number of ATCs Required for Scenarios of Number of Block Rows

c/C ATC

Scenario | Number of ATC/ Total number productivity productivity
per run of ATC (lifts'hr) per run
5Tiers 9Rows 4 28 58.5 106.1
5Tiers 12Rows 5 25 54.9 1319
STiers 15Rows 6 24 55.0 165.0

(5) Analysis of C/C Productivity for Each Layout Scenario
- Andyze C/C productivity for each scenario with edimaed number
of ATCs and changing the number of AGV's from 3 to 8.
- Determine the appropriate number of AGV's on condition that C/C
productivity doesnt increase while the number of C/C increases.
- Asthereault, esimated number of AGVsper C/C were 5with 9-rows,
6 with 12-rows and 7 with 15-rows.

<Table 6-11> Number of AGVs and Productivity of C/C for Scenarios
of Number of Block Rows

NUTT 257 €F ASVE 5 Tiers 9 Rows | 5 Tiers 12 Rows 5Tiers 15 Rows
per C/IC
3 22.3 24.1 246
4 29.7 32.1 32.8
5 37.1 40.2 410
6 37.3 4.1 492
7 373 4.1
8 37.3 4.1 55.0

C/Cprodudtivity wasfoundtobethemod advantageous(mod cod effective)
in a 15row scenario when the number of AGVs per C/Cis 5 6 and 7.
Intermsof yard arearequired for the sameyard TGS, 12 and 15-row scenarios
requirethedepth of termind from quay toyard of 400m and 375m regpectively
and 12-row scenario requires 26,250  of yard.
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6.4.2 Design in Each Layout Alternative
1) Analysis of Maximum Yard Size

Maximumyard Szeto be desgned for each layout dternaivewas andyzed
in the following criteria.
- Based on 135 million TEUs containers
- Rdio of net yard area to totd termind area:
Padld layout: 67% (Based on WD)
Perpendicular layout: 71% (Based on KPC)
- Andyss of dwdl time dorage cgpacity factor, rate of contaner mix
ae same as previous one.

Anayss reallts of yard 9ze are as follow.: The yard cgpacity of 9,565
TGSis avalable for dl dternaives when 1.35 million TEUs of contana's
ae handled.

<Table 6-12> Result of Storage Capacity Analysis

Padld layaut 1| Paeld leyout 2| Pepedicdar layout 1 | Papendada layout 2
(STie's 13Rong | (BTiersIFRong (STiegsiORovy (STiers 6,13Ron

Max. Sorage
iy 1158 11533 12,284 12,085
et/ Gioss | g3 8 % 78 % 78 %

2) Block Specs for Each Layout Alternative

<Table 6-13> Block Specs for Each Layout Alternative

Parallel layout Perpendicular Layout

Layout 1 Layout 2 Layout 1 Layout 2

Number of blocks | 15Rows, 12| 15Rows, 12 | 10Rows, 20 |6Rows+13Rows, 14

Block length 270m 270m 228m 275m
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6.4.3 Terminal Layout Drawing
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6.4.4 Comparative Analysis of Terminal Layout

Qasdfi-

. Paald layout Pependicular layout
cetion
ATC 1 block 2 equipmet:
Architec- Yad : Oneova-five gacking, 15 rons One-over-five daking. 10/11 rons
Buffer yad : One-ova-five gacking, 12 rons |2 blodks 3 equipmet:
ture One-over-five daking, 613 rons
Lage yad blok avdladle — Lage yad blok inpossble
Nurbe o blodks inoreeses due to buffer|— Numba o blodks is mudh higher then in
yad padld layaut 1
Less ATC ral and piling wak required |- ATC ral and piling work incresse,
Runing scope gds wide s AGY canl— Ruming soope gas smdl es AGY  does
reach eech containg dacking paosition. na ete each cotang gaking postion.
Layout Ruming route is coplicated as thee ae— Rumning raute is dnple as thee is no
AGV runs AGV runs far extand truks
- Blodk |- AGV e gpproadh to dstharging paint in_ - ATC ruming digance is very lage
yad ad its runing dgance is SvElE|_ gk sze is limited & widh and length
- RN | than in papedada laya. o blodk ae limited.
. . — Apan gze is lage then in padld layaut.
,IAU&? sze is srelle then in papendada)_ Ao ruming raute is coplicated.
a/oL. . — Thee ae may aosing ad megng &
Snple gron ruming route .
4 gosing and mergng parts in goran AGV travds papendaulaly in gron.
— Numbe o ATGs required incregsss.
— Vaticd inteface goece is  addtiondly
Hich level roed ad wndepess ae na trri(él(l;ed for recdvingddivay operations
HW reqired, but addtiondl intaface  speos Fadlities ae required for ootrd o
Infra. yad cpeadion fadlities and disthaging recvingddlivary cperations trudks.
euipmat ae reopired. A
— Addtiond yad aane ad trangater ae
nat reouired.
AGV ruming route end treffic contrd ere
. complicaed and running time gets highe|— Travd can be dnply cotrdled due to
Trelfic | thyy in dtemdive 1 becuse gdein| complee spadion of seesde and landsde
cotrd | ear, dshagng ad tranpat routes trangpart routes.
o-exig.
In yad opedion, rande gae opaaa in
buffer yad to be dlocaed to ATC far
; — Ranmae ocotrd pesond shauld be
e O b arting | l0CAE 10 ATG, as it is dffiait to
Qpadion| Grrpl Yy i spaae ATC from seedde and landdde
y/dem in yad shadd be reqpaaed in buffe yad Qardtions carpletdly.

— repdvingddivay goardians trudks to dosave

dadng time
Diffeert  from  opadion gden o
convationd temind

Differet from discharging gperdion sydem
o cowvationd temind
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izl Padld lajat Peperdalar lajaut
cetion
— Move o edand truk to yad blok
requires less _
— Buffer yad causss inceese o cotainer| Adg)tlm o grell ATC renires mure
trangoart and in termingl. eupmat. _ _
= — Us o lage ATC ad padld layout of|— Les time is requred far move in
PBL 1050 quy padld endes tranpat dredion of gatry travel then in padld
pedion|  pawen blodks but addion of hufe yad  laya. ) )
aupmat  reyires  rmoe  epipmat— Mantenance ad hlgl daking ae setta;&d
; : : through dlocetion 23 aaes to
copaing with padld layout dtendive 1 block in condderation o dsdvartages o
pepedada layatt incduding mantenance
and lowv gadking.
— Complede spadion o seddlanddde— Conplee spadion o ssedde AGY ad
AGY fran raues far edend truks landdde route for extand trudk oateing
(Edeblismet o buffer yad in padld] o ATC blok
with quay ling) — Saking dze: 20 Blocks 360GS (=10x36)
Layot | gaing sze TRIGKSEOTGS (21540 Tad: 7200TGS
dtemer Buffer sze 3 Bloks Tad: 7,200 +— Diredt atrance of extand trudk into kiosk
tives 720TGS requires etablismet o dfident yad

Buffer yad loves aea dfidexy o
tamind compaing with dtendive 1

It is reqired to s W yad opadin
palides acording to use of buffer yard.

aoerdion.

Autama:
tion
dtana
tives

Cotdne aane Autareted dschargng in gran

Cotane aane :
Autameted discharging in goron

Aprono yad: Autameted (AGV)

Aprono Yad: Autameted (AGY)

Yad:

AGV far ships (Autameted ATC),

ACQ/ fa rexvingddivey qoadios (Auareed
ATO)

Yad:

AGV fa dips (Auameted ATO),

Bxterd truk (Renady cotrdled atameted
ATO)

Inpart: Impart:

QC- AGV-ATC- Yad QC- AGV - ATC(unmamed) - Yad
Transhipmat: Transshipment:

QC-AGV -~ ATCo Yad QCoAGY « ATC(Unmamed) - Yad
Expart: Expart:

Yad- ATC- AGV-QC Yad- ATQunmamnad) - AGV - QC
Gaein: Gaein:

Truk— ATC (manned) - Buffer  yard— ATC
(remate automaed) » AGV - Saking yad

Truk - ATC (remate autameted) - Yad

Gate-out:
Yad- ATC (maned) - AGV - Buffer
Yad- ATC (remate atomaed) - Trudk

Gate-out:
Yad- ATC (remate autometed) - Trudk
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Qassfi-
il Paald layout Pependicular layout
— Buffer yad blok endbles prevation o
odey for gaein truk, but planed .
Sfay & PEAN O great truck is diffiodt. |~ There is no sfey problem and denger
e_ty — Bxdtard truk podtioning erar does nat oar. . ATC is nat_capletdy separaed
MaANS || resative of arival order with separete strudure. .
nance |- No prablem exigs & edemd truk and— 1radled equipmet cen be repleced with
yad indce ae spaddy qaael cataing Ahe dsharging ecuipment in blodk.
on buffer yerd.
Distagny— Buffer yad aane and gdein and gateaut|— Addtiond trangoter is nat required for
. tranpota ae addtiondly required fo|  gaein and gaeatt gpadion in yad.
QUIEL  Gighaging a bufe yad.
Congruc|— Buffer yard condtrudtion required — High geed travel of distharging ecuipment
tion of causes extra expenses far dvil enginesring
base waks ec.
fadlities
— AGV travd fadlities far ship, gaetrdfic— AGY travd fadlities far ships ad
cotrd fadlities end AGY travd fadlities  fqjities f gtrudk cotrol ired.
Y | for recsvingcivery cpaating AGYs e _ Smle eoencios argam - H
W reqpired.
— Conplicated communictions sydem
Recvired|™ Addtion o buffer yad causes inceae of|— Inceese o goron dze lowvers tamind aea
eacr”aa gte Sze and lomvas aea dfideng| dfidengy.
corparing with dterndtive 1

6.4.5 Target C/C Productivity

It was found through andyd's of quay capacity a automaed termind that
optima quay capacity with the length of 1,050m is 1.35 million TEUswhen
produdivity per gross work time is 30 liftghr. In this smulaion modd,
the target C/C productivity to handle 1.35 million TEUs is cdcaulaed by
dividing productivity per gross work time by the rae of operaion 0.75 in
which berthing and deberthing time, crane preparaion time, deberthing
preparation time, etc are consdered. Accordingly, the combination of
equipment enauring productivity of 40 liftghr is sdected through smulaion
for each layout dternaive. In case productivity exceeds 40 liftghr, in other
words, if produdtivity per gross work time exceeds 30 liftghr, it means the
combination of equipment isexcessvefor 1.35 million TEUs. If there exids
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a track-off rdation tha C/C productivity may increase with the increase
of the number of bath AGV and ATC, an economicd dternaive shauld
be sdected by congdering bath the number and price of AGV and ATC.

6.4.6 Analysis of Equipment Required for Perpendicular Layout
1) Estimation of Cycle Time Distribution of ATC Operation
(1) Input Conditions

o Decidon of produdivity leve is difficult because both dternaives
of dlocaing 2 ATCs to a perpendicular block and 3 ATCs to 2
blocks are new concepts of automaed sygems.

o Accordingly, it is necessary to edimae didribution by goplying the
ATC cydetimetha greatly reflects productivity to vesse operaions
and recaving/ddivery operdion of externd trucks.

o Sackinganddlocation drategiesareedablishedasfollowsingmulaion
of ATC cyde time:

- Sacking in block to be made in random grounding method

- Operaion on FIFO bag sfor bath operationsfor |oading/di scharging
and recaving/ddivery operaionsjob are based on FIFO

- Equipment should be dlocated with the neares equipment method.

1 Cyde time of ATC in a bay

Unit : second
STiers : : STiers
5Tiers 10Rows|5Tiers 10Rows

R : 13R

ORONS 'ATClexternd) | ATC(rtemdl) | 3o
Empty Trolley Move
e g1 B BB
Container Cepture 00 0.0 100 00
L ocaded HOIS(SOI’@E area) 172 277 16.3 277
Loaded Trolley Move 177 134 9.1 20
Loaded Hoig(AGV) 2132 318% 2132 3182
Empty Hoig(AGV) : - - -
Gae Out- Load Suffle gack| %0 %.0 %.0 %0

1 Qyde time 89.0 1312 920.5 1313
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Time and number of bays required for each equipment

Unit : second
STiers 6Rows 5STiers 10Rows STiers 13Rows
ATC ATC ATC
1 Bay 9.856 10.5984 12.3307
nB 9.856+ 10.5984+ 12.3307+
Y 1856*n 3.0084*n 4.3307*n
Number of Bay 41Bays 36Bays 41Bays

Andyds of gmulaion reults
The fdlowing grgph shows 1 cycetime (X axig) required for operdions
of ship and externd truck and frequency corresponding to the cyde time
(Y axig). Average cydetime of ATC is 238 seconds in perpendicul ar layout
and 225 seconds in pependicular layout 2.

<Figure 6-11> 1 Cycle Time Didribution of ATC in Perpendicular Layout 1
(Mean : 238sec)
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<Figure 6-12> 1 Cycle Time Didgribution of ATC in Perpendicular Layout 2
(Mean : 225sec)
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2) Analysis of Simulation for Calculating Required Equipment

The following is recommended to prevent problems.:

Totd number of AGVsfor a ship = Number of C/Cs dlocated to ariving

gip x number of AGVs for a C/C

o Allocation of blocks in perpendicular layout is based on waiting of
AGV a ATC.

- Block is dlocated based on concept of berth.

- C/C dlocaion depends on sze of ship LPC.

o The number of AGVs teded for each C/C was from 4 to 9

o ATC operaion occurs with pear vdue of discharging and loading a
vessd operaion and externd truck operaion.
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(1) Perpendicular Layout

In case of perpendicular layout 1usng 44 AGV's average C/C produdtivity
is38.4 moves. Average C/Cwating ratiofor AGV 1528.8%. C/C produdtivity
with 55 AGVs is 43.6 moves. This increased C/C produdtivity by 13.6%
and decreased C/C waiting time rate for AGV by 19.1% when compared
with 44-AGVs scenaio. In case of the 66-AGV's scenario, C/C productivity
is 45.8 liftghr which grealy exceeds target C/C produdtivity of 40 liftghr.
Ratio of C/C waiting timefor AGV is 15%, showing no gregt improvement
when compared with the 55-AGV s scenario. Accordingly, the proper number
of AGVs required is 55.

<Table 6-14> Tes Results of Productivity Analysis (Perpendicular Layout 1)

AGV C/C Productivity ‘o for AGY (%
_ Rai - :
Scenario | | iftghr | Incr rate(%) aio of C/C waiting time for (%)
44 AGVs | 384 - 28.8
55 AGVs | 436 13.6 19.1
66 AGVs | 458 5.1 15.0
77 AGVs | 472 3.1 24
88 AGVs | 479 14 112
99 AGVs | 483 0.9 0.9

In case of perpendicular layout 2 usng 44 AGV's average C/C produdtivity
is45.9moves. Average C/Cwaltingratiofor AGV is 14.8%. C/C produdtivity
with 55 AGVs is 485 moves. This increased C/C produdivity by 5.6% and
decreased C/Cwaiting timeraefor AGV by 10% when compared with 44-AGV's
scenaio. Accordingly, the proper number of AGVs required is 44.
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<Table 6-15> Tes Results of Productivity Analysis (Perpendicular Layout 2)

AGV C/C Productivity ‘o for AGY (%
- Ratio of C/C waiting time for
Scenario | | iftghr | Increased rate(%) g 0e)
33 AGVs | 39.2 - 27.3
44 AGVs | 45.9 17.1 14.8
55 AGVs | 485 56 100
66 AGVs | 494 19 8.3
77 AGVs 50.0 12 7.2
88 AGVs | 50.1 0.2 7.0
99 AGVs | 50.6 10 6.1

(2) Required Equipment and Productivity

In case of perpendicular layout 1, the number of ATCsis dready fixed
with the number of blocks required for handling 1.35 million TEUs and
cannot be ag uged depending ontarget productivity . Accordingly, the scenario
is sdected which saidfies the neares target C/C productivity depending on
change in number of AGVs. In this case, C/C produdivity is 43.6 liftghr
for perpendicular layout 1, and 459 Liftghr for perpendicular layout
2. Required equipment and productivity of C/C are as follows.

<Table 6-16> Required Number of Equipment and C/C Productivity

Perpendicular Layout 1 | Perpendicular Layout 2

Required Number of Equipment
- ATC 40 ATCs 42 ATCs
- AGV 55 AGVs 44 AGVs

C/C productivity 436 Liftghr 459 Liftghr




Design and Evauaion of an ACExede

<Figure 6-13> C/C Productivity in Perpendicular Layout
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6.4.7 Analysis of Productivity and Equipment Required for Paralld
L ayout

1) Estimation of ATC Cycle Time Distribution

It isbasaed on block layout of 5 rows and one-over-fifteen gacking. ATC
cycdetimeisedimated by each run. ATC cydetime digribution ismeasured
by the scenario that the number of ATCsintherange of 4 9 isdlocaed
to each run. The didribution esimation realt (average vaue) is shown in
the following figure. Unlike the perpendicular layout, the ATC operdion
was frequetly made in a bay for a ship in pardld layout.

<Figure 6-14> Result of Digtribution Estimation(Mean Value)
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2) Parallel Layout Alternatives

(1) Analysis of Buffer Block Size and Equipment Required

It is important to discuss how to operae a buffer yard in an automaed
container termind which will be used for resalving the difficultiesto which
the interaction between externd manned trucks and interna  unmanned
equipment led. The determination of fleet 9ze of materid handling equipment
is an important iswe in dedgning the buffer yard in austomated container
terminas. Buffer cgpacities could be determined by smulaion. By usng
response surfacemethodol ogy (RSM) for efficient experimentation, theoptima
combination of desgn parameters under gpplicable operationd draegiesis
obtained.33)

Buffer block sze

o Buffer TGSindudesdaily TGSfor externd truck operationandrefrigerator
container TGS.

o Buffer yard is edimaed to have the Sorage capacity factor of 45%
for improving recaving/ddivery operaions eficiency.

o Accordingly, buffer yard TGS is 928 in tatd.

o Block is desgned to have 320TGS for each block and 960TGS in
tota with 10 rows + 2 lanes for each block.

Buffer yard equipment

o Asreallt of gate smuldion, the required number of ATCsis edimaed
as 6 in tota keeping the maximum number of waiting trucks as 20
of 132 trucks. This is the number of trucks a pesk hour of a day.

33) Bae, J. W., Yang, C. H., Kim, K. H., "Determination of Fleet Size of Equipment
in Buffer Yard of an Automated Container Terminal by using a Response Surface
Methodology", Journal d the Korean institute d Port Research, Autumn, 2000,

pp.121 129.
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o Reguire number of AGVs is edimaed by cdculding the number of
AGVs required for outward externd truck operaion, goring gae-in
containers in buffer yard a peaks.

- As only 16 trucks per hour arive an hour on average from 11:00
odock & night to 6:00 o'dock in the morning, containers which
arive within a day can be trangorted to yard during tha time.

- It isedimated tha 4 AGV's per block, tatd 12 AGVs, are required.

(2) Simulation Results
o Smuldion results of productivity and required number of eguipment
(pardld layout 1)

C/C productivity and AGV waiting time were teded while increasng the
number of ATCsfrom 4 to 9 in each run. Asreallt, the aternative showing
C/C productivity of the neares target produdtivity of 40 liftdhr was the
combination of 7 ATCs and 66 AGV's per run. The dterndive of 28 ATCs
and 66 AGVs shows C/C productivity of 418 liftghr.

<Figure 6-15> C/C Productivity of Parallel Layout 1
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o Smuldion reaults of productivity and required number of eguipment
(pardld layout 2)

C/C productivity and AGV waiting time were teded while increasng the
number of ATCsfrom 4 to 9 in each run. Asreallt, the aternative showing
C/C produdtivity of the neares target produdtivity of 40 liftdhr was the
combination of 7 ATCs and 66 AGV's per run. The dterndive of 28 ATCs
and 66 AGVs shows C/C produdtivity of 422 liftghr.

<Figure 6-16> C/C Productivity of Parallel Layout 2

3) Comparative Analysis of Required Equipment by Alternative

The following isa comparison of layout dternatives of optima equi pment
combination neares target productivity of 40 liftghr (30 liftghr in terms
of the productivity per gross work time operaion hour) in an automaed
termina modd handling 1.35 million TEUs annualy.

In pardld layouts productivity were determined near 40 liftghr because
it was possble to ad ug both the number of ATCs and AGVs. In case there
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is little difference in produdivity, the required number of ATCs in pardld
layouts is less than in perpendicular layouts because ATC trave digance
and cyde time in pardld layouts is less than in perpendicular layouts

<Table 6-17> Results of Simulation

Perpendicular layouts Paralld layouts
layout 1 layout 2 layout 1 layout 2
Equipments needed
ATC 40 42(28+14) 28 34(28+6)
AGV 55 44 66 78(66+12)
C/C Productivity
(Lifts'hr) 436 459 418 422

6.5 Gate Analysis

The purpose of gate andyd sisto decidethe number of gate-in and gate-out
lanes and edimate gze of wating zone for trucks in yard. Experiments are
made by varying operation conditions of termina and number of lanes. The
flow of the experiment is shown in the following figure. Gate andyssis
focused on the two purposes : queue length a lanes and turnaround time
of externd trucks.

. . ~Vaying rurber o gatein lares from 2 to 8
Seaios of nutha o gaein laes —GMng 10 geteat lanes as madmum

!
| Dedson d rurhe of getein lanes | —Madmum dlonedle quee lengh & a lane: 3 trucks
!

. ~Appying ddemined nunber of getein lanes
Seererios of rurher of cteat lenes —Vaying b of geteat lanes from 2 to 5

!
| Dedson o nuber o gateaut lanes | — Ardlyss of getein and geteaut lane tilization
!
| Edingion o sze o waiting zore inyard — Madmum dlonede quete legth: Less then 3 trucks
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6.5.1 Gate Operation Conditions

1) Analysis of Gate-in and Gate-out Trucks at Daily Peaks

The following table shows the number of maximum gae-in and gate-out

trucks a daly pesks of export and import containers & the 1.35 million
TEUs scenario.

<Table 6-18> Esimation Number of Maximum Gate-in & Gate-out Trucks
at Daily Peaks of Export & Import Containers

Formula
Formua with adud deta
Amud Throughput Anmud Throughput(TEU) X Bax/TEU rae
(liftdyenr) 1,350,000 TEUlyear x 15 = 900000 liftsyear

Annud  Throughput Amud Throughpui(liftdyear) x  62.7%
(Exduding transshipmert and

codd oortdners) 900,000 liftdyer + 62.7% = 564,300 liftgyesr
Wesdy Throughput Annud  Throughput(liftgyear) +  S2wesks
(liftdwek) Mean 564,300 liftswesk + 32 = 10,832 liftgwesk
Daily Thraughpu Wesy Throughpu(liftsweek) + 7dys

(liftdday) Meen 10822 liftdwesk + 7 = 1,590 liftddays

Daly Throughput Weekly Throughput(liftwesk) x  Day pesk fador

(liftdoey) Dally Peek 1580 liftgday x 1225% = 1938 liftdcay
Daily Throughput Dally Throughput peek (liftdday) x Seasordl pesk factor
(itfgcty) Seesond Peek | 1,98](liftdday) x  120% = 2, 25(iftgcay)

<Table 6-19> Daily Maximum Export & Import of Gate-out & Gate-in
Containers and Classification of Containers

Rae liftdday

ot Ful Cortarer 23 751
Enpty Cortainer 178 414

Quput Ful Oonar.\er 458 1065
Empty Container 4.1 9%5

Tod 1000 2,35
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Thefoll owingtableshowsthenumber of gate-inandgate-out empty containers
to be re-didributed in which 17% of import full containers applied.

<Table 6-20> Egtimation of Empty Containers to be Re-distributed

Import Full Cortaner 751

Rae 7%

Depat ampties far inward externd truck gperation 178
Depat empties far ouward extand trudk operation 128

It was edimated that gate-in trucks of full and empty containersfor double
cyde is 20% of gate-in trucks of full and empty containers. Gate-in and
gae-out bare chasss trucks are edimated as shown in the falowing teble.

<Table 6-21> Egtimation of Gate-in & Gate-out Bare Chassis Trucks

Formula

Number of Full & Empty Contaner trucksfor ouward externd
Number of bare chasss for | truck operaion - (for Doude Cycle)
inwvard externd truck operation| Number of Full & Empty Contaner trucks for inward externd
truck operaion
Number of Full & Empty Cortainer trucks for inward externd
truck operadion - (for Double Cycle)
Number of bare chasds for | Number of Full & Empty Container trucks for inward externd
ouward externd truck operation truck operaion or
Number of Full & Empty Container trucks for inward externd
truck operation x  80%

The following showsthe ratios of gate-in and gate-out containers by truck
type.
- Totd gaein and gae-out trucks & daly pesks in 1.35 million TEUs
scenario: 2,325 trucks.
- Gae-in: 1,065 full containers, 224 empty containers, 1,036 bare chasss
- Gate-out: 751 full containers, 542 empty containers, 1,032 bare chasss
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<Table 6-22> Total Number of Gate-in & Gate-out Trucks at Daily Peaks

Gein | Rae Nert_Ho‘tru:ks Gteat | Rae Nert_Ho‘truks Gteat |Rge NLnt_Ho‘trLdG
tuktyps (99 | (LiftsDay) | truk type | (%9 | (LiftsDay) | truck type| (%9 | (LiftdDay)
Ril | 220 08
Ful |458 1065 By | 80 &% Fil |23 751
Ril | 120 27
Enpy| 96 224 By | 80 1B Empty | 233 582
OE‘;.ES 00| 10
Bae Rl 577 598 Bae
Chasss 46| 1085 Emty | 23| 438 Chasss| ¥4 102
Tad | 10| 2305 Tad | 10| 235 Tad | 10| 2305

2) External Truck Arrival Pattern

For truck arrivd patern a each time zone for a day, the daa of Pusan
New Port was gpplied.

<Figure 6-17> Truck Arrival Pattern by Time Zone
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3) Truck Pass Time

Average gate pass time was edimated on the bas s of actud data of Pusan
Port and desgn datafor Pusan New Port. The average gate passtime differs
with Full/Empty Container, the use of EDI, GaeIn/Out type.

<Table 6-23> Average Gate Pass Time

unit : sec
Ful Contaner | Empty Container| Bare Chasss
Truk No. ad
_ Cortaner check 2 2 25
Gatedn Sedl check 0 0
Exterior Damage check 60 60
Truk No. ad
Gae-out Container check 2 2 20

4) Other Pre-conditions

(1) EDI Use Ratio and Truck Identification Error
It is assumed that 90% of trucks provide ther informaion via EDI a

gae and truck. ldentification eror rae & gaein is 5%.

<Table 6-24> Entry Mixes

Container Truck Type EDI use | Truck check Error| Frattion | Cumulated Fraction

Full Cortainer Yes No 3836 0.3836

Full Cortainer Yes Yes 291 04127

Empty Contaner Yes No 8.00 04927

Empty Contaner Yes Yes 0.63 0490

Bae Chasss Yes No 3726 0.8716

Gae Bae Chasss Yes Yes 2.8 0.9000
-n Full Container No No 431 09431
Full Cortainer No Yes 03P 0.763

Empty Contaner No No 090 0.9553

Empty Contaner No Yes 0.07 0.9560

Bae Chasss No No 4.13 0.9973

Bae Chasss No Yes 027 100

Gde Full Cortainer Yes No P4 0324
out | Emdy Contaner Yes No 233 0.557
Bae Chasss Yes No 443 100
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(2) Other Conditions

o Dally traffic concentretion rate: 25% of entire traffic

Cugoms ingection is not made a gée.

Gae is opened for 24 hours.

The number of gate workers is nat limited.

Public lane is used.

Gdae type is l-4ep gae.

- Autométicrecognition sygemisusedfor identifying vehideand contaner
number.

- Ingpection of damaged container and goring of data are made through
CCD camera.

o O O O O

6.5.2 Gate Simulation Analysis Results
1) Gate-in Queue

The required number of lanes a gae is andyzed with the number of
trucks of overflov queue of 99% percentile after edimaing the length of
oveflow queue of gae-in trucks generated according to didribution of pesks
of a day. Queue length of a lane a pesk can physcdly vay depending
on desgn gae, but it was limited to 3 in maximum in terms of service
leve for shippers. In fact, however, enough parking lot should be secured
outsddethe gaein actud desgn of gate s0 prevent waiting of externd trucks
on public road. Thefollowing shows maximum queue length and mean queue
length of lanes of 99% percentile and maximum pass time and mean pass
time & 95% percentile, as the number of gaein lanes increases from 2
to 8.
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<Table 6-25> Result of Gate-in Queue Analysis

Wiaiting truck queue | Waiting truck queue Gete pass time | Gate pass time

for each lane for each lane (95% Percertile) (Average)

(9% Percartile) (Average) 0 e

2 Lanes 422 215 289 143
3 Laes 15 4 59 2.7
4 Lanes 8 2 28 16
5 Lanes 4 2 24 15
6 Lanes 3 1 24 14
7 Lanes 3 1 24 14
8 Lanes 2 1 24 14

As the maximum number of waiting trucksis 2 for each lane when there
exids 4 gaein lanes, it saidies the criterion tha the maximum number
of waiting trucks per lane is 3. But, gate pass time does nat improve ay
more degpite increase of the number of lanes over 5 Therefore the proper
gaepasstimeis2.8minutesa 95% percentilein case of 4 lanes. Accordingly,
the proper number of gae-in lanes is 4.

<Figure 6-18> Gate-in Queue Length (99% Percentile) - 4 lanes
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2) Queue in Yard

It is required to decide the Sze of truck waiting zone in the yard. This
depends on the number of trucks pasing through gate-in and waiting for
the sarvice of YC. As cyde time of yard crane differs between termind
layout dternatives, queue in yard should be andyzed separaey for each
dterndive. In perpendicular layout, ATCs should keep a cetain digance
for bath gae-in and gate-out trucks. In pardld layout, inward externd truck
operation is procesed in buffer yard, but outward externa truck operaion
is processed with AGV & marshding yard and this requires much time.
One trander point is assgned in each block for externd trucks in the case
of aperpendicular layout. The number of trander pointsmay differ depending
on the number of equipment in pardld layout. However, in the case of
outward externd truck operation in pardld layout, 3trander pointsare given
for each ATC of outward externd truck operaion because 2 externd trucks
can be srved additiondly while AGV isin outward externd truck operation.
The following are trander points and average operdion time for gae-in
and gate-out trucks for each layout.

<Table 6-26> Average Operation Time
Papadadalayou 1 Papedadarlayot2 Padld layout 1Padld layout 2

Nurbe of Trander parnts 20 u 21 u
Mean inward edemd trudk
qpardion time (0 531 366 43 87
Meen autwerd exdternd trudk

qpardion time (0 53 3M 475 21
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<Table 6-27> Simulation Result of Queue in Yard

Papadaia layaut 1 Pepadiodarlayout2 Padld layat 1Padld layad 2
Nurbe of waiting trudks
(9% Peroartile) 5 7 n n
Nurber of waiting trucks

2 2

(Averag) 3 3
Madnmum truk  waiting
time 7 s 25 min 28 min 29 min
(95% Paoatile)
Average truk wating time 4 s 21 & 3l A=

In each layout, the length of 11 trucks are maximum. This minimizes
the truck waiting space, and maximum waiting time of waiting trucks was
less than 3 minutes and this cannat be a big problem.

<Figure 6-19> Maximum Queue Length (99% Percentile) - Perpendicular Layout 1
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<Figure 6-20> Maximum Queue Length (99% Percentile) - Parallel Layout 1

Ouaus Lenglh

3) Gate-out Queue

Through anadyss of the number of waiting trucks & a gate-out lane in
each layout, it was found that 3 lanes are required because 9 trucks came
towalt & 2 lanesin case of pardld layout. In perpendicular layout, however,
it was edimated that 2 gate-out lanes are enough because it does nat incur
devidion from the target levd.

<Table 6-28> Maximum Queue Length (99% Percentile)

Perpendicular Layout 1 Perpendicular Layout 2|Parallel Layout 1Parallel Layout 2

2 Lanes 2 2 2 9
3 Lanes 1 1 1 8
4 Lanes 0 0 0 6
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4) Turn Around Time

Through anayss of turn-around time of externd trucks in the termind
in each layout, it was found that the b ow-esimaed sze is proper because
it fals under the target maximum gay time which is less than 20 minutes
(95% percettile).

<Table 6-29> Simulation Result of Truck Turn Around Time

unit : min
Perpendicular | Perpendicular Padld padle
layour 1 layout 2 layout 1 layout
Mean Tum-around time 177 137 183 15.1
Maximum Turn-around time 184 20.1 207 17.1
(95% Percartile)




7. Economic Feasibility Study

7.1 Logistic Control of Automated Container Terminal

Important factors in desgning container terminas are locaion, ace,
handling equipments, operation conditions, ec. Container termind s may be
desgnedin different agpects, and operations a seasdesand yardsmay require
different equipments. Seasde operdions require gantry cranes of high
productivity. Lats of technicd advancements have been recently made in
such gantry cranes. Meanwhile, yard operaions reguire various equipments
auch as draddle cariers, fork lifts, yard cranes for rail trangport, whed-type
yard cranes, tractor-tralers, €c.

The advent of advanced container terminas adopting advanced
technologies makes termina operators and equipment makers hopeful.
Variousadvancedterminal equipment including OHBC (OverHead Bridge
Crane), AGV (Automated Guided Vehicle), ASC (Automaic Sacking
Crane), self-unloading ships, etc. are being used. Advanced technologies
for desgning container terminals are ill under development. However,
the desggning of terminals is focused on handling as many containers
tha are equd to the amount of money inveted whichever technology is
gpplied to. The mog advanced automated termina in Europeisthe Deta
Container Termina in Rotterdam. Its loading/unloading sysems cons &
mainly of quay cranes equipped with double trolley, ASCs, AGVS, €tc.

Factors to be consdered in comparing conventiona terminals with
automated termina s include layout of termind dte, required number of
equipment, kinds of equipment, yard operaion sysem, civil engineering
works, ec. It is expected that technologies to be commonly used for



Economic Fesshility Sudyc 3

both termina's such as EDI, automatic information processng sysems,
automatic container identification sysems, etc. will be continuoudy
devel oped.

As a quay cane is very expendve, it should be utilized to the fulled.
So, aaufficient number of yard cranes should be equipped intheyard. Delayed
savice of the yard crane may cause dday of loading and unloading onto
and from dhips and increase the durdion of a dhip's daying a termind.
Therefore, yard should be desgned to sstidfy such a service leve depending
on conventiona or automaed termina through gmulaions.

To edimate the tatd annud cod per container in two different kinds of
termina s variouseconomicdata(machine'slife, operdtionexpenses equipment
price, intered raes, ec.) has been referred in this dudy.

Conventiona terminas have been developed by ad uging the execution
drawingfor LAP (L argeAs anPort) workedby acertaincompany for developing
anew Adan port to meet our conditions. Its flow planning has been made
to dlow trucks to directly enter the yard to take in and out containers as
in the generd conventiona termind. It is desgned to trangport containers
between ships and container yards with yard tractors and use RMGC (Rall
Mounted Gantry Crane) for work in the contaner yard.

The quay is 1,400m long, the depth of yard is 390m, and the yard area
of the termind reaches 546,000 . The dacking capacity of generd full
containersis 8,400 TGS, and the gacking cgpacity of empty containers and
reefer containers to be collected and handled in separae blocks is 1,440
TGS and 710 TGS respectively. Theyard is desgned to be in pardld with
the quay and condds of atotd of 28 blocks, of which 12 front blocks
are for export containers and 16 backsde blocks for import containers.

The container cranes used for unloading ships are in dngle haig type
handling a maximum of 44 containers per hour. However, excluding med
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time and tie-up/untietime, its net capacity including resst time and probable
troubles is 25 containers per hour. In connection with the RMGC operaed
in the container yard, performances of three dternatives (RMGCsin 6 rows
and 5tiers or 9 rowvs and 5 tiers or RTGCs in 6 rows and 5 tiers) have
been gudied in terms of quay crane produdivity, cycdetime of yard tractors,
yard cranes productivity, €c. In this gudy, it has been found tha the
configuration of RMGCs with 9 rows and 5 tiers yidds the beg reaults.

The proposed modd of an automated container termina hasbeen bascaly
desgned to have a termina gte of which the quay length is 1,400m and
depth is600m. It wasmoded ed after the Kwangyang Port Phase  of 4-berths
termind dte. The reason for this is due to the equd shape and sze of the
termina dte of Kwangyang Port Phase  of 4-berths. This enables direct
comparison. However, the Kwangyang Port Phase | of 4-berths termind
has been dedgned to have the throughput of 960,000 TEUS per year, far
less than the present throughput per berth a the Pusan port. Therefore, the
proposed modd of an automated container termind is bascaly desgned
to handle 1,770 thousand TEUs with 4 berths referring to the conventiond
4-berth terminal of LAP having been recently desgned to handle 1,780
thousand TEUs ayear. Accordingly, the proposed mode of the automated
container termind is based on the detailed planning of Kwangyang Port
Phase! in ground configuration and civil engineering area, andthe detailed
planning of LAP in equipment and annual container handling volume.
Among the annud handling volume of 177 million TEUs, 63% is
trangported by road, 25% by ral and 12% by coadad.

The proposed operaion sygem of the automated container termina
is partidly changed from the sysem adopted by the Britain's Thames
Port and the Japan's Kawasaki Port. In the flow planning, trucks access
to the yard has been minimized and intersection of trucks and AGV
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has been prohibited in the yard. AGV isused for trangport of containers
between ships and yard, and RMGC is used for any work in the yard.
And, by locating raillroadsin theyard, the number of trangport equipment
used for in and out containers has been minimized.

The quay crane is the dud trolley type with net handling capacity
of 25 containers per hour, and the RMGC in the yard is the cantilever
type for connection with AGV and trucks. In connecting the RMGC
and trucks, loading/unloading is remotely controlled, and each unit of
RMGC is operated by a worker in the termina as truck drivers cannot
aways put ther trucks a the right postion required by the automatic
positioning sysem of RM GC. To optimizethe route of RM GC, containers
are dored in 15 rows and 5 tiers.

The quay length is 1,400m and the depth of yard is 391m and tatd yard
area of the termina is 547,400 . The totd container dorage capacity is
11,193 TGS: dorage cgpacity of generd containersandrefrigerator containers
capacity is 10,764 TGSand 429 TGS, respectivey . In connectionwithtermind
layout, containers are gored in pardld blocks to quay. And, there are 20
RMGC blocks including a block for refrigerator containers, of which 12
blocks & seasde are for export and transshipment containers and 8 blocks
a landsde for import containers. However, flexibility is given in switching
blocks depending on the use. The yard ad acent to the ralroad is dedgned
to be used only for handiing containers to be trangported by rail.

An automated container termind is operaed in the following sysems.:
Transshipment containers are transported from berth to AGV through
C/C and then to the transshipment yard through RMGC, and outbound
transshipment containers are trangorted in the reverse flow. Import
containers are transported from berth to AGV through C/C and then
to the import yard, of which some are not transported from the rail
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yard to AGV but directly delivered through railway saion and some
are delivered from import yard to trucks. Export containers arriving by
truck or ral are ddivered to yard RMGC and gored in the export yard
for a certain period of time and then delivered from yard RMGC to
ships through AGV.

7.2 Analysis of Simulations

In this gudy, smulation has been made for the yard of a container
terminal which ranges from unloading of containers from ships with
unloading equipment to bringing containers out of the gate with transport
equipment. Yard smulations are correated to the probability depending
on didributions of ship ariva, unloading time, error rae, arriva time
of shipper-requesed specific trangport equipment, etc. In this sudy,
however, it is assumed that these are independent factors of each other.
uch an assumption istheoreticaly contradictory, but actualy persuasve
for the following reasons:

Firg, unloading is dways performed when a ship arives a the termind.
But, there may be the case in which digribution of egquipment breskdown
(MTBF=Mean Time Between Failure) should be taken into account.

Second, there is no auch case tha inauffident gorage capadty in the yard
ddays unloading. In aher words, unloading may be ddayed dueto ) dday
of trangoort equipment, ) dday of yad aane, and ) inuffidet forage
cgpadty inyard. Unloading dday isnat caused by inaufficdent sacking capadty
in yard.

Third, didribution of ship ariva is characterized to be rdaed dosdy
to productivity of unloading equipment.

In desgning TGS, bath the pesk throughput and the sorage capacity factor
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have been taken into account. Accordingly, the yard area does nat become
afactor redrictingthe smulation any more, andwaitingintheyardi sinfluenced
only by yard layout, flow sysgem of trangport egquipments, and didribution
of sarvice hours of trangport equipment (AGV, truck) and soring eguipment
(RMGC, ASC). In addition, yard dmulation data depends on didribution
of operdion hours of unloading equipment.

Y ard amulaion datarepresents productivity of quay'sunloading equipment
reflecting information of termind, ship, operation and cargo, other redrictive
factors, etc. Termind information incdude sze and number of berths sze
and productivity of unloading equipment edablished a berths, tonnage of
sips ariving & beths, ec. Ship informaion incdudes tonnage and
charatterigics of dhips. Operaion informaion incudes berthing order of
shipswaiting a the anchorage, berth and yard operation palicies, etc. Cargo
information includes cargo volume, physcd characteridics shipping port
of cargo, etc. Redrictive factorsindude maximum number of ship'sunloading
equipment avalable, area of yard avalable, number of trangport equipment,
number of gacking equipment in yard, €c.

Unloading containers from a ship depends on productivity of itsunloading
equi pment. Supposetha thetimerequired for unl oading acontainer i sdefined
in random variable X and it hasthe probability digribution function of F(X).
Ingenerd, in cond deration of randomness, F(X) isknown to have exponentid
didgribution or gradua exponentia digribution for wating sysem. However,
the didribution function of container unloading time from shipsis assumed
to have uniform didribution. In this gudy, as the difference between the
upper and lower limit modul e of uniform digributionisnot gredt, it isassumed
tha containers should be unloaded & a certain fixed intervd . If the unloading
intervd is assumed to be condart, its didribution is in direct proportion
to productivity of unloading equipment.
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Yad amulaionispeformedinthreedages, ) Routeplanning of trangport
equipment, ) Yardtrangport equipment configuration, and ) yard gacking
pdicy. In the route planning of trangport equipment, the rules rdaed to
trangport direction (for example, decison of trangport direction in case of
trafficjam) are decided according to layout of the blockswhich are desgned
for cargo charadterigic such as export, import, ralroad, refrigeraion, CFS
cagos, €c. Then the cyde time of the trangoort equipment is cdculaed
for each dternaive. When trangport equipment delivers a container to a
certan block, yard gacking equipments (RMGC, ASC, OHBC, SC) dore
it in a certain place. The block in which a container isto be gored is decided
according totheyard operaion grategy among the group of blocksfor import,
export, refrigerator, and CFS containers. Then the gacking place is decided
accordingtothe gacking drategy for blocksauch asFIFO, prabability digribution,
etc. The number of containers hand ed by eguipment for aunit timeis cdaulaed
basd on trangort digance, geed, dacking condtions, ec.

Asittakeslotsof timeand effort to draw out yardlayout through smulation,
it is dedrable to prepare a basc layout for each dternaive and sdett a
layout suggegingthemod optimd aternative after comparing resultsobtained
indmulation.Accordingly, dl thedternativesof yardlayout shoul dberevienved
in advance and smulation should be made for dl dternaives. If a layout
is made for an dternaive, aflow sysem of trangport equipment is decided
and the average cyde for which trangport equipment gores a container in
theyard and movesto the ship again is cd culaed on the bass of the layout.
Additiond dmulation is performed varying productivity of yard cranes such
as load, speed, ec. As indicaed before, yard amulaion is a bidirectiond
waiting nework, and S0, average fock of containers and average number
of doring days in the yard are decided according to in/out raios a ships
andgates. Alternativesfor yard smul aion are sd ected anong themog optima
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ones for scenarios.

<Figure 7-1> Flow Chart of Yard Simulation

> Yad Layout
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p Joecs & No. of Trangart i
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Yad Cpadion Sraeyy Effidet gacking haght
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» > - Reevdudion of Parameers

To desgn an automated container termind, it isindi spensableto set various
pre-conditions and common conditions. Such conditions include termind
information such as quay length, number of berths, reference oecificaions
of automatic equipment, operdion informetion, container information such
as avallable cgpacity, didributions and ratios of cargosfor blocks, j udgement
rules, redrictive conditions to assess harmony with surroundings, €c.

Sot dmuldion is peformed based on such informaion. In this gage,
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data concerned with the number of TGS depending on the number of dats
daly throughput, throughput by transportation type, ec. are caculaed and
specifications of basc equipment, containers trangort vehides ships €c.
are decided.

When pre-conditions and common conditions are decided, goron layout
desgn, yard layout modeling and basc yard desgn are peformed as the
phase | of dugering work, in which unloading cgpacity, C/C and AGV
specifications and operaion plan, basc yard layout, flow sygem modding,
dat modding, ec. are planned.

When badc yard desgn is completed, the phase Il of optimization work
isperformed. Detalled block modding isperformed. If container information,
judgement rules, redrictive conditionsand dot smulaion resultsare stidfied,
yard desgn is performed. If not, block modeing is continuoudy performed
until they are stidfied.

When the work of phase Il is completed, layout improvement work is
performed based on the completed yard layout. The yard dedgn in phase
Il is repeatedly performed again until it is satisfied. In this gage, the work
isreviewed to saidy export-import transport pattern. If not stidfied, block
for optimizing each pre-condition and yard crane specificationsis performed.
If export-import trangport patern is sftidfied, termind layout is improved
by optimizing flow sygem and dassolj ect, and unloading smulaion is
performed by goplying the principle of usng the preceding ship's unloading
data. Findly, modd layout desgn and an operdion plan are fixed.

In this gudy, such a series of procedures have been performed for each
scenario, and informations of optima yard layout and reguired eguipment
have been dravn out for each scenario.



Economic Feasbility Sodexgid

7.3 Economic Feasibility Study

The mog important factor to determine the esimated period of economic
cog and bendfit is to decide the economic life for any mgor invesment
or equipment. In generd, edimated period is conddered tobe 20 50 years
depending on concerned prg ects and the purpose of invesment anayss.
However, the economic life of mgor SOC invedment is determined as 30
yearsfrom the end of invesment, dueto the grea decrease of present vaue
of expected expenses.

Inaddition, it isassumedtha nomind discount ratei sdetermined as 16.5%34)
which isthe market intereq rate in this gudy. And, to perform comparison
and andyds with the congant price of 1998, the rae of arise in prices
is conddered as 5% and actud discount rate as 10% according to the Fisher
effect .35

In this gudy, future invesments of two types of terminds are compared
by the ne present vaue.

In addition, it is assumed that fadilities and equipment condruction of
conventional and automated container terminals will be finished during the
peiod of year 2000 2005 and opened after 2006.

The cog in deveoping these two types of container terminds includes
termind expensesfor civil engineering, congruction, etc., operation & facilities
expenses for equipment, and port operation and management expenses for
labor, power, mantenance, ec. Thetermind condruction expenses are based
on the edimaed invesments from 2000 to 2005. The expense of operaion

34) Egtimated average discount rate of corporate bonds due 3 years in 1998 (14.5%)
+ average read (1.5%) on Korean SOC prgects in 1996-1997 + average risk
compensation rate (0.5%) of Korean SOC prgects in 1996-1997

35) Fisher effect : R=(1+N)/(1+1)-1, where, R: actual discount rate, N: nominal discount
rate, and |: expected price increase rate
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fadilities incdludes termind equipment and therr operaion sygems. When
cdaulaing the port operation and management expenses for labor, power,
maintenance, and depreciaion, the period of usng this expense will be
congdered 30 years dter complete termind congruction.

7.3.1 Comparison of Investment and Expense Items
1) Civil Engineering Expenses

For thecivil engineering cog of conventiond container termind, thetermind
condruction cog of the Kwangyang Port phase | with 4-berth prged is
used. Thisis for comparison for the same civil engineering conditions as
the automated container terminad based on the ste of Kwangyang Port phase

or . However, it has been conddered tha the automaed container
termina requires more ground improvement cods than in the conventiona
termind and the pavement method is different between the two terminds.

Firg of dl, it has been conddered that more ground improvement cos
isrequiredin the automated container termind than the conventiond termind.
Even though cdaulaion is made on same conditions36), sand piles should
be ingdled & the interva of 0.939m in the automated container termind,

36) - Correlation between consolidation-time coefficient of vertical direction (=radia

direction) and consolidation degree

Tv = Tr = 1.781-0.993l0g(100-Uv %)
- Correlation between consolidation-time coefficient of radial direction and distance
between sand piles

Tr = Cvr x t /de2

(Tr: Consolidation-time coefficient, Cvr: Coefficient of consolidation, t: Time of
consolidation, de: Digance between sand piles)
- Calculation of time coefficientsin case of automated and semi-automated container
terminals using correlation formula between consolidation-time coefficient of
vertical direction and consolidation coefficient
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while they are to be inddled a the interva of 1.086m in the conventiona
termina . Accordingly, it is edimated that the cog of ingdling sand piles
ishigher by 34% in the automated container termina than in the conventiond
termind .

In alike manner, it is edimated tha the conventional container termina
requires the ground improvement cog of about 93.5 hillion won, while the
automated termind requires 125.2 billion won.

It is assumed tha termind area except goron is paved with concrete in
the conventional container termind, while navigation lanes of handing
equipment and gacking areaare paved with concrete block (1 .L.B. pavement)
which is gronger than concrete in the automated container termind. In this
cae, pavement cod per square meter is more expensve by about 15%.

Itisedimaedtha thewholecivil engineering cog of theautomated container
termina amounts to 4534 billion won, higher by about 8.2% than 419.1
billion won of the conventiond termind.

<Table 7-1> Civil Engineering Costs
Unit : Million Won

| ont price | Unit mice | oy evion | Automsted
Frocess unt | Qty (Km a;\g Ai‘rpg'ge(g'/o(;e Temird | Temind

A. Qvil Eng. Cod
1 Quy m | 1400 657 & 117,32 117.32
2. Embarkmat m | 5272 24 3 16,149 16,149
3. DredgngRedaretion | 1000 | 2428 5 9 46,792 46,72
4. Grourd improvemert EA 1) 73234 BAer BAer 125246
5. Road pavemat EA 1| 16677 21285 21285 23839
6. Water & Saver EA 1) 13217 16,869 16,859 16,89
B. Condrudion EA 1] 16938 21643 21643 21643
C. Tdeoommunicetion EA 1) 18211 23242 23242 23,242
D. Railrced EA 1| 487% 62276 62276 @276
Tad 419,115 453448
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2) Unloading Facilities Expenses

The number of piecesof equipment shauld be esimaedwhichisplety enough
to gperae dl the sub-sydems of the teemind smoathly. Thisis dedded by trid
and eror mehod or smuldion. In case of convertiona termind, equipment
is dedded with the dte of Kwangyang Temind Phase , and the reault of
detaled planning of LAP which dedgned the optima cargo processng.

Firg of dl, quay is desgned to be equipped with 12C/Csin tatd 3C/Cs
in each berth of four 50,000-ton dassberths. However, the dud trolley sygem
is adopted in the automaed container termind, and the Sngle hoig sygem
in the conventiona termind . Thisiswhy the inland part of the dud trolley
type C/C can be automaed in future.

In connection with transport equipment from apron to container yard,
the automated container termina requires 76 AGV s and the conventional
container terminal requires yard tractors. However, from operation
experiences of the APL 300 terminal in Los Angeles showing it isdifficult
to effectively operae more than 8 yard tractors for each C/C, it can
be decided that the maximum number 7 of yard tractors are proper for
aunit of C/C. Accordingly, 84 yard tractors and 84 chasss are required
in tota.

RMGC of 15rows-5tiers was used in automaed contaner termind, and
that of 9rows-Stiers was used in conventiona terminal. The RMGC in
automated container termina is mounted with various sensors for
automation. The automaed container termina requires 22 of RMGCs: 17
RMGCs for loading and unloading in the contaner yard and 5 RMGCs
for ralway sarvice. Meanwhile, the conventiond container termind requires
49 RMGCs of RMGCs: 41 RMGCs for buildings and 5 RMGCs for each
run and 8 RMGCs for rallway service. The automaed container termind
does not separately require empty container handling equipment as it
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is desgned to handle empty containers in the yard, while the conventiond
container termind requires5Sunitsof T/Hs 5Y/Tsand 10 chasssfor handling
empty containers.

Prices are different even between the same C/Cs and RMGCs dnce
the gpecifications of required equipment are different. Price of automated
equipment is based on the quotaions of the manufacturing company
and theforeign exchangerate of 1,400 worn/$. Theunit price of equipment
purchased for the conventiona container termina are based on the recent
actua purchase prices for the Pusan Port phase IV prgect. And, in
cong deration of recent fluctuationsof foreign exchangerate, the applicable
foreign exchange rate is ajuged from 900 worn/$ to 1,400 won/$ for
30% of imported parts for C/Cs and yard cranes. As reaults, the tota
equipment price is edimaed to the amount of 225.7 billion won for
the automated container termina, about 14% more than 198.7 billion
won of equipment price for the conventional container termind.

<Table 7-2> Equipment Purchase Price for Automated Container Terminal
Unit: Million won

Price Total
c/C 12 8,390 100,680
AGV 76 420 31,920
RMGC (Y ard) 17 4200 71,400
RMGC (Railways) 5 4,340 21,700
Total - - 225,700
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<Table7-3>Equipment PurchasePricefor Conventional Container Terminal
Unit: Million won

No. of Units Price Tatd
ac i 7,630 91,560
LoadingUnloading & ships
- YIT &4 80 6,720
- Chess's & 13 1092
RMGC (Yad) 41 2,200 90,200
RMGC (Ralways) 3 2,200 6,600
Work with empty cortainers
- TH 6 400 2400
-YIT 7 25 175
Tota - - 198,747

Unlike the conventiona container termina, the automated container
terminal should be equipped with anavigation sysem for AGV operation.
And, the navigation lanes should be equipped with transponders. Such
automation related to expenses can be edimated asfoll ows: the navigation
gydem cods 84 billion won in total, as Mannesmann Demag quotes
about 2.8 billion won (3.5 million Deutsche mark based on the exchange
rae of 800 won/DM) for a sygem consging of 30 sets of AGVs and
3 units are required in totd.

In addition, as atrangponder should be ingaled on very 4m of navigaion
lane, atatd of 7,200 trangponders should be inddled over AGV navigation
lane with the length of 28,000m. As Mannesmann Demag quotes 500,000
won for a trangponder, a tota of 3.6 billion won is required. Accordingly,
the tatd expense of automation sydem is edimated as 12 billion won.
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3) Labor Cost

One of the important reasons tha the automaed container termind isin
exigence for is to make termind unmanned and rabatic. Accordingly, it
can be expected that there will be a great difference in labor requirements
beween convertional and automaed container terminds.

In other words, automated container terminas do nat reguire mogd of
equipment operatorsfor trangporting equipment and yard cranes|ocated from
goron to the automated section of yard. However, new manpower isrequired
for adminidraion, control, supervison and protection of automaed sections.

Such new manpower for automaed sections can be roughly divided into
twogroups: 1) Highly trained engineersin charge of adminigration, diagnos's,
operaion manuad management of automaed equipment in addition to the
exiging personnd amply in charge of maintaining C/C, AGV and RMGC,
and 2) The personnd in charge of operaing, maintaining and controlling
the astomaton sysem.

The manpower for contral sysem is decided from the operation experience
of the automaed container terminal of ECT. The dudies of Bdlis, Gdias
and Abakoumkin egimated that 30 persons are required for contraling the
gydem condging of 12 ASCs and 24 AGV's based on the experience of
ECT. If thisraio isapplied inthis sudy, about 82 personswould be required
to control the sysgem consging of 22 RMGCs and 76 AGVs.

Manpower requirementsfor eachj ob is edimated based on the labor input
sysem presently adopted by PECT, 2 shifts a day with 3 teams. In addition
tothe averagewage (direct Iabor cog) of BCTOC and PECT, 30% of indirect
labor cod is taken into account. As a reault, the annud labor cog of the
conventiona container termind tatds 33.3 billion won, while the annud
labor cog of the automated container termind totds nearly 17 billion, 51%
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of tha of the conventiond termind.

<Table 7-4> Annual Labor Cost

Unit : Million Won

Proceses Auoreed temird Cawvetiod temind
o Leadngunoeding & ships Engineer:70x6p=420 Equip.operator:52x(1.5px3teams)x
Equip. operaor:52x(15p x 1units=2,808
3teams) x 12units=2,808 Asdgant:37x(2.0 X Jteams) X 12unitg
Assgant:37x(1p x 3 =2,664
teamg) X 12units=1,332
o Sipyad trangoat Engineer:70 x 6p=420 |Equip. opr40x(13p x 3teams x
4units=13.104
o Trudking in yad Engineer:70 x 6p=420 |Equip.opr46 x (13p x 3teams) x
Maint:46x(0.5p x3teams) 41units=7,335
X 15units=1,035
o Ralways savice Equip.opr:46 x (13p x 3teams) x
3units=538
o Work with ety RIS eng..46 x (13p x 3teams) X
ootdrers 6units=1,076
F/IC eng..40 x (13p x 3teams) X
7units=1,092
o Sydam aotrdles Engineer:70 x 82p=5,740
o Marntenence worke's Mant:39 x 124p=4,836 |Maint:39 x 119p=4,641
Tad 17,011 33,258

4) Power, Maintenance, Depreciation Costs, etc.

Inegimating theannua power cogsof automated and conventiona container
terminds, power or diesd consumptions, equipment operaion hours, €c.
should be taken into account depending on ecificaions of equipment.

The equipment operation cos per hour depending on power or diesd
consumption for each piece of equipment is based on the data dravn
out by JWD of theUS. The equipment operation time of C/Ciscalculaed
based on annuad handling throughput and C/C productivity per hour,
and the operation time of yard cranesis caculaed based on the number
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of yard lifts and productivity of yard cranes. In addition, the operation
time of transport equipment between quay and yard are caculated by
multiplying C/C operaion hours by the number of trangport equipments
required for a unit of C/C.

<Table 7-5> Egimation of Power Cost
Unit : Million Won

Annual use (hrs) | Hourly power cost ($) Power cost

Conventional termina

cic 41,176 50 2,882
RMGC (9 rows) 214414 15 4,503
YIT 288,2235 10.8 4,358
Total 11,743
Automated terminal

cc 47,200 50 3,304
RMGC (15 rows) 80,822 21 2,376
AGV 297,360 10.8 4,496
Total 10,176

Notes : For the hourly power cos of AGV, the power cos of Y/T isused, as engine
driving forces are considered as same.

Asareault, it hasbeen found that the power cog of the automated container
termind having less RMGCs is less by 13% than the power cod for the
conventiond termind.

In this gudy, mantenance cods for each sructure and facilities incurred
inmaintaining, ag ugingandpantingthemtokeepthem avall ébleareca culaed
based on the percentage of mantenance cods to assats suggeded by the
UNCTAD.

Theannua mantenance cog of theautomated container termina i setimated
to reach 14.2 hillion won, 7% more than 13.2 billion won of the conventiona
termind .
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<Table 7-6> M aintenance Ratios for Assets

Unit : %
Maintenance Ratio
Quay 10
Pavement 10
Access roads 10
Ancillary facilities 10
Buildings 10
Unloading equipments 50

Source: Port Development, UNCTAD

Depreciation cods refer to the cods required for replacing the eguipment
whose economic life ends before the andyd's period of 30 years dgose with
new equipment. Economic life of equipment is consdered as follows: quay
crane 20 years, RMGC 20 years, Y/T 8 years, cache 8 years (Classficaion
of fixed assats and account settlement, the Minigry of Maritime & Fishery,
Nov. 1983), and 8 years for AGV whose economic life is not <.

7.3.2 Comparison of Investments and Expenses by Present Value

For the automaed and conventiond container termina' s, invements and
cod for each item during condruction period from the year of 2000 to 2005
and operaion period of 30 years ater 2006 are edimaed in annua cod.

In addition, such annua cods are converted into present vaue based on
the discount rate of 10% for invariable invesments and cods for each year.

As reallts, it is found tha the annua cog of the automated container
termind is edimaed to reach 22.8 billion won, 3% less than 23.5 hillion
won of the conventional terminad. This indicates tha the cos per TEU,
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(dividing total cogs by annua volume of containers handled) is 12,848
won in the automated container terminal, less by about 2.4% than 13,159
won in the conventiona terminal.

The andyds reault that the cos per TEU, (cdculated by dividing annua
totd invegments and operation cods by annud totd volume of containers
handled), islessby about 2.4% in the automated container termind indicaes
tha the automaed container termind is superior to the conventiond container
termina in economics gpart from many other economic and non-economic
advantages accidentd to condruction of the automated container termind.

We should add tha some assumptions made in this gudy will be aj uged
in future, but it is believed that the reaults from such ag ugments will not
differ from the exiging reaults to grea extents.



8. Conclusion

Thisresearch provides operaion logic and theoretica background required
to implement operation drategy and dedgn of detalled layout of the firg
automaed domedic contaner termina tha is planned to be condructed in
KwangY ang Port by researching the method of operaion of automated
container termind, termina layout, facilities scale, required fleet Sze, and
path desgn. Executing smulaion with port mulation mode compared the
suggeded dternatives to supply useful information in decison making.

In Pat 1, the necessty of developing an automaed container termind
was andyzed with the god of termind performance level improvement
preparing for the appearance of bigger container vessdls. From trend analys's
of internaiona container termind devel opment, the success and the falure
of case gudieswere examined, and the point of benchmarking to be applied
to our automaed termina development was found.

Also, yard equipment, mobile equipment, gate, data communication,
pecified automated technology in each part rdaed to termind automaion
were andyzed in merit and demerit items, and the guiddine to be gpplied
to the automaed termind has been suggeded.

In Part 2, operaion and control logic in automated termina layout
was suggeded and vaidation and verification through smulation of each
dternaive were executed.

The main topics of thisresearch are ATC didribution, AGV dlocation
logic in case of pardld layout, and postion dlocaion rule of gorage
bay of import/export container, and suggedion of logigics flow of the
automated termina, and the operaion method of a buffer block in case
of a perpendicular layout.
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Smulaion andyss for automated container terminad desgn was
processed with the following sequence; capacity anayds - termina
gmulaion andyss - gate smulation.

Equipment combination and operaion Sraegy of each dternaivewere
suggeded which satisfies C/C productivity, AGV waiting time, vesse
waiting time rae and turn around time of externa truck.

As a reault, the productivity of an automated container termina
(productivity per tota work time) was improved by 34%, from 224
liftghr to 30liftghr Thissysem was des gned with the capacity of 450,000
TEUs per berth which is a amilar level to the peak capacity of the
conventiona termina in Pusan port.

The sydem was desgned to improve service levels in order to play a
role as a hub port in Notheag Asa In other words the vessd waiting
time rate was decreased from 5% down to 1% and turn around time of
externd truck was decreased from 30 min. down to 20 min.

Finally, economical feagbility of an automated container termina was
andyzed. As the result showed, required initid invesment cod for an
automated container termind is higher than a conventiona one by 6%.
However, in the respect of annua operaion cos which contains labor
cod, €tc., the cog of the automated container termina is lower by 25%
than a conventiona one. This means that the total cos of an automated
container termina will be decreasedin 11yearsafter opening thetermind.

If it isimpossble to oppose the trend of gppearance of bigger vessHs
and we think this trend will continue, then it is d o necessary to congruct
atermind with high productivity . Bes desthe effect of an automated container
termind with highly advanced technology for decreasng man power and
increadng usage of land, the termind with high productivity is the mog
redidic dterndive in the future.
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We hope tha this research will be helpful in condructing an astomaed
container termind in Korea and in researching and desgning automated
container terminas globdly.



References

Bae, J.W., Yang, C.H.,Kim,K.H., "Determination of Fleet Szeof Equipment
in Buffer yard of an Automaed Container Termind by usng a Response
Surface Mehodology™, Journal d the Korean institute d Port Research,
Autume, 2000, pp.121 129.

Bdlis, A. and Abacoumkin, C., "A Container Terminad Smulaion Modd
with Animation Capabilities’, Journal d Advanced Trang ortation, Vol.
30, 1995, pp.37 57.

Bos, J. @ d., "Vehide Digpaching a Segport Container Terminas Usng
Evalutionary Algorithms', Working Pgper, Germany : Technica Univergty
Braunschweig, 1999.

Bruzzone, A. and Sgnarile, R., "Smulaion and Genetic Algorithmsfor Ship
Planning and Shipyard Layout”, Smulation, Vol.71, 1998, pp.74 83.

Bruzzone, A, "Harbour andM aritime Smul &ion : Gueg Editorid," Smulation,
Vol.71, 1998 pp.72 73.

Banks, J., Handbook d Smulation, EMP, 1998.

Cago Sydems, The Future d Container Handling Technology, 1997.

Cago Sydems, Deve@ments in Container Handling Technology, 1999.

Cargo Sydems, Recent Develgment inI'rf ormation Technologyf or Container
Terminals, 1997.

Daganzo, C.F., "The Crane Scheduling Problem”, Trang or tation Resear ch-B,
Vol .24B, 1989, pp.159 172.

DeCadilho,B.andDaganzo, C.F., "Handling Srategiesfor Import Contaners
a Maineterminds’, Trangortation Research-A, Vol .27B, 1993, pp.15
1 166.

Gambarddla, L.M ., Rizzili, A.E., andZ&fdon,M ., "Smulaion and Planning



83T XXXVili

of anIntermoda Container Termind," Smulation, Vol .71, 1998, pp.107
116.

Hardl, C. and Tumay, K., Smulation Made Eas/, EMP, 1995.

Hayakawa, K. @ d., "Port of Kavaski Automated Container Termind,”
NKK, No.155, 1996, pp.25 30.

Hedrick, R. L. & d., "Smulaion Modding of Marine Termind Facilities
and Their Operaion,” Naval Architects and Marine Engineers, Soring
Meding/ STAR Symposum, New Orleans, April 12 15, 1989.

Jeffery, K., "Recent developments in information technology for container
terminds’, Cargo S/stems, 1999.

Kim, K. H. and Bae, J. W., "A Digpaching Method for Automated Guided
Vehidesto Minimize Delays of Containership Operaion”, International
Journal & Management Science, Vd.5, 1999, pp.1 25.

Kim, K. H. & d., “Development of Decison Support Sysem for the Yard
Assgnment Planning of the Import and Export Containers’, Korean
Management Science Review, Vad.12, 1995, pp.1 12.

Kozan,E.andPregon,P., "Genetic Algorithmsto Schedule Container Tranders
a Multimodd Terminds', International Transactions in Qperational
Research, Vol.6, 1999, pp.311 329.

Kim, D.J.and Park, Y. T., "A Planning Based Sot Assgnment Sysem
for Containers’, Journal d the Korean Institute d Intelligent
Irf ormation Systems, Vol.5, 1996, pp.145 166.

Kim, K. H. and Kim, D. Y., "Group Sorage Methods a Container Port
Terminds’, TheMaterial Handling Engineering Division 75thAnniversary
Commemorative Volume ASME 1994, MH-Val .2, 1994.

Kim, H. B., Qperational Paliciesfor Inmport Container Yard in the Port
Container Terminal (Ph. D. Theds), Pusan Naiona Univergty, 1999.

Kim, K. H., Pak, Y. M., and Ryu, K. R., "Deriving Decison Rules to



Refesnossx 280

Locae Export Containers in Contaner Yad', Eurgean Journal d
(perational Research, Vol.124, 2000, pp.89 101

Kim, K. H., "Evduation of the Number of Rehandlesin Container Yards',
Conputers and Industrial Engineering, Vol.32, 1997, pp.701 711

Kim, K. H. and Park, K. T., "A Dynamic Sace Allocaion Mehod for
Outbound Containersin Carrier-direct Sygems”, Proceedings @ The 3°
Annual International Corf erence on Industrial Engineering Theories,
Applications and Practice, HongKong, Dec. 28 31, 1998.

Kim,K.H.andBag, J. W., "Remarshaing Export Containersin Port Container
Terminds’, Conputers and I ndustrial Engineering, Vadl .35, 1998, pp.65
5 658.

Kim, K. H. and Kim, K. Y., "An Optima Routing Algorithm for a Trander
CraneinPort Container Termind s’, Trang or tation Science, Vol .33, 1999,
pp.17 33.

Kim,K.H.andKim,H.B., " Segregating SpaceAll ocationM odd sfor Container
Inventories in Port Containegr Terminds’, International Journal d
Production Economics, Vol.59, 1999, pp415 42S.

Koh, P. H. e d. "Usng Smulation to Preview Plans of a Container Port
Operdions', Proceedings d the 1994 Winter Smulation Corf erence,
Saila, 1994.

Lee, K. M., Sequencing Delivay and Recelving (Qperationsfor Trang er
Cranes(Mager Thess), Pusan Naiond Univergty, 2000.

Lee H. G. and Leg, C. Y., "A Heurigic Algorithm of Berth Assgnment
Planning in a Container Termind”, Journal d the Korea Institute d
Port Research, Val.8, 1995, pp.1 8.

Lim, A., "The berth planning problem”, Qp eration Research Letters, Vol .22,
1988, pp.105 110.

La, K. K. and Siih, K., "A Sudy of Contaner Berth Allocation.”, Journal



84e x|

d Advanced Trangortation, Vd .26, 1992, pp45 60.

La,K.K. andLam,K.,"A Sudy of Container Y ard Equipment Allocation
Srategy in Hong Kong", International Journal d Modeling and
Smulation, Vol.14, 1994, pp.134 138.

Lin, G. Y., A Distributed Productionf or Intelligent Manu acturing Systems
(Ph. D. Theds), Purdue Universty, 1993.

Leva A. Batdini,A. andMéafezzoni, C., "A Process Smul aionEnvironment
Based on Visud Programming and Dynamic Decoupling”, Smulation,
Vol.71, 1998 pp.183 193.

Li, C. & d., "Scheduling with Multiplej db-on-one processor Petern”, IIE
Transactions, Vol.30, 1998, pp.433 445.

Merkuryev,Y ., e d.,"A Modeing and Smulation M ethodol ogy for Managing
the Riga Harbour Container Terminad”, Smulation, Vol.71, 1998,
pp.84 95.

MPA & ACES Seminar on Port Design and peration Technology, Nov.
4 5, 1999.

Neving M.R., "A Discrete-Event Smulaion Mode for Segport Operations’,
Smulation, Vol.70, 1998, pp.213 223.

Okawva, T. @ d., "Shift Operation Planning for Container Terminas', NKK,
No.156, 1996, pp.34 38.

Pak,K.T.,A $aceAllocationM ethodf or Exp ort ContainersinPort Container
Terminals Considering Liability toModel Change(Mader Theds), Pusan
Naiond Univergty, 1997.

Powdl, W.B. and Cavaho, T. A., "Red-Time Optimization of Containers
and Flatcarsfor Intermoda Operaions’, Trang or tation Science, Vol .32,
1998, pp.110 126.

Peterkof sy, R. 1. and Daganzo, C. F., "A Branch and Bound Solution Method
for the Crane Scheduling Problem”, Trang or tation Resear ch-B, Vol .24B,



Refaencet (3¢li

1990, pp.159 172.

Ryu, M.,A Study on the Container Handling TimeinPort Container Terminals
(Mager Theds), Pusan Naiond Univergty, 1998.

Reving M. R. & d. "Smulaion, Animaion and Vialaion of Segport
Opedions’, Smulation, Vad .71, 1998, pp.96 106.

Shin, J. Y. and Nam, K. C,, "Intdligent Decison Support Sydem for
Containership Auto-gowage Planning”, Journal d the Korea Institute
d Port Research, Vol.9, 1995, pp.19 32.

Tdeb-lbrahimi, M., De Cadilho, B., and Daganzo, C. F., "Sorage Soace
vsHandling Work in Container Terminads”, Trang or tation Research-B,
Vol .27B, 1993, pp.13 32.

Tdeb-lbrahimi, M., De Cadilho, B., and Daganzo, C. F., "Sorage Soace
vs. Handling Work in Container Terminds’, Trang or tation Resear ch-B,
Vol .27B, 1993, pp.13 32.

Tao, Chen @ d., "Empirica gudies on yard operaions Pat 2 : Quantifying
unproductive moves under taken in quay trander operaions’, Maritime
Pdiy & Management, Vol .27, No.2, 2000, pp.191 207.

Thiers G. F. and Janssens, G. K., "A Port Smulation Modd as a Permanent
Decison Indgrument”, Smulation, Vol.71, 1998, pp.117 125.
Thomas, B. J. Port Productivity and costs with Particular Ré erence to the
Handling d Iron and Stedl Products (Ph. D Thed's), Univerdty of Wales,

1980.

Wang, K. H., A Distributed (peration System for Container Handling
Equipmentsin Port Container Terminals (Mader Thed s), Pusan Naiond
Univergty, 1998.

Ward, T. A., Smulation in Marine Terminals - Technique and Technology,
IR Traning Maerids, WD, 1999.

Wad, T. A. and Woodman, R. A., "Gae Congedion & Howard Termind



aeLxlii

Applied Smulation”, Facilities Engineering Seminar, AAPA,
Savannah, Georgia, 1993, April 14 16.

Wad, T. A. and Johansen, R., "Smuldion Andydsin Termind Planning,
Pier 300 Marine Termind Port of Los Angees’, Planning and Research
Seminar, AAPA, Tempa, Florida, April 24 26, 199.

Waanabe, 1., "Innobaed Operaion Sydems of Contaner Termind”, MES
Technical Report, Vol.17, 1980, pp.89 98.

Waanabe, | ., "An Approach to the Automaed Container Termind s*, Seminar
on Automated Container Terminals, Korean Inditute of Machinery and
Maerids, 1996.

Wijnold, N., Schdtens, M ., andWads, F. A. J.,Malacca-Max : The Ultimate
Container Carrirer, Ddft Univergty Press, 1999.

Wilson, D. and Roach, P. A., "Principles of Combinatoria Optimizaion
Applied to Container-Ship Sowage Planning”, Journal d Heuristics,
Vol.5 1999, pp.403 418.

Yang, C. H. & d., Feashility Study for Automated Container Terminal in
Korea, Korea Maitime Ingditute, 1998.

Yang, C. H., "Examining the impact of next generaion ships on termind
operdionsand how termina s are adapting quay Sde operaionsto sarvice
the Vesds', Container Handling Automation & Technolagy, Cargo
Sydems, Feb. 2000.

Yang, C.H.,Kim, J.H., "Automaed Handling sygemfor Container Maritime
Termind in Korea : Development Necessty and Progpedts,” Maritime
Polioy and the Korean Econony : Key issues and (oportunities, The
Fird Annuad KorearU.S. Maine Pdicy Forum, KMI, Oct. 1998.



A Study on the System Design and Operations of the
Automated Container Terminal

2000 12 26
2000 12 30

11-6

2105-2700  FAX : 2105-2800

1984 8 6 16-80

1() 3486-6791 4 25,000

Te :394-0337, 734-6818



