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ABSTRACT

With the growth of transportation over sea; defining transportation processes in
a better way and finding ways to make transportation processes more effective
have become one of the most important research areas of today. Especially in the
last quartet of the previous decade, the computers had become much powerful
tools with their impressive amount of data processing cababilites. It was imminent
that computers had begun taking serious roles in the system development studies.
As a result; constructing models for the processes in container terminals and
processing the data with the computers create opportunities for the automation of
various processes in container terminals. The final step of these studies is the full
automation of terminal activities with software packages that combine various
functions focused on various processes in a single system.

This study is about a project that had been made for a container terminal owned
by a special company. During this study; there had been discussions with experts
about the subject, and container handling processes in the terminal had been
analyzed in order to define the main structure of the yard management software to
be created.

This study focuses on the container handling activities over the yard space so as
to create a basis for a computer system that will take part in the decisions during
the container operations. Object oriented analysis and design methods are used for
the definition of the system that will help the decisions in the yard operations. The
optimization methodology that will be the core of the container placement
decisions is based on using different placement patterns and placement algorithms
for different conditions. These placement patterns and algorithms are constructed
due to the container handling machinery that was being used in the terminal that
this study has been made for.



“ Bulugsal (Heuristic) Konteyner Yerlestirme Algoritmalar: ”
o0z

Deniz nakliyatinin her gegen giin yayginlasmasi nedeniyle nakliyat siireclerinin
nasil daha iyi tanimlanabilecegi ve daha verimli hale getirilebilecegi sorularina
yonelik yanitlar Gizerindeki ¢aligmalar giiniimiizde 6nemli aragtirma konularindan
biri haline gelmistir. Ozellikle gestigimiz yiizyilin son ¢eyreginden itibaren,
varolan ve yeni olusturulan sistemlerin iyilestirme galismalarinda, giin gegtikge
artan bilgi isleme yetenekleri ile bilgisayarlarin da devreye girmesi kaginilmaz
olmustur. Bu baglamda konteyner terminallerindeki islemlerin modellerinin
olusturularak bilgisayar sistemleri yardimiyla verilerin islenmesi, terminallerdeki
cesitli silireglerin otomasyonu ve en son asamada tiim terminél islemlerinin
bilgisayar sistemleri yardimyla otomatik olarak yapildigi yazilim paketleri olarak
karsimiza ¢ikmaktadir.

Bu ¢aligma 6zel bir sirkete ait bir konteyner terminali i¢in yapilmis olan bir
projeyi kapsamaktadir. Caligma siiresince terminaldeki konteynef hareket
stirecleri incelenmis, konunun uzmanlan ile goériisiilmiis ve bir sonraki adimda
olusturulacak saha operasyon yazilim paketinin genel yapisi ortaya konulmaya
caligilmagtir.

Bu ¢alismanin konteyner terminalindeki tiim siiregler i¢inde hedef aldig1 nokta
saha ilizerindeki konteyner ellegleme islemlerinin tammlanmas:1 ve konteyner
hareketlerine karar verme siirecinde bir bilgisayar sistemini devreye alacak yapiy1
olusturmaktir. Saha operasyon islemlerinin karar verme siirecinde yardimci
olmas:1 beklenen sistem nesneye doniik analiz ve tasannm yéntemi kullamlarak
olusturulmaya calisilmustir. Sistemin konteyner yerlestirme ve karar verme
siirecinde temel alacafi optimizasyon yontemi ise farkli durumlar icin farkh
yerlestirme desenlerini ve algoritmalarini kullanacak gekilde olusturulmustur. Bu
yerlestirme desenleri ve algoritmalan projenin yiiriitiildiigii terminaldeki istif
sahasinda kullamlan konteyner ellegleme makinelerinin ¢aligma prensipleri

g6zonine alinarak olusturulmustur.

i
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CHAPTER

INTRODUCTION

Containers are large boxes used to transport goods from one destination to
another. With containers, a bulk unit can be created out of the individual pieces of
freight. As a result, containerization can be defined, according to The
Containerization Institute, as the utilization, grouping or consolidating of multiple
units into a larger container for more efficient movement. Compared to
conventional bulk, the use of containers has several advantages, namely less
product packaging, less damaging and higher productivity [Agerschou, 1].

Containers were used for the first time in the mid-fifties. Through the years, the
proportion of cargo handled with containers has steadily increased. As a result of
the enormous growth, the capacity of ships has been extended from 400 TEUs to
4000 TEUs and more [Rath, 2].

The dimensions of containers have been standardized. The term TEU (twenty-
feet-equivalent-unit) is used to refer to one container with a length of twenty feet.
A container of 40 feet is expressed by 2 TEUs. Several transportation systems can
be used to transport containers from one destination to another. Transport over sea
is carried out by ships while trucks and trains can be used to transport containers
over land. To transfer containers from one mode of transportation to another, ports
and terminals can be used. For example a container can be taken off a truck and

placedv on a ship [Vis, 3].

1.1 Container Terminals

Container terminals are the places where one sometimes has to make hundreds
of decisions in a few hours. When there is no computer assistance available
experienced captains and experienced terminal operators are the people who are
responsible for the operation decisions over the terminal space. These decisions

are mostly based on previous experiences of experts and financial expectations of



the terminal managers. Each decision means resource allocation, operation time,
and cost that have direct effect on customer service quality. Because of the huge
number of movements being done for 24 hours a day, and the running costs of the
heavy machinery that is used for container operations, even a little efficiency
increase in a single operation can result in huge benefits per year considering the
endless repetition of the tasks. The more efficient movements in a terminal, the
more competent the terminal is. Because, the final costs that are related to the
_customers, are strictly dependant on the operational costs of the terminal tasks.

Another alternative is that instead of putting the decision making pressure on
people, one can build a decision support system that is based on optimizing the
port activities and resources with the help of optimization algorithms. While the
proper placement of containers is influenced by many factors, an experienced
person can make good decisions when there are a lot of suitable storage
alternatives on the yard and low container traffic. The need for a decision support
system arises especially when there are yard space limitations and heavy container
traffic. The major ports are forced to use decision support systems, because the
conditions and alternatives become far too complex for the people to make
suitable decisions in a short time.

With the introduction of larger ships, small terminals have grown into large
terminals. To ensure a fast transshipment process at large terminals information
technology and automated control technology can be used [Johansen, 4]. To use
these kinds of technologies large investments have to be made and ongoing
database management is required. The application of information technology can
result in more efficiency and a higher performance [Wan, 5]. In order to achieve
an improvement of productivity and reduction in investment costs, an advanced
automated control technology is a necessary condition [Leeper, 6].

Using efficient optimization algorithms can lead to the automation of container
terminal activities. However in this case, the decision support system should not
work only for the container placement operations, but for the resource allocation
and customer services, too. This study is about the container placement operations

in a container terminal.



1.2 Armaport

The study was especially made for a private container terminal, Armaport, and
all the analyses and design studies will be used in developing the decision support

system for Armaport and other private ports operated by MARPORT Liman

Isletmeleri ve Ticaret Sanayi A.S.1 .

Terminal Operations

— |

- ¥

Quay Operations Yard Operations CFS Operations

Fig. 1.1. The overview of terminal operations in Armaport

As seen in Fig. 1.1, there are mainly three areas for container operations in
Armaport. The quay operations are related with the loading/unloading of the ship,
and the container freight station (CFS) operatiohs are related with
loading/unloading of containers. The yard operations are related with the
distribution and placement of container over the yard space, which is the focus of -
this study. All these operations are made in different areas of the terminal, so the

terminal consists of three main areas, namely quay, yard and CFS area.

1.3 Optimization Criteria

The managers of Armaport focus on two main criteria for the terminal
operations. These are the minimization of time spent for the loading and -
unloading of the berthing ships, and the minimization of the unnecessary shifting
operations that is done during the container withdrawal stage following the
customer requests. The minimization of time spent for the berthing ships is also
related to the quay operations of the terminal and it is out of the scope of this

study. However, the storage of the containers is handled over the yard space, and

! MARPORT Liman [sletmeleri Sanayi ve Ticaret A.S. is a subsidiary company of ARKAS
Holding.



minimization of the unnecessary shifting operations that is done during the
container withdrawal stage is directly related to our study.

One of the most critical problem domains in the terminal is the management of
the yard space where the containers are stored. The problem is based on trying to
find an answer to the question of how to implement a decision support system that
uses a 3D placement optimization algorithm to store containers over the yard

space in a commercial port.

Yard Space Layout

Incoming Containers SHIFTING Leaving Containers

e N

Customs Operations Other Operations

Fig. 1.2. The container operations affecting the yard space layout

As shown in Fig. 1.2, there are mainly three operations which cause shifting in
the yard space. The customs operations and other unavoidable operations may
directly cause in shifting of containers because they have external sources of our
system, and we can not avoid them. The main criterion of our optimization
procedure is the proper placement of containers over the yard space at the first
time in order to. minimize the number of unnecessary shifting during container
withdrawal stage.

Our study is about the analysis and design of a software package which uses an
optimization algorithm to find suitable places for the incoming containers and
handle the shifting operations that may occur during the container withdrawal.
Resource allocation, ship stowage, hardware installation and database design are

out of the scope of this study.



CHAPTERII

RELATED WORK

Before we proceed further into to the previous studies on container terminal
operations, it may be useful to define the processes and problems of the container

terminals that the studies are focused on.

2.1 The Processes at Container Terminals

The process of unloading and loading a ship at a container terminal can be

divided in to basic operations for better understanding as depicted in Figure 2.1.

N 4 ' d 3
i ‘
Arival ut » Cakesnhing amd Transpert of Stk fater Termuna ot Meadshitics
e wbip < £oaling ot jhe Shup LTy frmspesnt .
» . o . v

Fig. 2.1. Processes at a container terminal

When a ship arrives at the port, the containers have to be taken off the ship.
This is done by manned quay cranes, which take the containers from the ship's
hold and the deck. Next, the quay cranes put the containers on vehicles, like
automated guided vehicles or manned vehicles. After receiving a container, the
vehicle moves to the stack. This stack consists of a number of lines where
containers can be stored for a certain period. These lines are served by
automatically controlled automated stacking cranes or manned cranes. When a
vehicle arrives at a line, the stacking crane takes the container off the vehicle and
stores it in the stack. (Several terminal equipment figures car be seen at Appendix
C) After a certain period the containers are retrieved from the stack by the

stacking cranes and transported by the vehicles to other transportation modes such



as deep-sea ships, trucks or trains. This process is also executed in reverse order,

to load containers on a ship [Vis, 3].

2.1.1 Unloading and Loading of the Ship

Automated and manned terminals both use quay cranes. Quay cranes are
manned because automation of this process encounters practical problems, like
exact positioning of containers. The quay cranes have trolleys that can move
along the crane arm to transport the container from the ship to the transport
vehicle and vice versa. A spreader, a pick up device attached to the trolley, picks
the containers. The quay cranes move on rails to the different holds to take/put
containers off/on the deck and holds. It can occur that at the same moment one
quay crane is unloading containers while another quay crane is loading containers.

The number of import containers that has to be unloaded at the terminal is in
practice usually known shortly before the arrival of the ship. At the operational

level an unloading and loading plan have to be made [Vis, 3].

2.1.2 Container Transport from Ship-to-Stack and Stack-to-Ship

For the transport of a container at a manned terminal, vehicles like forklift
trucks, reach-stackers, yard trucks or straddle carriers can be used. Straddle
carriers, reach-stackers, and forklift trucks can pick up containers from the
ground. A crane is needed to put the container on the yard truck. For the transport
of multiple containers, multi-trailer systems can be used. |

At an automated container terminal automated guided vehicles are used for the
internal transport. Automated guided vehicles are robotic vehicles which travel
along a predefined path. The road system consists of electrical wires in the
ground, or a grid of transponders, that control accurately the position of the
vehicle. Currently, an automated guided vehicle can carry only one 20 feet or 40
feet container. Automated guided vehicles are only practical in ports with high
labor costs because of the high initial capital costs. In ports with low labor costs,
the system of manned vehicles is preferred [Vis, 3].



2.1.3 Stacking Containers

There are two ways of storing containers. Storing on a chassis and stacking on
the ground. With a chassis system each container is individually accessible. With
stacking on the ground containers can be piled up, which means that not every
container is directly accessible. As a consequence of limited storage space,
stacking on the ground is the most common way of storing containers.

The stack is the place where import and export containers can be stored for a
certain period. The stack is divided into multiple blocks/lines, each consisting of a
number of rows. The height of stacking varies per terminal between two and eight
containers high. At the end of each lane a transfer point might be situated. At this
point the crane takes/places the container off/on the vehicle that transports the
container. Empty containers are usually stored separately.

Most of the described terminal operations have their origin and destination at
the stack, for example the transport of containers from the stack to the ship and
vice versa. The process of storing and retrieving containers should be executed
such that the remaining operations in the terminal can be carried out effectively

[Vis, 3].

2.1.4 Inter Terminal Transport and Other Modes of Transportation

Containers have to be transported from the stack to other modes of
transportation, like barges, rail and road. It is expected that, with the growth of
terminals in the future, this inter terminal transport will become more and more
important. New concepts and techhologies have to be developed to handle the
large numbers of inter terminal container transports expected in the future.
Furthermore, research has to be done to the various transport systems by which
containers can be transported between the terminals [Van Horssen, 7].

Multi-trailer systems and automated guided vehicles can carry out this inter
terminal transport. In certain terminals it is possible that containers are put
directly on such as trains without using transport vehicles. For example, one way
of transporting containers to other destinations is by rail while another way of
transporting containers to other destinations is on the road by trucks [Vis, 3].



2.2 Decision Problems at Container Terminals

We can distinguish between three planning and control levels in making
decisions to obtain an efficient terminal: the strategic level, the tactical level, and
the operational level for problem domains in container terminals. For example, at
the strategic level it is decided which layout, material handling equipment and
ways of operation are used. The time-horizon of decisions at this level covers one
to several years. These decisions lead to the definition of a set of constraints under

which the decisions at the tactical and operational level have to be made [Vis, 3].

2.2.1 Arrival of the Ship

At the strategic level, when a ship arrives at the port, it has to moor at the quay.
For this purpose, a number of berths are available. The number. of berths that
should be available at the quay is one of the decisions that have to be made at the
strategic level [Vis, 3].

There have been studies on analyzing the data from several container terminals
to acquire the terminal parameters in order to calculate the optimum terminal
parameters for the capacity of a new terminal considering the future changes
[Yenel, 8], focusing on the bottlenecks for berth and yard allocation in order to
determine the physical plan of the terminal for future [Mit, 9].

There are also studies about the the effect of ship sizes, quay length, the number
loading/unloading vehicles and their capacities from the economic aspects [Giller,
10], and optimizing the building costs for the design of a container terminal to
achieve an optimum terminal size for a specific trading post [Bakalim, 11;
Yadipour, 12].

At the operational level, the allocation of a berth to the ship has to be decided
on. There are studies on how to allocate berths to ships while optimizing the berth
utilization. On one hand optimal berth allocation can be obtained by minimizing
the sum of port staying times. This leads to ships mooring at the quay according to
the first come first served principle. On the other hand berths can be allocated,
without consideration of ship's arrival order, by allocating ships at a berth closest

by the area in the stack in which most containers for this specific ship are located.



As a result, the resulting terminal utilization will be maximal, but ship owners will
be dissatisfied by the long waiting times of the ships. Consequently, a trade-off
exists between the total staying time in the port and the dissatisfaction of ship
owners caused by the order in which ships are berthed. The berth allocation
problem could be considered as a machine scheduling problem [Imai, 13]. Based
on a queuing network model of the logistics activities related to the arrival,
berthing, and departure processes of vessels at a container terminal, a process
view approach to the simulation of logistics activities related to a vessel’s arrival
and departure has shown to be an effective method to develop a practical tool for

berthing decisions [Legato, 14].

2.2.2 Unloading and Loading of the Ship

At the strategic level, one of the questions arising is the deterxﬁination of the
type of material handling equipments which will be used for the unloading and the
loading of containers from the ship. Automated and manned terminals both use
quay cranes.

At the tactical level, the number of quay cranes have to be determined that work
simultaneously on one ship. One of the objectives is to minimize the staying time
of ships at the terminal. The most general case of the crane scheduling problem is
the case in which ships arrive at different times in the port and queue for berthing
space if the berths are full. The objective in this case is to serve all the ships while
minimizing the total delay of the ships.

At the operational level, the unloading plan indicates which containers should
be unloaded and in which hold they are situated in the ship. Successively, these
containers are unloaded. In a hold the crane driver is almost free to determine the
order in which the containers are unloaded. The unloading time of a container
depends on its place in the ship. In contrast with the unloading process, there is
hardly flexibility in the loading process. A good distribution of containers over the
ship is necessary. The stowage planning is made at the operational level. A
stowage plan indicates for each container the exact place in the ship. Containers
with the same destination, category, weight, size, contents and so on, belong to the

same category. Sometimes, only for each category the positions in the ship are



given. Locations of containers belonging to the same category can be exchanged
between containers of this category. In making the stowage planning attention
should be paid to the order in which containers need to be unloaded. Unnecessary
moves should be avoided by placing containers designated for a terminal visited
later during the journey on top of containers designated for the terminals visited
earlier [Vis, 3].

In near future, container ports will no longer be able to expand into surrounding
land and will thus be unable to meet the storage requirements due to the boom in
the world trade. A solution to this problem is to increase the container throughput
of the port by reducing the amount of time necessary to load and unload a ship. A
distributed multi-agent architecture for dockyard operations which is based upon
elements from both centralized and decentralized strategies can provide a feasible
optimization to the problem due to its inherent complexity [Thurston, 15].

The problems of resource allocation and scheduling of loading and unloading
operations in a container terminal can be solved hierarchically by using two
different but strictly interconnected modules. The resource allocation module
remarkably reduces the number of resources typically required by the terminal.
The optimized plans tend to exploit the resources to their limit, so that only an
effective scheduler can cope with the increased complexity of this task. The
scheduler achieves such a result by reducing the conflicts of the yard cranes,
allowing their throughput to be dramatically increased. The complexity of the
scheduling problem requires local-search techniques and taboo search. The local
search techniques based on a set of neighborhood solutions can be computed very
efficiently [Gambardella, 16].

2.2.3 Container Transport from Ship-to-Stack and Stack-to-Ship

At the strategic level, one of the decisions about the design of a container
terminal concerns the type of material handling equipment that takes care of the
transport of containers. After the decision about which system will be used has
been made, one of the problems at the tactical level that has to be solved is the
determination of the necessary number of transport vehicles to transport all

containers in time. At the operational level it should be decided which vehicle

10



transports which container and which route is chosen. Objectives are, for example,
to minimize empty-travel distances, to minimize the delay of the ship or to
minimize the total travel time of the vehicles [Vis, 3].

In the last four decades the container, as an essential part of a unit-load-concept,
has scored a great success in international sea freight transportation. With
increasing containerization the number of seaport container terminals and
competition has increased considerably. One of the success factors of a terminal is
related to the time in port for container vessels and the transshipment rates the
ship operators have to pay.

Reducing the time in port for container vessels has become one of the key
elements for operators of the main container terminals worldwide. Following this
theme, one of the most crucial problems arising within the development of
intercontinental container transport is improving the productivity of the gantry
cranes in order to gain a reduction of the time in port. Preliminary results show
that such problems may be treated mainly in two ways. First, a careful
reorganization or reengineering of the processes and strategies on the terminal
may result in considerable improvements, and second, algorithmic enhancements
for certain combinatorial optimization problems may help to support the planer
and allow for further improvements. A dynamic strategy may help to improve the
use of gantry cranes and straddle carriers and their interplay when loading and
unloading container vessels that is based on the effects on the berth time derived
from the reorganization of the transshipment process. Second, simple evolutionary
algorithms may successfully be applied to respective real-world problems. The
use of a genetic algorithm combined with the reorganization for a minimization of
the container vessel processing time shows goed perfermance. It has been shown
reasonable improvements for the gantry crane productivity are obtainable. Major
improvements are due to the reorganization even simple genetic algorithms are
able to gain additional improvements [Bése, 17].

A dynamic model can also be used for optimizing the flows of flatcars that
considers explicitly the broad range of complex constraints that govern the
assignment of trailers and containers to a flatcar. The problem can be formulated

as a logistics queueing network which can handle a wide range of equipment
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types and complex operating rules. The complexity of the problem prevents a
practical implementation of a global network optimization model. The logistics
queueing network model has room for considering a range of real-world details,
returns integer solutions, and can be applied in a real-time environment [Powell,
18].

High-density, automated container terminals are currently considered as a
candidate to improve the performance of container terminals. The overhead grid
rail offers the advantages of high storage density, fast loading/unloading,
flexibility and reliability and no interference between manual and automated
operations. Moreover, contrary to other automated container concepts, the
simplicity of grid rail operations makes the development of optimal or nearly
optimal dispatching algorithms possible. Designing the operations within the grid
rail units, minimum number of shuttles are used to serve the ship and gate buffers.
The dispatching algorithm synchronizes the motion of the shuttles in order to
serve the buffers of the grid rail units, minimize delays and maximize throughput.
Simulations demonstrate that the grid rail unit concept can be used in container
terminals to improve productivity and reduce cost while utilizing much less land

than conventional container terminals [Kosmatopoulos, 19].

2.2.4 Stacking Containers

A decision at the strategic level that has to be made is choosing the type of
material handling equipment that will take care of the storage and retrieval of
containers in and from the stack. The efficiency of stacking depends among other
things on the stack height and strategies for storage and retrieval planning of
import and export containers. Consequences of higher stacking are a higher
number of reshuffles/shifting. To reach a specific container it can be necessary to
shift containers that are placed on top of the demanded container. To minimize
delay by removing containers, reshuffling of the stack can be done in advance. On
the other hand, the higher the stacking the less ground space is needed for the
same number of containers. Obviously, one of the problems at the strategic level
is to determine a good stack layout. At the tactical level the number of transfer

cranes has to be determined necessary to ensure an efficient storage and retrieval
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process. If straddle carriers take care of the storage and retrieval of containers
from the stack, it has to be decided at the operational level how to route straddle
carriers through the stack.

Another typical problem for a container terminal is that containers have to be
stored and retrieved at two sides of the stack, namely seaside (to/from the ship)
and landside (to/from other modalities). This can be done by the same yard
crane/automated stacking crane. Some of the decisions that have to be made to
ensure an efficient process are: which side has the highest priority (commonly
seaside) and how long containers can wait before they are stored or retrieved.
The problem to decide which automated stacking crane carries out which job, can
be examined in two ways. If every container is treated as an individual (Quay
crane asks for a specific container from the stack), then it is clear which
automated stacking crane should carry out the job. However, one can also
distinguish container categories in a stack. This holds especially for empty
containers. For example, containers with the same destination, the same weight,
contents and size belong to the same category.

‘Operational questions concerning storage planning are, for example, where an
incoming container is stored, in which order containers are stored, when a
container is repositioned and in which way and which crane handles which
container. For retrieval planning it has to be decided in which order containers are
retrieved and which crane handles the request [Vis, 3].

Considering the configuration of the container stack and the weight distribution
of containers in the yard-bay, a dynamic programming model can be formulated
to determine the storage location to minimize the number of relocation
movements expected for the loading operation. The decision tree developed from
the set of the optimal solutions supports real time decisions. The performance of
the decision tree can be evaluated by the number of decisions that are different
from the optimal solutions of the slower dynamic programming solution method.
The dynamic programming model is formulated to determine the storage location
of an arriving export container. The objective is to minimize the number of
relocation movements that occur during the loading operations of a containership.

The relocation movements occur when lighter containers are stacked on top of
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heavier containers in a yard, since the heavier ones are usually loaded first to the
ship. The classification procedure is also developed to obtain a decision tree for
making real-time decisions. The classification procedure includes the selection
criteria of the key attribute for branching, a pruning rule, and a simplification
method. Although it can be assumed that heavier containers are always loaded
before lighter ones, it is often possible to avoid relocation movements by
changing the sequence during loading operations [Kim, 20].

The storage space allocation problem in the storage yards of terminals is related
to all the resources in terminal operations, including quay cranes, yard cranes,
storage space, and internal trucks. The problein can be solved by using a rolling
horizon approach. For each planning horizon, the problem is decomposed into two
levels and each level is formulated as a mathematical programming model. A
complex situation is considered in which inbound and outboundcontainers are
mixed in the storage blocks in the yard. At the first level, the total number of
containers to be placed in each storage block in each time period is determined to
balance the workloads among blocks in each period. The second level determines
the number of containers associated with each vessel that constitutes the total
number of containers in each block in each period, in order to minimize the total
distance to transport the containers between their storage blocks and the vessel

berthing locations [Zhang, 21].

2.3 Complete Container Terminal Studies

It has been researched that after 50000 TEUs per year a terminal requires an
information system for management. A container terminal planning model is
suggested for a container terminal which is handling at least S0000 TEUs per
year, which is based on a multi-agent system which consists of four global agents
(ship, berth, yard, and gate) and three utility agents (crane, transtainer, and
transport). The system provides dynamic yard allocation, dynamic berth allocation
~and reduces the idle time of transport vehicles [Henesey, 22].

System architecture can be based upon the multi-agent system paradigm for
solving complex problems. The architecture is applied to solve the port container

terminal management problem, and specifically to solve the automatic container
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allocation. Five agents (ship, stevedore, service, transtainer, gate) are used in the
architecture to solve the automatic allocation problem. The architecture provides a
maintenance of the necessary co-operation in order to minimize the time the ships
are in the container terminal [Rebollo, 23].

The variety of decisions to be made in the course of daily operations at a
container shipping terminal are inter-related. The ultimate goal is to make all
these decisions in order to minimize time taken to process the vessels, minimize
the resources used to handle the workload, minimize the wait time of customer
trucks, minimize the congestion on the roads inside the terminal, and finally to
make the best possible use of the storage space available. Given the scale and
complexity of these decisions, to further enhance the operational efficiency of
container shipping terminals, it is essential to bring in decision support tools
[Murty, 24].

Another decision support system for improving the management of intermodal
container terminals is implemented as a modular architecture which integrates a
forecasting model, a planner and a simulation module [Bontempi, 25]. While the
forecasting module estimates container traffic, the planning module uses. this
information to generate efficient policies for storage, resource allocation and
scheduling. The performance of management policies is assessed via computer
simulation. Genetic algorithms, taboo search, and dynamic programming
techniques are used to implement management policies. An intermodal terminal is
a complex dynamic system characterised by an high level of uncertainty and non-
stationarity. Thus, a unique model representation is not able to properly describe
the reality and does not adequately support the definition of efficient control
policies. A problem decomposition on different time scales which allows for an
easier description and the adoption of different formalisms at the different
problem levels. The terminal activities can be managed with success only if we
split the whole problem on different time horizons. An integrated approach based
on optimisation techniques and simulation methods may lead to a decision support
system which is sufficiently robust to be effective in a non stationary environment

[Bontempi, 25].
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2.4 Off-the-Shelf Container Terminal Management Tools

New generations of management software for marine terminals will blend
artificial intelligence with graphics to optimize operations at each terminal
without requiring the creation of a single life of terminal-specific code
[Dougherty, 26]. The key enabling technology is the use of rule-based expert
systems. An expert system is a branch of artificial intelligence that captures in
computer usable form the knowledge of human experts skilled in specific tasks.
The various expert system applications embedded in the software will allow local
terminal management to fine tune the operating rules to make the best use of the
assets and other characteristics of a specific terminal. In this way, each terminal
has its own personality reflective of the local management style while the
software remains identical from installation to installation, greatly minimizing
development time and software maintenance costs. By swapping or modifying the
rule sets used by the expert systems, the terminal will be able to adapt to changing
conditions.

While the expert systems work in the background to provide advice on running
the terminal efficiently, graphical tools will provide an easy means for the users to
set up, modify, and monitor the terminal inventory. Using graphical methods, the
user will be able to install the software, set up the expert system, rules, and define
the physical and logical layout of the terminal. For example, the user would
employ drag and drop methods to define and position parking areas for containers
or trailers, stacked areas for containers, gate facilities, ship berths, etc. Although it
will appear to the user to be a simple graphical layout tool, the system
conﬁguration expert module will actually configure the database and other
portions of the system. The physical layout of the system will be automatically
mapped to the data structures required to implement the business rules and
maintain the inventory of the software. Another important graphical module
within the new generation terminal operating system is a visualization system that
offers a graphical view of the inventory in a very useful and intuitive manner. The
visualization system provides a straightforward form of virtual reality, allowing
the user to walk through the terminal via graphic display.
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With its expert systems and graphical tools, the new intelligent terminal
systems will provide users with the ability to improve productivity and service
quality, improve the ability to track and control inventory, promote more efficient
terrninﬂ management, and provide high level of reliability, fault tolerance,
scalability, and ease of use [Dougherty, 26].

The software companies which develop terminal management software usually
combine multi-functional terminal operation modules into centralized software
packages. The order management, gate control, container logistics, reports, vessel
planning, transporter control, berth planning, signaling and yard planning modules
all together forms terminal management software package that uses a central
database for all of the operations. Some well-known off-the-shelf container
management tools are; Container Terminal Control System of Cosmos (Belgium);
Sparcs, PowerStow, and Express of Navis (USA); TrakTainer of Trak Systems
(Australia), Smart Port e-Commerce Solutions of The Open Consultancy Network
Ltd. (UK); Mach Planning of Ports & Cargo CMC Limited (India).
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CHAPTER III

ANALYSIS AND DESIGN

In this chapter, we try to find a methodology for the implementation of a
decision support system that uses the 3D placement optimization algorithm
developed in this study to store containers over the yard space in a container
terminal. The first step is the analysis and design of the yard management system

for the container operations.

3.1 Object Oriented Analysis and Design of the Container Terminal

The essence of object oriented development is the identification and
organization of application domain concepts, rather than their final representation
in a programming language whether it is object oriented or not. Object oriented
development is a conceptual process independent of a programming language
until the final stages. Focusing on implementation issues too early restricts design
choices and often leads to inferior product. Design flaws that surface during
implementation are more costly to fix than those that are found earlier. An object
oriented development approach encourages software developers to work and think
in terms of application domain through the software engineering life cycle
[Rumbaugh, 27].

Considering the multiple functions that are expected from the software, object
oriented analysis and design approach is used to make the system more suitable
for future changes that may occur in the terminal operation business. The yard
optimization software acts as a decision support system for the container
placement operations over the yard area. The software is planned to be used by a
single person called "operator”. The users with different authorities are out of the
scope of the study. The yard optimization software will accept the operator
requests, and return operation suggestions to the operator. It was planned to keep
a separate database for the optimization software due to network traffic. Because

of the continuous container operations over the yard space, keeping the
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optimization database and central database up-to-date with periodic replication
could reduce the load on the network instead of accessing the central database for
every single operation request; however the database design is out of the scope of
the stﬁdy. When a container is processed by the system and the output is
generated, it is assumed that the operation command is submitted to the
machinery on the yard. If a problem occurs during yard operations, the operator
accesses the system to edit the data for correcting the error. Unified modeling
language (UML) is used for object oriented analysis and design of the yard
optimization software. The strongest reason for using UML is that it has become a
de facto standard for object oriented modeling. If it is necessary to involve a team
of developers or to convey to the information in models to other people, UML is
the obvious choice as it will facilitate communication among participants

[Bennett, 28].

3.2 The Use-Case Diagram

When investigating an organization’s requirements for a new information
system, we can use several fact finding techniques like interviews, observation
etc. These are used to gain an understanding of the current system and its
operation, of the enhancements the user require to the current system and of the
new requirements that users have for the new system. Using agreed standards to
document the requirements allow us to communicate these requirements to other
professionals and to the users. Use-case diagrams are one diagramming technique
that is used to summarize the users’ functional requirements in a high level
overview of the way that new system will be used [Bennett, 29]. So, the first step
taken in this study was the creation of the use-case diagram to focus on what the

user behaviors are in the system as shown on Fig. 3.1.
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Fig. 3.1. The use-case diagram

3.2.1 The Use-Case Definitions

Use-cases are supported by behavior specifications. These specify the behavior
of each use-case either using UML diagrams, such as collaboration diagrams or
sequence diagrams, or in text form as use-case descriptions. Textual use-case
descriptions provide a description of the interaction between the users of the
system, termed actors, and the high level functions within the system, the use-
cases [Bennett, 29]. These use-case descriptions can be in summary form, so the

corresponding use case definitions are created as follows:

Operator: The operator is the user of the optimization software. He has access to
the graphical user interface and creates inputs for the program to perform various
tasks over the yard.

Manifest In: When a ship is known to disembark containers to the port, the
operator submits the manifest of the ship to the system. The manifest of the ship
includes the group of containers to be disembarked. The system returns possible

options for this incoming scenario.
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Container In: When a container handled by a stacker is to be placed, a worker on
the yard signals the operator, or the worker directly signals the system so that the
container info is submitted to the optimization routine to acquire a suitable slot for

placement

Container Out: When a container must be taken out without any customer
request, the operator submits the task to the optimization routine so that the

system returns a procedure to carry out the desired task.

Group Out: When a group of containers for a customer must be taken out, the

operator submits the task to the optimization routine.

Remove Line: When a line is to be removed from the yard, the operator submits
it to the system, so the optimization routine prepares a suitable procedure for the

line removal.

Add Line: When there is a place reserved for a line on the yard, the operator
creates and adds the line into the system, so that the optimization routine can

include this new line as a placement option.

Modify Slot: When any placement slot on the yard must be modified, the operator

accesses the data of that slot and makes the desired changes.

3.2.2 The Use-Case Breakdowns

These use-case descriptions can be represented in a more detailed form in
which the interaction between the actor and use-case is described in a step-by-step
way, so the corresponding use-case breakdowns are detailed as follows:

Manifest In:

1. The user enters the name of the ship. (Actor)
The system prints “Busy...” to the user screen. (System)
The system prints reservation blocks to the screen. (System)
The operator confirms the reservations. (Actor)

The system reserves the slots. (System)

S A

The system refreshes the screen. (System)
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Container In:

A

. The operator enters the container ID. (Actor)

The system prints “Busy...” to the user screen. (System)
The system returns a coordinate to the screen. (System)
The pointer confirms the coordinate. (Actor)

The system reserves the slot. (System)

The system refreshes the screen. (System)

Container Out:

1.
2.
3.

The operator enters the container ID. (Actor)

The system prints “Busy...” to the user screen. (System)

The system prints the container ID and destination coordinate to the screen
(System)

The operator confirms the action. (Actor)

S. The system reserves the slot. (System)

7.

The system checks whether more actions present and repeats the steps 3-5.
(System)
The system refreshes the screen. (System)

Group Out:

1.
2.
3.

The operator enters the group number. (Actor)
The system prints “Busy...” to the user screen. (System)
The system prints the container IDs and destination coordinates to the

screen. (System) |

- The operator confirms the actions. (Actor)

The system reserves the slots. (System)

. The system refreshes the screen. (System)

Remove Line:

> W

The system displays the list of lines. (System)

The operator chooses a line and confirms the selection. (Actor)
The system records the change. (System)

The system refreshes the screen. (System)
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Add Line:
1. The user enters the line ID, line types and line dimensions. (Actor)
2. The system records the change. (System)
3. The system refreshes the screen. (System)
Modify Slot:
1. The operator enters the destination coordinate. (Actor)
2. The system displays the slot info. (System)
3. The operator edits the slot info and submits. (Actor)
4. The system records the change. (System)
5

. The system refreshes the screen. (System)

3.3 The Class Diagram

To move from an initial use-case diagram ultimately to the impiementation of
software that adequately fulfills the requirements identified by the use-case
involves at least one iteration through all of the development activities, from
requirements modeling to implementation.

Entity classes are used to model the information and associated behavior of
some phenomenon or concept such as an individual, a real-life object, or a real-
life event. As a general rule, entity classes represent something within the
application domain, but external to software system, about which the system must
store some information. Instances of an entity class will often require persistent
storage of information about the things that they present. Entity classes often
represent the more permanent aspects of an application domain. Through
successive iterations, the class diagram provides a high-level basis for system
architecture, and low-level basis for the allocation of data and behavior to
individual classes and object instances, and ultimately for the design of the
program code that implements the system. Given the iterative nature of the object
oriented approach, it is not essential to get this right on first attempt [Bennett, 29].
The yard optimization system class diagram is constructed for the basic container
operations as depicted in Fig. 3.2. The class diagram consists of the main entity

classes, their multiplicities and relationships with each other.
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Fig. 3.2. The class diagram
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3.4 The Sequence Diagrams

The boundary classes model the interaction between the system and its actors.
Since they are part of the requirements model, boundary classes are relatively
abstract. They do not directly represent all the different sorts of interface widget
that will be used in the implementation language. They represent the interaction
with the user, and the entity classes represent the behavior of things in the
application domain and storage of information that is directly associated with
those things.

Boundary classes represent the relatively stable aspects of the way that the
software is intended to operate. As long as the user requirements for the system do
not change, the same boundary classes can model the operation of the software
and its interaction with the users. Thus the description of each class is also
relatively stable, and will probably do not change frequently. By éontrast, object
instances often change frequently, reflecting the need for the system to maintain
an up-to-date picture of a dynamic business environment. Instances of boundary
classes are particularly volatile, so they have short lifetimes and are subject to
frequent creation and destruction.

The focus of a model of object interaction is to determine the most appropriate
scheme of messaging between the objects in order to support a particular user
requirement. Each use-case can be seen as a dialogue between an actor and the
system that results in objects performing tasks so that the system can respond in
the way that is required by the actor. For this reason many interaction diagrams
explicitly include objects to represent the user interface with boundary objects.

A séquence diagram shows an interaction between objects arranged in a time
sequence. Sequence diagrams can be drawn at different levels of detail and to
meet different purposes at several stages in the development life cycle. The most
common application of a sequence diagram is to represent the detailed object
interaction that occurs for one use-case. When a sequence diagram is used to
model the dynamic behavior of a use-case it can be seen as a detailed specification
of the use-case [Bennett, 29]. The corresponding sequence diagrams are generated
for each use-case of the yard management system and they can be seen in detail in

the appendix B.
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CHAPTER 1V

OPTIMIZATION ALGORITHM

The second step taken after the analysis and design of the yard management
system is the development of an optimization algorithm that combines with the
yard management system. The system acts as a decision support system, and the
optimization algorithm uses several placement patterns for container placement

operations over the yard space.

4.1 A Brief Introduction to Operations Research

Many components of organizations tend to grow into relatively autonomous
empires with their own goals and value systems, thereby losing sight of how their
activities and objectives mesh with those of the overall organization. What is best
for one component frequently is detrimental to another, so the components may
end up working at cross purposes. Asbthe;”cqmplexity and specialization in an
organization increase, it becomes more and more difficult to allocate the available
resources to the various activities in a way that is most effective for the
organization as a whole. Operations research involves research on operations.
Thus, operations research is applied to problems that concern how to conduct and
coordinate operations within an organization. A large amount of computation is
usually required to deal most effectively with the complex problems typically
considered by operations research. Therefore the development of electronic digital
computers, with their ability to perform arithmetic calculations thousands or even
millions of times faster than a human being can, was tremendous boom to
operations research [Hillier, 30].

Today, the term “operations research” or often called as “management science”
means scientific approach to decision making, which seeks to determine how best
to design and operate a system, usually under conditions requiring the allocation
of scarce resources [Winston, 31]. It is quite often associated with the use of

mathematical techniques to model and analyze decision problems. Although
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research, there is more to problem solving than construction and solution of
mathematical models. Specifically, decision problems usually include important
intangible factors that can not be translated directly in terms of the mathematical
model. Foremost among these factors is the presence of the human element in
almost every decision environment. In some cases, the effect of human behavior
has so influenced the decision problem that the solution obtained from the
mathematical model is deemed impractical.

As a problem solving technique, operations research must be viewed as both a
science and an art. The science aspect lies in the providing mathematical
techniques and algorithms for solving appropriate decision problems. Operations
research is an art because success in all the phases that precede and succeed the
solution of a mathematical model largely depends on the creativity and personal
ability of the decision-making analysts [Taha, 32].

A common theme in operations research is the search for an optimal, or best,
solution. Many procedures have been developed for finding such solutions for
certain kinds of problems. However, it needs to be recognized that these solutions
are. optimal only with respect to the model being used. Since the model
necessarily is an idealized rather than an exact representation of the real problem,
there can not be any utopian guarantee that the optimal solution for the model will
prove to be the best possible solution that could have been implemented for the
real problem. According to Hillier; eminent management scientist and Nobel
Laureate in economics Herbert Simon points out that satisficing is much more
prevalent than optimizing in actual practice. The term satisficing can be realized
as a combination of satisfactory and optimizing together. The managers tend to
seek a solution that is good enough for the problem at hand. Rather than trying to
develop an overall measure of performance optimally reconcile the conflicts
between various desirable objectives, a more pragmatic approach may be used.
Goals may be set to establish minimum satisfactory levels of performance in
various areas, based perhaps on past levels of performance or on what the
competition is achieving. If a solution is found that enables all these goals to be
met, it is likely to be adopted without further ado. Such is the nature of satisficing.

The distinction between optimizing and satisficing reflects the difference between
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theory and the realities frequently faced in trying to implement that theory in
practice. One of England’s operations research leaders Samuel Eilon remarks that;
while optimizing is the science of the ultimate, satisficing is the art of the feasible.
Operations research teams attempt to bring as much of the “science of the
ultimate” as possible to the decision-making process. In addition to pursuing the
science of the ultimate, the team should consider the cost of the study and the
disadvantages of delaying its completion and then attempt to maximize the net
benefits resulting from that study. In recognition of this concept, operations
research teams occasionally use heuristic procedures to find a good sub-optimal
solution. This is most often the case when the time or cost required to find an
optimal solution for an adequate model of the problem would be very large
[Hillier, 30].

4.2 Container Terminal

Although the analysis and optimizing method developed in this study is general
and can be applied to any container terminal, the specific cases and examples are
taken from Armaport container terminal. Therefore following details are specific
to that terminal.

Armaport is a stacker-operated container terminal with its increasing container
traffic every year which is active 24 hours a day and 7 days a week like every
other container terminal. The area of the container terminal is not stable yet.
Expansions to both land side and sea side are planned in a few years. With the
current condition and container traffic of the terminal, a yard management system
is not a must yet. But considering the yearly growth of the container terminal, the
managers are after the implementation of a yard management system which is
planned to act as a decision support system for container operations. With the
increase in container traffic, another change is required about the upgrading of
machinery being used for the container operations. Because there will be a need to
stack more containers in the same yard space, this will welcome the use of
alternative stacking equipment. While the main structure of the container terminal

can somehow be adapted to the new stacking equipment, the optimization
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algorithm developed in this study is only suitable for reach-stacker operations as it

is now in Armaport.

4.2.1 Yard Layout

The yard can roughly be divided into 3 main areas. The quay side consists of 2
vertical berths for ships to embark/disembark their goods. Container stacking over
the quay side is not available unless there are extreme conditions. There is a
storage area and container freight station near the management buildings, so those
places are not available for container stacking neither unless there are extreme
conditions. The stacking are can also be considered in 3 main parts; export
container area, import container area, and empty container area. The stacking area
approximately can store up to 4500 containers at maximum. There is also another

huge empty container stacking area right outside the yard.

75 TEUs ~ 1500 export
~ 2000 tmport
56 TEUs | ~ 1000 empty
+
-
6 BT | Total= ~ 4500
Land
56 TEUs |
56 TEUs |
56 TEUs |
56 TEUs |
STEG |
I 42 TEUs |
Export Area Import Area Empty Area

Fig. 4.1. Top view of Armaport yard layout

As seen in Fig. 4.1, the export area is closer to the quay and the import area is
closer to the yard. The container export is done from the quay side and the
customers take their goods from the land side. This separation is because of

preventing the trucks intercepting each other while carrying containers between
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the lines. The empty container area is located closer to the container freight station
in order to reduce the time to bring empty containers to the station for loading the
goods into empty containers and to send empty containers to stack after their
unloading. In addition to this layout, there is also a reefer line which is closer to
electrical power supplies for the freezers, and there is also an imco line which is
used for stacking the containers that carry dangerous materials in a reserved space.
All the containers must be handled with care because of the size and risks of the
heavy equipment, but the containers which carry dangerous materials should be
handled much more carefully because of a disaster risk.

The above explanations do not define the exact yard layout of the container
terminal. The yard operators create, enlarge or reduce lines in a free manner all
the time. They can even deploy lines in the quay area, in front of the management
buildings and so on. We tried to model the flexibility of this dynamic yard layout
as explained in chapter 3. Considering all the yard and area parameters are open to

changes, the system can be easier to adapt to different container terminals either.

4.2.2 Lines

We can physically consider the container stacking lines as rectangular prisms
which are made of container slots. The containers are stacked over each other in
the lines. One basic constraint for container stacking is that you can not place any
20’-containers over a 40’-container. This is because of the risk of a loaded 20’
container may break into the 40’-container from the middle. It is dramatic to say
that even this constraint can be violated in several circumstances in reality. But
these cases are very rare, so we assumed that no 20’-containers can be placed over
a 40’-container. That is why the lines are created to include only a single type of
container, whether 20’-container or 40’-container. However a 40’-container can
be placed over 20’-containers without any problem. The lines are usually
deployed about 10-12 TEUs long while any other length can be applied at any
time. In this study, we assumed that the lines are about 10-12 TEUs long as
common. Another point that determines the type of stacking we are using on the

yard space is the type of the container handling machinery.
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Fig. 4.2. Stacker operation from side view

As seen in Fig. 4.2, the reach stackers approach the lines from the sides and
they can only hold the containers horizontally from top. The standard operating
height for reach stackers is up to 4 containers height for safe container moves.
Above that level a loaded container may cause the back of the stacker to lift up
and create dangerous situations. However there are some cases where 5™ level of
container stacking is allowed where the subject container is very light or empty.
Thus, the container stacking is done up to 5 containers height in empty container
areas, too. Considering these cases are rather unusual, we assumed that the lines

can be stacked up to 4 containers height in this study.

Shifthyg Shifting Shifting Suifting
Space Space Space Space
Wall
Thin Linc Normal Line Thick Line

Fig. 4.3. Side view of import line stacking

As shown in Fig. 4.3, there are 3 main types of stacking for the import
containers. Thick lines are deployed next to barriers and they allow stacker
operations only from one side. They can be considered as simple stacks. The main
use of the thick lines is for the placement of large container groups. It is wise to
stack the large groups against the barriers in order not to fill up the valuable
central yard space with huge groups. The normal lines are the most common type
of import lines which are widely used for medium sized container groups, and the

thin lines are practically used for smaller container groups. Both the thin lines and
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normal lines allow stacker operation from both sides. So these lines can not be
considered directly as simple stacks like we do in thick lines. The shifting spaces
are reserved for creating space for any shifting operation that may occur during
the container withdrawal stage. One of the problems about the flexibility of the
real life operations is that yard operators sometimes decide to deploy temporary
lines which are only two containers thick. These lines are especially created for
the large transport ships that bring hundreds of containers to the terminal at once.
At those times, it is crucial to decrease the unloading time of the ship instead of
keeping the line standards at the yard area. We tried to model the flexibility of this
dynamic line creations and destructions as much as possible in the previous
chapter. However we assumed that there are only 3 kinds of import lines as
explained above for container stacking, because the other type of lines are rarely

used and not really efficient for reach stacker operations.

Shifting Shifting
Space Space Wall
Normal Ling—— ————————Thick Ligc

Fig. 4.4. Side view of export line stacking

As depicted in Fig. 4.4, the stacking procedure in the export area is slightly
different than the import area. The reason of using the thick lines is similar to the
usage of thick lines in the import area. Large groups of containers have similar
attributes and can be stacked by the wall. However the common container groups
are stacked in normal export lines which are not more than 3 containers height.
The reason for keeping the line height lower is for minimizing the risk of making

a high number unnecessary shifting. When loading the ships, it is crucial to
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transport the containers to the ship as soon as possible in order to minimize the
time that ships spend for berthing. That is why somewhat smaller lines are
preferred for stacking the export containers. The 3 containers height line types are

used as the export lines in this study.

—Condition 1 — —Condition 2— Condition 3
P Wall
Side View of Empty Container Stacking
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Fig. 4.5. Side and front views of empty container stacking

As seen in Fig. 4.5, the stacking of empty containers is a different story. As the
containers are empty, they can be stored up to 5 containers height. The collapsible
flat racks can even be stacked over each other up to 20 of them. And there is no
general width or length of line for empty container lines. They can reach up to 10
containers thick and about 10 TEUs long. The empty container stacking is based
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on getting the desired container type with the desired container condition which is
owned by a specific trading company. While the containers can travel all over the

world, their owners are the trading companies that manufactured them.

4.3 Terminal Data Analysis

It is better to define the container movement processes on the yard space before
we proceed further into the analysis of the real terminal data. Basically, a
container can enter the yard space whether from sea or land. It is the same case

when a container is leaving the yard space.

Container arrives

Loaded for export Empty for export

N
~,

CFS area

y |

Loading on the ship Export ‘ix:leave o

Fig. 4.6. Container arrival from the land

As shown in Fig. 4.6, both the empty containers and the full containers can be
exported. The empty containers to be exported are directly stacked on the yard
space. The export container can be filled outside the terminal, so when it arrives
the terminal, it is directly stacked on the yard space, too. If the goods are to be

loaded in the terminal, first the goods are loaded in containers at the container
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freight station area, then they are stacked on the yard space. There are also some

cases when the goods to be exported return back to the land on trucks.

Container arrives

/ from the sea

—  Imported as full Imported as empty

\ Import area /

4 .

Leaving to the land Export area |

h .4

Loading on the ship

Fig. 4.7. Container arrival from the sea

As depicted in Fig. 4.7, the containers can be imported either as empty or full.
The imported full containers can be directly placed in the stack over the import
area, or can be placed in the stack over the export area to be loaded in another ship
or can directly leave to the land bypassing the yard area. The last one is especially
the case for the import of very dangerous materials which are immediately put on
a leaving truck by the quay crane. The full containers can also be emptied in the
container freight station area and the goods can leave the terminal on trucks. The
imported empty containers can be stacked in the yard space or they can be sent to
the container freight station area to be filled and exported by ship in the next step.

When an import container is to be taken from the ship and placed on the yard,
or when an export container is to be loaded to ship; the placement optimization

developed in this study will be in charge.
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4.3.1 Container Handling Data Analysis

The data about container movements over the terminal in year 2001 is analyzed
to filter the most critical operations in the yard area and focus on them. Before we
proceed further into the data, it is better to take a look at the container movement

codes in the terminal as shown in Table 4.1.

Movement Code Definition
GDG Entrance as full container by ship
GBG Entrance as empty container by ship
GDK Entrance as full container by truck
GBK Entrance as empty contaier by truck
GTG Entrance with dangerous materials by ship
GTK. Entrance with dangerous materials by truck
GRG Entrance with trespassing goods by ship
GRK Entrance with trespassing goods by truck
GHG Entrance with dangerous trespassing goods by ship
GHK Entrancs with dangerous trespassing goods by truck
GBD Entrance as empty from sxternal pile
GSG Entrance as trespassing and empty from extemal pile
SDL Filled up in the container freight station
SBL Emptied in the container freight station
I SDT Filled up with dangerous materials in the container freight station
: SBT Dengerous materials emptied in the container freight station
SDR Filled up with trespassing materials in the container freight station
SBR Trespassing materials emptied in the container freight station
SDH Filled up with trespassing dangerous materials in the container freight station
SBH Trespassing dangerous materials emptied in the container freight station
CDG Exit as full by ship
CBG Exit as empty by ship
CDK Exit as full by truck
CBK Exit as empty by truck
CTG Exit with dangerous materiels by ship
CTK Exit with dangerous matenials by truck
CRG Exit with trespassing materials by ship
CRK Exit with trespassing materials by truck
CHG Exit with dangerous lrespassing materials by ship
CHK Exit with dangerous trespassing materials by truck
CBD Exit as empty to extemal pile
CSG Exit as trespassing and empty with ship
CSK Exit as trespassing and empty with truck

Table 4.1. Container movement codes

12558 container movements in the terminal are analyzed for the year of 2001.
For each container; group number, arrival voyage number, container owner,
container type, container kind, container weight, departure voyage number, target
terminal, and container movement codes and dates are included in the data. Qur
first approach was finding the relation between two consecutive moves in the yard

right after the arrival of the container in the terminal. The first containers
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movement versus second container movement cross tabulation is given in the
Table 4.2.
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Table 4.2. First movements versus second movements cross tabulation

The results show that the most frequent terminal entrance first movements of
containers are GDG (Entrance as full container with ship) with 4633, GBG
(Entrance as empty container with ship) with 3557, GDK (Entrance as full
container with truck) with 2421, and GBK (Entrance as empty container with
truck) with 1151. The combination of those 4 first movements make a total of
11762 moves out of 12558 moves, and that is approximately 94% of all the first
movements.

After determining the main first movements, then the corresponding second
movements are analyzed due to the most frequent first moves. The results show
that:

1054 SDL, and 2395 CBK moves are made after GBG moves. In other words,
approximately 30% of the empty containers that arrive with ships are filled in the
container freight station of the terminal while approximately 67% of them leave
the terminal with trucks so as to be filled outside the terminal area.
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291 SDL, and 801 CBG moves are made after GBK moves. In other words,
approximately 25% of the empty containers that arrive with trucks are filled in the
container freight station of the terminal while approximately 70% of them leave
the terminal with ships.

699 SBL, and 3883 CDK moves are made after GDG moves. In other words,
approximately 15% of the full containers that arrive with ships are emptied in the
container freight station of the terminal while 84% of them leave the terminal with
trucks.

2383 CDG moves are made after GDK moves. In other words, approximately
98% of the full containers that arrive with trucks leave the terminal with ships.

After defining the main container movement activities in terminal, we focused
on the analysis of the most frequent container types. Before we proceed further
into the data, it is better to take a look at the container codes in the terminal as

depicted in Table 4.3.

i Container Code Definition

TK Tank (TA)

i FL Flat

I BO Box

HC High Cube

! o7 Open Top

‘ RF Reefer (RE)
HT Hard Top
HR High CubeReefer

i VT Ventilated (VE)

| PL Platform
FR Flat Rack

i BU Bulk

! 0S Open Side

| MF Mafi

i IN Insulated

ow Over Wide

; FX FlexiTank
wWB Widbady
EP Europalet
HP High Cube Palst

Table 4.3. Container codes
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12558 containers that had been handled during the year 2001 are analyzed to
define the most frequent container types that are handled in the terminal. The

container codes and their occurrences in the terminal can be seen in Table 4.4.

Container Code | Number of occurences
K 23
FL 14
BO 11248
HC 1007
oT
RF
HT
HR
VT
PL
FR
BU
Qs
: MF
[ IN
: oW
FX
Wia
EP
HP

Qooococoooo—-ww:‘:g

Table 4.4. Container occurrences

The results show that 11248 standard box type containers and 1007 high cube
containers had been handled during the year 2001. The combination of these 2
types of containers creates approximately 98% of the container traffic in the

terminal.

4.3.2 The Evaluation of Analysis Results

The analysis results show that; although there are various containers
manufactured for transportation, the most common containers that are being used
are by far the standard box containers. It is known that the stacking of high cube
containers is no different than the stacking of box containers. Because the high
cube containers are just a few inches higher than the box containers and it does
not cause any problem to stack them over each other as usual. The open top

containers can be treated as box containers while stacking again unless there is
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nothing in the open top container that creates an extra height. The reefer
containers also have similar dimensions like the box containers. Thus, we
assumed all the containers as standard box containers during the development of
the system in this study. The other containers that are being handled are treated as
out of the system, and they are advised to be placed manually.

The analysis results also show that; the container importing activity is
significantly higher than the container exporting activity. As a result, we first
focused our studies on the ship unloading and import container placement patterns
over the yard space. However, the importing and exporting ratio is not stable and
highly dependent on the economical situation of the country, so we had to bear in
mind that the condition could be vice versa at any time. It is also obvious from the
data that the companies usually do not prefer loading and unloading their

containers in the container freight station.

4.4 Container Placement Algorithms

Considering that different criteria applies for the different lines over the yard
space. We tried to separate the yard area into regions as well as lines. The regions
can be defined as import, export and empty basically, and each of them has a
different approach for stacking containers. The imco and reefer containers are also
stacked with slight exceptions and that will be explained after the main placement
algorithms. The placement algorithms can also be divided into 3 main parts; one
of them, and the most critical one from the operational point of view, is the
unloading phase of the ship in combination with space reservation over the yard
space. The other two can be defined as container insertion to stack and container
removal from stack processes basically. The different stacking criteria for

different areas of the yard space can be seen in Table 4.5.
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Optimias mCmm ia

Contaner Kind | Group Size | Customer Dwell Tme | Type | Condition | Departure Date | Destination Terminal | Weght | Owner
Import v v x x x x x
Export x x x x v v v
Empty x x v v x x x
Reefer Lice mport or export contamer with the placement constramt of reefer Ime selecion )
Imeco Like mport with the pl. int of imco ine selection when imported, export contamer when exported

Table 4.5. Optimization Criteria

e  Manifest Submission and Slot Reservation Algorithm

e  Container Insertion Algorithm

0O 0O O o o

Import Container Insertion Algorithm

Export Container Insertion Algorithm

Empty Container Insertion Algorithm

Reefer Container Insertion Algorithm

Imco Container Insertion Algorithm

e  Container Removal

o Container Removal Algorithm

o Group Removal Algorithm

O

Shifting

4.4.1 Manifest Submission and Slot Reservation Algorithm

Before a ship arrives to a terminal, the terminal operators can obtain the

manifest of the ship at least a few hours before the arrival. The manifest of the

ship has the detailed info about the containers being transported, and having this

information before the arrival of the ship is crucial in order to prevent from the

surprises that may occur when the ship arrives. When the groups of containers that

are arriving at the terminal are known, we can check the current state of the yard

space and make some reservations and arrangements in our lines so that the larger

container groups are sent to their reserved slots without scattering them over them

lines.
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Fig. 4.8. Manifest submission and slot reservation algorithm

As seen on Fig. 4.8, the operator submits the next voyage that is expected to
arrive at the terminal to the yard management system, and that creates a query to
extract the manifest of that ship from database. The manifest. of the ship is first
filtered from the containers that are not box or high cube containers. The other
containers are left out of the optimization algorithm, so that they should be placed
manually on the yard space when the quay cranes handle them. After the filtering,
we now have only the box and high cube containers as we desire, and the next
step is sorting the container groups due to their group sizes and the update of the
manifest. The group sizes are sorted in descending order because the larger the
group size is, the more the group is a possible victim of scattering. So the system
tries to find and reserve spaces for larger groups as soon as possible. The basic

operation unit of a line is its slice because considering the reach stacker operation;
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slices are somehow independent from each other. So the biggest capacity of a
slice on the yard is the slice of a thick line with 20 slots. That also means that any
group size over 20 containers will uneventfully face scattering. That is why; th_e
next step is the division of container groups into smaller ones which have no more
than 20 containers. The division is simply made on a basis that taking the mod of
the group size, and the manifest is updated. For example a group of 25 containers

becomes a group of 20 containers plus a group of 5 containers.
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Fig. 4.9. Group placement patterns

When all the group sizes are not more than 20 containers in the manifest,
different placement patterns are applied to different container group sizes in order
to reserve suitable places for the groups. The details of the placement patterns can

be seen in Fig. 4.9 above.

43



There are 5 main placement patterns to reserve slots for large container groups,
the container groups which have 17 to 20 containers are directly sent to the thick
line empty slices to fill a slice with a single group. The container groups which
have 13 or 16 containers are sent to the normal line empty slices to fill a slice with
a single group.

As it can be seen from the stacking patterns shown in Fig. 4.9, it is tried to
create empty slots at the top corners of the slices which are also called shifting
spaces. The shifting spaces are quite handy when a container removal process
creates extra shifting. The shifted containers can be placed easily to the neighbor
shifting spaces without carrying them between the lines to find a space to place
them. The spaces between two lines are at optimum for the operation of reach
stackers and trucks with ease, so a reach stacker operator tries to avoid putting
containers on the ground as much as possible. 4

The placement patterns of container groups which have 11 or 12 containers are
another story. There are 2 different possibilities for stacking them. One of them is
stacking them in empty normal line slices, while the other one is stacking them in
empty thin line slices when there is no available empty normal line slice. The
container groups which have 9 or 10 containers are perfect fit for the empty slices
in the thin lines which also create double shifting spaces in a slice. Finally, the
container groups which have 5 to 8 containers are placed at the half slices of
normal lines. Considering the normal line slices consist of 2 half slices which are
mirror image of each other, stacks of two container groups which have 5 to 8
containers in the same slice are independent from each other in reach stacker
operation point of view.

No reservation patterns are suggested for container groups which have 4 or
fewer containers because there is no practical benefit for making reservation for
them. They are processed instantly by the system when the quay cranes handle
them, and they are most possibly sent to the outer slots of the slices in order to
avoid shifting and scattering problems that may occur when they are stuck in

inner slots of the slices.



4.4.2 Container Insertion Algorithm

When a container is handled by a quay crane or is brought to the yard on a
truck, the system processes the container information and suggests a suitable place
for placement. However, depending on the details and the next movement of the

container, the placement algorithm to be used differs.

Opctator
Container '

D ) Query
Submission Contalner

DATABASE

Recfer
Centalner

Import
Container

Export
Contalner

Empty
Container

Container

Fig. 4.10. Container insertion algorithm

As depicted in Fig. 4.10, the operator submits the container to the system and
creates a query to extract the information about the container from database.
Depending on the region that this container belongs to, the optimization algorithm
directs the request to the related sub container insertion algorithm as seen in the

figure above.

45



4.4.2.1 Import Container Insertion Algorithm
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Fig. 4.11. Import container insertion algorithm

As shown in Fig. 4.11, after the optimization algorithm directs the request to the
import container insertion algorithm, the first step is querying the group size of
the group that the container belongs to. If the group size is bigger than 4
containers, it also means that probably a slot reservation had been already made in
the manifest submission and slot reservation algorithm. So the system checks the
reserved slots from database and inserts the incoming container to the first slot of

the reservation space depending on the order of slot reservation. If the group size
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is less than 5 containers, the system checks whether the container is a 40’
container of 20’ container. Depending on the type of the container, the system
creates a query for finding available spaces on the suitable slices. The horizontal
windoQ scan is used for the 40’ containers and it means that when an available
slot is found, the neighbor slot is immediately checked to know whether it is
empty or not. The vertical window scan is used for the 20’ containers and it means
that when an available slot is found, the slot just below the available slot is
checked to know whether it is occupied by a 20’ container or a 40’ container.
After several possible options are achieved, the dwell time comparisons made due
to the slots occupied by previous containers just below the incoming container.
The idea is not to place a container over other containers which are expected to be
removed earlier than the new one on top. The most suitable option is chosen due
to the comparison of dwell times and the slots are updated in database as the

container is placed in its location.

4.4.2.2 Export Container Insertion Algorithm

" As shown in Fig 4.12, after the optimization algorithm directs the request to the
export container insertion algorithm, the first step is the querying of departure
date, destination terminal and weight of the incoming container. The group
identity is not important in the case of exporting because it is the responsibility of
the receiving terminal to keep the group together when the ship is unloaded there.
The terminal which unloads the containers has to deal with keeping the container
groups together. After getting the information about the container to be exported,
depending on whether the container is a 40’ or 20° container suitable spaces are
searched from database. The most suitable options are calculated through
comparisons of departure dates, destination terminals and weights of the
containers. The containers leaving with the same voyage are kept close to each
other in a line while the ordering of the slices in these lines is dependant on the
destination terminals. Finally, heavier containers should be placed on top of the

stacks while the lighter ones should remain at the lower levels of the slices.

47



Query
Departure
Date

Query
Destination
Terminal

Query Possible Options with
Horizantal Window Scan

DATABASE

DATABASE

Query
Weight

Query Possible Options with

¥ Vertical Window Scan

Update Options with Date,
Terminat and Welght Penalties

Fill chosen

slot(s)

Fig. 4.12. Export container insertion algorithm
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4.4.2.3 Empty Container Insertion Algorithm

Query Query Query
Owaner Type Candition

DATABASE

Update Options with Owner, Fill chosen
Type and Condition Sclections slot(s)

Fig. 4.13. Empty container insertion algorithm

As depicted in Fig. 4.13, after the optimization algorithm directs the request to.
the export container insertion algorithm, the first step is querying the owner, type
and condition of the incoming container from database. The organization of empty
slices is based on dividing slices due to container manufacturers/owners with 20’
and 40’ container slices for each owner. The containers are also stacked with their
condition order in the slices. The condition of the containers are ranked with
numbers each with meanings like “in good condition”, “womn”, “dirty”, “clean”,
etc. The idea is keeping the empty containers with the same attributes close to
each other, so it can be easier to find and remove a specific pack of empty
containers from a stack in a short time. After getting the information about the
incoming container, the possibilities are compared to each other depending on the
container owner, condition and type attributes and the most suitable slots are

updated at database while placing the containers.
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4.4.2.4 Reefer Container Insertion Algorithm

The reefer container insertion algorithm does not have any different logic than
then import and export container insertion algorithm. But it has the mixture of the
properties of import and export container algorithms. The reefer containers must
always be supplied with electrical power in order to maintain their refrigerating
functions whether they are to be imported or exported. The reefer containers are
sent to their special line with electrical power, and this line consists of two regions

to store reefer containers for import or export.

4.4.2.5 Imco Container Insertion Algorithm

The imco containers to be exported are treated with exactly the same export
container insertion algorithm while the ones to be imported are treated with
almost the same import container insertion algorithm with one exception. The idea
is keeping them in a single line in the yard so that the dangerous materials will be
handled with extra care over there. So the import container insertion algorithm is
used exactly just by adapting it so that the output location always directs the

incoming imco container to the imco line.

4.4.3 Container Removal

Depending on the placement decisions we made in the previous sections, the
container removal algorithm tries to remove the desired containers from the stack
with the minimum number of shifting. The usage of container placement patterns
comes in handy during the process of the container removal as the containers of
the same group are tried to be kept together. The import area shifting is more
critical than the shifting in the export area. Because whatever the shifting is, the
containers to be exported are loaded on to the ship in a short period of time;
however the shifted containers in the import area have to be stacked again to wait

for the customers to take their groups from the terminal.
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4.4.3.1 Container Removal Algorithm
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Shifting Queue ’ Dwell Time
Shift Containers in Remove
the Shifting Qucue Container
Undil Shifting Queue Empty

Fig. 4.14. Container removal algorithm

As seen in Fig. 4.14, the operator submits the container to the system and

creates a query to find the location of the container in the yard from database.

When the slot of the slice that container is assigned is found, container removal
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procedure from both sides of the stack are calculated and the one that causes
minimum shifting is chosen for the removal of the desired container. If there are
containers to be shifted above the container to be removed, a shifting queue is
created and the containers in the shifting queue are firstly handled and shifted
before the removal operation. When the shifting queue is empty the container is
removed and the slot becomes free. If it is the container of a customer then dwell

time of this container is calculated and updated in the customer dwell time.

4.4.3.2 Group Removal Algorithm

Group ID Query / r C il
i > submisston Containers >< D“T“B“SE! 5| (costalner D)

Operator

Until aB Coataincrs are Removed

Fig. 4.15. Group removal algorithm

‘As shown in Fig. 4.15, the operator submits the group ID to the system and
creates a query for the containers to be removed. The group removal procedure
uses the container removal algorithm consequently. The containers to be removed
are sent as input to the container removal algorithm so that shifting will be

handled first if there are any.

4.4.3.3 Shifting

When shifting occurs the containers to be shifted are treated as an input to the
related container insertion algorithm, such as import, export, empty, reefer, or
imco. One exception that becomes a property in the shifting that is trying to place
the container to the nearest possible slice. The idea is placing the container as near
as possible in order not to make the reach stacker carry the shifted container

around.
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CHAPTER Y

CONCLUSION AND FUTURE WORK

This study consists of mainly two parts. The first part of the study is the
analysis and design of a yard management system that will computerize and
visualize the yard space layout and operations with software. The second part of
the study is related to the development of a 3D optimization algorithm to act as a
decision support system for the yard operators during container operations. The
optimization routine is planned to accept requests from the operator via the yard

management system described above.

5.1 Analysis and Design of the Yard Management System

During the study, it was seen that any computerized system which is planned to
handle any kind of decision related to the terminal operations must be designed
flexible enough as far as the application is concerned. As this study was focused
on the optimization of container operations over the yard space, we tried to
construct the model of the yard operations as flexible as possible using the object
oriented approach during the analysis and design phase of the yard management
system. The yard space is designed so that it will enable the operator to change
many features of the yard, including its size, lines, buildings, etc. In addition to
this, all those lines and building blocks are shown with their coordinates in order
to adapt the program for the unexpected physical changes in future. |

While the management system is easier to adapt to any logical change in
container operations by its flexible built, the placement optimization algorithm
developed in this study should be reconfigured to meet the new requirements of
the new condition. For example if rubber tyred cranes are being used as container
handling machinery, the 3D placement algorithms and patterns should be
reconfigured because they have been designed for those container terminals that

use reach stackers for container operations.
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5.2 Optimization and Placement Algorithms

The optimization algorithm is designed to consist of several placement
algorithms specifically constructed for different area of the yard space. The
difference of stacking criteria for each area in the yard avoids the usage of a single
placement algorithm that covers every aspect of the container handling operations.
For instance, the stacking procedure for an export line is widely different than the
stacking procedure of an import line. Thus, the optimization algorithm delivers
incoming container operation requests to the related placement algorithms in order
to apply the suitable placement criteria for the requests.

The more flexible our system is the less standardization we can have in the
container operations over the yard space. Standardization is another key factor
that determines the efficiency of our algorithms. We tried to balance these two
factors in this study by trying to keep the system as flexible as possible as well as
making several assumptions from the terminal data analysis results to focus on the
main container activities in the yard space in order have more stable placement

algorithms.

5.3 Placement Patterns

Using of placement patterns for container handling focuses on finding suitable
places for the large container groups at the first hand. There is not a big problem
for a group of two or three containers to be scattered over the yard, however the
same case can lead to disastrous results for a group of 15 containers for example.
The system uses well known placement patterns and tries to reserve the spaces for
the large groups by checking the available lines. Another point is that system does
not have to calculate the best position for each container of the same group and

just sends the containers to their reserved slots in the stack when they are handled.
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5.4 Future Work

The placement patterns and the optimization algorithm can be integrated with
the yard management system defined as an application to observe the real
behavior of the system. In addition to this, the optimization algorithm and yard
management system could be constructed so that it allows multiple machinery
usage for container operations.

The yard management system could also be designed so that it does not only act
as a decision support system for container operations; it also dynamically
configures the yard layout and line structure of the yard as an expert system.

Different optimization approaches to container stacking algorithms can be
introduced and the results of these different optimization algorithms can be
compared to each other to define a general placement optimization algorithm
which can adapt to any kind of yard configuration for each container handling
machinery.

The study presented in this thesis is about the yard management system for a
container terminal. However every area of operation in container terminals is a
study of its own; such as resource allocation, berth planning, signaling, ship
stowage etc. The software for these packages can be created and integrated in a
single multi-functional software system that combines many aspects of terminal

operations for the full automation of container terminal.
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APPENDIX A

SEQUENCE DIAGRAMS
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1. submitLine() :
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Fig. A.1. Sequence Diagram for the use-case Add Line

=4

Operator :RemoveLineUl :Ya

1. selectLine()

2. removeLine()

3. confirmActions()

4, submitActions()

s s s L SR PR s R
SRt s R T s

-‘-—--————-————T~4—~—————————"—j——-ﬁ

Fig. A.2. Sequence Diagram for the use-case Remove Line
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2. removeGroup()
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4, *emptySlot()

s PSS E R

T ——— ——— - S— — —— —— — - —— —— — — O — — —

Fig. A.3. Sequence Diagram for the use-case Group Out
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5. reserveSlot()

ig. A.4. Sequence Diagram for the use-case Container In
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Fig. A.5. Sequence Diagram for the use-case Container Out
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Fig. A.6. Sequence Diagram for the use-case Modify Slot



1721
=
=]
tad

Operator ‘ManifestinUI Manifest
T 1 i
I I I
! LselectManifest() | !
T A |
i ) i
I !
] ]
! D i
| T 2.updateManifestData() |
| I >
I I |
I I
! i
I I
) )

: 3. confirmManifest() } !
[ | ]
i | I
1 i
I |
i I
: l 4. *addGroup()
i I S
| i I
) ] I
i ! |
] I |
i i I
i I |
| I i

R s G annRE LR EEE T | -

Fig. A.7. Sequence Diagram for the use-case Manifest In
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TERMINAL FIGURES
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Fig. B.5. Forklift Trucks at operation
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Fig. B.8. A Container Truck at operation
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