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ABSTRACT 
 

Keywords: AGV, C-AGV, Automated Container 
Terminal, OSPF, Scheduling. 

 
The design of an Internet Protocol (IP) network is a 

long-term investment where many aspects must be 
taken into consideration. Some of them are the cost of 
the design, network sustainability and aspects regarding 
traffic engineering. When, its matter to design an IP 
network for an industry like Sea ports or Container 
Terminal than the factors related to traffic engineering 
and scheduling needs more attention. This thesis 
addresses the problems of designing and suggests a 
solution with IP network by using the concept of Open 
Shortest Path First (OSPF) routing algorithm. 

 
The routing in OSPF telecommunication networks 

is determined by computing shortest paths with respect 
to link weights sets by the network operator. In this 
research the shortest path computed on the basis of 
Current status, Current location, distance and cargo 
limitation of Automated Guided Vehicles that are using 
cassettes to transfer containers, which are called C-
AGVs. 

 
A MATLAB based simulation tool is developed 

and is used to test and compare the OSPF algorithm to 
the general scheduling processes in a container 
terminal. The results show that using the OSPF concept 
it will yield in higher productivity. 
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CHAPTER 1: INTRODUCTION 
 

In the recent years, due to globalization and increasing trades, containers are the 
main instruments used to transport large volumes of cargo in long distance with a high 
level of productivity and cost efficiency [1]. Due to the day-by-day improvement in 
the technology there is a huge increment in supply chain and demand. This requires 
such kind of facilities that can handle the containers such as at the sea terminals to 
change and improve the policies and enhanced the productivity to survive and fulfill 
the customer’s need with professional attitude. 

 
An operating sea container terminal (CT) poses a complex logistical problem [2]. 

According to research by Drewry Consulting and mentioned in a thesis by Henesey, 
the number of TEUs (Twenty-foot Equivalent Unit) or containers have increased from 
39 million in 1984 to over 356 million in 2004 and observations confirms that many 
Container Terminals are reaching their capacity limits leading to traffic and port 
congestion [3]. Recently, AGV (Automated Guided Vehicle) transportation systems 
are useful to be implemented for the automation in Sea port container terminal. 
However there are still many problems or challenges that need to be addressed before 
using AGVs to handle the containers, such as Quay Cranes Terminal Transport 
Interfaces (QC-TTI) and Yard Crane Terminal Transport Interface (YC-TTI). 

 
The port congestion negatively affects when ships delay which cause the extra 

cost, needs extra manpower, yard congestion and some time re-handling the containers 
finally its cause the delay in rail transportation and their business, resulted loss in 
business.  To accommodate the increasing number of the ship containers, port 
authorities are being advised that they have to implement state of the art technology by 
using AGV transportation system. This implementation would save the port terminal 
space; it would be more cost effective compare to men power and their life securities 
and most important it would increase the efficiency [4] [5]. 

 
In this thesis the automated scheduling with reference to the OSPF (Open Shortest 

Path First) algorithm concept will be suggested and the Quay Cranes Terminal 
Transport Interfaces (QC-TTI) and Yard Crane Terminal Transport Interface (YC-TTI) 
are the main points of interest including the 2 types of transportation vehicles which 
are namely: 

 
a. AGV (Automated Guided Vehicles) 

 
b. C-AGV (Cassette Automated Guided Vehicles) 

 
1.1 Background 

 
The Internet gives a chance to prove that everything in this world can be connected 

on IP which can handle from anywhere and the wireless communication gives users 
the freedom of movement. But on the other side of the world still most of the 
industries use manual process for material handling and repetitive task works, although 
automation can give them better results. 

 
Usage of AGVs has been in existence since 1953 but unfortunately not that much 

common in the industries where huge amount of cargo and material handling is taken 
place. But nowadays few industries are taking steps to start using AGVs in their daily 
production and usage. These industries are like manufacturing industries, medical 
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industries, hospitals as well as now also in nuclear industries. These AGVs are special 
purpose and are pre-programmed according to the required tasks and needs and 
circulate on the guided paths. Due to the boom in AGVs System technology recently 
container terminal industries are also involve getting the benefits from this remarkable 
technology and want to increase their productivity.  

 
There are two types of transportation systems for AGVs in CT industries, one is 

Vertical Transportation System (VTS) and the other is Horizontal Transportation 
System (HTS). Both transportation systems has their own advantages and 
disadvantages based on the various transportation requirements, that is, demand from a 
port authority, capacity of port, number of AGVs, work load etc. In this thesis well-
known Vertical AGV transportation system, that is already been introduced into the 
port of Rotterdam as an automated port container terminal, will be considered. 

 

 
Figure 1.1: Vertical Automated Guided Vehicle Transportation System 
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Port terminals are mainly divided into Quay area, two-way transportation areas 
and the container yard area. A general bird eye view of a vertical AGV transportation 
System based CT is shown in figure 1.1. In this thesis I suggest scheduling method for 
AGV, Cassettes-AGV (C-AGV), Quay Crane (QC) and Yard Crane (YC) by using the 
OSPF algorithm concept which cover the area from Quay Cranes Terminal Transport 
Interfaces (QC-TTI) to Yard Crane Terminal Transport Interface (YC-TTI). It starts 
from Quay Cranes Terminal Transport Interfaces by using two-way transportation area 
(TTA) and ends at Yard Crane Terminal Transport Interface where the container will 
be delivered at Yard area. Yard is a temporal storage area for containers.  

 
In this thesis following design and evaluation criteria will be used: 

a. The traffic (C-AGVs) scheduling and its management by using the 
concept of OSPF (Open Shortest Path First) routing algorithm 

b. The QC and YC scheduling 
c. Availability of AGVs at QC or YC when they are required i.e. fully 

utilization of C-AGV. 
d. The system throughput, i.e. the number of AGVs transport the containers 

in a unit time  
e. The average number of AGVs at each area. 

 
The Operation of each area and object are defined as follows: 
 

Quay Cranes Terminal Transport Interfaces (QC-TTI): At this interface the C-
 AGVs and other transportation objects are loaded /unloaded from the  
container ship. The Quay Cranes are used to perform this loading and 
unloading task. 

 
Yard Crane Terminal Transport Interface (YC-TTI): At this interface the  C-
AGVs and other transportation objects are loaded /unloaded at the Yard area. 
The Yard Cranes are used to perform the loading and unloading task 

 
Two-way Transportation Area:  The area used by the C-AGVs and other 
transportation objects to transfer the containers from QC-TTI to YC-TTI or 
YC-TTI to QC-TTI. In this study we assumed that there are only AGVs and 
C-AGVs in this area, no manual transportation objects are there in this area. 

  
 AGV (Automated Guided Vehicles): AGV, A machine or vehicle that can be 

 programmed to automatically drive to designated points and perform pre-
 programmed functions. 

 
 IPSI AGV or C-AGV (Cassette Automated Guided Vehicles): The IPSI™ 
AGV is a part of the IPSI™ European Union project. The IPSI AGVs are 
customized to transport specially developed cassettes with container(s) with a 
total weight of up to 96 tons on them. An IPSI AGV has two different 
operational height levels lower and higher. The lower operation level is used 
when the AGV is not carrying any weight and to be able drive under a cassette 
in order to raise or lower it. When an AGV is moving around with a cassette 
the higher operational level is used [35]. 

  
 Open Shortest Path First (OSPF): OSPF is a link-state routing protocol. It is 

 designed to be run internal to a single Autonomous System. Each OSPF router 
 maintains an identical database describing the Autonomous System’s 
 topology. From this database, a routing table is calculated by constructing a 
 shortest path tree. OSPF recalculates routes quickly in the face of topological 
 changes, utilizing a minimum of routing protocol traffic [6]. 

  13



 1.2 Motivation 
 
In my childhood I was really impressed by a drama series named “Knight Rider”. 

Knight Rider is an American television series that ran from September 26, 1982, to 
August 8, 1986. The series was broadcast on NBC. In this series David Hasselhoff as 
Michael Knight, a kind of modern-day "knight", he drove an advanced smart car 
shown in figure #1.2 with artificial intelligence (AI).  

 

 
Figure 1.2:  Knight Rider, Courtesy of Google 

 
This drama series becomes my dream and I always thinks that how to convert 

things in automation? This interest pinches me to do something intellectual and 
different from others. This master thesis gives me an opportunity to fulfill my 
childhood dream. I worked in this project with pure intention to learn and gain 
knowledge on the new and demanding topic. At the same time to know different 
people in the different organization with the multicultural environment. The best thing 
in this thesis is that all the time I feel interest and gain knowledge in this field which 
will defiantly helps me in future job in this sector. 

 
This thesis report is organized into 8 chapters. The next chapter presents the 

existing problem and goals of this thesis which is mainly concern with the Container 
Terminals and their productivity. Basic functionalities and a scope of the thesis are 
presented in 3rd chapter. The forth chapter is concern for the literature review. It is a 
background for the rest work. The fifth chapter refers to the suggested routing 
algorithm i.e. Open Shortest Path First. The chapter covers the basics and the 
functionality of the routing protocol. Later the 6th chapter gives and detail overview of 
each vehicle in an automated container terminal. Strategy of this thesis is discussed in 
the 7th chapter that how the suggested scheduling process can be work in an 
automated container terminal. In the end the 8th chapter is related to the simulation and 
the results which support the suggested concept. The thesis ends up with the future 
work and conclusions. 
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CHAPTER 2: PROBLEM DEFINITION/ GOALS 
 

2.1 The Problem 
 
The Internet is the mixture of gigantic communication networks, which are 

connected to each other in order to enable data communication around the globe. 
Internet Protocol (IP) is the method by which data is sent form one computer to 
another on the Internet. Networks with in an Autonomous System (AS) share routing 
information using an Interior Gateway Protocol (IGP). When several systems are 
involved in the communication, routers at the borders use Border Gateway Protocol 
(BGP) for exchanging the routing information. 

 
The design of an IP network is a long-term investment where many aspects must 

be taken into consideration. Some of them are the cost of the design, network 
sustainability and aspects regarding traffic engineering. When, its matter to design an 
IP network for an industry like Sea ports or Container Terminal than the factors related 
to traffic engineering and scheduling needs more attention. This thesis addresses the 
problem of designing and suggests a solution with IP network by using the concept of 
OSPF routing algorithm. 

 
2.2 The Suggestion 
 
Customer satisfaction is the thumb rule for any business. To satisfy the customers 

at Container Terminal, managers develop extensive strategies, planning and 
controlling of the operations that improve their productivity and performance. In 
Container terminal, continuous operation is taken placed in four different areas which 
are: 

 
1. Operation between ship to Quay Cranes (Picking up or Drooping of 

Container from the ship)  
2. Operation between Quay cranes to AGVs (Loading or unloading of 

container from AGVs. In this thesis we assume that AGVs are the only 
transportation vehicles in an automated container terminal.) 

3. AGV to Yard Cranes ( Loading or unloading of containers from AGV) 
4. Finally, Yard Cranes to Yard area. (Picking up or Drooping of Container 

from the Yard area) 
 
All of the above operations are critical and important and needs keen concentration 

and attention when they are planned. And when we consider the whole system’s 
performance, than the stay of ship on the berth is the most costly compare to other 
factors. So the question is that how we can serve the ship fast and how to make it 
possible that the stay of ship will as short as possible on berth. The answer is that, load 
or unload the ship as fast as possible. To make it possible we need automation in these 
areas, but unfortunately mostly its manual i.e. the cranes and the transportation objects 
are still handle and driven by human. In recent past, there has been a tremendous 
increase in the study of AGVs System in Container Terminal which gives positive 
result that makes Container Terminal Managers to think about it.  

 
All of the above 4 areas should be automated to get the desired results (serve the 

ship as soon as possible). Recently few Container Terminals like Port of Rotterdam 
Netherlands, (In 2006, the Port of Rotterdam was the seventh largest port in the world 
in terms of container TEU handled [7]); are using AGVs but these AGVs are not 
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intelligent and cannot scheduled automatically by their self when needed by QC or YC 
as well as there cargo capacity mum 
per telligent 
to take decision i.e. where they have to go and what will be there destination and after 
that what will be the next target. The AGVs as well as the QC and YC must have 
databases ticular time or on the bases of changes in 
req

g of operations. Due to tradition and 
outdated practices, the management of a Container Terminal or port is often 
frag

a. Performance – Fast Ship Service (“Turn-around “ )Time, 
table performance, 

e competitive and predictable 

protocols around in the IP world. It uses the Shortest Path First (SPF) algorithm 
for calculating the shortest path to any

V, 

the sent in data packets called Link State Advertisements 
(LS

 

 is not fully utilize. To achieve the opti
formance and result from AGVs, QC as well as the YC, they should be in

which updates after a par
uirements. This helps AGVs and Cranes to serves in a better and optimum way 

without any interruption, which caused the minimum parking time of Ship at the berth. 
 
2.3 The Solution 
 
Increasing complexity of CT operations requires management to decide allocation 

of resources but also the sequence and timin

mented, with differing organization handling specifics tasks within the terminal. 
Additionally, Container Terminal managers must understand their resources 
availabilities, operating cost, and other constrains, such as schedules, budgets, 
regulations and objectives of Container Terminal. The decisions made by Container 
Terminal management demands an understanding of customer service requirements, 
[3] such as, 

 

b. Reliability – Predic
c. Cost – desired to b
d. Quality – no waste and damage during operation 
e. Adaptability – capacity of Container Terminal operators to implement 

solutions. 
 
Open Shortest Path First (OSPF) is one of the most commonly known Link State 

(LS) 
 destination known by the router that runs OSPF. 

In this thesis I assume that C-AGVs, QC and YC are working as Routers. Currently the 
AGVs are working on normal pre-programmed and predefine path. The purpose of this 
thesis is that the AGVs and the Cranes should be intelligent. 

 
ncept of OSPF in this thesis is for scheduling the charactersThe co  i.e. C-AG

AGV, QC and YC of an ACT. OSPF based on link-state technology, and this means 
that routers send and receive link related information to and from the other routers in 

 etwork. This information is n
As). The routers store received LSAs in a database, often called link-stat database 

or topological database, and can therefore maintain a picture over the network. 
Keeping in mind the concept of OSPF, Initially the SERVER (An application system 
which controls all the characters) sends a HELLO packet to every character in the 
ACT as shown in the table 2.1. In this packet it queries to AGVs, QC and YC and then 
they will reply accordingly. 

Query 
AGV #, 
YC #, 
QC # 

Query 
Current 
Status 
(QCS) 

Query 
Current 
Location
(QCL) 

Table 2.1:  HELLO Packet from SERVER 
 
The AGVs, Quay Cranes and Yard Cranes has following packet format by which 

they can communicate with SERVER. 
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AGV 
# 

Current 
Status 
(CS) 

Next 
Reservation 

(NR) 

Current 
Location

(CL) 

Next 
Destination 

Location 
(NDL) 

Next 
Serving 

Location
(NSL) 

Container 
Size 
(CZ) 

Cargo 
Limitation

(CGL) 

Table 2.2: Packet Format for AGVs 
 

Packet Field Description 
AGV # Unique AGV number which represent the AGV 
Current Status 
(CS) 

Two Status:  
;  

b) Loaded = 1 
a) Empty = 0 

Next 
Reser
(NR) 

vation 
Either AGV has any reservation or job for any crane.  
Two Status: 
a) No = 0 ;  
b) Yes = 1 

Curre
Locat

d) Parking Area = 4 
According to the experts of TTS AB the location of each AGVs or C-

and in this thesis 
of every AGV and C-AGV is taken 

nt 
ion (CL) 

Mainly 4 locations or areas: 
a) QC Area = 1;  
b) Transportation Area = 2;  
c) YC Area = 3; 

AGV is continuously monitored by a navigation system 
we assumed that the current location 
form that navigation system. 

Next 
Destination 
Location (NDL) rane = 2;  

c) Yard Crane = 3 
 

a) Par
3 locations:  

king = 1;  
b) Quay C

Next Serv
Locat
(NSL)

ing 
ion 
 

Next serving location for the AGV could be any Quay Crane or Yard 
Crane. For example:  
QC # 001 and   
YC # 125. (Multiple QC and YC) 

Conta
(CZ) 

2. 20 Feet = (TEU) 

iner Size Size of the container i.e.  
1. 40 Feet = (FEU)  

Cargo 
Limit
(CGL

U , (Down & UP), this is valid and possible  
4. 2 x TEU & 1 x FEU (Down & UP), this is Valid and possible 
5. 2 x TEU & 2 x TEU (Down & Up), this is valid and possible 
6. 1 x FEU & 2 o , this is NOT valid and NOT 

pos
7. 1 x FEU & 1 x TEU (Down  & Up), this is NOT valid and NOT 

8. 1 x TEU & 1 x FEU (Down  & Up), this is NOT valid and NOT 

ation 
) 

In Cargo Limitation there are 2 possibilities on the bases of container 
size in which the AGVs are fully utilized i.e.  

1. 2 x TEU + 1 x FEU 
2. 2 x FEU 

 
On the bases of these 2 possibilities there are 8  combinations which are: 
 

1. 1 x FEU, this is valid and possible 
2. 1 x TEU, this is valid and possible 
3. 2 x FE

x TEU (D wn & Up)
sible 

possible 

possible. 
  Packet format for AGV  Table 2.3: Detail description of
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Current 

n
 

C ne

Z) 

Status 
(CS) 

Next 
Reservatio  

Next 
AGV # 

) (NR) (NA

ontai
Size (CZ)

r 
 

Requested 
Container 
Size 

(RC

QC #

Ta e ble 2.4: Packet Format for Quay Cran
 

Packet Field Description 
QC # Unique Quay Crane number which represent the Quay Crane 
Current Status 
(CS) 

Two Status:  
a) Ideal =  0 ;  
b) Busy =  1 

Next 
Reservation 
(NR) 

Either Quay Crane has any other job or reservation for AGV.  
Two Status: 
a) No = 0 ;  
b) Yes = 1 

Next AGV
(NA)  

 # to Quay Crane or has the reservation to that Next AGV which will serve 
Quay Crane. 

Container Size 
(CZ) y 

Three status 
1. 0 = Empt
2. 1 = 20 Feet, TEU 
3. 2 = 40 Feet, FEU 

Requested 
Container Size 
(RCZ) 

There can be two types of RCZ 
1. 1 = TEU 
2. 2 = FEU 

Table 2.5: Detail description of the Packet Format for Quay Crane 
 

 
 Next 

Container 
Size (CZ) 

Requested 
Container 

(RCZ) 

YC #
Current Nex
Status 
(CS) 

Reservation 
(NR) AGV # Size 

t

Table 2.6: Packet Format for Yard Crane 
 

Packet Field Description 
YC # Unique Yard Crane number which represent the Yard Crane 
Current Status  
(CS) 

Two Status: 
a) Ideal = 0 ;  
b) Busy = 1 

Next 
Reservation 
(NR) 

her job or reservation for AGV.  Either Yard Crane has any ot
Two Status: 
a) No = 0 ;  
b) Yes = 1 

Next AGV # 
(NA) 

ext AGV which will serve to Yard Crane or has the reservation to that N
Yard Crane. 

Container Size 
(CZ) 

Three status 
1. 0 = Empty 
2. 1 = 20 Feet, TEU 
3. 2 = 40 Feet, FEU 

Requested 
Container Size 
(RCZ) 

There can be two types of RCZ 
1 = TEU 3. 

4. 2 = FEU 
Table 2.7: D iption for Packet Format for Quay Crane 

rs of an A

etail descr
 
How

suggeste
 the characte CT are communicated with each other and how the 
d problem is overcome, are discussed in next chapters. 
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CHAP ETHODOLOGY 
 
The intention  thesis is to effectively 

develop a particular solution to a problem that is identified to be in a complex 
omated container nsidered to be. This thesis is 

onsidered as rts assisted 
e problem, development of a tool and in evaluation of the 

results. Both nd a qualitative approach were used.  To understand the 
problem area he requirements for the system, a qualitative approach was 
used by cond Dr. Larry, 

 Mus ide: Mr. Michel Lyrstrand demonstrate the operation of C-
sits and a literature review. The use of 

simulation was considered since the costs and complexity associated in comparing the 
 an i

mulation or mputer simulation is useful when a researcher cannot test 
 s r objects in reality. Therefore, by ‘mimicking’ the objects 

in understanding how different objects and under 
different rules perfor e results of the simulation are quantifiable and 
this emp  concepts or in falsification of theories. The 

tion tec ethod in conducting case-studies. Thus, 
y is argued to have been conduc  

e to developing a simulation tool and in creating a 
enari

 

TER 3: M
of the research that is published in this

environment, which an aut  terminal is co
c  an industry based research in that active participation by expe
in the understanding of th

a quantitative a
 and to gain t
ucting interviews, field observations as shown in figure: 7.1 (

and Mr.
AGV to Mr. 

tanser, Back S
Osama and Mr. Joan), on sight vi

OSPF in
Si

ntermodal terminal seemed to point to simulation as the best technique. 
 rather using co

or evaluate
and the envi

uch theories o
ronment, it helps 

m in a scenario. Th
irical work supports in testing

simula
a case-stud

dustry exp

hnique is suggested as another m
ted since real-data, real-requirements and

in
sc

erts have lend tim
o for testing. 

 
Figure: 3.1 Fi GV demo site in Gothenburng, Sweden to 

cember 18, 2007) 

yze the performance of C-AGV’s methods to 
anspor ed Container 

Ter inal. This resear
Sho

eld visit to TTS C-A
collect data for research. (Osama, De

 
The aim of this study is to anal

tr t containers between quay crane and the yard in an Automat
ch is focused on routing the C-AGVs with the concept of m

rtest Path First (SPF) algorithm. OSPF is one of the most frequently used protocols 
for exchanging routing information in Autonomous Systems (AS). OSPF is based on 
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link-state technology, and this means that routers send and receive link related 
information to and from sent in 
data packets c ters store received 
LSAs in a database, often called link-stat database or topological database, and can 
ther

n a Job to AGV 
7  IF AGV Current Status (CS) = Busy /1 
8) Check CGL and distance 
9) THEN, Assign a Job to AGV 
10) Job Completion Status from AGV 
11) GOTO Step #3, New  job assignment from SERVER to AGV (If available) 
12) END 

 
 
 

 the other routers in the network. This information is 
alled Link State Advertisements (LSAs). The rou

efore maintain a picture over the network. The database is used by the routers for 
computing routing paths to other routers in the autonomous system, so it is important 
that the database contain correct information of the network topology. It is also very 
important that different routers have identical database, because data packets could 
otherwise be routed in cycle. This is why OSPF routers periodically disseminate their 
view of the network topology to their neighbors and synchronize the database if they 
are not identical.  Keeping in mind the concept of OSPF I tried to implement it on an 
ACT.  

 
In this study I used C-AGV, AGVs, Quay Crane (QC) and Yard Crane (YC) as the 

player of the playground. In this study the Application SERVER will send HELLO 
pack to all the actors and they reply to the SERVER. On the bases of their status, 
locations, distance, cargo limitation and container size, the server will assign the job. 
Following are the general steps from SERVER to AGV.  

 
1) START  
2) ARIVAL of SHIP at Automated Container Terminal (ACT) 
3) Hello Packet from SERVER to AGVs  
4) Reply from AGVs to SERVER 
5) IF AGV Current Status (CS) = FREE / 0 
6) THEN, Assig

)
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Figure: 3.2 Loading Process to a SHIP at ACT 
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Fi T gure: 3.3 Unloading Process from a SHIP at AC
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Figure: 3.4 Mixed Mode Process (Loading and unloading from SHIP) at ACT  

 
In the backend process the database will receive all the information from the actors

and then assig hen the AGVs send 
their information including the AGV #, Current Status, Current Location, Container 
Size and Cargo Limitation details then on the bases of these information server 
calculates the best AGV to server to the QC or YC. The detail of the whole process 
will be discussed in the later chapters in this study.  

 
The above figures i.e. figure # 3.2, 3.3 and 3.4 shows the processes of how the 

SERVER communicates with the AGVs, QC and YC. In figure #3.2 loading process 
of a ship is shown in which after receiving the arrival information of SHIP, SERVER 
sends a HELLO packet to AGV, QC and YC. The RED lines indicate the Hello packet 
from SERVER and the Response of the HELLO packet. In the 2nd step which is 
indicated by GREEN color describe that the SERVER assign the jobs to AGVs, QC 
and YC. In the 3rd and last step which is indicated by the BLUE lines are the ways of 
AGVs to serve the QC and YC. Figure #3.3 defines the unloading process from the 

 
n the proper task. For example in the case of AGV, w
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ship and figure # 3.4 shows the mix mode process i.e. loading and unloading from the 
ship at a same time. 

 
3.1 Literature Review 
 

This method consists of doing a review of research publications, RFCs, 
periodicals, specialized books, conference papers and other journals related to the 
subjected area. In the start of this research work I had some basic concepts about the 
topic which helps me to find out some good and helpful journals and research papers. 
At the beginning of this research, the literature review was the best way to understand 
the performance and the way of working in a maritime container terminal. At the same 
time I started learning some manuals to simulate the suggested algorithmic concept to 
model the particular case and to verify and validate the results. This review helped me 
to understand how all the machineries employed in a container terminal work and the 
different ways to model, optimize and simulate the performance all of them.  

 
After literature reviewing of [10], in which the minimum queue rule was the best, 

the random rule was the second best and the shortest distance rule was the third best 
dispatching rules for the terminal operation to achieve the best throughput 
performance, the literature reviews of [8, 9, 11, 12, 13, 14, 15, 16, 17, 18 and 19] 
provide me the way to understand the performance and the way of working in a 
maritime container terminal. In [16] two designs for optimal Automated Guided 
Vehicle (AGV) transportation systems are presented. One is vertical as shown in figure 
4.1 and the other is horizontal, as shown in figure 4.2.  

 
Figure 3.5: The Vertical AGV Transportation System [16]. 

 
Figure 3.6: The Horizontal AGV Transportation System [16]. 
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CHAPTER 4: ROUTING PROTOCOL: OSPF  

4.1 Internet 

ail (e-
mai

Internet, and real-time voice 
conversations will probably be even more common in the near future [40]. 

 
The largest and fastest growing activity on the Internet is the World Wide Web 

(the Web, WWW). It was developed in the 1989 at Conseil Européen pour la 
Recherche Nucléaire (CERN, European Organization for Nuclear Research), 
Switzerland, and it allows any person, who possess some technical skills and has the 
freedom to speech, to create Web sire and spread information about hers/his interests, 
experiences, and opinions. The Web is also used by newspapers, companies and banks 
for publishing news, selling products and allowing customers to perform monetary 
transaction. The Web gives access to millions of pages of information, so it is an 
excellent source of information. It has also become an educational tool, and many 
schools use it for teach their pupils to sort out relevant facts from a massive source of 
information. [40] 

 
Another comm P), which is a 

simply way of exchanging files between computers on the Internet. Many users set up 
an FTP server in order to allow other users to delete, rename, move, copy, and/or 
upload files on a remote computer. Usually, you need to logon to an FTP server, but 
there are also servers that can be used anonymous. One of the original goals with FTP 
servers was to establish special accounts for the purpose of allowing co-workers to 
download selected files without having an account on the remote computer. 
Nowadays, FTP servers are also commonly used for spreading movies and music, and 
this has become a serious problem for the entertainment industry[40]. 

 
Several applications for the Internet have been discussed, and these applications 

have in common that some information has to be transmitted between a source and 
receiver. The source is responsible for packing the information into data packets and 
for transmitting the packets towards the receivers, and the receiver is responsible for 
unpacking and reassemble the packets into original information when all packets are 
arrived. The in rnet, and 
the term routing 

 

 
The Internet is a worldwide system of computer networks in which users at any 

computer can, if they have permission, get information form any other computer. It 
was invented by the Advanced Research Project Agency (ARPA) of the U.S. 
government in 1969 and was first known as the ARPANET. The original purpose was 
to create a network that would allow users of a research computer at one university to 
be able to communicate with research computers at the other universities. Today, the 
Internet is a public and cooperative network accessible to hundreds of millions of 
people worldwide [40]. 

 
ne of the most widely used applications on the Internet is electronic mO

l). Electronic mail has several advantages compared to the traditional mail, and the 
main advantage is perhaps that emails are received in the same moment as they are 
sent. Electronic mail has practically replaced the Postal Services, and many users only 
use traditional mail when mailing forms that require a hand-written signature. This 
type of communication will probably also be reduced in the next few years, since 
many governments nowadays accept electronic signatures on many forms, for example 
the income-tax return form. More recently, many users has also discovered the 
possibility of making free phone calls over the 

on application is the File Transfer Protocol (FT

dividual packets may travel different routers through the Inte
usually refers to selecting the paths for the data communication. There 
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are in most cases several possible paths form the source to the receiver, so some sort of 
decision making m ath. The 
devi  routing 
table which is used under the routing process. Data packets are forwarded on the basis 
of routing tables within the routers, and the receiving router is eventually reached [40].  

nterior Gateway Protocol) is used when routing information 
is e

as new 
tele

on Protocol (RIP) was one of the most popular IGPs. RIP was quite 
useful for routing in small networks, but was not working well for larger networks 
bec

 IGRP (EIGRP) 
[40

ust be performed in order to select the best routing p
ces taking such decisions are called routers, and they usually compute a

 
The Internet consists of a large number of smaller networks, also called routing 

domains or autonomous systems (AS), which are loosely connected to each other. 
Each routing domain is operated by Internet Service Providers (ISPs). The provider 
has several responsibilities, and one of the most important is to determine how traffic 
is routed through the domain. The routing is determined by choosing a routing 
protocol, and by setting appropriate values on routing parameters [40].  

  
There are two different types of protocols available for exchanging routing 

information and an IGP (I
xchanged within routing domain. There are several IGPs available, for example 

RIP, OSPF, IS-IS and EIGRP. The BGP (Border Gateway Protocol) is a modern 
protocol for exchanging routing information between two neighbour domains. BGP 
usually exchange a list of known routers and the addresses they can reach, and a cost 
metric associated with the path to each router allows the best available route to be 
chosen [40]. 

 
A less costly way of increasing the performance of a network is to use the network 

resources more efficiently, i.e. by routing the traffic in a more advantageous manner. 
This type of saving can for example be obtained if the routing is optimized. It is also 
very important that new telecommunication networks are designed 

communication technologies are developed. In this process, it is of course 
important to determine which routers and links that are to be included in the network, 
but it is also very important to make sure that the network can be used efficiently when 
it has been constructed. This requires also good knowledge for the selected routing 
protocol [40]. 

 
4.2 Interior Gateway Protocols 
  
Interior Gateway Protocols (IGPs) are used to distributing routing information 

between routers belonging to a single Autonomous System (AS). In the mid 1980s, the 
Routing Informati

ause of its small hop count limit. This was one of the reasons why the IGP working 
group of the Internet Engineering Task Force (IETF) developed the OSPF protocol and 
why Cisco Systems developed the Interior Gateway Routing Protocol (IGRP).   

 
The OSPF protocol is a link-state based protocol and has central role in this thesis. 

In order to emphasize differences between OSPF and other routing protocols, this 
section also contains a brief description of some other IGPs. One of them is based on 
link-state technology, Intermediate System-to-Intermediate System (IS-IS), and the 
other two based on distance-vector technology, RIP and Enhanced

]. 
 
4.3 The OSPF Protocol 
 
Standardization of protocols and procedures for the Internet is published in a series 

of notes called Request for Comments (RFCs). Since OSPF is one of the most 
frequently used protocol for exchanging routing information in an AS, several versions 
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of the OSPF specification have been published as RFCs. The original specification is 
given in [20], the second version in [21] and the third version that support Internet 
Protocol 6 (IPv6) in [22]. Description of OSPF can also be found in a book by John 
Moy [23]. 

 
OSPF is, as mentioned earlier, based on link-state technology, and this means that 

rou

information of 
the gy. It is also very important that different routers have identical 
data

s of OSPF weights, which are integer value between 1 and 65535, set by 
a network administrator. This wide metric allows administrator to influence the route 
sele

 large delays, while services that require high reliability can avoid 
paths where packets losses occur more frequently [40]. 

k-state 
data

longs 
to t

 or through virtual links (which are paths through non-
bac istrator). Routers connected to networks in several 
area r each attached area, and are called Area Border 
Rou

ters send and receive link related information to and from the other routers in the 
network. This information is sent in data packets called Link State Advertisements 
(LSAs). The routers store received LSAs in a database, often called link-stat database 
or topological database, and can therefore maintain a picture over the network. The 
database is used by the routers for computing routing paths to other routers in the 
autonomous system, so it is important that the database contain correct 

network topolo
base, because data packets could otherwise be routed in cycle. This is why OSPF 

routers periodically disseminate their view of the network topology to their neighbours 
and synchronize the database if they are not identical [40]. 

 
The routing paths are computed by applying Dijkstra’s “shortest path first” (SPF) 

algorithm on a metric [24]. The routing paths are recomputed as soon as the topology 
of the network changes and this happens for example when link failures occur. The 
metric consist

ction. The traffic is sent on shortest paths to the destination (with respect to the 
metric), so if an administrator would like to have a large load on a link, for example on 
an Ethernet segment with large bandwidth, the link weight should be assigned a small 
value. Similarly, the administrator can avoid large loads on link with small bandwidth, 
for example serial lines, by assigning a large value to the weight of the link. OSPF 
supports multiple metrics, so if the routers are capable of handling several metrics, 
different types of services (ToS) may use different metrics. This implies that services 
that require small delays can avoid paths that consist of satellite links, or other medias 
that suffer from

 
 autonomous system (AS) grows in size, the size of the linWhen, an

base and the route computation become extensive. Large communication networks 
also requires larger amount of bandwidth in order to maintain synchronized database. 
This could become a serious problem when networks grow too much in size, because 
large amount of router traffic sent between routers reduces the throughput of user data. 
This problem is usually handled by dividing the AS into separate regions, also called 
hierarchical areas, and by keeping area topologies invisible for routers outside the area. 
The figure # 4.1 gives a detail overview of OSPF hierarchical network. As a result of 
this partitioning, the link-state database will only be identical for routers that be

he same hierarchical area, and not for all routers in the AS. The main advantage 
with hierarchical routing is that the routing tables and the link-state databases are 
decreased in size, and this implies that the AS can grow further in size [40]. 

 
OSPF support a two-level hierarchical routing scheme. The top layer consists of a 

single area called the “backbone” of the AS. The backbone is connected to every non-
backbone area, either directly

kbone areas configured by admin
 has several interfaces, one fos

ter (ABRs). An ABR is responsible for aggregating addresses reachable from the 
area, and for sending this information to other ABRs through the backbone area. An 
AS also consists of routers connected to other ASs, and such routers are responsible 
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for exchanging information with other ASs. Finally, there are also routers which are 
only connected to routers’ its own area, and such routers are called internal routers.  

Traffic routed in one of two different ways. If the source and the destination of the 
data packet is the same area, the packet is routed using intra-area routing. Inter-area 
routing is used when the source and the destination of a data packet belongs to 
different areas. In this case, the routing path can be partitioned into three different 
parts; an intra-area path for reaching an ABR in the source area, a backbone path for 
reaching an ABR in the destination area, and an intra-area path for reaching the 
destination. ABRs advertise all addresses of an area with the same distance, namely 
the distance to the most distant address, so it is not certain that the data packets are 
distributed on routing paths that are shortest with respect to the metric. It thus follows 
that inter-area routing may use non-optimal paths, i.e. paths that are not shortest paths 
from the source to the destination. This is disadvantage with hierarchical routing [40]. 

 

 
Figure: 4.1 OSPF Hierarchical Network 

 
When, the topology of a routing domain changes, routers forwards information 

about the change to adjacent routers, and it takes some time before all routers in the 
network have received information about the topological change.  Figure # 4.2 
illustrates the topological changes in OSPF network. In this figure Router 2 and 3 faces 
topological changes and then they update each. 
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Figure: 4.2   Operation of Link-state protocol when topology changes 

 
4.4 OSPF packets 
 

4.4.1    Packet types 
 
Table 4.1, lists the packet types defined for OSPF. Put simply, these packet types 

can be divided into two categories; The Hello packet is used for acquiring and 
maintaining neighbour relationships, while the others serve the purpose of ensuring 
that the routers maintain a consistent view of the network. Hence, of the five packet 
types defined, four are used for maintaining the link state database. 

 
Packet name Protocol function 

Hello  Discover/maintain neighbors 
Database Description   Summarize database contents
Link State Request  Database download 
Link State Update  Database update 
Link State  Ack Flooding acknowledgment 

Table: 4.1 OSPF Packet types 
 
4.5 The Hello protocol 
 
At a regular time interval a router announces its existence to other routers by 

emitting Hello packets. When a new router joins a network, it emits a Hello packet 
indicating its presence. Most likely it will not know of any neighbors at this point, and 
the list of neighbors carried in the Hello packet is empty. Neighboring routers receive 
this packet, and thus discover the new router. When the new router receives a packet 
from a neighbor who heard the router’s Hello packet, the new router’s ID is included 
in the packet. In this way the new router knows the neighbor has heard its Hello 
message, and creates an entry for the neighbour in its local neighbour data structure. 
As the router now knows that they can hear one another, the router marks the 
communication as being bi-directional. In the consecutive Hello packets from the new 
router, the neighbour’s ID is included. Thus, this protocol establishes neighbour 
relationships. 
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As long as the router is running OSPF, it regularly emits Hello packets, to make 
sure its neighbours know it is still alive. The Hello protocol also elects a DR, if 
needed. RFC 2328 [21] defines this emission interval to 10 seconds. 

 
4.6 Other routing protocols 
 
Another link-state based routing protocol that supports hierarchical routing is the 

Intermediate-System to Intermediate-System (IS-IS) protocol. IS-IS was originally 
developed for routing Open System Interconnection (OSI) traffic. The IS-IS is 
documented in [25]. OSPF and IS-IS ability to route IP traffic is compared in [26]. It is 
stated that “OSPF and IS-IS are more similar than they are different” but some 
fundamental differences are also emphasized. 

 
IS-IS requires less memory for storing the link-state database and has made the 

calculations for routing paths more effective by limiting the path lengths to values less 
than 1024. on the other hand, IS-IS does not optimize traffic to the same extent as 
OSPF, for example when traffic is sent between hierarchical areas. Since the link-state 
database contain more information in OSPF networks, more bandwidth is required 
when databas ted in 
OSPF netw when 
topolo

IP and EIGRP are routing protocols based on distance-vector technology. 
Routers ector algorithm compute their routing tables using the 
Distributed Bellman Ford (DBF) algorithm, and send all or a portion of their routing 
tabl

IP is both limited and simple. OSPF, on the other hand, is both very powerful 
and some  [30]. Routers running RIP e messages at 
regular intervals. RIP uses a single r easure the distance 
between two routers in the network.  value 
1. When a router receives a routing ffects the routing table, the 
routing table is updated with the ne tance is increased with the hop 
co

 
 a part of the network is d e 

wil id infinite loops, the number of hops allowed in a 
path  router receives an update with hop count value 16, 
the 

ut also that several paths can be used when they have unequal 
metrics.  

e are synchronized. On the other hand much smaller LSAs are crea
orks, so less bandwidth is required for updating link-state database 

gical changes occur. 
 
R

running in distance-v

es in routing-update messages to each of their neighboring routers. These messages 
contain a list of routers that can be reached from the router, and the distance to each 
router. RIF was first documented by Charles Hedrick [27] and more recent version of 
RIP can be found in [28] [29]. 

 
R

what complex.  send routing-updat
outing metric (hop count) to m
 Each hop is usually assigned the hop count
-table message that a
w path and its dis

unt value.  

If isconnected by link failures, the distance to unreachabl
l gradually be increased. To avo

has been limited to 15. When a 
network destination is considered to be unreachable, and the corresponding value is 

removed from the routing table. The drawback of this stability feature is that the 
diameter of RIP network has to be less than 16 hops.  

 
Unlike the RIP, EIGRP send routing-update message only when there is a 

topological changes in the network. The most basic difference between EIGRP and 
RIP is the structure of their metrics. RIP uses a simple hop count while paths in EIGRP 
are described by delay, bandwidth, reliability and load. An administrator in an EIGRP 
network can set the weighting factors for each of these metrics, so it possible to have 
influence on route selection by giving higher or lower weighting to specific metrics. 
Another important difference between EIGRP and RIP is that EIGRP permits 
multipath routing. This means that several paths with the same metric can be used in 
round-robin fashion, b
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4.7 Choosing between routing protocols 
 
The newer IGP routing protocols are 
antages and is therefore not obsolete. O

far superior to RIP, but RIP still have some 
adv ne of the main advantages with RIP is that 
it is very easy to implement and manage, especially compared to the newer protocol. 
Ano

rotocols based on link-states are usually considered to be more reliable than 
pro

ther advantage is that small RIP networks require small resources for sending 
routing-update messages, so a large part of the available bandwidth can be used for the 
throughput of user data. RIP does not work as well for larger network, and can not be 
used at all when the network radius exceeds 15. For such networks, a more modern 
routing protocol seems to be a natural choice. 

 
P

tocols based on distance vectors. Link-state based protocol require less bandwidth 
for sending updates when the network topology changes, but are also more memory 
intensive since the status of each link is stored in each routers link-state database. This 
problem can however usually be handled to an adequate extent by dividing the 
network into areas. 
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CHAPTER 5: CHARACTERS AT ACT 
 

 to find and deploy effective container 
han

 warehouse [2]. It was a driverless towing truck which followed an 
overhead wire. After a few years many types of warehouses and factories had started 
to use towing AGVs and still does. In 1973 Volvo in Sweden set out to develop an 
alternative to the conventional assembly line, and they achieved this by introducing 
280 AGVs [2]. The next step in the AGV evolution was the unit load AGV and when 
it was introduces in the mid 70’s it gained widespread acceptance because of its ability 
to serve multiple functions, such as transportation device and assembly platforms. 
After the 70’s different guiding systems were introduced which increased the 
flexibility of the AGVs e.g. laser guidance. The AGV system continued to evolve in 
the same pace as the advances within electronics and computers, and today there are 
over 15 different types of AGVs with around 40 manufactures worldwide [32]. 

 
Ports in Europe are slowly starting to use AGVs in their ports [33] i.e. the port of 

Rotterdam as there are many benefits with using AGVs in a container terminal. Here 
follows some of the benefits with AGVs at a container terminal environment: 

 
• “High container throughput 
• Continuous operation: 24 hours a day, 365 days a year 
• High safety standards 
• Automated and consistent container handling operation 
• Reduced operational costs, especially labor costs 
• High position and heading accuracy” [33] 

 
5.2  Model Description 

 
The objective of this research is to suggest the scheduling of AGVs, QC and YC 

by using the concept of OSPF in a horizontal transportation system in an ACT. In 
addition to these vehicles, concept of cassettes AGV is also study. There are two types 
of manual and one automated vehicles without cassettes in a CT are studied, which 
are: 

 
1. Truck (Manual Vehicles) 
2. Shuttle Carrier (Manual Vehicles) 
3. AGV (Automatic Vehicles) 

 
There are two types of vehicles with cassettes, which are: 
 

The elimination of international trade barriers, lower tariffs and shifting centers of 
global manufacturing and consumption leads to new dynamics in intermodal shipping. 
It is expected that 90 percent of all liner freight will be shipped in containers by 2010. 
Every major port is expected to double and possibly triple its cargo by 2020. To handle 
this amount of freight and reduce the cost per ‘Twenty-foot Equivalent Unit” (TEU) 
slot, shipping companies are forced to order faster, larger and deeper ships [31]. New 
massive container ships on one hand, and scarcity of the yard land on the other hand, 
put n enormous pressure on port authoritiesa

dling systems in order to increase the throughput of the current container terminals. 
 

5.1  AGVs History 
 
AGVs have been in use for over 50 years. The first AGV was built and introduced 

in 1953 at a grocery
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1. Truck with cassettes (Manual Vehicles) 
2.

 
5.3  Landscape of the Container Terminal 

 
he of berth where the ship anchored and the quay cranes. In 

this area the movement of container from ship to berth is performed by the Quay 
cran

 

placed. 
It’s  temporary buffer area where the container placed and then transfer to their next 
des

5.3.4 Delivery Area 

sa depending if the 
erminal 

n this area mainly 

inal is shown in the figure 1.1 

T 

c. AGVs 

 

 AGV with Cassettes (Automatic Vehicles) 

 
A container terminal can be easily divided in to four main portions, namely: 
 

1. Ship Area 
2. Two-way Transportation Area 
3. Yard Area 
4. Delivery area 

 
5.3.1 Ship Area 

T  ship area consists 

es. These cranes are assigned to ship for the task of unloading and loading the 
containers.  

 
5.3.2 Two-way Transportation Area 

A bidirectional movement of containers from berth to yard area and yard area to 
train area by using different kind of transportation mode including AGVs, trucks and 
straddle carriers 

 
5.3.3 Yard Area 

 
Storage area or stack yard where the containers are transported and then 

 a
tination by using rail or ship. Usually yard cranes or straddle carriers are used to in 

this area to perform loading and unloading task. 
 

 
Movement of containers between stack and the gate or vice-ver

e gate acts as an interface for the container tcontainer is an import or export. Th
with other modes of transport such as rail system or road system. I
yard cranes are served to the trains or trucks for the delivery.  

 
heT  general layout of an Automated Container Term

 
5.4  Characters in an AC

 
Following are the characters in an ACT: 
 

a. Ships 
b. Quay Cranes 

d. IPSI AGV 
e. IPSI Cassettes 
f. Straddle Carriers 
g. Yard 
h. Yard Cranes 
i. Containers 
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5.4.1 Ships 
 

and 
 carriers ply the world's seas 

and oceans each year; they handle the bulk of international trade. Cargo ships are 
usu  other 
mechanisms to load and unload, and come in all sizes. Today, they are almost always 

d with some exceptions generally have a life expectancy of 25 

 traverse the St Lawrence Seaway  

uez Canal  
• Panamax, the largest size which can traverse the Panama Canal (generally: 

• Malaccamax, the largest size which can traverse the Straits of Malacca  
an Panamax and Suezmax, which must traverse 

the Cape of Good Hope and Cape Horn in order to travel between oceans  
ier), supertankers between 150,000 and 

320,000 DWT.  
CC (Ultra Large Crude Carrier), enormous supertankers between 

d 550,000 DWT. 

uay Cranes 
 

wn in figures 5.2 and 5.3 (also known as a portainer, 
ling gantry crane, container crane, ship-to-shore crane, ship-to-shore 

crane) is a large dockside crane in the form of a specialised type 
 to load and unload container ships, and only seen at container 

A cargo ship or freighter is any sort of ship or vessel that carries cargo, goods, 
materials from one port to another. Thousands of cargo

ally specially designed for the task, often being equipped with cranes and

built of welded steel, an
to 30 years before being scrapped. 

Figure 5.1: The Colombo Express, one of the largest container ships in the world, 
owned and operated by Hapag-Lloyd of Germany (courtesy of Wikipedia) 

 
argo ships C as shown in the figure 5.1 are categorized partly by their capacity, 

partly b  their dimensions (often with reference to the 
various canals and canal locks through which they can travel). Some common 
cate

0 DWT  
-50,000 DWT  

y their weight, and partly by

gories include [34]: 
 

• Small Handy size, carriers of 20,000 long tons of deadweight (DWT)-
28,000 DWT  

• Handy size, carriers of 28,000-40,00
• Handymax, carriers of 40,000
• Seawaymax, the largest size which can
• Aframax, oil tankers between 75,000 and 115,000 DWT. This is the 

largest size defined by the average freight rate assessment (AFRA) 
scheme.  

• Suezmax, the largest size which can traverse the S

vessels with a width smaller than 32.2 m)  

• Capesize, vessels larger th

• VLCC (Very Large Crude Carr

• UL
320,000 an

 
5.4.2 Q

A quay cranes as sho
container hand
gantry crane or a STS 
of gantry crane used
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terminal is a registered trademark of Paceco Corp. who is 
generally believed to have delivered the first Container Crane to a marine terminal in 
Ala

rame uprights which are spaced to allow containers 
to pass lengthwise between them. The gantry rails project over the quayside and also 
over the width of an adjacent ship allowing the hoist to lift containers from the quay 
and move out along the gantry rails on its trolley to place the containers on the ship. 
The whole crane runs on two rails so that it can traverse along the wharf (or the dock) 
to position the containers at any point on the length of the ship. 

 

s. The term Portainer 

meda, CA in the 1960s. Quay cranes have a special lifting device called a spreader 
(also known as Expandable Spreader) for loading and discharging of containers. The 
spreader has four, eight or sixteen twist locks (eight for twin 20 foot container lift and 
sixteen for quad forty foot container lift )which lock and unlock into the corner 
castings of the containers and can be used in 20', 40', or 45' positions depending on the 
size of the containers. Horizontal gantry rails and their supporting structure are 
cantilevered out from between the f

 
Figure 5.2: y a Quay Crane (courtesy of  Container ship "Rita" being loaded at Copenhagen b

Wikipedia) 

 
ure 5.3: Side-view of Super-PostPanamax Quay crane at APM Terminal in Port of 

Rotterdam (courtesy of Wikipedia) 
Fig
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Quay Cranes are generally classified by their lifting capacity, and the size of the 
container ships they can load and unload containers. 

 
 5.4.3  AGVs 

Automated Guided Vehicle is a transport vehicle that is automated and driven by 
automatic control system. Manual systems like straddle carriers systems are often 
replaced by AGVs because of low labor cost and flexibility. AGVs are also designed 
to transport specially developed cassettes or similar carriers, each with a total weight 
of up to 95 tones. A typical AGV is shown in figure 5.4 (courtesy of CTA). 

 

 

 
Figure: 5.4 An AGV at Container Terminal Altenwerder (courtesy of CTA) 

 
 5.4.4 IPSI™AGV 

 

container(s) with a total weight tons on them. An IPSI AGV has two 
different operational height levels lower and higher. The lower operation level is used 
when the AGV is not carrying any weight and to be able drive under a cassette in order 
to raise or lower it. When an AGV is moving around with a cassette the higher 
operational level is used [35]. 

 

The IPSI™ AGV as shown in figure 5.5 is a part of the IPSI™ European Union 
project. The IPSI AGVs are customized to transport specially developed cassettes with 

of up to 96 

 
Figure 5.5: IPSI™AGV (Laser Navigation System) (courtesy of TTS) 
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The AGVs are navigating around the harbor area with the help of rotating laser 
sca AGV. There are specially designed reflectors placed 
throughout the harbor area which allows the scanners to verify its position by cross 
bea

rences are 
speed and carrying capacity. The slightly older one has a carry capacity of 84’000 
kilos and a speed of 20km/h with and without load. The newer version has a maximum 
speed of 45km/h without load and maximum speed of 30km/h with maximum load 
which is 66’000 kilos. If they only carry the maximum weight of 55’000 kilos they can 
move with a speed of 40km/h [35]. 

 

nners on either side of the 

rings in order to navigate safely throughout the area. In the front and rear of the 
AGV there are additional scanners called SICK™ that is used as security scanners and 
navigation onboard RoRo ships [35]. 

 
Currently two different IPSI AGV versions for ports, the main diffe

 
Figure 5.6: IPSI™AGV (Automatic Guided Vehicle) with container (courtesy of TTS) 

 
5.4.4.1 Principle Dimensions for IPSI AGV 

 
Max lifting height of loading frame:  1,190 mm 
Transport height of loading frame:  approx. 1,000 mm 
Height of loading frame in low position:  750 mm 
Width of the loading frame:   2,270 mm 
Total length:    12,180 mm 
Lifting stroke max.:   440 mm 
Dead weight approx.:   16,000 kg 
 

- Loading Capacity 
Max load:    82,500 kg 
Max ramp angle:   5° 
Transport speed with 82.5 tones load:  20 km/h 
Without load:    20 km/h 
In 5° ramp:    5 km/h 
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5.4.5
 

cargo shipped on RoRo vessels. The system is 
primarily intended for 20–45 ft containers as well as for flat racks and swap bodies as 
sho

 

 IPSI™ Cassettes 

The IPSI™ cassette and kerb system is a cargo carrying, handling and securing 
system for unitized and break bulk 

wn in figure 5.7. Other cargoes, for example paper, pulp and timber, as well as 
other break bulk cargoes can utilize and benefit from the system.  

 
Figure: 5.7 IPSI Cassette (TTS Ships Equipment AB) (courtesy of TTS) 

 
When an IPSI AGV or standard translifter moves into position under an IPSI 

cassette, the locking mechanism is released and the devices folded into the structure of 
the support and landing legs. The cassette is positioned in the cargo lane, that is, inside 
the kerbs, and is lowered such that the support and landing legs rest on deck. The 
locking system and devices are activated when the IPSI AGV or standard translifter is 
removed from under the cassette. The cassette is thus prevented from moving in 
transverse, vertical and longitudinal directions. Four clearly visible indicators located 
in the legs display the locking status. 

 
5.4.5.1 IPSI Cassette Specifications 

Weight:   4,450 kg 

 

ner width: 
eight: 

Material:   AH36 

5.4.6 Str ddle Carri

ask m oviding both horizontal transport and 
acking of the container. Stacking capacity of a SC varies; from being able to 

t e container o  another con eing able to build stacks containing up 
to five containers. A SC as shown in figure 5.8 can operate at any location in the yard 

of the quay crane.  

 

Width:   2,600 mm 
Height:   850 mm 
Min. Length:   12,250 mm
Max. Length:   13,810 mm 
Free in   2,350 mm 
Free inner h   703 mm 
Max load:   80,000 kg 

 
a ers (SC) 

 
Straddle Carriers is a dual t achine pr

vertical st
put jus on n tainer to b

at any time and can support the high operating rates 
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Figure: 5.8 Straddle Carriers (courtesy of Wikipedia) 

 

ax hand
Width
Overa
Max h
Max l
Max g
Drivin
Braki

arkin

 land where all handled containers are stored between their arrival and 
their leaving time. It is also called st e 5.9 gives an aerial view Tobishima 
Pier South Side container terminal loc . 

 
M ling capacity: 95.000 Kg 

:  6.000 mm 
ll length: 11.250 mm 
eight incl. cabin: 9.170 mm 
ifting stroke: 1.800 mm 
round pressure: 10 bar 
g system: Hydrostatic 

ng system: Hydrostatic+Disc brakes 
g brake:  Mechanical P

 
5.4.7 Yard Area 

 
Piece of

ack. Figur
ated in Japan

 
Figure: 5.9 Tobishima Pier South Side Container Terminal (courtesy of Wikipedia) 
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5.4.8 Yard Cranes 
 
The yard cranes are responsible for the unloading or loading the container from 

and to the yard or stack area. Figure 5.10 shows a sunny day at port of Rotterdam 
where yard cranes are busy in loading and unloading. Every stack has one yard crane 
to serve that stack area. 

  

 
Figure: 5.10 Yard cranes at Port of Rotterdam in Holland (courtesy of Wikipedia) 

ethod to consolidate goods that are 
ide to be handled in a container terminal. There are two standard sizes of 

containers, which are 20’ and 40’. As follow, the dimensions of the standard 
container

• Container length (40’) = 40’ or 12,192 m 
 

 
rs 5.4.9 Containe

 
Containers as shown in figure 5.11 are the m

stored ins

s are presented. 
 

• Container width = 8’ or 2,44 m 
• Container height = 8,49’ or 2,59 m 
• Container length (20’) = 20’ or 6,096 m 

 
Figure 5.11: 40 feet Container (courtesy of Google) 
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CHAPTER 6: STRATEGY 
 
The scenario considered for the simulation experiment in the terminal operations 

when containers arrive and are stored in the container terminal yard waiting to be 
loaded to the ship. Once the ship arrives at the terminal, the ship will be berthed and 
AGVs/ C-AGVs begin to transport containers between ship and the container yard. 
During the container transportation operation the AGVs will be reassigned to carry 
containers when they finish a mission [10].  

 
Many AGV dispatching rules adapted to the need of each specific manufacturing 

system can be found in the literatures. Hodgson et al. [36] modeled a simple AGV 
system as a semi-Markov decision process, and proposed a heuristic rule called RULE 
that tries to minimize the total deadhead travel time by providing greater weights to 
closer demands and to those stations containing demands. Egbelu and Roy [37] 
proposed an analytical model to minimize production make span by optimally 
determining the lunch times of successive unit loads of parts into a AGVs platforms 
flexible assembly line and balancing between line idleness and vehicle idleness. Kim 
et a1. [38] presented a heuristic procedure for the control of material flow and AGVs 
based on the idea of workload balancing that tries to balance the workload among 
machines as well as the workload between the machines and the transporters [10]. 

 
In this chapter the shortest path first dispatching rule is discussed. To understand 

 the 
problem ? hat are the suggestions and what could be the solution? 

 
6.1 The 

 

 berth 
2. The longer the stay of ship the more you have to pay 

 possible 
 

1. Need automation 
2. Need optimum  planning to use Automation 
3. Outcome of the planning and usage of the automation should be optimum 
4. To get optimum results from automation need good scheduling 

 
6.3 The Solution 
 
Use AGVs and schedule them in a manner that they can be utilize fully.  This is 

the core theme of this research work that the AGVs can be fully utilized. 
 

Ioannou proved that shortest path rule is not sufficient [10]. He discussed 4 
dispatching rules in his paper which are: 

 
1. Longest travel distance rule  
2. Random rule  
3. Shortest travel distance rule  
4. Mi

the concept of this rule following are important thing to understand. i.e. what is
 W

Problem 

Three main question and problem rises in mind 
 

1. The ship is on

3. Need to serve the ship as soon as

6.2 The suggestion 
 

nimum yard crane queue size rule.  
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According to the paper “  is the best AGV 

dispatching rule for  throughput performance 
and the shortest path is not sufficient. The paper took the concept of the shortest path 
to d

/ YC 
• AGV Cargo limitation 

 

cluding the empty C-AGV, on the bases of these 2 possibilities there are 8 more 
com

Minimum yard crane queue size rule”
 the terminal operation to achieve the best

ispatching the AGV. In my research paper I use shortest path first algorithm 
concept with 2 more condition which make the shortest path rule more efficient and it 
will change the concept of scheduling and will be the better choice in future for 
dispatching and scheduling of the AGVs. The 2 main additional concepts are: 

 
• AGV’s Distance to and from QC

AGV’s Distance to and from QC/ YC: when QC/YC needs a AGV than the 
distance of every AGV will be calculated and on the bases of shortest distance the 
AGV can be selected. 

 
AGV Cargo Limitation:  the main and primary concept to fully utilize the AGV 

and its capacity.  In Cargo Limitation there are 2 possibilities on the bases on container 
size in which the AGVs are fully utilized i.e.  

1. 2x TEU + 1 x FEU 
2. 2 x FEU 

 
In
binations which are shown after figure 6.1 which shows the C-AGV and an empty 

Cassette separately. 

 
Figure: 6.1 Cassette and C-AGV 

. E

 
 

1 mpty C-AGV 

 
Figure: 6.2 Empty C-AGV 
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2. 1 x FEU, this is valid and possible 

 
Figure: 6.3 1 x FEU, this is valid and possible 

 
3. 1 x TEU, this is valid and possible 

 
Figure: 6.4 1 x TEU, this is valid and possible 

 
 

4. 2 x TEU , (Side by Side), this is valid and possible 

 
Figure: 6.5 2 x TEU, (Side by Side), this is valid and possible 
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5. 2 x FEU , (Down & UP), this is valid and possible  

 
Figure: 6.6 2 x FEU, (Down & UP), this is valid and possible 

 
 

6. 2 x TEU & 1 x FEU (Down & UP), this is Valid and possible 

 
Figure: 6.7 2 x TEU & 1 x FEU (Down & UP), this is Valid and possible 
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7. 2 x TEU & 2 x TEU (Down & Up), this is valid and possible 

 
Figure: 6.8 2 x TEU & 2 x TEU (Down & Up), this is valid and possible 

 
8. 1 x FEU & 2 x TEU (Down & Up), this is NOT valid and NOT possible 

 
Figure: 6.9 1 x FEU & 2 x TEU (Down & Up), this is NOT valid and NOT possible 
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9. 1 x FEU & 1 x TEU (Down  & Up), this is NOT valid and NOT possible 

 
Figur ible 

 
 

e: 6.10 1 x FEU & 1 x TEU (Down & Up), this is NOT valid and NOT poss
 
 

10. 1 x TEU & 1 x FEU (Down  & Up), this is NOT valid and NOT possible 

 
Figure: 6.11 1 x TEU & 1 x FEU (Down & Up), this is NOT valid and NOT possible  

In the above 10 status 7 are valid and 3 are not valid because there are the fixing in 
the top of each container which helps to fix the container on to the container or on 
platform. Following diagrams 6.12, 6.13 and 6.14 shows the fixing locations in a 
container. If we observe the following diagram which has only 1x TEU, the fixing are 
at the corner so it is not possible that a FEU can be placed on it. But it will be possible 
that when 2 TEU are placed side by side than it is possible that a FEU can be place.  
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Figure: 6.12 Top view of 1xTEU with Fixing points  

 

 
Figure: 6.13 Top view of 2xTEU with Fixing points 

 
In the figure: 6.14 when a FEU is placed on the cassette than it is not possible to 

place 1 TEU or 2 TEU side by side, because they cannot fix on it. But 1 FEU can be 
placed on it and it is recommended. 

 

 
Figure: 6.14 Top view of 1xFEU with fixing points 

CGL and distance are the core factors on which the decision takes place. Initially 
we assume that all the AGVs are busy and no one is free. When there is a need for an 
AGV then the SERVER sends the HELLO packets to all the characters including 
AGVs, QC and YC and it queries the status and location of every one. This Hello 
packet will contain the following information.  
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Query 
C-AGV#

QC # 
YC# 

Query 
Current 
Status 
(QCS) 

Query 
Current 
Location
(QCL) 

 
Query C-AGV #, QC # or YC #: On response the SERVER will have the unique 

identification of every character of the ACT. 
 
Query Current Status (QCS): in this field SERVER will query regarding their 

current status of the AGVs, QC and the YC i.e. either busy or idle. 
 
Query Current Location (QCL): This is query mainly concern to the C-AGVs. 

Every AGV or C-AGV is continuousl stem which 
guides the A t destination and 
avoid them from the any kind of collision as shown in figure 6.15., said by TTS Port 
Equipment experts. By this navigation system SERVER take the exact location of 
every AGV. 

    

y monitored by a navigation sy
GVs to take the correct transportation path for the nex

 
 

busy and no one is free than according 
to current dispatching rule the QC or YC will wait until an empty AGV come and took 
the container from them or they put the container on the temporary buffer i.e. IPSI 

Figure: 6.15  Distance Calculation and current location process of every AGV 
 
6.4 Selection Process of an AGV 
 

s mentioned above that all the AGVs are A
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cassette, if available un of t r YC. According to my research if at this 
point we reschedule th en et ctive results from them. At 
this point we utilize the ard ard AGV. On the same 
time they have to fulfill t uirem th the advantage of 
distance and cargo limitation. On the portant factors the loaded 
AGV c

hat QC needs to unload a container from 
ship. When Q

quested Container Size is 1xTEU and Container Size on C-AGV is 
1xTEU, 2xTEU or 3x TEU then it can be placed. Otherwise it is NOT possible 
and NOT valid. 

5. If requested Container Size is 1xFEU and CZ on the AGV is 1x TEU then 
NOT Possible and Not valid, other wise Valid and Possible. 

6. While checking the CGL, SERVER had the current location of every AGV 
which is receive from the navigation system. On the basis of both factor the 
AGV will be served.  

 
To understand it more clearly, we assume that there is a requirement from QC # 

012 and it needs to dispatch a TEU container. When SERVER receive the response of 
the query from every AGV, it is quite possible that 2 or more AGV can be at the same 
distance to QC # 012. Assume that AGV# 001 and AGV # 007 are at the same 
distance to the QC # 012. At this stage the SERVER will check the cargo limitation on 
both. On the basis of this information one AGV will be selected.  

 
Note: To avoid any kind of loop, if an AGV already have a reservation for QC or 

YC than it will first serve it than it can make any other reservation.   
 
    

derneath 
e AGV th

backw
he req

hat QC o
 we can g
and forw

ent i.e. to serve the QC/YC wi
 bases of these

 more effe
 movement of the 

 2 im
an rescheduled to serve the QC/YC.  

 
To understand this concept we assumed t

C ACK the HELLO packet to the SERVER, QC mentioned the CZ of the 
next container then the SERVER will assign a C-AGV to serve it. Following are the 
steps at this situation.   

 

1. All AGVs Current Status (CS) is 1 and Location #4. 

2. Check distance 

3. Check CGL. 

4. If Re

  49



CHAPTER 7: SIMULATION AND RESULTS 
 

.1  Methodology and Simulation Model 
 

7

eted two (normal and OSPF based) scenarios where there are 
entities which have a number of attributes and operations associated to them and can 

 are; Ship, QC, YC and 
other to fulfill the main aim of this 

g of these entities which helps to load and unload the ship in a 
re I modeled all these entities just as they are performing in real 

el was implemented using MATLAB, a high-level technical 

n solve technical 

  

 TEU and FEU. 

• AGVs: used to transport the container to or from the Ship to container 
stack.  
 

7.3  Agents in the Model 
 

The container terminal equipments in this simulation are partly modeled as agent, 
e.g., QC, YC and AGV. Ship and containers are modeled as object in simulation. This 
section defies the agents of the system along with their attributes and functions.  

 
• Quay Crane (QC) 

 
The QC is responsible to load and unload the containers from and to the ship. The 

number of QC is an input which is provided by the user.  
 

 Attributes: 
 

 Each QC has the following attributes:  

A Simulation is an attempt to model a real-life or hypothetical situation so that it 
can be studied to see how the system works. By changing variables, predictions may 
be made about the behavior of the system.  

 
In my model I targ

communicate with each other. The entities which I model
AGV, which have to coordinate with each 
simulation i.e. schedulin
optimum way. Therefo
world, which provides the replication of the real world scenario where they perform 
their tasks. 

 
The simulation mod

computing language and interactive environment for algorithm development, data 
visualization, data analysis, and numeric computation. MATLAB ca
computing problems faster than with traditional programming languages, such as C, 
C++, and FORTRAN [39]. MATLAB can be used in a wide range of applications, 
including signal and image processing, communications etc.  

 
7.2 Entities in the Model 

 
The system which I modeled in my simulation is shown in figure 1.1 and the 

general processes are defined in figures 3.2, 3.3 and 3.4. The entities which I modeled 
are as follow: 

 
• Ship: Contains the container with 2 different sizes i.e.
• QC: used to load and unload the containers from the ship on AGVs. 
• YC: Used to load and unload the container from the AGVs to the Yard 

area. 
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 QC #: Unique Quay Crane number which represent the Quay 

sy =  1 
 Next Reservation (NR): Either Quay Crane has any other job or 

o = 0 ; b) Yes = 1 
will serve to Quay Crane 

• 2.    20 Feet, TEU 

close as much as the reality. The Quay cranes handle these containers to or 
from process times which I consider in the simulation for the 
Qua

om and to the AGV. The 
num which is provided by the user.  

Crane 

b or 

• 1.    Empty 
TEU 

 TEU 
n ulate by a computer generated random number 

y the user input. This randomly generated container size 
helps me to close as much as the reality. The yard cranes handle these containers to or 

en from the TTS experts to 
make the si al as possible. 

 

Crane 
 Current Status (CS): Two Status: a) Ideal =  0 ; b) Bu

reservation for AGV. Two Status: a) N
 Next AGV # (NA): Next AGV which 

or has the reservation to that Quay Crane. 
 Container Size (CS):  Three status 

• 1.    Empty 

• 3.    40 Feet, FEU 
 

 Function 
 

In real container terminal, QC randomly handled the containers i.e. sometime TEU 
and sometimes FUE, which I simulate by a computer generated random number 
chosen in a range specified by the user input. This randomly generated container size 
helps me to 

 the Ship. All the working 
y cranes are based on the real world scenario and taken from the TTS experts to 

make the simulation as real as possible. 
 
• Yard Crane (YC) 

 
The YC is responsible to load and unload the containers fr
ber of YC is an input 

 
 Attributes: 

 
Each YC has the following attributes:  

 YC #: Unique Yard Crane number which represent the Yard 

 Current Status (CS): Two Status: a) Ideal =  0 ; b) Busy =  1 
jo Next Reservation (NR): Either Yard Crane has any other 

reservation for AGV. Two Status: a) No = 0 ; b) Yes = 1 
 Next AGV # (NA): Next AGV which will serve to Yard Crane or 

has the reservation to that Yard Crane. 
 Container Size (CS):  Three status 

• 2.    20 Feet, 
• 3.    40 Feet, FEU 

 
 Function 

 
In real container terminal, YC randomly handled the containers i.e. sometime

a d sometimes FUE, which I sim
chosen in a range specified b

from AGVs. All the working process times which I consider in the simulation for the 
Yard cranes are based on the real world scenario and tak

m lu ation as re
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•
 

The he 
number

Each AGV h
 

d Crane number which represent the Yard 

 Current Status (CS): Two Status: a) Ideal =  0 ; b) Busy =  1 
xt Reservation (NR): Either Yard Crane has any other job or 

reservation for AGV. Two Status: a) No = 0 ; b) Yes = 1 

uously monitored by a navigation system and 
in this thesis I assumed that the current location of every AGV is 

rm that navigation system. 
 

• Quay Crane  
Yard Crane 
 

ion (NSL):  Next serving location for the 

 
), 

size in which the AGVs 

+ 1 x FEU 

e 2 possibilities there are 8 combinations 
which are: 
 1 x FEU, this is valid and possible 
• 1 x TEU, this is valid and possible 

 
• 1 x FEU & 1 x TEU (Down  & Up), this is NOT valid and 

NOT possible 

 AGVs (Automated Guided Vehicles) 

 AGVs are responsible to transport the containers to or from QC or YC. T
 of AGVs is an input which is provided by the user.  

 
 Attributes 

 
as the following attributes:  

 AGV #: Unique Yar
Crane 

 Ne

 Current Location (CL): Mainly 4 locations or areas: 
a) QC Area = 1;  
b) Transportation Area = 2;  
c) YC Area = 3; 
d) Parking Area = 4 
According to the experts of TTS AB the location of each AGVs 
or C-AGV is contin

taken fo

 Next Destination Location  (NDL):  3 locations:  
• Parking   

• 

 Next Serving Locat
AGV could be any Quay Crane or Yard Crane. 

 Container Size (CZ):  Size of the container i.e.  40 Feet (FEU
20 Feet (TEU). 

 
 Cargo Limitation (CGL):  In Cargo Limitation there are 2 

possibilities on the bases of container 
are fully utilized i.e.  
3. 2 x TEU 
4. 2 x FEU 
On the bases of thes

•

• 2 x FEU , (Down & UP), this is valid and possible  
• 2 x TEU & 1 x FEU (Down & UP), this is Valid and 

possible 
• 2 x TEU & 2 x TEU (Down & Up), this is valid and 

possible 
• 1 x FEU & 2 x TEU (Down & Up), this is NOT valid and 

NOT possible
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• 1 x TEU & 1 x FEU (Down & Up), this is NOT valid and 
NOT possible. 

In real container terminal, AGV transports the containers i.e. sometime TEU and 
ulation the size and the numbers of containers are randomly 

generated by computer chosen in a range specified by the user input. (Number of the 
ze is generated randomly). This randomly 

generated container size helps me to close as much as the reality. In this thesis AGVs 
has the 
selection of ed on the following 2 criteria:  

 

All on the real 
world scenario and TS experts to make the simulation as real as 
possible.  

 
7.4  Experim

 
Following are the
 

 Ent

 Cargo? 

 

 
On the basis s 

with OSPF concept and N
1. T e 

Yard area.) 

 Function 
 

sometimes FUE. In the sim
 

containers is the input of the user while the si

main agents which works on the suggested shortest path algorithm. The 
 the AGVs is bas

• Shortest distance from QC or YC 
• Cargo Limitation 

 the distances, speed and the times taken by the AGVs are based 
taken from the T

ent Description 

 inputs from the user:  

 the number of QC?  er
er Ent  the number of YC? 

 Enter the number of AGV? 
 Enter the number of

Figure: 7.1 Input from user 

of this information the simulation calculate the following scenario
ormal Concept. 

otal Serving Time (TST, The Time when all containers are place in th
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2. er 
unloaded fro hip can left the berth) 

ith TTS experts and I mentioned in 3rd chapter that, it will be 
productive i as possible. The simulation results shows 
and

mentioned in the scenarios 
are in seconds, else specified.  

 
7.5.1

 all containers are place in the Yard area from the ship and all the QC, YC 
and AGVs ar  2 AGVs to 10 AGVs. QC, 

espectively. The simulation results shows in 
the following table 7.1 

 ‐ 10) Stop watch, (OSPF)  Normal 

Total Ship Serving Time (TSST, The Time when all the Contain
m the Ship, and s

As per discussion w
f we can serve the ship as soon 

 prove that using the OSPF concept it will yield in higher productivity.  
 
7.5  Scenarios 
 
To verification, validation and credibility in the simulation results I chose different 

scenarios which happens in the real scenario, that is, the scenario depends on the 
number or QC, YC and number of Cargos. All the results 

 
 
In the first part of the first scenario, which shows the Total Serving Time (The 

Time when

1st Scenarios 

e free). I chose AGV as the variable i.e. from
YC and Cargo are fixed i.e. 4, 2 and 100 r

 

QC = 4 , YC = 2, Cargo = 100, AGV = Variable (2

Sim 1  Sim 2  Sim 3  Sim 4  Sim 5  Sim 6    Sim 7  Sim 8  Sim 9  Sim 10  Sim 1 

AGV 2  20760  20529  20091  20760 20529  20091 21279  20784  21622  20760  27935 

AGV 3  14414  14549  14414  14549 14549  14414 14104  15205  14361  14946  18940 

AGV 4  11836  11218  11414  11141 11832  11136 11218  11218  11414  11414  14505 

AGV 5  10054  10605  10243  10173 10495  10054 10605  10173  10495  10054  12275 

AGV 6  10040  9826  10058  9834  9988  10195 10040  9826  10058  9979  10755 

AGV 7  9745  9684  9771  9709  9639  9769  9910  9789  9675  9794  10805 

AGV 8  9820  9749  9755  9960  9640  9755  9580  9754  9809  9909  10765 

AGV 9  9685  9761  9729  9915  9659  9755  9645  10039  9965  10015  10610 

AGV 10  9779  9854  9805  9684  9979  9650  9825  9779  9884  9634  10455 

Table 7.1 TST, where QC=4, YC=2, Cargo=100, AGV=2 – 10 
 
For this scenario I did 10 simulations for each case i.e. in total 100 simulations. If 

you observed the simulation results from Sim1 to Sim10 for 2 AGVs or others, every 
simulation has a different value. This is because the size of the cargos, which is 
randomly generated by the system. These randomly generated sizes make the 
simulation more real because in real scenario it is not sure and confirmed that how 
many 20 feet and 40 feet containers will be unloaded from the ship and in which order 
they are placed in the ship and in which order the QC will pickup. In normal case there 
is no concept of cargo size that is why all the time I get the same results. But in 
resultant, the result form s ore optimum and productive.  uggested research theory is m
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# of AGVs  STDV (Sec)

AGV 2  471.3129 
AGV 3  311.9769 
AGV 4  260.5398 
AGV 5  230.6789 
AGV 6  122.1167 
AGV 7  77.3481 
AGV 8  112.2957 
AGV 9  151.5445 

AGV 10  108.2405 
               Table 7.2    Standard Deviation results for the 1st part of the first scenario. 
 

QC = 4 , YC = 2, Cargo = 100, AGV = Variable (2 ‐ 10) Ship Service Time, (OSPF)  Normal 

f AGVs  Sim 1  Sim 2  Sim# o  3  Sim 4  Sim 5  Sim 6  Sim 7  Sim 8  Sim 9  Sim 10  Sim 1 

AGV  20245 19859  19756  20245 19859 19756 20409 20294 21292 20294  27605 2 

AGV 3  13744 14136  13744  14136 14136 13744 13794 14355 13871 14636  18630 

AGV 4  10744  1411326 10543  10744  10831 10962 10626 10543 10744 10543 175 

AGV 5  9450  9755  9728  9649  9804  9450  9755  9649  9804  9450  11945 

AGV  15 4 5 9  9 9 046  9279  9299  9747  9 9  94 8  958   927 9299  747  384  1 25 

AGV 30 5 0   8 8 04 7  8475  9060  8770  9 4  87 3  885   9286 9114  931  8 89  1 95 

AGV 81 1 0   9 8 04 8  8342  8691  8724  8 7  85 6  844   8813 8724  354  8 65  1 55 

AGV 51 8 3   8 3 03 9  8166  8129  8345  8 5  82 4  864   7965 8021  639  8 55  1 00 

AGV  19 7 2   8 1 0110  8358  8245  8314  8 4  82 9  797   7984 7860  439  8 94  1 45 

Table C C a 0, =2

of 2  part of the first scena
hip i e  w th e aine  un d he
d  r

7.3 TSST, where Q =4, Y =2, C rgo=10 AGV  – 10 
 
Table 7.3 shows the result nd rio, which shows the Total 

S  Serv ng Time (Th  Time hen e entir  Cont rs are loade from t  Ship 
an  ship can left the be th).  

 
# of AGVs  STDV (Sec)

AGV 2  457.6137 
AGV 3  304.2171 
AGV 4  241.7961 
AGV 5  147.4089 
AGV 6  205.5509 
AGV 7  255.5303 
AGV 8  279.6967 
AGV 9  240.5964 

AGV 10  187.1027 
Table 7.4    Standard Deviation results for the 2nd part of the first scenario 
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Figure: 7.2 w h V TST hile t e AG  is variable 

 
 
 

 
Figure: 7.3 TSST while the AGV is variable 
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Figure: 7.4 TST while the QC is variable 

 
 

 
Figure: 7.5 TSST while the QC is variable 
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7.5.2 2nd Scenarios 
 
In the first part of the 2nd scenario, which shows the Total Serving Time, I chose 

QC as the variable i.e. from 2 QCs to 5 QCs. AGVs, YCs and Cargo are fixed i.e. 4, 2 
and 100 respectively. The simulation results shows in the following table 7.5 

 

AGV = 4 , YC = 2, Cargo = 100, QC = Variable (2 ‐ 5) Stop watch, (OSPF)  Normal 

   Sim 1  Sim 2  Sim 3  Sim 4  Sim 5  Sim 6 Sim 7  Sim 8  Sim 9 Sim 10  Sim 1 

QC 2  11849  12272  12179  11275 12210 11578 12104 12174 12161 11972  14140 

QC 3  11605  11664  12122  11488 12088 11994 11863 11663 11744 11764  14235 

QC 4  11641  11767  11816  11824 11229 11269 11417 11319 11207 12066  14505 

QC 5  11450  11468  11490  11272 11220 11637 11465 11080 11275 11264  14290 

Table 7.5 TST, where AGV= 4, YC= 2, Cargo=100, QC=2 – 5 
 

# of QCs STDV (Sec)

QC 2  323.0625 
QC 3  212.2097 
QC 4  305.1150 
QC 5  165.5157 

Table 7.6 Standard Deviation results for the 1st part of the 2nd scenario 
 
In the 2nd part of the 2nd scenario, which shows the Total Ship Serving Time, I 

chose QC as the variable i.e. from 2 QCs to 5 QCs. AGVs, YCs and Cargo are fixed i.e. 
4, 2 and 100 respectively. The simulation results shows in the following table 7.7 

 

AGV = 4 , YC = 2, Cargo = 100, QC = Variable (2 ‐ 5) Ship Service Time, (OSPF)  Normal 

   Sim 1  Sim 2  Sim 3  Sim 4  Sim 5  Sim 6 Sim 7  Sim 8  Sim 9 Sim 10  Sim 1 

QC 2  11324  11627  11559  10765 11340 10908 11614 11664 11586 11462  13810 

QC 3  11095  11126  11612  11118 11533 11454 11413 11353 11414 11209  13905 

QC 4  10951  11252  11362  11489 10605 10914 11082 10964 10647 11351  14175 

QC 5  11140  10978  10995  10962 10860 11137 10955 10745 10945 10934  13960 

Table 7.7 TSST, where AGV= 4, YC= 2, Cargo=100, QC=2 – 5 
 

# of QCs STDV (Sec)

QC 2  313.2494
QC 3  184.6727
QC 4  301.3400
QC 5  116.5108

Table 7.8 Standard enario 
 
 
 
 
 
 

Deviation results for the 2nd part of the 2nd sc
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7.5.3 3rd Scenarios 
 
In the first part of the 3rd scenario, which shows the Total Serving Time, I chose 

QC and AGVs as the variable i.e. from 2 QCs to 7 and 4 to 10 respectively. YCs and 
Cargo are fixed i.e. 3 and 100 respectively. The simulation results shows in the 
following table 7.9 

 

QC = Variable (2 ‐ 7) , YC = 3, Cargo = 100, AGV = Variable (4 ‐ 10) Stop watch 

V 4  AGV 5  AGV 6  AGV 7  AGV 8  AGAG V 9  AGV 10 

     OSPF  Normal  OSPF  Normal  OSPF Normal  OSPF ormal  OSPF Normal  OSPF Normal N Normal  OSPF

QC 2  14060 4 8 7455  7125  110 1  11605  9239  9580  8294 485  7820 7650  7340 7445  7115 

QC 3  14165 2 8 7220  6930  106 4  11885  9182  9580  7764 565  7239 7890  7600 7425  7115 

QC 4  14065  10 7435  7145  7300  7010618  11700  8799  9585  7670 8335  7122 7760  7470

QC 5  14985  11067  12115  8855  10435  8375 8655  7410 8600  6965 8140  7830  8270  7980

QC 6  14505  10630  11945  9382  9635 7985  7675 7710  7420  7250  6960  8088 8615  6926

QC 7  14275  10933  11925  9552  10110  8 8215  7905 7595  7305  7370  70608103 950  7545

Table 7.9 TST, where 2 - , Cargo = 100, AGV = (4 - 10) 

In the 2nd part of the 3rd s o, s the Total Ship Serving Time, I 
cho tively. YCs 
and hows in the 
foll

QC = Variable (2 ‐ 7) , YC = 3, Cargo = 100, AGV = Variable (4 ‐ 10) Ship Service Time 

QC = (  7), YC = 3
 

cenari which show
se QC and AGVs as the variable i.e. from 2 QCs to 7 and 4 to 10 respec
Cargo are fixed i.e. 3 and 100 respectively. The simulation results s 

owing table 7.10 
 

AGV 4  AGV 5  AGV 6  AGV 7  AGV 8  AGV 9  AGV 10 

   Normal  OSPF  Normal  OSPF  Normal OSPF Normal  OSPF Normal  OSPF  Normal  OSPF  Normal  OSPF

QC 2  13770  4 1 7 7474  63791064   11275  8729  9290  7784 8 75  7285 171  6341  6831  6045 

QC 3  13875  9 2 6 6879  61291024   11555  8892  9290  7294 8 35  6869 946  6321  7065  6235 

QC 4  13775  3 1 6 6785  60091028   11410  8329  9295  7351 8 45  6832 747  60435 6908  6553 

QC 5  14675  7 3 8 7034  58201059   11805  8360  10125  7895 8 65  6920 310  6311  7331  6461 

QC 6  14215  10 757  6282  6814  6301300  11635  8732  9345  7511 8305  6493 6964  6674  6

QC 7  13985  10498  11635  8902  9800  7613 8640  6875 7137  6447  7125  6655  6774  6333

Table 7.10 TSST, where QC= (2 - 7), YC= 3, Cargo= 100, AGV=(4-10) 
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Figure: 7.6 TST while the QC is variable (2 -7),YC=3, AGV = 4, cargo= 100 

 
 
 
 

 
Figure: 7.7 TST while the QC is variable (2 -7), YC=3, AGV = 5, cargo= 100 
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Figure: 7.8 TST while the QC is variable (2 -7), YC=3, AGV = 6, cargo= 100 

 
 
 
 

 
Figure: 7.9 TST while the QC is variable (2 -7), YC=3, AGV = 7, cargo= 100 
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7.5.4 4th Scenarios 
 
In the first part of the 4th scenario, which shows the Total Serving Time, I chose 

AGVs as the variable from 10 to 15. QC, YCs and Cargo are fixed i.e. 6, 3 and 1000 
respectively. The simulation results shows in the following table 7.11 

 

QC = 6 , YC = 3, Cargo = 1000, AGV = Variable (10 ‐ 15) Stop watch, (OSPF)  Normal

   Sim 1  Sim 2  Sim 3  Sim 4  Sim 5  Sim 6  Sim 7  Sim 8  Sim 9  Sim 10  Sim 1 

AGV 10  67980  66607  66824  66543 67855 68578 67174 65951 67615  67704  73590 

AGV 11  65991  68214  67609  67160 66693 66803 67777 65807 66113  67297  73590 

AGV 12  68095  67413  67121  66127 67970 66554 66721 66487 68612  69355  73600 

AGV 13  65977  67738  66098  66248 68118 67608 65598 65783 66361  67697  73580 

AGV 14  65993  65752  67652  65719 65718 66564 67904 66239 67547  66091  73580 

AGV 15 65243    67795  69006  66708 67051 65867 67441 67558 66707  66280  73385 

Table 7.11 TST, where QC = 6, YC = 3, Cargo = 1000, AGV = (10 - 15) 
 

# of AGVs  STDV (Sec) 

AGV 2  801.3076 
AGV 3  809.2962 
AGV 4  1042.8091 
AGV 5  952.2596 

AGV 6  860.8046 

AGV 7  1065.2555 
Table 7.12 Standard Deviation results for the 1st part of the 4th scenario 
 
In the 2nd part of the 4th scenario, which shows the Total Ship Serving Time, I 

chose AGVs as the variable from 10 to 15. QC, YCs and Cargo are fixed i.e. 6, 3 and 
1000 respectively. The simulation results shows in the following table 7.12 

 

QC = 6 , YC = 3, Cargo = 1000, AGV = Variable (10 ‐ 15) Ship Serving time, (OSPF)  Normal

   Sim 1  Sim 2  Sim 3  Sim 4  Sim 5  Sim 6  Sim 7  Sim 8  Sim 9  Sim 10  Sim 1 

AGV 10  67665  65937  66534  66073 67025 68248 66864 65621 67305  67394  73300 

AGV 11 65341  67759  67099  66670 66344 66333 67487 65477 65463  66807  73300  

AGV 12 67785  66743  66791  65832 67680 65904 66231 66032 68302  68885  73290  

AGV 13 65522  67248  65448  65793 67803 67278 64948 65488 65691  67367  73290  

AGV 14 65483  65117  67182  65264 65408 66094 67594 65909 67092  65781  73290  

AGV 15 64788  67325  68696  66398 66581 65357 66971 67228 66237  65810  73095  

Table 7.13 TSST, where QC = 6, YC = 3, cargo = 1000, AGV= 10–15 
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# of AGVs  STDV (Sec) 

AGV 2  829.8092 
AGV 3  853.3440 
AGV 4  1081.5209 

AGV 5  1037.1924 
AGV 6  885.0149 

AGV 7  1107.5100 
T enario 
 

7.5.5 5th

 
i t e w s th a n e se 

b  i.  a 0 
e i o l e l  

able 7.14 Standard Deviation results for the 2nd part of the 4th sc

  Scenarios 

In the f rst par  of the 5th sc nario, hich hows e Tot l Servi g Tim , I cho
AGVs as the varia le from 10 to 15. QC, YCs and Cargo are fixed e. 6, 6 nd 100
resp ctively. The s mulati n resu ts shows in th  following tab e 7.15

 
# s of AGV   OSPF  Normal 

AGV 10  7  4 534  67825

AGV 11  45117  62120 

AGV 12  41471  54720 

A 41 5 GV 13  433  5048

AG 379 0 V 14  81  4756

AG 393 5 V 15  87  4683

Table 7.15 TST, where Q C = 1000, AGV = (10 - 15) 
 
In the 2nd part of the 5th s whic e Total Ship Serving Time, I 

chose AGVs as the variable f o 15. QC, YCs and Cargo are fixed i.e. 6, 6 and 
1000 respectively. The simulation results ble 7.16 

C = 6, Y  6, Cargo = 

cenario, 
rom 10 t

h shows th

 shows in the following ta
 

# of AGVs  OSPF  Normal 

AGV 10  47264  67575 

AGV 11  44867  61890 

AGV 12  41241  54470 

AGV 13  40983  50235 

AGV 14  37751  47310 

AGV 15  39137  46605 

T . = a G 0
 
 

 

able 7 16 TSST, where QC  6, YC = 6, c rgo = 1000, A V= 1 –15 

 
 
 
 

 
 
 
 
 
 

  63



7.6  Discussion, Conclusion and Future Work 
 
The objective of this rese s to  transportation system i.e. AGVs, 

C-AGVs, including QCs an  at ted container terminal and then 
suggests a better solution to performance of every vehicle 
including the QCs and YCs in the me  can serve the Ship as soon as 
possible.  

 
On the other hand AG Vs ized in more effective way by 

util xperts, on 
sigh about CT 

tion’s system process.  As a result, I compared both the 
on system with my suggested theory to 

see the behavior of each vehicle working in both ways and to deduce which was the 
mo

ost considerable 
issue for every CT.  

 
The OSPF concept based system pare to the 

traditional or current working scenario which is as Normal scenario. 
Suggested concept compet ives od  in every scenario even though 
when AGVs are variable o re v . The results shows in table 7.12 and 7.13 
also show that if we incr e nu f Y n it will be more effective as 
compare to the traditional or current working process. 

 
ulation 

for 

t 

 CT. 
• It will be more effective when small numbers of AGVs are available to 

serve a ship.
 

Hence it proves that i  the ossible solution at any CT. In the future 
work, It will be interested to implement this concept in real scenario to get the 
optimum performance and lt at CT.

 

arch wa analysis the
d YCs, an automa
utilize the resources and 

an that they

V/C-AG can be util
izing their cargo limitation. With interviews and meeting with TTS e
t visits and literature review, I observed and gained the information 

operation and the transporta
current scheduling process of the transportati

st appropriate. To compare all with both strategies I conducted the simulation. In 
the simulation I took the unloading part of the ship i.e. when a ship berths at the CT. 
The stay of the ship on the berth is most cost effected issue and m

 posse some advantages as com
mentioned here 

es and g  very go  result
r QCs a ariable
ease th mber o C tha

The main part of my research was to suggest and then implement it in a sim
the verification and validation. It is observed in the simulation that: 
 

• More productive and efficient as compare to normal working process a
CT. 

• By using this concept we can reduce the time to berth a Ship on

 

t will be  best p

the resu  any A  
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