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     Abstract 

This thesis aims to propose a multi-agent based hierarchical model for the operations of 

container terminals. We have divided our model into four key agents that are involved 

in each sub processes. The proposed agent allocation policies are recommended for 

different situations that may occur at a container terminal. A software prototype is 

developed which implements the hierarchical model. This web based application is used 

in order to simulate the various processes involved in the following operations on the 

marine side in a case study of a container terminal in Sweden by adopting a multi-agent 

based simulation technique. 

Due to the increase in usage of container transportation, container terminals are 

experiencing difficulties in the management of the operations.  The software provides a 

decision support capability to terminal managers for scheduling and managing the 

operations effectively while also visually presenting the time it takes to complete the 

process and its associated cost. Terminal managers need to implement certain policies 

to improve the management and operations of the container terminal. The policies are 

evaluated and tested under various cases to provide a more comparative overview.  The 

results of the simulation experiments indicate that the waiting time for arriving vessels 

is decreasing when in queue with more than three vessels arriving on same day. 

 

Key Words: CT Operations, Berth allocation, QC allocation, Transport management, 

YC allocation, Simulation. 
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                         Motivation 

 
Before starting our thesis work we met with several faculty members to discuss a topic for the 

thesis. Our respected supervisor Dr. Lawrence Henesey proposed us to work on the area of 

container terminals. Container terminals were a new domain for us but it is a challenging and 

interesting field. So we decided to take up this field for our thesis work. After the selection of the 

domain we specifically targeted the operations area of containers terminals. There is a need of 

research in this area. In recent years we have seen considerable increase in sea transportation 

traffic. This has caused a huge workload on container terminals. The main purpose of the 

research is to minimize the service vessel time and congestion. To optimize resource allocation 

in order to better utilize the available resources. Constructing a suitable berth allocation policy. 

Developing a container terminal operations model and simulating the results. We hope that our 

work paves the way for more research in this area. 
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                                              Introduction 
 

In 1961 Container Sea transport began between US and Caribbean, Central and South America. 

Initially slow start was noticed but with the passage of time and investment in the ship industries 

made sea transportation quick and economically efficient [2]. Over $155 billion is invested in the 

vessels, containers, marine terminals, and other assets in service around the world to maintain the 

global trade between each continent [14]. A survey shows that in 2004 more than 60% world 

cargo is transported in containers between different countries and transportation ratio between 

developed countries was notice to be 100% [2]. In report of transportation research board, it has 

been forecasted that Global Containerized Trade from 2001 to 2011 has been in millions TEU 

[14]. According to quantitative data of Global Insight Inc., global containerized trade raised at a 

compound annual rate of 12% from 2001 to 2005, predicted growth rate for the period 2005 to 

2011 is 6.5%, in 2011 global container trade is forecast to reach 134 million TEU, 2.3 times as 

much as the 58 million TEU recorded in 2011, this data represent maritime trade in full loaded 

containers, not port throughput or the movement of full and empty containers [14]. 

 

The increase in the number of containers and size of vessels has created challenges for managers 

i.e. the management of berth allocation, crane allocation to vessels, yard storage area and 

allocation of other machinery or equipments [2]. The increase in the number of sea ships also 

increased the dwell time that is noticed in different CT. Besides this the container has also 

reduced the freight cost and time, i.e. quick handling and minimum time in storage translated to 

quick transit from manufacturer to customer, which automatically reduced the costs of financing 

inventories. Only containerization has proved the quick delivery of large equipments and other 

goods on time. The supplier and customer trust has increased because of quick delivery and cost 

savings [14]. 

 

 

Within the CT different equipments are used to handle containers i.e. QC, YCs, SC, Trucks, 

Trains, AGVs etc. When ship arrives at the berth QC is used for loading containers onto the ship 

and unloading containers from the ship. There can be more than one QC assigned to a vessel for 

quick service. When containers are unloaded from the ship they are stored at the storage area in 

the terminal.  

 

SC, AGVs and trucks are being utilized to move containers from QS to storage area. SC can 

move more than one container at a time from one place to another. In order to place the 

containers in the vertical array, terminal managers use YC to place a container onto the other 

container. Similarly to load containers from yard storage area on to the ship, they are carried on 

trucks, AGVs and SC. The YC lifts up the container from storage area and loads it on to the train 

[3].  

 

Our proposed operational model is based on these four important entities berth allocation, QCs 

allocation, transport allocation and YCs allocation. All these allocation are dynamic and system 

schedules the number of transport vehicles, QCs, YCs on the basis of the number of containers. 

Further different policies were developed and executed on the model.  
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The expected results of proposed hierarchical model and simulation tool will enable managers to 

take better decision about CT management. The designed agent polices were implemented on the 

developed tool and results were noted. To test the simulation results three different experiments 

were designed. The results of these experiments will help the port managers to take wise 

decisions regarding port management.   

 

In the first chapter we have explained different logistics and its types like QCs, YCs and three 

type of transport vehicle i.e. trucks, AGVs, SCs. We have also discussed different type of 

containers that are used in CTs. 

 

The second chapter is focused on the problem definition here we are focused to improve the 

internal four operations of CTs which are berth allocation, handling container at QS, transport 

operations and yard operations.  

 

The third chapter discusses the research methodology, we have used qualitative research 

methodology for developing operational model and quantitative methodology is used for 

comparing the results of three case studies. 

 

The fourth chapter explains the four operations of CT that we have modeled in our operational 

model. This chapter helps reader to understand each operation before reading the actual 

developed model. 

 

The fifth chapter explains the overall process diagram and proposed operational model with 

different activity diagrams. The activity diagrams helps reader to understand the sequence of 

each that in our developed operational model. 

 

In chapter six we have explained the agent allocation policies for proposed model. Different 

numerical formulas are developed from literature that is used in developed simulation prototype.  

 

In chapter seven we are focused on the developed simulation tool for container terminal called 

„Terminal Simulator‟. Different figures of simulator shows the four operations of CTs. 

 

In last chapter eight we have simulated the results of three case studies for our proposed model. 

The results are analyzed for various policies that are written in sixth chapter. 

 

 Finally we written conclusion and future work followed by the references and appendix.  
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1.1 Background 

 

Our thesis is mainly focused on designing the operational model and simulating internal 

operations of Karlshamn port when vessel arrives. We will consider only internal operations of 

Karlshamn port. The port of Karlshamn exists in the southeast Sweden and it is gaining its 

importance for being a commercial port. Currently operations handle small equipments that take 

too much time while loading and unloading the ships. But the designed map of new Karlshamn 

port implements all latest technology that one can expect e.g. QC, railway connection, trucks, 

YC and yard area for storage. The designed map shows the implementation of QC on both side 

of CT i.e. two QC on one side and remaining one QC on other side. This will help vessels to 

navigate through port easily with combination of latest equipments that saves time and money 

through quick dispatching. 

 

To improve the productivity of Karlshamn CTs, it depends on two factors i.e. ship operations and 

land operations [11]. Ship operations include the allocation of berth and QC to each ship while 

land operations include the horizontal movement of containers by different vehicles in the port 

terminal to receive and discharge the containers from yard area. Berth assignment is considered 

to be a very important operation and its good scheduling and efficient utilization has increased 

the productivity of the CTs [10]. CT managers have responsibility to schedule the berth 

allocation and arrival time of each vessel [10]. Most of the literature available on the CT 

management emphasizes that priority is assigned to ships on the basis of First-Come-First-Serve 

(FCFS). The FCFS policy of berth allocation to ship works because it utilizes the berth allocation 

most of the time without considering the size and number of containers in the ship. Similarly 

when managers have determined the position and arrival timing of vessel, then accordingly they 

allocate the number of QC to vessel [10]. In [12] author has focused on optimizing the problems 

of the loading and unloading of containers from/to vessel and from/to yard area. According to 

author most of the time is spent on loading and unloading which is the main cause of the non-

efficient productivity of CTs. According to him when container is unloaded it is placed at 

quayside from where it is transferred to the yard area where we need to further arrange 

containers in sequence. Due to the wrong stacking of containers in yard area, this doubles the 

loading and unloading task of the containers at the yard area. 

 

Much research has been done on the movement of horizontal vehicles in CT. We call it 

transportation problem with in the CT. Because we need to schedule routes of these vehicles so 

that bottlenecks and congestion should be minimum at large CTs. This can be achieved if we 

remove the time that empty vehicles take to travel on the CT. SC is used to transport containers 

on the terminals; it is used for moving the container from quayside to storage area and vice versa. 

Similarly, SC is also used for transportation between the external trucks and train area on the 

land side. One of the properties of SC is that it is able to unload container themselves and it can 

also place container on top of each other [13]. AGVs are also being utilized to transport the 

containers on CT but AGVs are not able to unload container themselves. Besides this issues like 

deadlock occurrence in AGVs are also a great concern [5]. In [5] the policies of routing 

algorithms for AGVs have also been discussed. In case of scheduling and routing the AGVs two 

algorithms exists, one in which AGVs route and schedule are instructed through central system 

while in other system where the AGVs are controlled by the decentralized system [7s]. Most 

often one YC is allocated to each block. YC varies in type one is a rail mounted gantry crane 
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(RMGC) that cannot be moved to other block, where as the second one is a rubber tired gantry 

crane (RTGC) that can be moved to another block, but it takes too much time to move crane 

from one block to another. The decision to move crane to other block is taken on the basis of 

work load [13]. Gantry cranes have made the loading and unloading of containers fast and 

efficient. The yard storage area is divided into three separate blocks i.e. rows, bays and tiers. In 

the storage area specific blocks are assigned to special containers like reefers which require 

electrical connection, these types of containers differ from the normal containers [2]. 

 

The operational activities on different terminals vary due to different size and logistics on the 

terminals. For example if there is no railway track with in the CT, in such situation we need more 

logistics to move containers from CTs to railway track. We need more trucks to move containers 

from the terminal to railway [2]. Similarly in case of QC when a ship is assigned a berth the 

number of QC assigned to vessel depends on the size of vessel and number of containers in it. 

Terminal manager can assign more than one QC to vessel in order to increase the speed of 

operations. Different strategies can be applied in such cases depending on the schedule of other 

vessels and availability of QC. In some cases for large vessels one QC is assigned to one bay i.e. 

more than one QC are assigned to large vessels [11]. Assigning more QC will minimize the 

queue waiting time of vessels in sea. 

 

1.2 Type of Containers 

 

A container is a large box that is used for transportation from source to destination at CTs. The 

usage of container has several advantages. The products inside the container remain safe with in 

a large iron box. In the last four decades CTs have gained a lot of importance as far as the 

international sea transportation is considered [1]. The use of containers is increasing day by day; 

besides this the size of vessel is also increasing to carry out large number of containers which 

clearly shows the importance of fast transportation through ports and terminals [3]. The most 

recent improvement in vessel size is the L203 design SX Class commissioned by the A.P. 

Moller-Maersk Group and built by the Odense Steel Shipyards in Denmark, with a capacity of 

around 11,000 TEU, expandable to 14,800 TEU [14]. There are two different size of container; 

one that has a standard size of 20 feet equivalent units (TEU) and other of size  40 (i.e. represent 

2 TEU). Extremely productive 53-foot container units are common in U.S. domestic freight are 

double-stacked on specially designed rail cars, enabling twice as much freight to be carried with 

marginal increases in cost [14].  

 

We know that all the things, materials whether it is made from wood or iron come from 

somewhere else i.e. somewhere from within the country or outside the country. Now to reach 

goods to our home they are transported by road, air or sea from other parts of the world. These 

daily goods are traveled from one source to the other destination within the freight containers. It 

has been noted that more than five million freight containers are being in service all over the 

globe [15]. But for all businesses of transportation, they have to follow the standard as for as the 

size of freight containers are concerned. The need for standard size for container is important to 

enforce ports to have same logistics for container handling.  
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Different cargo contains different materials, so specific containers are designed for different 

material handling. Containers may have different size and these freights may be used repeatedly. 

Each freight is designed in such way that material handled in it should be filled and emptied 

easily. International standards have been defined for the common size and layout of the freight 

containers by ISO/TC technical committee. Following are the different types of containers. 

General Purpose Containers 

   

General purpose containers are completely enclosed and are weather protected. They have 

inflexible roof, walls and floor, one of its wall is used as a door to put-in and put-off material 

within the container. General purpose containers are mostly utilized for boxes, cartons, cases, 

sacks, bales, pallets and drums [15].  General purpose containers have different size i.e. 20 TEU 

and 40 TEU. The normal capacity of material that can accommodated in 20 TEU container is 

33.2 cubic meters where as in 40 TEU container we can accommodate 67.8 cubic meter material 

[15]. 

 

              
                                 Figure 1.1 General Purpose Containers [15] 

Figure 1: General Purpose Container [15] 

There are other various type of container designed for specific purpose  e.g. temperature 

controlled container are used to transport material like fresh fruit, milk and other liquid materials 

that needs temperature within the range of -25C to +25C [15].  Open top container is also similar 

to general purpose container, but the difference is that it has removable/flexible top end. These 

containers are used to carry heavy, bulky finished material. The material within the containers is 

loaded and unloaded with the help of cranes, which is the reason that it has flexible roof. 

Ventilated Containers are exactly similar to general purpose container, but these containers allow 

air exchange between inside and outside of container atmosphere [15].       

    

1.3 Type of Cranes 

1.3.1 Quay Cranes 

 

A QC plays an important role in loading and unloading the vessels. Different types of cranes are 

used at CTs i.e. single trolley cranes and double trolley cranes [2]. Single trolley is used to move 

container from ship to shore either put down on quayside or on the available vehicles. Whereas 

in the double trolley cranes the first crane is used to move container from vessel to platform and 

then the second trolley takes the container from platform to shore [2]. The maximum 

performance of QC depends on the type of crane and the performance varies in the range of 50 to 

60 containers per hour where as in different operations the performance remains in the range of 

22 to 30 containers per hour [2]. 
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          Figure 1.2 QC [2] 

Figure 2:  QC [2] 

1.3.2 Yard Cranes 

 

A YC is used for stacking containers in the yard. There are three types of cranes that can be 

utilized to store containers in the yard, i.e. Rail Mounted Gantry cranes (RMG), Rubber Tired 

Gantries (RTG) and Overhead Bridge Cranes (OBC) [2]. RTG are more flexible and movable 

with in the yard area but it has been noticed that the movement takes too much time from one 

block to another due to congestion in yard area. In case of RMG the cranes are fixed on specified 

rail track and movable only on the rail within the block. The OBC are mounted on the concrete 

and steel pillars. Gantry cranes can be span up 8 to 12 rows and can put up containers on each 

other up to 4-10 container height [2]. In order to remove congestion and bottle-neck within the 

yard storage area and to increase the productivity most of CTs have implemented two RMGs in 

one block of yard area [2]. 

1.4 Transport Vehicles 

1.4.1 Automatic Guided Vehicles, Trucks and Straddle carrier  

  

These two vehicles are used for horizontal transport on the CTs. Automatic Guided Vehicles 

(AGVs) and trucks are used on both sides of terminal operations i.e. on ship side and on land 

side to move containers smoothly on both sides. Trucks are mostly used within and outside the 

CTs to move containers. When vessel arrives, the QC starts unloading the container from vessel 

and it places it on QS. Trucks are assigned the job to take containers from QS to yard area for 

storage. Similarly to move empty or full container from yard area to QS to load these containers 

on the vessel.   

 

AGVs are robotics that moves on the road network that consists of electric wires in ground to 

control its position [2]. AGVs can load containers of different sizes i.e. it can carry one 40 feet 

container where as in case of 20 feet it can carry two 20 feet sized containers but AGVs are 

expensive and to design the infrastructure for it on CTs is costly, its use is limited to very large 

ports. AGVs are being implemented on large and busy CTs in the world like Rotterdam, 

Hamburg etc [2]. 
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There is one other type of horizontal transport which is very important and not only used to 

move container with in the terminals but also used to lift containers themselves e.g. straddle 

carrier, forklifts and reach-stackers belong to this class. Straddle carrier is the most important 

horizontal carrier among all because it not only transports containers but is also able to stack 

containers in the yard, so we can say that straddle carrier to some extent works like cranes. 

Straddle carrier is man driven and able to stack 3 to 4 containers over each other [2].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



19 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Chapter No. 2 

Problem 
Identification 

 



20 

 

2.1  Problem Identification 

 

The main objective of this study is to model the Karlshamn traffic flow and operations of 

Karlshamn Port. Due to increase in traffic of Baltic Sea, all the ports need to be well optimized and well 

scheduled. The increase in the number of container shipments causes higher demands on the CTs, 

logistics, operations and machinery [4]. The Karlshamn port currently deals with cargo and 

RoRo shipments, but in future it has plans of operating with container ships. Our study will focus 

on incoming and outgoing traffic flow of Karlshamn port. We will model the operations of the 

port using multi-agents and perform simulation to get more real-time results and analysis.  

 
As we know current traffic rate of the terminal also creates problems for the managers. In case of 

doubling the traffic, managers need to increase the resources and expand the size of yard storage area. An 

efficient operation flow includes an optimized schedule mechanism that will improve the 

productivity of the CT. There are limited berths in a CT which are very important. The efficient 

allocation of berths and other resources is required to minimize the service time of a vessel. To 

guarantee a fast transshipment process at large terminals, a control for efficiency and a high 

degree of coordination is necessary [2]. In our study we call equipment an agent. In the CT 

environment we shall model equipment as an agent and all these agents combine to form a multi-

agent environment. In this research we shall investigate the operations that occur inside the CT 

and will try to simulate these operations. Our study is focused on reducing the operational time 

and predicts a trend for future as the traffic in sea is constantly increasing.  

 

It has also been noticed on number of ports, that congestion and bottlenecks occur because 

various agents are active at container terminal at the same time. The problem of container 

terminal is divided in to the four parts. The fist problem that most berth managers are facing is 

that the suitable berth allocation according to the vessels. The efficient management of this 

problem is very important, because berth is very the important asset for the whole container 

terminal. The perfect utilization of berth minimizes the service time of each agent on the 

container terminal, so our thesis focuses on the good utilization of berth. Next the problem of 

allocating the QCs to vessel also needs to be well scheduled. The allocation of QCs to the vessel 

depends on the number of containers and vessel size. The correct assignment of the QCs to the 

vessel reduces the vessels waiting time in queue. Different policies of the assignment of QCs are 

required according to the number of QCs i.e. some QCs are assigned to the Vessel for unloading 

containers and other may be assigned to the QS for loading containers to transport vehicles. So 

the QCs allocation and its assignment polices need to improve for minimizing the active and 

service time of each agent. 

 

The problems in the allocation of transport vehicles also need to be addressed. The main cause of 

congestion and bottleneck is the allocation of transport vehicles. The transport managers allocate 

almost every available vehicle to arrived vessel; as a result deadlock occurs at the container 

terminal [5]. Some time without considering the number of allocated QCs and YCs that also 

results in bottleneck. The fourth problem that has been addressed is the allocation of YCs 

according to the number of containers and transport vehicles. The good allocation of YCs 

reduces the congestion the mostly occur at the yard storage area at the container terminal. 
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We have developed our own simulation tool for simulating the presented model of the CT. The 

simulation tool consists of the solution of above four problems that are presented in our model; 

tool simulates each problem separately and depicts the simulation results for analysis. We will 

also look at the berth allocation problem, QCs allocation problem, Transport allocation problem, 

YCs allocation problem and proposed a solution of dynamic and static berth allocation on the 

basis of vessel size. The tool also suggests the number of QCs, Transport vehicles and YCs 

required for incoming containers. Considering the above identified problems our study is mainly 

focused on the following research questions. 

 

2.2 Research Questions 

 

The following research questions will be addressed throughout this research work. 

 

1. How can operations that take place inside a CT be improved?  

 

2. In order to model and improve the productivity of operations of a CT; how can a multi-

agent based simulation technique be used? 

 

For obtaining a solution for the above mentioned questions, some milestones have been drafted 

that will help to come up with an overall solution. 

 

a. How can the operations of the CT be improved to reduce ship service time? 

b. How can the operations of CT be broken down into sub-processes? 

c. What should be the sequence of tasks inside a sub-process? 

d. What is a suitable berth allocation policy for the vessel? 

e. What is a suitable QC allocation policy for varying vessel size? 
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Data Gathering 

Model Development and Testing 

3.1 Research Methodology 

Our research contains both research methodologies i.e. quantitative and qualitative methodology. 

 

Qualitative Methodology: 

 

We have used qualitative methodology to propose our Hierarchical operational model through 

consultation of literature review. Qualitative methodology helped us to interpret and explain each 

process of hierarchical model [38]. In order to understand the equipments, loading and unloading 

operation, yard operations, horizontal and vertical movement of vehicles, a detailed study of 

literature is carried out to understand each process and sub process with in the CT. Different 

digital libraries, magazine and thesis reports were consulted to collect meaningful data that 

helped us to get a foothold on the subject. Besides this qualitative methodology is used to explain 

berth allocation, QC allocation to Vessels, AGVs assignments, scheduling of different 

operations. After that we were able to propose model and simulate the operations of CT. 

 

Quantitative Methodology: 

 

Qualitative research methodology is used to conduct three case studies. Because quantitative 

research methodology is able to compare and analyze the results of case studies [38]. 

Quantitative methodology helps us to retrieve the simulation results.  

 

We also contacted different port employees to extract information from them through 

questionnaires.  As entry to the ports for visitors is not possible we utilized the online videos of 

CTs to get a feel for the real work environment. In order to understand the usage of simulation 

and how to implement simulation on CTs we studied different research papers and relevant 

thesis. To simulate the environment we need quantitative data of different equipment that are 

used on CTs and we have taken the data from the different port managers and some port 

terminals managers were not able to give information due to their rules and regulations. We have 

also studied different online simulation tools to get idea about the simulation.  In this section we 

will discuss how we formulated our research methodology.  
                                

 
             Domain selection 

 

               Literature Review 
 

                Problem Identification 

                Research Questions  

 

  

 

                                          Model Proposed  

                                          Model Design   

   

 

                 

Figure 3:  Research Methodology  

Figure 3.3 Research Methodology 
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3.1.1 Domain Selection 

 

Before starting the thesis we have selected the CT as a domain for our work. But CT domain is 

very complex due to involvement of various entities e.g. port, ship, vehicles, staff management, 

berth allocation etc. But we have further restricted our selected domain to berth assignment, QC 

allocation, YC allocation and transport vehicles, i.e. we have selected the domain CT and within 

CT we are interested to improve the crane operations and horizontal and vertical traffic of 

transport vehicles. 

 

3.1.2 Literature Review 

 

Once we have selected the domain of interest, we started to study literature relevant to our 

domain. For this purpose we have selected different research papers and articles from different 

libraries. We have also consulted several PhD and master thesis in the CT field. So all these 

material helped us a lot to understand the terminologies and operations that are carried out at 

CTs. The purpose of literature review is to understand the work done by other people in this 

domain especially on berth allocation, QC, YC and on transport vehicles. This review helped us 

to refine the understanding by reading different authors articles on same process made us enable 

to think from different angle. Literature review enables us to think how we can improve the 

operations that we have read in various research papers and thesis. Without considering literature 

review all this would not be possible, which enables us to think from critical point of view.  

 

3.1.3 Problem Identification 

 

Increase of CT usage is resulting in congestion of traffic flows. To overcome these problems we 

need to improve the operations that take place in CT. Following are the operations that are 

identified and need to improve. 

 

 Berth allocation 

 Container Handling at QS 

 Transportation between QS and Yard Area 

 Container handling at Yard Area 

 

3.1.4 Data Gathering 

 

The data has been collected from various experts on the field in CT with the help of 

questionnaire through email and discussion. Valuable data is also collected from research articles 

and thesis e.g. the average loading and unloading time that QC and YC takes is determined 

through discussion and email. There are other data as well gathered through thesis, emails to port 

managers and through research papers. Following are the two different questionnaires that were 

sent to different port terminals to collect data for the simulation experiments. 

 

o Questionnaire 1: 
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Quay Crane Data:  

1. What is the Container average lifting time by QC?  

2. What is the Container average placement time by QC? 

3. What is the Container movement time between lifting and placement? 

 

Yard Crane Data:  
1. What is the Container average lifting time by YC?  

2. What is the Container average placement time by YC? 

3. What is the YC average movement time when it has container to find placement in yard block 

 

Transport Vehicles: 

1. How much time AGVs with loaded container takes to reach to Yard Storage Area and vice 

versa, on your terminal. 

2. How much time Truck with loaded container takes to reach to Yard Storage Area and vice 

versa, on your terminal. 

3. How much time SC with loaded container takes to reach to Yard Storage Area and vice versa 

on your terminal. 

 

o Questionnaire 2 

 

1. Average time taken by the QC to load container into vessel?  

2. Average time taken by the QC to unload container from vessel?  

 

3. Average time taken by the YC to load container into yard storage area?  

4. Average time taken by the YC to unload container from yard storage area? 

 

5. Average time taken by the Vehicles (Trucks, AGVs) to move from QS to yard storage area?  

6. Average time taken by the Vehicles (Trucks, AVGs) to move from storage area to QS?  

 

3.1.5 Model Proposed 

 

We have proposed the hierarchical model i.e. BM, QS manager, YM and TM are key entities. 

Each manager in our model is called an agent. Each agent has been assigned a task to perform 

and it is responsible for its task and work load only. All these four agents are involved in the four 

sub processes that are proposed in model e.g. BM responsible for assigning berth to vessel, QS 

manager is responsible for managing the quay and TM is responsible for vehicles allocation to 

arrived vessels.  

 

3.1.6     Model Development and Testing 

 

The model is later designed and implemented by latest technology i.e. .Net technology. The 

developed model simulates the number of containers loaded on the vessel, number of QC 

assigned to vessel, QC service time, transport vehicles service, cost of container handling 

process. 
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4.1 Container Terminal Operations 

      

In this section we shall describe each operation of the CT. The productivity of a CT can be 

measured in terms of the productivity of two types of operations. One is the ship operations, in 

which containers are discharged from and loaded onto a ship. The other is receipt and delivery 

operations, in which containers are transferred to and from outside trucks [31]. The planning 

process of ship operations consist of berth planning, QC scheduling and load sequencing [11]. 

Managers in many CTs are trying to attract carriers by automating equipment handling, 

providing and speeding up various services, and furnishing the most current information on the 

flow of containers. At the same time, however, they are trying to reduce cost by utilizing 

resources efficiently; including human resources, berths, container yards, QC and various yard 

equipments. Many research papers regarding CTs focus on specific parts of the terminal such as 

yard operations [2, 41], berth scheduling [2, 43, 44], or dispatching of horizontal transport [2, 

42]. Different objectives of optimization must be considered at CTs, e.g., maximization of crane 

productivity, cost minimization, or minimization of yard reshuffles. From a practical point of 

view the minimization of yard reshuffles plays an important role. Re-shuffles occur when a 

container has to be accessed while others on top of it have to be removed first. Reshuffling 

consumes time which is an offset to the transportation time between stack and shore reducing the 

productivity of ship operation [2].  
 

 

 

         
 

Figure 4.1   CT OperationsFigure 4:  CT Operation 
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4.1.1 Vessel Arrival and Berth Allocation 

 

A Berth is the main source through which we can increase the productivity of CT. Besides this 

we also know that the construction of berth is very expensive as compared to other equipments 

on the CTs. So we can say that in order to improve the productivity and efficiency of CTs we 

have to increase the number of berth. The port or CTs managers store all the information and 

schedule about the vessels that arrives next. According to that information they will assign 

timing and positions to the vessels. The schedules of large over sea vessels are known about one 

year in advance. Berth allocation ideally begins on average two to three weeks before the ship‟s 

arrival [2]. There is another parameter that must be considered by the container managers while 

assigning the berth which is allocation of QC to vessels [10]. The actual ship type differs in size 

and this determines the number of cranes to be allocated. The figure below shows allocation of 

berth to ships. 

 

 
                                          

Figure 4.2 Berth Allocation Process 
Figure 5:  Berth Allocation Process 

The port operators try their best to reduce the turnaround time of vessels when allocating berth 

for a vessel. In order to reduce the berth time of vessels terminal managers plan all the operations 

in advance before the arrival of ship to port by considering the estimated arrival time. Besides 

these port managers also measures the available resources i.e. berth space, QC and horizontal 

transport etc. The berth utilization can be calculated by the port managers through following 

formula. 

There are other issues that are discussed in various research papers i.e. policies of assigning berth 

to vessels. Some authors say that the priority is given to increase the utilization of berth most of 

its time that‟s why they emphasize on utilizing the FCFS policy. Considering this policy 

productivity and efficiency of berth will be at high rate and the operation and other logistics will 

be in running form. We assign the priority on the basis of ship size and number of containers in 

it. In this case we may lose some of the timing slot and during that timing slot berth allocation 

and all other logistics will be idle on CTs. 
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4.1.2 Quay Crane Allocation 

 

In section 1.5.1 we have discussed in detail the process of berth allocation and its policies. In this 

section we are going to explain the criteria of loading and unloading containers and allocating 

the QC to vessels upon their arrival.   

 

After assigning berth to ship next operation is to unload containers from ship. The loading and 

unloading of containers is possible with the help of QC. The number of containers that will be 

loaded and unloaded at the terminal is known before the arrival of ship. The handling capacity of 

a main port CT primarily depends on the number and capacity of QC available [1]. There are 

some containers in the ship that are not unloaded but are held in the ship. While unloading the 

relevant containers crane driver needs to adjust irrelevant containers in order to unload the 

containers smoothly [3]. To achieve a high productivity for the crane operations containers have 

to unload at the quay on the right time. Otherwise crane waiting times or queuing of transport 

vehicles occur. Both reduce crane productivity and increase the ship‟s berthing time. 

 

The crane scheduling is also important factor considering the arrival of different ships at 

different time intervals. Besides this ship waiting queue time is also considered, e.g. we have 

three QC as expected to be in future at each berth of Karlshamn port. Suppose more than three 

vessels are waiting in queue. We have to schedule QC in such way that cranes entertain most of 

vessels; in this case of course QC can entertain 3 vessels at a time to minimize the queue length. 

For example we have two vessels in this scenario we can assign two QC to vessel ´X´ and one 

QC to vessel ´Y´. The assignment of two QC to ship ´X´ depends on the size and number of 

containers that will be loaded and unloaded from the vessel, whereas vessel 'Y' can occupy the 

remaining QC on the other side. In short above two scenarios show that one crane should work at 

a time with one vessel to reduce the queue size where as in the next scenarios assignment of 

multiple QC depends on the number of containers [3]. As it has been written in [11] while 

scheduling the multiple QC on single ship, the scheduling might be considered on the number of 

bay i.e. each QC is scheduled on the different number of bays in the ship. Crane split allocates a 

respective number of cranes to a ship and its sections (bays) on hold and decides on which 

schedule the bays have to be operated [2]. Consider the following figure a & b that shows the 

scheduling while considering both scenarios and assignment of multiple QC to different bays. In 

figure 'A' single ship is served by the two QC to speed up the loading and unloading of ship. The 

ideal scenario is when we have no ship in waiting list, in the second scenario suppose we have 

two ships in waiting list then for such scenario figure 'B' is the best solution to minimize the 

queue length, where one QC is used to load and unload one ship at a time. 
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                                             Figure 4.3 QC Scheduling 
Figure 6:  QC Scheduling 

4.1.3 Horizontal vehicles Allocation 

 

The two type of transports at a CT may be differentiated as horizontal transport and stacking 

transport. The horizontal transport is further divided into the quayside and the landside transport. 

Trucks, multi-trailers, AGVs, straddle carriers can be used for the transport. It is the 

responsibility of terminal managers to schedule all the transport in such a way that the bottle 

neck and congestion should be at a minimum level. First we will consider the transport allocation 

from internal interface (i.e. QC) to yard area and next we will discuss the transport allocation 

from yard area to external interface i.e. trains. Terminal managers should know about the peak 

number of horizontal traffic that can be utilized on the terminal to carry out the operations 

effectively [1]. For ship loading and unloading containers have to be transported from stack to 

ship and vice versa. Transport optimization at the quayside not only means to reduce transport 

times but also to synchronize the transports with the loading and unloading activity of the QC. A 

general purpose of synchronization is to enhance crane productivity [2]. 

 

Once QC starts to unload the containers from the vessel different transport vehicles are allocated 

to vessel. These transport vehicles includes trucks, AGVs, Straddle carriers etc. Clearly the 

allocation of these transport vehicles depends on the number of containers that will be unloaded. 

The most common horizontal transport vehicle employed by every CT is the truck. Trucks are 

mostly used by the CT managers to move container from quay-side to yard areas. Similarly 

trucks are utilized to move containers to external interface where containers are loaded onto 

trains. Many CTs are using straddle carriers for transportation. Straddle carrier is used to move 

container from QS to yard area. On the other hand straddle carrier is used to load container 

themselves, it is also used to stack containers on top of each other. It can be utilized in yard area 

for moving/shuffling the container from one block to another. Due to high labor cost and more 

time consuming processes at CTs, modern CTs implement automation in their transport in form 

of AGVs. Now it is clear from above discussion that bottlenecks are expected at both area i.e. on 

left and right side of yard area due to different type of traffic. In order to remove all these 

drawbacks port managers must predefine all the allocation of these transport vehicles. On the 

other hand efficient and optimized schedule minimizes the ship service time i.e. faster the 

transport quicker the loading and unloading, which automatically reduces the transport service 

time. The figure below shows different transport vehicles that take container from/to QS to yard 



31 

 

side; same operation of loading and unloading is performed on the other side i.e. from/to yard 

and train. 

 

  
 

           Figure 4.4 Transport Scheduling on both side of terminal 
Figure 7: Transport Scheduling on both side of terminal 

E.g. consider the following example, in which ship ´A´ contains 100 containers that will be 

unloaded at terminal ´X´ where as ship ´B´ contains 600 containers that will be unloaded at same 

terminal ´X´ and some empty containers are loaded on ship ´B´ from yard storage area. But in 

this case suppose we assign priority on the basis of number of containers   

4.1.4 Yard Crane Allocation 

 

One of the most congested areas of CT is the yard storage area where empty and full containers 

are stored temporarily. The yard area is divided into different blocks for horizontal transport to 

move easily. One of the main aims of port manager is to minimize the dwell time of container in 

yard blocks. Stacking equipments have become increasingly important because more and more 

containers have to be stored in ports as container traffic grows constantly and space is becoming 

a scarce resource. Containers in yard area are stacked on the ground in various levels or steps. A 

container‟s position in the yard storage area is then handled in the block, bay and row. “often the 

dwell time of containers in the yard area can be between 3 to 5 days” [2]. 

 

In most busy port terminals of the world at least one YC is fixed for each block [2]. The 

scheduling of YCs is challenging once bundle of containers are needed to stack in the yard area. 

Port managers are facing a lot of problems due to wrong scheduling of the transport vehicles and 

as a result of this congestion and bottle necks occur at yard area. In such situation YMs can use 

straddle carrier for stacking containers on top of each other to minimize the congestion. Besides 

this as we have discussed the rubber gantry cranes are moveable so terminal managers can also 

utilize the moveable YCs in the operations of stacking container in yard area. As a common 

feature, containers are more spread in the yard and have different distances to the crane; special 

containers like over height containers need special equipment which has to be mounted before 

they can be transported, reefer containers have to be disconnected from the electrical circuit, and 

yard reshuffles occur to a respective percentage. All this uses additional transportation time. In 

manually driven systems the performance additionally depends on the driver‟s skill and decision 

which path he travels. Even technical or operational disturbances of the crane operation occur 
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which enforce to change the loading sequence. Therefore, transportation times cannot be 

calculated exactly even if automated equipment is in use. All reasons together mean that the 

shipment plan prepared in advance can be sub-optimal [2]. 

 

The figure below shows structure of yard area that is divided into block and each block occupies 

YC that is depicted by the red color along with different type of transport vehicles. 

 

                        
         Figure 4.5 YCs Scheduling  

Figure 8:  YCs Scheduling 
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5.1 Proposed Model 

 

 
 Figure 5.1 Overall Process Diagram 

Figure 9:  Overall Process Diagram 

5.2 Overall Process Diagram 

 

The overall operations of the CT involve numerous activities; from arrival of ship to the berth to 

transporting containers to the yard and external gate. These activities can be termed as a whole 

process. We have divided this overall process into four main sub-processes. 
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5.2.1 Berth Allocation 

 

Berth allocation is the first sub-process. If a ship arrives at the port and no berth is available, it 

will have to wait in the waiting queue. If a berth is available, the ship will be allocated a berth 

after a suitable berth policy is selected by the BM. 

5.2.2 Container unloading to Quay Side 

 

This is the second sub-process after berth allocation. The QCs on the berth will unload the 

containers from the ship and place them on the QS. Similarly in the reverse process of loading 

the ship, QCs will unload the vehicle and place containers on the QS. 

5.2.3 Transporting containers to yard area 

  

This is the third sub-process. In this sub-process transport vehicles will carry the containers from 

QS to yard area. The TM shall allocate the vehicle (AGVs, trucks, SCs) to the ship. The 

containers shall be loaded onto the vehicles and transported to the yard area. 

5.2.4 Unloading containers to yard area 

 

This is the fourth sub-process. In this sub-process transport vehicles are unloaded through Yard, 

RTG and RMG cranes and containers are placed in the yard area after the YM selects a suitable 

container placement policy. Similarly in the reverse process when loading the ship, the 

containers are loaded onto the transport vehicles and are taken to the QS. 

5.3 Hierarchical Multi-Agent Model 

 

In a multi-agent environment multiple agents work together to accomplish a task. Figure 25 

shows a hierarchical multi-agent model for manager agents.  

5.3.1 Port Manager 

 

The port manager is responsible for the overall decision making of the port. When the ship is 

about to arrive at the port the ship agent will communicate with the port manager and inform it 

that the ship is about to arrive. The port manager on this will co-ordinate with the BM whether a 

berth could be allocated to the ship or not.    

5.3.2 Berth Manager 

 

The BM is responsible for the making decisions about the berth allocation policy. When the port 

manager shall co-ordinate with the BM on possible arrival of the ship; the BM will determine 

whether any berth is free or not. If no berth is free the BM will inform the port manager that no 

berth is free. On this the port manager will inform the ship agent that the ship should be moved 

to the waiting queue. However, if any berth(s) are free the BM shall select a berth allocation 

policy considering the following parameters: 
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i) FCFS: The ship that arrives first will be allocated the berth. 

 

ii) Near yard area: If a berth is free near the yard area the ship should be allocated that very 

berth to optimize and minimize the ship service time.    

 

iii) No. of QCs needed to serve ship: The BM shall decide that how many QCs are needed to 

serve the ship depending upon the number of containers the ship is carrying. If the 

ship is carrying a large number of containers than more than one QCs can be 

allocated to the ship. 

 

 
Figure 5.2 Hierarchical Multi-Agent Model 

 

Figure 10: Hierarchical Multi-Agent Model 
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5.3.3 Quay Side Manager 

 

The QS manager is responsible for the overall management of QS and the movable QCs that 

include RTGCs and straddle carriers.  

5.3.4 Transport Manger 

 

The TM is responsible for the overall management of vehicle agents that includes trucks, AGVs. 

Upon arrival of ship the port manager will communicate with the TM to allocate vehicles for the 

ship. The allocation of vehicles depends on firstly how many vehicles are free and secondly how 

many containers are to be loaded/unloaded. 

5.3.5 Yard Manger 

 

The YM is responsible for the overall management of YC agents and the yard area which is 

divided into blocks. The port manager will communicate with YM for allocation of YCs to 

load/unload containers from the vehicles and place them in the yard. The yard area is divided 

into blocks to ease the yard management. A specific container is placed in a particular block and 

afterwards removed from there. The YM will determine a suitable container placement policy for 

the placement of containers. This will be decided on the basis of space that a block has and also 

its distance from the external gate. 

5.4 Activity Diagrams for Sub-Processes 

 

An activity diagram depicts sequential workflows of the tasks carried out in a process. An 

activity diagram shows the overall flow of control. Activity diagram helps to understand the 

internal working of the process. 

5.4.1 Berth Allocation 

 

Berth allocation is the first of the sub-process. The activity of the process starts with the arrival 

of ship. The ship agent shall inform the port manager about the arrival of ship. The port manager 

will in turn communicate with BM for a possible allocation of a berth. Here, the berth shall take 

a decision. If a berth is available then the BM will take a decision on the basis of the three 

primary parameters (FCFS, near yard area, no. of QCs needed to serve ship) discussed earlier in 

section 5.3.2. On selection of a suitable berth policy the ship shall be allocated a berth. On the 

contrary, if none of the berths are available on the port the ship will be moved to the waiting 

queue. 
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Figure 5.3   Activity diagram for Berth Allocation 

 

5.4.2 Container unloading at Quay Side 

 

This is the second sub-process containing two phases. One phase is carried out when the ship is 

unloaded and the second phase is done when the ship is loaded.  

 

In the first phase when the ship has moved to the berth, the ship agent will communicate with 

quay YM to inform it about the number of containers. This will happen on each turn when a 

container is unloaded, i.e. the ship agent will inform quay YM if any more containers are left. If 

the reply is No then the ship agent will move the ship to free the berth. But if the reply is „Yes’, 

the quay YM will tell the QC agents to unload the container and place it on the QS. After each 

subsequent turn, the quay YM will ask the ship agent whether any container is left or not. If the 
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reply is affirmative the cycle will go on till all the containers have been unloaded and placed on 

the QS. 

 

The second phase of sub-process is during the ship loading phase. When the vehicle shall arrive 

at the QS, the TM will inform the QS manager about it. The QS manager will inform the QC 

agent to unload the container from the vehicle and place it on the QS. This cycle will go on till 

all the containers to be loaded onto the ship have been placed on the QS. 
Figure 11: Activity diagram for Berth Allocation 

                        

 
     Figure 5.4 Activity Diagram for Container unloading to QS phase 1 

Figure 12: Activity Diagram for Container unloading to QS phase 1 
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     Figure 5.5 Activity Diagram for Container unloading to QS phase 2 

Figure 13: Activity Diagram for Container unloading to QS phase 2 

 

5.4.3 Transporting containers to yard area 

 

This is the third sub-process. When all the containers are unloaded from the ship and placed on 

the QS, the TM will allocate vehicles to move the containers to the yard area. After the allocation 

of vehicles, the QS manager will inform the QC agents to lift the containers from the QS and 

place them on the vehicles which include AGVs, trucks. When the container is loaded the 

vehicle agent will move towards the yard area. Containers have been classified into two types: 

export and import. External containers are the containers that should not be unloaded in the yard 

area but taken to the external gate where the owner of the container will take care of it. Internal 

containers are yard area bound. The internal containers are brought to the yard area. Figure 28 

shows the activity diagram of this sub-process. 
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       Figure 5.6 Activity Diagram for transporting containers to yard area 
Figure 14: Activity Diagram for transporting containers to yard area 

5.4.4 Unloading containers to yard area 

 

This is the fourth sub-process. This sub-process also has two phases. One while unloading the 

ship and the other when loading the ship. In the first phase, when the vehicle is brought to the 

yard area the yard area manager will communicate to the YC agents which include YCs, RTGCs 

and RMGCs to lift containers from the vehicles. Before placing the containers into the yard area 

the yard area manager will select a container placement policy, a short term placement policy or 

a long a term placement policy. The short term placement policy is used for the containers that 

will be stored in the yard area for less than a week. The long term placement policy is used for 

the containers that will be stored in the yard area for more than a week. On selection of a 
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container placement policy the container shall be placed in the preferred block. Figure 5.7 show 

the activity diagram for this phase of the sub-process. 

 

 

                     

 
Figure 5.7 Activity Diagram for Unloading containers to yard area phase 1 

Figure 15: Activity Diagram for Unloading containers to yard area phase 1 

The second phase of the sub-process is carried out in the ship loading phase. Vehicles shall be 

assigned to carry containers to the QS. The YC agents will lift the containers onto the vehicles 

and vehicle will be moved to the QS. This cycle will continue until all the containers have been 

moved from the yard area to QS. Figure 5.8 shows the activity diagram for this phase of the sub-

process. 
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Figure 5.8 Activity Diagram for Unloading containers to yard area phase 2 

Figure 16: Activity Diagram for Unloading containers to yard area phase 2 

 

 

 

 

 

 

 

 

 



44 

 

     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Chapter No. 6 

Agent Allocation 
Policies 

 



45 

 

6.1 Berth Allocation Policies 

In this chapter we will focus on the policies that each agent will implement in the dynamic 

environment of CT. As we have discussed that containers arrived through vessels and majority of 

containers are 20 and 40 feet in size. The problem that we want to study here is the best 

utilization of the berth in Karlshamn port in future. The vessel turnaround time at the port can be 

determined by the number of containers that will be handled for that vessel. Port manager also 

knows in advance about the vessel arrival time [1]. The goal of our policies is to ensure that most 

of the vessels are berthed upon their arrival and the second goal is to implement the suitable 

policies according to berth length, number of containers and vessel size [30]. Before explaining 

policies we should know that the allocation of QCs, Transport vehicles and YCs are dynamic 

depends on the number of containers. 

 

 Following are Terminal parameters. 

o No of berths: 1, 2, 3 

o Berth Length: Lb 

 Vessel parameters are as under. 

o No of ships: x 

o Arrival Time: Ar 

o Size of Vessel: Si {Sn denotes vessel normal size, Sb denotes vessel  

                                    of large size} 

o Total time that vessel spends on berth: Ti 

 

Suppose that number of vessels Xi arrive on schedule. Each vessel may differ in length and size. 

Due to such dynamic length of vessels the berth allocation affects the productivity of loading and 

unloading the containers [30]. The efficient allocation of berth in our proposed model may 

increase the productivity of loading and unloading containers i.e. we have three berths in our 

proposed model. Due to varying vessel size we consider the following three optimum ways of 

berth allocation for our proposed model.  

 

Case 1: 

I. We have two vessel of size Sn in arrival schedule. 

II. We have two vessel, one having size Sn and other Sb in arrival schedule. 

                                             
     Figure 6.1 Karlshamn Port Berth 

Figure 17: Karlshamn Port Berth 
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The figure 6.1 above depicts three berths at Karlshamn port; it will be easy to analyze the above 

cases. The first case 1 is the ideal environment where the BM has two vessels of same size. He 

can allocate both vessels at Berth 1 & 2, leaving berth 3 empty for other vessel. In the second 

case on a particular day two vessels arrives at time (Ar) from which one has normal size (Sn) and 

other has large size (Sb). In this case port manager must take intelligent decision by berthing the 

large ship on berth 1 & 2 and small ship must be berth at berth 3. The allocation of QCs is 

dynamic at the berth depends on the number of containers. 

  

Taking such decision saves lot of time because berth 1 and berth 3 is near to yard area as 

compared to berth 2. Large vessel (Sb) and small vessel (Sn) in other words is berthed using the 

policy of „Near to Yard Area‟. In this case BM can also use „First Come First Serve‟ (FCFS) i.e. 

vessel that comes first is assigned the desired berth accordingly. The second reason of berthing 

large ship in such way enables QC manager to utilize the 6 QCs of both berths that will in other 

words minimize the ship service time for large ship as shown in figure 6.2. In this policy of berth 

assignment it is possible that if any other ship arrives after some hours it will be entertained. 

 

            
                     Figure 6.2 Berth Assignment Policies 
Figure 18: Berth Assignment Policies 

Case 2: 

 

I. We have three vessels of size Sn in arrival schedule. 

II. We have three vessels, two having size Sn and one having size Sb 

III. We have three vessels, One having size Sn and two having size Sb 

 

In Case 2 we have three vessels arriving at a time (Ar) which are all small in size (Sn). In this 

case berth manger can assign each berth to vessel, so BM can follow „First Come First Serve‟ 

policy.  In the second option one manager has two small vessel (Sn) and one large vessel (Sb) 

arriving one after another at time (Ar). In this situation BM should assign berth 1 & 2 to small 

ships (Sn) where as the berth 3 is assigned to large vessel (Sb). In this configuration all ships will 

be accommodated on berths and vessel queue waiting time will be minimized. In such situation 

BM can follow FCFS policies. As we know that schedule of arrival for vessels are known in 

advance therefore BM should use FCFS policy if small vessel come first they are berthed at berth 

1 & 2 where as upon the arrival of large vessel it is berthed at berth 3. 
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The figure 6.3 below depicts the berth assignment. There is tradeoff while assigning the berths to 

the vessels in the third option. In this case we have two large vessels (Sb) and one small vessel 

(Sn). On assigning the two large vessels on both sides will cause the third vessel to wait, where 

as if one small vessel is assigned the large one will have to wait. In such situation the best way to 

implement the policy of 1:1, i.e. assign the one large vessel to berth 1 & 2 and assigning small 

vessel to berth 3. The remaining large vessel will be in waiting queue. The berth utilization rate 

of large vessel in this case is reduced to some extent because 6 QCs will be used for loading and 

unloading at a time. Figure 6.4 shows vessel waiting in queue while the berths are busy.  

 

 
     Figure 6.3 Berth allocation policies 
Figure 19:  Berth allocation policies 

 
                    Figure 6.4 Berth Allocation Polices 
 

Figure 20: Berth Allocation Polices 
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Case 3: 

  

I. We have X vessels, from which Xi ε Sn and Xj ε Sb. 

II. Some vessels are waiting in queue. 

In third case where we have X vessels of mixed size. In this case the BM will assign berth to 

vessels while considering the productivity of berth against the size of vessel. In above both cases, 

polices should be utilize whenever possible. But the optimum way in such situation is to assign 

berth 1 & 2 to small vessel (Sn) where as berth 3 is assigned to large vessels (Sb). In this 

assignment policy, vessel waiting queue length will be minimized if maximum number of vessels 

is small (Sn). If two berths 1 & 2 are assigned to small vessels (Sn), then small vessels (Sn) are 

selected from waiting queue on the basis of FCFS. If a maximum number of large vessels (Sb) 

arrives then berth 1 & 2 are assigned to one large vessel and berth 3 is assigned to small vessel 

(Sn). Similarly in this situation large vessel (Sb) is selected from waiting queue on the basis of 

FCFS. At the end in such dynamic environment of berth allocation FCFS is the effective policy 

to follow. 

6.2 Berth Cost 

 

When scheduled vessels arrive at the specified time, vessel is berthed to its specific position. The 

next cost that is associated with berth allocation is the service time of vessel i.e. the total time 

that vessel is served at the berth position [26]. Let suppose 

 

 BC is the Berth Cost  

 VSC is the Vessel Setting Cost 

 BST is the Berth Service Time 

 The number of vessels can be x. 

 
 

The equation 1 above states that berth can be utilized for more than one vessel because on the 

scheduled day vessels that are waiting in the queue can be berthed at the same berth. Consider 

the following figure 6.5 in which the x-axis shows the number of berths and y-axis depicts the 

service time (in hours) that vessels spent on the particular berth.  
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      Figure 6.5 Berth Service Time 
Figure 21: Berth Service Time 

6.3 QC Allocation Polices 

 

The QC allocation in our model is straight forward for small vessels Sn, i.e. each berth is 

equipped with maximum three QCs. When  small vessels arrives at time Ar it is assigned a 

maximum of three QCs, but in case of large vessel Sb if it is berthed at berth 1 & 2 then in this 

case it will be assigned six QCs in order to minimize the berth service time. Consider following 

figure 6.6 in which red line denotes the number of QCs on each berth. 

 
     Figure 6.6 QCs Polices 

Figure 22: QCs Polices 

There are different polices that crane manager can implement while looking at the situation. We 

have following QC polices. 

 

Case 1: (Small Vessel) 

 

I. Allocating all three QCs to unload container from vessel. 

II. Allocating two QCs for unloading container from vessel and one QC is utilized for the 

loading containers into trucks and AGVs on QS. 
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Case 2: (Large Vessel) 

 

I. Allocating all six QCs to unload the containers from vessel. 

II. Allocating four QCs to unload and two QCs for loading containers into transport vehicles 

at QS. 

III. Allocating three QCs for unloading containers from vessel and three QCs for loading 

container into transport at QS. 

6.4 QC Cost 

 

QC cost can be determined with the help of three parameters i.e. number of QCs assigned, OPEX 

and QC service time [26]. Consider the following notations. 

 

 QCC denotes the QC Cost 

 NQC denotes the number of QCs 

 OPEX denotes QC operating cost per hour 

 QCAT denotes QC active time 

 QCWT denotes QC waiting time 

 QCST denoted the QC service time 

The equation 2 calculates the QC service time, which is combination of QC active time and 

QC waiting time whereas equation 3 calculates the QC cost which is the combination of 

number of QCs assigned to vessel, operating cost of QC and service time of QC. 

 

 

               [26] 

 

 

    [26] 

 

6.5 YC Allocation Policies 

 

In our proposed model we suppose that in each block of yard storage area we have on rail 

mounted crane. Now it depends on the situation that which block YM assign to incoming 

containers. 
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Case 1: 

 

I. The YC allocation completely depends on the block i.e. a block that has place to store the 

container is selected and automatically that YC is selected. 

Case 2: 

 

II. If we have place in more than one yard storage blocks then YM can allocate more than 

one YCs. But in this case YC is allocated in such way that congestion and bottlenecks is 

reduced. 

 

6.6 YC Cost 

 

YC cost is calculated in similar way that of QC.  Following are the parameters that are involved 

in the YC cost [26]. 

 

 YCC denotes the YC cost 

 NYC denotes the number of YCs allocated  

 OPEX denoted the operating cost per hour 

 YCAT denoted YC active time 

 YCWT denoted YC waiting time 

 YCST denoted YC service time 

 YCMT denoted crane movement time 

The equation 4 and 5 calculates the YC service time and YC cost respectively.  

 

   [26] 

 

      [26] 

 

 

6.7 Transport Vehicles Cost 

 

TM in our proposed model can assign two vehicles i.e. trucks and AGVs.  The allocation of 

transport vehicles depends on the vessel size and area of port. If we assign too many vehicles 

problem may occur at yard area.  The cost of transport vehicles are as under. 
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6.7.1 AGVs Cost 

 

 AVGC denotes AGV cost 

 NAGV denotes number of AGVs allocated for handling containers 

 OPEX operating cost per hour of AGVs 

 AGVAT denotes AGV active time  

 AGVST denotes AGV service Time 

 AGVMT denotes AGVs movement time 

 AGVWT denotes AGVs waiting time 

 

    [26] 

 

                                 [26] 

6.7.2 Truck Cost 

 

 TC denotes the cost of tuck 

 NT denotes the number of trucks involve in the handling process 

 OPEX denotes the operating cost per hour 

 TAT denotes tuck active time 

 TST denotes truck service time 

 TMT denotes truck movement time 

 TWT denotes truck waiting time 

 TTC denotes the total Transport cost ( AGVs and Trucks) 

    [26] 

 

       [26] 

 

Since we have two types of transport vehicles we need to add up the cost of AGVs and Trucks, 

so that we can calculate the total transport cost [26]. 

 

                      TTC = AGVC + TC      [26] 
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6.8 Total Cost of all Agents 

 

Total cost can be calculated with the help of all agents that are involved in the handling of 

containers. This includes cost QC cost, YC cost and transport vehicles cost [26]. 

     

 Total Cost = QCC+YCC+ TTC    [26] 
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7.1 Simulation 

 

Computer simulation is the field of computer science in which a model of actual or theoretical 

system is designed. The model is executed on the computer and results are analyzed in order to 

know the level of accuracy of that model [23]. In order to simulate the problem it is necessary to 

design the model which comprises of physical objects. Simulation model has different types like 

declarative, functional, constraints or multi mode. In multimode, the model is further divided 

into sub-models [23]. Consider the following computer simulation architecture having three 

important phases as shown in figure [23]. 

 

          

 

 

         

               

 

 

 

 

 

 
          Algorithms Selection           Result verification and validation 

  

               Figure 7.1 Computer Simulation 
Figure 23:   Computer Simulation 

7.2 Simulation Role in Container Terminals 

 

As we know that CTs processes are complex due to dynamic environment and involvement of a 

number of agents simultaneously. For example in case of unloading a container and storing it in 

the yard, we need QC agent, transport agent and yard agent. So a single process of unloading 

involves more than one entity. Besides this simulation may be used to check the effectiveness of 

different algorithms on different policies. In [5] author presented the two techniques of 

simulating the AGVs that carry containers from quayside to the yard storage using Cilk model. 

The author first developed event driven simulation engine which did not achieve its obvious 

speedups. “The reason is that the event-driven simulation engine is more suitable for dealing 

with highly asynchronous scenarios [5]”, therefore for AGVs author selected to develop the 

scenario using the time driven version. Results from the time driven simulation approach shows 

that the speedups were achieved with and without the load balancing (selection of neighbors 

systematically). A routing algorithm for AGVs is presented in which Congestion control and 

deadlock prevention has been achieved by the dividing the topology into zones and limited 

number of AGVs are allowed in the zone for given time period. This technique is named as Zone 

Control by the author. In [6] simulation model was developed to help the employee of Kelang 

CT. The simulation model tries to simulate berth allocation, cranes and prime movers. The 

simulation result shows that “berth utilization increases when priority is assigned to mainline 

ships”.  Whereas the utilization of the cranes is 40.6% from historical data and the simulation 

model retrieved the value of 36% this shows that model is in agreement with the actual data. In 

Design          

Model 

Result     

Analysis 
Execute    
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[7] simulation model is developed called SimSea that models ocean carrier operations i.e. 

simulates the transport of containers by container vessels. In [8] author “compare three different 

automated container storage concepts on their efficiency in terms of productivity, flexibility, area 

utilization, and cost to come to a verdict”.  The results of simulation show that twin RMG works 

fine for the balanced workload at water and landside. Whereas the simulation results of single 

RMG shows that it has lower investment cost but operational cost are similar to that of twin 

GMG. 

7.3 Why we need simulation? 

 

There are many applications in real life where we may not able to solve the problem in hand, in 

such situation we need help to solve these problems and simulation techniques and tool help to 

solve these problems. Simulation techniques have been widely used in the manufacturing 

industries to schedule and optimize the processes which results to minimize the production cost 

and maximize the profit. Simulation has been also widely used for simulating different 

operations at CTs. Different authors presented their theories for simulating the QCs, berth 

allocation process, yard management and transport dispatching policies. These simulations were 

designed for specific CTs so that they can improve their processes in order to remove the bottle 

necks and congestion that occurred at CTs. Simulation is considered to be very important due to 

the following reasons [24]. 

 

 When model is complex having different interacting machinery and variables. 

 When the relationship between the variables are nonlinear. 

 The variables are dynamic, changing their states regularly. 

 The model output to be visual. 

7.4 Why simulation is preferred?  

 

Simulation has widely been accepted by the experts in different fields but other may think 

differently. There are few clear advantages of simulation i.e. cost and timing. We know that there 

are cheap simulations tools are available in the market with the help of which we can design and 

model our problem quickly as compared to developing the model in real world environment.  

 

 Building actual design and test is expensive process. “Simulation takes the building and 

rebuilding phase out of the loop by using the model already created in the design phase 

[25]”. 

 

  The second important reason of using the simulation technique is the timing factor, as we 

know there are some application where we need years to developed model in reality but 

same things can be done in few days, for example in case of simulating the problems 

related to human geans which we know that there are millions of molecules involve but 

with the help of simulation we can model and calculate it in hours. 
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 The other advantages of the simulation are the level of the detail that simulated system 

provides. Simulated results cannot be calculated experimentally from current technology 

[25]. “You can set the simulation to run for as many time steps you desire and at any 

level of detail you desire the only restrictions are your imagination, your programming 

skills, and your CPU [25]”. 

7.5 Why simulation results seem ambiguous? 

 

   There are two disadvantages of simulation [25].  

 

 Firstly, simulation error i.e. any incorrect output from simulation program may result in 

imprecise analysis. As we modeled our system by considering theories and laws which 

are not 100% correct [25]. 

 Many people do not believe simulation results until they see the original environment 

[25]. 

7.6 Terminal-Simulator Tool 

 

There are number of tools available for simulating the CT processes, Like DEMO-J which has 

java based API that can be utilize to simulate the problems and processes of CTs. Beside 

DESMO-J there is another simulation tool which not only graphically simulates the CT problems 

but also depicts the output of processes for analyses.  

 

But we have developed our own simulator for CT. This tool is able to simulate the four basic 

processes of CT which are explained in detailed in the above chapter 5 of our proposed model. 

We call it „Terminal-Simulator’.  This tool is developed by consider the future requirement of 

Karlshamn port. This simulator will help the process manager to simulate their work load in 

advance before the arrival of vessel because as we know that port managers know in advance the 

number of containers that will be unloaded and loaded in the vessel. So they can determine the 

time factors, cost, utilization of agents involved in the process and number of logistics required 

for coming vessel in advance and then they can schedule their tasks accordingly. 

 

The reason for developing our own simulation tool is that we wanted the simulation to be done 

on the basis of the proposed model. Hence, building a simulation tool was the correct solution as 

it would give us the flexibility to build it on the basis of our previously proposed model. 

 

The container terminal web simulator tool is developed in ASP.NET 2.0 with C# as the 

programming language. We wanted our tool be a web-based application so as it would be easily 

accessible from online. This was also the suggestion of our respected supervisor. ASP.NET is a 

widely used framework for developing web-based applications and we had prior experience of 

working in it. Hence, ASP.NET was the premier choice.    
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To setup the tool there are two methods: 

 

1. Deployment on ASP.NET development server: 

Hardware specifications: 
Pentium III or higher. 

512 MB RAM minimum. 

 

Software specifications: 

 

Microsoft Windows XP 
Microsoft .net framework 2.0 or higher 

Microsoft Visual Studio Express 2005 or higher 

 

Procedure: 

 

Extract the zip archive of the tool to a folder named CT. From the visual studio project 

menu open the project. Build the project and run it. The web application will open in the 

browser showing the index.aspx page. 

 

2. Deployment on Microsoft IIS server: 

Hardware specifications: 
Pentium III or higher. 

512 MB RAM minimum. 
 

Software specifications: 

 
Microsoft Windows XP 

Microsoft .net framework 2.0 or higher. 

Microsoft IIS 5.0 or higher. 

 

Procedure: 

 

Extract the zip archive of the tool to a folder named CT. Create a virtual directory with alias  
CT and path to the folder where the files were extracted. Set read and allow scripts permission.  

Test the web application by accessing the address http://localhost/CT/index.aspx. 

 

The figure below shows the main page of Terminal-Simulator tool. It provides to simulate the 

four operation of CT. 

 

http://localhost/CT/index.aspx
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         Figure 7.2 Terminal-Simulator main page 
Figure 24: Terminal-Sim 

ulator main page 

The BM can allocate the berth from the link „Berth Allocation‟. The BMs can select the small 

and large ship size at the berth 1 as shown in figure 7.3. In order to confirm the berth allocation, 

BM allocates berth with check boxes as shown below in figure 7.4.  

 

 
                       Figure 7.3 Berth allocation 

 
Figure 25:  Berth allocation 

BM selected berths and when he clicks the confirm button a message of successfully berth 

allocation displayed as shown below in red text.  
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      Figure 7.4 Berth successfully assigned 
Figure 26: Berth successfully assigned 

The QS operations are simulated with the second link as shown in the following figure. To 

simulate the QC service time and cost, QC manager inputs the number of containers and QC 

lifting time and placement time in seconds. On the other hand QCs are allocated on the basis of 

number of containers. 

 

        Figure 7.5 QC operations at QS 
Figure 27: QC operations at QS 
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The transport operation is simulated by assigning the number of containers to AGVs and trucks. 

The allocation of transport vehicles is also dynamic depends on the number of containers. 

Besides this lifting time, placement time and waiting time of QC at QS is also given to simulate 

the transport active, service time and its cost as shown in below figure.  

       
     Figure 7.6 Transport Vehicles Assignment 
Figure 28: Transport Vehicles Assignment 

The yard operations are simulated by the following figure. To simulate the stacking operation 

time and cost, the YM must provide the number of container the need to be stacked along with 

the YC lifting time, placement time and waiting time. 

 

     
              Figure 7.7 Stacking operations at yard  
Figure 29: Stacking operations at yard 
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8.1 Decision Support System for Resource allocation 

 

We know that port manager knows in advance about the schedule of vessels. On the particular 

date there may be too many vessels. Some of them are waiting in waiting queue in busy ports of 

the world, whereas on other dates there are few ships arriving. Our simulation tool will help port 

managers to assign berth position to vessels while considering the time that vessel will take. The 

port managers will simulate the vessel on the basis of number of containers. We will simulate 

maximum of three vessels of different size and our simulation tool will present the output for 

berth, QC, YC and transport vehicles considering active time, service time and cost of each 

equipment. We have divided the container handling operations in three case studies. These three 

case studies cover each policy and situation that can occur at CT. The operational model is 

generalized to handle most of the cases that occur inside a CT. For the sake of simplicity and to 

analyze the results we have selected three cases that mostly occur inside a CT. In first case study 

when on a specific day when more than two ships arrive i.e. possibility of having ships in 

waiting queue. In the second case study when we have less than three ships, whereas in third 

case study we have more than two ships but ships arrive once when the occupied ships free the 

berth. In this scenario no ship will have to wait in the waiting queue. We will simulate the four 

sub-processes of our model and the result will be the active time, service time and cost of each 

sub-process. Considering we have schedule of arrival of four different vessels for three different 

days. How port managers will take decision to assign different agents to handle containers and 

minimize the queue waiting time.  

 

o Vessel1 and Vessel2 arrives at same time,  

o Vessel1 and vessels2 at same time, Vessel3   arrives after 3 hours and Vessel 4 

arrives after 2.5 hours of Vessel1. 

o Vessel 1, vessel 2 , vessel 3 arrives at same time 

8.2 Experiment Settings 

 

Before going to discuss the simulation results, we need to assign the values to different agents. 

These are as under. 

 

 No of Berths = 3 

 

 QC Setting: 

 

o No of QCs = 9 (3 QC on each berth) 

o QC Lifting time (Sec) = 40s 

o QC Placement Time = 20s 

 

 QS Setting: 

 

o Container Lifting time from QS = 40s 

o Container Placement time into Vehicle at QS = 20s 

o QC waiting time at QS = 30s 
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 YC Setting: 

o YC Lifting Time = 60s 

o YC Placement Time = 20s 

o YC Waiting Time = 30s 

 

 Operating Cost of Agents: 

o OPEX of QC = $124 

o OPEX of YC = $124 

o OPEX of AGVs = $5 

o OPEX of Truck = $5 

8.3 Case 1: When two Vessels i.e. 1 (300 containers) & 2 (800 containers) arrive. 

 

When two ships arrive in which one ship has too many containers, port managers must take 

intelligent decisions to allocate the berth 1 & 2 to large vessel as stated in policies chapter above. 

Because in this situation up to six QCs can be utilize for loading and unloading containers 

into/from vessel whereas next vessel is allocated at berth 3. Consider the following simulation 

result of management decision. 

8.3.1 Container Handling Operations at QS 

 

QC Service Time: 

 

The figure 8.1 below shows the QC Service Time. The Y-axis in all simulation graph shows time 

that operations take for completion of processes. The X-axis depicts the number of containers 

handled and number of QC involved in the operation. 800 containers are unloaded at QS 1 with 

the help of 6 QCs whereas 300 containers are unloaded at QS 3 with the help of 3 QCs. The 

service time for QS 1 is 157 minutes while for QS 3 is 160. 
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Figure 8.1 QC service Time 
Figure 30: QC service Time 

 

QC Cost: 

 

The Y-axis in all figure 8.2 shows the cost of resources and X-axis depicts the number of 

resources allocated to vessel. It clearly shows that the cost of unloading 800 containers is $1935 

whereas cost of unloading 300 containers is $659. 

 

 

                       
                  Figure 8.2 QC Cost 
Figure 31: QC Cost 

8.3.2 Transportation Operations from QS to Yard Area  

 

Once QCs have unloaded the containers from ship to QS the containers will be loaded on the 

transport vehicles to move them to yard area. The graph below shows the number of containers 

that are scheduled on the vehicles. In our experiment there are two types of transport vehicles i.e. 

AGVs and trucks. The blue bar represents the AGVs and yellow bar represents the trucks in our 

experiment. 
 

Transport Active Time: 

 

The active time graph shows the time that transport vehicles and QCs are in working position. It 

is clearly depicted in figure below that more containers are allocated to trucks that is why trucks 

are more active. The allocation of transport vehicles is dynamic depends on the number of 

containers. 
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    Figure 8.3 Transport Active TimeFigure 32: Transport Active T 

 

Transport Service Time: 

Transport service time comprises of active time plus waiting time. Waiting time is the time when 

the QC has to wait for the vehicle to arrive at the QS. Comparing the service time and active time 

it shows that service time has greater values due to waiting and idle time as depicted in figure 

8.4. 

 

                      
          Figure 8.4 Transport Service Time 
Figure 33: Transport Service Time 
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Transport Cost: 

 

Transportation of 800 containers has maximum cost as compared to 300 containers. As shown in 

figure 8.5 below.  

                        
        Figure 8.5 Transport Cost 
Figure 34: Transport Cost 

 

 

8.3.3 Stacking Operations at Yard Area 

 

Once transport vehicles start to move containers from QS to yard area, the yard managers gets 

activated by assigning the storage blocks to incoming containers. The yard manager allocates 

YCs. In our case we suppose that we have rail mounted gantry cranes in each storage area, so 

manager will first select the area where there is space to accommodate too many containers.  The 

allocation of yard cranes is also dynamic it depends on the number of containers to be stacked. 

 

YC Active Time: 

 

The active time of YC, it is similar to QC i.e. the time that YC is busy in it operation of lifting 

and placing containers into/from storage area. The figure 8.6 below shows the YCs active time. 

 

http://localhost:1174/CT/YCST.aspx
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     Figure 8.6 YC Active Time 
Figure 35: YC Active Time 

 

YC Service Time: 

The service time of YC is always larger than the active time due to the waiting time of YC. The 

figure 8.7 below depicts the stacking of 800 containers with the six QCs required 269 minutes 

whereas 300 containers with the two QCs required 285 minutes. The time of stacking 800 

containers is minimum due to maximum allocation of QCs  
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                        Figure 8.7 YC Service Time  
Figure 36: YC Service Time 

YC Cost: 
The figure 8.8 below show the stacking cost of 800 and 300 containers. Stacking cost of 800 is 

obviously maximum comparing with 300 containers as shown below. 

 

                         
                       Figure 8.8 YC Cost 
Figure 37: YC Cost 
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8.4 Case 2: When four vessels arrive.  

 

o Vessel 1 and vessels 2 at same time, Vessel 3 arrives after 3 hours and Vessel 4 

arrives after 2.5 hours of Vessel 1.  

Containers in vessel1 = 300, Containers in vessel 2 = 800, Containers in vessel 3 = 500, 

Containers in vessel4 = 200 

 

In this case port manager should assign the berths in similar way as they did in above case 1, 

because due to assignment of six QCs, 1
st
 berth will free early. The vessel 4 will arrive after three 

hours manager can assign 3
rd

 berth in this case. As vessel 2 at berth 3 will free in 200 minutes 

meanwhile vessel 4 arrived. So berth 3 will be assigned to vessel 4 because berth 1
st
 is busy and 

it will be freed in one and half hours. So after the arrival of vessel 3 berth 1 will be free. In this 

case vessel 3 will wait in waiting queue for almost 20 minutes and vessel 4 waits for 30 minutes. 

Consider the following simulation result after decision taken by port mangers. 

 

8.4.1 Container Handling Operations at QS 

 

QC Service Time: 

 

The figure 8.9 shows QCs service time, the allocation of three QCs has taken 182 minutes 

whereas two QCs have taken 107 minutes. The tool itself manages to allocate QCs considering 

the number of containers. 

                        

 
       Figure 8.9 QC service Time 
Figure 38: QC service Time 
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QC Cost: 

The figure 8.10 shows the QC cost. The cost of unloading 500 containers is $1129 whereas cost 

of unloading 200 containers is $440.  

 

 
           Figure 8.10 QC Cost 

Figure 39: QC Cost 

8.4.2 Transportation Operations from QS to Yard Area 

 

Transport Active Time: 

The figure 8.11 below shows the time that AGVs and trucks are active in assigned tasks. The 

simulation tool has dynamically assigned vehicles to containers. 

 

 
    Figure 8.11 Transport Active Time 

Figure 40: Transport Active Time 
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Transport Service Time: 

The figure 8.12 shows the total time that transport vehicles have taken from QS to yard storage 

area. The service time of transporting 500 containers is larger than that of transporting 300  

contaners. The figure also depicts that total of 12 vehicles allocated to transport 500 contaners 

and 5 vehicles are allocated to transport 200 continaers. 

 
    Figure 8.12 Transport Service Time 

Figure 41: Transport Service Time 

Transport Cost: 

 

The figure 8.13 shows the transportation cost of transporting 500 and 200 containers from QS to 

yard area.  

 
     Figure 8.13 Transport Cost 
Figure 42: Transport Cost 
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8.4.3 Stacking Operations at Yard Area 

 

YC Active Time: 

The figure 8.14 depicts the time that YC actively stacks containers into yard storage area. It is 

obvious that stacking 500 containers required 237 minutes while 200 containers need 140 

containers. 

 

  
    Figure 8.14 YC Active Time 

Figure 43: YC Active Time 

YC Service Time: 

It is the total time that YC takes to store containers into yard area. The service time of stacking 

500 containers is 319 minutes and stacking 200 containers required 189 minutes as shown in 

figure 8.15. 

 

 
    Figure 8.15 YC Service Time 

Figure 44: YC Service Time 

http://localhost:1174/CT/YCST.aspx
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Yard Carne Cost: 

 

The figure 8.16 shows the cost of storing 500 containers is $1,996 and storing 200 containers is 

$785. The difference between the YC costs is obvious due to the number of containers. 

 

 
                   Figure 8.16 YC Cost 
Figure 45: YC Cost 

8.5 Case 3: When three vessels arrive at same time 

          Vessel 1 = 300 containers, vessel 2= 300 containers, vessel 3= 800 containers. 

8.5.1 Container Handling Operations at QS 

 

QC Service Time: 

 

The figure 8.17 below presents the QC Service Time. 300 containers are unloaded at QS 1 with 

the help of 2 QCs whereas 300 containers are unloaded at QS 2 with 2 QCs and 800 containers 

with 6 QCs. The service time for QS 1 is 158 minutes, 157 minutes for QS 2 and 159 minutes for 

QS 3.  
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        Figure 8.17 QC Service Time 

Figure 46: QC Service Time 

QC Cost:    

The figure 8.18 presents the QC cost for three vessels. The cost of unloading 300 containers 

varies due to congestion and bottleneck that may occur at QS. The graph clearly depicts 

unloading 800 containers cost $2,013. 

 

 

                                                            Figure 8.18 QC Cost 

Figure 47: QC Cost 
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8.5.2 Transportation Operations from QS to Yard Area 

 

Transport Vehicles Active Time:  
The figure 8.19 presents the active time of transportation from QS to yard storage area. The 

division of transport vehicles for 300 containers varies. Through this variation tool tries to 

control the congestion and bottle neck at the yard area.  

 

                  
                                 Figure 8.19 Transport Active Time 
Figure 48: Transport Active Time 

Transport Vehicle Service Time: 

The figure 8.20 present the transportation service time from QS to yard area. The service time 

varies for two 300 containers vessels vary for the purpose of congestion control.  

 

                      
                                Figure 8.20 Transport Service Time 
Figure 49: Transport Service Time 
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Transport Vehicles Cost: 

 

The figure 8.21 presents the transportation cost for three vessels. The cost for two vessels is 

almost same due to same number of containers i.e. $318 and $317 respectively, whereas 

transportation cost of 800 containers is $876. 

                      
                                        Figure 8.21 Transport Vehicle Cost 
Figure 50: Transport Vehicle Cost 

8.5.3 Stacking Operations at Yard Area 

 

YC Active Time: 

 

The figure 8.22 below presents the active time i.e. time slot in which YC is in working state. the 

graph values clearly states that the stacking operations depends on the number of yard crane 

allocated i.e. at berth 3 there were 800 containers that were unloaded and transported to yard area 

where YCs loaded containers at yard storage areas. In this section the 300/2 means that two YCs 

are working to stack the 300 containers at their desire position in storage area.  

 

    
                                                 Figure 8.22 YC Active Time 
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Figure 51: YC Active Time 

YC Service Time: 

 

The service time is the overall operation time that YCs takes to complete the tasks. It includes 

the waiting time that YCs wait for the vehicles to come. The wait time is most probable to occur 

due to congestion and bottlenecks obviously occur at yard area. The service time graph has larger 

values as compared to active time graph as shown in service time graph. 

                       

 
                                       Figure 8.23 YC Service Time 
Figure 52: YC Service Time 

YC Cost: 

 

The figure 8.24 presents yard crane process cost for three vessels. The cost for first vessels is $ 

1,178, second vessel it is $1,170 and for the third it is $3,348. The first two vessels carried 300 

containers and were allocated 2 quay cranes each while the third vessel carried 800 containers 

and was assigned 6 quay cranes. 
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                             Figure 8.24 YC Cost 
Figure 53: YC Cost 

8.6 Analysis and Discussion: 

 

Three different cases have been simulated in the above experiments. The management of large 

vessels and small vessels is very difficult in such dynamic environment, but we have given the 

choice to BM to assign berth dynamically i.e. berth 1 & 2 can be used as a whole for incoming 

large vessels whereas berth 3 which is separate from berth 1 and 2 so we call it a static berth. 

  

In the Case 1 when two vessels arrive simultaneously the BM has the best option to utilize the 

dynamic assignment of berth to large vessel. In this way QC manager can assign six QCs to the 

large vessel and the utilization time of berth can be minimized. The small vessel can only be 

berthed at static berth three. The simulation results shows that the large vessel having 800 

containers is unloaded in 157 minutes where as 300 containers are unloaded in 160 minutes. As 

we can see that the differences between the numbers of containers on both vessels is very large 

but the time difference is of only 3 minutes. While considering the cost of unloading containers 

from each vessel, the difference is very large due to number of containers. The cost of unloading 

800 containers is $1935 whereas 300 const 659. The ratio between service time and cost of 

transport vehicles and YCs are same as that of QCs. This is because of the good dynamic berth 

allocation policy and dynamic allocation of resources.  

 

The Case 2 is similar to the first one. Once BM has assigned the berth to large vessel and small 

vessel as in the above case, both berths are free after 157 and 160 hours respectively. Now vessel 
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3 arrives after three hours and vessel four arrives after 2.5 hours. In this situation when the vessel 

4 arrives, berth 3 is free for it. Here the manager has assigned static berth to small vessel and 

dynamic berth to large vessel. As simulation results shows that vessel 1 vacate the berth after 

157 minutes, the next vessel 4 arrives after 2.5 hour (i.e. 150 minutes) and for it berth3 is free, so 

when vessel 4 arrives it is berthed immediately without any delay.  The berth 1 & 2 which is 

occupied by the large vessel get free after 157 and vessel 3 arrives after 3 hours, so here once 

again berth 1 & 2 is free in advance for the medium size vessel so vessel 3 is berthed 

immediately without waiting in the queue. The simulation result shows that the large vessel 

having 500 containers is unloaded in 182 minutes and small vessel having 200 containers is 

unloaded in 107 minutes. Once berths are free from first two vessels immediately next two 

vessels are berthed which minimized the vessel waiting time in the queue and effective 

utilization of berth and other resources. 

 

In Case 3 we have too many small vessels arriving at the same time from which one is large 

vessel other are small and medium size vessels. In order to minimize the vessel waiting time in 

this case we assign the static berth to large vessel and berth 1 and 2 are assigned to small and 

medium size vessels, meanwhile if any other vessel arrives it waits in the queue.  The large 

vessel arrives first so according to FCFS policy it is berthed at the berth 1 & 2. The one of the 

small vessel is allocated the berth 3. The next vessel waits in the queue until any berth gets free. 

The simulation results show that the service time of vessel 3 is 159 minutes and service time of 

vessel 1 is 158 minutes. When any of these berth free vessel 2 is allocated to it which has service 

time is 157 minutes.  

 

9 Conclusion and Future Work: 

 

Simulation is a good technique that help analyst to take decision considering each factor of 

problem that is to be simulated. Simulation in addition with multi agent environment provides 

better understanding of modeling the entities. The complexity of CT environment and multiple 

involvement of agents simultaneously enables CT suitable domain for multi agents. 

 

We have modeled the four CT operations that are carried out at each CT. These operations are 

modeled in hierarchical sequence like berth allocation, QCs allocation, Transport vehicles 

allocation and YCs allocation. The most important factor of simulation is the measurement of 

dynamic time of each operation. We have simulated and compared different agents active time 

and service time compared with associated cost. The berth allocation is very important asset 

from all the operations that are carried out at the CTs. The effective utilization of FCFS berth 

allocation policy reduces the vessel waiting time in waiting queue.  

 

The developed terminal simulator tool allocates all resources dynamically while looking at the 

number of containers that will be loaded and unloaded at QS and yard storage area. The result of 

simulation tool presents the good dynamic allocation of transport vehicles. The dynamic resource 

allocation helps to minimize the congestion and bottlenecks that may occur at CTs. The result of 

three experiments depicts that the berth allocation and agent allocation is improved and vessel 

service time is reduced at berth side which automatically reduces vessels waiting time in queue. 

Besides this the transport allocation and YCs allocation is dynamically assigned by looking at 
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number of containers in the vessels. The terminal simulator helps managers to analyze the 

simulated results and take better decision at hand.   

 

In a future work terminal simulator can be promoted to knowledge based system, in which the 

decision can be taken from the knowledge base stored at back end database. Oracle and SQL is 

available tool that can be used to store the inserted data into database for the future analysis.  The 

results obtained from past knowledge will improve the decisions of the CT managers due to 

similarity of environment. The managers can compare the results of knowledge base and 

terminal simulator for more accurate decision making. Beside this in future one can take a look 

at the arrival time of vessels because the expected arrival time of vessel varies due to weather 

and other factors. Simulation tool should be able to vary the arrival time dynamically between 

the expected early or late arrival. We have simulated 20 TEU in our three case studies. Our 

developed simulation tool simulates the service time, active time and associated cost of 20 TEU 

containers. The next version of tool should be able to differentiate the service time, active time 

and associated cost of 20 TEU and 40 TEU containers. 
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11 Appendix  

 
The following performance criteria are used to evaluate and compare the CT model presented 

[26]. 

  

 YC Utilization time  

YC Active Time / YC Service Time 

 

 Active Time 

           Active Time = Placement Time + Lifting time  

 Service time  

   Service Time = Active Time + Waiting Time 

Consider the following figure depicts and differentiates between the active and service time of 

equipments.  
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 Total Cost 

Cost of serving the vessel is calculated on hour basis for each operated equipment [26].  

 

QC Cost = No. of QC * QC OPEX * Service Time 

            YC Cost = No. of YC * YC OPEX * Service Time  

            Truck Cost = No. of Trucks * Truck OPEX * Service Time 

            AGVs Cost = No. of AGVs * AGVs OPEX * Service Time 

            Straddle Carrier Cost = No. of SC * SC OPEX * Service Time  

 
 

Berth Location where vessel are loaded and unloaded at container terminal. 

Berth Assignment The final document that decide where ship will be loaded and unloaded. [] 

BM Berth Manager (BM) responsible for managing berth and assigning berth 

allocation policies. 

Bay Separated Block of containers on vessel. 

CT Container Terminal (CT) an area designed for the stowage of cargoes in. 

RMG Rail Mounted Gantry (RMG) moveable but fix for specific block. 

RTG Rubber Tired Gantry () moveable from one block to an other. 

QC  Quay Crane (QC) is used to load and unload container from vessel 

QS When container is loaded and unloaded from vessel it is placed into in 

Quay Side (QS) temporarily. 

AGVs Automatic Guided vehicles (AGVs) used to transport containers from QS 

to yard storage are and vice versa. 

SC Straddle Carrier (SC) that is used to move container with in Container 

terminal. 

TM Transport Manager is responsible for managing the transport vehicles i.e. 

AGVs and trucks. 

FCFS A berth is allocated on the bases of First Come First Serve (FCFS) 
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Yard Area An area where container are stored for specific time period. 

Stack Physical arrangement of containers in yard area 

YM Yard Manager (YM) is responsible for the management of yard storage 

area. 

Service time Total time taken by the agent to complete the process. It also contains the 

waiting time. 

Active time The time that agent is performing its allocated task. 

OPEX It is operating cost per hour for QC, YC, AGVs and Trucks. 

TEU Twenty Feet Equilent Unit 

 


