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ABSTRACT 
 
 
 

Industries such as trade, manufacturing and 
transportation have undergone significant changes 
due to the globalization concept. Sea ports play a 
very important role in building and strengthening 
the economies of countries worldwide. Due to the 
high rate of production, the work load has 
increased at the ports which resulted into financial 
as well as capacity problems. As a result of such 
problems, cost optimized and automated solutions 
are being developed and introduced at the ports. 

In the horizontal transport system of the sea 
ports, AGVs are one of those automated solutions 
used to transport containers from ships to yard and 
vice versa. Newer and more practices are being 
employed to make the efficient transportation of 
these AGVs. Numexia has recently introduced a 
new version of Cassette AGVs called Zero-
Emission C-AGV. 

A conceptual model is developed for Zero-
Emission C-AGVs and different layouts are 
evaluated using multi agent-based simulation. The 
greedy algorithm has been used for the efficient 
dispatching of jobs. The Simulation will carry out 
the dispatching of jobs for C-AGVs between quay 
area and yard using different layouts and scenarios 
for the unloading operation.  

 
Keywords: AGV, Container Terminal, 
Dispatching, Multi Agent Based Simulation, 
Layouts, Zero-Emission C-AGV 
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1 INTRODUCTION 
 

In 1960s, the containers were considered as standard unit load for the international 
goods. Globally containers are transhipped between different parties in supply chain 
and involve manufacturers of different kinds of goods, freight forwarders, shipping 
lines, transfer facilities and customers. Basically, a container terminal (CT) is an 
interface between different modes of transportation like domestic rail, truck and sea 
maritime. As the international companies has increased their production in Asian 
countries, the traffic between Asian countries and rest of world also increased. 
Because of this reason, the total container traffic volume between Asia 
and Europe has doubled from 1990 to 1996 while at the same period of time, the 
traffic between Europe and America is increased 10% [2]. Today the international 
trade using maritime cargo transportation is considered as dominant over all other 
trading transportation modes. Due to the domination of maritime cargo 
transportation, the numbers of CT are also increasing [1]. It is expected that by 2010, 
all liner freight will be shipped in containers and every major port will increase two 
or three times its cargo size by 2020 [3]. 
 
In order to reduce the cost per "Twenty-foot Equivalent Unit (TEU)" slot and to 
handle the increasing amount of goods, the shipping companies are interested to 
order fast and large size vessels [3]. TEU is the unit often used to describe the 
capacity of container ships and terminals. It is 20 feet long and 8 feet wide standard 
sized metal box used to transfer goods from ships to trucks, trains and same in 
reverse. In this perspective, the Danish shipping line, AP Møller (Mærsk) has built a 
cargo ship with capacity of 12,500 TEU. Such huge vessels at one side and 
insufficient area of yard on other side puts enormous pressure on container terminal 
management to find and deploy such mechanism to handle such kind of problems to 
increase CT productivity [3]. 
 
The automation of high density CT is considered as potential candidate to increase 
the performance of container terminal and to meet future challenges of maritime 
transportation. With the development in electronics, information technology and 
automation, the container terminals are also made automated. In this regard, 
the European and other countries are adopting the automation of container terminal 
than USA. The port of Rotterdam is completely automated with adoption of 
Automated Guided Vehicles (AGVs) and automated yard cranes to handle 
containers. Similarly the port of Singapore, Thames port of England and port of 
Hamburg are experimenting to operate ports as automated. The US is facing 
problems from labour unions against the adoption of automated technology in their 
container terminals due to job threats. But it is anticipated that competition in global 
market is increasing day by day and it puts pressure on all sides to improve the 
productivity and reduce cost by maximum usage of automated technology [3]. 
 
One of the considerations to automate the CT is the usage of AGVs to replace 
manual horizontal transport system such as Straddle Carrier and Wheeled. The 
horizontal transport is used between quay crane and yard area to transport container 
from quay crane to yard area vice versa. An AGV is automated vehicle that is 
derived with automatic control systems. According to Henesey [21] the benefits by 



  10

the installation of AGVs is to reduce labour cost and flexibility also it can operate 24 
hours and 7 days a week. 
 
 
One of recent development in AGVs is release of ZERO-Emission AGV technology 
by TTS and power technology expert Numexia SA. The contactless energy has two 
segments one is ground based and other is vehicle based. The ground based segment 
contains two key elements i.e. power electronics element and coil which enables the 
C-AGV to receive energy when standing on quay crane and stacking crane area. The 
vehicle based segment consists of super capacitors which store energy and that 
energy is then used by specially designed electric wheels. This high performance 
TTS C-AGV can carry up to 61 tons of load. 
 
The multi agent system (MAS), in which more than one agent interact each other in 
order to achieve its design objectives. According to Wooldridge, “An agent is 
computer system that is situated in some environment and is capable of autonomous 
actions in this environment in order to meet it design objectives” [4]. Multi Agent 
Based Simulation (MABS), an Artificial Intelligent discipline, is use to simulate 
modelled entities in terms of agents. The Multi Agent is new concept to 
conceptualizing and implementing distributed system. Many researchers addressed 
MABS area for implementation of model based container management handling 
problems. Multi Agent Based Simulation is a solution when building simulation of 
complex systems.  MABS is partially built on Object Oriented Simulation OOS. The 
MABS differs from other computer based simulation in a way that entities are 
simulated in form of agents. MABS models the specific behaviour of each entity in a 
system [5]. 
 
The transportation system with C-AGVs can be seen as complex system within 
container terminal because many entities are participating and coordinating in order 
to handle container’s transportation. These entities can be seen as set of agents which 
are working together or separately to achieve common goal(s). Different layouts can 
be tried for the transportation of containers using C-AGVs in the unloading 
operation. The simulation approach can be used to improve the efficiency of 
container terminals by proper allocation of resources.  
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2 BACKGROUND 
 

The term container terminal is referred as the logistic point for the transportation, 
storage and shipment of containers containing freight over a large distance around 
the world. The containers are the metallic steel boxes that are used as load units for 
the shipment of freight. According to [22] it is expected that the traffic of cargo ships 
between ships is increasing and it is more than 90%. With this increasing movement 
of cargo ships, the container terminal is experiencing many difficulties in order to 
improve productivity of CT. Due to global increase in container transportation many 
container terminals are effecting with capacity limits leading to traffic and port 
congestion. The cost is directly related to the port congestion and traffic problems 
and further these also effects the container terminal stakeholders like shipping lines, 
extra man power on terminal, transport on terminal etc [5]. 
 
The planning and controlling of container terminal's operations are the primary 
functions of container terminal management. On the other side the CT management 
is also responsible for developing strategies in order to satisfy customer’s satisfaction 
and maintain the terminal competitive position. The complex structure of operations 
demands the management to schedule resources properly and also time sequencing. 
The problems of mismanagement arises due to some factors like [5] 

• “Lack of planning 
• Not enough delegation 
• Ad hoc planning 
• Little insight inside terminal operations 
• Lack of unity control” 
 

The most important thing is the organizational hierarchy that affects the performance 
and efficiency of container terminal. A common structure is unity of command in 
which one or group of container terminal managers are responsible to take decision. 
For the container terminal managers, the understanding of customer requirements are 
important for making any decision.  These decisions can be [5] 

• "Performance – fast ship service (‘turn-around’) time 
• Reliability – predictable performance, 
• Cost – desired to be competitive and predictable 
• Quality – no waste or damage during operations 
• Adaptability – capacity of CT operators to implement solutions, i.e., changes 

to shipping line schedules and fulfil other customer requirements"  
 
The usage of AGVs is an emergent operating system for container transportation. In 
1955, the first time AGV system was introduced for horizontal transport of materials 
and then in 1993 in Rotterdam’s Delta/Sea-Land Terminal for transporting containers 
[6]. AGV is an automated vehicle and driven by automatic control systems. The 
usage of AGV replaced manual systems, such as wheeled and straddles carrier 
systems and also reduces labour cost [5]. 
 
The cassettes are detachable flat steel platforms on which containers can be placed. 
Since cassette can support 80 tones of weight, so it is possible that 2 x 40ft or 4 x 
20ft containers can be moved. Cassette can be seen as “floating” buffer because 



  12

container can be placed on it with out connecting it with Cassette-AGV (C-AGV) or 
any other trans-lifter.  
 
Considering financial factor and space limitations within Container Terminal, the 
interest in adopting the automated solution is increasing rapidly to provide efficient 
transportation system. It has proven that manual system for horizontal transportation 
is hard to optimize because of low control and monitoring mechanisms within the 
terminals [7]. However considering and deployment of C-AGVs is more productive 
due to its decoupling actions [6].  
 
The bidirectional movement of containers between quay area and yard area is carried 
out by different vehicles working on terminal. Quay Crane (QC) and Yard Crane 
(YC) are responsible for un/loading of containers from/to ship and yard stack area 
respectively. The horizontal transportation system C-AGVs are used to transfer 
containers from ship to yard stacking area.  
 
Container terminal can be seen as composition of different entities. These entities are 
quay crane, yard crane, cassette, AGVs or container itself. The output of container 
terminal is efficient if the resources/entities working are used efficiently. Because 
according to [8], many CT managers think that the interface between the quay cranes 
and the yard is a major problem in planning or solutions. The simulations using 
different layouts can be tried for the efficient management of traffic from quay to 
yard area and yard to quay area. So in the end, the simulations with efficient results 
can be implemented.  

 

2.1 Research Questions 
 
The following research questions will be addressed during the working of this 
research with the help of described research methodology. 
 
RQ1: How can the simulation approach be used to evaluate various layouts for an 
automated horizontal transportation system which is modelled and implemented 
using MABS for a container terminal? 
  
RQ2: What are the system requirements and specification needed for testing and 
evaluating automated systems in a simulation tool?   
 
RQ3: Which method is the best for evaluating and validating the proposed model? 
 
Following goals will be achieved to reach the above research questions. These goals 
are 

1. What are the main entities and what are their roles? 
2. Identifying the flow and dependencies of entities? 
3. How will the C-AGVs perform under various constraints like configurations 

of Energy Transfer points (ETPs)? 
4. What scenarios can be tested to validate the model? 
5. Which configuration leads to best results, depending on the objective? 

These goals will make a clear view to reach the research questions. 
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2.2 Scope 
 
The scope of this thesis is to develop a model for Zero-Emission C-AGVs and 
implement this model using suitable dispatching strategy and evaluating different 
layouts by multi-agent based simulation approach. Zero-emission C-AGV is the most 
recent version of automated technologies. Like IPSI AGVs, these AGVs also used 
the steel made cassettes to pick the containers. These Zero-Emission C-AGVs work 
on electric charging rather than working on fuel. The main focus will be the 
modelling of Zero-emission C-AGVs and developing a simulation to evaluate 
different layouts for the transfer of containers between quay area and yard area 
during the unloading operation. 

2.3 Motivation 
 
There come different reasons for the motivation of this research. Firstly and 
foremost, the sea ports are the places through which billions and trillions of trade 
takes place. Through this trade, heavy machinery, electronics, transportation items 
and other life accessories are shipped to other countries. So the sea ports are the most 
expensive stations where billions of money is used to build the ships platform, quay 
cranes and transport vehicles and yard areas. So these ports areas are always under 
concern to be more optimized and automated to bring the maximum throughput. 
Secondly, there has been no recent study and research on Zero-Emission C-AGVs 
because of its recent development. 
 

2.4 Expected Outcome 
 
The outcome of this research will be a simulator that will simulate multi layouts 
scenarios to test dispatching strategy under different constraints. The entities of CT 
will be modelled as agents. Through practical implementation of simulator the 
functionalities of each agent will be automated. The output of simulator will show 
the numerical results. 
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3 PROBLEM DEFINITION 
 
The container terminal of a sea port is generally divided into three parts. These parts 
are berthing, horizontal transport i.e. AGVs and storage area. The resources on these 
parts are working according to some schedule and work plan. The work plan 
normally decided before a ship arrives at port. In this work plan quay cranes are also 
allotted to the ships. After unloading a container from the ship, the stack or yard 
cranes are scheduled to pick the next coming container. The transfer from berthing 
location to yard is generally done by AGVs. The performance of AGVs will be 
considered efficient if its timing meets the schedules of quay cranes and stack cranes. 
It means that without wasting time, AGV timing should agree to pick up and drop off 
time of every container. So the shortest stay of a ship at port will show the optimize 
performance. The dispatching of AGVs normally has different sub problems which 
are transportation order assignment to AGVs, AGVs routing and traffic control of 
AGVs. So the main problem is the assignment of transportation order to AGVs 
because the traffic control and routing normally handled by the built-in control 
software of the manufacture company. 
 
The dispatching of the Zero-Emission AGVs is a challenging task because there is no 
study has been done regarding dispatching of C-AGVs. So this will be a 
revolutionary task, while working on the dispatching strategy of Zero-Emission C-
AGVs. 
 
In our research, we are going to create a simulator using multi-agent based 
simulation approach for the dispatching of these new C-AGVs. The simulator will 
help to minimize the turn around time of a vessel and idle time of AGVs and cranes. 
Then we will test different layouts under different constraints to find out the most 
efficient combination to reach the best results. As the primary objective of this 
research is to develop the simulator for C-AGVs, so during the creation of simulation 
model the following assumption have been made [23]. 
 

• “Flow path layout 
•  Traffic management prediction and avoidance of collisions and deadlocks 
•  Number and location of pick up and delivery points 
•  Vehicle requirements 
•  Vehicle dispatching 
•  Vehicle routing 
•  Vehicle scheduling 
•  Positioning of idle vehicle 
•  Battery management 
•  Failure management” 

 

3.1 Designing a flow path layout 
 
The flow path means the path followed by AGVs to travel on. These flow paths are 
normally fixed and guided by the wires in the ground. In a flow path layout there is a 
connection between locations of container terminal such as machines processing 
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center, stations and other fixed structure along the aisles. The crossing points on the 
passageways pick and drop location supposed to be the nodes. Arcs in the layout 
show the guided path to AGVs to follow on. So the direction of the followed path 
can be unidirectional or bidirectional. Unidirectional are means that AGV can travel 
only in one direction while bidirectional means both ways. While constructing flow 
paths, number of aspects should be bring into consideration like configurations, loops 
and input factors like pick up and delivery points. But due to increase growth of 
containers and work load at ports, the working of such scenario will be important to 
bring under concern. 

3.2 Traffic Management  
 
Traffic management means to manage the traffic efficiently in order to avoid 
collisions and deadlocks. The sensors on AGVs help to avoid collision. 
Unidirectional paths are normally safe as compared to bidirectional which have most 
chances of collision and deadlocks. Deadlocks normally occur at buffer are including 
pick-up and delivery points. When deadlock and collision will happen, then it will 
affect the overall performance. In [23] there are three methods have been categorized 
which are designing of flow path, non-overlapping control zone and routing 
strategies. However the routing strategies are not implemented at the biggest level 
especially in the field of transhipment, transportation system and distribution system. 

3.3 Locations of Pick Up & Delivery Points 
 
The locations of pick up and delivery points are most important aspects for designing 
a layout of the AGV system. These locations are cranes, machines, inspection 
stations and storage areas. Each of these locations has their own impact on the 
performance of the system. However further research and development in this area 
will help for the improvement of system. 

3.4 Vehicle Requirements 
 
During the design of an AGV system, the number of vehicle is a critical factor. It 
should be kept minimized to avoid collisions, and against each task, there must be a 
vehicle to perform that task. If the number of vehicle will increase then it will lead to 
congestion. 

3.5 Control of AGVs 
 
Time management plays an important role to avoid collision and deadlocks in the 
transporting systems. The management of new C-AGVs is quite new research in the 
port management system. However these methods should be reviews to see whether 
they will work efficiently with zero-emission C-AGVs. 
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4 RESEARCH METHODOLOGY 
 
The methodology of this research was both through qualitative and quantitative 
types. A wide part of this research was covered through qualitative research by the 
means of journals, books relevant to research area, collection of articles, magazines, 
and some web links about the port and container systems. While in the quantitative 
part a simulated model was developed to analyze the results by setting different 
values to test scenario. The selected methodology made possible for this research to 
come true. 

4.1 Data Collection  
 
For the research of this thesis, both qualitative and quantitative methods were used to 
bring the accurate and required results. In the qualitative part of research an 
extensive literature review was studied. The literature included some of the 
researches that had been already done regarding the current research area, some old 
thesis, books, research papers and some other resources. The screened literature 
helped a lot to make us understand about the background of the problems, container 
terminal management system, AGVs and cassette AGVs, and the whole process 
running at port system. 

4.2 Meetings 
 
The most important contribution to this research is the meetings held with our 
supervisor whose deep understanding and wide experience about the research area 
made us capable to bring this research dream true. The meetings really help us 
especially in creating the simulator and understanding about the agent technologies. 

4.3 Literature Review  
 
Grunow et al. [1] discussed the online dispatching rule and off-line heuristic 
dispatching rule were discussed and analyzed with respect to suitability of these 
approaches in real time requirements. These dispatching strategies are developed and 
compared as the simulation tool. The simulation tool is developed in considering all 
factors like terminal configuration, AGVs modes of operations i.e. single and dual-
load carrier modes. The numerical results from this simulation showed that heuristic 
off-line strategy is relatively give good results as compared to the online dispatching 
strategy. 
 
Kosowski and Persson [7] performed the different dispatching strategies for the 
newly developed cassettes using IPSI™ AGVs. They performed some simulation 
experiments too for the dispatching strategies. Through these results from the 
simulator, they proved that a cost estimation based approach is better than inventory 
based approach. 
 
Henesey et al. [8] evaluated a protocol called Contract Net in order to enhance quay 
crane utilization during loading and unloading operations at container terminal. The 
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protocol worked with coordination of cranes, AGVs and Cassettes which worked as 
agents.   
 
Cheng et al. [25] Presented network flow model for assignment of container 
transportation jobs to AGVs to minimize waiting time of AGVs. The problem was 
also formulated using Greedy dispatching algorithm for comparison purpose. The 
simulation study showed that dispatching AGVs using Network Flow model 
outperforms than traditional Greedy approach. In order to cope with congestion and 
deadlock problems the simulation gives optimal number of AGVs to be deployed in 
system. 
 
Grunow et al. [27] investigated the dispatching rules for the multi-load AGVs which 
can carry either two 20ft or one 40/45ft container in container terminal. Different 
modes with respect to assignment and availability of AGVs were analyzed in order to 
develop novel heuristic algorithm. This heuristic algorithm is based on myopic 
priority rules. The numerical evaluation is performed  by developing mathematical 
model using MILP (Mixed Integer Linear Programming) which showed excellent 
results of using priority rule based algorithms in terms of AGV lateness (the 
difference between arrival time and target time). 
 
Briskorn et al. [28] introduced an inventory based approach to schedule the 
container transportation jobs to AGVs between quay cranes and stack crane. The 
formulation of job assignment using inventory based method was compared with two 
traditional approaches i.e. greedy priority rule based heuristic and with exact 
algorithms. The results of simulation study showed that inventory based job 
assignment approach outperform in order to get more productivity of waterside. At 
the end, the study related to impact of precedence relations of containers to be loaded 
on to vessel, were also carried out which shows that less precedence relation leads to 
higher productivity. 
 
Duinkerken et al. [29] proposed two layouts i.e. crossover layout and circular layout 
for improving the accuracy and productivity of quay transport using AGVs. The 
container terminal's design layout is only for transportation from stack area to quay 
crane. In his findings both layouts designs satisfy quay transport requirements under 
some assumptions. But the performance using crossover layout design is better than 
circular layout and also it uses less number of AGVs from stack area to quay cranes. 
 
Kim and Bae [30] presented the dispatching method for AGVs is modelled as mixed 
integer approach in order to optimize the assignment task to AGVs. A heuristic 
algorithm is applied on mathematical formulation to reduce computational time. 
 
Bish et al. [31] Discussed the dispatching problem is divided into two models i.e. 
single-ship/single crane model and single ship/ multiple cranes. Generally the greedy 
algorithm with reversed greedy algorithm and the combined algorithm with 
combined greedy algorithms were analyzed. The greedy algorithm and reversed 
greedy algorithm were used to get optimal results in single-ship/single-crane for a 
discharging job sequence from ship and uploading job sequence onto ship 
respectively. Also the asymptotic optimality of combined algorithm together with the 
optimality of combined greedy algorithm for combined job sequence was analyzed. 
Furthermore the second model with single-ship with multiple cranes also tested with 
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greedy approach. The results were evaluated which clearly show reasonable optimal 
results with discharging job sequences. The computational analysis was further 
carried out with enhanced greedy algorithm which gave average deviation of 1.55% 
deviation from previous optimal solutions which are satisfactory results. 
 
Gili and Soler [32] focused on different methods for managing logistics within the 
container terminal at port of Barcelona. The growth rate of trading through cargos 
has been increasing. Due to this, the numbers of containers are increased every year 
and congestion in roads is occurred. That’s why on many ports train terminals are 
working besides the road transport. As a case study on port of Barcelona, the author 
focused on train terminal operations. The author resulted that the horizontal transport 
system is more efficient than the others by developing a model and using different 
scenarios between yard and train terminals of the horizontal transport system. 
 
Farahvash and Boucher [33] introduced a multi-agent system to control a 
computerized developed environment. A relational database is used to control the 
communication between the agents named as blackboard system. The structural 
design of the multi agent system was dependent on different level including 
manufacturing, material handling, transport and scheduling levels. But the main 
focus of intention was on the AGVs, the agents of the transport systems.  
 
Duinkerken and Ottjes [34] discussed the issues and challenges of the container 
terminals systems. The growth of containers is being increased every year and the 
current system is not enough to handle in the future. The author described the 
modelling of quay transport systems carried out by automatic guided vehicles. To 
keep in mind the real terminal, the author tested the developed model by using 
different scenarios of AGVs, speed, crane and stack capacities. 
 
Li and Wang [35] simulated the genetic algorithm for the demonstration of loading 
and unloading operation in railway container terminal. Then the optimal strategies 
were analyzed for both loading-unloading operations.  
 
Yang et al. [36] described a simulation model of an ACT with perpendicular layout 
was developed and is described regarding the cycle time of vehicles and verified 
their validity. From the analysis of simulation results, the author verified that the 
automatic lifted vehicles are superior to the AGVs in both productivity and 
efficiency principally because the automatic lifted vehicles eliminates the waiting 
time in the buffer zone. 
 
Henesey et al. [37] discussed the important issues to improve performance in 
international trade in order to keep up with demand. The use of automatic guided 
vehicles and than newly designed cassettes is proposed. The simulation built 
evaluated the both AGVs system and newly designed cassette AGVs system. Than 
most efficient results were find out by using different scenarios. The cassette based 
systems were proved more efficient than the traditional AGVs systems. 
 
Fenies et al. [39] have presented the modeling framework for automated guided 
vehicles system depending on three steps layout, including optimization computer 
simulation and economic analysis. This paper has presented the best approach to 
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design the AGVs paths layouts from both performance as well as economic point of 
view. 
 
Wuyuan [40] discusses the optimization of terminal plane layout scheme. By using 
VR-VC GA algorithm to the container terminal program, good results have been 
achieved. 
 
Zeng and Hsu [41] have proposed in this paper a mathematical model for container 
routing in mesh yard layouts of container terminals. A routing algorithm is generated 
which guaranteed the placement of container in time without any conflicts and 
deadlocks. The results shown from this study are numerical and prove the high 
performance of routing scheme. 
 
Lin et al. [42] in this paper, the authors have discussed the deployment of automatic 
guided vehicles systems on container terminal systems. To understand and evaluate 
the performance of automated container terminal, three types of scenarios were 
considered. These scenarios were loading, unloading and both combining loading 
and unloading. The results from simulation showed the best throughput and 
utilization of equipment in the yard through combined operations. 
 

4.3.1 Literature Comparison 
 
The above reviewed literature has been compared in the table down below. This table 
shows that which paper has discussed and experienced the above mentioned fields in 
the table top row. From this literature reviewed the reader can analyzed the study and 
nature of these papers. All of these papers are related to the field of container 
terminal. But these researches and works are about different areas of container 
terminal. These papers have shown the working like, dispatching, optimizing 
performance, layouts and transfer points. 
 
Now we have noticed from this comparison that very few of these research papers 
meet the mentioned fields in the table top row. We have observed that 89% of the 
literature reviewed was proved with the help of simulation. The simulations were of 
different types. Most of these simulations produced the numerical results. 
Simulations are important as well as beneficial. Simulation concerns with the two 
most important factors like cost minimization and time saving. A simulated 
prototype helps a lot before performing or building a system in a real time. We can 
easily understand that how a system will react to different changes with the help of 
simulation. Secondly, the automatic guided vehicles are also under great concern. A 
lot of work has been and being done of AGVs.  
 
According to our analysis 84% of papers have discussed these automatic guided 
vehicles. A few of them have also worked on newly designed cassette AGVs. In the 
automation industry AGVs are considered very useful and productive machines. 
Thirdly, when discussing about cassette, then we came to know that about 73% of 
literature reviewed lack the presence of cassettes. Cassettes are newly introduced and 
latest technology used with help of AGVs at container terminal. The discussion about 
yard was about fifty to fifty ratio in our reviewed literature. It has been observed 
when there comes to perform dispatching of AGVs and vehicles; the yard was 
brought into consideration. The most important thing, which we observed from this 
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comparison, was that there was not a single paper which has talked about energy 
transfer points except our research. The energy transfer points are the spots to charge 
the newly designed zero-emission cassette AGVs. We analyze that our research is 
quite new and distinct. We have discussed about AGVs, cassette, yard, ship and 
energy transfer points. The output of our study is a multi-agent based simulation 
which produces the numerical results. We have evaluated the different layouts using 
multiple scenarios. So this study will help a lot in the future especially when working 
on layouts, zero-emission AGVs in the container terminal. 
 

Paper 
Reference 

No. 

Simulation Cassettes AGVs Yard Ship Energy Transfer 
Points 

2 YES  NO YES YES NO NO 
7 YES YES YES YES YES NO 
8 YES YES YES YES YES NO 
25 YES NO YES YES NO NO 
27 YES NO YES NO NO NO 
28 YES NO YES NO NO NO 
29 YES NO YES NO NO NO 
30 YES NO YES NO NO NO 
31 YES NO YES YES NO NO 
32 NO YES YES YES NO NO 
33 YES NO YES NO YES NO 
34 YES NO YES NO NO NO 
35 YES NO NO NO NO NO 
36 YES NO YES NO NO NO 
37 YES YES YES YES NO NO 
39 YES NO YES NO NO NO 
40 NO NO NO YES NO NO 
41 YES  YES  NO YES NO NO 
42 YES NO YES YES YES NO 

Our Study YES YES YES YES YES YES 

4.4 Design and Implementation 
 
A simulator will be developed to analyze the result for dispatching of C-AGVs with 
different layouts and scenarios using multi agent based simulation and modelling 
techniques. Entities at the ports will work like agents. These agents will produce the 
results while working together with the help of programmed algorithm. The 
container terminal has been proposed to be implemented with an agent based 
technology in a computerized system by Dr. Henesey in many of his papers. Also 
many programming languages are used to model real world systems to computerized 
systems. The last part of the research is implementation that will results in the form 
of a simulator for dispatching of C-AGVs. Simulator is important because there has 
been no simulation performed within these quite new Zero-Emission C-AGVs. Then 
different layouts and constraints will make the results more accurate and efficient. So 
a computerized simulation will be much better than simulating in real environment. It 
will be much more cost and time saving effort. 
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5 MULTI AGENT BASED SYSTEMS 
 
A computer system that is capable of performing autonomous action within some 
environment to meet its design objectives is called an agent [15]. This means that 
agents take input from their environment and then respond back to the environment 
as an output. In detail we can describe that an agent is a computer system having 
following capabilities. They must be able to perform autonomous actions within their 
environment in order to meet their goals or design objectives. They must have the 
capabilities of cooperation, coordination, and negotiation with other agents [15].  
 

5.1 Intelligent Agents 
According to [16] an agent is a software-based computer or hardware. They must be 
intelligent and must have the following qualities. 
 

• Agents must be able to perform some actions without any help of human or 
other to meet their design goals and objectives. 

• Agents must be able to communicate with other agents and possibly with 
human too. 

• Agents must react to the environment if any change happens to the 
environment. 

• Agents must be active in initiating the communication with other agents. 
 

5.2 Types of Agents 
 
Agents can be classified to different types depending upon their properties [16]. 
These properties are mobility, autonomous, cooperative, adaptive, information/ 
internet agents, hybrid Agents. Depending upon these classifications we have seven 
types of agents here.  

• Collaborative Agents: Agents who mainly focus on the autonomy and 
cooperation with other agents in order to meet their design objectives are 
called collaborative agents. 

• Interface Agents: Agents who mainly focus on the autonomy and learning 
from their experiences in order to meet their design objectives are called 
interface agents. 

• Mobile Agents: Mobile agents are software processes capable of sending 
data from one computer to other computers autonomously until its execution 
and destination computers [17]. 

• Information / Internet Agents: The role of managing, manipulating and 
collecting information from different sources such as internet is performed by 
these agents [16]. 
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• Reactive Agents: Agents who don’t have the symbolic reasoning model of 
their own environment within themselves are called reactive agents. 

• Hybrid Agents: The combination of two or more than two agent 
philosophies is called a hybrid agent. Hybrid architecture is the combination 
of any two or more types of architecture. The aim is to get the benefits which 
cannot be obtained from a single type [19]. 

• Smart Agents: Smart acronyms for “System for managing agents in real 
time” are the agents who interface with other agents to form an artificial 
intelligent system [18]. 

5.3 Multi-agent System 
 
The multi agent system (MAS), in which more than one agent interacts with each 
other in order to achieve their design objectives. Multi Agent Based Simulation 
(MABS), an Artificial Intelligent discipline, is use to simulate modelled entities in 
terms of agents. The Multi Agent is new concept to conceptualizing and 
implementing distributed system. Many researchers addressed MABS area for 
implementation of model based container management handling problems. 
 
Multi Agent Based Simulation is a solution when building simulation of complex 
systems. MABS is partially built on Object Oriented Simulation OOS. The MABS 
differs from other computer based simulation in a way that entities are simulated in 
form of agents. MABS models the specific behaviour of each entity in a system [5].  
 
“The agents defined in the proposed multi-agent model are: the Container agent and 
the Interface agent. The Container agent is defined by its acquaintances formed by 
the other Container agents and the agent Interface, its static knowledge: identifier, 
destination port, load, tare and dimension; and its dynamic knowledge: category, the 
Container agent under, the Container agent on and State” [14]. The transportation 
system with C-AGVs can be seen as complex system within container terminal 
because many entities are participating and coordinating in order to handle 
container’s transportation. These entities can be seen as set of agents which are 
working together or separately to achieve common goal(s). The C-AGVs 
transportation system can be modelled and used as decision support system to 
improve efficiency of container terminal by proper allocation of resources. 
 

5.4 Agent-Based Modelling and Simulation (ABMS)  
 
Agent-based modelling and simulation (ABMS) is a basic conceptual structure that 
makes possible to perform experiments with simulated complex systems [20]. Agent-
based modelling is identified through many widely used different acronyms like 
ABM (agent-based modelling), ABS (agent-based systems), and IBM (Individual-
based modelling) [20]. 
 
ABMS has been much popular in the field of artificial intelligence especially for 
MAS (multi-agent systems) and robotics. As more and more systems are becoming 
dependent on each other, their analysis and modelling is becoming a big issue. 
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5.5 Agent Based Simulation Model 
 
In agent based modelling, agents perspective are considered most important than the 
process-based perspective [20]. According to [20], for building an ABMS one 
requires the, 

• Identification of agents and theory to know about them. 
• The relationships and interaction between agents. 
• Information required collecting the data about agents. 
• Authenticate the behaviour of every agent in the whole model. 
• Analyze the results after running the whole complete model. 

 
Agent-based modelling can be more beneficial through the use of unified modelling 
language (UML), especially for the representation of models. There is a difference 
between agent-based modelling and object oriented modelling. We can start the 
modelling process be declaring objects and abstracts data types. A typical agent 
modelling can be described by number of following steps [20]. 
 

1. “Agents: Identify the agent types and other objects (classes) along with their 
attributes. 

2. Environment: Define the environment the agents will live in and interact 
with. 

3. Agent Methods: Specify the methods by which agent attributes are updated 
in response to either agent-to-agent interactions or agent interactions with the 
environment. 

4. Agent Interactions: Add the methods that control which agents interact, 
when they interact, and how they interact during the simulation. 

5. Implementation: Implement the agent model in computational software”. 
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6 CONTAINER TERMINAL 
 
The container terminal can be different in size, geographical location but composed 
of subsystems. On the arrival the ships are berth on quay side for the unloading of 
containers. The berth area is equipped with quay cranes that are used to unload 
containers from ship. The Import and export container are stored in yard area. The 
yard area is divided into different parts where containers are stored as different 
categories. Special area in yard is reserved for containers having sophisticated things 
inside it. The empty containers are also stored in a separate area within yard. The 
containers in yard area are moved in two directions, one is linked towards outside of 
terminal and other is linked for loading ship. “Roll-On/Roll-Off (Ro-Ro) shipping 
system involves the direct driving-on and driving-off of cargo”.[12] 
According to Henessy [5] a container terminal is composed of four interdependent 
subsystems and each characterized by unique functions and each subsystem is 
dependent on each other and the flow of containers are in both ways.  
 

6.1 Subsystems 
These subsystems are the following 

• Ship-to-shore,  
• Transfer 
• Storage 
• Delivery/receipt 

 
• Ship-to-shore: The subsystem ship-to-shore is an interface where ship stays 

for loading and unloading of containers. Each currently arrived ship is 
assigned a berth. The quay cranes on quay side are assigned according to the 
size of ships. There are two types of quay cranes that are single-trolley crane 
and double-trolley cranes. Single-trolley moves the container from ship to 
shore placing them on some vehicle or cassette underneath. It is man-driven 
trolley. The Dual-trolley crane consist of two parts, the main part of trolley is 
man-driven and it picks the container from the ship to platform while the 
second, which is automatic, trolley picks container from the platform and 
drop on to the vehicle.  The performance of the quay crane depends on the 
crane type. Technically the performance of quay crane is 50-60 boxes/hour 
while on operating it performance is 22-30 boxes/hour. 

 
• Transfer: The containers are moved between quay cranes and yard stacking 

area vice versa by horizontal transport. The unloaded containers are placed 
under the quay crane called transfer point where some horizontal vehicle is 
waiting to be loaded. The vehicle is then responsible for the movement of 
container from quay crane transfer point to the yard area. In [5] the author 
mentioned about five kinds of transport systems are being used for the 
transportation of containers from quay to yard area. [9] The vehicles used on 
container terminal are divided in two categories. The first category called 
passive vehicles that cannot lift the container by themselves. In this category 
the loading and unloading of containers are done by means of cranes like 
quay crane, gantry cranes. The trucks with trailers, multi-trailers and AGVs 
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are the part of this category. In the second category, vehicles can lift 
containers by themselves. Straddle Carrier, forklifts and reach stackers belong 
to this category.  The straddle carrier is used as a dual purpose, it can move 
freely between quay and yard area by lifting containers and also can stack 3 
or 4 containers in yard area. 

 
• Storage: The storage area or yard area is the area where the containers are 

temporarily stored for shipping purposes. According to [2] the container 
terminal in Europe, usually store 10,000 containers with dwell times of 3-5 
days with daily turnover around 20,000 of containers. The yard area is 
organized into different blocks like bays, rows and tiers. The storage area or 
yard operations can affect the performance of container terminal. The yard 
performance is dependent on the containers stacking policies and efficient 
usage of yard equipment like yard cranes. According to [21] there are three 
types of storage systems: short term, long term and specialized. The short 
term storage system where containers are being transhipped to a ship. Long 
term storage area holds the containers that required some 
inspection/custom clearance. Specialized storage is dedicated to the following 
containers: empty, electronic equipment, liquid bulk, hazardous material. 
From the operational point of view, the storage area requires some stacking 
policies and efficient usage of yard cranes. The stacking of containers 
depends on its various characteristics like size of container, status of 
container ownership of container etc. 

 
• Delivery/receipt: The delivery and receipt subsystem is an interface to other 

modes of vehicles like rail or trucks on land side. This subsystem can be seen 
as the process of import and export. The import and export of containers are 
directly related to the yard area and its operations. The containers to be 
exported are brought by means of rail or truck transportation and handled to 
the internal transportation of container terminal. Before taking these 
containers to the yard area, the containers are registered with its major data 
like content, destination, owner, shipping line, receptionist etc). After the 
completion of registration process the containers are stacked and stored in the 
yard area by using stack cranes. Similarly the in-coming/imported containers 
are unloaded from the vessel and are assigned parking place in yard area. The 
parking is assigned on the basis of containers contents. The containers are 
brought from quay to yard area using horizontal transportation like AGVs, 
trucks, straddle carrier etc. and placed near yard stacking area where yard 
cranes lift up containers to place them on assigned parking place. The import 
containers are then transported to outside container terminal by using rails or 
trucks. 

6.2 Resources Used at Container Terminal 
 

• Ship/Vessel: A cargo ship or vessels are the ships that are carrying different 
kind of goods from one port to another. Cargo ships are specially designed 
and constructed for trading purpose. These ships are specially equipped with 
cranes and other mechanisms to load and unload goods. Today, they are built 
using welded steel and have life of 25 to 30 years.  
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Figure 1: BIGGEST CARGO SHIP OF THE WORLD (COURTESY OF WIKIPEDIA) 

 
• Container: Containers are rectangular steel boxes that are used as a method 

for the international freight transportation. The goods, that are to be 
transported, are stored inside the containers. According to ISO, containers 
comes into five common standards lengths, 20-ft (6.1 m), 40-ft(12.2 m), 45-ft 
(13.7 m), 48-ft (14.6 m) and 53-ft (16.2 m). Containers capacity for 20ft 
(length) x 8ft (width) standard is usually expressed in twenty-foot equivalent 
units (TEU).  Mostly two standards for containers are used today [26]. 

  
Dimensions 20´ container  40´ container 
Length 20´0´´ 40´0´´ 
Width 8´0´´ 8´0´´ 
Height 8´6´´ 8´6´´ 

 

 
Figure 2: 40 feet Container (courtesy of Google) 

 
• Quay Cranes: The quay cranes are installed on water side for 

loading/unloading of containers from ship. There are two types of quay 
cranes 

1. Single-trolley cranes 
2. Dual-trolley cranes 

A single-trolley crane is man-driven and is engaged at container terminals. The 
trolley moves along the arm of a crane and is equipped with spreaders which are 
specific devices to pick up containers. In the twin-lift mode the spreaders allow to 
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pickup two 20´containers simultaneously. It can move containers from the ship to 
shore either placing them on quay or on a vehicle (vice versa for loading purpose). 
The dual trolley is modern development and is working on few terminals. The dual 
trolley composed of two trolleys working at the same time. The main trolley moves 
container from ship to platform while the second trolley moves container from 
platform to shore. The main trolley is man-driven while other is automatic. 
The performance of quay cranes depends on the crane type. Technically cranes 
performance is in the range of 50-60 boxes/hour while in operation the performance 
can be in range of 22-30 boxes/hour [9]. 
 

 
Figure 3: Quay Cranes (Courtesy of Wikipedia) 

 
• Yard Cranes: There are three types of cranes working in yard area for 

storing containers in form of stacks. These cranes are following 
1. Rail mounted gantry cranes (RMG) 
2. Rubber tired gantries (RTG) 
3. Overhead bridge cranes (OBC) 

 
The RTG crane travels on rubber tyres and it is more flexible in movement. It can be 
moved to any place in container terminal. Mostly RTG is working on yard area to 
stack the containers. While the RMG is same as RTG in working but it moves on 
railway line. The gantry cranes is span up 8-12 rows and allow for stacking container 
4-10 high. To gain high productivity and reliability, two RMG are employed at one 
stack area.   Technically, the performance of gantry cranes is 20moves/hour [9].  
 

 
Figure 4: Yard Cranes [courtesy of Google] 
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6.3 Horizontal Transport 
 
Different vehicles are employed in container terminal for handling horizontal 
transportation of ship-to-shore and landside. The vehicles are divided into two 
categories 
 

6.3.1 Passive Vehicles 
 
This class of vehicles is not able to lift containers by themselves. Loading or 
unloading of containers on these vehicles is either possible by quay crane or yard 
cranes. Trucks with trailers, multi-trailers and automatic guided vehicles (AGVs) 
belong to this category. AGVs move on road with the help of electric wires or 
transponders in the ground to control position and its movement. AGVs can load two 
20´containers or one 40´container. 

 
Figure 5: An AGV at Container Terminal Altenwerder (Courtesy of CTA) 

 

6.3.2 Active Vehicles 
 
The vehicles belonging to this class are able to lift containers themselves. Straddle 
carriers, forklifts and reach-stackers belong to this class. Straddle carriers is dual task 
vehicle. It can move containers horizontally and can do vertical stacking of 
containers in yard area. Sometimes this is regarded as “cranes” not locally bound. 
The straddle carriers are man driven and able to stack 3 or 4 containers high. Also 
straddle carrier can carry 20´and 40´containers [9]. 
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Figure 6: Straddle Carrier (Courtesy of Google)  

 

6.4 Cassettes 
Cassette is a steel platform to place container on it. The cassettes are detachable from 
the AGV. The containers can be double stacked on the cassettes because of its 
loading capacity up to 80 tones. The main advantage of cassettes is to use it as 
floating buffer since containers can be placed on it without attaching C-AGV or a 
Translifter. 
 

 
Figure 7: Cassette system (courtesy of TTS) 
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7 AGV (AUTOMATIC GUIDED VEHICLE) 
 

This chapter gives background history of automatic guided vehicles and its working 
in area of container terminal. The automatic guided vehicle is designed to transport 
specially developed cassettes or similar carrier with a total weight of up to 96 tonnes 
[11]. An AGV is a computerized, electric powered vehicle used for handling the 
material. It is controlled by computer instead of human. AGVs are mainly used for 
the transportation tasks in areas like warehouses, container terminal and external 
(underground) transportation systems [10].  
 
AGVs are becoming the most important part of sea ports for container management. 
These computerized AGVs are used for the transportation of containers between 
quay area and yard area/stacking area. The AGVs are being widely used especially in 
Europe is on the Rotterdam port. It has been calculated that about 500,000 containers 
lifts were happened on Rotterdam port per year. Round about 140 AGVs are working 
right now on that port [7]. 
 
There are many benefits and capabilities for using AGVs at container terminals. The 
most important of them are [7] 

• Maximum output 
• Cost minimization (operational and labour cost) 
• Secure in handling containers  
• Reflectors on the terminal areas 
• Proper and advanced routing system for the AGVs 
• Centralized unit 
• Good dispatching plan 

7.1 History 
 
An AGV is a driverless transport used for horizontal transportation of materials. In 
1953, first AGV was introduced and used at grocery warehouse. After successful 
experiment, many other warehouses and factories started to use AGVs. The first 
AGV was a driverless towing truck which followed an overhead wire. In 1973, 
Volvo in Sweden developed an alternative solution of assembly line AGV. In mid 
70’s the AGVs gained widespread acceptance due to new development of unit load 
AGV. Many warehouses, industries started using AGVs for multiple functions. After 
70’s different version of AGVs were developed e.g. laser guidance. Today with the 
advancement in electronics and computer technology, the AGVs are gaining same 
pace of development. Worldwide 40 manufacturers are making different kinds of 
AGVs for different purposes [10]. These AGVs are powered by different methods, 
including standard charging (battery swap), in vehicle, and inductive charging. [10]. 

 

7.2 AGV Control  
 
The Automatic Guided Vehicle is driven by an automatic control which acts like as 
role of driver. A special infrastructure is installed for driving AGVs on roads. The 
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sensors on road and onboard controller provide location of current position and 
different measurements for travelling. Different optical tracks contrasting colour are 
used for guidance. And some grounded electric wires are also used. AGVs come in 
different sizes depending on the load they can carry. Usually sizes range from small 
load carriers of few kilograms to over 125-ton. The AGVs are considered to be most 
flexible type for handling different kind of material. The usage of AGVs is spread 
from a small office to huge container terminals [10]. 

7.3 AGV system 
 
The AGV system is consists of different components like vehicle, onboard controller, 
management system, communication system and navigation system [3]. 
 

• Onboard controller: This is control unit of AGV and it is responsible for 
start up and shutdown of vehicles. Also it is managing propulsion, steering, 
braking and other functions of vehicles like monitoring and detection of any 
error. 

 
• Management system: This unit is controlling management issues related to 

AGVs like planning, scheduling and traffic control. It is also responsible for 
optimizing the vehicle utilization, transport orders like dispatching and 
routing information and keep the tracks of materials in manufacturing 
environment. 

 
• Communication system:  This functional unit is responsible for transmitting 

data to central control and vice versa. The information to transmit can be 
position and status of vehicle, the currently assigned job(s) and position of 
next scheduled job. 

 
• Navigation system: The navigation system is responsible for guiding AGVs 

for travelling from one position to another in the operating environment. The 
navigation can be fixed or free path. In the fixed path navigation system, the 
AGVs are restricted to follow fixed lines. The vehicles cannot change path in 
this type of navigation. But in the case of free path navigation system, the 
vehicles are allowed to move freely and can change path dynamically. The 
vehicles are capable of detecting path, obstacle using online information. The 
collision avoidance procedure is also detected using online information. 
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Figure 8: Navigation System [9] 

 
 

7.4 AGVs in Container Terminals (CTs) 
 
AGVs are becoming the most important part of sea ports for container management. 
These computerized AGVs are used for two kinds of operations including loading 
and unloading. Bringing containers from ship area to yard area by AGVs is called 
unloading. While taking containers from yard area to load on ship is called loading. 
The normal process of loading and unloading is that a quay crane simple picks up a 
container and place it on the AGVs or any other vehicle. Then, this vehicle comes to 
stacking areas where stack cranes welcome them. Stack crane picks the container 
from the vehicle and AGVs and puts it in the empty space available in the stack. The 
same opposite process is used for loading the ships. The widely used of AGVs 
especially in Europe is on the Rotterdam port. It has been calculated that about 
500,000 containers lifts were happened on Rotterdam port [7] per year. Round about 
140 AGVs are working right now on that port. 
There are many benefits for using AGVs at container terminals sites. The most 
important of them are 

• Maximum output 
• Cost minimization (operational and labour cost) 
• Secure in handling containers  

 
The AGVs are controlled by a central station. To avoid collisions and deadlock each 
AGV has been assigned by a particular id or routing number. This routing number is 
unique so that any other device won’t have that. They have also some built in sensors 
and laser rays to follow the right path and avoid collisions. But for a port terminal it 
is very important to have all those facilities and capabilities to use the AGVs which 
they require [7]. 
 
These capabilities include:  

• Reflectors on the terminal areas 
• Proper and advanced routing system for the AGVs 
• Centralized unit 
• Good dispatching plan 



  33

7.5 Zero-Emission C-AGV  
 
Numexia SA, the Swiss power and transport export is the pioneer of first zero-
emission C-AGV [13]. The newly designed prototype came to happen with 
contactless energy technology. A lot of testing and research has been en carried out 
at Numexia virtual terminals to bring the optimal efficient results within zero-
emission [13].  Numexia in cooperation with TTS has added an innovative addition 
to the range of cassette AGVs with the newly designed zero-emission C-AGVs.   

7.5.1 Technical Features 
The technical features of C-AGVs are 

• Load capacity = up to 61tons 
• Carrying capacity = cassettes with double stacked 40-feet containers or two 

20 feet containers in a single tier 
• Moving and turning angles= 360 degree 

 
The most efficient transfer of contactless energy transfer chain is by using coils 
embedded in the top layer of the roadways surface [13]. Because of this contactless 
energy technology, it meets the zero-emission requirements. 

7.5.2 Phases of Development 
 
The first energy transfer system with power ranging from 50 to 200kw was made by 
Numexia [24]. The real twist came when energy storage was transfer onboard. By 
doing that the performance increased up to 95%. The idea of this energy transfer was 
built in the newly designed prototype of C-AGVs by Numexia. In this new prototype, 
there are two main components responsible for the transfer of contactless energy 
transfer. 

Power Electronics (Converter) 
 

The power electronics component is responsible for creating and maintaining the 
circuit to achieve energy transfer. The power electronics converter along with 
some other components is combined together into one electrical cabinet. 

Coils 
 

These specially designed coils are made of cables slightly integrated into 
grounds. The cables are 20-30mm in diameter. The dimension of coil is 2.0 x 
6.0m. 
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Figure 9: C-AGV over an energy transfer point (courtesy of Numexia) 

 
A great increase in the development of energy transfer system has been observed 
since the development of the first prototype. The C-AGVs made by the cooperation 
of Numexia and TTS use the energy transfer system of 300kw. The core features of 
Numexia developed technology are [24] 
 

1. “High efficiency rate 
2.  High power capability 
3.  Low electromagnetic field 
4.  Safety 
5.  Reliability” 

 

7.5.3 Integration Aspects 
 
There are two main segments in the contactless energy transfer system. 

• Vehicle-based segment 
• Ground-based segment 

 

 
Figure 10: Contactless Energy Transfer Mechanism (Courtesy of TTS) 

 
For the integration of these two segments there are some important components to 
bring into consideration. These two important components are power electronics and 
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coils respectively. The power electronics is responsible for the hear transfer to the 
atmosphere and protects the electronics. The coils are integrated into the roads for 
the transfer of energy. Numexia has made some contracts to EPFL (Ecole 
Polytechnique Federale De Lausanne) for the integration for such component to the 
road [24]. The electrical networks connected tot the energy transfer points are 
responsible for the whole energy transferring mechanism. 
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8 MODEL DESCRIPTION 
 
In CT the entities, with associated attributes and functions, are communicating  and 
working with each other in order to achieve a common goal. These entities are ship, 
Quay Cranes (QC), Cassettes, AGVs, Yard Cranes (YC) and containers. Each entity 
is depending on other entity and performing its own task. The major task is to 
unloading and loading a ship. Therefore we model these real world entities as agents 
and in simulation we showed the implementation and working of these agents. In 
simulation these working agents are working as processes and performing their tasks 
in parallel. The simulation represents working entities as the replication of real world 
task that these entities are performing. 

8.1 Container Terminal Layout 
 
The container terminal is composed of different entities that are participating in order 
to unload or load the containers from/to ship.  The basic module of container 
terminal is designed in order to do experiment with different sizes of container 
terminal. The basic module of container terminal consists of 

• A single Quay Crane 
• Two Stacking Crane 
• Connection area that consists of highway on which the AGV travel from QC 

to stacking area 
• Energy Transfer points on highways or on Transfer points (TP) of either QC 

TP or YCTP 
 

 
Figure 11: Container Terminal Layout 
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Different sizes of container terminal can be generated from above basic module. The 
distance of connection area of different quay crane and stacking crane can vary. 
 

8.2 Configuration of Energy Transfer Points (ETPs)  
 
The Energy Transfer Points on container terminal should be on some ideal place so 
that the AGVs are easily gets charged after travelling specific distance. In this regard 
different configurations of energy transfer points are also included into our 
simulation model.  

A) ETPs are installed on transfer points under QC. 
B) ETPs are installed along the highway near QC. 
C) ETPs are installed on transfer points of YC. 

 
Using above two settings of ETPs at QC side, five different configurations of energy 
transfer points are derived 

1) ETPs of A with C 
2) ETPs of A without C 
3) ETPs of B with C 
4) ETPs of B without C 
5) No ETPs for A and B with C 

8.3 Assumptions and model Specifications 
 

• The simulation model is mainly focused on using a dispatching strategy for 
unloading containers from the ship. The loading process of ship is not 
considered in simulation model. 

• AGVs are moving in fixed paths. 
• Analyzing different configurations of ETPs under dispatching strategy. 
• The weather conditions are not considered. 
• Each AGV can carry a cassette having two containers or single container on 

it. 
• In applying strategy, the fleet of AGVs is assigned to specific QC. 
• The travel times of AGVs are assumed to be deterministic and the 

interruption rate due to congestion of AGVs while travelling is assumed to be 
random delays. 

8.4 Entities in the Model 
The entities which are observed in real world and mapped in simulation are 
following 
1.    Ship: It contains the containers. 
2.    Quay Cranes: These are used to load and unload containers. 
3.    AGVs: These are used to transport the containers from QC to container stack 
and vice versa. 
4.    Cassette: Cassettes are floating buffer where QC temporarily place a container 
5.    Yard Cranes: These are used to store the containers in stacking area/yard. 
6.    Containers: Contains different kind of goods to be loaded/unload from the ship. 
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The entities like QC, AGVs, Cassette and YC are implemented in simulation as 
agents and rest of entities like ship, containers are considered as simple objects. 

8.5 Agents in Model 
 

8.5.1 Quay Crane (QC) Agent 
The QC is located on quayside and is responsible for the unloading and loading the 
containers from and to the ship. The QC is set as variable and can be set by the user. 
It has the following attributes and functions. Quay Cranes are modelled as active 
agent that is set to be operating in maximum speed with fixed throughput i.e. number 
of containers served in an hour. In the simulation model, QC's can have following 
attributes and functions. 
 
Attributes 
1    It has a unique name 
2    Assigned AGV for specific QC 
3    A buffer area where cassettes with container are placed 
4    A container handling time for each container. 
5    Rate of loading/unloading containers in an hour 
 
Functions 
1    The QC will unload the container; if there is buffer space with cassette available 
underneath the QC otherwise the QC will wait until there is space available. 
2    The QC will load one container at a time, when there is some container available 
in the buffer space. 
3    The QC stops working when there are no containers to be load or unload. 
 

8.5.2 Buffer  
A buffer is space allocated to each quay crane.  
 
Attributes 
1    It has unique ID 
2   The buffer agent will be able to communicate with QC's AGVs and cassette to 
maintain their status condition. 
 
Functions 
1    The buffer is responsible for allocating free AGV to pick-up a container on 
cassette or drop-off container for loading. 
2    It is also responsible to stop QC from unloading more containers if buffer is full 
or there are no more cassettes available. Once the cassette is available in buffer area 
it communicates with QC to start working. 
 

8.5.3 AGV Agent 
The AGVs are working with each QC and responsible for the transporting containers 
between QC buffer and stack area. The speed of AGV depends on specification it 
has. The speed of AGV varies when it is moving with load and other is moving 
without carrying any load. Also it can also have different speed when carrying an 
empty cassette. Another simplification is the exclusion of the breaking and 
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acceleration factors while calculating the travel time from QC to yard vice versa. The 
main reason to exclude these parameters is the weather conditions such as rain, snow 
and wind. These weather variations can increase complexity in model since we do 
not have exact idea about weather conditions. Other reason is that, study focus is on 
dispatching strategy therefore these factors little affect on the outcome. The AGV 
always needs to recharge after travelling 400m distance with load and 600m distance 
without load. The AGV is charged using ETPs. In the model different configuration 
of ETPs are used to test the outcome. 
 
Attributes 
Each AGV has following attributes 
1    A unique ID 
2    A state ("idle”, “busy") 
3    A cycle time for transporting a cassette or container from the QC buffer to yard 
stacking area and vice versa. The cycle time can be different for each move 
4    Working time for each AGV 
5    AGV has to charge after every 400m with load and 600m without load. 
 
Functions 
An AGV is responsible for transporting containers or empty cassette between QC 
buffer and yard stacking area. 
 

8.5.4 Yard Cranes (YC) Agent 
The Yard Cranes are modelled in same way like with Quay Cranes with difference in 
that, these are making stacks of containers instead of unloading containers from ship. 
But in case of loading a ship, the YC act like same as Quay crane. These cranes 
operate in unloading containers from stacks and place in stack buffers if the buffer 
space is available. For loading a ship, the AGVs picks-up containers from the SC’s 
buffer to transport it to the QC's buffer space. 
 
Attributes 
Each YC has 
1   Unique ID 
3   A buffer area where cassettes are placed for taking down or picking up containers. 
4   A container handling time for moving container from cassette to stack and vice 
versa. 
5    The time it has been working (not include any idle time) 
6    The stack capacity 
 
Functions 
 
1    YC start unloading container from cassette if it is available on YCTP. 
 

8.5.5 Cassette 
 
A cassette is a floating buffer use to place container on it temporarily. A cassette is 
used for the AGVs to move containers between QC to YC or from one crane to 
another. Cassettes are placed in buffer area of each QC and YC. Cassette reduces 
waiting time of AGVs and cranes. Each job has a cassette with a certain weight. 
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Ship/Job List 
 
In order to simulate real world entities, the numbers of jobs in simulation model are 
containers and ship is considered as a big container that holds job list. A job in the 
job list has 
1    Unique number to track specific job 
2    QC Id that shows at which QC job is available 
3    YC Id that shows the destination of job in yard 
4    Number of containers that a specific job consists of. 
Usually the unloading job consists of a single container but it depends on the load 
capacity of AGVs and Cassette. Some times, two twenty foot containers or one forty 
foot containers can be placed on cassette. In case of two twenty foot containers, a 
single job consists of two containers but in case of one forty foot containers, a single 
job consists of one container. In our simulation model, we used the same 
specification for job list as described above. 
 

8.6 Model Description Using UML Diagram 
 

8.6.1 Diagram 1(Class Diagram) 
 
 

 
 

Figure 12:  Class Diagram 
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8.6.2 Diagram 2 (AGV Activity Diagram) 
 

 
Figure 13: AGVs activity diagram 
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8.6.3 Diagram 3 (QC Activity Diagram) 
 

 
 

Figure 14: Quay Crane Activity Diagram 
 

8.7 Dispatching Algorithm Description 
 

8.7.1 Greedy Algorithm 
 
The greedy method has been used as dispatching vehicles in mega container terminal 
[25] and it considered to be a simplistic heuristic dispatching strategy. In the greedy 
dispatching method, the jobs are arranged with the method called FIFO (First in First 
Out). The greedy algorithm has earned its recognition as a suitable method for 
dispatching a single ship and single QC situation but it also performs well for 
multiple QC and vehicles [25]. 
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The results obtained by using greedy dispatching algorithm have been proven to be 
quite good and therefore it is used for benchmarking for other dispatching 
algorithms. The greedy algorithm mainly focuses on the time and assign next job on 
basis of nearest time to end. The greedy method could focus on other attributes of 
vehicles like fuel consumption, battery time, idle time but it simply increases the 
complexity of the algorithm [7]. 
 
The greedy method has not been tested with Numexia-Zero Emission AGVs as the 
new AGV system is recently developed. In the related study [25], they have tested 
greedy algorithm without using cassette but the study carried out by [7], they tested 
greedy algorithm with IPSI AGVs using cassette. 
 
The working of greedy algorithm is described as: The jobs are arranged in first-in-
first-out manner and we suppose that jobs are already assigned to set of vehicles. The 
next job in the list is ready and will be assigned to that vehicle which can reach to the 
job location after completing its previous job.  The list of AGVs are selected which 
already have jobs assigned. From this list, we select the AGV that will incur 
minimum waiting time at job location. The time for this AGV will be calculated as 
the travel time of time previous job plus the travel time to destination of next job to 
be assigned. This process recursively performed as each job is available. 
The working of greedy algorithm can be best explained by an example as given 
below. 
 
Example 
Number of AGVs = 4 
Number of containers job at quay side to be processed = 4 
 

Job(i) Time of Execution (ti)

1 00:30 
2 00:35 

3 00:37 
4 00:38 

 
 

00:00       00:05       00:10       00:15       00:20       00:25        00:30 

 

 

 

 

 
 
 

Figure 12: Greedy Dispatching Algorithm [25] 

AGV-1 

AGV-2 

AGV-3 

AGV-4 

Ready Time Travel Time 
Waiting Time 
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In the given example four AGVs initially are at different distances completing their 
previous jobs. When a new job is ready in the list (which has execution time at 
00:20) each AGV now has new position. The job will be assigned to that AGV which 
has lowest waiting time to the job location. The AGVs 1, 3 and 4 can reach to the job 
location before 00:30 but the AGV-4 is most near to the job location and has lowest 
waiting time. So the next job will be assigned to the AGV-4.  
 

8.7.2 Greedy Dispatching Strategy 
 

The UML diagram of greedy dispatching strategy is shown in following figure. In 
the greedy dispatching method, as the job X is created, all AGVs are asked for their 
time estimation to reach to the location where the job X has been created. Each AGV 
in return give its own time estimation for reaching to the job location. In result the 
AGV is selected that has the lowest waiting time or it need lowest time to reach to 
the job X location. 
 
 

 
 

Figure 13: UML diagram of Greedy Method [7] 
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9 VERIFICATION AND VALIDATION 
 
In this chapter, we will validate our conceptual model and verify the created 
simulator. 
 
 The process of validation is to validate the structure and behaviour of model to the 
real system in order to determine that if the model is representing the real system and 
giving reliable answers to related questions. Verification is mainly concern with the 
relationship between different model representatives e.g. mapping of conceptual 
UML model with computer implementation of that model [38]. 
 
We validated our model by giving values to input parameters like crane (QC, YC) 
throughput, calculating distance between QC and YC and buffer size. Before 
mapping the conceptual model to computer program the results were obtained by 
performing calculations on the values of input parameters of model. The values of 
model parameters were obtained from Dr. Lawrence to make result testable.  

9.1 Base Case 
 
The base case consists of one AGV, one cassette, single QC and two YC with single 
job to be dispatched.  

9.2 Distance Calculation 
 
The distance of AGV to travel between QC and YC is calculated by taking minimum 
average distances. 
 

1. Distance from AGV initial position to QC = 20m 
 
As per our assumption, each QC is assigned two YC so  
 

2. Distance between Two YC = 40m 
 
So we took average distances for AGV to travel from QC to YC as 
 

a) Distance between QC & YC1 = 140m 
b) Distance travel from QC to YC2 = Connection distance + YC2 

Position from YC1 
                         = 100 + 70 = 170 m 

 
 Average distance from QC to YC                   = (140 + 170) / 2 = 310/2 = 155m 
 
So average distance is of 135 m is considered for an AGV travelling for a single job.  
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9.2.1 Distance for one job 
 
Job-1 
 
Distance from pickup to drop-off point = 20 + 155 = 175m 
 
Job-2 – Job8 
 
QC YC = 155m 
YC QC = 155m 
Total Distance = 310m 
 
Job-10 
 
QC YC = 155m 
Total distance  = 175 + ( 310 * 8 ) + 155 
   = 175 + 2480 + 155 = 2810m 

9.3 Crane Service Time 
 

Crane service time can be calculated from its speed or rate of working i.e. 
40container/hour  
 
Time for one container = 3600/40 = 90 sec 
 
Time for 10 Containers = 90*10 = 900 sec 
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10 EXPERIMENT DESIGN 
 
In this chapter the design of experiment will be presented. Different configurations of 
entities at container terminal are tested in order to evaluate the service time of 
unloading a ship. To design experiment, we had the meeting with domain expert Dr. 
Henesey in order to collect technical specifications of the entities working on 
container terminal. The technical specifications are used as input to parameters to our 
simulation tool. 

10.1 Transfer Points 
 
All the transfer points on quay side or on yard/stacking area side have two specific 
coordinates. The coordinates help us to calculate distances between quay crane TP 
and yard crane TP and vice versa. The whole plane is divided into two dimensions x 
and y axes. Each transfer point in the plane has its own coordinates. Each Quay crane 
has six transfer points and stacking crane has eight transfer points  
The Quay Crane Transfer Points (QCTPs) coordinates are represented in general 
form as 

 
QCTPq, t, x and QCTPq, t, y 

 
Where q = Quay Crane Number 

t = Transfer Point Number 
 And  x, y = x-position and y-position on plane 

 
 

 
Figure 14: Quay Transfer Points (Courtesy of TTS)  
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Similarly the coordinate measurement for yard crane transfer points are also 
generalized using above nomenclature.  

YCTPs, t, x and YCTPs, t, y 
 
Where s = Yard Crane Number 

t = Transfer Point Number 
And        x, y = x-position and y-position on plane 
 
 

 
Figure 15: Yard Crane Transfer Points (Courtesy of TTS) 

 

10.1.1 Quay Crane Transfer Points 
 

 QCTPq, t, x (m) QCTPq, t, y (m) 

QCTP1, 1 120 17.5 

QCTP1, 2 120 25.0 

QCTP1, 3 120 27.5 

QCTP1, 4 120 35.0 

QCTP1, 5 120 37.5 

QCTP1, 6 120 45.0 
Table 10.1.1 

 
The coordinates of transfer points for next Quay Crane can be calculated by 
measuring the distance between two quay cranes. 
 
Distance between two quay crane = 40 m 
 
By adding this distance to previous position of quay crane we get the position of next 
quay crane. 
New quay crane position = position of previous quay crane + distance between 
two quay crane 
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Since all quay crane on container terminal are installed parallel so the Y-coordinates 
will have same coordinates values as first for every quay crane transfer point.  

10.1.2 Yard Crane Transfer Points 
 

 YCTPs, t, x (m) YCTPs, t, y (m) 

YCTP1, 1 25 100 

YCTP1, 2 32.5 100 

YCTP1, 3 35.0 100 

YCTP1, 4 42.5 100 

YCTP1, 5 25 115 

YCTP1, 6 32.5 115 

YCTP1, 6 35 115 

YCTP1, 6 42.5 115 
Table 10.1.2 

 
The coordinates of transfer points for next Yard Crane can be calculated by 
measuring the width of stack and distance between two stacks. 
Width of stack = 30 m 
Distance between two stacks = 10m 
The location of next stack can be obtained as 
Next stack location = previous stack location + stack width + distance between 
two stack 
Stack-2 location = 20 + 30 + 10 
Stack-2 location = 60 on X-axis 

10.2 Quay Crane 
 
Quay cranes used to load and unload containers from cargos ships at ports. There are 
two types of operations performed by quay cranes. First is to unload containers from 
ships and second is to load containers on ships. Both of these operations usually have 
been done in number of steps. We will first describe the unloading operations 
performed by quay cranes. 
 

10.2.1 Quay Cranes Unloading the Ships 
 
There are following steps of operation performed by quay crane to unload the ships. 

1. Quay crane picks up a container from the ships. 
2. Quay crane takes container to the transfer points to place it over a cassette. 
3. If quay crane finds any cassettes on transfer point it will place the lifted 

container on available cassette. Otherwise it will wait for a vehicle or will 
place on the cassettes if that port has. 

4. Quay crane travels back with empty hands towards the ship to pick another 
container to continue the process. 

The following parameters are used in our simulation 
Productivity of QC = 40 boxes/hour 
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No. of QC = 4 
No. of Transfer Points = 6 
 

10.3 Yard Cranes 
 
Yard cranes are used to place the containers in the stacking area. In the model yard 
cranes are used as multiple of QC. For each single QC, two nearest yard cranes are 
assigned. Each stack has yard crane that is responsible for putting or removing 
containers from stack.  
Following parameters of yard cranes are used 
Productivity of Yard Crane = 40 boxes/hour 
No. of Yard Cranes = 2 x QC 
No. of Transfer Points = 8 

10.4 AGV 
 
The AGVs are responsible for the transportation of containers between quay and 
yard area. AGV have different speed with load and without load. AGV travels from 
quay area to yard area with load and then back from yard area to quay area without 
load. After travelling a specific distance AGV has to recharge to work further. The 
AGV can be charged either staying under QC, while moving on highway or staying 
at yard transfer point. This cycle time of AGV is obtained by considering charging 
time, travelling time and picking up cassette time. The number AGVs are equally 
assigned to each QC that is working for it. 
Following parameters of AGV are used in simulation model 
 
  16 km/hour or 4.4 meter/second with 60 tons  
Speed of AGV = 
  20 km/hour or 5.5 meter/second with 50 tons 
 
 
AGV raising and lowering delay = 15 seconds 
AGV battery charging time = 10 seconds 

10.5 Jobs 
Each job consists of single 40´ container or two 20´ containers. We assume that there 
are 50% containers of 40´and 50% containers of 20´. The jobs are equally distributed 
among each QC and they have the same ratio of containers and job assumption. 
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11 SIMULATION RESULTS 
 

Previous chapter showed which parameters and configurations will be used in the 
simulation experiment. In this chapter, the results from the experiment are presented.  
The simulation results are calculated by settings a scenario. The greedy strategy is 
implemented for dispatching jobs under different configurations of Energy Transfer 
point (ETP) to calculate service time to unload a ship, service time of QC and AGVs, 
cost of each ETP and overall productivity cost of CT. 
 
Service Time (Total Time to unload the ship): The service time or “turnaround 
time” is a time in which a ship is unloaded. To serve a ship, different resources on the 
CT are participating so the service time of ship always depending on proper 
utilization of resources. Further service time for a ship is an important indicator of 
the simulation because this time factor let to decide to adopt specific strategy and 
way of resources to use.  If service time of ship is smaller it means CT has less cost 
to serve the ship and if it has bigger value meaning that CT bearing bigger cost. 
 
Average waiting time of QC unloading: The average is calculated from the waiting 
times of all the QC unloading containers. 
 
AGVs total distance travelled: This indicator is important for the cost analysis and 
setting proper configuration of ETPs. 
 
AGVs charging time: The charging time of all AGVs working are calculated to 
analyze its effect on overall service time. The AGVs charging time will always zero 
when ETPs are on QCTP or YCTP because the charging time duration of AGV is 
less than the duration of AGV fetching or detaching a cassette on particular QCTP or 
YCTP. But when the ETP are along the highway, the AGV takes some time to 
charge its battery. 
 
Other common performance criteria are used for evaluating and comparing the CT 
transport system [37]. 
 

Service Time: Complete time for unloading operation for a ship. 

Utilization Rate: Active time/Service Time (Active time +Idle Time) 

QC Active Time = QC working time + QC lifting Time 

QC Service Time = QC active time + QC idle time + QC waiting time 

AGV Active Time = AGV moving time + AGV cranes operations time 

AGV Service Time = AGV Active Time + AGV idle Time + AGV waiting Time 

Throughput: Average number of containers handled in an hour by QC during the 
QC Service Time 

Total Cost: Equipment cost for serving a ship is calculated in the following way  
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(OPEX = operating cost per hour for a unit of CT equipment) 
 

o QC: number of QCs x OPEX for QC x Service Time 

o AGV: number of AGVs x OPEX for AGV x Service Time 

o Energy Transfer Point at QCTP: number of QC x QCTP + number 
of YC x YCTP 

o Energy Transfer Point on Highway: number of QC x number of 
highway + number of YC x YCTP 

 
 

 
 

 
Depending on above two settings of energy transfer points, we have made five 
different configurations to calculate cost and time. 
 

C1.  ETPs are on QCTPs and on YCTPs 
C2.   ETPs are on QCTPs but not on YCTPs 
C3.  ETPs are on Highway along QC and on YCTPs 
C4.  ETPs are on Highway along QC but not on YCTPs 
C5.  ETPs are only on YCTPs 
 

These five configurations will affect the overall cost and service time of container 
terminal.  So the total operating cost of equipment used on container terminal can be 
calculated as 

 
Total Cost = QC costs + AGV costs + Energy Transfer Point costs  

11.1 Simulation Results 
 
The simulation results are obtained first by setting parameters values to scenario. The 
results are important in the sense that it provides overall ship turn around/ service 
time to unload the ship. Since the turnaround time of ship is depending on service 
time of different entities so in order to reduce the turnaround time of unloading a ship 
we further need to look at different entities and their performance.  The results are 
following 
 
Scenario Settings 
Number of Jobs per Quay Crane (QC) = 400 
Number of QC = 4 
Number of Yard Cranes (YC) = 8 
 
 
 
 
 

Operating Costs  (per hour) 
QC $ 124,5 

AGV $ 5,90 
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C1.  ETPs are on QCTPs and on YCTPs (Cost: $ 598664)  

AGV 
Number 

Total 
Time 

to 
Unload 

Ship 
(H) 

Avg. 
QC 

Service 
Time 
(H) 

Avg. 
QC 

waiting 
Time 
(H) 

Avg. 
AGV 

Service 
Time 
(H) 

AGVs 
total 

Distance 
(KM) 

AGVs 
Charging 
Time (H) 

Total 
Productivi
ty Cost ($) 

5 15,23 15,23 0,00 2,04 495,71 0,00 606375,24 

10 15,15 15,15 0,00 1,02 495,71 0,00 606449,94 

15 15,13 15,13 0,00 0,68 495,71 0,00 606437,49 

20 15,23 15,23 0,00 0,51 495,71 0,00 606487,29 

25 14,90 14,90 0,00 0,41 495,71 0,00 606325,44 

30 14,80 14,80 0,00 0,34 495,71 0,00 606275,64 
 

Table 11.1.1: Simulation results under C1 
 

 
C2.   ETPs are on QCTPs but not on YCTPs (Cost: $ 163272) 

CAGV 
Number 

Total 
Time 

to 
Unload 

Ship 
(H) 

Avg. 
QC 

Service 
Time 
(H) 

Avg. 
QC 

waiting 
Time 
(H) 

Avg. 
AGV 

Service 
Time 
(H) 

AGVs 
total 

Distance 
(KM) 

AGVs 
Charging 
Time (H) 

Total 
Productivity 

Cost ($) 

5 14,78 14,78 0,00 2,04 495,71 0,00 170871,19 

10 14,95 14,95 0,00 1,02 495,71 0,00 170958,34 

15 14,58 14,58 0,00 0,68 495,71 0,00 170771.59 

20 14,93 14,93 0,00 0,51 495,71 0,00 170945,89 

25 15,43 15,43 0,00 0,41 495,71 0,00 171194,89 

30 15,30 15,30 0,00 0,34 495,71 0,00 171132,64 
 

Table 11.1.2: Simulation results under C2 
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C3.  ETPs are on Highway along QC and on YCTPs (Cost: $ 517028) 

AGV 
Number 

Total 
Time 

to 
Unload 

Ship 
(H) 

Avg. 
QC 

Service 
Time 
(H) 

Avg. 
QC 

waiting 
Time 
(H) 

Avg. 
AGV 

Service 
Time 
(H) 

AGVs 
total 

Distance 
(KM) 

AGVs 
Charging 
Time (H) 

Total 
Productivity 

Cost ($) 

5 15,08 15,08 0,00 2,27 495,71 0,00 524802,82 

10 15,00 15,00 0,00 1,13 495,71 0,00 524765,47 

15 15,28 15,28 0,00 0,76 495,71 0,00 524902,42 

20 15,08 15,08 0,00 0,57 495,71 0,00 524802,82 

25 15,33 15,33 0,00 0,45 495,71 0,00 524927,32 

30 14,78 14,78 0,00 0,38 495,71 0,00 524653,42 
 

Table 11.1.3: Simulation results under C3 
 

 
 
 
C4.  ETPs are on Highway along QC but not on YCTPs (Cost: $ 81636) 

AGV 
Number 

Total 
Time 

to 
Unload 

Ship 
(H) 

Avg. 
QC 

Service 
Time 
(H) 

Avg. 
QC 

waiting 
Time 
(H) 

Avg. 
AGV 

Service 
Time 
(H) 

AGVs 
total 

Distance 
(KM) 

AGVs 
Charging 
Time (H) 

Total 
Productivity 

Cost ($) 

5 14,90 14,90 0,00 2,05 495,71 0,06 89297,77 

10 15,03 15,03 0,00 1,03 495,71 0,11 89360,35 

15 14,98 14,98 0,00 0,68 495,71 0,17 89335,71 

20 14,88 14,88 0,00 0,51 495,71 0,22 89286,31 

25 15,08 15,08 0,00 0,41 495,71 0,28 89386,23 

30 15,48 15,48 0,00 0,34 495,71 0,33 89585,76 
 

Table 11.1.4: Simulation results under C4 
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C5.  ETPs are only on YCTPs (Cost: $ 435392) 

AGV 
Number 

Total 
Time 

to 
Unload 

Ship 
(H) 

Avg. 
QC 

Service 
Time 
(H) 

Avg. 
QC 

waiting 
Time 
(H) 

Avg. 
AGV 

Service 
Time 
(H) 

AGVs 
total 

Distance 
(KM) 

AGVs 
Charging 
Time (H) 

Total 
Productivity 

Cost ($) 

5 14,60 14,60 0,00 2,04 495,71 0,00 442904,04 

10 14,93 14,93 0,00 1,02 495,71 0,00 443065,89 

15 15,05 15,05 0,00 0,68 495,71 0,00 443128,14 

20 15,70 15,70 0,00 0,51 495,71 0,00 443451,84 

25 15,00 15,00 0,00 0,41 495,71 0,00 443103,24 

30 14,68 14,68 0,00 0,34 495,71 0,00 442941,39 
 

Table 11.1.5: Simulation results under C5 
 

11.2 Analysis of Results 
 

Taking a closer look on the results that we have obtained from the simulator, the total 
time to unload the ship is depending on the service time of each QC. The interesting 
thing is that QCs have zero waiting time. It means QC is always working to unload 
containers. It will only stop working when all jobs and containers are finished. The 
QC service time has very less variations. It means QC is always busy in unloading 
the containers. It will never stop working. The average rate of QC service time is 
almost constant. 
 
The results of the C-AGVs showed that service time decreases with increasing 
number of C-AGVs. It means that less number of C-AGVs is always busy in 
transporting containers from QC to YC. Our dispatching of jobs using greedy 
approach avoids C-AGVs from being idle. The decreasing factor of C-AGVs service 
time indicate that AGVs are used for less duration and are ready to be assigned to the 
next task. 
 
The C-AGVs service time line as showed in graph is rapidly decreasing with 
increasing the number of C-AGVs for each QC. But in case of assigning maximum 
number of C-AGVs will create traffic congestion problems due to less space of 
container terminal transporting area. In simulation results it is showing less service 
time but in reality using such big number of vehicles is not possible. It will surely 
create congestions problem which also increases C-AGVs waiting times. 
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Figure 16: AGV Service Time Line  
 
Now if we look at configurations of ETPs in table 1, 2, 3 and 5 respectively, the 
AGVs have zero charging time. In configuration table 1, 2, 3 and 5, the ETPs are on 
the QCTP and YCTP. So after every 400 with load and 600 without the load the 
AGVs battery is charged. The capacity of charged battery is always checked before 
travelling to YC or QC. As said before the C-AGVs ETPs are on QCTP and YCTP, 
so the AGVs battery charged during fetching and detaching cassette time. It means 
AGVs do not need any extra time for charging. But in the case of configuration-4 
where the settings of ETPs are along highway, the C-AGVs battery takes 10sec to 
charge. This extra time of charging C-AGVs is increasing the service time factor. 
  
The cost factor of the resources used on CT has different variations depending on the 
number of C-AGVs used, installation of different configurations of ETPs and finally 
number of QC and YC. The productivity cost of CT is increasing with the increase of 
numbers of C-AGVs. Also the configurations 1, 3 and 5 are heavily increasing 
overall productivity cost.  Only the configuration-2 and 4 of ETPs comparatively less 
increase the productivity cost of CT. 
 
The graph in Figure 17 is showing comparative analysis of all five ETPs 
configurations with productivity cost of CT for unloading containers from a ship. 
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Figure 17: Total Cost Vs Different Configuration   
 
Concluding the discussion on the analysis of results, the performance of greedy 
approach is constantly effecting due to different configuration of ETPs. Also it has 
seen that the performance of greedy algorithms for dispatching of job showing good 
results with increase of C-AGVs. But when increasing the number of resources is 
affecting the overall productivity cost. In this case little increase of time is affordable 
when comparing with cost which is increased by using big number of C-AGVs. 
 

 

 

 

 

 

 

 

 

 



  58

12 CONCLUSION AND FUTURE WORK 
 
The main focus of this study was the dispatching of newly introduced zero-emission 
C-AGVs by evaluating multiple layouts under different constraints. Before this 
research, a lot of work has been done on the dispatching of AGVs including IPSI 
AGVs. But the idea of dispatching the zero-emission C-AGVs was quite new and 
challenging. Our main focus was to design a conceptual model and development of 
agent-based simulation of C-AGVs with multiple layouts in order to implement 
dispatching strategy. We performed the simulation for the unloading operation of the 
ship. The simulation was performed with greedy dispatching strategy which 
produced the quite efficient results with the number of cassettes and AGVs used. The 
use of greedy dispatching was selected after studying the different dispatching 
strategies in container terminals. 
 
Moreover, one of our objectives in this thesis was that how will the cassette AGVs 
perform under various constraints. One of the main constraints was of putting ETPs 
for recharging of C-AGVs after travelling some specific distance. So under this main 
constraint we analyzed from results that the C-AGVs have good performance under 
the greedy approach. Because in the previous work done for the dispatching of 
AGVs, the greedy approach always produces the efficient results. We also analyzed 
the productivity cost factor under the greedy approach and best configuration of 
ETPs. Due to time limitation we can only implement a single dispatching strategy to 
conclude the results. 
 
As we have only used the single dispatching strategy for zero-emission C-AGVs. So 
it will be quite interesting in the future to try more strategies and scenarios for the 
dispatching of C-AGVs. There are still many area of research unexplored regarding 
zero-emission C-AGVs because it is still new technology and is being used as 
prototype in some container terminals. In the future the study can also be performed 
on the routing algorithms for the C-AGVs. The development of simulator for the C-
AGVs in the horizontal transport system has made it possible to create new 
simulation experiments with other parameters and scenarios. 
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