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1. ABSTRACT: 

This project is mainly based on a review of the control process of the cranes in a container 
terminal. We begin by defining what a container terminal is and what elements we can find in it, 
such as different types of cranes and containers. For the specific study of the cranes also we 
need to know something about the management of the container terminal. I will show what kind 
of problems is presented and what solutions are appropriate for make an efficiently container 
terminal. Simulations with Simple++ are used to solve this case with the target of find the 
results of the ship waiting time and the factors that are involved. Then, I will study the operation 
of two main types of cranes at a container terminal, the transfer crane and the gantry crane and 
the automation technology used in most modern container terminals. Finally, I will show the 
different kind of process such as sequential and multiprogramming processes thereby their 
advantages and disadvantages and which of them is most important for develop the system.  

 

2. CONTAINER TERMINAL: 

A container terminal (Figure 2.1) is a place where containers are transshipped between 
different transport vehicles, for onward transportation. [1]  The transshipment may be 
between container ships and land vehicles, for example trains or trucks, in which case the 
terminal is described as a maritime container terminal. Alternatively the transshipment may be 
between land vehicles, typically between train and truck, in which case the terminal is described 
as an inland container terminal. 

Maritime container terminals tend to be part of a larger port, and the biggest maritime 
container terminals can be found situated around major harbors. Inland container terminals tend 
to be located in or near major cities, with good rail connections to maritime container terminals. 

Both maritime and inland container terminals usually provide storage facilities for both 
loaded and empty containers. Loaded containers are stored for relatively short periods, waiting 
for onward transportation, while unloaded containers may be stored for longer periods awaiting 
their next use. Containers are normally stacked for storage, and the resulting stores are known as 
container stacks. 

 
Figure 2.1: Container terminal in Yatian, China [1] 
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3. ELEMENTS OF CONTAINER TERMINAL:  

 
a) ABSTRACT:  

This chapter is just a description of the most important elements of the container terminal. 
Firstly in this chapter I will show what a crane is and the different types that we can find in the 
container terminal and generally in the world. It shows the principal characteristics of each one 
and the classification according to design, according to movement possibilities and according to 
the device control.  

Therefore I will study the elements which cranes are working mainly, i.e. containers. I will 
define the containers, types of containers and some characteristics that we have to know about 
them like the identification system or the different sizes.  

 
b) CRANES: 

It’s a device used to lift or lower materials in the vertical direction and to move them 
horizontally while being hanged, generally equipped with a hoist, wire or chains, and sheaves 
[2] .  

It is possible to distinguish many types of cranes, according to design, to movement 
possibilities, to device control or to orientation possibilities. I am going to talk about the more 
important cranes of each section: 

 

i. Types of cranes: 

According to design: 

• BRIDGE CRANES: 

Bridge cranes (Figure 3.1) are a mechanical lifting device fitted with hoists, wire ropes 
and sheaves that hang from an under hung trolley, pulley block or slewing jib crane, capable 
of moving along a bridge. [3] Also is commonly called an overhead crane. 

 
Fugure 3.1: Example of Bridge Crane [37] 
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Components of bridge crane (Figure 3.2): 

• Trolley: Carries the hoist across the bay along the bridge girder traversing the span. 
 

• Hoist: Mounted in the trolley and performs the lifting and lowering action via a hook or 
lifting attachment. 
 

• End trucks: Located on either side of the span. The end trucks house the wheels on 
which the entire crane travels. These wheels ride on the runway beam allowing access 
to the entire length of the bay. 

 

 
Figure 3.2: Components of bridge crane [3] 

 

Types of bridge cranes (Figure 3.3):  

• Travelling bridge crane: Travels along a rail track. 
 

• Gantry crane: It has a hoist in a trolley which runs horizontally along gantry rails fitted 
underneath with a beam spanning between uprights which themselves have wheels so that 
the whole crane can move at right angle to the direction of the gantry rails. 

 
• Semi-gantry: One of its ends travels along a rail track while the other is supported by 

upright beam. 

 

 
Figure 3.3: a) Travelling; b) Gantry; c) Semi-Gantry [3] 
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• CONTAINER CRANE: 

A container crane (Figure 3.4) is a type of large dockside gantry crane found 
at container terminals for loading and unloading intermodal containers from container ships. 

 
Figure 3.4: Container cranes of Bremerhaven [28] 

Container cranes consist of a supporting framework that can traverse the length of a 
quay or yard, and a moving platform called a "spreader". The spreader can be lowered down 
on top of a container and locks onto the container's four locking points ("corner castings"), 
using a twistlock mechanism. Cranes normally transport a single container at once, however 
some newer cranes have the capability to pick up two to four 20 ft. containers at once. 

 

• JIB CRANES: 

A jib crane is a type of crane where a horizontal member (jib or boom), supporting a 
moveable hoist, is fixed to a wall or to a floor-mounted pillar. Jib cranes (Figure 3.5) are 
used in industrial premises and on military vehicles. The jib may swing through an arc, to 
give additional lateral movement, or be fixed. Similar cranes, often known simply as hoists, 
were fitted on the top floor of warehouse buildings to enable goods to be lifted to all floors. 

 
Figure 3.5: Jib Crane [2] 
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Components of Jib Cranes (Figure 3.6): 

• Derricking: Mechanism that allows changing boom angle by varying the length of the 
boom suspension ropes. 

• Slewing mechanism: Mechanism that allows rotation with respect to a vertical axis. 

 
Figure 3.6: Components of Jib Crane [3] 

Types of Jib Cranes:  

• Revolver crane portal mounted: Jib crane that allows vehicle travelling underneath. 
 

• Revolver crane semi-portal mounted: Jib crane mounted on a semi-portal structure that 
allows vehicle travelling underneath. 

 
• Crawler mounted latticework boom crane: Fitted with a chassis moved by tires, crawler 

or mixed that allows its movement by itself or towed by a tractor. 
 

• Railroad crane: Crane mounted over a platform that moves along rails. 
 

• Floating crane: Mounted on a pontoon. 
 

• Crane vessel: Jib crane mounted on a ship. 
 

• Derrick crane. 
 

• Slewing jib crane. 
 

 
 

 
• TOWER CRANE: 

Tower crane is a type of Jib crane that is fixed to the ground on a concrete slab (and 
sometimes attached to the sides of structures as well). Tower cranes often give the best 
combination of height and lifting capacity and are used in the construction of tall buildings. 
The base is then attached to the mast which gives the crane its height. Further the mast is 
attached to the slewing unit (gear and motor) that allows the crane to rotate. On top of the 
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slewing unit there are three main parts which are: the long horizontal jib (working arm), 
shorter counter-jib, and the operators cab. 

The long horizontal jib is the part of the crane that carries the load. The counter-jib 
carries a counterweight, usually of concrete blocks, while the jib suspends the load to and 
from the center of the crane. The crane operator either sits in a cab at the top of the tower or 
controls the crane by radio remote control from the ground. In the first case the operator's 
cab is most usually located at the top of the tower attached to the turntable, but can be 
mounted on the jib, or partway down the tower. The lifting hook is operated by the crane 
operator using electric motors to manipulate wire rope cables through a system of sheaves. 
The hook is located on the long horizontal arm to lift the load which also contains its motor. 
All of components of the tower crane are showed in the Figure 3.7. 

 
Figure 3.7: Components of Tower Crane [3] 

 

• STRADDLE CARRIER: 

A straddle carrier is a non road going vehicle for use in port terminals and intermodal 
yards used for stacking and moving standard containers (Figure 3.8). Straddles pick and 
carry containers while straddling their load and connecting to the top lifting points via 
a container spreader. These machines have the ability to stack empty containers up to 4 
high. These are capable of relatively low speeds (up to 30 km/h) with a laden container. The 
workers that use this machinery sitting at the very top seated facing the middle as they can 
see behind them and in front of them. Straddle carriers can lift up to 60 tons which equals 
up to 2 full containers at once. 

 
Figure 3.8: Straddle Carrier [29] 
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According to movement possibilities:  

• Fixed lifting: It is an elevator supported by a static base. 
 

• Climber crane: Crane installed in a building structure which is in construction and that 
can move upwards by itself (Figure 3.9). 

 
Figure 3.9: Climber Crane [30] 

• Mobile elevator: Elevator that is mounted on a base that can move from one place to 
another, either manually or powered by an auxiliary device. 
 

• Service mobile elevator: Elevator that can move during its service operation (Figure 
3.10). 

 
Figure 3.10: Service mobile elevator [31] 

 
• Rotary elevator: Elevator that can rotate around a fixed axis during operation. 

 
• Self-propelled crane: Mobile crane that allows its self-travelling during operation from 

one place to another. 
 

• Rolling base trailer crane: Mobile crane which is mounted on a trailer platform.  
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According to the device control: 

• Manual lift: The device control of the crane mechanisms is manually operated. 
 

• Electric lift: The device control of the crane mechanisms is electrically operated. 
 

• Hydraulic lift: The device control of the crane mechanisms is hydraulically operated. 
 
 

According to orientation possibilities: 

• Orientation mechanism: Mechanism that allows rotation with the load in a plane with 
respect to a fixed plane. 
 

o Limited orientation elevator: Rotation is limited to an angle below 360° 
(Figure 3.11). 

 
Figure 3.11: Limited orientation elevator [3] 

 
o Complete orientation elevator: Rotation can be bigger than an angle of 

360°. 
 

• Non orientation elevator: Elevator that cannot rotate load with respect to its base. 

 

 

c) CONTAINERS:  

A container [4]  is a recipient for air, sea, road and multimodal transport. The container 
dimensions are standardized because it’s easy handling. Are used, for example, to transport big 
or heavy objects as: engines, machinery, small vehicles, etc… Compared to conventional bulk, 
the use of containers has several advantages, namely less product packaging, less damaging and 
higher productivity. 

The containers are usually made from COR-TEN® steel, but there are also some other 
aluminum and plywood reinforced with fiberglass. In most cases the floor is wood, although 
there are some cases that the floor is of bamboo. In the interior there is a special anti-moisture 
coating to prevent moisture during the trip.  
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Another feature of containers is the presence in each of its corners, the twistlocks 
accommodations that allow them to be hooked by special cranes (that I will study) and their 
lashing on ships and trucks. 

 

 
Figure 3.12: Container dry van 40ft [4] 

i. Types of containers: 

There are [4]  different types of containers: 

Dry Van:  are the standard containers. Hermetically sealed and without cooling or ventilation 
(Figure 3.12). 

Metal:  is like standard container, but not close hermetically sealed and without refrigeration. 
Usually used for the transportation of waste by road. 

High Cube: standard containers of 40 feet. The main feature is their over-height (9.6 feet) 

Reefer: refrigerated containers, of 40 or 20 feet. They have a system for keeping cold or heat 
and also have a thermostat. They must be connected to the ship and the terminal, even if is 
possible in the truck or in an external generator. Operate under three-phase current. Some of the 
companies that are dedicated to manufacturing: Carrier, Mitsubishi, Thermo King and Daikin.  

Open Top: the same measures as above but open at the top. You can excel the goods but in this 
case, you have to pay supplements according to how much goods is not charged for the excess. 

Flat Rack: this kind of containers hasn’t side walls and even, depends of the cases, also haven’t 
front and rear walls (Figure 3.13). Usually are used for atypical goods and you can be pay 
supplements in the same way that the Open Top. 

 
Figure 3.13: Flat rack container [32] 
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Open Side: the mainly feature is that it is open on one side. Their measuring is 20 or 40 feet. It 
is used for longer goods that can’t be loaded by the container’s door. 

Tank-containers: for the transport of bulk liquids. This is a tank contained within a series of 
steel beams that define a parallelepiped whose dimensions are equivalent to the Dry van 
containers. In this way, the tank has the benefits of containers: can be stacked and travel in any 
of the typical transport of intermodal transport. 

Flexi-Tank:  Also for bulk liquid transport. Offer an alternative to the tank-containers. A flexi-
tank (Figure 3.14) is a standard container, usually of 20 feet, and inside of which is attached a 
flexible polyethylene tank called flexibag.  

 
Figure 3.14: Flexi-tank container [33] 

 

It is considering the establishment of a series of new measures like the Euro-containers 
suitable for Euro-pallets (pallets with 80cm wide and 120cm long), but it is far from being a 
standard because the ships are ready for the containers described above. 

 

ii.  Dimensions of containers: 

There are different measures for containers varying in length and height: [5]  

The width is fixed at 8 feet (2.44m). The high ranges are from 8 feet and 6 inches (2.59m) 
or 9 feet and 6 inches (2.90m). The length varies between 8 feet (2.44m), 10 feet (3.05m), 20 
feet (6.10m), 40 feet (12.19m), 45 feet (13.72m), 48 feet (14.63m) and 53 feet (16.15m). 

The most widely used worldwide are the containers of 20 and 40 feet, with an internal 
volume between 32.6m3 and 66.7m3 respectively. The dimensions of the containers are 
regulated by ISO 6346. 

The maximum load depends of the disponent owner and container type. The standard 20 ft. 
containers have a maximum gross weight of about 29t (load plus the tare) and for 40 ft. 
containers have 32t.  

Although many times the container is moved overland from the loading port, you must also 
satisfy the laws in each country on weight limits on trucks. The tare weight is from 1.8t 
to 4t for 20 ft. containers and from 3.2t to 4.8t for 40 ft. containers. 
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iii.  Container identification system: 

The container identification system is an ISO standard (ISO 6346) [5]  composed of a 
sequence of 11 alphanumeric digits. The Figure 3.15 displays this identification on the top right 
part of the container: 

 
Figure 3.15: Container numeration system [4] 

 

It is possible to distinguish the bellow codes [4] :  

• Owner code. Consisting of three capital letters that identifies the owner of the container.  
 
There is an international agency, the BIC (Bureau International des Containers et du 
complimentary Intermodal) that issues owner codes so that no single code is assigned to 
more than one owner. In the above case the container belongs to the German leasing 
company UES. The great majority of shipping and container leasing companies advertise 
their logo on the container, so the owner is commonly easy to identify. 
 

• Product group code. Appears right after the owner code and consists of one capital letter, 
either U, J or Z; U refers to a container, J refers to equipment that can be attached to a 
container, such as a power unit and Z refers to a trailer or chassis used to carry a container. 
Therefore, each mobile intermodal equipment has its own identification code. 
 

• Registration Number (or Serial Number). Is a sequence of 6 digits where each container 
belonging to an owner has a unique value. Therefore, each owner code can have up to 1 
million containers. 

 
• Check digit. This single digit is used to cross-verify if the identification sequence is 

accurate. By convention it is boxed to make sure it is separated and is standing out from the 
registration number. Since terminal gates handle a large amount of containers, there is 
always a risk that the identification sequence was not correctly inputted. The standard 
procedure involves the sequence to be remotely inputted by a video camera with the 
operator entering the sequence manually in the information system or increasingly that 
sequence being inputted automatically through optical character recognition software. A 
numerical operation is performed on the container identification sequence which results in 
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a single digit number, which is then compared with the check digit. If they match, then the 
identification sequence is accurate (there is still a probability for error, but it is very low). 

 
• Size and type code. A sequence of 4 letter or digits that commonly appears right under the 

container identification sequence. Its purpose is to provide information about the 
dimensions and the type of container. On the above photo, the first two numbers (LE) 
indicate that the container is a 45 ft. (L; commonly the length of the container is also 
displayed clearly elsewhere, as on the above photo) of 9 feet 6 inches in height (E, or 5; 
high cube). The remaining two elements of the sequence (G1) indicate that it is a general 
purpose container. High cube 45 foot containers are convenient for intermodal 
transportation in Europe as they have the size that fits exactly 33 European pallets of 1.2 by 
0.8 meters. The most common container, a standard 40 ft, would have 42G1 as a sequence. 
The same container, but of high cube, would have 4EG1 (or 45G1 more commonly) as a 
sequence. 45R1 is the most common sequence for a reefer (40 foot high cube). 

 

iv. Transport of containers: 

Several transportation systems can be used to transport containers from one destination to 
another. Transport over sea is carried out by ships. On the other hand, trucks or trains can be 
used to transport containers over land. To transship containers from one mode of transportation 
to another, ports and terminals can be used. For example, at a container terminal, a container can 
be taken off a train and placed on a ship. 

The capacity of ships has been extended from 400 to 4000 TEU and more. Furthermore, 
the importance of ports and terminals has grown. With the introduction of larger ships, small 
terminals have changed into large terminals. 

 

 

4. MANAGEMENT OF CONTAINER TERMINAL:  
 

a) ABSTRACT 

To study the cranes we have to know something about the management of the containers 
terminal. We can distinguish between three planning and control levels (the strategic level, the 
tactical level and the operational level). I will talk about the process of the unloading and 
loading of the ships, studying the problems and the characteristics of each sub-process. I focus 
on arrivals of the ships, unloading and loading of the ships and stacking of containers. It also 
discussed the problems as Berth Al7location or the problem with the timeout. I am going to 
guide to find the way to solve these problems. 

 

b) INTRODUCTION  

Within terminal different types of material handling equipment are used to transship 
containers from ships to barges, trucks and trains and vice versa. The facilities used in the 
container terminal are transfer cranes, gantry cranes, trailers, and yard tractors. Over the past 
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decades, ships have strongly increased in size, up to 8000 TEU1. In order to use these big ships 
efficiently, the docking time at the port must be as small as possible. This means that large 
amounts of containers have to be loaded, unloaded and transshipped in a short time span, with a 
minimum use of expensive equipment.  

To ensure a fast transshipment process, at large terminals, [6]  control for efficiency and a 
high degree of coordination is necessary. These terminals can be obtained by using, among 
other things, information technology and automated control technology. 

Containers can also be stored in a storage area for a certain period, before they are 
transferred to another mode. First of all, the layout and the choice of equipment have to be 
determined. This is a necessary condition to obtain an efficient terminal. Furthermore, planning 
and control concepts for the different types of material handling equipment have to be 
developed. These concepts should result in a sufficient performance. 

We can distinguish between three planning and control levels in making decisions to obtain 
an efficient terminal, namely the strategic level, the tactical level and the operational level.  

At the strategic level it is, for example, decided which layout, material handling equipment 
and ways of operation are used. The time horizon of decisions at this level covers one to several 
years. These decisions lead to the definition of a set of constraints under which the decisions at 
the tactical and operational level have to be made. 

At the tactical level, it is decided which type of information is used and which broad 
choices have to be made. An example of a decision, which has to be made, is: which ways of 
storing containers should be used? The time horizon of these decisions covers a day to months.  

Finally, at the operational level all detailed daily problems are solved, like where a certain 
container should be stored. 

 

c) PROCESS OF CONTAINER TERMINALS:  

Ships are nowadays unloaded and loaded at large terminals. The unloading and loading 
process at a typical modern container terminal is illustrated in the Figure 4.1 

 
Figure 4.1: Process of unloading and loading of a ship [6] 

                                                           
1 The term twenty-feet-equivalent-unit (TEU) is used to refer to one container with a length of twenty 
feet. A container of 40 feet is expressed by 2 TEU. 
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This loading and unloading process can be divided into different sub processes, described 
below. When a ship arrives at the port, the import containers have to be taken off the ship. This 
is done by Quay Cranes (QCs), which take the containers off the ship's hold or off the deck. 
Next, the containers are transferred from the QCs to vehicles that travel between the ship and 
the stack. This stack consists of a number of lanes, where containers can be stored for a certain 
period. The lanes are served by systems like cranes or straddle carriers (SCs). A straddle carrier 
can both transport containers and store them in the stack. It is also possible to use dedicated 
vehicles to transport containers. If a vehicle arrives at the stack, it puts the load down or the 
stack crane takes the container off the vehicle and stores it in the stack. After a certain period 
the containers are retrieved from the stack by cranes and transported by vehicles to 
transportation modes like barges, deep sea ships, trucks or trains. This process can also be 
executed in reverse order, to load export containers onto a ship. 

Most of the terminals make use of manned equipment, like straddle carriers, cranes and 
multitrailer-systems. However, a few terminals are automated. At such terminals automated 
guided vehicles (AGVs) may be used for the transport of containers. Furthermore, the stacking 
process can also be done automatically by automated stacking cranes (ASCs). 

Below, different sub processes and their corresponding types of material handling 
equipment are described in more detail. The sub processes of Figure 4.2 correspond to the 
systems of Figure 4.1. 

 
Figure 4.2: Processes at a container terminal [6] 

The most important sub-processes for us in this project are the arrival of the ships, 
unloading and loading of the ship and stacking, because in these processes the cranes are 
involved. Then I am going to explain with more detail these sub-processes: 

 

d) ARRIVAL OF THE SHIP:   

When a ship arrives at the port, it has to moor at the quay. For this purpose, a number of 
berths (namely place to moor) are available. The number of berths that should be available at 
the quay is one of the decisions that have to be made at the strategic level. There are queuing 
models, which can be used in making this decision. One of the decisions at the operational level 
is this problem that is called Berth Allocation Problem (BAP).  

On one hand, the optimal berth allocation can be obtained by minimizing the sum of port 
staying times. As a result, ships moor at the quay according to the first come first served 
principle. On the other hand berths can be allocated, without consideration of ship’s arrival 
order, by allocating ships at a berth closest by the area in the stack in which most containers for 
this specific ship are located. As a result, the resulting terminal utilization will be maximal, but 
ship owners will be dissatisfied by the long waiting times of the ships. Consequently, a trade-off 
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exists between the total staying time in the port and the dissatisfaction of ship owners caused by 
the order in which ships are berthed. 

The BAP [7]  determined the position and time of each ship is berthing. Depending on the 
structure of the dock, there are two types of problems: the discrete problem, where the dock is 
divided in sections and in each section can be just one ship. In the continuous problem, the dock 
is not divided and each ship can berth at any position, depending on the position of the rest of 
the ships (we can see an example in the Figure 4.3). There are models to study this kind of 
problem, but is not involved in our project, so it could be described in further studies.  

 
Figure 4.3: Continuous berth [34] 

 

 

e) UNLOADING AND LOADING OF THE SHIPS:  

The number of import containers that has to be unloaded at the terminal is in practice 
usually only known shortly before the arrival of the ship [6] . The unloading plan indicates 
which containers should be unloaded and in which hold they are situated in the ship. 
Successively, these containers are unloaded. Within a hold the crane driver is almost free to 
determine the order in which the containers are unloaded. The unloading time of a container 
depends on its place in the ship. Consequently, a large variance occurs in the container 
unloading times. 

In contrast with the unloading process, there is hardly flexibility in the loading process. To 
ensure fast and efficient transshipment of containers, a good distribution of containers over the 
ship is necessary. Therefore, at the operational level stowage planning is made. According to 
[8]  the containers, that will be stowed, have to satisfy a variety of constraints, which arise as a 
result of physical limitations of the ship and containers and the sequence in which ports are 
visited by the ship. The stowage problem is solved with the Monte Carlo method2. Many 
different possible ship loadings are generated and the most efficient one is given. This system 
has been used worldwide since 1981. The most efficient plan is displayed with the precise 
loading order of export containers. For every container the exact place in the ship is indicated. 

The decisions have to be made for questions that arise at three different levels. One of the 
decisions that have to be made at the strategic level is which type of material handling 

                                                           
2  Monte Carlo method is often used in computer simulations of physical and mathematical systems. 
These methods are most suited to calculation by a computer and tend to be used when it is infeasible to 
compute an exact result with a deterministic algorithm. 
Monte Carlo methods are especially useful for simulating systems with many coupled degrees of 
freedom. They are used to model phenomena with significant uncertainty in inputs. 
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equipment will be used for the unloading and the loading of containers from the ship. Quay 
cranes are used both at an automated and a manned terminal. Quay cranes are manned because 
automation of this process encounters practical problems, like exact positioning of containers. 

 
Figure 4.4: Quay Crane working [35] 

The quay cranes are equipped with trolleys that can move along the crane arm to transport 
the container from the ship to the transport vehicle and vice versa. The containers are picked 
with a spreader, a pick up device attached to the trolley. The quay cranes move on rails to the 
different holds to take/put containers off/on the deck and holds. It can occur that at the same 
moment one quay crane is unloading a container and another quay crane is loading one. 

At the tactical level, one of the decisions that have to be made is the exact number of quay 
cranes that work simultaneously on one ship. Nowadays, it is necessary to carry out the process 
of unloading and loading very fast to satisfy customers demand. Therefore, it is necessary to 
minimize the delay of ships. 

The most general case of the crane scheduling problem is the case in which ships arrive at 
different times in the port and queue for berthing space if the berths are full. The objective in 
this case is to serve all the ships while minimizing the total delay of the ships. The ships are 
described by the number of holds they have. Only one crane can work on a hold at a time. The 
static crane allocation problem in which a collection of ships is available at a berth to be 
handled at the start of the planning horizon and no other ships will arrive during this planning 
horizon. A number of identical quay cranes have to be allocated to the holds to minimize the 
total delay of the ship. The problem can be formulated as a mixed integer program. The solution 
indicates the average number of cranes used on each hold at every instance. As a result, an 
implementable crane allocation scheme has been found. Due to computational reasons, this 
exact solution method is only usable for a small number of ships. When a mathematical 
programming solution is not effective a heuristic procedure based on some scheduling 
principles, derived from optimal solutions, can be applied to solve the studied problem. 

The dynamic case of the crane allocation problem is also studied. Within a finite horizon, 
ships arrive at instants within the horizon and cannot be handled before those instants instead of 
having ships ready at the start of the horizon. It is required to repeat the static allocation 
procedure for ships at the berth after each ship's arrival. Only loads remaining in the ships have 
to be considered. As a result, an arriving ship can get pre-emptive priority over a ship that is 
already being served.  
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The problem of the minimization of the total delay of ships is decomposed into two stages, 
namely finding the best departure schedule for the ships and finding a crane allocation scheme. 
A branch and bound method [9]  is given to solve the static case of the crane scheduling 
problem. This method is based on the property that the optimum is restricted to only certain 
kinds of departure schedules. It is proved that the search for the optimum can be restricted to 
boundary points. Boundary points are feasible schedules that lie on the boundary between the 
solution space's infeasible and feasible regions. Ten problems, based on real world problems are 
generated to test the method. The performance declines quickly when the problem size grows. 
According to the authors the described model can be extended to take into account ships with 
different known arrival times. Furthermore, the model can be applied in other situations, like 
machine scheduling problems. 

All of the above makes us think that the way that I should follow to study this problem is 
the simulation. 

 

f) STACKING OF CONTAINERS:  

Two ways of storing containers can be distinguished: storing on a chassis and stacking on 
the ground. With a chassis system each container is individually accessible [6] . With stacking 
on the ground containers can be piled up, which means that not every container is directly 
accessible. As a consequence of limited storage space, nowadays stacking on the ground is most 
common. In this section, I describe this way of stacking. 

 
Figure 4.5: Scheme of the stack [6] 

The stack (see Figure 4.5) is the place where import and export containers can be stored for 
a certain period. The stack is divided into multiple blocks/ lanes, each consisting of a number of 
rows. The height of stacking varies per terminal between two and eight containers high. At the 
end of each lane a transfer point is situated. At this point the crane takes/places the container 
off/on the vehicle that transports the container. Empty containers are usually stored separately. 

A decision that has to be made is choosing the type of material handling equipment that will 
take care of the storage and retrieval of containers in and from the stack. Systems like forklift 
trucks, reach stackers, yard cranes and straddle carriers can be chosen. Yard cranes (see Figure 
4.6) move on rubber tires or on rails over the containers. They can provide high density storage 
and can be automated. These automated cranes are called Automated Stacking Cranes (ASCs). 
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ASCs move on rails and are controlled by the central operating system. The ASC takes/places 
the container with a spreader from/on the AGV (Automated Guided Vehicle). 

 
Figure 4.6: Yard Crane [36] 

The process of storing and retrieving containers should be executed such that the remaining 
operations in the terminal can be carried out effectively. The efficiency of stacking depends 
among other things on the stack height and strategies for storage and retrieval planning of 
import and export containers.  

Consequences of higher stacking are a higher number of reshuffles/rehandles. To reach a 
specific container it can be necessary to rehandle containers that are placed on top of the 
demanded container. To minimize delay by removing containers, reshuffling of the stack can be 
done in advance. On the other hand, the higher the stacking the less ground space is needed for 
the same number of containers. Using buffer areas can be reduce the unproductive movements 
of the stack crane during the loading process and as a result reduce the total container loading 
time. Containers to be transferred the place for rehandle are pre-stowed in a buffer area 
alongside the tracks.  

 

5. SIMULATION OF THE PROCESS CONTROL IN THE CTS: 
 

a) ABSTRACT:  

Basically in this chapter I will follow a study of reference [10] . I will start to explain why 
simulation can help us to study the problem with the ship waiting time. The aim of this section 
is to solve an example of calculate the ship waiting time in a container terminal and understand 
which factors are involved and how much each factor contributes to this time for focus on that 
equipment. Firstly is important to know how the simulation works and which are the advantages 
and the disadvantages of the method. The authors work with Simple++ software using object-
oriented simulation following the reference number [10] . I will explain how the model will be 
built and how is the structure as well as what variables it has to introduce in the model. Finally I 
will present the problem and the results with a brief conclusion and the way to improve the 
efficiency of the container terminal.  
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b) INTRODUCTION:  

Management of container terminal operations has thus become crucial in order to meet the 
demand for container traffic both effectively and efficiently. Container terminal operations can 
best be analyzed using queuing models. It is believed that analytical queuing models are valid 
only if the probability distribution of the arrival times and service times of the ships belong to 
the Erlang3 family [12] . However, the container terminal operation is difficult to check 
analytically with queuing models. 

Therefore simulation [10] is an effective alternative for container terminal system analysis. 
Simulation is perhaps the best tool used for any non-trivial, real world system. For analysis of 
complex systems, simulation is often used prior to the operation of the real world system as a 
mediator for a dynamic situation. Therefore, simulation methodology has been recommended 
and chosen to analyze container terminal systems.  

Simulation is a very good method because have a lot of advantages [38]  as you can study 
the behavior of a system without building it and saving money, it is a relatively efficient and 
flexible method and has good behavior when you introduce changes in the model. In contrast, 
simulation also has disadvantages as is expensive to build a simulation model and above all the 
errors. Simulation [39]  does not give us the optimal and exact solution; the process provides an 
approximate solution with a level of error, but his level is unknown for us. If the model is well 
built the solution will be good, otherwise the solution will have a important error. 

The most popular port simulation models are the UNCTAD (United Nations Conference on 
Trade and Development) port model, PORTSIM, and the MIT port simulator. 

The Port Simulation (PORTSIM ), [11] developed by the World Bank in the 1970s is 
system is a discrete-event, time-stepped simulation that facilitates analysis of military unit 
equipment movements through worldwide seaports and allows for detailed infrastructure 
analysis. PORTSIM assists planners in comparison of multiple ports and port selection, 
determines port throughput capability and utilization of critical resources, and animates port 
processes to identify problems. PORTSIM can be also useful for evaluating the costs and 
benefits of changing a port configuration. 

Developed in the early 1980's, the MIT  [10] port simulator is a refinement of the earlier 
models, as it permits the analysis of a multipurpose port entailing break-bulk cargo, bulk cargo, 
refrigerated cargo, and containers. However, these models are not sufficient to analyze the 
operations of the dedicated container ports of the 1990's. Currently, modern container terminals 
are equipped with modern sophisticated container handling equipment. It is therefore necessary 
to construct more accurate models to analyze effectively and efficiently the operations in current 
container terminals. 

The problem under consideration is whether the existing container terminal is efficient 
enough to handle the large container streams or whether the system using transfer cranes and 
gantry cranes would be more effective. In order to investigate this further, this simulation study 
was initiated. 

The objective of this study is to develop an object- oriented simulation model to analyze the 
typical container terminal system (CTS). This analysis includes container handling at the 
terminal, container transport between equipment and equipment control. 

                                                           
3 Erlang is a dimensionless unit that provides a statistical measure of traffic volume. Developed by the 
Danish engineer A. K. Erlang, the pioneer of the theory of queues. 
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Our model provides estimates for container terminal performance indicators and container 
handling equipment performance indicators including gantry crane and transfer crane utilization 
and container yard occupancy rate. 

 

c) SYSTEM DESCRIPTION:  

In the same way that in reference number [10]  I am going to assume the Container Terminal 
System (CTS) has gate, container yard, and berth. It also includes transfer cranes (TC), gantry 
cranes (GC), trailers (Tr) and yard tractors (YT) as shown in Figure 5.1.  

 

 
Figure 5.1: Structure of Container Terminal System [10] 

 

The authors used SIMPLE++  simulation language which is based on object-oriented 
programming which enables greater reusability and can also run on parallel processors. 

SIMPLE++  [13] is a general purpose system for the object oriented, graphical, and 
integrated modeling, simulation, and animation of systems and business processes. Models are 
built with objects from a class library containing predefine building blocks. User defined classes 
can be created in an integrated way, allowing the modeling environment to be tailored to 
different application areas. The class structure, inheritance and unlimited number of hierarchical 
levels lead to a significant increase of productivity in building, changing, and maintaining 
models. The concept and benefits of object oriented modeling will be illustrated in the 
following. In addition to the modeling environment, the support for validation, simulation, and 
evaluation of results is covered. 

The management of a container terminal consists of berth allocation, yard planning, 
stowage planning, and logistics planning. Berth allocation controls the loading and unloading of 
a ship's containers. Yard planning assigns optimal allocation of storage areas for import, export 
and transshipment containers. Stowage planning assigns storage locations to the containers in 
the bay of the ship. Logistics planning assigns and coordinates the operations of the container 
handling equipment such as gantry cranes, transfer cranes, and yard tractors in the transportation 
of containers between the ship's bay and the container yard. 
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d) MODELING USING OBJECT-ORIENTED SIMULATION:  

The dedicated tools, such as SEEWHY, WITNESS, CADENCE, and MICROSAINT deal 
with a restricted number of problems that exist in this industry. General-purpose simulation 
software and languages, such as GPSS (General Purpose Simulation System) [18] , SIMAN, 
SIMSCRIPT (designed for large discrete event simulations) [17] , MODSIMII, and QNAP2 are 
based on a formalism which is difficult to acquire rapidly. 

I can mentioned WITNESS [14]  like one of the simulation software most important. As 
they say on their website Witness delivers a rich set of professional tools to model and simulate 
any business process no matter how complex. Whether you work in manufacturing or service 
industries, are focused on continuous improvement strategies or with a particular investment in 
mind, Witness offers an accessible, flexible platform to test and verify business change 
scenarios in a risk free and cost effective way. 

SEEWHY was the original foundation of the still-popular Witness simulation application 
[15] . At that time, Witness was a front-end to Seewhy that was also programmed in Fortran 77. 
Both of them belong to Lanner Group. 

MICROSAINT  Sharp's intuitive graphical user interface and flow chart approach to 
modeling make it a tool that anyone - not just simulation experts - can use [16] . Its power, 
flexibility and tools for optimization make it the discrete-event simulation tool of choice for any 
organization. This software is useful in many areas including the military, human factors, health 
care, manufacturing, and the service industry. 

To develop the simulation model for Container Terminal System (CTS) with an object-
oriented approach, authors of the simulation used the object-oriented simulation language 
SIMPLE++ . In an object-based world, all physical and conceptual entities are considered 
objects, even abstract notions, such as numbers. Each object contains a set of attributes and a set 
of methods. Attributes are factual descriptions of the object, while methods are procedures that 
enable the object to manipulate or update its attributes and communicate with other objects. 

In addition, object-oriented models offer two other advantages over algorithmic models: 

• Modular modeling: The independence of objects allows easy model transformation (i.e. 
object addition/deletion) without model reconfiguration. 
 

• Generic modeling: The capability of constructing models at high levels of abstraction 
(i.e. transporter class instead of transfer crane) enables the model developer to initially 
construct generic and compact models that can be instantiated subsequently to particular 
specifications. Furthermore, generic units of modeling (as classes and super classes) can 
be aggregated to build sub-models that can be stored, enabling more complex models to 
be built upon request. 

Class similarity between objects is expressed through a hierarchical structure. This 
structure (Figure 5.2) allows commonality to be defined at the highest level and extended to 
each lower level sub-classed. In this case, common attributes afford a form of modularity and 
extensibility by allowing lower sub-classed objects to add required specialization to all the 
attributes inherited from super classes. 
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Figure 5.2: System hierarchy [10] 

An object-oriented environment is highly hierarchical. Each object belongs to a class, and 
each class to a super class [at the highest level is the abstract class (object)]. Each member of 
the same class shares the same attributes and methods. Within a particular class, objects are 
differentiated by varying attribute values. A class inherits its characteristics from the parent 
class, but may have additional attributes and methods. Multiple inheritances are also possible in 
various environments. Consequently, an object can be a member of more than one class. 
Inheritance is a desirable feature particularly because it reduces code rewriting. 

Objects communicate with each other through message passing. Limiting the 
communication between objects to only message sending and receiving enables encapsulation, 
also known as information hiding. For example, the methods of one object are inaccessible to 
another (impossible to read or write). For this reason, objects are completely independent of 
each other allowing the development of highly modular programs. 

 

e) DEVELOPED SIMULATION MODEL:  

Modeling CTS using an object-oriented approach is reasonable for the following two 
reasons: 

• Object and physical entity correspondence: It is possible to establish a one to one 
correspondence between model objects and system entities (i.e. a transporter class with 
class instances corresponding to individual transporter: transfer crane, gantry crane, 
yard tractor, etc.). Such a correspondence between model units and physical 
components makes the modeling process more accessible and intuitive. This 
correspondence also makes the model-based reasoning process more straightforward 
and potentially more efficient. 
 

• System hierarchy and model hierarchy correspondence: A higher level mapping 
between the actual system and the model can also be achieved at the structural level. 
Explicit representation of that hierarchy is often important in solving control problems. 
Once again, such hierarchies are easily implemented in `class-cascading'. Hierarchical 
modeling also gives the additional advantage of viewing and manipulating the system 
model at various levels of abstraction. 
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i. Application of material flow objects: 

The Figure 5.3 describes the application of material flow objects in our CTS simulation 
model. The key facilities and subsystems are defined as the various types of objects. This figure 
includes various types of objects, which are defined below. 

 
Figure 5.3: Application of material flow objects [10] 

• Movable object: it can change its position and reside in other material flow elements. 
 

• Stationary object: it cannot change its position and does not reside in other material 
flow elements. 

All Movable & active objects have a drive component and an independent drive. Movable 
& passive objects do not have their own drive, therefore an entity's location can only be 
Movable & active objects. Stationary & active object is a single processor that occupies a 
movable unit (e.g. TC, GC, and YT, etc.) and tries to pass it to the successor after processing 
time. Stationary & passive objects cannot move and play a role of working space. 

 

ii.  Construction of hierarchical structure: 

In reference [10]  defined application objects as variants of the basic objects in the class 
library of SIMPLE++. The next figure illustrates an example of a user defined object 
representing a storage element with transfer crane road, trailer roads, and yard tractor roads, and 
yard side bays. For instance, it presents a block for a container yard model. Two tracks (roads) 
and several stores can be employed independently to construct the new building block. In the 
figure, Cont_list is the container list for the transfer cranes (TC) work and Bay_alloc is the 
allocated container list per bay. Cont_list and Bay_alloc deal with the information flow of the 
block in the building frame. 



                  Process control of operating cranes at the container terminal       February 2012 

 

 
- 26 - 

 

 
Figure 5.4: Example of a user-defined object [10] 

Using the built-in picture editor and a new icon, a corresponding animation structure can 
be created for the application object. 

At the next level, an entire container yard may be modeled using the new class of the 
figure. The picture gives an example of a container yard containing road elements, TC_worklist 
table, and several blocks designed in the last figure. The road element is defined as two-
direction for TC and one-direction for yard tractors (YT). This system will be used as an 
example model in the following section. 

 
Figure 5.5: Container yard with user-defined objects [10] 

 

 

iii.  Model control using method: 

In order to control the system, authors created control methods. Table 5.1 gives user 
defined methods to control CTS in our model. Each level's user defined methods control the 
interaction of objects and checks the work situation. In the highest level frame, CTS manages 
the container generation, the system initialization, system reset, and checks the travel roads. 
Methods defined in each frame control each level frame. For example, Bay_alloc in Gate 
allocates the block and bay for the storage areas for the work with the cranes. 



                  Process control of operating cranes at the container terminal       February 2012 

 

 
- 27 - 

 

Table 5.1: Methods in our simulation model [10] 

 

An example of an algorithm  of TC_control method for driving and working control is 
shown in the Figure 5.6. This method is defined in a block model, and it controls the Transfer 
Crane within the block. This method can control the Transfer Cranes in each block. 

 

 
Figure 5.6: Method example for driving control of Transfer Crane [10] 
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iv. Experiment and analysis: 

I am going to show an example of model building by the simulation model before 
developed. This example [10]  involved a reduced terminal because the real container terminal 
requires massive data of terminal operation and planning. However, this model considered the 
values of the various parameters of facility operations and some criteria are used to evaluate the 
system effectiveness of the basic model. 

The target of this experiment is to calculate the average ship time waiting and what factors 
are influencing it. Also I will calculate how much each factor contributes and therefore what of 
them are more important. Finally some conclusions are drawn. 

The scope of this experiment model is as follows. The gate has two entrances and one exit. 
The container yard has ten blocks; consisting of four import blocks and six export blocks, as 
well as four transfer cranes. A block includes 25 bays; each bay consisting of 6 rows by 4 tiers. 
The berth has a quay and two gantry cranes. The container types are 20 and 40 ft. (in a ratio of 
45%-55%). The 20 foot container is 1 TEU and the 40 foot container is 2 TEU. Therefore the 
maximum capacity of one block is 600 TEU (6rows·4tiers·25bays). Fig. 7 shows the 
configuration of our experiment model. 

 
Figure 5.7: Experiment Model [10] 

 

The input data consists of gate, container yard, berth, and equipment characteristics 
including basic attributes of equipments. The characteristics for each subsystem, such as gate, 
container yard, and berth, are summarized in Table 5.2 and Table 5.3 shows the basic attributes 
for equipments: 

Table 5.2: Characteristics of subsystems [10] 
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Table 5.3: Basic attributes for equipment and their operations [10] 

 
 
 

v. Experiment results: 

 
The total operation times of Transfer Cranes and Gantry Cranes can be divided into their 

waiting time, travel time, and the working time for the loading and unloading operation. Yard 
Trucks has travel time and waiting time but in this experiment did not consider the working 
time of YT. We use the following criteria [10]  for evaluating the system effectiveness and for 
operation analysis:  

 
 

 
 

 

These two indexes indicate the level of occupancy that has the crane (in percent) and the 
trucks. To achieve an efficient system utilization rate should be high. The occupancy rate of the 
container yard indicates the level of demand for yard services. It is defined as the percentage of 
the total storage level by a total yard capacity: 

 

The total waiting time of a ship is the sum of the following components: 
 

• Waiting time in the harbor for a berth. 
 

• Waiting time at the berth during the loading and unloading operations. 

The average waiting time of a ship is then the total waiting time of all the ships berthed 
divided by the number of ships berthed. Average waiting time for each of the above components 
can be computed using the next expression: 

 

 

The Table 5.4 represents the simulation results of the experiment model of the reduced 
CTS, including the equipment utilization, the container yard occupancy rate, and the average 
ship waiting time for berthing [10] . Some results are obtained of equipment utilization for three 
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sets of equipment parameters. In this model, the average occupancy rate of container yard 
including the export blocks is approximately 50%. This average occupancy rate is quite 
variable. In most cases, the average occupancy rate is lower than 60%, while the peak 
occupancy rate is higher than 80%. From this result, to handle the temporary storage container 
at the block, the peak occupancy rate has to be considered for designing the storage space (the 
number of blocks). The utilization of Transfer Cranes (TC), Gantry Cranes (GC), and Yard 
Trucks (YT) is an interactive factor because the number of TC and YT are allocated to each GC. 
The allocation number of YT per GC is four and the allocation number of TC per GC is three. 
Therefore, the utilization of TC and YT are dependent on each GC. From the simulation result, I 
observe that GC utilization is more variable than other equipment. Therefore, I consider the GC 
prior to the other equipment. 

Table 5.4: Simulation results for experiment 

 
 
 

vi. Author Conclusions: 

The average ship waiting time for berth is 1 hour and 8 min. It is the objective of all 
container terminal management to minimize the ship waiting time and therefore maximize the 
utilization of container terminal resources such as berth, container handling equipment, and 
personnel. Reduced ship waiting time encourages trade and improves the competitiveness of the 
container terminal by providing efficient and effective services at a low cost. 

It is possible to reduce the ship waiting time developing new areas in the stack called buffer 
areas. Using buffer areas can be reduce the unproductive movements of the stack crane during 
the loading process and as a result reduce the total container loading time. Containers to be 
transferred the place for rehandle are pre-stowed in a buffer area alongside the tracks 

Simulation models show the effects of this buffer area on the ports operation. The 
conclusion is drawn that intermediate storage is effective. On average, 4% reduction [19] in the 
total loading time can be obtained by using a buffer space. 
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6. OPERATION OF TRANSFER AND QUAY CRANES: 
 

a) ABSTRACT 

To improve the timeouts and the efficiency of the container terminal is important to have a 
very good crane system. For that reason we should have a support to automate the cranes. In this 
chapter I am going to study the technology to automate the cranes. The automation technology 
is based on quick movements and with precision. Of course these movements should be always 
in safety. The automation is focusing on three systems that are: Load Position System, Target 
Position System and Load Control System as in reference number [21] . The aim of this chapter 
is to learn the automation that is present in the cranes of the most modern container terminals.  

 

b) INTRODUCTION  

The containers are loaded and unloaded from the boat with a quay crane. This type of crane 
weighs about 1,500 to 2,200 tons and is able to do 35 to 50 movements per hour [21] . Each 
movement moves from 1 to 4 containers between ship and yard. The quay cranes are operated 
semi-automatically by a driver from a booth located on the trolley, about 50 feet above the dock. 
The container is loaded automatically by automatic guided vehicle (AGV) that leads to a storage 
area. This zone is divided into blocks, each one of them covered by two automatic gantry 
cranes, mounted on rails (TC). The location of the container in the storage area is chosen by the 
terminal operating system (TOS), an advanced process control that lead the way to work to the 
transfer cranes. 

Containers are to be sent by land are loaded into trucks to take them to a point in the rail 
loading terminal. Operation of the TC is fully automatic, except working with driven trucks. In 
this case, the movements are controlled manually by safety needs (safety with the drivers). This 
movement is controlled by an operator located in a remote office (one supervisor for every 8 to 
12 cranes), using 4 to 6 compact cameras installed on the crane (Figure 6.1). 

 
Figure 6.1: Supervisor working in a remote office [21] 
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c) INDEXES OF PERFOMANCE FOR A CONTAINER TERMINAL:  

The basic indexes of performance for a container terminal are: 

• Berth productivity: how fast is unloaded and reloaded a boat 
• Productivity of mobile cranes 
• Number of containers handled per zone 
• Service time for trucks 
• Energy costs per TEU 

As we can see, the performance of a container terminal is strongly influenced by the work of the 
cranes. Therefore, you should invest in making them a good automation. 

 

d) AUTOMATION TECHNOLOGY:  

The automation packages for standardized transfer cranes and quay cranes are based 
(following reference number [21] ) on quick movement and accurate of: 

• Load position 
• Final position and 
• Positions of obstacles, combined with advanced control of loads. 

i. Position measurement of the load: 

The LPS system (Load Positioning System, Figure 6.2) consists of a camera equipped with 
video processor module and infrared emitter mounted on the transom. This issuer includes 
several markers of infrared; each of them is identified by the camera with an accuracy of less 
than one millimeter. 

 
Figure 6.2: LPS (Load Position System) [21] 
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The control system then uses the marker positions to calculate the position and orientation 
of the load with respect to the trolley. This information is fed back to the position and motion 
controllers to ensure maximum accuracy. 

ii.  Target positions and obstacles: 

Target position system (shortened TPS) uses a precise laser beam directed by servo-
controlled mirrors to allow three-dimensional exploration. In QC applications, one or two of 
these scanners are mounted on the trolley and perform various tasks in automatic sequences. 
During automatic operations within the stack, the TPS system (Figure 6.3) locates the exact 
position and size of the target container, checks the free space on adjacent stacks and verifies 
the positions of the containers already stacked. In addition, TPS locates obstacles that could 
affect suspended loads. 

Together, the LPS and TPS systems allow mobile cranes form rapidly and with high 
reproducibility stacks of containers loaded up to 25 meters, with a tolerance of a few 
centimeters. 

 
Figure 6.3: TPS System [21] 

 

iii.  Load control: 

The load control system (Figure 6.4) is based in a software model of physics suspended 
loads. The model includes algorithms for controlling the oscillating movements in the trolley, of 
the directions the gantry and inclination (rotation around the vertical) when rises and carrying a 
container.  

 
Figure 6.4: Load Control [21] 
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With position feedback provided by the sensor position of the load is possible to consider 
external influences such as wind or asymmetric loads. Optimum productivity is achieved under 
the following conditions: 

 
• Short load path but safety. It saves time if it takes the shortest path, above the 

containers. The path is calculated from measurements made by the TPS. 
 

• Fast approach to the target position. The model based on control of the oscillation and 
the position of the load calculates the optimum approach of the load with cables 3-50 
meters long and with speeds of trolley of 300 m/min and 200 m/min respectively. 
 

• Positioning without final adjustments. The TPS provides continuous measurements of 
the target position, making it possible to control the load to reach into that position. 
 
 
 

7. SEQUENTIAL AND PARALLEL AUTOMATION: 
 

a) ABSTRACT:  

In the last chapter of the project I will distinguish between two different forms of 
automation. We can see that in the reference number [23] . The processes are called sequential 
and multiprogramming (parallel) automation. I will define the two concepts, studying the 
characteristics and the advantages and disadvantages. To understand easier the processes I am 
going to explain them through a practical example. In the multiprogramming process will see 
the example of implement a system for knowledge of the position of the crane in real time. In 
the sequential automation the example attends a process where a bridge crane has to make some 
actions that are described later. The aim of the chapter is to know the different processes and 
distinguish each of them and select one for our system.  

 

b) INTRODUCTION:  

Two different forms of automation that can be found in a crane are sequential and parallel 
(multiprogramming) automation [22] . The first one, most basic and simple has as main problem 
the active timeout resulting in increased run time and therefore a performance requested. This 
problem is solved with parallel automation, as you may be in two states at once. This method 
solves the problem of sequential automation, but brings other problems of synchronization and 
mutual exclusion.  

This is shown in Figure 7.1 where the compute-intensive periods are indicated by shaded 
boxes and the I/O (Input/output) by white areas. The processor spends part of the time executing 
until it find an instruction I/O. So, it has to wait to complete the instruction of I/O before 
continuing (sequential execution). 
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Figure 7.1: Sequential vs. Multiprogramming [23] 

This inefficiency is not necessary [23] . When a work needs to wait for an I/O, the 
processor can switch to another work that is ready to run and keep the processor busy as much 
as possible time. Avoiding wasted time involved waits until complete the I/O. This concept is 
known as multiprogramming. 

The example presented in Figure 7.1 (b) achieves 100% processor utilization with only two 
programs. Although it is convenient to illustrate the basic idea of multiprogramming, you 
should not expect these spectacular results in real programs, because the distributions of the 
stages of computation and I/O tend to be more variable. 

 

c) MULTIPROGRAMMING (PARALLEL) PROCESS:  

Multiprogramming application developed in this example is the positioning of the crane. 
The idea is to use the advantages provided by an operating system RTOS (Real Time Operating 
System) to implement the automation of the bridge crane, in particular using multiple threads in 
order to implement an algorithm that puts real-time to the crane in a specific position . 

The objective in this example is that the implemented system has knowledge of the position 
of the crane in real time, i.e., while the crane makes its journey to a destination point, the 
display has to show the current location. It was developed in [24] . The main program starts by 
asking the coordinate to which you want to send the bridge crane. When you get the destination 
the main process (see the Figure 7.2) creates 5 threads which run parallel and are independent of 
each other. 

 
Figure 7.2: Main process [24] 
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The 5 tasks or threads created are: 

- Engine X, Engine Y, and Engine Z: These will be lead to the desired point on its axis 
(see Figure 7.4). 
 

- Convert: is responsible for generating the start signal conversion to the A / D. 
 

- Show: Responsible for displaying the value of the variables of the sensors for moving 
the crane on the screen. 

The following illustration (Figure 7.3) shows the flow diagrams for the 5 threads created by 
the main (the thread of the engines is the same for all). 

 

 
Figure 7.3: Threads [24] 

 

Another task is running. Is the break task which is executed each time an interrupt is 
generated, the flow chart shown in the illustration below (Figure 7.4), is responsible for storing 
the sensor readings in global variables which are then used by various tasks undertaken in the 
main process. 
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Figure 7.4: Brake process [24] 

 

d) SEQUENTIAL PROCESS: 

Definition of sequential process [25]  is a program structure where the instructions are 
executed one after another, as a linear sequence. So, one instruction is not executed until the end 
of the previous one. Also the program does not have different threads, just one line. 

To understand the sequential process I will describe an example that will automate a 
sequential process which is going to use the technique of Grafcet [26] . This example was 
developed in the reference number [26]  and is merely one way to understand the process, 
because the operation of a crane in a container terminal will have a different operation, but the 
base is the same. 
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The authors used an automaton which has 12 inputs and 8 outputs. As I told before, this 
example is an approximation to a real project and only intended to provide guidance on how to 
make a Grafcet. The automated process is shown in the Figure 7.5: 

 
Figure 7.5: Graph of the process [26] 

Description of the process: 

• Put into service by placing the SELECTOR ON position and pressing START. 
• If the machine is in position (FC2 + FC5) Trolley up and left and detects FC1 has come from 

the CONYEVOR BELT1 piece is put into operation the process: 
• It connects the electromagnet to hold the piece, go down to take the piece. Rises and moves 

to the right. 
• When it comes to FC4 go down and introduce the piece in the paint tank for 5 seconds. 
• After this time rises and moves to the left until FC3. Go down, puts the part in the 

CONYEVOR BELT2. 
• Rises and moves to the original position to the left and is ready until that appear another 

piece. 
• Once a cycle is done if the SELECTOR is ON continue doing cycles when FC1 detects a 

piece. If we put the SELECTOR to OFF when the cycle ends, the machine stops and will be 
out of service. 

• To restart the machine we must be switch the SELECTOR to ON and press START. 
• If we press the EMERGENCY BUTTON the process is stopped completely excepting the 

ElectroMagnet (prevent it from falling piece). 
• To continue the cycle we must become free the EMERGENCY BUTTON and press RESET. 
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Inputs, outputs and internal relays: 

This is a list of the inputs, outputs and relays used that I have to define before: 

Inputs: 

• EMERGENCY button 
• START button 
• 0.02 RESET button 
• 0.03 Selector 
• 0.04 FC1 (Detects piece) 
• 0.05 FC2 (Left) 
• 0.06 FC3 (Center) 
• 0.07 FC4 (Right) 
• 0.08 FC5 (Top) 
• 0.09 FC6 (Bottom) 

Outputs: 

• 10.00 M1D (Motor1 Right) 
• 10.01 M1I  (Motor1 Left) 
• 10.02 M2S (Motor2 Up) 
• 10.03 M2B (Motor1 Down) 
• 10.04 ElectroMagnet 
• 10.05 L1 In Service 
• 10.06 L2 Emergency 

Internal Relay: 

• 14.00 RM (Run Relay Operating) 
• 14.01 RE (Emergency Relay) 

 
• 15.00 STAGE 0 
• 15.01 STAGE 1 
• 15.02 STAGE 2 
• 15.03 STAGE 3 
• 15.04 STAGE 4 
• 15.00 STAGE 5 
• 15.01 STAGE 6 
• 15.02 STAGE 7 
• 15.03 STAGE 8 
• 15.04 STAGE 9 

 

 

Grafcet scheme: 

In this scheme (Figure 7.6) stages are specified which is divided the Grafcet and the actions 
to take at each stage. It also specifies the conditions of transition between stages. 
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Figure 7.6: Grafcet scheme [26] 

 

The conditions of the transition are:  
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Figure 7.7: Conditions of transition [26] 

 

Connection PLC diagram: 

This diagram shows how to connect to the PLC inputs and outputs. 
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Figure 7.8: Conecction PLC [26] 

 

 

e) AUTHOR CONCLUSION:  

As mentioned above, the main objective is to reduce the time of loading and unloading of 
ships, for to be the minimum possible time in the berth. In this case that concern me, I need to 
reduce the operating time of the cranes. This section has presented two different processes for 
automation. As explained before multiprogramming (parallel) process reduces this time so this 
will be the option chosen. Is more complex and needs more resources, but I am planning that 
this not be a problem for the implementation. 

 
 

 
 

8. CONCLUSIONS AND AUTHOR’S CONTRIBUTION: 
 

a) CONCLUSIONS: 

In this work we have seen operating cranes at a container terminal. I have done “Abstracts” 
of every chapter in the beginning of each one. Also in conclusion chapter you can find a 
summary of the entire project: 

 
The chapter number 1 is the main ab7stract where you can read the motivation and the aim 

of the project. It is the main summary of the project and was done by the author with his own 
words.  
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 In the short chapter 2 are explained what a container terminal is and what are the main 
characteristics. This chapter is a summary based on the reference number [1] and also the 
knowledge of the author.  

 
The chapter number 3 is a description of the most important elements of the container 

terminal. In the first part of the chapter are described all types of crane which can be found with 
characteristics of each one and classified. This first part is based on the references [2], [3] and 
[29]. In the second part of the chapter are described the variety of containers with the goods 
being transported. Definition, types, sizes and identification system of containers are topics that 
are explained. This chapter is purely descriptive and this second part is based on the next 
references: [4] and [5]. The pictures of the chapter are referenced in the project. These 
references are [28], [30], [31], [32], [33] and [37]. 

 
The chapter number 4 is dedicated to study in a very simplified way how a container 

terminal is managing. I talked about the problems that appear in the management. I showed the 
ways to follow to solve the problems as the Berth Allocation Problem or the problem with the 
timeout but these problems do not concern us in this project. It could be for further projects. I 
was focusing on three sub-processes as arrivals of the ships, unloading and loading of the ships 
and stacking of containers. The objective is to know something about the management of the 
container terminal for understand better all of the systems. 

 
The description of the management of the container terminal is based on the references 

number [6] and [8]. The author show the way to follow to solve the Berth Allocation Problem 
helped with the reference number [7]. 

 
In the chapter number 5 as is shown in the reference [10]  is solved the problem of the ship 

waiting time through simulation. Simulation model of the container terminal system is 
developed using an object-oriented approach and Simple++ software as you can see on 
reference number [10]. I started to explain why simulation can help us in our problem and the 
advantages and disadvantages of this method. Then, I described the problem and saw a 
numerical example. It is possible to extract some conclusions of this example and saw that the 
crane system is the most important equipment that influence in the results. One conclusion is 
that is very important the level of occupancy of the cranes, so this index of occupancy should be 
high for the effectiveness of the terminal. To reduce the unproductive movements of the stack 
crane during the loading we can use buffer areas in the stack. With these areas the time could be 
reduced around 4% of the total time.  

 
The simulation model, structure and results belong to the authors of the reference number 

[10] as I told before. The conclusions of the simulation are extracted for the author of this 
project. To explain the concepts in the chapter are used references as number [12] to explain the 
Erlang concept; [38] and [39] to explain the advantages and disadvantages of the simulation 
method; [11] to show what a PortSim is; [10] to explain the Mit port simulator; [13] to learn 
how works and what is the software Simple++; to define Witness, Seewhy, Microsaint and 
GPSS, SimScript and ModSimII are used references number [14],[15],[16],[17] and [18]. The 
author conclusions of the final of the chapter are by own with the help of the reference number 
[19] that shows the 4% reduction of time that is possible to achieve.   

 
In the chapter number 6 I studied the automation technology that is present in the cranes 

of the most modern container terminals. As I told before, the crane system is very important on 
the container terminal and for that reason have to be automated to improve the operation time. 
The automation technology that we saw in the chapter is based on quick movements and is 
focused in three systems: Load Position System, Target Position System and Load Control 
System. I achieved with this project that improving the automation system is possible to reduce 
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the operating time and of course increase the safety of the system. This chapter is based on the 
reference number [21] where is explained the three systems: LPS, TPS and LCS. 

 
In the chapter number 7, the last one of the project, I talked about the two different 

processes for automation. The processes are called sequential automation and 
multiprogramming or parallel automation. In this section are described the characteristics, 
advantages and disadvantages of the processes. In the chapter is explained one example of each 
automation process in the project to understand easier the concepts. The aim is always to reduce 
the time of operation so, as I describe before the multiprogramming process is chosen because 
the operation time is lower. In contrast, it needs more resources. 

 
In this chapter the author has followed the references number [22] and [23] to explain the 

differences of the two processes. The example seen of the multiprogramming process is 
developed in the reference number [24]. Reference number [25] was used to define the 
sequential process and the example seen of the sequential process follows the reference number 
[26]. The two examples were adapted from Spanish to English by author. Finally, the author 
conclusion is done by him.  

 
 

With all this comments and the full project I can draw more conclusions as:  
 
• The fundamental objective should be achieved in intermodal transport is to perform each 

step in the transport chain as efficiently as possible, reducing cost and meeting the new 
requirements for environmental conservation. In our particular case I should find a high 
efficiency in the process of loading and unloading of our cranes reducing the ship waiting 
time through saving time of our cranes. 
 

• The simulation allows the study of many important aspects for the design, management and 
improvement of complex systems such as container terminals. This system can solve the 
problem of the time in the container terminals. 

 
• The automation of the crane must be based on achieving quick and precise movements. 

Container terminals needs accuracy because is possible there to be accidents with workers, 
such as when loading a container on a truck where the driver is inside. The cranes always 
have to do safety movements. 

 
• The main problem of the sequential process is the active timeout resulting in increased run 

time and therefore a performance requested. This problem is solved with parallel 
automation, as you may be in two states at once. This method solves the problem of 
sequential automation, but brings other problems such as synchronization and mutual 
exclusion.  

 
 

 
b) AUTHOR’S CONTRIBUTION:  

This project is a review about the process control of operating cranes at the container 
terminal. The author’s contribution to the project basically has consisted on search and adapts 
variety of information from the references by which can be understood what a container 
terminal is, its management, the operating cranes, etc. knowing its problems and guiding to find 
the ways to solve these problems. 
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Also with the help of the simulation seen in its corresponding chapter, it was calculated an 
average waiting time of ships. With these results, author gives some solutions to reduce this 
time and increase the efficiency of container terminal through, for example, the automation of 
the cranes system or using buffer areas in the stack.  

 
Therefore, after study the two different automation processes described in the last chapter, 

author explains the reason why the multiprogramming process instead of sequential process is 
selected. Finally, in the last part of the project the author extracts his own conclusions.  
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