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1. Introduction

   In recent years, the explosive in the volumes of freight has resulted in heavier workloads at seaports. At the same time the number of container terminals worldwide increased considerably and they have become an important component of logistic networks. Their major function is to serve as multi-modal interfaces between sea and land transport. To satisfy customer demand, it is paramount that ships are unloaded and loaded promptly at the port. The above consideration necessitates the implementation advanced technologies and development of highly sophisticated container transportation systems, which accommodate the increasing number of container ships and efficient movement within the container terminal. A major challenge in port management is thus to reduce the turnaround time of the container ships. One direction for improving the overall productivity of a container terminal and to reduce the berthing times of vessels is to enhance the degree of automation of the handling and transportation equipment. Hence, manually operated cranes have been replaced by automated ones and Automated Guided Vehicles (AGVs) are used instead of manually driven carts. In this paper, we will focus on the challenges posed by the last method, specifically improving the performance of the horizontal transportation system using an AGV system. AGVs have been used in seaports for container handling that greatly improves the overall operational efficiency. The advantages of implementations such vehicles are as follows: they would save the port terminal space, they would be more cost effective and they would increase the efficiency. 
   Container terminal logistics has been a prominent field of research and the term Automated Guided Vehicle Systems has become a keyword in publications. As one of the enabling technologies, scheduling of AGVs has attracted considerable attention. Many various kinds of model of container terminal and various techniques to solve its scheduling problem have been proposed. The former contains, e.g., network model or mathematical programming model, whereas the latter includes simulation, mathematical programming and heuristic algorithm. Literature is available to support these ideas. A comprehensive literature survey has recently been given by Steenken et al. [10]. Important optimization problems include berth planning (see Guan and Cheung [5], Imai et al.[7], Dai et al.[2]), quay crane planning (see Daganzo [1]). Several papers have studied specific optimization problems arising in container terminals with automated equipment. Automated guided vehicles (AGVs) have been studied by Vis [11]. A general model for scheduling equipment such as AGVs has been proposed by Hartmann [6]. 
   In this paper, we focus on highly automated terminals which employ AGVs. 

1.1. Background of container terminal operation
   The process of unloading and loading a ship at an automated container terminal can be described as follows. When a vessel arrives at the container terminal for transshipment, there are two types of operations that need to be carried out. These are to discharge containers from and/or to load containers onto the vessel. We consider an automated container terminal equipped with special quay cranes (also called gantry or container cranes), Automated Guided Vehicles (AGVs) which are used for the transportation of containers and Automated Stacking Cranes (ASCs) for the handling of containers in the stack. In this paper, we only address the unloading process. Usually, quay cranes (QCs) first unload a ship and thereafter load containers on the ship. Unloading and loading operations are only mixed during a very short time period. In addition, it has already been determined at which position the vessel is berthed and which quay cranes will be working on the vessel. The unloading sequence of the containers is known in advance for each vessel. At the same time, the final destination in the storage area is determined for each container and the AGVs transport the containers to storage locations in the yard area where they are dismounted from the AGVs by yard cranes. These automated guided vehicles transport the containers along a predefined path, usually a loop layout, to the stack. Storage area consists of a number of blocks where containers can be stored for a certain period. The retrieved containers are internally transported to other transportation modes, such as barges, trucks or trains. Outgoing containers are loaded onto the ship after the majority of incoming containers have been discharged. The outgoing containers from the yard are mounted onto the AGVs using yard cranes. These containers are then carried by AGVs from the yard to the quay area where they are loaded onto the ship by a quay crane. Figure 1 [11] illustrates a layout of a port container terminal, which was used in numerical experiment of this study. The input data are obtained from the report
 of Celen et al. (1997) [11] for the port of Rotterdam. 
   The QCs and ASCs are connected by a multiple lane loop layout. This loop is a fixed sequence of pick-up and delivery points at QCs and ASCs. AGVs travel over these fixed guidepaths to handle all transportation requests. During the unloading process AGVs travel full from a QC to an ASC and empty from an ASC to a QC. To avoid the common problems of a loop layout, in which vehicles can not pass each other, container terminals can use the concept of multiple lanes. As can be seen, vehicles drive counterclockwise from the parking area A, where they receive a transportation request, from a certain QC. At arrow B, the vehicle is dispatched to an ASC. 
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Figure 1:   Example of processes and layout of an automated container terminal.
   The particular difficulty of AGV dispatching in a highly automated container terminal is that AGV pick-up and drop-off times for each container have to coincide with the schedules of the quay and stacking cranes to avoid idle times of this equipment and to guarantee short berthing of the vessels. The aim of AGV scheduling is to dispatch a set of AGVs to achieve the goals for a batch of pickup/drop-off (or P/D for short) jobs under certain constraints such as deadlines, priority, etc.

   In this paper, we shall present a Petri net model and a mathematical model of the AGV scheduling problem. The token movement behavior in a Petri Net model can make a balanced dispatching schedule of AGVs through the marking planning. That is, AGVs are represented by tokens and the planned marking in the places governs the dispatching of the AGVs in a way that the AGV supplies jobs for cranes and makes the cranes as busy as possible. Then the proposed GA as a solving methodology that constructs an AGV dispatch schedule is introduced. 
2. Petri net model of container terminal operation

   Petri Nets is a graphical model of computation introduced by C.A. Petri in his PhD "Communication with Automata'' (1962). Discrete-event dynamic systems are probably the most appropriate formalism to describe container terminals. In particular, PN can systematically represent all the terminal activities, the shared resources, the synchronized or parallelize process, etc [8]. Now we will shortly introduce the basic definitions and theory of Petri Nets. 

   A Petri Net is a particular case of directed graph with an initial state called the initial marking. There are two kinds of nodes: places and transitions. Arcs are either from a place to a transition or a transition to a place. Therefore Petri Nets are formed by a four-tuple N = (P, T, A, M0).  In modeling, places represent conditions and transitions represent events. Places in set P and transitions in set T are linked by arcs in set A to represent how the system state changes, as tokens, representing resource-units or containers in process, flow through the net. More specifically, places are of two different types: the first one is able to model the execution of activities; the second one is used to model an available resource like ships, loading/unloading station... Each place is depicted by a circle. Note that each resource ri has a finite capacity C(ri) (number of units) to host containers. If a marking assigns a place p with a nonnegative integer k we say that "p is marked with k tokens". A transition (event) has a certain number of input an output places representing the preconditions and postconditions of the event. The presence of a token in a place is interpreted as holding the truth condition related to that place. In other words, k tokens are put in a place to indicate that k data items or resources are available. 
   Transitions are graphically represented by bars and model events changing the state. Each state value is defined by the function, which assigns an integer non-negative number to any place in the net: M : P ({0,1,2,…}, where M(pi) gives the current number of tokens in pi (P. An unmarked place doesn’t contain tokens and a marked place contains as many tokens as M(pi). M0:P({0,1,2,…} is the initial marking. Arcs may be distinguished between input arcs from places to transitions, and output arcs from transitions to places, and all are drawn as arrows. They show us how places and transitions are connected. Namely, a transition t has a certain number of input (and output) places which are the pre-conditions (post-conditions) associated with t. The pre-conditions enable transition t, while the post-conditions are defined after the occurrence of the event modeled by t. So, the Petri Net states (or markings) do change according to the following basic rules:

• enabling rule: a transition is enabled if each of its input places is marked, but an enabled transition may or may not fire (depending on whether or not the event actually takes place);

• firing rule: a firing of an enabled transition consumes a token from each input place and produces a token for each output place. 
   Figure 2 illustrates a Petri Net model of the control logic for a loading/unloading container by cranes and transporting containers by AGVs.
Model represents the transportation of a container from a pick-up location to a delivery location. A workstation (or an Input station) is located at a fixed node P10 and is visited there by crane to have a pickup operation k, k=1,2,...,n (n=10) through T1. An AGV has to transport the container to its staging place. When this happens, starting processing of transportation is enabled (transition T2 fires).
[image: image2.emf]1

1

1

1

1 1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

T1

O

P1

8

O

P2

1

T

2

O

P3

2

T

3

O

P4

3

T

4

T

5

O

P5

4

O

P6

5

O

P7

9

T

6

O

P8

AGV parks

T

7

O

P9

7

T

8

T

9

call for AGV

start moving to 

new pick up

new pick-up reached

AGV is ready for 

transport

transportation of 

the container

AGV has 

reached delivery 

start moving to 

new pick up

empty travel from last 

drop off to next pick up 

station

P14

10

O

P16

AGV is 

unloading

O

P17

ACS free

T

1

0

T

1

1

O

P18

T

1

3

Ship

waiting for AGV


Figure 2:   A Petri net model of an AGV system  
During transportation, a token resides in P3. At the end of the transportation, transition T3 fires, and the container is unload from AGV by ACS crane (transition T13 fires). AGV becomes available, as marked by the token in P18. AGV has to travel empty towards the place where the part requesting transport is located (transition T4 fires) and then starts transporting next container (the token returns to place P7). If AGV is not assigned for new job (transition T5 fires), it has to wait in place P8 for a job. When this happens, the AGV is bound to travel empty again. The quay crane will eventually wait in place P1 for the AGV to be available, i.e. for a token to be in place P7. 
2.1 Advantages and disadvantages of Petri nets
   The advantage of Petri nets over many other graphical modeling tools is that it has a mathematical formalism that makes the dynamic behavior of the underlying system well-defined and amenable to theoretical analysis using results from e.g. linear algebra and graph theory. Petri nets have some drawbacks however. First of all, even if places and transitions are labeled with names of the corresponding states and events, a reader must learn Petri net basics before he can understand the model. Secondly, according to elementary notations, even simple systems can give rise to very complex Petri nets, defined by a lot of places, transitions and arcs. Petri nets tend to become graphically very muddled for all but small examples. Typically, the number of Petri net states is combinatorial exploding. Then, the Petri net models are not easy to be implemented. 

3. Description of the problem

   We consider the problem of assigning jobs to AGVs. Each job corresponds to the transportation of a container from a pick-up location to a delivery location. An AGV can be assigned one job at a time. After completing a job, an AGV can start another job. From the perspective of the scheduling domain, the following assumptions are introduced in this study:
a) Every AGV serves more than one QC. That is, any one AGV is not dedicated to one QC.
b) All the AGVs are the same in their functions.
c) The queuing time of AGVs are not considered.

   The primary focus of this paper is the discussion of ideas to reduce the time in port of container vessels. In this regard, we concentrate on the contemplation of the Waterside Transshipment Process, in particular, on the container movements to and from the berth area, performed by AGVs. 

3.1. Mathematical formulation

   For a more formal definition, let J be the set of the jobs to be assigned, and let V and K be the set of AGVs and the set of QC, respectively. Moreover, let ( be travel cost per unit time of an AGV and ( be penalty cost per unit time for the delay in the completion time. It is assumed that (<<( and m0 and mF equal to [image: image3.wmf]V

. Mathematically, the problem is formulated as follows:
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where 
yik – The event time of the event eik that corresponds to the beginning of a pickup (or release) of a container from an AGV  for a task related to the ith operation of QC k 
sik – The earliest possible event time ([image: image11.wmf]0
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mk – The number of task for QC k
   During iterative procedure of this algorithm, it is attempted to minimize the total travel time of AGVa, which is the first term of objective functions (1), and to minimize sum of tardiness travel time.
4. Genetic Algorithms

   Genetic Algorithms (GAs) are adaptive search and optimization algorithms based on the mechanics of natural selection and natural genetics [3]. GA is based on the principles of ‘‘survival of the fittest’’, where weak individuals die before reproducing, while stronger ones survive and bear many offspring and breed children,. GA begins with a population of strings created randomly. The string is called a chromosome and each bit is called a gene. Each chromosome has a fitness value assigned to it based upon a fitness (objective) function. The fitness value determines the relative ability of the chromosome to survive over the generations. The population is then operated on by three main operators; reproduction, crossover and mutation to create a better population (see [3]). The termination criteria are designed based on the available response time within which the solution should be obtained and/or the minimum satisfying performance level expected. If the termination criteria are not met, the new population is again produced by the above three genetic operators and evaluated. This procedure is continued and repeated until the termination criteria are met. 
4.1  Application
   The number of AGVs required to minimize the unloading times of the ship is limited to Nagv vehicles due to the costs for operating as well as space on the terminal. Initially, we assume that the capacity of an AGV equals two twenty foot containers or one forty feet container. In our study, we assume a constant average time tg; g({1,2, …,G} for each of the G quay cranes allowing to define a sequence of jobs jg;i  with fixed transshipment times where i( {1, … ,ng } with ng being the number of jobs in the sequence. A job j denotes a container transport from one location to another one. The container movements (jobs) on the terminal are coded in a permutation vector (individual) with a job being a gene. The size of the population is a parameter of the algorithm and depends on various factors (e.g., the structure of the problem) and cannot be determined beforehand in general. The objective function (1) is used for the fitness of the individuals. An individual is a permutation vector containing the jobs with n being the number of jobs at all quay cranes.
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Figure 3:   Representation of an individual
   The solution vector is divided into Nagv segments of which each represents a certain number of jobs to fill a shift of T seconds for one AGV. Therefore, the solution vector implies the number of AGVs as well as the sequences for each of them, ck with k({1,2,…Nagv}. In this study, we use nearest-vehicle-first QC-initiated dispatching rules (i.e. a free AGV at the smallest distance is dispatched to the QC needing an AGV). Figure 4 describes the calculation of the objective function value for a shift of length T.
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Figure 4:   Pseudo-code for the objective function calculation
   The function getTime (si) calculates the time that an AGV needs to fulfill the job si. It is composed of the time to reach the starting position (pick up), the time for the transport of the container, and the waiting time that can occur if the AGV arrives before the expected time. For each container it is decided which size it has. If it is 40 feet container, the AGV needs to transport the container directly to the stack. In other case, 20 feet container, the AGV needs to wait for the next QC job, because during the unloading process AGVs travel full from a QC to the stack. Note, that the number of AGVs is increased whenever the sequence of jobs for the AGV exceeds T or the AGV waits for the next job and a quay crane Qsi is scheduled before its predecessor Qsi-1 (AGV transports the container along a predefined path) or the AGV needs to transport 40 feet container.
In this paper, a one-point crossover operator is investigated. A repair function guarantees that new individuals are feasible, i.e., the uniqueness of a job (gene) in the solution is kept. The location l as the crossover point within one of the two individuals, s1 and s2, is selected randomly from a uniform distribution of the C-1 possibilities in a way that the sequences are not destroyed. The recombination is done as shown in Figure 5. 
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Figure 5:   Crossover operator
   Note, that the crossover is allowed to split segments in the second individual s2. The duplicate jobs in the offspring can be replaced either in the fragment f1= {s11, s21,…, sl1} or in the fragment f2= {s1+11, sl+21, …, sn1} by jobs that are missing in this individual. The repair mechanism selects one of the fragments with a probability of 50%.
After that, with a probability of mutation pm = 1/n, the contents of two randomly selected locations k and l with k,l ( {1,…,n} in s are exchanged such that sk ( sl  and sl ( sk. The mutated individual replaces the original offspring. The creation of the next population is based on the selection of individuals from the current population and the replacement strategy. Ranking selection uses the absolute fitness values to compute a rank for each individual in the population. This rank determines the probability to be drawn as a source for the recombination operator to create new offspring for the next population. Last replacement generates the next population by refreshing the worst parents with a specified number of the best offspring if and only if these individuals (offspring) have a better fitness than the worst parents. The number of individuals determines the speed of improving the population and the ratio of convergence.

5. Computational Results

   Initially, we assume that 50% of the containers have a length of 20 feet and the other 50% have a length of 40 feet. The speed of a full AGV equals 4 m/s and the speed of an empty AGV is 5.5 m/s. The weights of the objective function have been set to α = 0.9 and (= 0.1 which should be a reasonable choice in practice [11].

GA parameters:

Population size  = 20 samples

Crossover probability  = 0.500

Mutation probability = 0.005

Termination criteria = 100 generations (or) a satisfactory predefined minimum value for the objective Function, whichever occurs first.

The computation time for the genetic algorithms is ignored in this paper because we are mainly interested in the potential of these algorithms to improve given solutions.

   The first step in the generational loop is to create the initial population of jobs which implies the number of AGVs as well as the sequences for each of them(Table 1).

 The scheduls of job sequences
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Min 2336.  Mean 4749.12   Total 94982.4
Table 1:   An initial population
The GA iterates around the generational loop until Termination criteria is achieved and then terminates. The optimal solution of our problem is given in Table 2.
  The schedul of job sequences



The schedul of  AGVs sequences
             5 7 1 2 4 3 6 8
               Agv1 ( j5 j7; Agv2 ( j1 j2; Agv3 ( j4; Agv4 ( j3 j6; Agv5 ( j8
Min 1810.5.  Mean 3453.88   Total 69077.6
Table 2:   The optimal solution
   If the results of the first generation and the optimal solution would be compared, it can be concluded that: 

a) The minimum value of the fitness function has been reduced from 2336 to 1810.5 (about 22%).
b) The average value of the fitness function has been reduced from 4749.12 to 3453.88 (37%).
6. Conclusions

   In this paper, we have studied the problem of dispatching AGVs to containers. Our model consists of a Petri net model, an integer programming formulation and a genetic algorithm. The main contribution of this paper is the development of rule-based methods for the AGV dispatching problem in seaport container terminals and their evaluation. 

   For future research, it will be useful to investigate how integrate simulation model (Petri net model) and optimization algorithm. This combined system can be the main component of a decision support system for terminal management, where the port managers can test and evaluate different strategies, comparing their own choices with the computer generated ones, then selecting the best suited for the current situation.
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SUMMARY
Automated guided vehicles (AGVs) are now becoming popular mode of container transport in seaport terminals. These unmanned vehicles are used in terminal operations for transfer containers between ships and storage locations on the shore. 

In the past few decades, much research has been devoted to the technology of AGV systems and rapid progress has been witnessed. As one of the enabling technologies, scheduling of AGVs has attracted considerable attention. The aim of AGV scheduling is to dispatch a set of AGVs to improve the productivity of a system and reduce delay in a batch of pickup/drop-off jobs under certain constraints such as deadlines, priority, etc. The final goals are normally related to optimization of processing time or minimization the number of AGVs involved while maintaining the system throughput, or minimization the total travel time of all vehicles. 
To maintain competitive advantage and increase the efficiency of the container terminal it is necessary to determine the appropriate number of AGVs to deploy, and formulate good dispatching strategies for these AGVs. 
This paper first considers to introducing what AGV and then gives a Petri net model which represents the transportation of containers from pick-up locations to delivery locations. In addition to this proposed genetic algorithm as a solving methodology that constructs an AGV dispatch schedule is introduced. 
Keywords.  AGV, AGV transportation system, scheduling, optimization
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SAŽETAK
Automatski upravljana vozila (AGV) danas postaju pristupačan način prijevoza kontejnera u lučkim terminalima. Ova automatska vozila se rabe za prijevoz kontejnera između brodova i skladišta na kopnu. 

Posljednih nekoliko desetljeća, mnogo se istraživala tehnologija AGV sustava i zabilježen je nagli napredak. Kao jedna od mogućih tehnologija, određivanje rasporeda AGV privukla je značajnu pozornost znanstvenika. Cilj rasporeda automatski upravljanih vozila je rasporediti skup AGV kako bi se poboljšala ukupna produktivnost sustava i smanjilo kašnjenje u nizu poslova tipa pokupi-spusti, a pri tome se mogu uzeti u obzir zastoji, prioriteti… Krajni ciljevi se odnose na optimalizaciju vremena obrade ili na minimalizaciju broja AGV koji su uključeni i održavaju protok u sustavu ili na minimalizaciju ukupnog vremena putovanja svih vozila. 
Kako bi se održala  konkurentska prednost i povečala efikasnost kontejnerskog terminala nužno je odrediti odgovarajući broj AGV i odrediti dobre strategije rasporeda za ta vozila.  U ovom radu prvo se razmatra što su AGV, a zatim je uporabom Petri mreže prikazan model prijevoza kontejnera između broda i skladišta na kopnu. Za određivanje rasporeda AGV predložen je genetski algoritam kao metoda rješavanja.
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