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Abstract 

Aiming at the problem that scheduling problem of YCs (yard cranes) in multiple blocks 
under uncertain conditions for a container terminal, two kinds of predictable 
uncertainty factors (the task groups' arriving times and handling volumes) were 
considered. In this paper, a mixed-integer programming model based on a proactive-
reactive framework is established, aiming to minimize the sum of the expected delay and 
the variance delay of the total completion delay of all task groups. Using IAGA (Improved 
Adaptive Algorithm) to solve the model, mainly adopts the improved adaptive crossover 
and mutation probability. Numerical experiments in five scenarios show that the 
proposed scheduling method can obtain a better solution than the classical genetic 
algorithm (GA) when dealing with two types of uncertain factors. Finally, numerical 
experiments on different scales show the superiority of the IAGA algorithm and the 
effectiveness of scheduling method. 
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1. Introduction 

With the continuous development of international trade in the past ten years, maritime trade has 

accounted for 80% of global trade. Container terminals have become more and more important in the 

world's maritime cargo transportation system, and container transportation has become an important 

part of modern logistics. The annual transportation volume of containers in the yard is increasing. 

According to surveys, the global container trade in 2017 has reached 150 million TUEs [1]. Yard 

crane(YC)is a piece of crucial operating equipment in the yard, and its role is mainly responsible for 

the loading and unloading of containers inside the yard. Usually, there are three types of containers 

in the yard: import containers, export containers, and transshipment containers. These three types of 

containers have their characteristics. Imported containers usually enter the yard at one time and in 

large quantities, while export containers, which are different from imported containers, enter the yard 

at a variable time. Most of the export containers enter the yard when the ship leaves the port. The 

yard crane in the yard has two kinds of processing tasks for these three kinds of containers: storage 

tasks and retrieval tasks. The storage task refers to: the yard crane moves the container from the 

external trucks to the yard area for storage. It can be seen that the yard crane scheduling operations 

in the yard play a vital role in the overall operation of the terminal. Effective yard crane scheduling 

can not only shorten the turnaround time of trucks, but also save energy consumption in the yard. 

At present, scholars at home and abroad have done a lot of research on the optimization of yard crane 

dispatching and obtained a lot of research results. In the research of yard crane scheduling, the main 

research on yard efficiency is the single yard crane scheduling and the combined yard crane 
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scheduling.Zheng Hongxing et al. [2] studied the scheduling optimization problem of multi-field 

cranes in the export container yard. Considering the real-time pre-marshaling of the yard cranes 

scheduling and establishing a mixed-integer linear programming model with a penalty factor for the 

minimum total waiting time of the internal container trucks, designed to use a hybrid harmony 

simulated annealing algorithm to solve the corresponding model and verify the work scheme of yard 

cranes. Finally, it is concluded that the walking path of each yard crane and real-time pre-marshaling 

scheme.Then Zheng Hongxing et al. [3] based on the original research consider the constraints of 

non-crossing and safe distance among yard cranes, as well as focusing on real-time container 

rehandling during the operation process and establish the minimum travel time of the crane yard 

operation as the goal of the linear programming model, and then use the branch pricing algorithm to 

solve to verify the accuracy and effectiveness of the model.In terms of the joint scheduling of yard 

cranes, Liang Chengji [4] et al. studied the joint scheduling of Automated Guided Vehicle(AGV)and 

yard cranes, and established a joint dispatch model of container terminal AGV and yard crane with 

buffer zone setting, aiming at minimizing the sum of the job delay time, AGV total traveling time, 

and AGV waiting time of the yard crane. This paper uses genetic algorithm to solve the problem 

model. The experimental results show that the container terminal with cache area can effectively 

reduce the waiting time between the AGV and yard cranes , thus improving the operation efficiency 

of the yard.Xu Yuanqin et al. [5] research united scheduling of yard truck,quay crane and yard crane 

and established a mathematical model to minimize the time of yard truck transportation and wait time 

for quay crane and yard crane. This paper is the first to innovate the loading and unloading of trucks 

in the same container area and the constraints of loading and unloading in different container areas,but 

it does not limit the number of trucks and does not consider the uncertainty of the quay crane. 

Most of the existing researches on yard cranes scheduling generally aim at minimizing task 

completion time, task delay time, or yard cranes movement time. The above literature all study the 

yard crane scheduling problem under the determined environment. However, there will be uncertain 

factors in the real yard environment, which will affect the yard crane's operation. There are many 

sources of uncertainties in the yard, such as accidental equipment failure and failure in the yard, errors 

caused by the human operation, traffic congestion in the yard, delay of ship's arrival at the container 

terminal, and so on. These uncertain factors are widespread and unavoidable, which have a great 

impact on the operating efficiency of container terminals. In particular, they will greatly reduce the 

loading and unloading efficiency of yard cranes, and even make it difficult to realize the originally 

formulated scheduling plan. Therefore, it is of great practical significance to study different types of 

uncertain factors to improve the operation efficiency of yard cranes. 

Junliang He [6] et al. studied the scheduling problem of yard cranes with the uncertainty of the task 

groups' arriving times and handling volumes. In this paper, a mixed-integer programming (MIP) 

model is established to minimize the completion delay cost of deterministic cranes scheduling without 

uncertainty and the expected value of the extra loss costs under uncertainty. A three-stage algorithm 

based on the genetic algorithm is used to solve the model, which verifies the effectiveness and 

practicability of the model.Feifeng Zheng [7] et al. studied investigates single yard crane scheduling 

and established a two-stage stochastic programming model to expected total tardiness of tasks and 

minimize the uncertain release times of retrieval tasks total delay. In the first stage of the model, the 

release times of retrieval tasks are unknown, and only storage tasks are considered. In the second 

stage, the retrieval task is considered. In this paper, the sample average approximation approach(SAA) 

method is used to solve the small-scale instances of this problem, and the large-scale instance is 

solved by a genetic algorithm and a rule-based heuristic algorithm. The results showed that both in 

terms of solving the quality and solution time, the rule-based heuristic algorithm is superior to the 

genetic algorithm and the sample average approximation algorithm (SAA).Liang Chengji [8] et al. 

considered a yard crane scheduling problem dealing with uncertain interference factors under a 

dynamic-rolling horizon decision strategy, established a mixed integer programming model to 

minimize the maximum delay of task completion, and solved the model by using an improved genetic 

algorithm. The improvement of genetic algorithm refers to the design of a two-point crossover 
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operator based on sliding couple on the one hand and the design of a nonlinear mutation calculation 

for chromosome mutation on the other hand. The experimental results show that the rolling strategy 

can effectively solve the problem and achieve global optimization. Man Xiaoyi [9] mainly studied 

the retrieving scheduling optimization under task random arrival time. Considering the uncertainty of 

the release time of each task and aiming at minimizing the expected total tardiness of all tasks, a two-

stage stochastic programming model is established. In the first stage, the scheduling of stored tasks 

is considered without any information on the release times of the retrieval tasks. In the second stage, 

the release time of all retrieval tasks is known.Then adjust the scheduling scheme of the first stage to 

obtain the expected total delay of all tasks. In this paper, the sample average approximation algorithm 

(SAA), improved genetic algorithm (IGA), and rule-based heuristic algorithm (RBH) is used to solve 

the problem in turn. The experimental results show that the RBH algorithm is superior to the SAA 

algorithm and IGA in terms of solution quality, running time, and stability. The SAA algorithm is 

also better than the IGA algorithm. 

Through the summary of the above research results, it is found that scholars at home and abroad have 

conducted more in-depth research on yard cranes scheduling under certain conditions, while most 

research on yard cranes scheduling decision-making under uncertain environments single considers 

one or more uncertain factors of the same type. There are little researches on the yard cranes 

scheduling problem considering multiple types of uncertain factors at the same time. Therefore, this 

paper takes the multi-field yard cranes scheduling in multiple blocks as the object, comprehensively 

considers the influence of the uncertain arrival time of the task group, and handling volumes to the 

yard cranes scheduling plan. Finally, this paper proposes a model based on the proactive-reactive 

framework and designs a corresponding improved adaptive genetic algorithm to solve it. 

2. Problem statement and formulation Section Headings 

The yard crane is mainly responsible for the storage and retrieval of containers in the yard. In a 

container block, only a separate yard crane handles the storage and retrieval tasks. The yard crane 

scheduling problem specifically refers to that within a certain planned period, the container terminal 

operator allocates the corresponding yard cranes to load and unload the containers to be processed 

according to the arrival time of the external trucks and the storage location of containers. The yard 

crane scheduling problem belongs to the scheduling and optimization problem. 

There are many uncertain factors in the actual container terminal. For example, the arrival time of 

each ship will be delayed or advanced, which will change the number of containers to be processed. 

For external trucks, although the location of storage tasks and retrieval tasks are known in advance, 

the exact time when the external truck arrives at the corresponding location cannot be predicted. The 

arrival time of external trucks may be earlier or later than the specified time, so external trucks will 

also affect the operation plan of the field bridge, and the arrival time of the task group is uncertain. 

On the other hand, since the loading/unloading capacity of the ship may be greater or less than the 

planned handling capacity, and the number of containers that need to be stored into or extracted from 

the container terminal may be greater or less than the planned handling capacity. So the processing 

volume of the task group is also uncertain. 

In this paper, considering the task group arrival time and handling volumes uncertain. This paper 

proposes a proactive-reactive framework model to solve the multi-field yard cranes scheduling 

problem under the above two uncertain situations. This paper proposes a proactive-reactive 

framework model to solve the multi-field yard cranes scheduling problem under the above two 

uncertain situations, mainly considering the uncertainty of the task groups' arriving times and 

handling volumes. To reduce the complexity of calculation, the scheduling object is not each 

container but task groups. The construction method of task groups mainly refers to the method 

proposed by He et al. [10]. Containers from the same ship or adjacent bays in the same block and 

loaded or unloaded in the same batch are defined as a task group. In this paper, the task group is 

defined as the minimum operation unit of the yard cranes without considering the operation of the 

reshuffle. Fig.1 shows the layout of the container terminal. 
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Figure 1. Layout of the container terminal 

 

This paper refers to the scenario analysis method proposed by Yamashita DS [11] et al., and uses the 

enumeration method to enumerate all possible scenarios in a limited number of scenarios, thereby 

establishing the corresponding uncertain yard cranes scheduling model. The objective of the model 

is to minimize the sum of the expected delay and the variance delay of the total completion delay of 

all task groups. The scheduling scheme of the yard cranes can be obtained by the above method. 

3. Model formulation 

This paper mainly considers two uncertainties, namely the task group arrival time and handling 

volumes are uncertain. According to the influence of these two uncertain factors on the yard cranes 

scheduling, the yard cranes scheduling model is established, and the yard cranes scheduling plan is 

formulated. This paper does not consider the burst interference of the random arrival of new task 

groups. The uncertain scheduling of yard cranes usually turns multiple uncertainties into single 

uncertainties and single uncertainties into certainty. Therefore, a robust scheduling scheme with anti-

interference ability is formulated for two predictable uncertain factors. 

3.1 Model assumptions 

(1) The container size of each block in the yard is the same; 

(2) The loading and unloading task time of each container is a fixed constant, and the loading and 

unloading time is known. The processing time of each task group is determined by the number of 

container tasks contained in each task; 

(3) At the same time, any yard crane can only handle one task group and the one-yard crane can only 

handle one task box group; 

(4) At the initial moment, the initial positions of all yard cranes are known. At the initial moment of 

scheduling, each yard crane is in an idle state and can be scheduled to its respective target task group 

position for loading and unloading operations; 

(5) The loading and unloading efficiency of each yard crane is the same, and the moving speed of 

each yard crane is the same; 

(6) The position of the task group to be processed is determined; 

(7) The arrival time of each task group and the number of containers in the initial scheduling plan is 

uncertain; 

(8) The location of other containers is unchanged except for those requiring operation. 
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3.2 Model parameters are defined as follows 

𝑃, The handling efficiency of a yard crane; 

𝑉ℎ, The horizontal moving speed of each crane in the yard; 

𝑊𝑏𝑙𝑜𝑐𝑘 , The width of each block in the yard; 

𝐿𝑏𝑙𝑜𝑐𝑘 , The length of each block in the yard; 

𝑆𝑥, The horizontal distance between two horizontally adjacent blocks; 

𝑆𝑦 , The longitudinal distance between two vertical adjacent blocks; 

𝑇𝑟, The time required for the yard crane to complete a turn; 

𝑙𝑏, The length of a bay; 

𝐵𝑙, The number of bays in each block in the storage yard; 

𝑁, The total number of task groups; 

𝑌, The total number of cranes in the yard; 

𝑁𝑇, The set of task groups to be processed, 𝑁𝑇 = {0,1,2, … , 𝑁}, where 0 represents a virtual task 

before the first processing task, representing the initial position of the crane in the yard; 

𝑁𝑌, The set of cranes in the yard, 𝑁𝑌 ∈ {1,2, … , 𝑌}; 

𝛺, The set of all scenarios in the scheduling plan; 

𝑖, 𝑗, 𝑚, The number of the task group, 𝑖, 𝑗, 𝑚 ∈ 𝑁𝑇; 

𝑘, The number of the bridge in the yard, 𝑘 ∈ 𝑁𝑌; 

𝜔, The index of scenarios, 𝜔 ∈ 𝛺; 

𝑃𝜔, The probability of Scenario, ∑ 𝑝𝜔 = 1, 𝜔 ∈ Ω𝜔∈𝛺 ; 

𝑑𝑖, The estimated completion time of task groups, where 𝑑0 = 0; 

𝑥𝑖, The column corresponding to the block where task group 𝑖 is located; 

𝑦𝑖, The row corresponding to the block where task group 𝑖 is located; 

𝑧𝑖, The bay corresponding to the block where task group 𝑖 is located; 

𝑀, A large positive number; 

𝑉𝑖(𝜔), The number of containers in task group 𝑖 in Scenario 𝜔, where 𝑉0(𝜔) = 0; 

𝐻𝑖(𝜔), The needed handling time of task group 𝑖 in Scenario 𝜔, Since the various handling volume 

of task group i is uncertain, 𝐻𝑖(𝜔) is a parameter that varies with 𝜔, ( ) ( ) 0( )= , 0i iH V P H   =   

𝑟𝑖(𝜔), The actual arriving time of task group 𝑖 in Scenario 𝜔, where 𝑟0(𝜔) = 0; 

𝑡𝑖𝑗, The moving time between task group 𝑖 and 𝑗; 

𝑟𝑡𝑖, The actual arriving time of task group 𝑖; 

The decision variables are defined as follows: 

𝜇𝑖(𝜔), The start served time of task group 𝑖 in Scenario 𝜔; 

𝜀𝑖(𝜔), The actual completion time of the task group i in Scenario 𝜔; 

𝜋𝑖(𝜔), The amount of delay in completion time of the task group 𝑖 in Scenario 𝜔; 

𝜑𝑖,𝑗(𝜔)
𝑘 ,𝜑𝑖,𝑗(𝜔)

𝑘 = 1, If both task group i and task group 𝑗  are allocated to the 𝑘  yard crane for 

processing, the processing sequence is to process task group 𝑖 first, then task group 𝑗 in Scenario; 

𝜑𝑖,𝑗(𝜔)
𝑘 = 0, otherwise; 

𝜑0,𝑗(𝜔)
𝑘 = 1 represents the task group 𝑖 is the first task group to be processed in the k   yard crane; 
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3.3 Proactive-reactive scheduling model 

Objective function: 

𝑚𝑖𝑛 𝑧 = ∑ 𝑝𝜔 ∑ 𝜋𝑖(𝜔) +𝑖∈𝑁𝑇,𝑖≠0𝜔∈Ω ∑ 𝑝𝜔(∑ 𝜋𝑖(𝜔)𝑖∈𝑁𝑇,𝑖≠0 − ∑ 𝑝𝜔𝜔∈Ω ∑ 𝜋𝑖(𝜔)𝑖∈𝑁𝑇,𝑖≠0 )2
𝜔∈Ω   (1) 

The objective function (1) to minimize the sum of the expected delay and the variance delay of the 

total completion delay of all task groups. 

𝜋𝑖(𝜔) = 𝑚𝑎𝑥(𝜀𝑖(𝜔) − 𝑑𝑖, 0) , 𝑖 ∈ 𝑁𝑇, 𝑖 ≠ 0, 𝜔 ∈ Ω                 (2) 

𝐻𝑖(𝜔) = 𝑉𝑖(𝜔) ⋅ 𝑃, 𝑖 ∈ 𝑁𝑇, 𝑖 ≠ 0, 𝜔 ∈ Ω                      (3) 

𝜀𝑖(𝜔) = 𝜇𝑖(𝜔) + 𝐻𝑖(𝜔), 𝑖 ∈ 𝑁𝑇, 𝑖 ≠ 0, 𝜔 ∈ Ω                     (4) 
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   (5) 

𝜇𝑖(𝜔) ≥ 𝑟𝑖(𝜔), 𝑖 ∈ 𝑁𝑇, 𝑖 ≠ 0, 𝜔 ∈ Ω                       (6) 

𝜇𝑗(𝜔) ≥ 𝜀𝑖(𝜔) + 𝑡𝑖,𝑗 − 𝑀 ⋅ (1 − 𝜑𝑖,𝑗(𝜔)
𝑘 ), 𝑖, 𝑗 ∈ 𝑁𝑇, 𝑗 ≠ 0, 𝑘 ∈ 𝑁𝑌, 𝜔 ∈ Ω        (7) 

∑ ∑ 𝜑𝑖,𝑗(𝜔)
𝑘 = 1, ∀𝑗 ∈ 𝑁𝑇, 𝑗 ≠ 0, 𝜔 ∈ Ω𝑖∈𝑁𝑇,𝑖≠𝑗,𝑖≠0𝑘∈𝑁𝑌               (8) 

∑ ∑ 𝜑𝑖,𝑗(𝜔)
𝑘 = 1, ∀𝑖 ∈ 𝑁𝑇, 𝑖 ≠ 0, 𝜔 ∈ Ω𝑗∈𝑁𝑇,𝑗≠𝑖,𝑗≠0𝑘∈𝑁𝑌               (9) 

∑ 𝜑0,𝑗(𝜔)
𝑘

𝑘∈𝑁𝑌 ≤ 1, ∀𝑗 ∈ 𝑁𝑇, 𝑗 ≠ 0, 𝜔 ∈ Ω                  (10) 

∑ 𝜑0,𝑗(𝜔)
𝑘

𝑗∈𝑁𝑇,𝑗≠0 = 1, ∀𝑘 ∈ 𝑁𝑌, 𝜔 ∈ Ω                   (11) 

𝜑𝑖,𝑗(𝜔)
𝑘 + 𝜑𝑗,𝑖(𝜔)

𝑘 ≤ 1, ∀𝑖, 𝑗 ∈ 𝑁𝑇, 𝑖 ≠ 𝑗, 𝑖, 𝑗 ≠ 0, ∀𝑘 ∈ 𝑁𝑌, 𝜔 ∈ Ω         (12) 

∑ 𝜑𝑖,𝑗(𝜔)
𝑘 =𝑖∈𝑁𝑇,𝑖≠𝑗 ∑ 𝜑𝑗,𝑚(𝜔)

𝑘
𝑚∈𝑁𝑇,𝑗≠𝑚,𝑚≠0 , ∀𝑗 ∈ 𝑁𝑇, 𝑗 ≠ 0, ∀𝑘 ∈ 𝑁𝑌, 𝜔 ∈ Ω    (13) 

𝜇𝑖(𝜔), 𝜀𝑖(𝜔), 𝜋𝑖(𝜔) ∈ 𝑍+, 𝑖 ∈ 𝑁𝑇, 𝑖 ≠ 0, 𝜔 ∈ Ω                 (14) 

𝜑𝑖,𝑗(𝜔)
𝑘 ∈ {0,1}, ∀𝑖, 𝑗 ∈ 𝑁𝑇, 𝑖 ≠ 𝑗, 𝑗 ≠ 0, ∀𝑘 ∈ 𝑁𝑌, 𝜔 ∈ Ω             (15) 

Eq. (2) express that the calculation formula of the delay amount of the completion time of task groups; 

Eq. (3) express that the calculation formula of the task group processing time of the task group in 

Scenario; Eq. (4) express that the calculation formula for the actual completion time of task group in 

Scenario; Eq. (5) defines the formula for calculating the travel time of the yard crane from task group 

to task group. Since the environment of the yard crane is three-dimensional, considering the above 

specific situation, it can be simply expressed as 

The distance between task group  and 
if task group  and  are at the same lane

The moving speed of a yard crane

The distance between task group  and 
+2 The unit

The moving speed of a yard crane

ij

i j
i j

t
i j

=

，

 turning time of a yard crane otherwise








，

 

Eq. (6) ensure that the start time of each yard crane is not earlier than the arrival time of the task 

group; Eq. (7) express that that if the task group to be processed by the yard crane is adjacent to the 



 

 

73 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 5, 2021 

DOI: 10.6919/ICJE.202105_7(5).0009 

task group , and it is assumed that the yard crane processes the task group first. Then the time when 

task group is served cannot be earlier than the sum of the completion time of task group and the 

moving time of the yard crane from task group to task group; Eq. (8) and Eq. (9) defines that each 

task group is only allocated to a one-yard crane for processing, and the yard crane is processed only 

once; Eq. (10) and Eq. (11) express that to ensure the balance of the operation of yard cranes, each 

yard crane is assigned to a corresponding task group; Eq. (12) is referred to that the yard crane 

operation is unidirectional; Eq. (13) guarantees the continuity of yard cranes operation, stipulating 

that the yard crane must move to the next task group when completing the current task group's 

operations; Constraint (14) and (15) defines the decision variables. 

4. Solution algorithm 

The uncertain scheduling problem of yard cranes is usually turned multiple uncertainties into single 

uncertainties, and turn single uncertainties into certainties to solve. If only one scenario is considered 

for task groups' arriving times and handling volumes,the problem can be simplified to deterministic 

multi-yard cranes scheduling problem. The yard cranes scheduling problem in this kind of 

deterministic environment has been proved to be an NP-hard problem. Genetic algorithm has very 

high searchability in solving NP-hard problems, so it is widely used in solving yard cranes scheduling 

problems. However, the classical genetic algorithm is easy to fall into local optimal due to fixed 

crossover and mutation probabilities, so the solution of the solved problem is not the global optimal. 

The adaptive genetic algorithm can avoid the classic genetic algorithm from falling into the local 

optimal situation due to the fixed crossover and mutation probabilities. The use of the adaptive genetic 

algorithm to solve the mathematical model can improve the global optimization ability. Therefore, 

this paper designs an improved adaptive genetic algorithm to solve the model based on the basic 

genetic algorithm (GA), combined with the characteristics of the multi-yard crane scheduling problem 

under uncertain conditions. The specific algorithm is as follows. 

4.1 Chromosome encoding and decoding 

The main coding strategy in genetic algorithms is that chromosomes can represent all solutions to a 

problem. This paper adopts two-part real number coding according to the sequence of yard cranes 

scheduling. The first part represents the operation sequence of yard cranes, each gene position 

represents the number of the task groups to be processed by the yard crane, in which the sequence of 

numbering also represents the order of task groups set to be served. The second part represents the 

workload of task groups to be processed for each crane in the yard. As shown in Fig.2. 

5 3 6 7 9 1 24 10 8 3 4 3

Chromosome

Task groups number handling volumes

Yard Crane(YC1) Yard Crane(YC2) Yard Crane(YC3)

 

Figure 2. Two-part coding based on scheduling sequence 
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Figure 3 shows that three-yard cranes handle 10 task groups. The first part represents the random 

arrangement of task groups numbered 1 ∼ 10, and the second part represents the number of task 

groups to be operated in the three-yard cranes. In the figure, the handling volume for YC1 is 3, and 

the numbering sequence of task groups served by YC1 is 5 → 3 → 6; the handling volume for YC2 

is 4, and the numbering sequence of task groups served by YC2 is 7 → 9 → 1 → 4; the handling 

volume for YC3 is 3, and the numbering sequence of task groups served by YC3 is 3 → 4 → 3. 

The decoding process should not only solve the service sequence of task groups corresponding to all 

yard cranes according to the encoding but also calculates the start time and the completion time of 

each task group. The following are the specific steps: 

step1: Calculate the actual start time of the first service task group for each yard crane. It is stipulated 

that each yard crane is idle at the initial time, and all yard cranes can carry out loading and unloading 

operations. First, compare the time (TY) for each yard crane to reach the position of the first task 

group to be processed with the actual arrival time (TT) of the task group. If the arrival time of the 

yard crane is earlier than the arrival time of the task group, i.e.𝑇𝑌 ≥ 𝑇𝑇, the first task group starts to 

be served time is TY; otherwise, when is 𝑇𝑌 < 𝑇𝑇, the first task group starts to be served time is TT; 

step2: Calculate the actual service time of other task groups. According to the randomly generated 

sequence of each field bridge scheduling in the chromosome, the arrival time of the task group to be 

served by the current yard crane is compared with the completion time of the previous task group 

(TC) plus the yard crane moving time (TY). If 𝑇𝐶 + 𝑇𝑌 ≥ 𝑇𝑇, the time when the task box group 

starts to be served is 𝑇𝐶 + 𝑇𝑇; otherwise, the time when the task group starts to be served is TT. The 

completion time of each task group is then calculated based on the number of containers contained in 

each task group until all task groups have been calculated. 

step3: Finally, determine whether the calculation of the scheduling sequence of all yard cranes is 

completed. If completed, end the loop and output the dispatching result of yard cranes; Otherwise, 

return to Step 1. 

4.2 Fitness evaluation 

Since the objective function of this paper is to minimize the sum of the expected delay and the 

variance delay of the total completion delay of all task groups. The fitness evaluation is established 

as follows: 

𝑓𝑖𝑡𝑛𝑒𝑠𝑠(𝑐ℎ𝑟𝑜𝑚) =
1

𝑜𝑏𝑗(𝑐ℎ𝑟𝑜𝑚)
                        (16) 

𝑐ℎ𝑟𝑜𝑚 is the chromosome; 𝑓𝑖𝑡𝑛𝑒𝑠𝑠(𝑐ℎ𝑟𝑜𝑚) is the fitness evaluation of chromosome 𝑐ℎ𝑟𝑜𝑚, and 

𝑜𝑏𝑗(𝑐ℎ𝑟𝑜𝑚) is the objective function value of chromosome 𝑐ℎ𝑟𝑜𝑚. The better the chromosome is, 

the higher its fitness value should be. Hence, chromosomes (individuals) with higher fitness values 

have more chances to survive. 

4.3 Genetic operators 

4.3.1 Selection 

The selection operation of this paper uses the most classic roulette. The greater the fitness value of 

an individual, the greater the probability of being selected, that is, the greater the probability of being 

selected as the next generation. The specific operations are as follows: 

(1) Calculate the fitness value corresponding to each chromosome 𝑓𝑖, 𝑖 ∈ 𝑁, N is the population size; 

(2) Calculate the probability 𝑃𝑖 =
𝑓𝑖

∑ 𝑓𝑖
𝑁
𝑖=1

 and cumulative probability 𝑃𝑖 of each chromosome being 

selected and the cumulative probability of the last chromosome is 1; 

(3) Generates a random number 𝑟 in the range of [0,1]; 

(4) Compare the value of each cumulative probability 𝑃1,𝑃2   𝑃𝑁 and 𝑟, and select the first value 

greater than 𝑟. 
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4.3.2 Crossover 

The genetic algorithm traditionally considers single-point crossover, two-point crossover, and multi-

point crossover, etc. However, combining the two parts of the code considered in this article, the 

above crossover methods are not suitable. Therefore, this paper uses different crossover methods for 

the two parts. The specific steps of the cross method of task groups number in the first part are as 

follows: 

Step1: Suppose there are a total of m task groups, randomly select two adjacent chromosomes as 

parent 1 and parent 2, and randomly generate a random number R between [1,m]; 

Step2: Compare the task group codes in parent 1 and parent 2 with the random number R. The codes 

of random numbers R less than or equal to R in parent generation are reserved for child 1 and 2, and 

all other positions of child 1 and 2 are set to 0; 

Step3: Comparing the parent 2 with the child 1, the encoding greater than random number R in the 

parent 2 is reserved to the position of 0 in the child 1 according to the order principle; 

Step4: Compare the parent generation 1 with the child generation 2, and reserve the codes in the 

parent generation 1 that are greater than the random number R to the position of 0 in the child 

generation 2 by the principle of sequence; 

In the second part, the crossover mode of yard cranes handling volumes is to randomly select a 

crossover position in the parent generation. The single-point crossover operation is performed first, 

and then the parents perform the reverse order operation according to the crossover position to obtain 

their respective offspring. Figure 3 shows the specific operation. 

 

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

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

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

Child 1

Parent 2

Child 2

Random number is 5

 
Figure 3. Crossover operation 

 

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

Task groups number handling volumes

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

Task groups number handling volumes

 

Figure 4. Mutation operation 

 

4.3.3 Mutation 

This paper randomly exchanges the number sequence of the two task groups to perform mutation 

operations to ensure that more populations are generated. The mutation operation is performed on the 

first part, and the yard crane handling volumes of the second part remain unchanged. Specific steps 

are as follows: 
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(1) Randomly select a chromosome as the parent from the population after the crossover operation is 

performed, and copy the parent chromosome to the next generation chromosome; 

(2) Two non-overlapping task groups were randomly selected from the first part of the chromosome 

segment; 

(3) Exchange the two selected task groups numbers (genes) to obtain offspring, as shown in Figure 5. 

4.4 Improved genetic algorithm 

Since the crossover probability and mutation probability of the traditional genetic algorithm is fixed, 

there are limitations in solving the model. In this paper, the adaptive genetic algorithm (AGA) is 

introduced to adjust the genetic parameters. This paper mainly considers the adaptive crossover 

probability and the adaptive mutation probability of the genetic algorithm. 

Set an adjusting coefficient 𝜌, which is related to the iteration algebra of the genetic algorithm and 

the fitness value of the population. Use this adjusting coefficient to adjust and determine the crossover 

and mutation probability of each generation of individuals. The details are as follows: 

𝑃𝑐 = 𝑝𝑐 𝑚𝑎𝑥  − (𝑝𝑐 𝑚𝑎𝑥  − 𝑝𝑐 𝑚𝑖𝑛  ) × 𝜌                       (17) 

𝑃𝑚 = 𝑝𝑚 𝑚𝑎𝑥  − (𝑝𝑚 𝑚𝑎𝑥  − 𝑝𝑚 𝑚𝑖𝑛  ) × 𝜌                      (18) 

𝜌 = {
𝑘1 ×

𝑉−𝑉𝑎𝑣𝑔

𝑉𝑚𝑎𝑥  −𝑉𝑎𝑣𝑔
×

𝐺

𝐺𝑚𝑎𝑥  +1
, 𝑉 ≥ 𝑉𝑎𝑣𝑔

𝑘2 ×
𝐺

𝐺𝑚𝑎𝑥  +1
                   , 𝑉 < 𝑉𝑎𝑣𝑔

                      (19) 

𝑃𝑐  is the crossover probability, 𝑝𝑐 𝑚𝑎𝑥  and 𝑝𝑐 𝑚𝑖𝑛   are the maximum and minimum values of the 

crossover probability respectively; 

𝑃𝑚 is the probability of mutation, 𝑝𝑚 𝑚𝑎𝑥   and 𝑝𝑚 𝑚𝑖𝑛   are the maximum and minimum values of 

the probability of mutation respectively; 

𝜌 is the adjusting coefficient, 𝑘1 and 𝑘2 are the correction coefficients of 𝜌, where 𝑘1 ∈ [0,1], 𝑘2 ∈
[0,1] makes 𝜌 ∈ [0,1]; 

𝑉  is the individual fitness value, 𝑉𝑚𝑎𝑥  is the contemporary maximum fitness value, 𝑉𝑎𝑣𝑔  is the 

average fitness value; 

As can be seen from Equations (17) - (19), if the individual fitness value V is greater than the average 

fitness value, the adjusting coefficient 𝜌 will reduce the probability of crossover and mutation to 

retain excellent individuals. However, when the individual fitness value V is less than the average 

fitness value, the adjustment coefficient 𝜌  increases the crossover and mutation probability to 

improve the optimization ability of the algorithm and then decreases the crossover and mutation 

probability to improve the convergence performance of the genetic algorithm. 

4.5 Specific algorithm process 

Step 1: Chromosome coding. Encode according to the method shown in Figure 3. 𝑁𝑇 task groups 

are randomly assigned to 𝑁𝑌 yard cranes so that the number of tasks and the sequence of processing 

operations in each yard crane can be known; 

Step 2: Initialize the population, randomly generate N populations; 

Step 3: Calculate the objective function 𝑜𝑏𝑗(𝑐ℎ𝑟𝑜𝑚) of each chromosome, that is, minimize the sum 

of the expected delay and the variance delay of the total completion delay of all task groups. The 

main task is to calculate the total delay 𝜋𝑖(𝜔) of all task groups in 𝜔 scenarios. Then add the total 

delay in each scenario to the sum of all delays. The following are the main steps: 

(1) Calculate the actual starting service time T from NY yard cranes to the first task group, refer to 

step 1 of decoding; 

(2) Calculate the completion time ST of the first task group for NY yard cranes; 

𝑆𝑇 = Completion time of the first task group(T) + The handling efficiency of a yard crane(P) 

The handling volumes of task group i in scenario w(𝑉𝑖(𝜔)) 
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(3) Calculate the delay amount of the completion time of the first task group. The delay of completion 

time can be obtained by subtracting the planned completion time of the first task group from the 

completion time of the first task group; 

(4) Each yard crane calculates its delay amount according to its task group sequence, refer to step 2 

of decoding and the previous (3). The total delay 𝜋𝑖(𝜔) of all task groups in 𝜔 scenarios is obtained 

by adding the delay of the completion time of each NY yard cranes; 

(5) Calculate the objective function 𝑜𝑏𝑗(𝑐ℎ𝑟𝑜𝑚) of each chromosome according to Eq(1); 

Step 4: Calculate the fitness value of each chromosome according to Eq. (16); 

Step 5: Through the selection, crossover, and mutation operations mentioned above and the 

improvement of crossover and mutation probability, the adaptive genetic algorithm is introduced to 

obtain new individuals and populations; 

Step 6: Recalculate the fitness value of the new population. If it is better than the fitness value of the 

previous population, keep it; otherwise, keep the previous generation population and continue with 

Step 5; 

Step 7: Update the optimal solution. If the maximum number of iterations is reached, output the result; 

otherwise, skip to step 5. 

5. Computational experiment 

The research object of this experiment is a container terminal, and it studies yard cranes dispatching 

within a certain planned period (2h). The layout of the container terminal is shown in Figure 1. There 

are 40 bays in each block. At the same time, the direction of the storage yard is defined as the x-axis, 

and the vertical direction is the y-axis to indicate the specific position of task groups in the storage 

yard. Table 1 illustrates the processing efficiency, operating speed of each yard crane, and relevant 

parameters in the yard. 

5.1 Multi-field cranes scheduling experiment in different scenarios 

The following is an example of 3-yard cranes processing 5 task groups in 5 different scenarios. 

 

Table 1. Experimental parameter values 

parameter 
𝒑/(𝒕𝒂𝒔𝒌
⋅ 𝒎𝒊𝒏−𝟏) 

𝑽𝒉/(𝒎
⋅ 𝒎𝒊𝒏−𝟏) 

𝑾𝒃𝒍𝒐𝒄𝒌 
/𝒎 

𝑳𝒃𝒍𝒐𝒄𝒌 
/𝒎 

𝑺𝒙 
/𝒎 

𝑺𝒚 

/𝒎 

𝑻𝒓 
/ 𝒎𝒊𝒏   

𝒍𝒃 
/𝒎 

𝑩𝒍 

Numerical value 1 1 5 40 4 2 3 1 40 

 

Table 2. Initial position of each crane in the yard 

YC No. Yard position 

1 (4,4,16) 

2 (3,2,31) 

3 (1,2,21) 

 

Table 3. The parameters of each task group 

TG No. Arriving time Planned completion time Handling volume Yard position 

1 0 132 55 (2,1,34) 

2 0 148 67 (1,1,37) 

3 0 106 42 (2,3,5) 

4 32 218 63 (4,3,13) 

5 102 180 66 (3,1,23) 
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Table 4. The arriving time and task number of each task group in each scenario 

TG No. 
Scenario 1 

 
Scenario 2  Scenario 3  Scenario 4  Scenario 5 

𝑟𝑖(𝜔) 𝑉𝑖(𝜔) 𝑟𝑖(𝜔) 𝑉𝑖(𝜔)  𝑟𝑖(𝜔) 𝑉𝑖(𝜔)  𝑟𝑖(𝜔) 𝑉𝑖(𝜔)  𝑟𝑖(𝜔) 𝑉𝑖(𝜔) 

1 0 55  0 55  0 47  0 55  0 55 

2 0 67  0 67  0 67  0 82  15 67 

3 28 42  0 42  28 42  0 42  0 50 

4 32 63  24 63  32 63  24 63  32 63 

5 93 79  102 79  102 66  93 66  102 66 

Note: The bold font indicates the changed part of the data compared with the initial data. 

 

Table 5. Parameter Settings of the solution algorithm 

 Genetic Algorithm (GA) Improved Adaptive Genetic Algorithm (IAGA) 

Population size 𝑁 = 50 𝑁 = 50 

Maximum number of generation 𝑀𝐴𝑋𝐺𝐸𝑁 = 700 𝑀𝐴𝑋𝐺𝐸𝑁 = 700 

Crossover probability  𝑝𝑐 𝑚𝑎𝑥  = 0.9,𝑝𝑐 𝑚𝑖𝑛  = 0.6 

Mutation probability 𝑝𝑚 = 0.15 𝑝𝑚 𝑚𝑎𝑥  = 0.1,𝑝𝑚 𝑚𝑖𝑛  = 0.05 

Correction factor (𝑘1,𝑘2)  𝑘1 = 1,𝑘2 = 0.5 

 

To verify the effectiveness of the proposed method in dealing with two predictable uncertainties(the 

uncertainty of the task groups' arriving times and handling volumes), five uncertain scenarios are 

considered in this paper. The probability of each scene is the same. Besides, refer to Table1 and 

Table2 for the information of task groups and yard crane in Reference [6], the arrival time of task 

groups and handling volumes information in the 5 scenarios refers to table3. Table 2 to Table 4 lists 

the corresponding specific data when considering 3-yard cranes to process 5 task groups. Table 2 

shows the initial positions of three cranes in the yard, and Table 3 shows the specific positions and 

initial data of the five task groups in the yard. Table 4 shows the arrival time of task groups and 

handling volumes in 5 different scenarios. This paper uses the classical genetic algorithm (GA) and 

improved adaptive genetic algorithm (IAGA) to solve the model. The population size and maximum 

genetic algebra of the two algorithms here are constant. 

Only considering the case in Table 3 is the classic scheduling of yard cranes under certain conditions. 

However, in actual production scheduling, the arrival time of task groups and handling volumes are 

often unable to be determined in advance. Therefore, Table 4 considers the situations in 5 scenarios 

based on Table 3.Genetic algorithm (GA) and improved adaptive genetic algorithm (IAGA) were 

used to solve 3-yard cranes to process 5 task groups. Fig. 6 is the convergence graph of the GA 

algorithm and Fig. 7 is the convergence graph of the adaptive genetic algorithm (IAGA). It can be 

seen from the figure that the two algorithms have the same convergence effect when solving 3-yard 

cranes to process 5 task groups. The obtained objective function values are also consistent, both are 

93.76, so it is necessary to compare the two algorithms through experiments of different scales. 

 

Figure 5. GA convergence graph         Figure 6. IAGA convergence graph 

=0.9cp
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5.2 Comparative experiments of different scales 

Experiments of different scales are carried out to verify the effectiveness and superiority of the IAGA 

algorithm proposed in this paper in solving the two uncertainties (the uncertainty of the task groups' 

arriving times and handling volumes) in the scheduling of yard cranes in the container terminal. In 

the experiment, the initial position of task groups in 5 scenarios was not changed, and the position of 

task groups in each scenario was the same. In the experiment, only the number of yard cranes and 

handling volumes were changed. In order to ensure the authenticity of the data obtained from the 

experiment and reduce accidental errors, each example was run 10 times. The experimental results of 

this paper are shown in Table 6. 

 

Table 6. Comparison of experimental results 

No. Size (YCs*TGs) 
GA AGA 

mean standard deviation mean standard deviation 

1 3*5 93.76 0 93.76 0 

2 4*6 63.97 17.30 35.85 11.66 

3 5*9 49.03 15.67 38.64 9.85 

4 5*30 5337.62 716.52 5131.28 313.82 

5 6*9 17.27 9.35 9.69 1.11 

6 6*30 10810.29 1544.39 10190.3676 1306.16 

7 7*15 34.14 32.76 27.13 28.11 

8 7*30 3993.98 649.18 3385.43 672.18 

 

 

Figure 7. Comparison of IAGA and GA calculation results 

 

In this paper, a total of 8 sets of experiments are designed, and the average value of the results of the 

10 experiments and the corresponding expectations are calculated. The specific experimental results 

are shown in Table 6. As can be seen from Table 6, for the example of 3-yard cranes processing 5 

task groups, both the above two algorithms can obtain the optimal scheduling scheme in a relatively 

short CPU time, and the total delay of the scheme is 93.76. With the increase in the number of task 

groups and yard cranes, the scale of the solution space increases exponentially. Although the standard 

deviation is not much different, the stability of the algorithm solution is lower than that of small-scale 

calculations. However, the approximate optimal adjustment plan obtained by the improved adaptive 

genetic algorithm (IAGA) is significantly better than the genetic algorithm (GA), and the total delay 

of task groups is reduced by 13.21% compared with the genetic algorithm (GA) on average. It 

embodies the superiority of the IAGA algorithm in solving two predictable uncertainties. 

6. Conclusion 

In this paper, a mixed-integer programming model for multi-field bridge scheduling in the container 

terminal yard under uncertain environments is established. Considering the uncertainty of the arrival 

1 2 3 4 5 6 7 8

AGA 93.76 35.85 38.64 5131.3 9.69 10190 27.13 3385.4

GA 93.76 63.97 49.03 5337.6 17.27 10810 34.14 3994
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time of task groups and the number of task groups to be processed, minimize the sum of the expected 

delay and the variance delay of the total completion delay of all task groups. The improved adaptive 

genetic algorithm (IAGA) is used to solve the problem model, and an adjusting coefficient 𝜌 is set, 

which is used to adjust and determine the probability of crossover and mutation. Then use the 

improved adaptive genetic algorithm and the classic genetic algorithm to solve different scales. The 

experimental results show that when considering a smaller scale, the results of the two algorithms are 

the same, and the convergence effect is same. However, when the solution scale increases, the 

improved adaptive genetic algorithm (IAGA) is obviously better than the genetic algorithm and has 

better stability and effectiveness. 

The research of this paper focuses on the handling of uncertain factors and the yard cranes transition 

problem, and ideal assumptions are made for realistic constraints such as non-cross-traversing 

constraints and safety distances. The above realistic constraints can be added to the follow-up research 

to further improve the research on multi-field yard cranes scheduling in blocks under uncertain 

conditions. Although this paper uses two meta-heuristic algorithms to solve the problem, it does not 

consider using the exact algorithm to solve the problem. Therefore, future research can consider using 

the exact solution method, mathematical method, and mathematical model-driven solution strategy 

to optimize the solution of the problem. 
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