
Volume 3 Issue 4, 2022 

DOI: 10.6981/FEM.202204_3(4).0098 

744 

Frontiers in Economics and Management 

ISSN: 2692-7608 

Optimization Scheduling of Twin Automated Stacking Cranes in 
Automated Container Terminals under Dynamic Hand-shake 

Area Mode 

Weili Chen 

School of Shanghai Maritime University, Shanghai 201306, China 

Abstract 

In order to improve the operational efficiency of twin Automated Stacking Cranes (ASCs) 
in automated container terminals, with the goal of minimizing the maximum completion 
time, a mixed integer programming model of twin ASCs scheduling was established 
under dynamic hand-shake area mode, and a genetic algorithm was designed to solve 
the model. Multiple experiments were designed to study the effectiveness of genetic 
algorithms, the effect of the hand-shake mode on the maximum completion time and the 
applicable scenarios for two hand-shake mode. The experimental results show that the 
genetic algorithm meets the requirements in both quality and time of solution. 
Compared with fixed hand-shake area mode, when dealing with 5 to 200 container tasks, 
the maximum completion time of twin ASCs was reduced by 1.3% to 5.7% under dynamic 
hand-shake area mode. The dynamic relay area mode applies to various task scenarios, 
which verifies the effectiveness of dynamic hand-shake area mode. 
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1. Introduction 

The Automated Stacked Crane (ASC) is the main undertaker of the yard work, responsible for 
the loading and unloading, turning over and horizontal transportation of containers in the yard. 
The operation efficiency of ASC directly determines the operation efficiency of the yard, which 
in turn affects the operation efficiency of the entire container terminal[1]. In order to improve 
the space utilization rate and operation efficiency of the yard, the automated container terminal 
usually configures two ASCs (non-crossover twin ASCs) of the same size in a single container 
area. The non- crossover twin ASC shares the same track in the container area, and the loading 
and unloading operations are carried out in the same area, so it is easy to interfere with each 
other during the operation process, resulting in no-load or congestion of equipment, and 
equipment utilization and safety are significantly reduced[2]. Therefore, avoiding the 
interference between twin ASCs has become a key link in optimizing the utilization of twin ASCs 
and the efficiency of yard operations. 

In order to ensure the efficient and stable operation of the yard, scholars have proposed some 
practical methods to manage the interference between twin cranes. PARK et al.solved the 
problem of interference between twin RMGs in the yard by assigning priority to a certain 
RMG[3]. CARLO et al.summarized fourteen priority rules, and designed simulation experiments 
to analyze the applicable scenarios of various priority rules[4].HU et al.managed the 
interference between two ASCs by analyzing the minimum time interval between two ASCs[5]. 
Huang JiWei et al.regarded the middle bay of the container area as a hand-shake area, which 
was used for temporary storage of containers and transferred the interference between the 
twin ASCs to the hand-shake area[6]. HAN et al. analyzed four possible interference modes 
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between twin ASCs when the hand-shake area exists, and analyzed the influence of the bay level 
change in the hand-shake area on the maximum completion time, and expounded the necessity 
of studying the dynamic hand-shake area[7]. ZHAO et al. aimed at minimizing the total energy 
consumption, and analyzed the influence of the change of the bay level in the hand-shake area 
on the total energy consumption[8]. GHAREHGOZLI et al. designed a simulation experiment 
with the presence or absence of hand-shake areas, bay position, size, and quantity as 
experimental variables to study the influence of different hand-shake modes on the twin ASC 
scheduling results[9]. Qiu Ya et al. proposed to use a certain rule to determine the position of 
the hand-shake area in the relay task[10]. Qin Leilei et al. took the hand-shake area as a 
decision-making variable, and analyzed the presence or absence of the hand-shake area and the 
influence of the position of the hand-shake area on the completion time[11]. ZEY et al. believed 
that the hand-shake area position is a short-term decision-making problem, and the hand-shake 
area position should be continuously adjusted according to the distribution of tasks[12]. 

The above-mentioned literature on twin-ASC interference management points out that the job 
sequence of tasks and the selection of bay positions in the hand-shake area are the key issues 
for twin-ASC cooperative scheduling. However, in the above research on hand-shake area, the 
hand-shake area of all relay tasks in the task group are assumed to be in the same bay position 
by default, ignoring the possible differences in the optimal bay position of each relay task. Based 
on this, this paper regards the hand-shake area position of each relay task as a decision-making 
variable, and constructs a mixed integer programming model for twin ASC scheduling in the 
dynamic relay area mode with the goal of minimizing the maximum completion time. The job 
sequence of double ASC, and the genetic algorithm is designed to solve the model. In addition, 
a numerical example is designed to analyze the influence of the hand-shake mode on the 
maximum completion time and the applicable scenarios of the two relay modes, in order to 
provide a reference for optimizing the twin ASC scheduling scheme. 

2. Problem Description and Model Construction 

2.1. Problem Description 

At present, the yard of automated container terminals mostly adopts the process layout of 
vertical bank. Figure 1 is the plan layout of the single container area of the automated container 

terminal. It consists of B  bay, several columns and a handover area at both ends of the 
container area. Two impenetrable stacking cranes are configured on the same track in the 
container area. They are responsible for Carry out loading and unloading, turning over and 
horizontal transportation on both sides of the sea and land in the container area. 
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Figure 1. Layout of the single container area of the automated terminal 

 

According to the starting and ending positions of the task box, the tasks are divided into sea-
side tasks, land-side tasks, carrying tasks, and loading tasks, as shown in Table 1. Seaside tasks 
are assigned to seaside ASC (S-ASC) operations, and landside tasks are assigned to landside ASC 
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(L-ASC) operations. Since the target positions of the task boxes on both sides of the sea and land 
will overlap, and the two ASCs cannot cross each other, the ASCs on both sides of the sea and 
land will cause corresponding interference when performing tasks, resulting in reduced 
equipment operation efficiency. As shown in task 1 and task 2 in Figure 1, the target shell 
position of the seaside loading task is greater than the landside loading task target shell position. 
If the ASCs on both sides of the sea and land respectively perform task 1 and task 2 in the same 
time period, the double ASC interference between them. 

 

Table 1. task type 
starting position/bay ending position/bay task type 

1~ 1B −  0 seaside carrying task 
0 1~ 1B −  seaside loading task 

1~ 1B −  B  landside carrying task 

B  1~ 1B −  landside loading task 

 

In order to reduce the interference between the double ASCs, a relay area is usually set up in 
the container area for temporary storage of containers. In the process of performing the task, 
the twin ASCs cooperate through the relay area to complete the task box with the starting and 
ending positions distributed on both sides of the box area, that is, the ASC close to the starting 
position of the task box first transports the task box from the starting position to the relay. Then, 
the ASC on the other side transports the task box from the relay area to the target bay, as shown 
in task 3 in Figure 1. 

Traditionally, a certain fixed shell position in the box area is often regarded as a relay area. The 
dynamic hand-shake area model studied in this paper is embodied in that the position of the 
hand-shake area is not given in advance, and the position of the hand-shake area of all relay 
tasks in the task group is regarded as an independent decision variable. That is, when there are 
multiple relay tasks in the task group, each relay task can select its own optimal hand-shake 
area position according to the actual situation, as shown in task 3 and task 4 in Figure 1. In 
addition, in order to manage the splitting process of relay tasks, the middle bay position of the 
box area is defined as the task splitting point. That is, when the start and end positions of the 
task box are distributed on both sides of the split point, the task is divided into two sub-task 
segments. Another subtask segment is called a relay task segment. 

2.2. Assumptions 

(1) The capacity limit of the container area is not considered; 

(2) The ASC always maintains a constant speed when moving; 

(3) The movement of the ASC trolley is not considered; 

(4) The loading and unloading time of ASC is the same and is a fixed value; 

(5) During the ASC operation, the container turning is not considered; 

(6) ASC does not need to wait when operating at the I/O point. 

2.3. Symbol and Variable Description 

2.3.1. Set 

K :ASC set , {1,2}k K K = ,ASC1 represents seaside ASC, ASC2 represents landside ASC; 

J :ASC task set, 1 2J J J=  ; 

( , )A i j :set of relay tasks, 1 2 3 4A A A A A=    ; 

1( , )A i j :The original task is the seaside suitcase task, i  is the main task segment and j  the relay 

task segment; 
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2( , )A i j :The original task is the seaside loading task, i  is the main task segment and j  the relay 

task segment; 

3( , )A i j :The original task is the landside suitcase task, i  is the main task segment and j  the 
relay task segment; 

4( , )A i j :The original task is the landside loading task, i  is the main task segment and j  the relay 

task segment. 

2.3.2. Parameter 
s

iP :the initial position of i  task; 
t

iP : the target location of i  task; 

ijT : , ,t s

ij i jT P P i j J= −   ,When i j= it means the time required for ASC to run from the 

initial position of i  task to the target position; when i j it means the transition time required 

for the ASC to run from the target position of i  task to the initial position of j  task; 
 :The movement speed of the ASC; 
 :ASC loading and unloading time; 
 :Safe distance between two ASCs; 

B :The total number of shells in the single box area, 0,1,...,b B= ; 

M :A large enough number. 

2.3.3. Decision Variables 

iP :The position of the relay area of the relay task i ; 

is :The start time of i  task; 

it :The completion time of i task; 

iu :ASC starts with i  task , then 1iu =  ; else 0iu = ; 

iv :ASC ends with i  task , then 1iv = , else 0iv =  ; 

( )k

ix :  ( ) 0 1k

ix  ， ,if i  task is completed by ASCk, then 
( ) 1k

ix = ,otherwise,
( ) 0k

ix = ; 

( )k

ijx :  ( ) 0 1k

ijx  ， ,if ASCk completes task i  followed by task j ,then
( ) 1k

ijx =  , otherwise
( ) 0k

ijx = ; 
( )k

tby :
( ) {0 1}k

tby  ， , if ASCk is in b  bay at time t , then 
( ) 1k

tby = , otherwise,
( ) 0k

tby = . 

2.4. Model Building 

Based on the problem description and symbol definition, this paper constructs a twin-ASC 
scheduling mixed integer programming model in the dynamic hand-shake area mode with the 
goal of minimizing the maximum completion time. The objective function of the model is as 
follows: 

 

 min{ ; }iZ t i J                                                                   (1) 

 

s.t. 

1) Safety distance constraints 

In order to ensure the safety of the operation, it is necessary to maintain a certain safety 
distance during the non-traversable double ASC operation. Equation (2) indicates that the 
landside ASC is always on the right side of the seaside ASC, and the distance between the two 
ASCs is greater than the safety distance. 
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(2) (1)

1 1

B B

tb tb

b b

by by 
= =

−                                                                (2) 

 

2) Job sequence constraints 

The twin ASC scheduling problem is an extension of the traveling salesman problem. Based on 
the constraints of formulas (3)~(4) of the traveling salesman problem, it means that each ASC 
only operates one task at the same time, and each task is only operated once. Equations (5)~(6) 
stipulate that each ASC has only one start task and one end task, which eliminates the sub-loops 
in the job sequence. 

 

 
( ) 1;k

ij j

k K i J

x u j J
 

+ =                                                       (3) 

 

 
( ) 1;k

ij i

k K j J

x v i J
 

+ =                                                       (4) 

 

 
1;

k

i

i J

u k K


=                                                           (5) 

 

 
1;

k

i

i J

v k K


=                                                         (6) 

 

3) Working time constraints 

The process of ASC task can be decomposed into the operation of picking up the box, the 
operation of horizontal movement, and the operation of putting the box. It takes a certain 
amount of time for ASC to complete each operation. Equation (7) represents the difference 
between the completion time of the task and the start time of the task. The value must be greater 
than the operation time required by the ASC to complete the task. 

 

 2 ;i i iit s T i J + +                                                       (7) 

 

In the same way, it takes a certain transition time for ASC to move from the target position of 
the previous task to the start position of the next task. Equation (8) indicates that sufficient 
transition time needs to be ensured between the tasks before and after the same ASC job. 

 

 
( )(1 ); , ,k

j i ij ij ks t T M x i j J k K + − −                                            (8) 

 

There is a relationship between the two sub-task segments of the relay task, and the completion 
time of the immediate sub-task segment must precede the start time of the immediate sub-task 
segment. Equations (9)~(12) respectively indicate that the original task i  is a sea-side pickup 
tasks, seaside loading tasks, landside pickup tasks, and landside loading tasks, the operation 
time constraints between the two sub-task segments ( , )i j . 

 

 / ; ( , ) 1i js t i j A  +                                                         (9) 
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 / ; ( , ) 2j is t i j A  +                                             (10) 

 

 / ; ( , ) 3i js t i j A  +                                                (11) 

 

 / ; ( , ) 4j is t i j A  +                                            (12) 

 

4) Other constraints 

The relay task must be completed by two ASCs, and each ASC operates a sub-task segment of 
the relay task: 

 

 
( ) ( ) 1; ( , ) ,k k

i jx x i j A k K+ =                                            (13) 

 

The relay area is used as a temporary storage area, and its position needs to be located in the 
middle of the starting shell position and the target shell position of the relay task box. Equations 
(14)~(17) respectively represent the shell position constraints of the hand-shake area under 
different task types. 

 

 0 ; ( , ) 1s

i jp p i j A                                                      (14) 

 

 0 ; ( , ) 2t

i jp p i j A                                                      (15) 

 

 ; ( , ) 3s

j ip p B i j A                                                      (16) 

 

 ; ( , ) 4t

j ip p B i j A                                                     (17) 

 

Equations (18)~(19) are the domain constraints of the model: 

 

 0, 0, 0, 0;s t

i i i is t p p i J                                                 (18) 

 

 
( ) ( ) ( ), , , , {0,1}; , ,k k k

i i i ij tbu v x x y i j J k K                                      (19) 

3. Algorithm Design 

The twin-ASC scheduling optimization problem in the dynamic relay area mode requires 
simultaneous decision-making of the operation sequence of twin ASCs and the position of the 
dynamic relay area, which belongs to the category of NP-hard problems. It has good adaptability 
to NP-hard problems, so this paper uses GA to solve the twin-ASC scheduling optimization 
problem in the dynamic hand-shake area mode. 
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3.1. Chromosome Encoding and Decoding 

3.1.1. Coding 

Chromosomes consist of two gene segments, the task segment and the dynamic relay segment. 
When coding, number the tasks first. The numbers of non-relay tasks and main task segments 
are represented by the original task number, and the number of relay task segments is 

represented by the original task number + N  (the total number of original tasks). The first line 
of gene segments is encoded by integers, and the first half of the chromosome is set as the task 
that needs to be completed by the seaside ASC, and the second half of the chromosome is set as 
the task that needs to be completed by the landside ASC. The second line of gene segments is 
coded by integers, and the gene values in the chromosomes represent the dynamic hand-shake 
area position of the relay task in turn (the initial values are all set to 20). The given task scale is 
10, of which tasks 3, 4, 8, and 9 are the sea-side pick-up task, the sea-side task, the land-side 
pick-up task, and the land-side loading task, respectively. The schematic diagram of 
chromosome coding is shown in Figure 2. 

 

20Hand-shake area 20 20 20

3 4 8 9Relay task

First line of gene segments:

18 4 0 1 2 3 19 9 13 5 6 7 14 8

1 2 3 4 5 6 7 1 2 3 4 5 6 7

The task number

Job order

Second line of gene segments:

 
Figure 2. Encoding for stack task 

3.1.2. Decoding 

Decoding is performed in sequence according to the task sequence in the gene segment, and the 
container operation sequence corresponding to the twin ASC and the dynamic hand-shake area 
position of the relay task are obtained. Decoding the chromosome shown in Figure 2, the 
operation order of the seaside ASC is obtained as: [18, 4, 0, 1, 2, 3, 19], and the operation order 
of the landside ASC is: [9, 13, 5, 6, 7, 14, 8], the position of the dynamic relay area is: {3:20, 4:20, 
8:20, 9:20}. 

3.2. Fitness Function 

The fitness function is the reciprocal of the maximum completion time of the task, 

1/ max{ }if t= , and the larger the fitness value, the better the individual. In addition, in order to 

ensure the correctness of the results obtained by the genetic algorithm, the fitness value of 
individuals who do not meet the constraints of the model is set to 0, so that they are eliminated 
in the selection process. 

3.3. Selection 

In this paper, the classic tournament selection method is used to select the individuals in the 
population. Two individuals are randomly selected from the population, and an individual with 
a larger fitness value is selected to enter the next generation, and the operation is repeated until 
the new population size reaches the population size of the previous generation. 

3.4. Crossover 

Partially matched crossover (PMX) was used for the first line of gene segments. Since the first 
line of gene segments are divided into the sea-side ASC operation part and the land-side ASC 
operation part, they are also divided into two parts, the sea-side ASC operation sequence and 
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the land-side ASC operation sequence, for crossover, that is, in the two parent generations Both 
the seaside ASC job sequence and the landside ASC job sequence part of the individual randomly 
generate two intersections, and the gene values between the two intersections are exchanged 
to generate two offspring individuals, as shown in Figure 3. 

 

Parent 1

Parent 2

Offspring 1

Offspring 2

18 4 0 1 2 3 19 9 13 5 6 7 14 8

4 0 18 2 3 19 1 13 7 9 5 14 8 6

0 4 18 2 3 1 19 6 13 9 5 14 7 8

4 18 0 1 2 19 3 13 14 5 6 7 8 9

0 18

2 31

7 14

5 96

 
Figure 3. PMX cross operation 

3.5. Mutation Operation 

A two-point crossover mutation was used for the first line of gene segments. A random number 
between 0 and 1 is generated. If the random number is less than the set mutation probability, 
two loci are randomly selected in both the sea-side ASC operation part and the land-side ASC 
operation part, and their gene values are exchanged. 

Gaussian mutation was used for the second row of gene segments. First, a random number 
between 0 and 1 is generated. If the random number is less than the set mutation probability, a 
normal distribution value α with a mean of 20 and a variance of 3 is randomly generated. 
Secondly, if α satisfies the constraints (14)~(17), replace the original value on the selected locus 
with α; otherwise, keep the original value unchanged. Figure 4 is a schematic diagram of the 
chromosomal mutation operation. 

 

Parent

offspring

18 4 0 1 2 3 19 9 13 5 6 7 14 8

18 4 3 1 2 0 19 9 13 8 6 7 14 5

20 20 20 20

20 20 22 20

Parent

offspring

First line of gene segments:

Second line of gene segments:

 
Figure 4. Mutation operation 
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4. Case Analysis 

4.1. Parameter Settings 

4.1.1. Basic Parameter Settings 

Assuming that the container area from the seaside handover area to the landside handover area 
is 0 to 40 shells, the 20th shell in the middle of the container area is taken as the split point. The 

moving speed of the ASC is 1 = B/S, the loading and unloading time of the ASC is 3 = S, and 

the safe distance between the double ASCs is 1 = B. All experiments in this paper are run on a 
computer with an Intel Core i7 processor and 8GB of memory, and are programmed on the 
pyCharm 2019 platform. 

4.1.2. Genetic Algorithm Parameter Settings 

The value of the parameters such as the number of iterations, the number of populations, the 
probability of crossover and the probability of mutation have an important impact on the 
solution performance of GA. In order to optimize the solution performance of the genetic 
algorithm, this paper randomly generates a case with a scale of 100, and sets the experiments 
with a population size of 100, 200, and 500, respectively. The GA convergence results are shown 
in Figure 5. The results show that the GA convergence effect is the best when the population 
size is 300 or 500 and the number of iterations is 300 to 500. 

 

 
Figure 5. Convergence curves under different population sizes 

 

Similarly, this paper tests the crossover and mutation probabilities shown in Table 2. The 
experimental results show that when the crossover and mutation probabilities are 0.9 and 0.1, 
respectively, the convergence effect of GA is the best, as shown in Figure 6. 

 

Table 2. Combination of cross-mutation probability 

number 
Crossover 

probability 
Mutation 

probability 
number 

Crossover 
probability 

Mutation 
probability 

1 0.9 0.1 3 0.7 0.3 
2 0.8 0.2 4 0.6 0.4 

 



Volume 3 Issue 4, 2022 

DOI: 10.6981/FEM.202204_3(4).0098 

753 

Frontiers in Economics and Management 

ISSN: 2692-7608 

 
Figure 6. Convergence curves under different cross-mutation probabilities 

 

Based on this, the solution quality and solution rate of GA are considered in a balanced manner. 
In the following experiments, the population size is 300, the number of iterations is 300, the 
crossover probability is 0.9, and the mutation probability is 0.1. 

4.2. Result Analysis 

4.2.1. GA Performance Analysis 

In order to verify the effectiveness of GA, an example with a scale of 5 to 100 is set in this paper, 
and the solution results of GA in the dynamic hand-shake area mode are compared with those 
of CPLEX. The solution results are shown in Table 3. The GA solution results in Table 3 are the 
average of 10 running results, and when the scale of the examples increases to 20 or more, 
CPLEX cannot obtain the optimal solution in an acceptable time, so the maximum solution time 
of CPLEX is limited to 18000S (5h). 

 

Table 3. Result comparison between GA and CPLEX 

size 
Maximum time to completion /S Runtime /S 

error%* 
GA CPLEX GA CPLEX 

5 75 73 7.0 4.9 2.7 
10 146 144 47 2852 1.3 
20 364 341 175 18000 6.7 
50 870 880 862 18000 -1.1 

100 1737 —— 2716 —— —— 

Note: *The error e is calculated by the formula  ( ) / 100e x y y= −  , where x  is the average value 

of the GA algorithm and  y is the optimal solution of CEPLX. 

 

It can be seen from Table 3 that when the scale of the calculation example is 5~20, due to the 
volatility of the GA solution, the CPLEX solution result is better than the GA solution result, but 
its error range is 1.3%~6.7%, which is acceptable; when the calculation example scale is When 
the value is 50, CPLEX can return the current optimal solution within the limited maximum 
solution time, but the quality of the solution is not good; when the scale of the example increases 
to 100, the solution scale is too large, so that CPLEX cannot return within the limited maximum 
solution time Feasible solution, but the GA is still able to return the optimal solution in a 
reasonable time. 
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To sum up, for small-scale problems, there is an acceptable error between the results of GA and 
CPLEX; for large-scale problems, GA is far superior to CPLEX in solution speed, and the quality 
of the solution gratwinly tends to be even higher than that of CPLEX. Better than CPLEX, 
verifying the effectiveness of GA. 

4.2.2. Comparative Analysis of Scheduling Results in Two Relay Modes 

This paper randomly generates a scale of 20 examples (including 9 tasks that need to be 
relayed), and compares and analyzes the twin ASC scheduling results in the two hand-shake 
area modes. 

1) Twin ASC scheduling results in fixed hand-shake area mode 

In the fixed hand-shake area mode, run 10 times of GA, and get the twin ASC scheduling results 
in the fixed hand-shake area mode, as shown in Table 4. 

 

Table 4. Twin ASC scheduling results in fixed hand-shake area mode 

ASC 
Task completion time /S 

Maximum time to completion 
/S 

Difference in ASC completion 
time between land and sea /S 

maximu
m 

minimu
m 

averag
e value 

maximu
m 

minimu
m 

averag
e value 

maximu
m 

minimu
m 

averag
e value 

Seaside 378 349 365 
392 372 382 34 16  24 Landsid

e 
392 344 374 

 

Figure 7 shows the twin ASC operation path diagram in the fixed hand-shake area mode. The 
solid line in the figure represents the driving path of the ASC when the ASC is heavily loaded, 
and the dotted line represents the driving path of the ASC when the ASC is unloaded, and the 
sequence of the ASC operation tasks on both sides of the sea and land is marked with numbers. 
At this time, the maximum completion time of the ASC on the seaside is 352S, the maximum 
completion time of the ASC on the landside is 372S, and the difference between the completion 
of the ASC on both sides of the sea and land is 20S. 

 

 
Figure 7. Twin ASC work path diagram in fixed hand-shake area mode 

 

2) Twin ASC scheduling results in dynamic hand-shake area mode 

Similarly, in the dynamic hand-shake area mode, run 10 times of GA to obtain the twin ASC 
scheduling results in the dynamic hand-shake area mode, as shown in Table 5. 
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Table 5. Twin ASC scheduling results in dynamic hand-shake area mode 

ASC 
Task completion time /S 

Maximum time to completion 
/S 

Difference in ASC completion 
time between land and sea /S 

maximu
m 

minimu
m 

averag
e value 

maximu
m 

minimu
m 

averag
e value 

maximu
m 

minimu
m 

averag
e value 

Seaside 376 348 363 
380 348 364 10 0 5 Landsid

e 
380 347 360 

 

Figure 8 shows the twin ASC operation path diagram in the dynamic hand-shake area mode. 
The solid line in the figure represents the driving path of the ASC when the ASC is overloaded, 
the dotted line represents the driving path of the ASC when the ASC is empty, and the sequence 
of the ASC operation tasks on both sides of the sea and land is marked with numbers. At this 
time, the maximum completion time of the ASC on the seaside is 348S, the maximum completion 
time of the ASC on the landside is 347S, and the difference between the completion of the ASC 
on both sides of the sea and land is 1S. 

 

 
Figure 8. Twin ASC operation path diagram in dynamic hand-shake area mode 

 

It can be seen from Tables 4-5 that when the task scale is 20, the average value of the GA solution 
results in the dynamic hand-shake area mode is better than the average value of the GA solution 
results in the fixed hand-shake area mode; and the ASC on both sides of the sea and land is 
completed in the dynamic hand-shake area mode. The average value of the time difference is 
only 5, while the average value of the completion time difference of the ASCs on both sides of 
the sea and land in the fixed hand-shake area mode is 24, indicating that the workload between 
the twin ASCs in the dynamic hand-shake area mode is balanced. 

Without considering other factors, the task scale was increased to 200, and the average of 10 
GA solution results under the same parameters was used as the evaluation criterion to compare 
and analyze the GA solution results in the two modes, as shown in Table 6. 

 

Table 6. Comparison of GA solution results in two modes 

size 
Maximum time to completion /S Runtime /S 

error%* Fixed hand-shake 
area mode 

Dynamic hand-shake 
area mode 

Fixed hand-shake 
area mode 

Dynamic hand-shake 
area mode 

10 148 146 46 47 1.3 
30 491 506 309 316 3.1 
50 920 870 881 862 5.7 

100 1812 1737 2825 2716 4.6 
200 3749 3632 17058 17418 3.2 

Note: *The error is calculated by formula  ( ) / 100e m r r= −  ,where m  is the average value of the 

GA solution results in the fixed hand-shake area mode and r  is the algorithm average value of 
the GA solution results in the dynamic hand-shake area mode. 
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It can be seen from Table 6 that when the task scale is 10~200, the solution efficiency of GA in 
the two modes is roughly the same; and the maximum completion time obtained by GA in the 
dynamic hand-shake area mode is shortened by 1.3%~5.7% compared with the fixed hand-
shake area mode. , indicating that the relay mode can directly affect the maximum completion 
time of the task. 

4.2.3. Scenario Analysis for Two Relay Modes 

In the actual operation of the terminal, the task group can usually be divided into three types: 
class s, class a, and class l according to the distribution of tasks on both sides of the sea and land; 
among them, class s indicates that the task volume on both sides of the sea and land is in an 
unbalanced state In addition, the amount of ASC tasks on the seaside is relatively large. Category 
a indicates that the task amount on both sides of the sea and land in the task group is close to a 
balanced state, and category 1 indicates that the task amount on both sides of the sea and land 
is in a non-equilibrium state and the amount of ASC tasks on the landside is relatively large. In 
this paper, an experiment with an example scale of 20 is set up, and the maximum completion 
time is used as the evaluation index to compare and analyze the applicability of the two relay 
modes under the three task group types, and the average value of the GA10 running results is 
taken as the final result for each group of experiments. 

 

 
Figure 9. Schematic diagram of the change in maximum completion time under different task 

group types 

 

As shown in Figure 9, when the task group type is type a, the workload of the ASCs on both sides 
of the sea and land tends to be balanced, and both ASCs are fully utilized, so the total task 
completion time is the smallest; The completion time is similar, so both modes are suitable for 
the task group of category a. When the task group types are s and l, the workload of ASCs on 
both sides of the sea and land is in an unbalanced state, and the completion time of one-sided 
ASC becomes the bottleneck limiting the total completion time. As shown in Table 7, the 
dynamic hand-shake area mode can adjust the position of the hand-shake area according to the 
distribution of the task volume on both sides of the sea and land in the task group, and balance 
the workload between the two ASCs. Therefore, the total completion time of the task in the 
dynamic hand-shake area mode is Better, that is, the dynamic hand-shake area mode is more 
suitable for s-type and l-type task groups. 

 

Table 7. Bay of the hand-shake area 

Task group type 
Hand-shake area bays /b 

Dynamic hand-shake area mode (average) Fixed hand-shake area mode 
s 21.375 

20 a 19.9875 
l 17.825 



Volume 3 Issue 4, 2022 

DOI: 10.6981/FEM.202204_3(4).0098 

757 

Frontiers in Economics and Management 

ISSN: 2692-7608 

5. Conclusion 

The twin ASC scheduling problem in the container area of the yard is an important optimization 
problem in the operation system of an automated container terminal, which has a direct impact 
on the integrated scheduling of equipment on both sides of the sea and land and the overall 
service level of the terminal. As a temporary storage area, the relay area can effectively solve 
the operation interference between twin ASCs in a single box area. At the same time, the 
determination of the optimal relay area is conducive to balancing the work intensity of the 
double ASC and improving the operation performance of the yard. This paper studies the 
optimization problem of twin-ASC scheduling of automated container terminals in the dynamic 
hand-shake area mode, that is, in the process of twin-ASC scheduling, the hand-shake area 
position is not predetermined, and the hand-shake area position of all relay tasks is regarded 
as an independent decision variable. Each relay task can choose its optimal hand-shake area 
position according to the current task completion status. In the dynamic hand-shake area mode, 
the operating range of the twin ASC is not limited by a fixed shell position, and it is more flexible. 
Therefore, when the distribution of tasks on both sides of the sea and land is not balanced, the 
dynamic hand-shake area mode balances the work intensity of the twin ASC by adjusting the 
position of the dynamic hand-shake area, and the scheduling result of the twin ASC is optimized. 

In the actual scheduling process of the yard, the scene is more complicated, and there are other 
factors that affect the twin ASC scheduling results in the dynamic hand-shake area mode and 
the fixed hand-shake area mode. Future research can consider increasing the container 
turnover rate and task delay time. and other evaluation indicators, and analyze the scheduling 
results of the two relay modes under different scales to make the problem more realistic. 
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