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Abstract 

The reasonable scheduling of automated guided vehicle (AGV) plays an important role 
in the operation of automated container terminal (ACT). It determines the operation 
efficiency of ACT. In the actual operation process of AGV, the existence of uncertain 
factors will directly affect the overall operation efficiency of ACT. To respond the 
uncertain interference in the operation process in time, a digital twin-based AGV 
scheduling method for ACT is proposed by combining digital twin (DT) with AGV 
operation mode. DT is the digital expression of physical entity, which has the ability of 
virtual real interaction and real-time mapping. Through the data interaction between 
physical space and virtual space, accurate AGV scheduling can be realized. In this paper, 
DT is applied to an ACT, and DT-based AGV scheduling framework and problem model 
are established. A DT-based AGV scheduling strategy for ACTs is proposed to further 
expound the effectiveness and feasibility of the framework and the research problem. 
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1. Introduction 

With the continuous development of automation and communication technology, such as Artificial 

Intelligence (AI), big data, Internet of Things (IoT), the production efficiency of ACT has been 

improved to some extent [1]. AGV is one of the important transportation equipment in the ACT. Its 

horizontal transportation efficiency is also one of the important factors affecting the overall operation 

efficiency of ACT. In the environment of continuous growth of trade and container traffic, ACTs are 

facing multiple challenges such as fierce competition, improving operation efficiency and saving 

operation cost. Facing the complex and changeable operation process of ACT, how to design a 

reasonable AGV scheduling scheme to improve the overall operation efficiency. This is one of the 

urgent problems to be solved in the modern ACT. 

AGV scheduling is the key link of terminal operation. It mainly studies the allocation of container 

transportation tasks on AGV, path planning and the management of execution sequence in the 

operation process. In essence, it is a multi-objective and multi constraint combinatorial optimization 

problem [2], which aims to optimize the total completion time, delay time and AGV total 

transportation cost. AGV scheduling problem can be divided into static scheduling and dynamic 

scheduling. Static scheduling is a one-time job scheduling, and it is difficult to take the uncertain 

factors (e.g. random fluctuation of operation, random failure of equipment, etc.) into account in the 
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mathematical programming model. Thus, the anti-interference performance of static scheduling is 

low. 

In recent years, to improve the flexibility of AGV scheduling in horizontal jobs, most scholars focus 

on the dynamic scheduling problem. Xin et al. [3] thinks that the current scheduling scheme of 

container terminals is generally off-line. To reduce the effect of disturbance such as operation delay 

or machine failure on the whole operation delay, a new rescheduling method based on the current 

state was proposed. In the face of uncertainty such as the arrival of new tasks, Cai et al. [4] proposed 

two strategies: rescheduling new tasks and rescheduling new tasks combined with unfinished tasks. 

Choe et al. [5] proposed an online preference learning algorithm to dynamically adjust the AGV 

strategy, and designed the corresponding algorithm to solve the problem. A variety of real-time 

scheduling algorithms were studied by improving the AGV static scheduling algorithm. 

It can be seen that scholars' research on AGV dynamic scheduling problem is mainly driven by offline 

or real-time production process data. In other words, the research of dynamic scheduling is mainly 

based on the relationship between physical and virtual space. However, these connections need to be 

done manually, and the physical and virtual space cannot achieve dynamic interaction. The real-time 

data generated in physical space cannot be transmitted to virtual space in time. Virtual space cannot 

complete the functions of verification, prediction, dynamic control and so on with the help of real-

time data. How to realize AGV dynamic scheduling through the data interaction between physical 

and virtual space is also one of the problems to be solved in the research of AGV scheduling. In 

addition, the current scheduling research is done by means of historical data in production. It fails to 

make full use of physical and virtual data to achieve accurate scheduling. 

DT is the digital expression of physical entity, which can be used to reflect the corresponding life 

cycle process of physical equipment [6]. It can use information technology such as perception and 

modeling to express, diagnose, predict and make decisions in physical space. The emergence of DT 

provides a new way to solve the above problems in ACT. Thus, this paper attempts to introduce DT 

into AGV scheduling of ACTs. The DT framework and problem model of AGV scheduling are 

established, and DT-based AGV scheduling strategy is proposed, which provides a new method for 

realizing the predictive and active AGV scheduling of ACTs. 

2. Literature review 

AGV scheduling problems have been widely concerned by scholars. The main research methods used 

include mathematical accurate solution method, modeling and simulation method and intelligent 

optimization method [2]. Some scholars use mathematical exact solution method to solve AGV 

scheduling problem in the early stage. Toshiyuki et al. [7] studied AGV assignment and conflict free 

path planning problems, and described these problems as integer programming problems to solved. 

Ma et al. [8] studied the problem of AGV scheduling and configuration in the uncertain situation of 

the ACT, and adopts a mixed integer programming model. The mathematical accurate solution 

method can effectively solve the simple and small-scale problems. But it cannot solve the AGV 

scheduling problem under the uncertain conditions. Han et al. [9] used EM-Plant software to establish 

a simulation model to analyze the scheduling strategy and quantity allocation of AGV in the ACTs. 

Some scholars used intelligent optimization algorithm to solve AGV scheduling problems. Zhu et 

al.[10] proposed an improved genetic algorithm to optimize the task allocation and task sequencing 

of AGV, and established a mathematical model with the shortest handling time as the goal. The multi-

objective AGV scheduling problem considering the charging of AGV was studied, and uses hybrid 

GA-PSO to solve the problem[11]. The use of intelligent optimization algorithm can effectively solve 

complex combinatorial optimization problems. The result of hybrid algorithm is better than that of 

single algorithm. 

DT was firstly presented by Michael Grieves at one of his presentations about Product Lifecycle 

Management in 2003 University of Michigan [12]. It was first used in aircraft health maintenance, 

and then many scholars began to explore the application of DT in the production workshop. Tao et 
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al. [13] put forward the concept of DT shop-floor (DTS) and established a DT model. On the basis of 

the model, the production characteristics such as virtual real integration, iterative operation and 

optimization of shop-floor in DT environment are explored. In view of these characteristics, Tao et 

al. [14] studied the theory and technology of virtual physics fusion in DTS, which provides a reference 

for the practice of DTS. Elisa et al. [15] studied the uncertain production scheduling problem in flow 

shop, and proposed a synchronous digital twin framework. Zhang et al. [16] proposed a DT enhanced 

dynamic scheduling method for job shop scheduling problem. Fei Yonghui [17] used DT to solve the 

problem of flexible job shop real-time scheduling.  The application of DT in terminal has also 

attracted the attention of some scholars. Wei et al. [18] deeply integrated DT with the terminal, and 

realized the real-time interactive mapping between the physical and virtual through the information 

physical system and the RO/RO port production system. Szpytko et al. [19] applied DT to the 

container terminal and established the comprehensive maintenance decision-making model under the 

crane operation state by using DT. That greatly reduced the risk of gantry crane failure (GCI) and 

improved the operation efficiency. 

As a result, considering the influence of uncertain factors in ACT operation and the interaction 

mapping between physical space and virtual space, it is a worthy research topic to realize AGV 

scheduling of ACT by using DT. 
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Figure 1. The DT framework of AGV scheduling 

3. DT framework and AGV scheduling modeling 

3.1 Digital Twin Framework 

AGV scheduling plays an important role in the production of ACT. It can make full use of the 

production resources of ACT. Through the system to develop the optimal scheduling scheme, the 

container task is reasonably assigned to the AGV to be operated. Container handling efficiency can 

be improved by reasonable AGV scheduling. For one thing, in the face of the complex and diverse 
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operation process of ACT, the continuous change of scheduling parameters will affect the accuracy 

of the scheduling scheme. For other thing, a large amount of data will be generated in the process of 

operation. How to accurately obtain AGV scheduling related data from a large number of data to 

achieve the accurate scheduling of AGV is also an important problem currently faced. In addition, 

there are often some uncertain disturbances in the process of AGV scheduling, such as transportation 

equipment failure, operation delay and so on. These disturbances will make the scheduling process 

deviate from the scheduling plan. The operation efficiency of ACT will be affected. Thus, the 

interactive mapping between terminal physical space and twin space becomes the key to realize AGV 

scheduling. 

Using the virtual real mapping and real-time interaction characteristics of DT, the interactive fusion 

of physical space and twin space of ACT is realized. Meanwhile, it can also meet the requirements of 

AGV new scheduling mode. Therefore, the DT framework of AGV scheduling is proposed, see Fig. 

1. The framework consists of four parts: physical space, twin space, data center and scheduling service. 

Physical space is the basis of DT architecture, which is mainly responsible for providing the data 

information generated in the scheduling process. The data information will be processed by the data 

center and transmitted to twin space and scheduling service. Twin space will update the model based 

on real-time data and historical data to achieve synchronization with reality. The new data generated 

by the update will be transferred to the data center for storage. Moreover, AGV scheduling system 

will generate scheduling scheme based on real-time data, combined with the support of corresponding 

model and algorithm base. And it provides scheduling process information statistics and equipment 

monitoring services. The generated scheduling scheme will be simulated and verified in twin space. 

After the optimal scheduling scheme is obtained, the physical space will be driven by the data center. 

Through the interaction of the above four parts, the AGV scheduling process with continuous iteration 

and optimization between virtual and real is formed. 

3.2 AGV Scheduling Modeling 

In this paper, a typical ACT is considered. The automation equipment involved mainly includes 

automated quay crane (AQC), AGV and automated storage crane (ASC), see Fig. 2. AQC is 

responsible for loading and unloading containers in the operation area of the terminal front. ASC is 

responsible for stacking containers in yard. AGV is responsible for the horizontal transportation of 

containers. It can be seen that horizontal transportation is an important convergence of ship operation 

and yard operation. In this paper, the research of loading and unloading synchronization mode is 

focused on to minimize the AGV horizontal transportation time. The process of AGV transporting 

import and export containers is as follows. The unloading containers operation was first implemented. 

AGV arrives at transfer point and waits for AQC. AQC places a container on the corresponding AGV. 

AGV transports it to designated storage areas. Then the AGV drives to the transfer point of the next 

container storage area and waits for ASC. When ASC places a container on AGV, AGV sends it to 

the designated AQC transfer point. AGV will arrive at the next container position to be unloaded and 

wait for another operation. In this process, deadlock in AGV operation is not considered. In addition, 

it does not consider the specific storage location of the container on the ship and the specific slot 

allocation of the container in the yard. 

Through the above problems, the initial position, target position and time of loading and unloading 

container can be known. The problems studied in this paper can be divided into two sub problems. 

One is task allocation, how to allocate the container task to the most suitable AGV. The second is the 

path planning of AGV, how to plan the AGV travel path to make the shortest transportation time 

under the known conditions. Facing the influence of uncertain factors in scheduling, this paper also 

considers the scheduling stability in the scheduling objective [21]. This paper takes the minimum 

AGV transportation time as the scheduling objective on the basis of meeting the scheduling stability. 

Through the above analysis, the mathematical model of AGV scheduling can be constructed. This 

model is subject to the following assumptions, and the related symbolic descriptions are shown, see 

Table 1. 
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Figure 2. The typical layout of ACT 

 

Table 1. Symbols descriptions in modeling 

Symbols  

𝐼 set of import containers, 𝑖 ∈ 𝐼 

𝐸 set of export containers, 𝑗 ∈ 𝐸 

𝑁 set of all containers, 𝑁 = 𝐼 ∪ 𝐸 

𝑄 set of AQCs, m, l ∈ Q 

𝑉 set of AGVs, 𝑎 ∈ 𝑉 

𝐿 set of rescheduling, 𝑘 ∈ 𝐿  

𝑁𝑞 AQC transfer points 

𝑁𝑏 ASC transfer points 

𝑁 ′ nodes other than transfer points, 𝑐, 𝑑 ∈ 𝑁 ′ 

𝑁∗ set of all nodes, 𝑁∗ = 𝑁𝑞 ∪ 𝑁𝑏 ∪ 𝑁 ′ 

𝑇1  the time taken by AQC to grab or place containers on AGV 

𝑇2  the time taken by AGV to place or acquire containers on AGV-mate 

𝑆𝑎,𝑖𝑚 the time when AGV 𝑎 starts to transport AQC 𝑚 container i 
ℎ𝑎,𝑖𝑚 the time when AGV 𝑎 transport AQC 𝑚 container i to AGV mate 

𝑋
𝑖𝑖 ′
𝑎

 the sequence of AGV 𝑎 transport container 𝑖 and container 𝑖′ 
𝑋𝑖𝑚𝑗𝑙 the AGV 𝑎 transports AQC m container i and then transports AQC l container j, i ∈ I,j ∈ E 

𝛽𝑖𝑚
𝑎  the AGV 𝑎 to handle AQC m container i 

𝑡𝑟𝑖𝑚
𝑘  the start time of the k th transport AQC m container 𝑖 in rescheduling scheme 

𝑡𝑎,𝑞𝑏
𝑖𝑚  the time taken by AGV 𝑎 to handle container i between AQC and ASC, c, d ∈ N* 

𝑡𝑎,𝑐𝑑 the travel time of AGV a from node c to node d, c, d ∈ Nq or c, d ∈ Nb 

𝐷𝑞𝑐 the distance matrix between node q and node c, q ∈ Nq, c ∈ N' 

𝐶𝑞𝑏 the connection path of AGV a through nodes q and b, q ∈ Nq, c ∈ N' 

𝑔𝑞𝑏 the density of AGV 𝑎 entering road network 

𝑙𝑠 set of directed segments between nodes 

𝑀 a very large positive number 

𝑣 AGV speed 

𝜃 value of change 

• At least one AGV shall be allocated for each handling task. 

• Each AGV handles only one handling task at a time. 

• The next container handling by AGV can only be carried out after the previous handling operation 

is completed. 

• The time of AQC and ASC handling containers has a fixed value. 

• All AGVs are normal at the beginning and travel clockwise in the direction of the road network. 
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The mathematical model of DT-based AGV scheduling is as follows. 

𝑓 = 𝑚𝑖𝑛( 𝑋1 + 𝑋2 + 𝑋3 + 𝑋4 + 𝜃 ∑ ∑ |𝑡𝑟𝑖𝑚
𝑘 − 𝑆𝑎,𝑖𝑚|

𝑘∈𝐿𝑖∈𝑁

)                              (1) 

𝑋1 = ∑ ∑(ℎ𝑎,𝑖𝑚 − 𝑆𝑎,𝑖𝑚)

𝑖∈𝐼𝑎∈𝑉

𝛽𝑖𝑚
𝑎 , ∀𝑚 ∈ 𝑄                                          (2) 

𝑋2 = ∑ ∑[(ℎ𝑎,𝑗𝑙 − ℎ𝑎,𝑖𝑚 − 𝑇2)

𝑗∈𝐸𝑎∈𝑉

𝑋𝑖𝑚𝑗𝑙 ], ∀𝑖 ∈ 𝐼, ∀𝑛 ∈ 𝑄                               (3) 

𝑋3 = ∑ ∑[(𝑆𝑎,𝑗𝑙 − ℎ𝑎,𝑗𝑙)

𝑗∈𝐸𝑎∈𝑉

]𝛽𝑗𝑙
𝑎 ,   ∀𝑛 ∈ 𝑄                                            (4) 

𝑋4 = ∑ ∑ (𝑆𝑎,(𝑖+1)𝑚 − 𝑆𝑎,𝑗𝑙 − 𝑇1)𝑗∈𝐸𝑎∈𝑉 𝑋𝑗𝑙(𝑖+1)𝑚 , ∀𝑖 ∈ 𝐼,                               (5)  

∑ 𝑋0𝑖
𝑎

𝑖∈𝐼

=1, ∀𝑎 ∈ 𝑉                                                             (6) 

∑ 𝑋𝑖𝑓
𝑎

𝑖∈𝐼

=1, ∀𝑎 ∈ 𝑉                                                             (7) 

∑ 𝑋𝑖𝑖′
𝑎

𝑖∈𝐼

− ∑ 𝑋𝑖′𝑖
𝑎

𝑖′∈𝐼

=0, ∀𝑖 ∈ 𝐼, ∀𝑎 ∈ 𝑉                                             (8) 

∑ 𝛽𝑖𝑚
𝑎

𝑎∈𝑉

=1, ∀𝑖 ∈ 𝑁, ∀𝑚 ∈ 𝑄                                                   (9) 

∑ 𝛽𝑖𝑚
𝑎

𝑖∈𝑁

=1, ∀𝑎 ∈ 𝑉, ∀𝑚 ∈ 𝑄                                                 (10) 

∑ ∑ 𝑠𝑖𝑚𝑗𝑙

𝑗∈𝐸𝑙∈𝑄

=1, ∀𝑖 ∈ 𝐼, ∀𝑚 ∈ 𝑄                                               (11) 

∑ ∑ 𝑋𝑗𝑙𝑖𝑚

𝑖∈𝐼𝑚∈𝑄

 = 1, ∀𝑖 ∈ 𝐼, ∀𝑚 ∈ 𝑄                                              (12) 

𝑡𝑟𝑖𝑚
𝑘 − 𝑆𝑎,𝑖𝑚 ≥ 0,   ∀𝑘 ∈ 𝑙, ∀𝑖 ∈ 𝐼, ∀𝑚 ∈ 𝑄, ∀𝑎 ∈ 𝑉                                  (13) 

𝑡𝑟𝑖𝑚
𝑘 + ∑ 𝑡𝑎,𝑐𝑑

𝑗𝑙
𝛽𝑖𝑚

𝑎

𝑎∈𝑉

≤ ℎ𝑎,𝑖𝑚 ,  ∀𝑖 ∈ 𝐼, ∀𝑞, 𝑏 ∈ 𝑁𝑄, 𝑁𝐵                                 (14) 

ℎ𝑎,𝑗𝑙 + 𝑇2 + ∑ 𝑡𝑎,𝑐𝑑  
𝑗𝑙

𝛽𝑖𝑚
𝑎

𝑎∈𝑉

≤ ℎ𝑎,𝑗𝑙 + 𝑀(1 − 𝑋𝑖𝑚𝑗𝑙) ,                                  (15) 

ℎ𝑎,𝑗𝑙 + 𝑇2 + ∑ 𝑡𝑎,𝑏𝑞  
𝑗𝑙

𝛽𝑗𝑙
𝑎

𝑎∈𝑉

≤ 𝑠𝑎,𝑗𝑙 , ∀𝑗 ∈ 𝐸, ∀𝑞, 𝑏 ∈ 𝑁𝐵                                 (16) 

𝑠𝑎,𝑗𝑙 + ∑ 𝑡𝑎,𝑐𝑑

𝑎∈𝑉

≤ 𝑠𝑎,(𝑖 +1) 𝑚  + 𝑀(1 − 𝑋𝑗𝑙(𝑖 +1) 𝑚  )                                  (17) 

𝑡𝑎,𝑞𝑏
𝑖𝑚 = 𝑚𝑖𝑛 (𝐶𝑞𝑏(𝐷𝑞𝑏 + 𝑀 ∗ 𝑔𝑞𝑏)) /𝑣,   ∀𝑞, 𝑏 ∈ 𝑁∗                                 (18) 

∑ 𝐶𝑐𝑑

(𝑐,𝑑)∈𝑙𝑠

− ∑ 𝐶𝑑𝑐

(𝑐,𝑑)∈𝑙𝑠

= {
1,       𝑐 = 𝑜
−1,     𝑐 = 𝑡

0,       𝑐 ≠ 𝑜, 𝑡
                                         (19) 

                       (20) 

𝑋𝑖𝑖′
𝑎 = {

1, AGV 𝑎 transports container 𝑖 then container 𝑖′ 
0,   𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

                            (21) 



 

 

394 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 7, 2021 

DOI: 10.6919/ICJE.202107_7(7).0059 

𝛽𝑖𝑚
𝑎 = {

1, AGV 𝑎 to handle AQC 𝑚 container 𝑖  
0,   𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

                                  (22) 

𝑋𝑖𝑚𝑗𝑙 = {
1, AGV 𝑎 handle AQC 𝑚 container 𝑖 at first 

0,   𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 
                              (23) 

𝐶𝑞𝑏 = {
1, link path of AGV 𝑎 through nodes 𝑞 and 𝑏 

0, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 
                                  (24) 

𝑔𝑞𝑏 = {
0, the AGV density in the network is less than 2 

1, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 
                            (25) 

Constraint (2) is the time taken by AGV 𝑎 to transport AQC m container i to AGV-mate under the 

load state. Constraint (3) is the travel time of AGV 𝑎 between two AGV-mate under no-load state. 

Constraint (4) is the time taken by AGV a to transport container j from AGV-mate to AQC 𝑙 under 

the load state. Constraint (5) is the travel time of AGV a between two AQC under no-load state. 

Constraints (6)-(7) indicate that the initial task of each AGV is 0 and the end task is virtual task 𝑓. 

Constraint (8) represents the operation sequence of AGV. It ensures that there is only one container 

task before and after the container task currently being processed by AGV. Constraints (9)-(10) ensure 

the uniqueness between AGV and container. Constraints (11)-(12) are to ensure the sequence in which 

AGV starts unloading and loading. Constraint (13) is a time constraint between the initial scheduling 

start time and the rescheduling start time when the uncertainty occurs. Constraint (14) represents the 

time constraint of AGV 𝑎 from unloading to transporting the container to the transfer point of AGV-

mate. Constraint (15) is the time constraint of AGV from one AGV-mate to another in no-load state. 

Constraint (16) is the time relationship between AGV 𝑎 loading container from AGV-mate and 

driving to AQC. Constraint (17) is the time constraint of AGV 𝑎 from one AQC to another under 

no-load state. Constraint (18) is the minimum travel time for AGV to transport AQC m container i 
from node q to node b. That is to seek the shortest path. Constraint (19) is a path selection constraint, 

indicating that the distance between two nodes is equal. Constraint (20) is a non-negative constraint 

in AGV scheduling problem. Constraints (21)-(25) are decision variables, namely integer constraints. 

4. DT-based AGV scheduling strategy on ACT 

Based on the above framework and scheduling model, DT- based the method of AGV scheduling is 

deeply explored. Faced with the influence of uncertain factors in the process of AGV scheduling, the 

DT framework of AGV scheduling is fully utilized. The scheduling of AGV operations can be 

realized by fusing the real-time data from the field and historical data in the data center to drive related 

services. The flow chart of DT-based AGV scheduling is shown, see Fig. 3. 

Before the start of the scheduling task, AGV scheduling system will generate the initial scheduling 

scheme by the operation requirements and the actual data of field resources. The initial scheduling 

scheme will be verified in the twin space, and the results will be fed back to the scheduling system. 

The scheduling system will modify the scheme according to the feedback results, and generate a new 

scheme to drive the field operation execution. During the execution of the scheduling scheme, AGV 

scheduling system will call the terminal operation monitoring service to determine whether there is 

disturbance. If the disturbance does not exist, judge whether the scheduling task has been completed. 

If the scheduling task is not completed, the current scheduling scheme is continued, otherwise the 

scheduling information statistics service is invoked to show the completion time, failure rate and other 

information in the scheduling process. If the disturbance exists, the current scheduling scheme is 

updated in terms of the degree of disturbance. Meanwhile, the system will generate real-time 

scheduling scheme by the current actual situation. Then, the target value of the current execution 

scheme is compared with that of the real-time scheduling scheme to determine whether to trigger 

rescheduling. If trigger is not needed, the current scheme will continue to be executed. If trigger is 

needed, the real-time scheduling scheme will be used to replace the updated scheduling scheme. This 

cycle is repeated until all scheduling tasks of AGV are completed. 
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Figure 3. The flow chart of DT-based AGV scheduling 

 

Genetic algorithm is used to optimize the real-time scheduling scheme, as shown in the left half of 

Fig. 3. Genetic algorithm is a kind of random search algorithm simulating natural selection and 

evolution of organisms, which has good global search ability [20]. Genetic algorithm is applied to 

AGV scheduling problem. Firstly, the problem to be solved is coded into chromosome gene sequence, 

and the fitness value of each individual is calculated. In this paper, the derivative of horizontal 

transport time is used as the value of fitness. Then, the optimal individuals are obtained by selecting 

crossover and mutation within the range of the maximum number of iterations. Finally, the 

chromosome gene sequence of the optimal individual is decoded to obtain the approximate optimal 

solution, that is, the optimal scheduling scheme. 

5. Conclusion 

This paper studies the application of DT-based AGV scheduling of ACT. In many scholars' 

experience on the application of DT and AGV scheduling problem of ACTs, this paper attempts to 

combine DT with AGV scheduling problem to explore a new operation mode suitable for AGV 

scheduling of ACTs. The DT framework and problem model of AGV scheduling are constructed, and 

a DT-based AGV scheduling method is proposed to deeply elaborate the practicability of the study. 

In the following research, the multi-dimensional modeling of DT and the development of AGV 

scheduling DT system are given more attention. It is hoped that this study can promote the application 

of DT in ACT to improve the operation efficiency of the terminal, and contribute to the development 

of national economy. 
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