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Abstract 
In view of the limitations of the mathematical method used in the container 
terminal logistics system, this paper uses Unity3D to establish a computer 
simulation model for the container automated yard, which dynamically dis-
plays the operation process of the container automated yard logistics system 
in real time. Through the plane four-parameter coordinate conversion me-
thod and by taking the Shanghai urban construction coordinate system as the 
medium, it completes the conversion from the satellite positioning reference 
ellipsoid coordinates to the three-dimensional virtual scene coordinates. The 
example results show that the method is reliable and practical, improves the 
accuracy and efficiency of positioning, and provides a reliable reference basis 
for the container terminal logistics system. 
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1. Introduction 

By December 2021, Shanghai Port has maintained the world’s largest container 
throughput for 11 years, and the annual container throughput of the Yangtze 
River Delta port group has exceeded 100 million TEUs [1]. As the transportation 
centers for maritime logistics, ports have become more and more important, and 
container terminals with large-scale distribution capabilities have become the 
hub and value-added service center of the entire logistics chain. Traditional ter-
minal yard planning is a non-dynamic and low-information method [2]. The 
asynchronous development of port cargo throughput and port handling tech-
nology has made port areas put forward higher and higher requirements for 
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terminal planning [2]. However, as a complex discrete event dynamic system, 
the container terminal logistics system has certain limitations simply by using 
mathematical analysis methods [3]. Computer simulation for area mapping and 
management has been verified possible [4] based on the coordinate systems; 
however, this simulation has not been applied to container yard before. By the 
computer simulation technology, not only the interface display is more intuitive 
[5], but also more random factors can be considered. Before the establishment of 
the port logistics system, the simulation results and data are analyzed and eva-
luated in order to modify and make decisions on the port logistics system plan-
ning. 

2. Coordinate Conversion Mapping 

At present, GNSS measurement has been more and more widely used in many 
industries as an effective measurement method to obtain the local coordinates of 
the measurement point [6]. There are two types of conversion modes for con-
verting GNSS coordinates to local coordinates, the two-dimensional conversion 
mode and the three-dimensional conversion mode. The two-dimensional con-
version mode is able to converse the GNSS coordinates in a small area to local 
coordinates while the three-dimensional conversion is able to converse the 
GNSS coordinates and local coordinates in a large area [7].  

By optimizing the differential GPS positioning system, the GPS data of the 
mobile machinery can be accurately obtained by the system and mapped to the 
three-dimensional scene [8]. The entire mapping process takes two steps. First, 
map from the GPS WGS84 (latitude and longitude) to the Shanghai urban con-
struction coordinates, and then map the Shanghai urban construction coordi-
nates to the local coordinate system of the 3D virtual scene. Through this 
scheme, the mobile machine can be simulated in real time in the road or field of 
the three-dimensional scene [9]. There are basically the following two schemes 
shown in Figure 1 and Figure 2 for mapping GPS WGS84 coordinates to 
Shanghai urban construction coordinates. 

Scheme 1: Rigorous Conversion (Over 30 km). 
Scheme 2: Approximate Conversion (Less than 30 km). 
As the loading and unloading area of Yangshan Port is far less than 30 km and 

the calculation of the first method is quite complicated, based on performance 
considerations, the second approximation scheme is selected. After testing, the 
conversion result has reached the centimeter-level error range. For the second 
approximate scheme, this project uses the horizontal axis Mercator projection 
calculation formula as the coordinate projection scheme: 
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Figure 1. Coordinate rigorous transformation scheme. 
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Figure 2. Coordinate rigorous transformation scheme. 
 

( ) ( )

( )

2 4 6 2 4
0 0

6 4 6
0 0

6
0

1 3 5 3 31
4 64 256 8 32

45 15 45sin 2 sin 4
1024 256 1024

35 sin 6
3072

M a e e e B e e

e B e e B

e B

 = − − − − − +  
  + + + + +  
  

 − + + 





  

�

� �

� �

 

Parameter Symbol:  
a: Semimajor axis of ellipsoid. 

2e : The square of the first eccentricity, ( )22 2 2a ae b−= , Flatness = (a − 
b)/a. 

2e′ : Square of the second eccentricity, ( )2 22 2a be b−′ = . 

0B : Origin latitude. 

0L : Origin Longitude. 

0k : The scale factor at the origin. 

EF : Eastward shift (false east). 

NF : Northing shift (false north). 
B: Latitude. 
L: Longitude. 
The four-parameter coordinate conversion formula used in this project is as 

follows: 
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Make cos , sinp k q kθ θ= = , Indirect four parameters: [ , , ,x y p q∆ ∆ ]. 
Direct four parameters: [ , , ,x y k θ∆ ∆ ]. 
Four-parameter matrix expression: 
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Error equation form of n common points: 
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Convert the real four parameters: 
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Since the distance actually applied in this article does not exceed 30 km, the 
accuracy requirement can be achieved by using the plane four-parameter con-
version method. Conversion principle: The geodetic coordinates B and L (based 
on the satellite positioning reference ellipsoid) given by the GNSS receiver are 
transformed into the satellite positioning reference ellipsoid plane rectangular 
coordinates xI, yI through Gaussian projection, and then xI, yI are converted into 
local plane rectangular coordinates xI, yI (based on the local ellipsoid).  

The specific process is as follows:  
First, project the common point satellite positioning reference ellipsoid coor-

dinates and the local coordinate system onto the Gaussian plane of the respective 
reference ellipsoid system to obtain the plane coordinates of the common point 
in the satellite positioning reference ellipsoid and the local coordinate system 
respectively. 

Secondly, obtain four parameters by the least square method by more than 
two sets of coordinate data. 

Finally, convert the Gaussian plane coordinates of the satellite positioning into 
the plane coordinates of the Gaussian projection surface of the local coordinate 
system by using the four parameters sought.  

3. Case Analysis of Container Yard 
3.1. Modeling and Simulation Technology 

In order to simulate the real state of the container in the loading and unloading 
area (including position, appearance, etc.) and the real operating state (including 
position, appearance, etc.) of the mobile operating machinery in real time, the 
size ratio of the produced 3D scene to the real scene must be 1:1, including con-
tainers, mobile operating machinery, sites, buildings, roads, etc [10]. In order to 
achieve this goal, three-dimensional models of roads, buildings, etc. must be 
made according to the completed CAD drawings surveyed and mapped, so as to 
achieve a 1:1 ratio [11].  

In order to achieve the efficiency of 3D modeling, BIM technology and Auto-
desk Revit are used to improve the efficiency of 3D modeling of sites, roads, and 
buildings. Revit software is designed for building information modeling, helping 
architects build and maintain better quality and more energy-efficient buildings. 
However, due to certain defects in the production of 3D models in Revit, for 
example, the appearance cannot achieve the real super-realistic effect required 
by this project, the number of output models is too large, which is not conducive 
to running on low-end computers or the interaction cannot be performed in Re-
vit for simulation, the model exported by Revit needs to be further processed. 
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The software Maya is used to process and improve the BIM-derived model in 
two ways. One is to make super-realistic materials for buildings and sites based 
on the materials collected on-site in the container handling area, and the other is 
to optimize the output model such as surface reduction. The entire technical 
framework is not only suitable for container yards, but also for other interactive 
simulation systems to achieve super-realistic scene appearance and efficient in-
teractive simulation functions with higher development efficiency.  

Since Maya is only modeling software and does not have the function of in-
teractive simulation, the virtual container yard ultimately needs to develop an 
interactive simulation system based on a three-dimensional engine. Unity3D is a 
comprehensive development tool developed by Unity Technologies that allows 
developers to create types such as 3D video games, architectural visualization, 
and real-time 3D animation. It is a fully integrated professional 3D engine. At 
the same time, Unity3D supports importing 3D models made by Maya. There-
fore, this paper studies the use of Unity3D to construct a model with three-di- 
mensional data through a virtual three-dimensional space, develop interactive 
simulation functions of the entire system, and achieve a high degree of restora-
tion and interaction of the scene.  

3.2. Differential GNSS System 

Through the differential GNSS reference station with accurate three-dimen- 
sional coordinates, Differential GNSS is used to obtain the pseudo range correc-
tion or position correction, and then sends the correction to the user in real time 
or afterwards to correct the user’s measurement data to improve the GNSS posi-
tioning accuracy [12]. In order to achieve real-time simulation of mobile ma-
chinery, mobile machinery is required to provide centimeter-level precision po-
sitioning. The base station has been built in the Yangshan Deepwater Port Logis-
tics Park according to the working mode of the differential GNSS reference sta-
tion. The distance between the base station and the mobile terminal is closer, the 
transmission path is more direct, the potential interference source is effectively 
reduced, the solution speed is faster, and the positioning accuracy is higher. The 
base station seamlessly covers the entire park, the signal strength is strong and 
there is a certain degree of redundancy, even if the radio signal is attenuated af-
ter working for a period of time, it can ensure high positioning accuracy of mo-
bile machinery. The front-end equipment has multi-satellite and multi-frequency 
receiving capabilities, and can currently track and receive all satellite signals 
from the GNSS of US, Glonass of Russia, and Beidou of China.  

The mobile network mode and the latest international RTCM3.2 data format 
as the differential data transmission format are both used in the differential 
GNSS system for data transmission and communication to avoid the inconsis-
tency of the radio mode frequency and the incompatibility of the data format in 
the traditional way. After the rover is calculated, the internationally accepted 
NMEA standard format will be sent back through the network, and be con-
nected to the 3D smart plat form after sorting. 
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3.3. Coordinate Transformation Mapping 

In order to verify the practicability and stability of the system, experiments were 
carried out in the Shanghai Yangshan deep-water port area. By optimizing the 
differential GNSS positioning system, the system accurately obtains the GNSS 
data of the mobile machinery [13]. Since the entire site, roads, and buildings are 
modeled according to as-built CAD drawings, accurate GNSS data can be 
mapped to the three-dimensional scene [14]. The entire mapping needs to be di-
vided into two steps [15]. First, map the GNSS satellite positioning reference el-
lipsoid (longitude and latitude coordinates) to the Shanghai urban construction 
coordinates, and then map the Shanghai urban construction coordinates to the 
local coordinate system of the 3D virtual scene. Through this scheme, the mobile 
machine can be simulated in real time in the road or field of the three-dimen- 
sional scene [16]. The 3D virtual scene is made based on the CAD drawings that 
have been surveyed and mapped. The drawings are related to the Shanghai ur-
ban construction coordinates by rotation, translation and zoom. The mapping 
formula is constructed from Shanghai urban construction coordinates to the 3D 
virtual scene after calculation.  

From the implementation of the overall system design to the final trial run, it 
completely verified the feasibility of the system integration studied in this paper. 
During the trial operation of the system, six functions have been successfully 
achieved or simulated. The production information interaction function has 
successfully simulated the on-site container (30 - 600 seconds refresh synchro-
nization).The crossing access control function is able to reflect the statistical 
status of the vehicles in and out (2 - 300 seconds refresh synchronization) and 
the GNSS tracking vehicle function can perform virtual simulation of the on-site 
mobile operating machinery in real time (1 - 3 seconds refresh synchronization). 
Furthermore, the digital surveillance interactive function achieved in the real 
time image by digital surveillance camera and the scene display function can 
virtually simulate the actual scene and obtain its information about related 
buildings, venues, etc. [17]. Last but not least, the GNSS tracking vehicle func-
tion is able to track mobile operating machinery in real time by digital surveil-
lance cameras with both historical tracking trajectories and historical tracking 
video playback functions. 

4. Benefit Analysis 
4.1. Economic Benefit Analysis 

1) The GNSS global positioning system project in Yangshan Deep-water port 
will effectively realize the high integration of traditional various security moni-
toring systems and emergency handling services. It enables managers to control 
the state of affairs in all aspects of the storage yard in real time [18], and to re-
motely understand the current state of the storage yard and the state of affairs 
which is taking place anytime and anywhere [19]. To further enhance the com-
prehensive management capabilities in the yard and the coordination and han-
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dling capabilities for emergencies [20]. After the completion of the project, it is 
expected to reduce the annual operating cost to 197 million.  

2) The application of GNSS global positioning system will effectively help to 
manage the container vehicles and track the status of containers [21]. Through 
the feedback of yard and warehouse information, it can even effectively manage 
the container dynamics to ensure the orderly entry and exit of container vehicles 
to reduce waiting time. At the same time, the business volume is expected to 
reach 478,900 tons per year. 

3) Optimize the intelligent management level of the storage yard. It helps to 
facilitate the enterprises to handle customs clearance procedures more efficiency 
for both import and export cargo. It will also indirectly improve the economic 
benefits of related parties such as export goods dealers, freight forwarders and 
transportation companies. Finally, the application of the GNSS system is ex-
pected to further enhance Shanghai as the international shipping center.  

4.2. Social Benefit Analysis 

Based on the technologies of data backup, virtual reality, sensor, internet and 
infrared thermal imaging, it is able to establish an information database of dan-
gerous goods warehouses and management places. With the real time technolo-
gy, the database and the management system are coordinated and intercon-
nected, and realize the data backup of the management system database. When 
the business system is operating, the corresponding information display in the 
3D scene will be updated in real time, so as to realize the function of data syn-
chronization and the real-time management of the 3D scene. It can fully display 
the basic information of containers, mobile equipment and machinery in the 
yard, which is conducive to real-time update, control and effective distribution 
of container conditions, and can simulate emergencies and adopt corresponding 
emergency plans to realize intelligent management of the yard. 

5. Conclusion 

The application of Unity3D in computer simulation technology is becoming 
more and more extensive. It has been widely recognized for its overcoming the 
shortages of traditional design methods such as long design cycle, high cost, low 
degree of informatization and random modification. This article plans the over-
all layout, mechanical configuration and operation planning of the container 
automated yard logistics system. On the basis of theoretical analysis, a computer 
simulation model of the container automated yard is established by using Uni-
ty3D, which dynamically displays the container automated yard logistics in real 
time. The operation process of the system, as an optimization analysis of the en-
tire system, provides a relatively reliable reference basis for planning and design, 
and has achieved relatively satisfactory results.  
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