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Abstract - This study is a study to build a virtual crane simulation system for technical research related to remote monitoring and 

preventive maintenance of marine crane system. In this study, we have studied the construction method of crane system for virtual 

simulation system. Remote monitoring of the crane system and construction of the actual system for the development of the preventive 

maintenance technology is necessary, but this system can be an alternative when the crane system can’t be built or the system can’t be 

built. The simulation system developed in this study has kinematic and kinematic modelling for CPS based simulation. In order to achieve 

the near realistic effect of each component according to the operation of the system by developing the closest to the actual crane system. 

These studies are expected to contribute to the research and application of digital twin systems in the marine sector. 
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1. Introduction 
This study is a study to build a virtual crane simulation system for technical research related to remote monitoring and 

preventive maintenance of marine crane system. The crane system is installed in a ship or offshore structure to launch or 

recover equipment and cargo. There is a growing demand for marine and offshore plant operations, but due to the maritime 

nature of the equipment, there may be a problem with the equipment if it fails. Therefore, monitoring and preventive 

maintenance of the system is very important[1]. Currently, technology development for ICT-based monitoring and 

maintenance is being done to solve these system problems[2]. 

In this study, we have studied the construction method of crane system for virtual simulation system. Remote monitoring 

of the crane system and construction of the actual system for the development of the preventive maintenance technology is 

necessary, but this system can be an alternative when the crane system can’t be built or the system can’t be built. The 

simulation system developed in this study has kinematic and kinematic modelling for CPS based simulation. In order to 

achieve the near realistic effect of each component according to the operation of the system by developing the closest to the 

actual crane system[3-4]. In this study, the information of the consumables of the system is not included yet, so the monitoring 

and preventive maintenance algorithms of the consumables of the system are not applied, but the information about the 

weight and torque of the system is applied close to the actual through the dynamic analysis of the system.  

Chapter 1 introduces the present research and development. Section 2 describes the construction of crane simulation. 

Section 3 describes the kinematics and dynamics modelling of the crane. Finally, Section 4 concludes the paper and future 

research plans. 

 

2. The construction of crane simulation 
2.1. Simulation system architecture 

Fig. 1 shows the architecture of a crane simulation system. The crane simulation consists of four modules: Simulation 

Control Module, Control Algorithm Module, Inverse Kinematics Simulation Module, and Simulation Result and 

Visualization Module. The simulation control module controls the entire operation of the simulation. It performs various 

simulation control functions such as start and end of simulation and numerical input. The Control Algorithm module is 

equipped with control algorithms such as PID and sliding mode to make the simulation cranes move closer to the real world. 

The Invers Kinematics Simulation module is a module that generates crane motion through kinematics and inverse 

kinematics analysis so that the crane can have the same motion as the actual one. The Simulation Result and Visualization 
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module is a module that shows simulation results so that a person can intuitively check the operation of the crane system. 

The four modules operate together and communicate the necessary information to the connected modules. 

 

 
Fig. 1: Simulation system architecture. 

 
2.2. Simulation program configuration 
 

 
Fig. 2: Simulation program configuration. 

 

A simulation program was developed according to the design of the aforementioned simulation system architecture. 

The developed program is shown in Fig. 2. The control input of each joint automatically generated generates the input 

torque through the Control Algorithm module and generates the position and attitude information of each joint through 

the Invers Kinematics Simulation module. The simulation result through the control algorithm module and the inverse 

kinematics simulation module represents the current state through the simulation result and visualization module. The 

simulation control module connects simulations of each module and exchanges data with the LabVIEW program. 

Simulation control is also performed through the interface with the user. The control algorithm module is a module for 

control of the most important crane system. It calculates torque of actuator according to position, velocity and 

acceleration of each axis and transmits it to visualization simulation. The control algorithm module is in Simulink form 

of MATLAB and is configured to simulate the data exchange by integrating with LabVIEW control module. The inverse 

kinematic model changes the end-effect of the system to the movement position of each joint and transmits it to the 

simulation visualization module. The simulation visualization module links LabVIEW and Solidworks and connects the 

simulated result to 3D modelling, so that the user can check the movement. 
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3. Mathematical modelling 
3.1. Kinematics 

The kinematic model of the crane is shown in Eq. (1). 
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The conversion matrix of Eq. (1) can be obtained by the combination of the translation matrix and the rotation matrix of 

a 6-axis crane using the Denavit-Hartenberg notation. The crane is composed of six axes. The three axes are composed of 

orthogonal coordinate axes that move linearly in the x, y, and z axes. The remaining three axes are composed of rotation axes 

that rotate pitch, roll, and yaw. In the equation (1), a variable with a star is a variable that changes according to the movement 

of the actuator. The inverse kinematic solution of this system uses a method of isolating the joint variables to be obtained by 

maximizing the function form of the matrix components. This method has an advantage that the joint variable value can be 

easily obtained by using the geometric characteristics of the system. 

 

  𝜃5
∗  = 𝑡𝑎𝑛−1 (

𝑟13

𝑟23
)   𝑖𝑓  𝑠𝑖𝑛𝜃6

∗  >  0   𝑜𝑟    𝜃5
∗  = 𝑡𝑎𝑛−1 (

−𝑟13

−𝑟23
)   𝑖𝑓  𝑠𝑖𝑛𝜃6

∗ <  0   , 

𝜃6
∗  = 𝑡𝑎𝑛−1 (± 

√1 − 𝑟33
2

𝑟33
)   , 

𝜃7
∗  = 𝑡𝑎𝑛−1 (

𝑟32

𝑟31
)   𝑖𝑓  𝑠𝑖𝑛𝜃6

∗  >  0    𝑜𝑟    𝜃7
∗  = 𝑡𝑎𝑛−1 (

−𝑟32

−𝑟31
)   𝑖𝑓  𝑠𝑖𝑛𝜃6

∗ <  0   , 

𝑑2
∗ = 𝑝𝑦 + 𝑑7𝑐𝜃5

∗𝑠𝜃6   ,
∗  

𝑑3
∗ = 𝑝𝑥 + 𝑑7𝑠𝜃5

∗𝑠𝜃6
∗   , 

𝑑4
∗ = 𝑝𝑧 + 𝑑7𝑐𝜃5

∗𝑠𝜃6
∗ − 𝑑1                                                                       (2) 

 
3.2. Dynamics 

The equation of motion can be expressed as a Lagrangian equation of motion such as Eq. (3).  

 

𝑀(𝑞)𝑞̈  +  𝐶(𝑞, 𝑞̈)  + 𝐺(𝑞) + 𝐹𝑓  + 𝐷 = 𝑢                                                              (3) 

 

In Eq. (3), the coefficients of each term are composed of 𝑀(𝑞) ∈ 𝑅6×6, 𝐶(𝑞, 𝑞̈) ∈ 𝑅6×1, 𝐺(𝑞) ∈ 𝑅6×1, 𝐹𝑓   ∈ 𝑅6×1, 𝐷 ∈

𝑅6×1, 𝑢 ∈ 𝑅6×1  type matrix, and the matrix of each term is summarized as follows. 𝑀(𝑞) is a positive symmetric matrix 

that defines the inertial matrix, and 𝐶(𝑞, 𝑞̈) is a matrix of vectors of Coriolis force and centripetal force. 𝐺(𝑞) is a vector 

matrix representing gravity, 𝐹𝑓 is a matrix representing friction, and 𝐷 is a matrix representing a disturbance. Finally, 𝑢 is a 

matrix of input and torque. 

 

 𝑀(𝑞) =

[
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𝐶(𝑞, 𝑞̈) =
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                                              (4) 

 

4. Conclusion 
In this study, a dynamic model of the system was established to implement the CPS - based crane simulation. And 

kinematic analysis was applied to confirm the condition of the motion of the system. This allows us to confirm the 

movement speed of the system's motion and movement range cranes. In the next study, we plan to apply the same 

controller as the actual controller of the system, and implement a digital twin type system. In addition, the system will 

be linked through the remote monitoring data of the simulation system and the actual system, and the alarm system for 

preventive maintenance will be developed. These studies are expected to contribute to the research and application of 

digital twin systems in the marine sector. 
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Appendix 
Variable setting and definition of crane system 

 

    

Fig. 3: Variable setting of crane system. 

 

Define variables for each element for dynamic modelling: 

1) 𝑚1 : mass of the left column frame 

2) 𝑚2 : mass of the right column frame 

3) 𝑚3 : mass of the upper frame 

4) 𝑚4 : mass of the fixed part of upper head frame 

5) 𝑚5 : mass of the moving part of upper head frame 

6) 𝑚6 : mass of the head frame 

7) 𝑚𝑡 = 𝑚1 + 𝑚2 + 𝑚3 + 𝑚4 + 𝑚5 : mass of the total frame 

8) 𝑚𝑦 = 𝑚4 + 𝑚5 + 𝑚6 : mass of the upper head and head frame 

9) 𝑚𝑧 = 𝑚5 + 𝑚6 : mass of the upper head and head frame 

10) 𝐽𝑥 = 𝐽𝑦 = 
1

3
𝑚6𝑙

2 : moment of inertia of the head part with respect to x and y axes 

11) 𝐽𝑥 = 
1

2
𝑚6𝑅

2 : moment of inertia of the head part with respect to z axis 

12) ℎ : height of the frame 

13) 𝑙 : length of the head part 

14) 𝑅 : radius of the head part 


