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Abstract: Digital twin can simulate and monitor the state and behavior of physical entities in the real world, helping
enterprises to better understand and manage real-world physical systems, improve production efficiency, reduce costs,
and improve safety and reliability. In this paper, we use GTS motion control card and Unity engine to build a digital twin
system, and control a virtual industrial automation handling platform including two screw servo axes and multiple sensors
through the physical GTS motion control card. The control card program controls the motion of the virtual model through
transmission control protocol (TCP) communication, and the virtual model system feeds back the signal to the control card
program to achieve the virtual and real synchronous digital twin effect. The digital twin system uses Unity engine to create

a highly realistic virtual environment, and can run on multi-platform terminals.
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1. Introduction

In the field of industrial automation, digital twin technology can help enterprises better understand and manage
physical systems in the real world, improve production efficiency, reduce costs, improve safety and reliability, and
predict the occurrence of system failures before they occur, and perform predictive maintenance. In this paper, the
computer installed with the GTS motion control card of GoogolTech is used to control the virtual model built in the
Unity engine environment, and the virtual model can also feedback the signal to the motion control card program to

realize the digital twin effect. This paper will discuss the design process of the virtual simulation system in detail.

2. Overall system design

The virtual simulation system designed in this paper includes two computers, one is an industrial computer
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installed with GTS motion control card, which runs GTS upper computer software. The actual physical equipment
can be controlled by the control card. The other computer is the virtual platform computer, which runs the virtual
model program built by Unity environment. The virtual model is the digital twin of the physical device.
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Figure 2. Virtual model of the handling platform

Figure 1 shows the data interaction and communication mode among GTS host computer software, virtual
model program, and physical equipment. The motion control card of the industrial computer is connected to the
terminal board of the physical equipment through the control cable, and the driver, digital input/digital output (DI/
DO) and other components are connected under the terminal board. The industrial computer communicates with
the virtual platform computer through TCP protocol, and sends the data of the motion control card to the virtual
model program, and the virtual model program also feeds back the signal to the control card program.

The physical equipment is an industrial automation handling platform including two screw servo axes and

multiple sensors. The appearance of the virtual model in Unity environment is shown in Figure 2.

3. GTS motion control card host computer program design

The host computer program is divided into seven subsystems according to the function of the user management
system, log system, input/output (IO) control system, axis system, manual part, automatic program, TCP
communication and so on. Each subsystem function is independent, and can call each other, combine with each other
to achieve more functions. The upper computer program is mainly implemented by two classes AxisCtrl and IOCtrl.
Among them, the AxisCtrl class realizes the most basic functions of the axis system. This class opens a series
of functions for other subsystems to control the axis and obtain axis information, etc. The axis system can call
axis resources uniformly, which is convenient for the realization of various functions, axis resource scheduling,
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axis security protection, etc. The functions provided by this class mainly include GetAxisFree(), AxisMovePos1(),
AxisGoHome(), AxisEmgStop(), GetAxisPrfPos(), GetAxisPrfVel(), GetAxisEncPos(), and GetAxisEncVel(), etc.

The IOCtrl class realizes the most basic functions of 1O control system, this class opens a series of functions
for other subsystems to read and write IO values, IO control system achieves unified management of 10
information. The functions provided by this class mainly include GetDICurVal(), GetDOCurVal(), SetDOVal(),
GetAlVal(), GetDacVal(), SetDacVal(), GetDICurValFromTcp() and so on.

4. Unity virtual simulation system design
The virtual model program is developed using Unity engine, its role is to receive the motion data of GTS host
computer program, combine Unity engine and script, simulate the behavior and state of real equipment. The virtual
model program is divided into three parts: user interface (Ul), model and script.

Ul interface can set TCP server internet protocol (IP) parameters, reset the model, exit the program and other
operations, can display the system status, display log information, and so on.
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The 3D model of the handling platform is static after importing into Unity. In order to obtain realistic physical
behaviors in the simulation environment, it is necessary to use hierarchically organized objects to build physical
combinations. A physical bond is a set of bonds organized in the form of a logical tree, in which each parent-child
relationship reflects the relative motion of mutual constraints. As shown in Figure 3, this paper simulates the linear
motion of the X, Y axis, with (1) “Lead screw X axis bracket” as the root, followed by (2) “Lead screw X axis
slider,” and then (3) “Lead screw X axis bracket,” combination in turn. In addition, the collision body component
is used to define the shape of the physical collision of the game object. The collision body that needs to be set up
for the handling platform has various shapes of materials, suckers, nozzles, sensors, shaft sliders, light blockers,
and so on. Rigid body components also need to be set for each material to obtain material effects such as gravity.

Scripts are used to create graphical effects that control the physical behavior of the object. The script used
by the virtual handling platform is shown in Figure 4, which realizes the functions of the axis movement of the
handling platform, the action of the cylinder, the suction of the material by the suction cup, the sensor feedback,
and the TCP communication. Among them, GTU_LinerJointController is a script to realize the linear motion of
the axis. The script is mounted on the game object corresponding to the axis.

As shown in Figure 5, the Axis Dir property can be set to constrain the direction of movement of the axis,
Speed controls the speed of movement of the axis, and Goal Pos sets the position of the axis. This script also
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provides the SetGoalPos() method to set the axis Goal Pos value. The script is associated with the Articulation
Body assembly component of the game object. Through the TCP protocol, it can receive the axis position data
from the GTS host computer, call the SetGoalPos() method, and input the axis position into the script, thus
realizing the movement of the shaft model.
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Figure 5. GTU_LinerJointController property panel

GTS_TepClient is the function of TCP communications scripts. As TCP client, it can set the server’s IP, connect
the server, get GTS personal computer (PC) data, send data to the GTS PC. The GTU_ TcpHandle class is a script
that manages TCP function and UI interface in the virtual model program. GTU 230504 is a specific script for this
project. In this script, the association between the model action and the GTS host computer data is realized. The
attribute panel of this script is shown in Figure 6. The binding of Tcp_is GTU_TcpHandle component. By calling
the method provided in GTU_TcpHandle component, it can read or write TCP data, and then control the action
of the model or feedback the signal of the virtual sensor. The DataList contains a set of data items, which are the
configuration of the virtual model. If the AxisIndex type is selected as axis, then this is the axis number, read the
position of the axis with AxisIndex from the TCP data, and assign the position data to the GTU_LinerJointController
component in the GameObject. If the DIIndex/DIOfTs type is a suction cup or a linear cylinder, then these two values
are used as the DI address, and the value of this address is read from the TCP data and assigned to the corresponding
script component in the GameObject. If the DOIndex/DOOCfTs type is selected as the sensor trigger, then the sensor
trigger value of the corresponding GTU_SensorTriggerController component in the GameObject will be read, and the
sensor trigger value will be written in the TCP data with DOIndex/DOOffs as the DO address.
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Figure 6. GTU 230504 property panel

97 Volume 9, Issue 1



The rest of the script includes linear controller GTU_LinerCylinderController cylinder, sensor trigger
controller GTU_SensorTriggerController and sucker controller GTU_SuckerController, etc.

4. Virtual simulation program and GTS host computer program data interaction

TCP protocol is used to communicate between the virtual model program and the GTS host computer program,
and the communication connection is shown in Figure 1. The data transmitted by the GTS host computer to
the virtual model program includes the planned position of axis 1-4 and the general output. Its data structure is
defined as a string of characters consisting of “axis 1 planning position # axis 2 planning position # axis 3 planning
position # axis 4 planning position # general output,” which is sent to the virtual model program through TCP
protocol. The data sent by the virtual model program to the GTS host computer is the virtual sensor signal, which
is also defined as a string of characters and sent to the GTS host computer via the TCP protocol.

In the TCP communication form of the GTS host computer, there are mainly three independent threads,
namely ReadDataFast(), DealMessage(), and SendDataFast(), for data processing. Among them, ReadDataFast()
is responsible for reading TCP messages at an interval of 5 ms and saving the read information to the data buffer
area. DealMessage() is responsible for decoding the data in the data buffer area, extracting the useful data, and
assigning it to the data variables. SendDataFast() is responsible for sending data at an interval of 10 ms. It edits
the data of the GTS host computer into a string and sends it to the virtual model program via the TCP protocol.
The GTS host computer does not need to consider the update of the sent data because in the SendDataFast thread,
it directly reads the latest data of the control card, edits it into a string, and sends it out via TCP. If the GTS host
computer needs to use the data input via TCP, it can call the method GetDICurValFromTcp() of the IOCtrl class to
obtain the current TCP data.

In the GTU_TepHandle script of the virtual model program, there are also three independent threads with the
same functions for data processing. Similarly, the virtual model program does not need to consider the update of
the sent data. After calling the SetDOVal method of the GTU TcpHandle script, the data is saved to the sending
buffer area. The virtual model program directly reads the data in the buffer area, edits it into a string, and sends
it out. If the virtual model program needs to use the data input via TCP, it can call the methods GetDIVal() or
GetCurAxisPos() of the GTU_TcpHandle script to obtain the latest TCP data.

5. Conclusion

During the current stage of the transformation of the manufacturing industry towards intelligent manufacturing,
digital twins have achieved a deep integration of the physical world and the virtual world. In this paper, with the
GoogolTech motion control card as the host computer and the Unity engine as the simulation platform, the digital
twin effect of the linkage between the virtual and the real has been realized. The constructed virtual simulation

system is also applicable to experimental and practical teaching.
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