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Abstract. This article discusses the programmable access interface between visual studio and the Siemens PLC simulator (S7-PLCSim). The communication interface adopts S7-ProSim COM object control. By using the S7-Prosim, we can write Microsoft Visual Studio-based software application code to change the PLC input value, read the PLC output value, change the position of the PLC control mode switch, and other controller tasks. Visual studio-based virtual modelling software applications can be used to validate PLC programs in real time. So that virtual lab-based PLC program validation is possible to develop based on Microsoft Visual Studio with a PLC interface using the S7-ProSim COM object.
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1. Introduction
During the Covid-19 pandemic, hands-on learning was impossible. Learning during the Covid-19 pandemic was carried out online through a digital platform. One of the most important factors in the vocational learning process is the practice of skills [1]. The right media and appropriate learning methods must be applied to support the skills of students. Remote practical learning requires virtual tools used to validate the students home works. PLC programming training can be carried out by simulation using a virtual environment. Programming logic planning, program checking, and sample program modification can easily be done based on virtual environment [2]. Simple PLC program validation can also be performed using the simulation tools provided by the PLC programming software without being connected to the PLC hardware. Several types of PLC programming tools are equipped with simulation menus.
This paper presents the solution of validation plc program using visual simulation hardware. Simulation hardware has been development using windows form development software. Using 2D graphic simulation software, this plant can movement based on commands from PLC output and the sensor will activate automatically when it is triggered and for the push button will be activated manually by mouse click event. S7-PLCSim is a PLC simulator tool for validating Siemens PLC programs without connecting to Siemens PLC hardware [3]. S7-PLCSim provides a simple interface of displaying CPU operating modes and changeable control variables, such as input and output variables. Simple PLC programming may be solved using the S7-PLCSim interface, there are several complex PLC programming experiments where program validation using S7-PLCSim is no longer possible. Program validation is carried out with the real hardware and using similar plant hardware according to the program being made. This condition requires materials that are very expensive and also take up a lot of space [4].
PLC program validation techniques with virtual plant-based simulations are increasingly developing and becoming the latest trend. One of the advantages of the virtual plant model is simplicity, ease of modelling, easy model changes and easy to do with other software such as PLC software and 2D or 3D graphical simulation software [5]. So that the development of a virtual plant based on visual studio graphic design with PLC-based control can be realized with the S7-Prosim and S7-PLCSim object COM interfaces. The simulation is fully executed on a PC device or a Siemens PLC programming. S7-PLCSim can be used to simulate Siemens PLC programs for S7-300, S7-400, and WinCC controllers. S7-PLCSim provides a simple interface to the Siemens PLC user program for monitoring and modifying different objects such as input and output variables. S7-PLCSim provides an interface for graphic design to view and modify program variables, run S7-PLCSim programs in single or continuous scanning mode, and change the operation mode of the simulation controller. S7-PLCSim also includes a COM object called S7-ProSim which provides programmable access to S7-PLCSim. With the S7-ProSim, we can write windows form-based software application code to perform tasks such as changing input or output variables, the position of the key switch mode of the S7-PLCSim, running control programs in single scan mode, reading or writing values of controller values, and many more [6] [7][8]. S7-ProSim Com Object can be linked to a visual-studio based windows form application using a specific programming code. The windows form application in visual basic can be used to change PLC input variables or read PLC output variables. S7-ProSim is used for two-way communication interface between windows form application in visual studio and S7-PLCSim simulator device.

2. Proposed System
Elements built based on Microsoft Visual Basic software include switches, actuators, sensors, and moving parts. A simple model of the switch model is shown in Figure 1. with the action of manual operation using the mouse click event. Switch is a variable that can be changed the value of the variable, for example the switch variable is S1. The initial or normal position of a switch is the first position (P1), the value of the variable S1 is zero, the variable S1 will remain equal to zero until there is an action of change. If the change action is applied to switch S1, then the change position is indicated by another position (P2) with the variable value S1 is one.
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	Figure 1. Switch model system architecture



A simple model of the actuator model is shown in Figure 2 with the change action calls the actuator variable name. The actuator is a moving part that is named to differentiate between one moving part and another. The movable part name is a variable so that it can be called upon to give the change action. For example, the PLC output signal is stored in variables ‘A’ and ‘B’. The initial or normal position of an actuator is the first position (P1 '), and the final position of the actuator is the second position (P2'). The change action is carried out by calling and executing the name of the moving part, so that the value of the variable ‘A’ must be compared with the actuator position variable. The actuator position variable is to compare the position of the last actuator with the change action to be given, so that there is no conflict in the coding of the program.


A simple model of the sensor model is shown in Figure 3 with the change in action in the form of variable values on a graphical examination. In actual conditions, the part detected by the sensor is able to sense light and touch. Sensing models in software use graphical checks to replicate physical sensing. The state of the sensor is changed by the state of a certain graphic part. Assuming a sensor checks the state of a moving part, for example the movement of an actuator. The minimum and maximum positions of double acting cylinders are detected by sensor variables 'a' and 'b'. Graphically, a double acting cylinder has two end positions, namely the minimum position and the maximum position. The variable value 'a ' equal to one when the double acting cylinder frame is at a minimum position, and the variable value 'a' equal to zero when the double acting cylinder frame is at a position other than the minimum. The variable value 'b' equal to one when the double acting cylinder frame is at the maximum position, and the variable value 'b' equal to zero when the double acting cylinder frame is at a position other than the maximum.  
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	Figure 2. Actuator model system architecture
	
	Figure 3. Sensor model system architecture



3. Finding and discussions 
3.1 PLC Interface
The PLC interface and virtual model are developed using commands from the S7-Prosim function library. Input variable values, namely sensors and switches, are sent to S7-PLCSim with write input point command. Output variable values from S7-PLCSim are read the output values to manipulate the actuator variable values on the model with read input point the command. The command codes are shown in Table 1.
Table 1. Command code S7-Prosim
	Command
	Coding

	Write input point from visual basic to S7-PLCSim
	[sub Write Input Point (ByteIndex as long, BitIndex as long, Data) as long;]. 

	Read output point from
S7-PLCSim to visual basic.
	[Sub ReadOutputPoint (ByteIndex As Long, BitIndex As Long, DataType As PointDataTypeConstants, Data) As Long;].



The data sent to S7-PLCSim is always updated when there is a change in the variable values of switches and sensors in the virtual model. The reading of the output value from S7-PLCSim is also done repeatedly. The reading interval is done as quickly as possible so that the response when there is a change in the output of the S7-PLCSim can be immediately responded to by the model.

3.2 Architecture and software implementation
Program communication channels are created between the Simatic manager-S7 program as a PLC programming device, S7-PLCSim as a virtual PLC hardware device and a virtual model as a controlled object or plant. This allows user programs to be validated and errors detected. Variable data values are continuously exchanged between the S7-PLCSim and the virtual model because the output value affects the actuators in the virtual model, and the switch or sensor affects the program input. Figure 4 shows the data flow between the PLC programming device, the S7-PLCSim module and the virtual model. Examples and illustrations are shown in Figure 5. The software is used to describe the performance of a virtual model, by adopting an electro-pneumatic-based moving machine that is controlled using a PLC. There are three double acting cylinder actuators with electro-pneumatic valve control. The moving machine can virtualize the process of moving its parts so that the user program can be validated.
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	Figure 4. Data flow between the PLC programming device, the S7-PLCSim module and the virtual model.
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	Figure 5. Virtual proses model of moving machine




4. Conclusion
PLC program validation can be done by real time simulation between S7-PLCSim and visual studio based virtual models. The S7-PLCSim communication interface and virtual model use the S7-ProSim COM object control in the visual studio. The PLC programming device uses the Simatic Manager Step-7 to program the Siemens PLC module. Virtual process models with various types of plant models can be developed based on a visual studio to validate PLC programs in real time.
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