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INTRODUCTION

Scientific and technological progress is impossible
without industrial automation. With the develop-
ment of microprocessor technology and the growth
of computing power of computers, it becomes possi-
ble to simulate various processes without the partici-
pation of the object itself.

As proof of this, we can cite the concept of com-
bining intelligent SCADA software with the object-
oriented agent structure Industry 4.0 [3, 4], consid-
ered in [1, 2]. Thus, they seek to replace existing
manual systems with fully self-controlled processes
in order to improve the entire production system.
This optimizes production time by reducing user
intervention in the overall process [5].

To implement this new trend, it is necessary to es-
tablish control over every process related to produc-
tion in all industries. The Supervisory Control and
Data Acquisition (SCADA) system allows you to
establish communication through the OPC-UA serv-

well as for researchers and industrial engineers.

er, which provides data exchange with control devic-
es such as programmable logic controller (PLC) and
programmable automation controller (PAC), etc. [6,
7]. The SCADA system allows the user to access
monitoring, control and automation equipment
through several protocols [8] and is a three-layer
architecture. It allows real-time simulation of an in-
dustrial process starting from the control level, then
the process control level and finally the field instru-
ment level [9]. Each level has its own set of tools,
controllers and modules.

For the control (scheduling) level, the LabVIEW
development environment is used with an appropri-
ate set of tools for data logging and supervisory con-
trol [10-12].

For the process control level, it is possible to use
industrial programmable logic controllers (PLC) from
Siemens (Simatic series) [13, 14] or Schneider Electric
(Modicon, Twido series) [15, 16] and the correspond-
ing software package.

The field device level requires a process simula-
tion module.
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The use of information modeling [17] and digital
tools [18] is becoming increasingly important in the
activities of leading industrial enterprises. At the
same time, the leading role is given to improving
communication between modern equipment and
maintenance personnel using digital means. Virtual
commissioning can significantly reduce commission-
ing time, error rates and costs [19]. However, the
industry continues to have difficulty integrating
these new technologies [20].

In the industrial automation environment, special
attention is paid to the human-machine interface
(HMI) system [21, 22]. This is a user interface that
connects a person to a machine or device, or a screen
that allows the user to interact with the device [23].

In [24], the impact of artificial intelligence on the
growth of achievements and technological break-
throughs during the transition from Industry 4.0 to
Industry 5.0 is analyzed.

Most human-machine interfaces are configured
using software on computers. Applications are de-
veloped using the Vijeo Designer software [25],
which is included in the SoMachine package. In addi-
tion to the basic interface settings, it allows to use the
built-in multimedia capabilities and the web interface
[26].

The dialog interface includes all functions neces-
sary to control the operation of a machine or plant.
Depending on the requirements, the operator can
stop and start the operation of the installation, moni-
tor and make adjustments necessary for the regular
operation of the system.

This article shows the development of a modeling
system that works based on a combination of two
programs: SCADA and Vijeo Designer. The first
software calculates the parameters of the various
operating conditions of the drive, and the second is
used to simulate the human-machine interface.

As a result, a training device can be developed
that allows users to gain hands-on experience with
the drive or be used as a tool to evaluate and improve
the skills of existing substation operators.

CREATING AND CONFIGURING A PROJECT
IN VIJEO DESIGNER

The touch panel project is developed in a separate
Vijeo Designer program made by Schneider Electric
and involves solving the following tasks:

e development of a graphical interface for in-
teraction with the user (operator);

e connection of graphic elements of the panel
with variables of the SoMachine project;

e establishing communication between the
touch panel project and the controller.

The appearance of the panel interface, which is
the final goal of the paper, is shown in Fig. 1-4.

Vijeo Designer can be opened as a stand-alone
application. However, for the synchronous develop-
ment of the panel and the controller and subsequent
simultaneous simulation of the two devices, the Vijeo
Designer program must be opened directly from
SoMachine.

Cart

o

ATV3zZa

direct
control

Figure 2. Touch panel window: secondary hoist

Figure 3. Window for setting drive parameters
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Figure 4. Touch panel window: cart movement

To establish communication between the control-
ler and the panel, return to SoMachine and double-
click the MyController (TM241CE24T/U) line. In the
window that opens, in the empty Nodename field,
enter the service name of the controller, which was
automatically assigned and is located in the table in
the Nodename column (tab of the controller page
“Controller selection”) (Fig. 5). Or one can also simp-
ly double-click on the Nodename in the table.

Copy this name (DESKTOP-N7TQ98P in the ex-
ample) to the clipboard and return to Vijeo Designer.

Expand the line “IO Manager”, then “SoM-
achineNetwork01” and click on the line
“SOM_HMISTUS855”. In the “Network Equipment
Configuration” window that appears, paste the name
of the controller node from the clipboard into the
Equipment Address or Node Name field and click
the “OK” button (Fig. 6). Now, finally, let's move on
to the development of the graphic interface of the
HMISTUS855 touch panel. Let's create blanks for five
panels. This should be done for the first, as the panels
will contain buttons with links to each other. In the
Navigator object navigator, right-click on the “Base
Panels” line and select the “New Panel” item in the
context menu. After the performed operations, the
navigator window will have the appearance shown
in Fig. 7.
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Figure 6. Configuring the controller address in Vijeo De-
signer
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Figure 7. Navigator window with blanks for 5 panels
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Figure 5. Designation of controller node name
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Change the names of the panels as shown in Fig. 8 In the window that appears, click on the "Add"
(right click on the name of each panel, select the “Re-  button. After that, compile the project by clicking the
name Panel” item in the context menu and enter a  “Build” button on the toolbar or directly on the Sym-

new name). Explanation of panel assignments: bol Configuration page (Fig. 9).
e PanelMain - main lift drive control In the list of available variables, highlight GVL
e PanelSecond - control of the auxiliary lift and POU_Main in the empty rectangles. Export the
drive: selected variables: right-click on the Symbol Configu-

ration line and select “Export Symbols to Vijeo-
Designer” from the context menu.

The selected variables will now be available in the
touchpad project in Vijeo Designer.

e PanelCart - cart drive control;

e PanelOptions] - ATV930 frequency converter
parameters;

e PanelOptions2 - parameters of the ATV930

frequency converter. MAIN HOIST DRIVE PAGE INTERFACE

In the navigator, select the panel with the name

Test V241 ATVO30 PanelMain - an empty form of the panel will open.

=-£ HMISTUSSS Click once on the Switch tool, then click an empty
9% %a;;:n:::::is space on the shape. Without releasing LMB, stretch

1: PanelMain the dotted rectangle by two cells in height and five
2: PanelSecond cells in width. In this case, the Switch element pa-

i’ Ea”e:ga”f 1 rameters window will immediately open (Fig. 10).
i PanelOptions
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Figure 8. Navigator window with changed panel names e Oxow
The touch panel exchanges data (values of global e
variables) with the controller. To provide access to R e

these variables, they must be transferred from the
SoMachine project to the Vijeo Designer project. To
do this, go to the SoMachine program and open the
Tools tree tab. Right-click on the Application line and
select “Add Object”, “Symbol configuration...” from
the context menu.
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Figure 10. Switch element parameters window
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Figure 9. Compiling the project
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Set Mode to Switch for the Lamp. Next to the
Lamp parameter, click on the two yellow lamps - a
variable selection window will open. In this win-
dow (Fig. 11), go to the lower SoMachine tab, ex-
pand the GVL list, select the xMain variable and

For the Operation parameter, open the drop-
down list and select the “Variable Initialization”
item (Fig. 12).We need the ATV320 frequency con-
verter to activate on the PanelMain and the ATV930
output circuit contactors to open. In addition, the

click the “OK” button. button with the label of the active panel should be
green, and the others should be blue. For this, the
Expression Editor Pad P xMain variable must be set to TRUE, and the xCart
Expression and xSecond variables must be set to FALSE. It is
i for this that initialization of variables is required
Variable List when clicking on the button that is created on the
1 | R|Ewmnl-fAl k- PanelMain panel.
% M |_SoM MyControlr Appiication GVL| In the empty field of row number 1 click in the
o3 o " Variable column and then click on the yellow lamp
::g xacet that appears on the right side. In the window that
..... # yDect opens, go to the SoMachine tab, expand the GVL list,
:ﬂ i;'lfitﬁ_eﬂ select the xMain variable and click the “OK” button
..... LI sLimitRight (Fig. 13). In the Value field next to the selected vari-
:m e able, enter the number 1.
----- LIT xMainUp Click on the "Add" button at the bottom of the
i Rt table and repeat the described operations for the
----- = xSpeedi xSecond and xCart variables, only for them in the
o eteoomn y Value field set the value to 0 (Fig. 14).
T vE— To add completed operations to the stack of the
Switch element, click on the “Add>" button at the
Cancel Help bottom.

Open the Operation list again and select the
“Panel” item. Click on the three buttons in the
"Change Panel" section and in the window that ap-
pears, select the PanelMain line and click the "OK"
button (Fig. 15). After that, click on the "Add>" but-

Figure 11. Variable assignment for a lamp
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Figure 12. Adding a variable initialization function to a
button

Figure 13. Selecting a variable for initialization
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Switch Settings X
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Figure 14. List of created variables for initialization
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Figure 15. Binding a panel switch operation to a button

Go to the “Color” tab and select the colors for the

active “On” and inactive “Off” button (Fig. 16).

Go to the “Label” tab. Set the Label Type to Static
and enter the word “Main” in the text box. Choose
the font (Font parameter) Vijeo Sans Serif with di-
mensions Font Width (width) and Font Height

(height) 16 (Fig. 17).

This completes the work with setting the first
button. Once again, make sure that all the above
parameters are selected correctly and click on the
"OK" button. The button shown in Fig. 18 will ap-

pear on the panel form.

Switch Settings
General Color  Label  Visbility Advanced
Mode () Switch (®) Switch with Lamp ~ Category | Primitive ~
Name [ switcho |
state T 5| el o sue . oL
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Figure 16. Setting the button color
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Figure 17. Assignment of the label for the button

HMISTUB8S5 - PanelMain - Language1 X | HMISTUB55 - Bas|

Figure 18. Form of the panel with the activation button of

the ATV320 control page
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Similarly, create buttons named Second and Cart.
Second button options:

e the lamp is bound to the variable xSecond;

e in the initialization table xMain = 0, xSec-
ond =1, xCart =0;

e the value of the Change Panel parameter:
PanelSecond.

Cart button options:

e the lamp is bound to the xCart variable;

e in the initialization table, xMain = 0, xSec-
ond =0, xCart = 1.

e the value of the Change Panel parameter:
PanelCart.

The form of the PanelMain panel will look as
shown in Fig. 19. Now select all the buttons with a
grid and copy them to the clipboard. Then, alter-
nately, go to PanelSecond and PanelCart panels,
click once on the form and insert buttons from the
clipboard.

Figure 19. Form of the PanelMain panel with page switch-
ing buttons

Select the Image item in the menu and select a
rectangle with a width of 3 cells and a height of 9 on
the form. Select the image of the inverter in the
browser and click "OK".

Select the Image item in the menu and select a
rectangle with a width of 7 cells and a height of 6 on
the form. Select an image of a crane hook in the
browser and click "OK".

Select the Text item in the menu, select a rectan-
gle on the form and enter the text “ATV320 direct
control”. The result of the performed operations is
shown in Fig. 20.

Second cart

Figure 20. Form with images and label

Select the Switch item in the menu and select a
rectangle with a height and width of 3 cells on the
form. Select “Switch with Lamp” as the Mode pa-
rameter. For the Lamp parameter, set the xMainUp
variable. In the list of Operation parameters, select
Bit, the behavior of the bit is “Momentary ON”. For
the “Destination” parameter, select the xMainUp
variable and click the “Add” button. Expand the list
of Style button styles, click “Browse” and select the
“up” arrow button. The view of the General tab
from button settings is shown in Fig. 21. The Color
tab setting is shown in Fig. 22.

Switch Settings x

General Color Label Visibiity Advanced

Mode O Switch (®) Switch with Lamp ~ Category | Primitive ~
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Figure 21. Configuring the “up” button behavior for the
ATV320
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Figure 22. Up button color settings for ATV320
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Similarly, create a button to move the load
"down" by choosing the xMainDown variable for
the Lamp and Destination parameters. The appear-
ance of the fully completed PanelMain form is
shown in Fig. 23.

ATVIZ0
direct contriol

Figure 23. Drive Motion Control page from ATV320

SECONDARY HOIST DRIVE PAGE INTERFACE

Open the PanelSecond helper page form. Place the
label “Target speed” on the form. Select the Numer-
ic Display tool from the toolbar and select a rectan-
gle 2 cells high and 5 cells wide on the shape. For
the Variable parameter, select the variable xSpeed1,
other settings are shown in Fig. 24.

MNumeric Display Settings *
General InputMode Color  Visibility Advanced

MName MumericDisplay0 1
Style
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Language | 1: Language 1
Font | Vijeo Sans Serif ~ Font Width |16 ~
FontStyle |Normal ~ Font Height | 16 ~
1234

]
a4

Alignment

Cnpaska

Figure 24. General tab of the Numeric Display element
settings

On the Input Mode tab, check the “Enable Input
Mode” option. Select the Meter tool from the toolbar
and select a rectangle 6 cells high and 7 cells wide
on the shape. For the Variable parameter, select the
variable iActualVelo_ATV930, other settings are
shown in Fig. 25.
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Minor 2 2 1 v 50 = %
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Figure 25. General tab of the Meter element settings

On the Numeric Display tab, check the Enable
Numeric Display option. Enter the number 5 in the
Display Digits field. The result of the performed
operations is shown in Fig. 26.

ool

Main

t-

Figure 26. PanelSecond page form (intermediate stage)

Create a Horizontal Bar Graph element 2 cells
high and 5 cells wide on the form. For the Variable
parameter, specify the variable xSpeedl. On the
Input Mode tab, select the “Enable Input Mode”
check box. The controller settings are shown in
Fig. 27 and 28.

Create an ATV930 transducer activation button
with a height of 2 cells and a width of 8. For the
Operation parameter, select Bit with the behavior
Momentary ON, for the Lamp and Destination pa-
rameters, select the xCmdEn_ATV930 variable. On
the Label tab, set the Label Type to Static. In the text
box, type the word “Power” in Vijeo Sans Serif font
size 16x16. The settings of the General and Color
tabs are shown in Fig. 29.
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Figure 27. Bar Graph slider settings: General tab
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Figure 28. Bar Graph slider settings: Label tab

Above the “Power” button, create a label with
the text “ATV930 Ethernet”.

Create a button to move the cargo up. For Opera-
tion parameter select Bit with Momentary ON be-
havior, for Lamp and Destination parameters select
variable xCmdFwd_ATV930.

Create a button to move the cargo down. For
Operation parameter select Bit with Momentary ON
behavior, for Lamp and Destination parameters
select variable xCmdRev_ATV930.

The appearance of the fully completed PanelSec-
ond form is shown in Fig. 30.

CART DRIVE PAGE INTERFACE

Open the PanelSecond for secondary hoist actuator
page form. Select all elements of the form, except for
the top three page switching buttons. Copy the se-
lected items to the clipboard. Open the PanelCart
cart drive page form. Paste the previously copied
elements onto the form.

Change the image of the "up" button to the im-
age of the "left" arrow. For the Lamp and Destina-
tion parameters, select the variable
xCmdRev_ATV930. Click the “Apply” button to
accept the changes. In the Operation list, select Bit.
For the new operation, select the behavior Momen-
tary ON, for the Destination parameter, select the
xLeft variable and click the “Add” button. This ad-
ditional parameter is responsible for lighting the
signal lamp on the stand when the cart moves to the
left.

Change the image of the "down" button to the
image of the "right" arrow. For the Lamp and Desti-
nation parameters, select the variable
xCmdFwd_ATV930. Click the “Apply” button to
accept the changes. In the Operation list, select Bit.
For the new operation, select the behavior Momen-
tary ON, for the Destination parameter, select the
xRight variable and click the “Add” button. This
additional parameter is responsible for lighting the
signal lamp on the stand when the cart moves to the
right.

For the options button, choose PanelOptions2 as
the PanellD parameter. The appearance of the fully
completed PanelCart form is shown in Fig. 31.
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Figure 29. Setting the “Power” button of the PanelSecond page

ATY928 Ethernet

P oyee

Figure 30. Auxiliary Lift Actuator Motion Control Page-
from ATV930

ATY228 Ethernet

Fower

Figure 31. ATV930 Carriage Drive Motion Control Page

OPTIONS PAGE INTERFACE FOR ATV930

Open the PanelOptionsl drive options page form.
Create an label on the form with the text “Accelera-
tion, s (1...10)".

Next to the created label will place a Numeric
Display element with the size of 2x2 cells. For Vari-
able, select the variable xAccl. For the Display Dig-
its parameter, enter the number 2. On the Input
Mode tab, put a checkmark next to the Enable Input
Mode parameter. Activate the Overwrite Variable’s
Input Range option and set the Min Value field to 1
and the Max Value field to 10. Create a label on the
form with the text “Deceleration, s (1...10)”.

Next to the created label will place a Numeric
Display element with the size of 2x2 cells. For the
Variable parameter, select the variable xDecl. For
the Display Digits parameter, enter the number 2.
On the Input Mode tab, put a checkmark next to the
Enable Input Mode parameter. Activate the Over-
write Variable’s Input Range option and set the Min
Value field to 1 and the Max Value field to 10. Cre-
ate a label on the form with the text "Speed step,
rev/min (1...10)".

Next to the created label will place a Numeric
Display element with the size of 2x2 cells. For Vari-
able, select the xStepl variable. For the Display Dig-
its parameter, enter the number 2. On the Input
Mode tab, put a checkmark next to the Enable Input
Mode parameter. Activate the Overwrite Variable’s
Input Range option and set the Min Value field to 1
and the Max Value field to 10.
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Figure 32. Setting the button to return to the previous page

Change the background color of the page to blue
(Back Color parameter of the Property Inspector
window). Create a button with the text "OK". The
button setting is shown in Fig. 32. The appearance
of the fully completed PanelOptions form is shown
in Fig. 33.

Select all the created options page elements and
copy them to the clipboard. Go to the PanelOptions2
form and paste the previously copied elements from
the clipboard. Save the changes. This completes the
creation of the touch panel interface project.

SIMULATION OF PANEL OPERATION

The simulation allows to check the operation of the
project without actually loading it into real devices.
During the simulation, one can monitor the status
and values of all project variables.

Figure 33. ATV930 Drive Options Page

First, it is need to simulate the controller. To do
this, select the “Simulation” item in the “Online”
main menu item in the SoMachine program. Then,
in the same menu, select the "Login" item (choose a
positive answer to all additional requests). To start
the simulation, press the “F5” button on the key-
board.

Go to Vijeo Designer. Select “Simulation” from
the “Build” menu item. At the same time, a touch
panel window will appear, in which it is possible to
check the operations of pressing buttons and initial-
izing parameters. At the same time, the reaction to
the performed operations will be visible in the SoM-
achine program (Fig. 34).

The state of the variables can be evaluated in the
following windows:

GVL - global variables;

POU_Main, POU_LIMITS, POU_SPEED
programs;

DI - input ports of the controller;

DQ - output ports of the controller.

Crane_ATV030_M241.project” - SoMachine Logic Builder - V4.3

Fle Edit View Project Buld Online Debug Tools Window Help

=1 I d4 %G B [ En~ (7 18 | 0 &
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Figure 34. Project simulation in SoMachine and Vijeo Designer
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Figure 35. Manual assignment of the variable value during simulation
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Figure 36. Simulation of limit switch actuation
During the simulation, it is possible change the = button. In a correctly created project, the

value of any variable. For example, in the project, it
is impossible to evaluate the operation of the input
signals of the controller, since they are activated by
the external circuit of the limit switches. However,
one can do it manually. To do this, go to the DI
(Digital Inputs) page.

In the table of controller inputs, in the cell next to
the xLimitRight variable and double click on the
"Prepared Value" column. The value “TRUE” will
appear in the cell. Then press the “F7” key on the
keyboard to accept the changes.

As a result, the variable xLimitRight will change
its value from FALSE to TRUE. The result of such an
operation is shown in Fig. 35.

Now go to the POU_Main program window. In
the panel, go to the “Cart” tab and press the “right”

xCmdFwd_ATV930 input signal will change its
value to TRUE, but the output of cmdDrive (the
POU_LIMIT block) will have the value FALSE,
which also corresponds to the black line (the black
color of the lines in the simulation corresponds to
the circuit without current, and the blue one to the
circuit with current), which connects the cmdDrive
port with the ixFwd port of the
GIATV.Control_ATV block (Fig. 36).

In real work, this will mean blocking the carriage
movement command when the limit switch is
closed. Check the correct operation of other controls,
indicators and speed regulators. Check the status of
the output ports of the controller when activating
the buttons on the panel. At this stage, the simula-
tion can be considered complete.
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CONCLUSIONS

In the paper, the tasks of design, configuration and
connection of the interface elements of the human-
machine interface panel were successfully complet-
ed. Two types of control were implemented: with
the ATV930 frequency converter via the Ethernet/IP
protocol (or Modbus) and an intermediary in the
form of the code and structure of the control system
in SoMachine, as well as through the direct commu-
nication of commands from the HMISTU touch
panel with the analog ports of the M241 controller
to control the frequency converter ATV320.

All developments are original and do not repeat
previous research. When setting up, remote activa-
tion/deactivation of the frequency converter is pro-
vided, as well as control of two overhead crane
mechanisms (crane secondary hoist and carriage
movement) from one frequency converter. Tested
the operation of the panel in simultaneous simula-
tion in the SoMachine controller configuration pro-
gram.

The developed project was implemented in the
created laboratory installation of a overhead crane
with a control panel and is used for conducting
research work of students, graduate students and
scientists.
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