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ABSTRACT

Modern industrial automation demands efficiency, precision, and flexibility as paramount requirements. Within
this context, the integration of Siemens' TIA Portal and ABB's RobotStudio in a simulated environment emerges
as a promising paradigm to streamline the programming, simulation, and validation of automated systems. This
article delves into the advantages of such integration and its potential to redefine the landscape of automation
project design and execution, while underscoring the TIA Portal and RobotStudio application as pivotal catalysts
for excellence in industrial automation. The amalgamation of these tools offers an array of benefits, including
streamlined development processes, meticulous programming, effective training opportunities, and enhanced
performance analysis. Furthermore, it furnishes a secure virtual milieu for algorithm and control strategy testing
prior to physical implementation. By gaining access to intricate metrics, bottlenecks can be readily identified and
processes optimized preemptively, thereby yielding heightened efficiency and superior production quality.
Operational agility attains its zenith as innovative configurations and processes become amenable to testing
within the virtual realm. The findings unequivocally affirm that investing in automation accrues substantial
benefits to the industry. This approach not only augments production processes but also positions corporations
at the forefront of innovation and competitiveness.
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I. INTRODUCTION

Industrial automation employing robotics is an increasingly prevalent reality in contemporary
businesses, and this trend continues to gather momentum. Leveraging the technological advancements
within the industry [1], it becomes feasible to construct a simulation mirroring the authentic functional
attributes of a robotized facility. This simulation proves indispensable for ensuring the reliability of the
proposed solution, as it permits the dynamic reconfiguration of component layouts, facilitating optimal
space utilization, heightened assembly efficiency, and a reduction in the likelihood of errors. Ultimately,
these facets collectively contribute to enhanced project robustness [2][3].

Notably, Brazil currently trails behind in technical aspects of industrial automation, predominantly
relying on Industry 2.0 methodologies. In stark contrast, developed nations are swiftly progressing into
the Industry 4.0 era, fully immersed in comprehensive industrial automation practices. Brazil, however,
faces a considerable journey ahead and must intensify its automation processes to remain competitive
in the global market [4].

Intense market competition propels companies to incessantly pursue process enhancements and
embrace automation and robotics within their production lines. This constant drive for innovation
triggers technological revolutions, ushering in an evolution of the industry characterized by ongoing
adaptation [5][6]. Key technological pillars encompass robotics, artificial intelligence, simulated
environments, neurotechnology, and Internet of Things (loT) systems, all of which wield substantial
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economic, environmental, social, and ethical impact. Investing in digital technologies empowers
companies to gain a competitive advantage by augmenting operational efficiency [7][8].

The establishment of a simulated environment within the realm of Industry 4.0 signifies an
economically prudent innovation strategy, wherein companies can validate their entire products or
processes without the need for physical prototypes. During negotiations with customers and partners,
this approach enables the demonstration of the advantages of reduced process time and enhanced
production by swiftly and reliably adjusting devices, ultimately leading to increased profitability. This
practice yields invaluable insights for making well-informed strategic decisions regarding automation
systems and future investments. These cumulative advantages culminate in the creation of more
efficient, productive, and sustainable industrial processes [9][10].

Furthermore, it is imperative to underscore the significance of risk mitigation concerning accidents,
equipment damage, and worker injuries. Simulation not only offers an accurate emulation of real-world
scenarios but also facilitates precise analysis of system performance under diverse conditions.
Additionally, it serves as an invaluable training tool for operators, technicians, and engineers.
Professionals can acquire practical knowledge and expertise within a virtual environment, equipping
them to effectively handle real-world industrial automation scenarios [11].

The software currently employed and provided by manufacturers of industrial robots and programmable
logic controllers is distinguished by its advanced visualization capabilities of installed components. This
functionality ensures an accurate representation of reality, guaranteeing precise component sizing while
adhering to space constraints during assembly [12][13][14].

Hence, a project should be devised to encompass a robotic cell seamlessly integrated into an assembly
line, coupled with a singular device or computer serving as the conduit for interconnecting two
prominent automation software platforms - the PLC-TIA Portal and the ABB Robot Studio. This
strategic approach facilitates the holistic analysis of all applications, enabling concurrent data exchange
between these software ecosystems within a simulated environment. The overarching objective is to
ensure the seamless functionality of program logic, encompassing the exchange of input/output signals,
the precise execution of operational sequencing, and interactive communication with the application
operator. This methodology allows for comprehensive testing of all applications through data
interaction between these two software components, concurrently, within a simulated environment.

Il. METHODOLOGY

This study introduces and assesses a simulated environment designed for data exchange among
automation simulation software. The development process employed three distinct software platforms
within a simulation and robotic integration framework, as depicted in Figure 1. These platforms
encompassed the programmable controller and operator interface, RobotStudio - ABB robot,
NetToPLCSIM - Communication software, and TIA PORTAL — PLC.
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Figure 1. Block diagram of software interconnection

\-

ABB RobotStudio stands as a preeminent simulation software, widely acknowledged for its
multifaceted applications in the field of robotics. Currently recognized as the world's most extensively
used offline programming tool, this software empowers programmers to create and manipulate objects,
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machinery, and structures. It provides a comprehensive suite of tools and functions to facilitate the
development of a realistic industrial automation environment. Central to RobotStudio is the ABB
Virtual Controller, a software emulation of the ABB robot's control system used in actual production.
Code generated within the simulation can seamlessly transition to real-world applications. This program
opens doors for conducting ABB robot simulations akin to laboratory experiments across diverse
industry sectors [15].

On the other hand, NetToPLCsim V1.2.4.0 serves as a network emulator that augments the capabilities
of Siemens PLCs by functioning as an S7-Protocol converter. It effectively enables connections to
various monitoring systems. Through the features offered by NetToPLCsim, communication links can
be established between PLCSim and external software or devices, utilizing standard communication
protocols such as TCP/IP (Transmission Control Protocol/Internet Protocol). This functionality
facilitates seamless communication between external software and PLCSim, mirroring interactions with
a physical PLC. This capability proves invaluable for the development of automation systems, enabling
system integration and rigorous testing [16]. Moreover, this software effectively emulates
communication between the network card of the PLC and the robot controller's network card,
replicating the entire simulation process while adhering to the computer's network card settings.

TIA Portal, developed by Siemens, stands as a prominent industrial automation engineering software
widely employed for programming, configuration, and diagnostics of diverse automation systems.
These systems encompass programmable logic controllers (PLCs), human-machine interfaces (HMIs),
drive systems, and various other devices. TIA Portal distinguishes itself by offering an integrated
approach to industrial automation, consolidating various programming and configuration tools within a
single development environment. This comprehensive software package comprises several modules,
including STEP 7 for PLC programming and WinCC for HMI configuration. Across multiple industries,
TIA Portal is a preferred choice for automating processes, providing automation engineers and
technicians with a more efficient means of project development, testing, and implementation [17].

To elucidate the software modeling process, we devised a foundational program scenario involving the
movement of a robot within a robotic cell to undertake two machining operations—one on the right and
another on the left. The simulation's primary objective is to showcase the robot's movements in loading
specific parts for these machining operations. The PLC's HMI assumes control over various functions,
including cycle initiation, right-side production, left-side production, recovery to the home position,
and program pausing.

For this project, we selected the SIEMENS CPU 1214C DC/DC/DC as the designated PLC, featuring
PROFINET communication in adherence to the IEC 61784 standard [18]. PROFINET, an open
communication protocol widely utilized in the industrial sector, is built upon the foundation of Fast
Ethernet while retaining Ethernet's original standards concerning addressing, format, frame size, and
error detection mechanisms. It is tailor-made for automation applications, implementing TCP/IP
protocols. Moreover, PROFINET operates in real-time, facilitating seamless integration with other field
networks [19].

A system of signals was devised to streamline the automation control interface, facilitating seamless
data exchange between the HMI and PLC, thereby establishing a robust communication link with the
robot through RobotStudio. These signals are under the direct control of the operator, who will
manipulate them via buttons linked to specific TAGs within the PLC program. These TAGs were
initially declared in the PLC TAGs field, as illustrated in Figure 2. Each signal corresponds to a unique
button, which the cell operator will utilize for control purposes.

These TAGs function as crucial interface elements that bridge the operating screen and the robot's
control signals. The following signals and their associated buttons were implemented:

e Manual/Automatic Button: Governs the operational mode of the production line, enabling
manual stepping or automatic production initiation.

e Produce Right: Indicates whether the Machining Right operation is in production.
Produce Left: Indicates whether the Left Machining operation is in production.

e Stop: Ceases the movement of the robotic cell, robot, and machining devices.
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e Start: Resumes production following a pause or stoppage.

These signals and buttons together form an integral part of the control interface, empowering the
operator to efficiently manage and oversee the automation processes within the robotic cell.
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Figure 2. IHM and PLC

Following its operation, the robot is programmed to return to a designated home position and reset all
processes, regardless of its prior location. Subsequently, it awaits the initiation of a new production
cycle. The aforementioned TAGs incorporate Boolean data, a fundamental component of programming
logic employed across various programming languages. This language operates on the binary system,
characterized by the values 1 and 0, corresponding to "true" and "false," respectively. The operator
maintains complete control over the entire operation through the Human-Machine Interface (HMI). For
this project, we have employed the SIEMENS TP1500 Basic Color PN model, as depicted in Figure 3.

The HMI affords the operator the flexibility to test the complete process in manual mode, enabling the
execution of each machining operation independently. Alternatively, it can operate in automatic mode,
responding to the presence of a workpiece on the conveyor belt. The operator has the liberty to work
solely with either the left or right machining operation or opt for both operations to run simultaneously
in an alternating sequence upon pressing both corresponding buttons. On the interface, the entire
procedure can be halted by clicking the stop button. Additionally, there is an option to commence or
resume the cycle by clicking on the start button. The home button is also available, serving to return the
robot to its initial position, reinitiate all machining elements, and trigger a fresh production cycle.
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Figure 3. IHM

This HMI affords the operator the flexibility to conduct comprehensive testing of the entire process,
offering both manual and automatic modes of operation. In manual mode, individual operations can be
executed separately, while in automatic mode, production responds to the presence of parts on the
conveyor belt. The operator can opt to work exclusively with the left operation, exclusively with the
right operation, or have both operations run automatically, alternating between them by simultaneously
pressing both corresponding buttons. On the interface, there are controls to halt the entire process using
the "Stop" button and initiate the production cycle or resume it following a stop using the "Start" button.
Furthermore, a "Home" button is available, facilitating the robot's return to its initial position while
resetting all machining variables to commence a fresh production cycle.

Within the TIA Portal environment, the configuration of the PROFINET network address assumes
significance for enabling external communication between the PLC and ROBOT components. The
network address adopted aligns with the configuration established for other system components,
ensuring seamless integration, as illustrated in Figure 4. This harmonized network setup is essential for
the smooth exchange of data and communication among the various components of the automation
system.
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Figure 4. Network addressing
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To facilitate external communication with the PLC, it is necessary to activate the security properties by
selecting the option that allows PUT/GET access through remote partner communication, as illustrated
in Figure 5. This configuration ensures the necessary access permissions for remote communication
with the PLC, enabling seamless data exchange with external components and partners.

Project tree o4

Jm‘ [ Topology view g Network view | IY Device view 1
= EEIC o E @EEar

¥ ] ComunicacacRobetstudio
B ~dd new device
iy Devices & networks
= [ PLC_1 [CPU 1214€ DODEDC]
[If Device configuration i

% Online & diagnastics Rack_0
» g Program blocks

» [ Technology objects

» [ External source files

» [ PLCtags

+ [ PLC data types

» [ Wistch and force tables
» [ Online backups

» [ Traces

» [§, Device proxy data
oy < il > [ [100% — 55—
S Frogram info <] _—

&) PLCalarm textlists ‘g Properties H‘_i.'.lnfo Hﬂ Diagnostics ‘
» [ Local medules
» |5 HMIL1 [TP1500 Basic color PN]
b i Ungrouped devices Connection mechanisms

o Time of day
» & common data
+ B0 o = ~ Frotection & Security
[5]) Documentation settings b ) )
= 4 Access level H [¥) Permit access with PUTIGET communication from remote partner
» (@ Languages & resources N
— Connection mechanisms Ll
+ i Online access S i

ks
» Card ReaderiUsSE memol
T o Extemal load memary

Configuration control
> | Details view <] [ ]

Figure 5. Enable external communication
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The NetToPLCsim software serves as a facilitator for communication between two technologies. Before
initiating the program, it's imperative to ensure that the TIA Portal's PLCSim simulator makes the IP
address of the corresponding PLC visible to the software.

When establishing a new connection, NetToPLCsim will autonomously identify the IP address that was
configured on the PLC at the project address, as demonstrated in Figure 6. This automated detection
streamlines the setup process and ensures the correct IP address is utilized for seamless communication
between the two systems.
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Figure 6. Setting the IP address

Communication is established through the Wireless LAN 802.11n PCI-E NIC Network Adapter, which
incorporates a set of drivers responsible for managing the operation of wireless network cards built
around the chipset. In this setup, the robot will transmit its communication data to this specific address,
with the computer utilizing the IP address 192.168.15.17.

Once the IP addresses are properly configured, as depicted in Figure 7, the software will proceed to
establish a virtual connection between the two technologies, enabling the seamless exchange of data
between them. This virtual connection serves as the conduit for efficient data communication.
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Figure 7. Configuration of Network Interconnections Using NetToPLCSim

Within RobotStudio, an application has been meticulously developed to simulate a production system
featuring two machining operations, as illustrated in Figure 8. The primary objective of this application
is to enhance productivity by enabling the processing of diverse products while preventing any process
interruption in the event of issues with one unit.

In this application, the robot assumes the role of a slave to the PLC. As such, the robot's actions are
contingent upon the user's selections made through the cell's Human-Machine Interface (HMI).
Depending on the user's choice, the robot executes the desired production process within a specific
machining operation. The system initiates by retrieving material from the infeed conveyor, loading it
into the designated machining operation, and subsequently waiting until the operation is concluded
before retrieving the material once more and depositing it onto the outfeed conveyor. If both machining
operations are selected, they are executed alternately, ensuring the continuous flow of production.

Figure 8. Simulation in

The robot is programmed using the RAPID language, as showcased in Figure 9, tailored precisely for
this application’s requirements. It operates by communicating 10 signals with the machining operations
and the input/output conveyor belts while concurrently exchanging signals with the PLC. Within this
framework, the programmable logic controller takes on the role of decision-making authority within the
robot's programming structure. Consequently, the robot exclusively executes movements and actions in
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accordance with the directives and authorizations issued from within the operational environment, as
dictated by the PLC. This synchronized coordination ensures the harmonious operation of the entire
system.
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Figure 9. RAPID programming section of the application

Low-code programming empowers developers to invest less effort in managing code syntax, thereby
expediting the application creation process and placing a greater emphasis on application functionality.
Consequently, it reduces the time spent on problem-solving and implementation. Low-code
programming represents an innovative programming concept, and its connections are illustrated in
Figure 10. However, it's important to note that the RAPID programming language is employed
specifically for controlling the manipulator's movements, involving the use of specialized syntax and
English instructions for executing movements, configuring outputs, and reading inputs. This choice is
necessitated by the language's limitations in flexibility [20].

In contrast, low-code functionality is exclusively deployed for simulating aspects of the process within
a virtual environment. The program encompasses directives for decision-making, iterative instructions,
program structure, and communication with the system operator [21].

In the simulation's programming environment, a low-code language is leveraged to expedite the
development of applications. This versatile tool streamlines the application creation process, enabling
swift coding and effortless visualization through an intuitive graphical interface. It allows software
components to be easily dragged and dropped, while workflows can be constructed using arrows
without the necessity for extensive traditional coding. This programming paradigm is firmly grounded
in the principles of fourth-generation programming languages.
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Figure 10. Low-code application creation

SmartComponents have been meticulously developed to manage the simulation of machining
operations and associated devices, such as the infeed and outfeed conveyor belts. Specifically, one
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SmartComponent is dedicated to each side of the robot. Functioning as subroutines within the
simulation software, these SmartComponents serve multiple purposes: they enhance organization,
facilitate better comprehension, rectify errors, and allow for programming adjustments within each
SmartComponent's code structure. Figure 11 provides an exemplar of one of the two SmartComponents
employed in this application.

Each SmartComponent configuration comprehensively encompasses various aspects, including the
management of door opening and closing, the creation of components, the connection to the output
conveyor, and the handling of parts' disappearance at the conclusion of the simulation. To ensure
seamless control, the application has been partitioned into distinct segments, corresponding to the
robot's right and left sides, with each SmartComponent presiding over its respective set of operations.
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Figure 11. SmartComponent setup

To facilitate configuration and communication between the simulation environments, we employ the
RSConnectDIOToSnap7 tool within RobotStudio. This tool is configured with network data to establish
seamless communication between platforms, enabling direct communication with the ABB robotic unit
for the exchange of signals.

Furthermore, automation components have been meticulously programmed, and the three environments
have been configured to facilitate the exchange of signals. This comprehensive setup ensures efficient
communication and interaction between the different software components, enabling the seamless
operation of the entire system.

I1l. RESULTS AND DISCUSSION

The development of this project has successfully synchronized the actions of the robot and cell devices
within the virtual environment of ABB's RobotStudio with programs created in the TIA Portal software.
This virtual simulation phase has allowed for optimizations to be made in the TIA Portal code, resulting
in improved performance when the real robotic cell is deployed.

In a real-world application, as exemplified in Figure 12, it was possible to entirely replicate the same
environment within a simulation, as shown in Figure 13. This simulation encapsulates all the
characteristics present in the physical cell, including dimensions, the number of signals, actual cycle
times, data exchange, and PLC programming. It has been verified that these software platforms can
coexist on a single computer, ensuring the functionality of both. This enriches the simulation
experience, as it enables the exchange of data with the PLC while housing all devices within the same
computational environment.

Upon analyzing the results, it becomes evident that the integration between RobotStudio and TI1A Portal
offers a robust solution for simulating and controlling robotic cells. The seamless interaction between
these software components, coupled with their adaptability, makes this approach particularly valuable
in flexible manufacturing environments. In summary, the exploration of the potential presented by the
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combined use of RobotStudio and TIA Portal within a simulated environment emerges as an
indispensable catalyst for the advancement of industrial automation.

Figure 12. Real application

Figure 13. Simulated application

In summary, the exploration of the potential presented by the collaborative utilization of RobotStudio
and TIA Portal within a simulated environment stands as a crucial driver for the advancement of
industrial automation. Through the adoption of this integrated approach, businesses and industry
professionals stand to gain a multitude of significant advantages and advancements in their automation
endeavors.

IV. CONCLUSIONS

The successful integration of a virtual environment for the robotic cell and the TIA Portal on a single
computer offers significant advantages. It represents a promising approach for the development, testing,
and optimization of automation systems. However, it's important to acknowledge the challenges related
to hardware limitations, performance optimization, and the delicate balance between realism and
efficiency, all of which are critical to achieving satisfactory outcomes.

Utilizing appropriate hardware devices within this integration leads to heightened efficiency, agility,
and a reduction in risks associated with the development of robotic solutions. The combination of these
tools marks a significant leap forward in the realm of simulation and contributes substantially to
advancements in industrial automation. As a result, by embracing interactive simulation between
RobotStudio and TIA Portal, organizations can chart a promising path towards operational excellence
and continuous innovation, ultimately enhancing their competitiveness within the ever-evolving
industrial landscape.
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