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\begin {equation}\label {eqq1} A{dH \over dt} = bV - a \sqrt {H},\end {equation}
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1. Motivation and significance

The FMUiL Python package [1] is designed to support the use of
simulation tools in the design and commissioning of systems, enabling
earlier validation and facilitating integration testing across hardware
and software components. It achieves this by combining two open stan-
dards: the Functional Mock-up Interface (FMI) for model exchange
and co-simulation [2], and the Open Platform Communications Unified
Architecture (OPC UA) for reliable data exchange in industrial automa-
tion systems [3].

The commissioning phase of a project is the final stage, where all
systems and components are tested, verified, and validated to ensure
they operate according to design specifications and meet the project’s
performance requirements before being handed over to the client or end-
user. Since commissioning occurs late in the project lifecycle, any issues
or faults identified during this stage can lead to costly delays and dis-
ruptions. In large-scale systems integration projects, where numerous
subsystems and organizations are involved, the commissioning process
becomes even more complex. Virtual commissioning (VC) techniques
[4-6] have been proposed to address these challenges. VC uses simula-
tion models of plants and automation systems to perform parts of the
testing earlier in the project, thereby reducing the risks, time, and costs
associated with physical commissioning [4].

However, VC of large-scale systems introduces its own set of chal-
lenges, particularly interoperability issues caused by the use of different
simulation tools, data formats, and communication interfaces across sup-
pliers (see [7] and references therein). The FMI standard [2] offers
a partial solution by encapsulating simulation models into Functional
Mock-up Units (FMUs). These self-contained files can be exchanged and
co-simulated across different tools while protecting intellectual prop-
erty by exposing only the inputs, outputs, and tunable model parameters
[2,8]. The Open Simulation Platform (OSP) is one example of a platform
developed for co-simulating ship systems using FMUs [9]. Nevertheless,
the FMI standard alone is limited to co-simulation with components that
can be packaged as FMUs.

In practice, VC requires co-simulation between models and compo-
nents that cannot be encapsulated within FMUs. These simulation con-
figurations are collectively referred to as X-in-the-Loop (XiL) and include
Model-in-the-Loop (MiL), Software-in-the-Loop (SiL), and Hardware-in-
the-Loop (HiL) simulations. Reliable data exchange in XiL simulations
requires standardized communication protocols [7]. With FMI 3.0, the
layered standards (FMI-LS) were introduced to support specific co-
simulation use cases, initially focusing on automotive protocols such as
CAN and LIN [10]. However, the layered standards could be extended
to other protocols used in the automation industry in the future.

In this work, we use OPC UA as the communication protocol to bridge
FMUs, hardware, and software. OPC UA [3] is an open standard for se-
cure, reliable, and platform-independent data exchange between devices
and systems [3,11]. Its widespread adoption in the process automa-
tion industry and alignment with Industry 4.0 principles [11] make it
well-suited as the communication backbone for the FMUiL package.

Several frameworks for co-simulation leveraging either OPC UA,
FMI, or both have been introduced in recent years. Studies such as
[12,13] focus on OPC UA-based communication between different sim-
ulators, whereas [14] extends this approach to HiL and SiL simulations
with Programmable Logic Controllers (PLCs). In [15], Liu et al. present
a HiL co-simulation environment for multi-modal energy systems based
on the FMI and the MQTT protocol, while [16] explores the use of FMI
for conducting full-system simulations in the maritime sector. Further
contributions [17-19] demonstrate the feasibility of combining FMI and
OPC UA, highlighting their applicability across various domains. Recent
research emphasizes the importance of open software frameworks that
can interact with off-the-shelf platforms and simplify co-simulation by
making FMIs easy to configure and use. Notable examples of such
frameworks are MultiCoSim [20] and Ecos [21].

FMUiL is an open-source software package designed to facilitate XiL
simulations using FMUs. Unlike previous approaches that combine FMU
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simulation with OPC UA devices for specific use cases, FMUiL was de-
veloped as a general-purpose, reusable, and open-source solution for
bridging FMUs, hardware, and software via OPC UA. It can be used to
validate control systems or parameters in various industrial applications,
perform rapid prototyping of system designs by combining components
developed with different modeling tools, or support hardware-in-the-
loop and virtual commissioning workflows, allowing engineers and
researchers to quickly assess system performance, identify integration
issues, and test control strategies without the need for full-scale physical
prototypes. The main benefits of FMUiL are:

« Easy integration with external models and hardware platforms that
support the OPC UA protocol.

« Human-readable configuration of servers, simulation scenarios,
and experiments using YAML files.

« A command-line interface (CLI) for executing simulation work-
flows.

This flexibility lowers the barrier to adopting FMI-based co-simulation
in complex industrial environments, enabling efficient testing of inter-
connected systems and control strategies before deployment.

2. Software description

The FMUiL package allows users to connect FMU simulation models
to OPC UA servers and define simulation scenarios and experiments. It
allows users to define how data flows between components by specify-
ing input—output connections, configure initial values and parameters,
define evaluation criteria, record output data, and execute simula-
tions. The simulation setup is specified in a human-readable format
using experiment files written in the YAML data serialization language
(.yaml).

FMUiL is implemented in Python, using the FMPy [22] and asyncua
[23] packages as its main dependencies. FMPy offers a standardized
and efficient way to run FMUs according to the FMI specification,
and asyncua enables asynchronous and standards-compliant OPC UA
communication services.

The software has been released under the MIT license, and the ver-
sion presented in this article has been tested and validated on Windows
10 and Windows 11. The current version supports FMI 2.0, but support
for FMI 3.0 is planned for future development.

2.1. Software functionalities

The main purpose of FMUiL is to set up and orchestrate XiL simula-
tions. It does this by wrapping user-provided FMUs in OPC UA servers
and creating the necessary clients to communicate between these servers
and any external OPC UA systems. In this context, an internal or sim-
ulation server refers to an OPC UA server created by FMUiL to run an
FMU instance. An external OPC UA server refers to an existing server
that functions independently without FMUiL’s control.

During simulation initialization, FMUiL sets up the servers and estab-
lishes OPC UA client connections to facilitate communication between
them. For each FMU, an OPC UA server is instantiated based on a stan-
dardized template. This template defines the interface for advancing
FMU simulations, synchronizing nodes and FMU variables within the
server, and resetting FMUs to their initial states. For external OPC UA
servers, FMUiL establishes client connections capable of reading from
and writing to the specified server nodes.

A new experiment begins with the initialization of the specified ini-
tial conditions, which are propagated to the servers and subsequently to
the FMUs. This is achieved by mapping the FMU inputs, outputs, and
parameters to corresponding OPC UA nodes. Once this mapping is com-
plete, the predefined connections between variables are established, and
the simulation environment is ready for execution. The interaction be-
tween FMUiL, OPC UA servers, and user-provided configuration files and
models is illustrated in Fig. 1.
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Fig. 1. Interaction between the user and the FMUiL system. The user defines
experiment configurations, which the system then executes by creating internal
OPC UA servers, connecting to external OPC UA servers, and orchestrating the
simulation workflow.

The simulation progresses in cycles. During each cycle, all FMUs are
stepped forward according to the defined timestep and simulated until
the next communication point is reached. Each FMU may use its own
internal timestep, but the communication timestep must be an integer
multiple of each FMU’s timestep to maintain accurate time progression.
At the communication point, data are exchanged between connected
servers, which then update the FMUs accordingly. Fig. 2 shows the main
sequence of a simulation cycle. During the first cycle, the initial values
from the configuration are written to the server. The simulation cycle be-
gins by stepping all FMUs until the communication timestep is reached.
After the simulation step, all variables defined in the configuration con-
nections are updated accordingly. The global simulation time is then
advanced to synchronize with the FMUs, and finally, values are logged
or evaluated before the next cycle begins.

Evaluation and logging are optional, separate features in the FMUiL.
When evaluation is enabled, it checks whether the defined conditions
are satisfied, while logging captures the current values of variables.
These operations produce their own logs and are performed before the
simulation is stepped forward.

2.2. Software architecture

FMUiL is the main package and is organized into five subpackages
as illustrated in Fig. 3. The functionality of the subpackages can be
summarized as follows:

handlers: Contains three modules that together form the coor-
dination layer of FMUiL. The config_handler module manages
experiment definitions; the fmu_handler defines mechanisms for
setting up and initializing FMU models (including the arrangement
of their inputs, outputs, and parameters as specified in the FMU’s
model description file); and the simulation_handler serves as
the central orchestration component of the architecture, coordinat-
ing the overall simulation workflow and managing data exchange
between instantiated servers.

communications: Manages OPC UA-based data exchange within
FMUiL, creating managers for servers and clients and establishing
their relationships. The server_setup module defines a standard
OPC UA server template for internal servers, providing essential
methods to simulate and update FMUs.

logger: Manages functions related to logging simulation results. The
experiment_logger module within this subpackage is responsible
for data recording, including both system evaluation results and
variable logging.
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schemas: Contains Pydantic models [24] used for validating config-
uration files.
utils: Provides auxiliary functions that support internal operations.

In addition, a command-line interface (CLI) is provided for executing
experiments. Alongside the FMUiL package, users define an experiments
folder that contains the experiment configuration files and the FMUs
describing the simulation setups.

2.3. Configuration

The simulation configuration in FMUiL is defined using YAML [25]
experiment files. Each experiment configuration file specifies parame-
ters for setting up the simulation scenario, experiments, and logging
of results. The experiment configuration file contains the following
sections:

fmu_files: List of paths to the FMU models used in the experiment.
external_servers: List of paths to the external server configuration
files referenced in the experiment.
experiment: This section defines the simulation, evaluation, and
logging parameters and contains the following fields:
experiment_name: Defines the name of the experiment.
timestep: Defines the communication interval for the experiment,
determining how often information is exchanged.
timing: Defines the simulation timing mode. real_time syn-
chronizes the simulations against a real-world clock, whereas
simulation_time-mode simulates as fast as possible.
stop_time: Defines the simulation stop time (in seconds).
initial_system_state: Specifies the FMU’s internal timestep,
initial input values, and specific parameter settings.
system_loop: Connections and data flow between internal (FMU)
and external servers.
evaluation: Defines evaluation criteria for the experiment.
logging: Defines which signals are to be logged.

More details on how to configure an experiment are provided in the
example configuration file in Appendix A, Listing 1.

In addition, if the user intends to integrate external OPC UA servers
into the simulation, a separate configuration file must be provided. This
file specifies the server URL and, for each variable to be accessed, ei-
ther the numeric node identifier (id) with its namespace (ns), or the
string-based node identifier (name). The configuration is defined in a
separate YAML file. An example configuration file for an OPC UA server
is provided in Appendix A, Listing 2.

When configuration files are loaded, they are validated using
Pydantic models [24], based on predefined schemas for experiments
and servers, which are illustrated in Fig. 4a and b, respectively.

3. Illustrative examples

To demonstrate the capabilities of the FMUiL package, two simulation
scenarios are presented: (i) a MiL experiment involving two intercon-
nected FMUs, and (ii) a HiL experiment that co-simulates an FMU with
a Siemens S7-1500 PLC. Both scenarios are based on a water-tank pro-
cess where the water level is controlled. The plant model is adapted from
the MATLAB/Simulink water tank example [26], and has been divided
into two FMUs: TankLevelPI.fmu, which implements the PI controller,
and WaterTankSystem.fmu, which represents the tank dynamics. The
system is illustrated in Fig. 5. The water tank is described by

A%=bV—a\/H, (€D)

where H is the tank water level, A is the cross-sectional area of the
tank, V is the pump voltage, and a and b are parameters related to the
flows.

The water level is controlled with a PI controller. The controller
receives the desired water level SP_WaterLevel (setpoint) and the
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Fig. 2. System sequence diagram illustrating both a single FMU simulation and the update of values from an internal server to an external server as separate sequences.
Updates on the internal server follow the same mechanism. Each FMU in the configured simulation is executed in turn, and values are updated for every configured
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Fig. 3. Subpackages and modules of the FMUiL package.

measured water level PV_WaterLevel (process value) as inputs, and it
outputs the control signal CV_PumpCtrl, which indirectly adjusts the
inlet water flow rate by changing the input voltage to the pump.

The outcomes of both in-the-loop experiments are compared against
the baseline results obtained from the standalone MATLAB/Simulink
simulation of the complete system.

3.1. MiL setup: coupled FMUs

To set up the MiL experiment with the two interconnected
FMUs, an experiment configuration file was created. Paths to the
TankLevel_PI.fmuand WaterTankSystem.fmu FMUs were provided. No
external servers were used in this experiment. The FMU time steps were
setto 0.1 s for the WaterTankSystemand 0.1 s for the TankLevel_PI con-
troller. For the WaterTankSystem, the default model parameters A = 20,
b =5, and a = 2 were used, while the PI-controller was configured with
K, = L5 and K; = 0.5 (corresponding to an integration time 7; = 3
seconds). The controller setpoint (desired water level) was set to 10 me-
ters. The input—output connections between the FMUs were specified as
illustrated in the block diagram in Fig. 5.

Evaluation criteria for monitoring the water level and control sig-
nal limits were defined. Evaluations were set to be performed as long
as there was water in the tank, and an evaluation criterion was set to
raise an alarm whenever the water level exceeded 11.0 meters or the
control signal became negative. If an output surpassed a defined limit,
the evaluation status was recorded as True in the log files. The complete
experiment configuration is presented in Appendix B, Listing 3.

3.2. HilL setup: FMU controlled with hardware PLC

The HiL experiment is identical to the MiL setup, except that the
control logic is executed on a physical PLC rather than as an FMU. This
introduces more realistic hardware and communication constraints to
the co-simulation. For PLC integration, the PLC must first be set up
as an OPC UA server, and its interface needs to be properly defined.
For the Siemens S7-1500 series, this setup is simple using the Siemens
TIA Portal platform. After configuration, the PLC can be connected with
FMUiL through a server description file that specifies the server’s ad-
dress, port, and the nodes involved in the simulation (see Section 2.3).
An example of this configuration is shown in Appendix C, Listing 4.

To enable the PLC to operate correctly alongside the FMU, sev-
eral additional modifications are required to the experiment file. Since
the controller functions as a real-time system, the timing parameter
must be set to real_time. Furthermore, the system_loop configuration
needs to be updated to reference the external OPC UA nodes defined in
Listing 4, replacing the variables of the controller FMU. The complete
configuration is presented in Appendix C, Listing 5.
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SimulationConfig

fmu_files: list[str]
external_servers: list[str]
experiment: ExperimentConfig

!

ExperimentConfig

experiment_name: str

timestep: float

timing: Literall'simulation_time', 'real_time']
stop_time: float

initial_system_state: dict[str, InitialModelConfig]
start_evaluating_conditions: dict[str, str] | None = None
system_loop: list[Edge] | None

evaluation: dict[str, EvaluationCriterial | None

logging: list[str]

/S N\

InitialModelConfig Edge EvaluationCriteria

timestep: float from_: str condition: str

to: str

enabled: bool = True

(a) Experiment configuration schema.
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ExternalServerConfig

url: str

objects: dict[str, dict[str, CustomVariable]]

|

CustomVariable

id: int | None = None
ns: int | None = None

name: str | None = None

(b) External server configuration schema.

Fig. 4. Class diagrams of FMUiL configuration schemas. (a) shows the experiment-configuration schema, and (b) shows the external server configuration schema.

CV_PumpCtrl
|
)4

_<>

Pump

Water in

PV_WaterLevel

Water Out

(a) Water tank system.

SP_WaterLevel

CV_PumpCtrl
TankLevel PI.fmu WaterTankSystem. fmu

PV_WaterLevel '

(b) Block diagram showing FMU connections.

Fig. 5. Illustration of the controlled water tank system. The water level, PV_WaterLevel, is controlled by a PI-controller that adjusts the voltage supplied to the pump.
Water enters the tank proportionally to the control signal CV_PumpCtrl. (a) shows the physical system, and (b) presents the block diagram of how the FMUs are

connected.
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Fig. 6. Simulation results for the MiL and HiL experiments. Simulation results from the reference MATLAB/Simulink model are also included as a reference. The
red-shaded regions indicate periods when the evaluation criteria were violated. In this case, negative control signals and water levels exceeding 11.0 meters triggered

alarms. Left: Control signals (V') for the experiments. Right: Water levels (m) for the experiments. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

3.3. Simulation results expected. These differences primarily arise from variations in com-

munication handling and initialization procedures between the two
simulation platforms. Quantitative metrics used to evaluate the accu-
racy of the FMUiL MiL simulation are summarized in Table 1, including
the root mean square error (RMSE), mean absolute error (MAE), and
coefficient of determination (R?) between the MiL results and the
MATLAB/Simulink reference.

In contrast, the HiL. experiment shows a more noticeable deviation
due to hardware constraints imposed by the PLC controller. In particular,

Simulation results for the MiL and HiL experiments, including the ref-
erence simulation performed in MATLAB/Simulink [26], are presented
in Fig. 6. The figures were generated from the log files corresponding to
each experiment. Time intervals during which evaluation criteria were
satisfied—such as when the control signal became negative or the water
level exceeded 11.0 meters—are also highlighted.

As the MiL experiment conducted with FMUiL closely replicates
the original MATLAB/Simulink model, only minor deviations were
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Table 1
Quantitative comparison between MiL simulations in FMUiL and the
source system in MATLAB/Simulink.

Variable RMSE MAE RrR?
Water level (m) 0.0704 0.1168 0.9996
Control signal (V) 0.1953  0.2830  0.9988

Table 2

Timing comparison of MiL and HiL simulations in FMUiL. Rows show average,
standard deviation, maximum, and 95th percentile (ms) for FMU execution, vari-
able updates (two per cycle), and full simulation cycles. HiL durations are higher
due to interactions with external hardware.

Simulation Event Average Standard Max (ms) P95 (ms)
(ms) deviation
(ms)

MiL Simulate FMU 0.882 0.375 2.491 1.713
(Watertank)

MiL Simulate FMU 0.624 0.250 1.599 1.270
(PI Control)

MiL Update 0.882 0.326 2.499 1.583
variable

MiL Full Simulation 6.002 1.955 14.819 11.104
cycle

HiL Simulate FMU 1.616 0.734 3.817 3.030
(Watertank)

HiL Update 2.359 1.405 15.035 3.844
variable

HiL Full Simulation 9.771 3.369 32.907 15.522
cycle

the control signal (voltage) was limited to positive values, which affected
overall control performance. These examples clearly demonstrate the
value of performing virtual commissioning using both MiL and HiL con-
figurations to uncover such implementation-specific limitations early in
the development process.

The simulations were performed on a Windows 10 laptop with a
13th Gen Intel® Core™ i7-1355U processor (1.70 GHz base frequency).
Latency and cycle time measurements are reported in milliseconds, with
average, standard deviation, maximum value, and the 95th percentile
(P95) included to illustrate variability and outlier behavior. The results
for both simulations are summarized in Table 2.

In this context, an “update variable” refers to a single variable up-
date call. Both simulations involved two connections, resulting in two
variable update calls per cycle. The observed differences between the
MiL and HiL simulations are primarily due to the HiL setup being phys-
ically connected to external hardware, whereas the MiL simulation runs
entirely on the local machine.

4. Impact

When conducting system-level simulations, it is common for individ-
ual subsystem models to be developed using domain-specific tools, many
of which support exporting models as FMUs. To enable the simulation
of complete systems, these FMUs must be interconnected and orches-
trated. Although the FMI and System Structure and Parameterization
(SSP) standards provide formal specifications for defining hierarchical
system structures and parameter configurations, there is currently lim-
ited availability of open-source tools that fully support the simulation of
SSP-defined or interconnected FMU systems. Furthermore, integrating
external hardware and software into the simulation loop is not readily
possible with existing standards and tools.

To address these gaps, FMUiL was developed as a lightweight,
open-source framework designed to connect and execute simulations
involving multiple interacting FMUs efficiently. Unlike many exist-
ing FMI-based frameworks, which are often complex, heavyweight,
tightly coupled to specific simulation environments, or tailored to a
particular domain, FMUIL is intentionally lightweight, easy to use, and
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general-purpose. The user only needs to provide the FMUs and possibly
hardware, and then configure the simulation setup. This enables rapid
prototyping and testing of system designs, interconnections, and control
algorithms, while supporting interconnected system components from
different tools or suppliers.

FMUiL uses the OPC UA standard to communicate and facili-
tate seamless integration of both hardware and software components
within the simulation environment. Many modern simulation tools and
industrial-grade hardware systems natively support OPC UA communi-
cation, enabling straightforward interoperability with FMUiL. This de-
sign choice enables the framework to incorporate real hardware-in-the-
loop (HiL) components and external control systems, thereby supporting
co-simulation scenarios that better reflect real-world system behavior.

By combining interoperable FMU-based co-simulation with standard-
ized OPC UA communication, FMUiL provides a flexible foundation for
research in cyber-physical system integration, digital twin development,
and virtual commissioning. The framework enables rapid prototyping
and evaluation of hybrid systems that include simulated and physical
components, allowing researchers to investigate real-time interactions,
assess control robustness, and explore system-level behaviors under
realistic communication constraints. Furthermore, the open and mod-
ular architecture of FMUiL facilitates reproducible experimentation and
the extension of the framework to emerging domains such as energy
systems, industrial automation, and autonomous systems.

5. Conclusions

This work presents FMUiL, an open-source Python package, de-
signed to facilitate FMU based in-the-loop and co-simulations through
standardized OPC UA communication. The paper details the software
functionalities and architecture, key components, and execution work-
flow. Two illustrative examples demonstrate its capability to connect
and orchestrate both simulated and real control systems, highlighting
the ease of coupling FMUs and integrating industrial hardware. By bridg-
ing FMI-based models and OPC UA-enabled devices, FMUiL supports
reproducible research on cyber-physical systems, facilitates digital twin
prototyping, and offers a flexible environment for testing across virtual
and physical domains.

The software repository for FMUiL is jointly maintained by Novia
University of Applied Sciences and the University of Turku and is ex-
pected to be continuously updated throughout the Virtual Sea Trial
project. Future releases of the package are planned to include Python
APIs for configuring and executing simulations, bridge servers for in-
tegrating hardware and software components, and a graphical user
interface. Long-term development will focus on extending FMUiL into
an intelligent simulation framework that incorporates Al agents and
automated workflows for configuring simulation scenarios and exper-
iments, as well as generating reports.
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Appendix A. Example configuration files

fmu_files: [
"pathO1 to your fmu",
"path02 to your fmu"
]

external_servers: [
"pathO1 to server description",
"path02 to server description"

]

experiment:
experiment_name: "a unique test name"
timestep: 0.5
timing: "simulation_time" or "real_time"
stop_time: 100.0
test_description: "a description of the test"

initial_system_state:
FMU_Model_Name:
FMU_input_namel: "desired initial value"
FMU_input_name2: "desired initial value"
FMU_parameter_namel: "desired initial value"
FMU_parameter_name2: "desired initial value"

example_server:
opcua_objectOl_variablel: "desired initial value"

start_readings_conditions:
condition_name: "FMU_Model_Name.FMU_input_namel > 10"

system_loop:
- from: source_object.source_variable
to: target_object.target_variable

- from: source_object.source_variable
to: target_object.target_variable

evaluation:
eval_1:
condition: "fmul.value < 11.1"
enabled: true
eval_2:
condition: "fmu2.value < 11.1"
enabled: false

logging:
["fmu.variable", "server.variable"]

Listing 1. Example of an experiment configuration file.
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url: opc.tcp://localhost:4840/opcua/server/ # server url

# object definition
objects:
object_name_01:
variable_name_01:
id: 4
ns: 5

variable_name_02:
name: "variable_02"

Listing 2. Example of a server configuration file.

Appendix B. Configuration file for the MiL example

fmu_files: ["experiments/fmus/WaterTankSystemV2.fmu",
"experiments/fmus/TankLevel PI.fmu"]

external_servers: []

experiment:
experiment_name: Water Level Control
timestep: 0.1
timing: "simulation_time"
stop_time: 60

initial_system_state:

WaterTankSystem:
timestep: 0.1
A: 20
b: 5
a: 2

CV_PumpCtrl_in: 15

TankLevel PI:
timestep: 0.1
SP_WaterLevel_in: 10
Ki: 0.5
Kp: 1.5

# The system loop is made according to the block diagram
system_loop:
- from: TankLevel _PI.CV_PumpCtrl_out
to: WaterTankSystem.CV_PumpCtrl_in

- from: WaterTankSystem.PV_WaterLevel_out
to: TankLevel_PI.PV_WaterLevel_in

evaluation:
eval_1:
condition: "WaterTankSystem.PV_WaterLevel_out > 11.0"
enabled: true
eval_2:
condition: "TankLevel PI.CV_PumpCtrl_out < 0.0"
enabled: true

logging:
["WaterTankSystem.PV_WaterLevel _out", "TankLevel PI.
CV_PumpCtrl_out"]

Listing 3. Configuration file for the MiL experiment.
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Appendix C. Configuration files for the HiL. example

# File: S7-1500.yaml
url: opc.tcp://192.168.0.1:4840

objects:
sample_opc_object:
PV_WaterLevel_in:
ns: 4
id: 5

CV_PumpCtrl_out:
ns: 4
id: 6

Listing 4. Configuration file for the external OPC UA
server used in the HiL experiment.

fmu_files: ["experiments/fmus/WaterTankSystemV2.fmu"]

external_servers: ["experiments/servers/S7-1500.yaml"]

experiment:
experiment_name: Water Level Control
timestep: 0.1
timing: "real_time"
stop_time: 60

initial_system_state:

WaterTankSystem:
timestep: 0.1
A: 20
b: 5
a: 2

# The system loop is made according to the block diagram

system_loop:
- from: S7-1500.CV_PumpCtrl_out
to: WaterTankSystem.CV_PumpCtrl_in

- from: WaterTankSystem.PV_WaterLevel_out
to: S7-1500.PV_WaterLevel_in

evaluation:
eval_1:

condition: "WaterTankSystem.PV_WaterLevel_out > 11.0"

enabled: true

logging:

["WaterTankSystem.PV_WaterLevel_out", "S7-1500.CV_PumpCtrl_out"]

Listing 5. Configuration file for the HiL experiment with
PLC integration.
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