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Standards will enable interoperability

OPC UA:

• Standardized data models freely available for over 60 types of industrial equipment, 

published by the OPC Foundation via Companion Specifications

• Extensible security profiles, including authentication, authorization, encryption and 

checksums

• Extensible security key management, including X.509, token and password

• Support for both client-server and publish-subscribe communication patterns

• Communication protocol independent. Mappings to several communication protocols like 

TCP/IP, UDP/IP, WebSockets, AMQP and MQTT are specified

• Initially successful in standardized data exchange with industrial equipment (discrete 

manufacturing, process manufacturing, energy) and systems for data collection and 

control, but now also leveraged in building automation, weighing and kitchen equipment 

and cloud applications

• Open – open-source reference implementations freely available to OPC Foundation 

members, non members under GPL 2.0 license[2]

• Cross-platform – not tied to one operating system or programming language

• Service-oriented architecture (SOA)

• The specification is freely available on the OPC Foundation website and is split into 

several parts to ease implementation, but only OPC UA stack vendors need to read 

them, end users simply leverage existing commercial and/or open-source stacks 

available in all popular programming languages

FMI/FMU:

 The Functional Mock-up Interface (or FMI) defines a standardized interface to be used in 

computer simulations to develop complex cyber-physical systems.

 The vision of FMI is to support this approach: if the real product is to be assembled from 

a wide range of parts interacting in complex ways, each controlled by a complex set of 

physical laws, then it should be possible to create a virtual product that can be 

assembled from a set of models that each represent a combination of parts, each a 

model of the physical laws as well as a model of the control systems (using electronics, 

hydraulics, and digital software) assembled digitally. The FMI standard thus provides the 

means for model based development of systems and is used for example for designing 

functions that are driven by electronic devices inside vehicles (e.g. ESP controllers, 

active safety systems, combustion controllers). Activities from systems modelling, 

simulation, validation and test can be covered with the FMI based approach.

 The four required FMI aspects of creating models capable of being assembled have been 

covered in Modelisar project:

• FMI for model exchange,

• FMI for co-simulation,

• FMI for applications,

• FMI for PLM (integration of models and related data in product life-cycle management).

 In practice, the FMI implementation by a software modelling tool enables the creation of a 

simulation model that can be interconnected or the creation of a software library called FMU 

(Functional Mock-up Unit)
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https://en.wikipedia.org/wiki/Open_standard
https://en.wikipedia.org/wiki/OPC_Unified_Architecture#cite_note-2
https://en.wikipedia.org/wiki/Cross-platform
https://en.wikipedia.org/wiki/Service-oriented_architecture
https://en.wikipedia.org/wiki/Co-simulation
https://en.wikipedia.org/wiki/Product_life_cycle_management_(marketing)


https://opcfoundation.org/about/opc-foundation/history/

OPC UA latest releases
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Overview

 The Functional Mock-up Interface (FMI) is a free standard that defines a container and an interface to exchange dynamic models using a combination of XML files, binaries and C code, distributed as a ZIP file. It is 
supported by more than 170 tools and maintained as a Modelica Association Project (MAP FMI). Releases and issues can be found on github.com/modelica/fmi-standard.

 The Functional Mock-up Interface (FMI) defines a ZIP archive and an application programming interface (API) to exchange dynamic models using a combination of XML files, binaries and C code: the Functional 
Mock-up Unit (FMU). The API is used by a simulation environment, the importer, to create one or more instances of an FMU and to simulate them, typically together with other models. The FMI defines three 
interface types:

– Co-Simulation (CS) where the FMU typically contains its own solver or scheduler,

– Model Exchange (ME) that requires the importer to perform numerical integration, and

– Scheduled Execution (SE) where the importer triggers the execution of the model partitions.

 This document does not describe how to generate an FMU from a modeling environment.

 The interface types have large parts in common, defined in Common Concepts. In particular:

– FMI Application Programming Interface (C) — Section 2.2

– All required computations are triggered by calling standardized C functions from the importer into the FMU. The FMU can signal certain events back to the importer using callback functions provided by the 
importer. C is used because it is the most portable programming language today and is the only programming language that can be utilized in all embedded control systems. The FMI API does not restrict what 
operating system services an FMU can use on the platform it runs on. However, for maximal portability, any dependency on the target platform should be minimized and operating system services should be 
accessed only through standard libraries. Special run-time requirements should be documented in the appropriate directory inside the ZIP file.

– FMI Description Schema (XML)

– The schema defines the structure and content of a model description file (modelDescription.xml), for example, generated by a modeling environment. This XML file contains the definition of all exposed 
variables, their interdependencies (model structure) and capability flags of the FMU. Providing variable descriptions outside the C-API allows an importer to access and store the variable definitions (without 
any memory or efficiency overhead of standardized access functions) in its own representation.

– FMU Distribution (ZIP) — Section 2.5

– An FMU is distributed as one ZIP file. The ZIP file contains the FMI modelDescription.xml, the binaries and libraries required to execute the FMI functions (.dll or .so files), and/or the sources of the FMI 
functions, documentation, and other data used by the FMU (e.g., tables or maps).

https://fmi-standard.org/docs/3.0.1/

FMI: Functional Mock-up Interface
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https://fmi-standard.org/
https://fmi-standard.org/tools/
https://www.modelica.org/projects
https://github.com/modelica/fmi-standard/releases
https://github.com/modelica/fmi-standard/issues
https://github.com/modelica/fmi-standard
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FMI: Two types of simulation models



Basic idea

Combining OPC UA and FMU together
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Digital Twin - OPC UA Server with FMU

1) Import FMU

2) Instantiate FMU

3) Simulate FMU

DCS - OPC UA Server

1) Process variables like measurements, 

device motor run status, valve opening 

etc.

Variable updater – OPC UA Client

1) Connects to both OPC UA Servers

2) Read process outputs -> write to Digital Twin inputs

3) Read Digital Twin outputs -> write to process inputs



Implemented proto-type

7



Server started, nothing imported => Run method to import new FMU file

OPC UA FMU Server
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FMU model metadata and all inputs, outputs, parameters created into the address space

OPC UA FMU Server
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Instantiate must be called to 

instantiate model



FMU model instance, modify needed variable(s) and call Execute simulation

OPC UA FMU Server
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FMU model exchange in execution, OPC UA variables can be shown in trend (HA)

OPC UA FMU Server
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Running parallel two “tank” level simulations
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 Needs more work and testing for scalability etc.

– More features implemented like history option added for the input/output variables

 More FMU models to be tested to find out missing features and errors

– Co-Simulation implemented & tested (Tuomas)

– More FMU models needed to cover that implementation is sufficient & robust

 Connection for DCS with OPC UA Client for FAT testing should be “easy”

– Matching names mapped & connected, browse and generate link DCS <-> OPC UA Client <-> OPC UA Server

Final conclusion: 

Promising implementation that will give more flexibility & testing capabilities

Summary
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