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Abstract
Designing a new product requires information from the business and physical domains, which im-
plies integrating business decision tools with process and material simulation processes to form an
overall workflow. The integration involves coupling the business workflow management systems
with analysis tools, optimization and decision support systems, which require process simulations
and an integrated data transfer service. The process simulation, in turn, will in general model
multiple layers of time scales and thus is also in need of data transfer between different solvers.
Here we discuss the main components in the light of a coating-design project.
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1. Project Background

The Horizon 2020 project VIPCOAT constructs an innovation platform for new active protective
coatings based on materials modelling and optimization. The project’s application is coatings for
the aerospace industry, and its objective is to introduce novel approaches for corrosion protection
by active inhibiting pigments as nano-additives. VIPCOAT is to support end-users in developing
new and effective corrosion barriers for metal surfaces, deploying environmentally friendly tech-
nologies, and, in parallel, provide a decision support system for business integration. VIPCOAT
implements a multi-layer digital structure to enable open innovation for production processes and
the design of value-added product chains. VIPCOAT relies on the concept of a Pareto chain
along a value-adding B2B2B (business-to-business-to-business) sequence enabling collaborative,
transparent decision processes. The approach builds on multicriteria optimization (MCO) and
implements a set of decision tools that allow exploring individual Pareto fronts interactively.

Usually, coatings contain several components. Primarily the coating matrix is the material that
makes up the coating itself. In addition, several additives are mixed in, protecting from UV, giving
colour, and inhibiting corrosion in coating defects. When producing a paint, one has several objec-
tives: purpose-related performance, the toxicity of the involved materials, and costs of production
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and application. Typically, these objectives are not possible to satisfy simultaneously. Also, with
having different components, usually, several suppliers are part of the production process. There-
fore, it is natural that each member of the suppliers and customers has another set of objectives.
And each member is affected by all of those being close to them in the process. Consequently,
if one has to define optimality, one is confronted with multiple, incompatible business-related
objectives or KPIs (Key Performance Indicators). Hence, overall, one deals with two levels of
multi-objective optimisation problems: the lower one is the product, the upper the multi-player
business layer. The project will create a digital platform for coating formulation, development and
optimization, which could serve as a computational coating marketplace.

The VIPCOAT platform will comprise a collection of physics and data-based materials models, a
data space, and an associated ontology-driven service that enables a smooth and simple data trans-
fer between Business Decision Support Systems (BDSS), and the MoDeNa software orchestrator.
For this purpose, the team develops new semantic network-based technologies and approaches
to ensure an automatic data exchange for multi-scale simulations and multi-level material and
business software components. These semantic technology developments are aligned with the El-
ementary Multiperspective Material Ontology (EMMO), cf. Francisco Morgado et al. (2020), in
line with a series of efforts coordinated through activities of the European Materials Modelling
Council (EMMC ASBL) and the Innovation Centre for Process Data Technology (Inprodat e.V.).

2. Business-to-Business process level

Figure 1: Business-to-Business-to-Business approach implemented in VIPCOAT. Bilateral communication
starts the processes, followed by business internal developments and ending in an open access to Pareto-
optimal product variants to be used in decision making upstream the production chain.

The VIPCOAT approach supports collaborative decision making along with production and/or
value-added chains, using a conceptually new idea: the Pareto chain along Business-to-Business-
to-Business (B2B2B) value-added chains as pictorially presented in Figure 1. The value-added
chain goes from the bottom to the top. On the bottom, in VIPCOAT SmallMaTek (SMT) produc-
ing inhibiting pigments, Company C has some production capabilities associated with costs. As
high quality and low cost are almost always contradicting goals, the capabilities to deliver products
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upstream the value chain are best described using a Pareto front of the best possible compromises.
For a company B downstream, in VIPCOAT represented by AkzoNobel, the best possible com-
promises form a sub-space of the Companies B opportunities and thus enter their design space
for fabrication for company A, in VIPCOAT represented by Airbus. Therefore, we have a B2B2B
environment in which collaborative decision making on top of transparent decision processes will
make a lot of sense. In VIPCOAT, this is directly supported by the concept of a Pareto chain of
interactive decision tools, designed as interactive explorers of the individual Pareto fronts. One
Business executes a development and/or production process, supported by materials modelling to
be described next, internally. Thus the internal cost structure is kept confidential and the transpar-
ent part of the B2B2B relation is the Pareto front of prices and associated product variants.

3. Business internal process level

One of the project’s main objectives is to reduce the number of experiments, or in other words,
replace experiments with predictions based on a physical model of the experimental setup. The
first step is thus to design and discuss a model topology using the minimal graphical language
we defined (Preisig (2021, 2014)). The topology captures all the fundamental structural assump-
tions. It represents the physical process as a network of primitive capacities (base entities, control
volumes), a minimal set of extensive quantities and a set of mechanisms on how entities interact.
Since it is a hierarchical representation, it also shows the assumed mereology of the model. The
topology reflects all the main assumptions: what parts of the system are considered, which ones
exhibit capacity effects, if they show significant gradients in the intensive quantities, if they are
constant or dynamic or event-dynamic or not, how they link up to other capacities and exchange ex-
tensive quantity, what exchange is considered relevant, the exchange mechanism, and the resource
environment. It should be noted, that the topology does not include geometrical information, like
the shape of a capacity, also called a control volume.

Our Process Modelling software (ProMo) defines an application-focused ontology that defines
the fundamental entities and their mathematical representation. The mereological information is
encoded into the model’s hierarchical tree. The internal nodes in the tree, we term composite
entities. Replacing parts of the topology, usually composite entities, by surrogates generates the
skeleton of the workflow. In the case of the coating process, as shown in Fig. 2 it is the two
gray boxes that may be replaced by a surrogate solving the input relations in a separate task, a
PDE solver like OpenFoam, while the leaching process is solved involving molecular modelling
on which we do not expand in this exhibition. When running a workflow, the different tasks
do exchange data, in our case this would be reading salinity, but also transferring information
about the simulation of the coating and the simulation of the material and its inhibition. The same
applies with the interaction of the coating and the leaching process simulations. Since ProMo maps
information of the variables and the relations via OWL into a triple store, and the model provides
the vectors of information exchange between the blocks, the interoperability problem can be solved
using the approach described below. Finally, the task factory generates the simulation code for a
solver environment like MatLab or an orchestrator that executes the developed workflow.

The green area in Figure 2 is reflecting only part of the story. In ProMo the access to a data taken
from an external database is a controlled process. Figure 3 shows how ProMo maps the variables
and equations into an EMMO-extended ontology. Once the model is established, the intertask
communications is established over the SOFT/DLite interoperability framework. ProMo maps the
variables and equations into an EMMO-extended ontology. Once the model is established, the
intertask communications is established over the SOFT-DLite framework.
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Figure 2: Simplified topology of a coating with inhibitor-loaded nanoparticles. Replacing the two grey boxes
by surrogates providing an input/output solution in a separate task, one has the structure of the workflow.

Figure 3: The ProMo view on how the salinity is read from two data sources. The database a covers the first
part of the time period, while the database b is used to fill in the remainder.

4. Interoperability

SOFT/DLite (Hagelien et al., 2017) (Mir et al., 2020) represents information exchange between
a data source and sink as a pipeline that process output data from the producer into a form that is
suitable input to the consumer. Metadata schemas and ontologies capture the description of the
data’s intent and their meaning (semantics), which can be used in conjunction with specialised
data readers for data extraction (Schembera, 2021) (Fig. 4). The next step is to augment high-
level semantic artefacts with domain-specific knowledge. EMMO aligned mid-level and domain
ontologies can be employed to document concepts such as processes and properties/quantities
semantically (Horsch, 2021). Data and metadata need to be represented as knowledge graphs,
employing semantic technology standards such as RDF, RDFS, and OWL.

EMMO-aligned mid-level and domain ontologies can also support platform interoperability be-
tween VIPCOAT and other infrastructures, particularly those developed within H2020 NMBP
projects and, in the future, projects supported from the Horizon Europe CL4 resilience and data
lines of funding. Moreover, the EMMC ASBL focus areas and task groups help coordinate a series
of ongoing development efforts in this direction. This technology operates at a comparably high
level and requires at least the developers of platforms and tools to be familiar both with ontology-
based research data management and with the philosophy underlying the EMMO. In contrast, the
second line of development of semantic artefacts, equally endorsed by EMMC ASBL, operates at
a lower level and is more accessible to domain experts: Based on the terminology of the Review
of Materials Modelling (RoMM), the MODA (Model Data) describe simulation workflows, which
permits textual descriptions, and is supported by the OSMO’s ontology version of MODA (Horsch
et al., 2020, 2021). An alignment between semantic artefacts from these two lines of work is not
always straightforward because they rely on knowledge graphs that are differently structured. Pre-
vious work by Klein et al. (2021) discusses how graph transformation crosswalks can be used to
transpose MODA/OSMO representations of simulation workflows, for which annotation and data
ingest are comparably easy, into EMMO-aligned mid-level ontologies that are best suitable for
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Figure 4: Schematic overview. The key components of the semantic interoperability platform are business
data, a business data reader or writer, a metadata representation, domain ontologies, and interface transforma-
tions (equations) that connect ontological concepts. The interoperability platform will analyse the use case
and give the user options to select a semantic pipeline or manually manage the pipeline pathways.

platform interoperability in line with EMMC ASBL recommendations.

In the present framework, the mapping property mapsTo ensures that the semantics of metadata
properties are aligned with domain ontology concepts, cf. Fig. 5. Similarly, a data model will
represent the schema of application-specific data input on the consumer side. A data ingest system
or file format generator using the metadata produces information that the data consumer can in-
terpret. Mapping the metadata schema to the domain ontology concepts captures the semantics of
the information. The SOFT/DLite generates the pipeline for the data transfer between the systems,
recognising the semantic interpretation and syntactic representations.

Figure 5: Data resources, data sinks, transformations and simulation packages connect to the knowledge
base via mappings between the metadata representation of the business data and domain ontology concepts.
Depending on the data model at the receiving side, a pipeline is constructed to transform between schemas
for annotating the data; e.g., a pipeline can be constructed from data resource D1 in wrapper W1 through the
interface transformations (T1 and T2) to input for the simulation tool in W2: W1 → T1 → T2 → W2.

In the trivial case, the pipeline will only transfer data only. In a more complex scenario, seman-
tic differences between data sources and data sinks require transformations to be taken from an
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ontology. The ProMo software (see Section 3) is already aligning the equations and variables to
EMMO domain ontologies and can therefore be plugged directly into the SOFT/DLite pipelines.
Graph-search algorithms find all possible paths that define the pipeline. The end-user is respon-
sible for selecting the most appropriate pathway if multiple exist, closing the connection through
mappings and defining new transformations. In addition, the interoperability platform also man-
ages the representation of the information in terms of differences in units (unit systems) and data
shape/dimensionality. Unit conversions transformations can usually be inferred automatically, but
strategies for managing differences in dimensionality (extrapolation, interpolation, averaging, ma-
chine learning-based methods, etc.) needs to be manually determined.

5. Conclusion

We demonstrate a new approach to a complex business-integrated product design on the example
of active-protective coatings for the aeroplane industry. We introduce a new approach to interre-
late three daisy-chained industries, two producers and one end-consumer. The new business-to-
business-to-business environment implements a complex two-level workflow that links the busi-
ness workflow with the physical simulation workflow, involving all three business partners in form-
ing the final product performance. On the business level, we employ business-process-modelling
(BPM) software Camunda and the NTNU’s Process Modelling suite (ProMo) to model and gen-
erate simulation workflows executed in the MoDeNa platform. The team approaches the data
integration of the various software using ontology-based technologies, generating the application
interfaces automatically for the different components, providing access to a shared data space and
Petri-net based technology for synchronization.
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