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ABSTRACT: The evolving needs of customers and stakeholders necessitate the collaboration of diverse system
elements within a cyber-physical, socio-technical network. Such Sociotechnical systems are characterized by
numerous complex interdependencies as well as by endogenous and exogenous influences. A key issue that
developers must address is the mitigation of data and information uncertainties. This paper introduces an
ontological approach to facilitate the identification and mitigation of uncertainties in data and information within a
model-based methodology for satellite development projects. The work outlines the results of preliminary studies
forming the foundation for this ontological concept. The proposed approach comprises an overarching General
Ontology, complemented by a Uncertainty and Structure Ontology, creating a framework for uncertainty
management in satellite development.

KEYWORDS: ontologies, systems engineering (SE), product modelling / models, model based systems
engineering, satellites

1. Introduction
In the development process of technical products, uncertainties pose significant challenges that can
impact project success. These uncertainties often arise from conscious or unconscious knowledge gaps or
definitional ambiguities. Panusch et al. (2023), building upon the discourse of Walker et al. (2003) on
uncertainties, emphasize that identifying and reducing such uncertainties is of great importance in the
development of innovative products. This is particularly crucial as projects subject to numerous
unpredictable uncertainties face a high risk of failure (Lindemann, 2016).
Satellite missions, in particular, often grapple with uncertainties due to their inherent complexity
(Feldhacker, 2011) and the challenging context in which they operate and interact with other contextual
partners. Current research efforts focus on both the early identification of uncertainties and their
explication and systematic consideration in models. Gräßler et al. (2021) and Inkermann (2022) highlight
the potential of Model-Based Systems Engineering (MBSE) methods, languages, and tools in this regard.
Similarly, Husung et al. (2021) emphasize the possibility of uncovering errors in system descriptions
through the application of defined analysis methods.
Building on this motivation, we are developing a methodology for the process-accompanying
development and maintenance of holistic system models to support the evolution of data and information
and their flows in the development process of satellite projects. The focus lies on identifying and
mitigating uncertainties inherent in data, information, and their flows, as well as facilitating knowledge
generation throughout the development process. However, for models to effectively serve their purpose,
they require precise semantics to ensure coherence, shared understanding, traceability, and logical
inference (Bermejo-Alonso et al., 2016). Therefore, ontological analysis within a domain becomes an
essential complement to modeling. The categorization process inherent in ontology development
supports information acquisition (Wang et al., 2001), thus promoting knowledge generation. Devedzic,
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(2002) posits that the main goal of ontology development is to facilitate knowledge sharing and reuse, as
well as to elucidate the knowledge structure within a domain. Moreover, ontology-based frameworks
play a crucial role in reducing semantic ambiguity in conceptual models (Mordecai et al., 2021) thereby
contributing to the reduction of uncertainties. Consequently, the authors formulate the following research
question addressed in this paper:
RQ: What ontological concept is suitable for supporting the identification and mitigation of
uncertainties in data and information within the framework of a model-based approach for
satellite development projects?
However, preliminary investigations are necessary to establish a foundation for answering the research
question. Therefore, the following questions need to be addressed initially:

• Are there existing ontologies in the field of satellite development projects aimed at identifying
uncertainties in data, information, and their flows by supporting system modeling?

• What method is suitable for developing a domain- and task-specific ontology?

This contribution sets the stage for a comprehensive exploration of ontological approaches to uncertainty
reduction in satellite development projects, promising valuable insights for both the aerospace industry
and the broader field of Systems Engineering. The contribution is structured as follows:
Section 2 outlines our research approach, addressing preliminary questions regarding the existence of
ontologies in satellite development projects and methods for ontology development. Section 3 provides a
concise explanation of ontologies and gives a brief introduction to uncertainties. Section 4 presents the
state of the art, while Section 5 presents the preliminary investigations. Section 6 presents our proposed
ontological concept for identifying and reducing uncertainties in satellite development projects. Finally,
Section 7 summarizes our findings and provides an outlook for future research directions.

2. Research approach
To address the two preliminary questions, we conducted a systematic literature review, drawing
inspiration from the works of Yang et al. (2019), Michalides et al. (2023), Qaswar et al. (2023), and
Nicklas et al. (2023) for developing our selection process. We employed the six-step process
methodology outlined by Machi & McEvoy (2016) as our methodological framework.
A search string comprising the keywords “Ontology”, “satellites”, “satellite missions”, and “satellite
development” was formulated and applied to the Scopus database. Scopus was chosen due to its rigorous
quality control for indexed content, wide availability in academic institutions, and extensive coverage of
technical and engineering literature particularly relevant to our field of research. The scope was delimited
to Computer Science, Engineering, and Earth and Planetary Sciences, with no constraints imposed on
publication dates. This initial search yielded 674 articles, which were subsequently evaluated for
relevance to the preliminary questions through a multi-step selection process, as illustrated in Figure 2.
Articles were considered eligible if they pertained to one or more of the following subject domains,
documented in Figure 1.

In the final step, we expanded the literature search to include an in-depth, recursive tracing of sources.
This broadening of the source pool resulted in the identification of 72 literature sources, all of which were
analyzed in detail to address the preliminary questions.

Subject domain Descrip�on of…
SD1 a domain-specific ontology
SD2 a cross-domain ontology
SD3 the use of an ontology/ontologies
SD4 a procedure for ontology development
SD5 a tool or aid for ontology development
SD6 relevant mechanisms for ontology development
SD7 the basics of ontology

Figure 1. Subject domains for the Literature review
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The outcomes of the literature review are delineated in Section 4, serving as the foundational input for
shaping the preliminary study presented in Section 5, which in turn forms the basis for the development
of an ontological concept to answer the research question.

3. Background

3.1. Ontologies
The term “ontology” has been extensively addressed in numerous works, providing a comprehensive
description. The probably most frequently cited definition of the term ontology is the following variant
from Gruber, (1993): An ontology is an explicit specification of a conceptualization.
Here, a conceptualization is described as a streamlined, purposeful, and simplified representation of
reality. Depending on the focus of this conceptualization, distinctions can be drawn among application
ontologies, domain ontologies, generic ontologies, and representational ontologies (Guarino, 1997).
According to Portelli et al. (2019), they can be organized into several layers. For instance, upper-level
ontologies embody an abstract frame of reference that is independent of any specific application domain.
Mid-level ontologies, on the other hand, furnish vocabulary tailored to particular application domains,
while lower-level ontologies, also known as domain ontologies, offer vocabulary specific to individual
use cases. This concept fosters the reusability of individual ontologies (ibid). For further information
regarding the explanation of ontologies we refer to Schmalenbach (2013), Mizoguchi (2004) and the
handbook on ontologies (Staab & Studer, 2009).

3.2. Uncertainties
The term “uncertainty” encompasses a broad spectrum of ideas and concepts, pointing on aspects as
ambiguity, lack of certainty, and unknown or un-knowable elements (Thunnissen, 2003). In the context
of product development, De Weck et al. (2007) view uncertainty as encompassing both the potential for
erroneous assumptions and the presence of unknown factors influencing future product success. This is
particularly relevant in satellite development, where complex systems and novel technologies often
introduce significant uncertainties. For this paper, we focus on epistemic uncertainties, which can be
mitigated through problem-related knowledge discovery (Walker et al., 2003) as opposed to aleatory
uncertainties, which are not systematically reducible.
Drawing from the conceptualization by Paetzold (2022), we understand uncertainties as encompassing
discrepancies, gaps, inconsistencies, and incompleteness within data and information (D&I) and their
corresponding flows. Gaps include missing connections and relationships between different D&I, as well
as incomplete system context definitions. Incompleteness refers to available but insufficiently described
D&I, such as missing properties within defined flows between system elements. Inconsistencies occur
when different D&I provide contradictory information about the same aspect, leading to ambiguity. A
comprehensive delineation of uncertainties is omitted here, with reference directed to the explanations
provided in (Gadzo et al., 2024).

72 
Sources

674 
Sources

80 
Sources

33 
Sources

12 
Sources

Review of the introduction, the 
research questions, the conclusion 

and the description of the approach

Examination of the topic, keywords 
and abstract and, if necessary, the 

conclusion

Search-string
[abc]&&[xyz]||[de]

Detailed review of the source

In-depth research through recursive 
source tracking

Figure 2. Literature selection process
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4. State of the art
In the field of ontology research, numerous studies have engaged in literature reviews focused on
ontologies. These efforts are often motivated by task- or domain-specific objectives, as exemplified by
studies from Qaswar et al. (2023) and Yang et al. (2019), or works such as that of Karabulut et al. (2024),
which illuminate ontologies in the context of digital twins. The presentation and analysis of results vary
from categorizing literature sources by domains to engineering-oriented examinations of the ontologies
themselves. This paper concentrates on identifying and analyzing existing ontologies in the domain of
satellite development. To this end, the literature sources were categorized into the seven thematic areas
introduced in Section 2. Within the scope of this paper, only a reduced portion of the research results is
elaborated upon, as a comprehensive presentation would exceed the frame of this paper. The following
discussion focuses solely on the state of the art in relation to the development of space objects and
systems engineering, along with the associated modeling languages of MBSE, as these serve as a
foundation and source of inspiration for the development of the ontological concept.
Zhao et al. (2020) present an ontological system that encapsulates satellite domain knowledge, as well as
a method for accessing knowledge to execute task plans. This is accompanied by an architecture for
configuring satellite clusters based on derived knowledge. Halvorson et al. (2022) present an ontology
for prognostic health management in spacecraft avionics. Their work offers insights into the history of
ontology, concept definitions, and elucidates the use of the Space Object Ontology (SOO) by Alexander
P. Cox et al. (2016) in characterizing relationships between various spacecraft components and their
functions. Given the relevance of SOO to this work, the results of Halvorson’s study are pertinent.
Further elaboration on SOO follows in section 5. Furthermore, Hening et al. (2016) describe the
development and application of an ontology for space system design, serving as an OWL 2 (Ontology
Web Language) complement to existing system databases. They advocate for a combined use of SysML
and OWL models, with the former employed for model-based systems engineering and the latter for
enhancing semantic precision in the application of operational knowledge. Huang et al. (2023) provide an
illustrative example of a domain-specific ontology developed using the Ontology 101 method by Noy &
McGuiness (2001), aimed at recommending virtual constellations in remote sensing. Methods for
ontology development are discussed in more detail in Section 5. (van Ruijven, 2015) presents an
ontology for systems engineering as a foundation for MBSE, utilizing so-called RDF-named graphs to
integrate individual sub-models into a cohesive ontology. RDF (Resource Description Framework),
based on subject-predicate-object triples that resemble simple sentences in natural language, is
extensively explained in van Ruijven’s contribution. Another relevant ontology, which is further
discussed in section 5, is the MBSE ontology by Holt & Perry (2019) . The authors aim to provide a
comprehensive and practice-oriented guide for the successful implementation of MBSE using SysML.
They offer practical instructions for applying SysML in MBSE projects on one hand, and address
advanced concepts for requirements management, architecture modeling, and competency management
on the other. The MBSE ontology described therein is an integral part of the framework, which represents
one of the three key elements of the presented MBSE approach.
Finally, the contributions of Cranefield & Purvis (1999), Wang et al. (2001), and Iribarne et al. (2011) are
noteworthy for their focus on the use of UML in ontology modeling. Cranefield & Purvis (1999) explore
the potential of object-oriented standards for ontology modeling, particularly UML and the associated
OCL (Object Constraint Language), presenting a formalism for ontology representation as a UML subset
in conjunction with OCL. Wang et al. (2001) propose a modeling approach for ontologies in UML that
facilitates the mapping of knowledge to software models.

5. Preliminary study
Regarding the first preliminary question, it can be observed that while ontologies exist for the domain of
space objects, they are not explicitly designed to support the task of identifying uncertainties in data and
information, as well as their flows in the development process of a satellite project. The objective for the
ontology approach is derived from this task and demonstrates the necessity to develop a domain-specific
ontology with a corresponding focus. Although no ontology directly addresses this subject matter,
existing ontologies have been identified that can serve as a foundation for developing a targeted
ontology. In this context, it is essential to define goals (G) that this foundation should fulfill. Against this
background, the following objectives were formulated and documented in Figure 3.
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As a result, four ontologies have been identified that collectively fulfill the determined goals. The Space
Object Ontology (SOO) by Alexander P. Cox et al. (2016) is the first ontology identified as a
foundation, as it fulfills G-1 and G-2. The SOO was developed to improve the characterization of space
objects, integrate diverse datasets from various sources within an extensible framework, and facilitate
entity tracking (G-1). The SOO is based on the Basic Formal Ontology (BFO) at the upper level and the
Common Core Ontologies (CCO) at the middle level, thus extending a top-level ontology (G-2). It
comprises over 700 classes representing diverse space entities, from natural and artificial resident space
objects (RSOs) to spacecraft components and spatial regions. The SOO provides a standardized
annotation language, enabling comprehensive representation of space objects, their processes,
environments, and interactions. Furthermore, the SOO offers the necessary flexibility for extensions
and adaptations to meet specific task requirements. This ontology will be utilized as a fundamental
resource for domain-specific aspects in the ontology development process. In the course of investigating
the state of the art, two ontologies were identified that can fulfill goals G-3 and G-4: the MBSE ontology
by Holt & Perry (2019) and the Systems Engineering ontology by van Ruijven (2012a, 2012b, 2015).
Van Ruijven’s ontology is based on ISO 15926-11 and encompasses various information models for
defining stakeholder requirements, system requirements analysis, operation and maintenance,
verification processes, and risk management (G-4). The MBSE ontology, on the other hand, aims to
represent system concepts and relationships in a standardized and formal manner. This is intended to
enable consistent communication and a unified understanding between engineers and stakeholders,
serving as a domain-specific language for MBSE activities (G-4). According to Holt & Perry (2019), the
MBSE ontology is essential for MBSE endeavors and is applied in various activities, such as defining
concepts and terms. It serves as a starting point for creating and adapting ontologies for individual MBSE
activities, thus supporting the goal of integrating aspects from multiple ontologies. As both ontologies
were specifically developed for MBSE, they are fundamentally compatible with the SysML meta-model
(G-3). Extensions and adaptations can be realized through mechanisms such as stereotypes and profiles
to represent specific requirements or areas not directly covered by standard SysML elements and
relationships. For further work, the MBSE ontology is preferred, as it is comprehensively defined and
explained in (Holt & Perry, 2019), thus providing valuable guidance in developing an application-
specific ontology. To address G-5, (Borst et al., 1997) and the cross-domain ontology PhysSys described
therein were identified as a source of inspiration. PhysSys forms the foundation for OLMECO, a library
of reusable technical model components for simulating physical systems. The PhysSys ontology
describes the composition of models from components of the OLMECO library. This interaction with the
element library promotes the reuse of model components and increases efficiency in modeling, thereby
fulfilling G-5. To address the second preliminary question, the works of Fernández-López & Gómez-
Pérez (2002), Gomez-Perez et al. (2003), and Jones et al. (2007) were consulted, each containing a
description and summary of methods for ontology development. The following seven criteria were
defined to evaluate the identified methods for ontology development. Results are presented in Figure 4:

• C1: Existing ontologies should be considered
• C2: The method should be suitable for novices in ontology development
• C3: The method should not have a language dependency
• C4: The method should consider the use of element libraries
• C5: The method should be structured in a comprehensible manner
• C6: The focus should not only be on extending or enhancing an existing ontology

Goal The ontology should…
G1 provide relevant concepts and rela�onships from the domain of space objects.
G2 be based on a top-level ontology to promote reusability and avoid isolated solu�ons.

G3 provide concepts and rela�onships aligned with the SysML meta-model, as it will be created in 
SysML and u�lized in the context of SysML models.

G4 provide relevant concepts and rela�onships from the fields of systems engineering and model-
based systems engineering.

G5 introduce a concept for using ontologies and element libraries to support effec�ve modeling and 
ensure consistency between modeling elements and the ontology.

Figure 3. Goals for development fundamentals
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To maintain the scope of the paper, the following presents just a concise summary of the evaluation
results, considering the findings in figure 4: Novices in ontology development should initially apply
METHONTOLOGY or the U&K method of Uschold & King (1995) to achieve positive outcomes.
Experienced developers can significantly accelerate development using the KACTUS approach;
however, expertise is required to implement adaptations professionally. Therefore, we will primarily
utilize METHONTOLOGY and the U&K method as methodological guidance for developing an
ontological concept. Further information on these methods can be found in the aforementioned sources.

6. The ontological concept
Before presenting the structure of the ontological concept we briefly address its role within the
framework of the methodology. The methodology currently under development consists of four building
blocks. The first is a procedural model that, among other things, describes the fundamental role of system
modeling in solving the task at hand. A detailed description of this process model can be found in (Gadzo
et al., 2024). The second building block is a method collection that provides descriptions of how models
can be created using the SysML language for specific analytical purposes. Further information on these
methods is contained in (Gadzo et al., 2023). The third component is an element library containing
standardized modeling elements available to the modeler during model construction. Finally, based on
the ideas of Borst et al. (1997) and the PhySys ontology, this approach serves both as the foundation for
the element library and as a structured knowledge representation. Figure 5 visually summarizes the
different roles of these building blocks.

The concept’s modular structure, developed using the Systems Modeling Language (SysML), comprises
three main components, as illustrated in Figure 8: the General Ontology, the Structure Ontology, and the
Uncertainty Ontology, complemented by the Element Library. The General Ontology (Figure 6) serves
as the central element, providing a formal specification of concepts and their relationships for analyzing
uncertainties in document-based data and information. It contributes to the reduction of inconsistencies,
inaccuracies, discrepancies and ambiguities, and helps to mitigate them in model creation through clear
definition of requirements satisfaction, precise specification of architectures, and explicit representation
of system contexts. Inspired by the MBSE ontology of Holt & Perry (2019) the General Ontology presents
a novel ontological approach, divided into the sections of requirements, behavior, and system of interest,
with function acting as the central linking element. The color differentiation within the sections illustrates
the hierarchical levels of the ontology. A crucial technical aspect is the definition of multiplicities, which
specify the interactions between concepts in a precise way. For example (see Figure 6), a functional
requirement shall be satisfied by at least one function (1), while multiple functions (1..*) can be realized by
the System of Interest (1). This System of Interest (1) is represented by functional, logical, and physical
architectures (1) and interacts within one or more defined System Contexts (1..*). This precise specification

U&K KACTUS SENSUS METHONTOLOGY TOVE CYC Ahmed
C1
C2 Limited
C3 only on ini�al ontologies
C4 Condi�oned by ini�al ontologies
C5
C6 Merging and extending

Figure 4. Evaluation of the methods

Methodology

Methods
How are the 

models created?

Procedure-model
When is modeling used 
and for what purpose?

Library
Provides standardized 

modeling elements

Ontology
Structured knowledge representa�on & 

founda�on for the library

Figure 5. Overview of the methodological components

2716 ICED25



contributes to the development of meaningful analytical models. When combined with the methodology’s
analytical methods and procedural model, this creates a comprehensive framework that guides modelers in
creating models for the task at hand.

As part of the ontological concept, the Structure Ontology extends the General Ontology with domain-
specific components and information, creating a flexible tool for model creation applicable to both
subsystems of the satellite system and the entire space segment. Each element is equipped with relevant
attributes representing properties significant for analysis, with concrete values defined project-
specifically and maintained in the element library. The development of the Structure Ontology followed
the METHONTOLOGY guideline through an iterative process involving domain experts for reviews of
the artefacts, according to a support evaluation in the Design Research Methodology (DRM) of Blessing
& Chakrabarti (2009, p. 176-177). An analogous methodological approach was applied to the general
ontology, though with reduced scope. The SOO by Alexander P. Cox et al. (2016) served as a
foundational reference for the Structure Ontology. Figure 7 shows a small section of the domain specific
Structure Ontology and, for this purpose, contains only the top-level concepts and relationships. The
ontology, however, extends down to the component level of satellite projects. Since this ontology is very
extensive, a holistic representation is not possible within the scope of this article.

Figure 6. The General Ontology

Figure 7. Top levels of the structure ontology
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The Element Library contains all concepts defined in the Structure Ontology and provides modelers with
relevant domain-specific elements. Information about their relationships is available through the
ontologies. The Structure Ontology thus contributes significantly to the identification and mitigation of
uncertainties, as the modeler can recognize incomplete information during model construction. This
transforms unknown unknowns into defined known unknowns. The Uncertainty Ontology enables these
identified uncertainties to be categorized and considered in the further development process. The
visualization of the Uncertainty Ontology in Figure 8 illustrates the various categories of uncertainties
considered within the methodology. Both the General Ontology and the other ontologies are
fundamentally expandable and can be refined independently of each other, underscoring the flexibility
and adaptability of the entire concept. The modular structure provides a defined separation between
domain information and the relationships relevant for analysis, which fundamentally enables a broad
domain-independent application of the concept. This only requires the development and provision of an
appropriate Structure Ontology for the domain under consideration. The application and success
validation of the ontological concept is carried out within the framework of the methodology validation.
The DRM of Blessing & Chakrabarti (2009) builds the methodological frame for the initial validation, as
part of the descriptive study II phase of the development of the methodology. For this purpose, a
subsystem of the SeRANIS small satellite project, as described by Kinzel et al. (2022), is utilized. It’s
existing document-based data and information will be analyzed for the uncertainties defined in the
Uncertainty Ontology. The aim is twofold: firstly, to demonstrate the applicability and effectiveness of
the methodology, and secondly, to reduce the entry barrier and promote the acceptance of MBSE in
development projects through this targeted, task-specific application of MBSE. The validation will
include collaboration with systems engineering engineers and domain-specific developers, thus
providing broad insights into the applicability and success of the development support.

7. Summary and outlook
This paper introduces an ontological concept, developed using the SysML, aimed at facilitating the
identification and mitigation of uncertainties in data and information within a methodology framework
for model-based support of satellite development projects. The work outlines the results of preceding
preliminary studies, which form the foundation for the development of this ontological concept. The
proposed approach encompasses an overarching ontology, the General Ontology which contains the
concepts and relationships relevant to the methodology and its associated analytical methods.
Furthermore, two sub-ontologies are introduced: the Uncertainty Ontology which describes the concepts
of the uncertainties under consideration, and the Structure Ontology which comprises a comprehensive
collection of domain-specific concepts and their relationships. Future work will focus on refining the
General Ontology and further refinement of the Structure Ontology through the specification of attributes
for the concepts and the development of the element library. The next critical phase involves validating
the approach and incorporating insights derived from the validation of the presented concept.

Figure 8. Overall structure of the ontological concept & the Uncertainty Ontology
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Fernández-López, M., & Gómez-Pérez, A. (2002). Overview and analysis of methodologies for building

ontologies. The Knowledge Engineering Review, 17, 129–156. https://doi.org/10.1017/S0269888902000462
Gadzo, E., Mehlstäubl, J., Nicklas, S. J [Simon J.], & Paetzold, K. (2023). Method for the Transfer and Further

Development of Document-Based Data and Information in a Model-Based Development Environment Using
the Example of a Small Mission Satellite. In Chakrabarti A. & Singh V. (Eds.), Smart Innovation, Systems and
Technologies. Design in the Era of Industry 4.0, Volume 2 (Vol. 342, pp. 519–532). Springer Nature
Singapore. https://doi.org/10.1007/978-981-99-0264-4_43

Gadzo, E., Michalides, M., & Koch, A. (2024). Leveraging design thinking in MBSE: mitigating data and
information uncertainties – an integration model approach. Proceedings of the Design Society, 4, 2533–2544.
https://doi.org/10.1017/pds.2024.256

Gomez-Perez, A., Fernandez-Lopez, M., & Corcho, O. (2003). Ontological Engineering. Advanced information
and knowledge processing. Springer.

Gräßler, I., Pottebaum, J., Oleff, C., & Preuß, D. (2021). HANDLING OF EXPLICIT UNCERTAINTY IN
REQUIREMENTS CHANGE MANAGEMENT. Proceedings of the Design Society, 1, 1687–1696. https://
doi.org/10.1017/pds.2021.430

Gruber, T. R. (1993). Toward Principles for the Design of Ontologies Used for Knowledge Sharing. International
Journal Human-Computer Studies (43), 907–928.

Guarino, N. (1997). Understanding, Building and Using Ontologies. Int. J. Human-Computer Studies, 293–310.
Halvorson, M. C., Moyers, N., & Thomas, L.D. (2022). An Ontology for Prognostic Health Management in

Spacecraft Avionics. In Annual Conference of the Prognostics and Health Managament Society.
Hening, C., Viehl, A., Kämpgen, B., & Eisenmann, H. (2016). Ontology-Based Design of Space Systems. In Groth

P. (Ed.), 15th International Semantic Web Conference, Kobe, Japan, October 17-21, 2016 : proceedings (Vol.
9982, pp. 308–324). Springer Int. Publishing AG. https://doi.org/10.1007/978-3-319-46547-029

Holt, J., & Perry, S. (2019). Sysml for systems engineering: A model-based approach (3d edition). IET Professional
applications of computing series: Vol. 20. The Institution of Engineering and Technology.

Huang, Z., Zhang, C., Li, H., Wang, M., Fang, Z., & Jiang, L. (2023). An ontology-based approach for virtual
constellation recommendation in remote sensing applications. In 2023 11th International Conference on Agro-
Geoinformatics (pp. 1–6). IEEE. https://doi.org/10.1109/Agro-Geoinformatics59224.2023.10233633

Husung, S., Weber, C., Mahboob, A., & Kleiner, S. (2021). USING MODEL-BASED SYSTEMS
ENGINEERING FOR NEED-BASED AND CONSISTENT SUPPORT OF THE DESIGN PROCESS.
Proceedings of the Design Society, 1, 3369–3378. https://doi.org/10.1017/pds.2021.598

Inkermann, D. (2022). Potentials of integrating MBSE and LCA to handle uncertainties and variants in early design
stages. In DS 119: Proceedings September 2022 (p. 10). https://doi.org/10.35199/dfx2022.19

Iribarne, L., Padilla, N., Asensio, J. A., Criado, J., Ayala, R., Almendros, J., & Menenti, M. (2011). Open-
Environmental Ontology Modeling. IEEE Transactions on Systems, Man, and Cybernetics - Part a: Systems
and Humans, 41 (4), 730–745. https://doi.org/10.1109/TSMCA.2011.2132706

Jones, D., Bench-Capon, T., & Visser, P. (2007). Methodologies for Ontology Development.

ICED25 2719

http://ieeexplore.ieee.org/servlet/opac?punumber=7518993
http://ieeexplore.ieee.org/servlet/opac?punumber=7518993
https://doi.org/10.1109/SysEng.2016.7753185
https://doi.org/10.1007/978-1-84882-587-1_2
https://doi.org/10.1007/978-1-84882-587-1_2
https://doi.org/10.1017/S0269888902000462
https://doi.org/10.1007/978-981-99-0264-4_43
https://doi.org/10.1017/pds.2024.256
https://doi.org/10.1017/pds.2021.430
https://doi.org/10.1017/pds.2021.430
https://doi.org/10.1007/978-3-319-46547-029
https://doi.org/10.1109/Agro-Geoinformatics59224.2023.10233633
https://doi.org/10.1017/pds.2021.598
https://doi.org/10.35199/dfx2022.19
https://doi.org/10.1109/TSMCA.2011.2132706


Karabulut, E., Pileggi, S.F., Groth, P [Paul], & Degeler, V. (2024). Ontologies in digital twins: A systematic
literature review. Future Generation Computer Systems, 153, 442–456. https://doi.org/10.1016/j.future.2023.
12.013

Kinzel, A., Bachmann, J., Jaiswal, R., Karnal, M., Novo, E.R., Porcelli, F., Schmidt, A., Schwarz, R., Hofmann, C.,
Förstner, R., & Knopp, A. (2022). Seamless Radio Access Network for Internet of Space (SeRANIS): New
Space Mission for Research, Development, and In-Orbit Demonstration of Cutting-Edge Technologies. In
73rd International Astronautical Congress (IAC).

Lindemann, U. (2016). Handbuch Produktentwicklung. Hanser eLibrary. Hanser. http://www.hanser-elibrary.
com/doi/book/10.3139/9783446445819 https://doi.org/10.3139/9783446445819

Machi, L. A., & McEvoy, B. T. M. (2016). The Literature Review: Six steps to success.
Michalides, M., Bursac, N., Nicklas, S. J [Simon Jakob], Weiss, S., & Paetzold, K. (2023). Analyzing current

Challenges on Scaled Agile Development of Physical Products. Procedia CIRP, 119, 1188–1197. https://doi.
org/10.1016/j.procir.2023.02.188

Mizoguchi, R. (2004). Ontology-based systematization of functional knowledge. Journal of Engineering Design,
15(4), 327–351. https://doi.org/10.1080/09544820410001697163

Mordecai, Y., Markina-Khusid, A., Quinn, G., & Crawley, E.F. (2021). Applying Model-Based Ontology
Coverage Analysis to Mission Architectures. In IEEE Aerospace Conference (50100). https://doi.org/10.1109/
AERO50100.2021

Nicklas, S. J [Simon J.], Michalides, M., Gadzo, E., & Koch, A. (2023). A Multi-Dimensional Analysis of the
Current State of Research into Globally Distributed Product Development. In DS 125: Proceedings of the 34th
Symposium Design for X (DFX2023) (pp. 183–194). The Design Society. https://doi.org/10.35199/dfx2023.19

Noy, N. F., & McGuiness, d. L. (2001). Ontology Development 101: A Guide to Creating Your First Ontology.
Paetzold, K. (2022). Data and Information Flow Design in Product Development. In Krause D. & Heyden E. (Eds.),

Design Methodology for Future Products (pp. 201–218). Springer International Publishing. https://doi.org/10.
1007/978-3-030-78368-6_11

Panusch, F., Brix, T., Rienecker, M., & Husung, S. (2023). Systematization of existing uncertainties in the context
of product development in the automotive supply industry. https://doi.org/10.22032/DBT.59012

Portelli, L., Sabatini, M., & Grogan, P.T. (2019). Ontology Development for Knowledge-driven Distributed Space
Mission Systems Engineering. In AIAA 2019: Sys. Engineering IV. https://doi.org/10.2514/6.2019-1032

Qaswar, F., Rahmah, M., Raza, M.A., Noraziah, A., Alkazemi, B., Fauziah, Z., Hassan, M. K. A., & Sharaf, A.
(2023). Applications of Ontology in the Internet of Things: A Systematic Analysis. Electronics, 12(1), 111.
https://doi.org/10.3390/electronics12010111

Schmalenbach, H. H. (2013). Ontologien zum Bereitstellen von Gestaltungswissen am Beispiel von
Ingenieurkeramik: Ontologies for design knowledge retrieval using the example of advanced ceramics
[Dissertation]. Karlsruher Institut für Technologie (KIT), Karlsruhe.

Staab, S., & Studer, R. (Eds.). (2009). International handbooks on information systems. Handbook on ontologies
(Second Edition). Springer. http://www.loc.gov/catdir/enhancements/fy1312/2008943971-d.html

Thunnissen, D. (2003). Uncertainty Classification for the Design and Development of Complex Systems. In Third
Annual Predictive Methods Conference.

Uschold, M., & King, M. (1995). Towards a Methodology for Building Ontologies. Workshop on Basic
Ontological Issues in Knowledge Sharing.

van Ruijven L. (2012a). Ontology and Model-based Systems Engineering. Procedia Computer Science, 8, 194–
200. https://doi.org/10.1016/j.procs.2012.01.042

van Ruijven, L. (2012b). Ontology for Systems Engineering: Model-Based Systems Engineering. In 2012 Sixth
UKSim/AMSS European Symposium on Computer Modeling and Simulation (pp. 371–376). IEEE. https://doi.
org/10.1109/EMS.2012.53

van Ruijven, L. (2015). Ontology for Systems Engineering as a base for MBSE. INCOSE International Symposium,
25(1), 250–265. https://doi.org/10.1002/j.2334-5837.2015.00061.x

Walker, W. E., Harremoës, P., Rotmans, J., van der Sluijs, J. P., van Asselt, M., Janssen, P., & Krayer von Krauss,
M. P. (2003). Defining Uncertainty: A Conceptual Basis for Uncertainty Management in Model-Based
Decision Support. Integrated Assessment, 4(1), 5–17. https://doi.org/10.1076/iaij.4.1.5.16466

Wang, X., Johnston, R., & Patel, S. (2001). Ontology Modeling Using UML. In 7th International Conference on
Object-Oriented Information Systems. https://doi.org/10.1007/978-1-4471-0719-4

Yang, L., Cormican, K., & Yu, M. (2019). Ontology-based systems engineering: A state-of-the-art review.
Computers in Industry, 111, 148–171. https://doi.org/10.1016/j.compind.2019.05.003

Zhao, X., Wang, Z., Cui, Y., & Zheng, G. (2020). Novel Ontology-Based Method for Generating Satellite Cluster’s
Task Configuration. Journal of Aerospace Information Systems, 17(2), 86–96. https://doi.org/10.2514/1.
I010731

2720 ICED25

https://doi.org/10.1016/j.future.2023.12.013
https://doi.org/10.1016/j.future.2023.12.013
http://www.hanser-elibrary.com/doi/book/10.3139/9783446445819
http://www.hanser-elibrary.com/doi/book/10.3139/9783446445819
https://doi.org/10.3139/9783446445819
https://doi.org/10.1016/j.procir.2023.02.188
https://doi.org/10.1016/j.procir.2023.02.188
https://doi.org/10.1080/09544820410001697163
https://doi.org/10.1109/AERO50100.2021
https://doi.org/10.1109/AERO50100.2021
https://doi.org/10.35199/dfx2023.19
https://doi.org/10.1007/978-3-030-78368-6_11
https://doi.org/10.1007/978-3-030-78368-6_11
https://doi.org/10.22032/DBT.59012
https://doi.org/10.2514/6.2019-1032
https://doi.org/10.3390/electronics12010111
http://www.loc.gov/catdir/enhancements/fy1312/2008943971-d.html
https://doi.org/10.1016/j.procs.2012.01.042
https://doi.org/10.1109/EMS.2012.53
https://doi.org/10.1109/EMS.2012.53
https://doi.org/10.1002/j.2334-5837.2015.00061.x
https://doi.org/10.1076/iaij.4.1.5.16466
https://doi.org/10.1007/978-1-4471-0719-4
https://doi.org/10.1016/j.compind.2019.05.003
https://doi.org/10.2514/1.I010731
https://doi.org/10.2514/1.I010731

	Reducing uncertainties in data & information - an ontological approach to support satellite development projects
	1.. Introduction
	2.. Research approach
	3.. Background
	3.1.. Ontologies
	3.2.. Uncertainties

	4.. State of the art
	5.. Preliminary study
	6.. The ontological concept
	7.. Summary and outlook



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


