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ABSTRACT: This paper compares nine Model-Based Systems Engineering methodologies with ISO 15288:2023
on the basis of their technical process coverage, to assess the extent to which the methodologies and standard are
aligned. The technical processes covered include the definition of stakeholders, stakeholder needs, system
requirements, architecture, design, verification, and validation. Two comparison criteria are also linked to the
standard, namely, traceability and customisation. The results indicate that the definition of system requirements and
system architecture are common core components of SE.
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1. Introduction
Systems Engineering (SE) is an interdisciplinary approach for the design, realisation and management of
systems (Sillitto et al., 2019). The International Council on Systems Engineering (INCOSE) is one of the
main organisations contributing to the domain (Sprague, 2025), and it co-developed, with the
International Organisation for Standardisation (ISO), standard ISO 15288:2023. This standard is a
critical document in the SE community (Dori, 2024; Panarotto et al., 2025). It is broken down into
multiple technical processes that cover the system lifecycle and system development. The INCOSE
Handbook (INCOSE, 2023) is aligned with the standard ISO 15288:2023 and forms a key industry
document (Hamelin et al., 2010). Both the handbook and the standard take a high-level approach to
system development. The Object Management Group (OMG) also operates in the SE domain and can be
considered an authoritative source (Dahmann & Roedler, 2016). While INCOSE is more theory-oriented,
OMG is more focused on developing and maintaining operational standards such as the System
Modelling Language (SysML).
Within the broader discipline of SE, Model-Based Systems Engineering (MBSE), which has been greatly
influenced by OMG and INCOSE (Friedenthal, 2007), operationalises the concepts of system
development, as can be seen in the definition of MBSE. It is “the formalised application of modelling to
support system requirements, design analysis, verification and validation activities from the conceptual
stage through the entire system lifecycle” (INCOSE, 2007). MBSE builds upon SE principles by using
model-centric processes in place of document-centric approaches (Parrott & Spayd, 2020). It makes it
possible to have a single authoritative source of truth for systems information, which improves
consistency, traceability and collaboration in multidisciplinary teams (Cohen et al., 2022; Guérineau
et al., 2025; Subarna et al., 2020), and grasp the increasing complexity of systems (Hill et al., 2024).
MBSE can be broken down into three pillars, namely modelling languages, modelling tools, and
methodologies. This study focuses on MBSE methodologies, which are defined as “a collection of
related processes, methods and tools” (Estefan, 2008). However, as reliance on these methodologies has
grown, so has their diversity, which has led to the landscape being dense and difficult to navigate
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(Ma et al., 2022). This fragmentation is echoed in the system development domain, where many existing
contributions focus on methodologies, frameworks and techniques. For practitioners and researchers
alike, the fragmentation often creates inflated claims (Campo et al., 2023) and more confusion than
clarity (Call et al., 2024). In this study, ISO 15288:2023 technical processes are used as the basis of
comparison due to the standard’s importance in systems development. The research question addressed
is: how doMBSE methodologies, which are referenced by OMG, align with and support ISO 15288:2023
on the basis of their technical processes?
In the sections that follow, this paper looks at the state of art, explains the comparison approach used,
presents the results obtained and discusses them, and ends with a conclusion.

2. State of the art
There exist several studies that compare MBSE methodologies. However, to the best of the authors’
knowledge, none compare them directly with the standard system development processes set out in ISO
15288:2023.
Some authors propose new methodologies to fill a gap in the landscape and perform widescale literature
reviews of existing methodologies when doing so. This is the case for Diatte et al. (2022) and Mažeika
(2021). The first puts forward a methodology to integrate system Reliability, Availability and
Maintainability, and the second proposes a methodology for secure system design. Those authors’ works
do not explicitly compare methodologies but do list and explain a selection of them. In the same vein,
Abdelrazik et al. (2019) compare a subset of methodologies in the domain of special-purpose machinery
(SPM) to propose a new methodology that would better guide the user through the system development
processes. The authors use a table to position the methodologies and custom system development
processes that are not based strictly on ISO 15288:2023. They use a binary notation system for their
comparison, which may not capture partial coverage.
While the above-mentioned works use literature reviews to justify new methodologies, other studies
instead focus on comparison. For instance, Wilke et al. (2024) compare different MBSE methodologies
and modelling languages using multiple criteria. Some of the criteria are linked to the ease of learning a
methodology, a methodology’s scalability, and other features that are unrelated to the system
development processes covered in ISO 15288:2023. Both Abdelrazik et al. (2019) and Wilke et al.
(2024) restrict the scope of their comparisons to SPM, but the methodologies they compare could be
applied in other domains. Similarly, a two-part study focuses on comparing MBSE methodologies, with
the custom comparative framework defined in Weilkiens et al. (2016) and applied in Di Maio et al.
(2021). The framework for the evaluation of MBSE methodologies for practitioners includes modelling
language, scalability, tailoring, and integration with other tools. The resulting comparison is thorough
and does consider the standard, but it does not seem to detail the extent to which the methodologies
compared cover the technical processes set out in the standard.
These recent comparative works build upon an earlier survey by Estefan (2008). To the authors’
knowledge, that was the first work to consider a collection of methodologies and describe each one. A list
of methodologies was prepared and later expanded upon by INCOSE before being made available by
OMG (2018). It constitutes a starting point for studying methodologies. The document, however, does
not aim to compare the different methodologies, but rather describes their steps, and their corresponding
tools (Estefan, 2008; OMG, 2018).
Overall, these papers either compare a limited selection of methodologies with the standard ISO
15288:2023 or use comparison tables that are not explicitly rooted in system development processes from
the standard. Furthermore, prior work tends to emphasise methodological characteristics such as tool
integration or learnability rather than measuring the methodologies against the standard. As a result, the
extent to which contemporary MBSE methodologies align with, or support, the lifecycle processes
prescribed by ISO 15288:2023 remains insufficiently explored despite the standard’s prominence
(Dori, 2024). In line with these observations, this study addresses the literature gap by comparing
methodologies directly with the standard’s system development processes.

3. Research approach
The research approach used involves systematically identifying and analysing multiple MBSE
methodologies and is explained in four subsections. It makes it possible to cover the standard ISO
15288:2023 as part of the research question and select methodologies for comparison. The first
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subsection defines the comparison grid, which is based on ISO 15288:2023. The second explains the
reason for choosing a three-point grading scale linked to the definition of the comparison grid. The third
subsection presents how the methodologies were selected, and the fourth pertains to the identification of
the documentation used for each methodology.

3.1. The comparison grid
The comparison grid includes the system lifecycle technical processes from ISO 15288:2023 that are
directly related to system development, plus Customisation and Traceability. The technical processes set
out in ISO 15288:2023 form the basis of the INCOSE Handbook (INCOSE, 2023) and are presented in
Figure 1. The processes that are directly related to system development and therefore relevant to the
comparison are indicated in blue in Figure 1, while those in grey are not and therefore outside of the
scope of this paper. For instance, the Maintained System process belongs to the system operation phase
rather than the system design phase and is therefore not relevant to the focus of this paper. The Validation
steps (in orange) and Verification steps (in white) are performed after each technical process. Validation
& Verification (V&V) are grouped together in this study for easier interpretation of the results. The
product development processes and V&V form the basis of the comparison criteria. The paragraphs that
follow describe the relevant processes in detail.

Firstly, the purpose of the Stakeholder Needs and Requirements process is to list the various
stakeholders “involved with the System [of Interest] throughout its lifecycle” and their needs (ISO
15288:2023). This process is split into two subprocesses—Stakeholder Identification and Stakeholder
Needs—in line with its definition in the standard. These subprocesses represent two of the criteria in
the comparison grid. These subprocess names differ from the name shown in Figure 1 and do not
include the word “requirement” for consistency, to keep the term “needs” reserved for stakeholders and
the term “requirements” used strictly for the characteristics the system must meet and to avoid
confusion (Katz et al., 2024). The goal of the System Requirements process, another comparison grid
criterion, is to transform the needs identified into measurable technical characteristics that the system
of interest should meet. The System Architecture process, also a criterion, produces a principle-based
solution that satisfies the requirements of the system while trying to avoid including specifics about the
design or the making of the system. The System Design process, yet another criterion, covers the
development of the system of interest’s blueprint with the objective of detailing it enough to enable its
making. For this study, the goal of the System Analysis process is to evaluate and compare candidate
system solutions based on their ability to meet the system requirements. This process emphasises
candidate selection from the ISO 15288:2023 definition, as it is the most tangible part of the definition
and is used as a criterion in the comparison grid. Likewise, the V&V processes, which serve as another

Figure 1. The technical processes set out in ISO 15288:2023 adapted from INCOSE (2023)
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criterion, are grouped together as they both span the entirety of system development and address a
similar objective—to assess whether the outputs of a process align with the previous results or
Stakeholder Real-World Expectations.
Two additional comparison criteria—Customisation and Traceability—are also included in the
comparison grid. Customisation tailors an entire methodology and enables a user to modify it based on
the needs of the system being developed, as mentioned in ISO 15288:2023. This is one aspect that is
needed for smoother adoption of MBSE (Ammersdörfer et al., 2023). Traceability, as it is defined by
Katz et al. (2024) in the Systems Engineering Book of Knowledge (SEBoK) and used in the standard,
means “[t]he degree to which a relationship can be established between two or more systems of the
development process, especially systems having a predecessor-successor or master-subordinate
relationship to one another”. It is specified for each technical process in ISO 15288:2023 and reported as
a single criterion in this comparison. The next subsection outlines the grading scale chosen to evaluate
each methodology’s alignment with the standard.

3.2. The grading scale used to compare the methodologies
The MBSE methodologies are graded using a three-point scale for its ease of use and understanding
(Preston & Colman, 2000) and as it aligns with the objective of improving clarity in the SE domain. The
grading scale represents the coverage of the criteria, with three options: none, partial and full. In other
words, a methodology has an empty dot in the comparison grid if the criterion in question is neither
explicitly nor implicitly mentioned in the documentation considered for said methodology. If a criterion
is partially or implicitly covered in the documentation, a half-dot grade is given. Finally, the
methodology has a full dot if the criterion in question is fully covered and explicitly explained in
the documentation. Detailed justifications for the grades given to the methodologies are provided in the
results section.

3.3. The selection of the methodologies
The methodologies considered were extracted from the OMG (2018) website and Wilke et al. (2024),
which list a total of twenty-two unique methodologies. To ensure the methodologies were understood
consistently and in adequate depth, priority was given to comprehensive documentary sources rather than
fragmented documents from different sources, and only one document was selected per methodology. A
MBSE methodology defined under a single name is expected to have a comprehensive document
defining it. Most of the documents selected are reference books or papers written by the methodology
creator or an authoritative author. Furthermore, only publicly available documents were selected and the
authors ensured to choose the latest version. For instance, the book chosen for the ARCADIA
methodology, developed by Thales, was written by a former Thales employee and the paper studied for
the CONSENS methodology was a founding document. However, in the case of Alstom’s ASAP
methodology, for instance, no comprehensive document was found, so it is not included in the
comparison. Furthermore, the document for each methodology should have a coherent structure,
meaning that if it omitted any steps in the product development process, they should be easily
identifiable. For instance, for the MagicGrid methodology, its document clearly states that the System
Design process is outside of its scope. This would ensure that the documentation indicates its own
limitations and the MagicGrid book is therefore representative of the coverage methodology. This
operation was applied to all the methodologies. In addition, Harmony agile MBSE (aMBSE) was
determined to be an evolution of IBM’s Rational Unified Process for Systems Engineering (RUP-SE)
methodology and the Rational Software Corporation’s Rational Unified Process (RUP) methodology.
Indeed, IBM’s web page presenting RUP-SE was deleted around 2015 and the use of RUP was
confirmed in white paper obtained through the Internet Archive (Rational Software Corporation, 2011).
This suggests that RUP-SE is no longer IBM’s prime solution and has been superseded by Harmony
aMBSE. RUP-SE and RUP are therefore not included in the comparison. Only nine of the original
twenty-two methodologies were found to satisfy all our selection criteria. They are outlined in the next
subsection.

3.4. The identification of corresponding documentation
The documents studied for OOSEM (Friedenthal et al., 2015) and SysMOD (Weilkiens et al., 2022) are
both reference books written by SysML founders. Some of the methodologies compared were proposed
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by companies: Thales’ ARCADIA (Voirin, 2018), IBM’s Harmony aMBSE (Douglass & IBM
Corporation, 2017) and Dassault Systèmes’ MagicGrid (Aleksandravičienė & Morkevičius, 2021).
Others were proposed by researchers, such as OPM (Dori, 2016), SPES_XT (Pohl et al., 2016) in a book,
and LITHE (Ramos et al., 2013) and CONSENS (Gausemeier et al., 2013) in research papers. Note that
the SPES_XTmethodology was chosen over the SPESmethodology as the XT stands for “extended” and
means that SPES_XT includes SPES.
These methodologies emerged at different times and can be represented on a timeline. Figure 2 shows the
date of publication of the methodologies. The regular (non-bold) methodology names represent the
beginnings of the methodologies in question. These instances are often reported in a short paper or a press
release from the company. In contrast, the names in bold represent the year of publication of a
comprehensive document, according to the authors’ knowledge. Note that a comprehensive document
such as a book could be the first publication of a methodology, which is the case for OPM where Dori
released a book (Dori, 2016). For ARCADIA, for instance, Thales developed it and released it in 2015,
while a book of knowledge was published in 2017. For LITHE and CONSENS, as only research papers
were found, only their publication is shown in the timeline. Furthermore, for SPES and SPES_XT, both
are presented in the timeline as SPES_XT is an extension of the SPES methodology, therefore the
methodology found its roots mostly in SPES. The next section presents the results of the analysis of the
nine methodologies using the comparison grid.

4. Results
This section presents the comparison results for the nine MBSE methodologies considered (see Table 1).
Each methodology is evaluated in accordance with the nine criteria presented above. The Customisation
and Traceability criteria are presented before those for the technical processes from ISO 15288:2023. The
methodologies are presented in descending order of criteria coverage.
It can be observed from Table 1 that Customisation is explicitly covered by only two methodologies:
SysMOD and ARCADIA. For instance, SysMOD’s documentation states that after the methodology
has been tailored, employees should be trained for the specific practices included in the tailored
methodology. SysMOD and ARCADIA therefore have full dots for this criterion, while the other
seven methodologies have empty dots. For the Traceability criterion, the link between each system
development phase is evaluated. The documentation for OOSEM, SysMOD, ARCADIA and
MagicGrid explicitly mentions a link between each and every phase of system development, so these
methodologies were each given a full dot for this criterion. Likewise, the documentation for
SPES_XT explicitly links its artefacts, and details how the requirements are linked to the
architecture definition. Since SPES_XT satisfies the Traceability criterion across all the processes it
covers, it was also given a full dot. Harmony aMBSE has a half-dot because its documentation
mentions a connection between Stakeholder Needs and System Requirements but does not explicitly
mention any other links. In contrast, the documentation for OPM, CONSENS and LITHE does not

Figure 2. Timeline of the release of different MBSE methodologies
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explicitly mention Traceability between processes. OPM’s model is uninterrupted, with elements
continuously linked and added to it. However, the concept of master-subordinate from the SeBOK
definition is not explicitly mentioned in this methodology’s documentation, therefore, it was given a
half dot for Traceability. For LITHE and CONSENS, the documentation provided no detailed
explanation of links between system development technical processes, so these methodologies have
empty dots for Traceability.
The remaining rows of Table 1 pertain to system development technical processes. The documentation
for ARCADIA, OOSEM and SysMOD addresses all the processes considered, with ARCADIA and
OOSEM only partially covering Stakeholder Identification as this process is implicitly, but not explicitly,
mentioned. Since a stakeholder listing is implied to form Stakeholder Needs, this means that the
stakeholders have to be listed. This implicit identification is considered to provide partial coverage, as
explained earlier.
Harmony aMBSE has a full dot grade for the Stakeholder Identification criterion, thanks to its
preliminary step, whereas MagicGrid’s grade is a half-dot as its documentation implies the need for a
stakeholder list. MagicGrid’s document details the gathering of Stakeholder Needs and the fact that it
leads to the definition of System Requirements, while Harmony aMBSE begins with a project
initialisation which seeks stakeholder use cases. In both methodologies, this process is followed by
System Architecture. The Harmony aMBSE document clearly states that there should be a transition
from the systems engineers to specialised engineers for System Design. The MagicGrid document, for its
part, builds the System Architecture by detailing every subsystem, but does not expressly explain the
System Design. It requires a transition to specialised engineers for System Design but does not provide
details about this transition. Neither methodology includes candidate solution comparison; however, the
Harmony aMBSE methodology does include a System Architecture compromise analysis step that is not
present in other methodologies or the comparison grid.
For the CONSENS and LITHE methodologies, both of their documents begin with the definition of
System Requirements without specifying its inputs. They also cover the System Architecture. The
CONSENS methodology’s partial models make it possible to design the shape of the system, which
covers System Design. Similarly, the LITHE methodology is used to develop hardware and software
units. These methodologies diverge when it comes to candidate comparison though, with the LITHE
documentation incorporating the comparison of candidate system solutions in architecture definition
while the CONSENS documentation does not explicitly mention this step. Similarly, there are
discrepancies in these methodologies’ approaches to V&V. CONSENS uses multiple partial models to
verify that the system is built in accordance with the other partial models—this is implicit in the
explanation of the methodology—whereas LITHE verifies the system during System Design and
validates it right before deployment.
Lastly, the documentation for OPM and SPES_XT indicates the scope of these methodologies is
narrower and both start with System Requirement followed by System Architecture. The concept is
similar in SPES_XT and CONSENS, with multiple views forming a model that incorporates the
requirements and the architecture definition. In the OPM documentation, the stakeholders are first
implicitly listed. Then, the System Requirements and System Architecture are constructed using the
custom modelling language Object-Process Language. This custom language simplifies simulation
and makes it easier to understand the system’s logic (Basnet et al., 2020). When it comes to System
Design, OPM does not cover it while SPES_XT covers the design of the software but not the
physical part of the system. As for V&V, the documentation for OPM does not explicitly mention it;
however, the logical simulation of blocks and their visual link between one another facilitate the
early verification once the model has been created, which is why the methodology was given a half
dot for V&V, whereas the documentation for SPES_XT does not mention V&V implicitly or
explicitly.
This study suggests there is variation in the coverage of technical processes among the MBSE
methodologies analysed. ARCADIA, OOSEM, and SysMOD stand out as they cover all the technical
processes considered, whereas other methodologies, like Harmony aMBSE, do not. These results are
further discussed in the following section in light of prior studies with a view to highlighting key points,
limitations and future perspectives.
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5. Discussion
The results obtained suggest that only three of the nine methodologies studied cover all the system
development technical processes. They are aligned with the findings of Di Maio et al. (2021) for OPM
and ARCADIA and those of Abdelrazik et al. (2019) for Harmony SE and OOSEM. The findings in
Wilke et al. (2024) and Table 1 are similar apart from the fact that the paper considers a “physical
structure” criterion in place of the comparison grid’s System Design criterion and their results differ. It is
therefore difficult to further investigate the latter criterion as it is not explicitly defined in the paper.
In comparing the user guidance provided in the documentation considered for the methodologies,
SysMOD stands out for its explanation of the different steps. The documents or models required to begin
each phase, the personnel involved, and the artefacts to be produced by the end of each phase are clearly
specified. Likewise, for MagicGrid, ARCADIA and OOSEM tangible guidance is provided that includes
examples and almost tutorial-like instructions. The same cannot be said for CONSENS and LITHE,
whose documentation remains theoretical, which can be explained by the fact they are articles and
therefore shorter in length. MagicGrid, LITHE, OPM, and SPES_XT take a recursive approach, with
detailed and repeated system decomposition. In contrast, the ARCADIA, and Harmony aMBSE
methodologies follow progress through the development steps in a more linear fashion.
In terms of relevance for academics, the results show that all the methodologies cover the definition of
System Requirements and System Architecture, which suggests that these processes constitute the
common core components of MBSE as proposed by Hermelingmeier et al. (2025). Nonetheless, the fact
that there are few common core components indicates there may be a disconnect between INCOSE’s
vision of implementing SE across the system lifecycle and the extent of SE implementation in current
MBSE methodologies. Furthermore, the results suggest that the older methodologies, with the exception
of OPM, tend to have better coverage than those released more recently. This paper could serve as a
starting point for further comparison and possibly the improvement of existing MBSE methodologies.
In terms of relevance for the industry, MBSE methodologies are an important part of MBSE
implementation (Henderson et al., 2024). They form the link between the higher-level guidelines of SE
and the more operational means of working with MBSE. For instance, MBSE methodologies make it

Table 1. The comparison grid of 9 MBSE methodologies
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possible to bridge technical processes and the concrete use of tools, like the languages chosen. INCOSE
recognises multiple methodologies (OMG, 2018) but does not recommend any in particular, which adds
a layer of difficulty when adopting MBSE (Call et al., 2024). It should be noted that the methodologies
are a major determining factor in the success of MBSE adoption. This assertion is corroborated by the
results of an MBSE survey conducted by INCOSE in 2020, which indicated that the methodologies
constitute the primary obstacle to MBSE adoption (INCOSE, 2020). This work complements Weilkiens
et al. (2016) and Wilke et al. (2024) by providing an overview of different methodologies and comparing
their coverage of system development technical processes and their corresponding criteria.
In a wider context, methodologies are not the sole pillar of MBSE to consider—there are also tools and
modelling languages—and the choice made for one pillar may limit one’s options for the others. For
instance, the Harmony aMBSE methodology requires use of the tool IBM Rhapsody and the modelling
language SysML v1. Likewise, in choosing ARCADIA, it is necessary to use the corresponding
software, Capella, which uses its own modelling language. When it comes to modelling language,
using the newer SysML v2 would surely change the artefacts made during the system development
technical processes (Friedenthal, 2025). However, the methodologies’ coverage of the technical
processes would likely change very little. Nonetheless, all of the methodologies assessed are still based
on SysML v1. The transition to SysML v2 may take a few years, but SysML v1 will nevertheless
continue to be used to maintain companies’ legacy models, which will ensure the continued relevance
of this paper.
In the interest of ensuring this comparison is fair and replicable, this study intentionally considers
methodology documentation from authoritative sources. This approach ensures a coherent analysis of the
methodologies’ alignment with the standard although it may not capture the latest updates to each
methodology. For instance, for the MagicGrid methodology, there exists a standalone article detailing
V&V (Morkevičius et al., 2022), but it does not contribute to the comparison grid since it is not included
in the authoritative book considered for said methodology. Furthermore, this study is literature-based,
and the text analysis is open to interpretation. Nonetheless, to limit subjectivity and ensure consistency,
the authors use explicit definitions for the processes and criteria. The authors also acknowledge there may
be discrepancies between how a methodology is described in the literature and how it is experienced by
MBSE practitioners. This literature-based study could therefore be complemented by an empirical study
with practitioners to deepen the understanding of this topic.

6. Conclusion
The paper compares nine MBSE methodologies with ISO 15288:2023 on the basis of their technical
process coverage according to documentation published by authoritative sources – one document per
methodology. The processes that all the methodologies and the standard have in common are System
Requirement definition and System Architecture definition which seem to be the common core
components of MBSE. This contrasts with INCOSE’s vision for system development, which is to have
Stakeholder Needs and System Design also be core components. Only three of the nine MBSE
methodologies analysed are aligned with and support the system development standard ISO 15288:2023
according to the comparison grid. Those three methodologies are SysMOD, OOSEM and ARCADIA.
This paper is a preliminary study that aims to facilitate the understanding of the MBSE methodologies
landscape as seen through the lens of ISO 15288:2023.
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