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Abstract. This paper presents an approach to link heterogeneous and domain-specific models. The
background of this research is the complete investigation and comparison of cabin system variants,
where many different aspects have to be represented. These include functional requirements, safety
regulations, and geometric properties (e.g. installation space). However, these cannot always be val-
idated or represented with just one model, as different levels of detail are required. Therefore, differ-
ent discipline models have to be created, which in turn increases the complexity as a whole. Further-
more, the system to be represented by the models, such as the aircraft cabin, is already complex in
itself. The many dependencies among each other and subsystems make it difficult to integrate new
variants or technologies (e.g. liquid hydrogen) into the existing system architecture. The approach
presented here therefore shows how the data and models of the different disciplines can interact with
each other in order to be able to investigate variants holistically. This is demonstrated using the design
of hatrack variants for a commercial aircraft.

Introduction

The customer's desire for ever more individualized products continues to grow. A high customizing
level does not always lead to higher satisfaction or performance, so that mostly product variants (e.g.
seats of the same vehicle may differ in terms of some of their functions) are developed to keep quality
high and costs low (Hedge, et al. 2005). One area in which customizing is very high is the develop-
ment of aircraft cabins. The reasons for this are the shorter service life of around seven years com-
pared to the aircraft itself and the possibility for airlines to implement their personal branding. Since
the customer, in this case the passenger, interacts directly with the cabin, the strongest impression
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can be made there: for example, through functionally enhanced seats, dynamic lighting or entertain-
ment systems (Ackert 2013). In order to implement the individual wishes of the airlines, the aircraft
manufacturers usually offer a standard specification, which can then be customized by the airlines
with pre-selected options from a pool (Ackert 2013). However, these are not always sufficient, so the
airline wants more flexibility and easier reconfiguration. Nevertheless, the integration of the cabin
has an influence on other systems in the aircraft, such as electrics or structure. Thus, the goal is to
link functional requirements with physical design domains (Du, et al. 2006). Moreover, certain mod-
ifications must be made at an early stage and comply with industrial standards in terms of on-time
and on-quality (Richter, Walther 2017).

In order to fully map, evaluate, and subsequently benchmark product variants, a flexible system ar-
chitecture is needed in which different disciplines can be considered. Moreover, different model types
are required depending on the degree of fidelity (Figure 1). For example, the Systems Modeling
Language (SysML) is suitable for system architecture specifications and for requirements traceabil-
ity. However, if geometric design and placement of system components are required, a SysML model
alone is not sufficient because it cannot depict 3D modeling. Another model for the geometrical
configuration of the components is necessary, e.g. Blender, Matlab, CATIA. If further aspects have
to be checked by simulations, e.g. FEA (Hesse et al. 2021), in turn models with higher accuracy and
other tool environments (e.g. HyperMesh, Patran) are required. In addition, there are also require-
ments that cannot be quantified and modeled accordingly. These are, for example, the visual appear-
ance or the feeling of comfort. But these aspects must also be considered and evaluated in order to
produce a product that satisfies all stakeholders’ needs. One possibility is the early connection and
presentation of the variants in a virtual environment, in which the user can experience the product in
scale 1:1. Therefore, interoperability between the models must be ensured and properties as well as
model objects must be traceable and available, to enable a faster and more holistic design of the
systems considering all stakeholder needs. Depending on the system analysis, a different abstraction
level (top-down) is required, which can be freely selected in each model (SysML for requirements
and architecture, Matlab for geometry, virtual reality (VR) high resolution for design).
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Figure 1. Different fidelity levels of models during the conceptual design process of the aircraft
cabin.

All in all, digital continuity between all heterogeneous domains is needed to bring all disciplines
involved in the process into an exchange at an early stage and to interlink them. In this way, when
changes are made to the system as a result of a wide range of variants or additional requests in the
context of customizing, the effects can be identified early on, impacts calculated, and evaluations
performed. This research paper describes how the data between the domain-specific models are ex-
changed and linked, enabling a holistic investigation of variants in the aircraft cabin. In the next
section a literature review is presented giving an insight into different types of models and how they
support variant modeling. Finally, the approach and methodology that were developed are



demonstrated using the design of overhead stowage compartment (OHSC) variants for a commercial
aircraft as an example.

Literature review

In the literature a number of approaches and methods already exist for either modeling variants within
a model or coupling models of different domains with each other. In addition, SysML v2 will include
variant modeling in its specification by introducing new elements to support variant management,
indicating the importance and necessity of variant modeling. For modeling variants within a model,
there is, for example, the VAMOS method defined by Tim Weilkiens for modeling variants with
SysML. Here, the SysML language is extended by a concept for variant modeling through additional
stereotypes such as variant points or variation (Weilkiens 2016). One application of the VAMOS
method is the systematic development of a federated database infrastructure and management system
by Melzer et al. (Melzer et al. 2022). Melzer et al. used VAMOS to model three different database
types so that project teams can develop their own database independently using the same infrastruc-
ture. Another example of modeling variants within SysML has been given by Forlingieri and
Weilkiens (Forlingieri and Weilkiens 2022) in the area of Model-based Product Line Engineering
from an industry perspective. Two variant modeling approaches were compared, whereby using
VAMOS requires more effort in the modeling of variation but provides a better management and
containment of the variability within the model (Forlingieri and Weilkiens 2022).

Frischen et al. used a rule-based configurable bill of material to show how variant management can
benefit from a consistent data basis. The complex bill of materials serves as a basis for establishing
control mechanisms for variant management and for mapping the status of business decisions at an
early stage (Frischen et al. 2019). In addition, the concept of the 150% model has become established
in product development. Here, several variants of a product are modeled in advance and then a variant
is selected on the basis of different requirements. Thus, all model elements of existing variants of a
system are contained in one system model (Menninger et al. 2022). This promises consistency within
the model and the reduction of development artifacts (Menninger et al. 2022). However, geometric
dependencies are already predefined, so that the system components match for each component with-
out an additional investigation which limits the examination of new variants.

Some approaches have already been developed for linking different domains and thus enabling the
modeling of variants. For example, Muller et al. (Mdller et al. 2020) have developed an automated
approach to link functional models with CAD (computer-aided design) models and to generate alter-
native 3D solutions depending on the function using an assembly algorithm. Schumacher and Inker-
mann in turn linked model elements between the language SysML and CAD. Information is ex-
changed via a standardized data model based on STEP AP 233* and XMI? (Schumacher and Inker-
mann 2021). Without the coupling of domain-specific models, the continuity and consistency of in-
formation is affected and thus domain-specific interactions are only weakly represented. Mahboob
(Mahboob 2021) showed the coupling of virtual reality with Matlab Simulink and SysML to generate
real-time product simulations in VR and demonstrated this using a vacuum cleaner. Here, the evalu-
ation is not only conducted by the visualization, but also includes the behavior of the product. All in
all, several approaches exist in the SysML as well as in other domains to describe variants and to
connect two model domains. Nevertheless, further degrees of fidelity for a holistic view and integra-
tion of variants are missing, implying the necessity to link several domains together.

According to the literature review, it can be noted that the coupling of different domains is necessary
to enable a holistic investigation of a system. The shift from individual models that have to be linked
manually to an automatically interconnected model architecture is shown in Figure 2. Thereby, it is

! STEP-based data exchange standard consistent with standards in CAD, structural and engineering analysis.
2 XML Metadata Interchange is a standard for exchanging metadata information via XML.



important to transfer the data between the different models without loss and to maintain the con-
sistency of the parameters. In addition, the level of detail increases with the modeling (see Fig.1).
Thus, the SysML is suitable for modeling requirements and stakeholder wishes as well as for the
functional and logical layout of the system components. However, geometric investigations such as
installation space integration or optical evaluation of the overall composition must be carried out in
other model environments. Furthermore, these model approaches must enable the modeling of vari-
ants. Therefore, in this paper an approach is shown in which system variants can be modeled and
then configured, evaluated, and compared with each other by coupling them with other domains ac-
cording to multiple criteria. This gives the opportunity to customize products and adapt them to spe-
cific stakeholder wishes as well provides the flexibility to react quickly to new markets and techno-
logical developments. This raises the need for an approach of a flexible system architecture to gen-
erate, evaluate, and benchmark variants, in order to identify the most beneficial.
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Figure 2. Graphical representation of linking models from different domains for modeling variants.

Model Setup and Methodology to Link Models

The existing wide tool landscape and the predominant use of commercial tools in the industry remain
challenges. One reason for this are the many disciplines that require different levels of detail depend-
ing on the development stage. Among the tools used in aircraft development, two development envi-
ronments like Cameo Systems Modeler and Matlab/Simulink are established in a way of an industry
standard and are widely used. The Cameo Systems Modeler is used for requirements management,
but also offers other advantages such as modeling of functionalities as well as tracing and visualiza-
tion of all aspects of a system within the tool. Therefore, it is mainly used in the beginning of the
development stage. Matlab, on the other hand, has established itself as a numerical computing plat-
form for analyzing data and developing algorithms. It is used to work out details and perform anal-
yses, especially in a later design stage. Another development environment is Unity. This enables the
construction of a virtual environment in which cabins can be tested with the aid of virtual reality. In
recent years, VR technology has become increasingly important in the aircraft design process. Ex-
amples include the integration of virtual reality to the conceptional and functional design process of
cabin systems shown by Fuchs et al. [Fuchs, Ghanjaoui et al. 2022] and the evaluation of regional
aircraft cabin interiors [Crescenzio et al. 2022] and business jet aircraft cabin interiors [Crescenzio
et al. 2019] shown by Crescenzio et al. Connecting Unity to the cabin design process thus enables
the early integration of designers into the process as well as providing a platform for exchange with
their concept studies. In addition, virtual reality enables the testing of innovative cabin concepts by
probands and the integration of humans into the design process, hence its frequently appeal at the
end of the development process. An (early) networking of all disciplines in the conceptional design
enables an exchange between the disciplines through a digital thread and consequently improves
development times and product quality.



As aresult of the digital link, changes and their effects can be tracked and made visible more quickly.
This is particularly useful in variant modeling, where variants can be designed and then compared
with each other according to different criteria. The applicability of the developed methodology is
demonstrated with the tools described above.

In the following, the methodology for holistically designing, investigating and subsequently evaluat-
ing variants is presented. For this purpose, a SysML model is coupled with a Matlab model and the
Unity development environment model. Figure 3 shows the graphical representation of the data con-
nection between the three domain models. First, the system architecture and the requirements are
modelled in SysML. Here, the MBSE environment Cameo Systems Modeler (Version 2021) is used.
Initial parameters, such as the number of passengers, are read from an XML data file. This file was
created as part of the Overall Aircraft Design (OAD) and is used to store and exchange information,
such as the top-level requirements for the aircraft, in distributed environments. This allows the cabins
to be configured according to conceptual aircraft configurations and to respond to changes in the
aircraft structure. Subsequently, the SysML objects for the cabin are instantiated according to the
initial parameters. Following, the objects are transferred to Matlab (Version R2022b). Here they are
placed geometrically and further property values are filled in the objects (e.g. position in X, y, 2).
Then, in an intermediate step, the simple geometry models are exchanged with high-fidelity 3D ge-
ometry models. For the high-resolution modeling of the cabin, the open-source 3D computer graphics
software Blender (Version 3.3.1) is used. The final cabin will be automatically transferred to the
virtual reality environment Unity (Version 2018.4.27f1). There, the design can be interactively ex-
plored and evaluated. Throughout the entire process, the objects in each domain are uniquely assign-
able via the ID. This ID is used as a recognition feature between all domains, whereby each object
and its links are clearly identifiable and allocable to ensure consistency. This enables generated val-
ues from Matlab and Unity to be uniquely assigned to the objects in Cameo and exchanged without
loss. These values are then used for the final verification of the requirements.
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Figure 3. Graphical representation of the three domain models and the data connection between
them.

The following subchapters describes the SysML model and the data transfer in more detail. A more
detailed description of the methodology setup in Matlab can be found in [Fuchs, Ghanjaoui et al.
2022] and the virtual reality environment is explained in [Fuchs, Beckert et al. 2022].



System Architecture and Requirement Model in SysML

The SysML model is used to trace and validate the requirements and to create the system architecture.
Based on the requirements for the cabin concept under development, such as which hatrack variant
will be studied and how many passengers will be transported, the associated system architecture is
created. Depending on the object type, different value properties are filled with information. As an
example, based on the number of passengers to be transported, the number of seats will be instanti-
ated. Depending on the hatrack variant, different architectures are created in addition to the varying
geometric properties such as construction dimensions. The regular baggage compartment requires
the passenger service channel to attach the passenger service functions (PSF). This includes the ox-
ygen masks, the individual air ventilation and the passenger service unit. In a recent version, however,
this is no longer needed. Due to a compact modular design, the passenger service functions can be
attached directly to the baggage compartment. Therefore, depending on the variant selection, the
corresponding subsystem components are also instantiated. Finally, this type of objects will be filled
with a unique 1D to ensure consistency. The block definition diagram with the cabin architecture and
the described relationships between them is shown in Figure 4. In this study, three different hatrack
variants are considered; the regular, large, and extra-large variant. The challenge in customizing the
cabin for the hatrack variants is the different system architectures. The subcomponents vary geomet-
rically and in their composition. For example, the number of passenger service systems associated
with each overhead bin depends on the seat layout. In business class only one PSF system can be
integrated per overhead bin due to the large seat pitch, while in economy class up to three PSF sys-
tems belong to one overhead bin. Furthermore, the integration of each variant into different aircraft
types such as A320 or A350 needs to be examined to find the optimal hatrack variant that fits most
aircraft configurations. All these challenges can be addressed with the developed approach shown in
this paper.

For the evaluation of the individual cabin concepts with the different hatrack variants, the system
requirements are reviewed. Figure 5 shows the requirements diagram for the cabin. In this example,
three different requirements are examined. The first is a safety regulation from the CS-25%, which
states that the seated passenger must be able to reach the oxygen masks easily in case of an emer-
gency. This was further strengthened by taking the grip range of the 5th percentile Asian woman?®.
This ensures that every passenger is able to reach the oxygen masks in case of emergency. The value
for checking this is supplied by the seat itself. During the geometric placement of the seat in Matlab,
the distance between the freely hanging oxygen mask and the reference shoulder point of the seated
passenger is measured and returned into the SysML model. The second requirement is the verification
of amodular construction of the hatrack. All passenger service function parts should be located within
the dimensions of the baggage compartment. This is also checked in Matlab during the geometric
design and transferred as a property value named preAssembly to the hatrack objects into the SysML
model. The third requirement examines the design aspect. The aim is to ensure that the 3D construc-
tion of the selected hatrack is well integrated into the cabin. For this purpose, the user can experience
the cabin in a 1:1 scale in the virtual environment and then transfer his or her feedback on perception
and clashes as a property value named design back to the SysML model.

3 Certification Specification for Large Aeroplanes released by EASA.
4 DIN CEN ISO/TR 7250-2 (DIN SPEC 91279) — August 2013.
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Figure 4. Cabin system architecture using the block definition diagram.
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Figure 5. Requirement diagram for the cabin.
Connecting Data between domain-specific Models

The data transfer between the individual models is partially automated. The process starts with the
system architecture and the instantiation of the SysML-objects in Cameo. Figure 6 shows the corre-
sponding activity diagram, which is executed in the context of an Airbus 320 family. The element
opaque behavior is used for instantiating the objects as well as for importing and exporting data. The
opaque behavior offers the possibility to use different programming languages or external tool envi-
ronments to interact with. First, initial parameters delivered by the overall aircraft design are read
from an XML file and all cabin components are instantiated with the opaque behavior :createLOPA,
according to the LOPA (Layout of Passenger Accommaodations). The instantiated SysML-objects are
stored in Cameo in part properties. Next, Cameo reads itself and searches for all existing objects
(:detectObjects) in order to pass them to Matlab. This is done with the opaque behavior :ex-
portMatlab. Hereby, the type and the ID of the object are identified. Subsequently, the corresponding
object classes are called in Matlab and the same objects are created in Matlab's workspace. For ex-
ample, if a seat object is created in Cameo, an object of the type seat is also created in Matlab. The
class definition in SysML and Matlab are the same. Finally, further values are passed (length, width,
height). The next step is the geometric placement, design and evaluation of the cabin objects in
Matlab. As soon as this process step is completed, Cameo imports the newly generated data with the
opaque behavior: importMatlabUnity. First, all objects in Matlab are read and their newly filled prop-
erty values are passed back to the already instantiated objects in Cameo. As an example, Figure 7
shows the mapping of the property value preAssembly between Matlab and Cameo. For the verifica-
tion of a compact modular construction of the hatrack and its subcomponents, a three-dimensional
assembly space check is executed in Matlab. This checks whether all subcomponents of the system
are within the construction dimensions. If this is the case, as in Figure 7, the parameter yes is passed.
In Cameo, the value preAssembly of the corresponding object now appears with the value yes and is



highlighted in green. This is the case because the constraint and thus the requirement for a compact
modular construction is satisfied. The entire checkup is done for every object of type hatrack.

("act [Activity] create&test_Variants [ create&test_Variants ] /l A

Read initial parameters
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Figure 6. Activity diagram showing the sequence of the functions import initial parameters, instan-
tiate objects, export of objects to Matlab and import of Matlab data.
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Second, the design check performed in the Unity domain is visualized in Figure 8. Here, the user can
interact with a virtual panel using an HTC Vive controller. When the user clicks on the hatrack with
the controller, the panel A opens to start the design review. When the user selects the Design Review
Button, a second panel pops up (panel B). There, the design can be marked as rejected or approved.
In the background, the corresponding string values are written to an xml file so that they can be re-
imported into the SysML domain. At last, the value design appears in Cameo with the value yes and
is highlighted in green.
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Figure 8. Design check for the hatrack and value assignment between Unity and SysML.

At this point, the objects in Cameo also have all the property values as in Matlab and in Unity. Finally,
the overall check of the requirements can be performed.

Use Case Demonstration: Overhead Stowage Compartment Variants

To demonstrate the method, three different overhead stowage compartment variants are examined.
Figure 9 shows the three variants in a 3D view and a front view. The first variant is the regular OHSC
and state of the art. The second variant is the large OHSC. Compared to the first variant, this one
offers more storage space and the possibility to distribute the passenger service functions over two
service channels. In addition, it offers a modular design. The third one (extra-large OHSC) offers the
largest storage space of all three variants, is also modular and has no service channel. The passenger
service functions are directly attached to the OHSC.

Regular OHSC Large OHSC Extra-Large OHSC

= .
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~

Figure 9. Graphical representation of the three overhead stowage compartment variants.

An A321 aircraft with a LOPA from Qatar Airways is selected as a base reference for the investiga-
tion of the three hatrack variants. This layout provides 4 rows of seats in business class and 25 rows
of seats in economy class, carrying 166 passengers. Following the process described in the previous



subsection, the three variants are designed and the objects are instantiated. Subsequently, the require-
ments are verified by further investigations in Matlab and the virtual environment. An exemplary
representation of the cabin integration into the aircraft is shown in Figure 10 of the 3D geometry
model with the extra-large OHSC generated in Blender.

\

Figure 10. 3D model of the aircraft cabin concept with the extra-large hatrack.

The visual representation of the results of all three variants in the virtual environment is shown in
Figure 11. The first image shows the installation of the regular OHSC, the second one the large OHSC
and the third one the extra-large OHSC. Based on the image sections, the different installation sce-
narios of the passenger service functions can be distinguished clearly as well as their position. When
looking at the regular hatrack, it is noticeable that the dimensions of the hatrack were not considered
as a construction limitation in order to accommodate a modular design. The limiting factors are the
dimensions of the individual modules of the passenger service function system and the passenger
supply channel. The wider distribution of the individual elements in the other variants makes a mod-
ular construction possible.

Regular OHSC Large OHSC Extra-Large OHSC

i | N » ’ / - = i |
Figure 11. Visualization of the hatrack configuration in VR for all variants.



Figure 12 shows the results of the variant analysis in Cameo using the cabin component instance
table, exemplified by the variant with the large OHSC. Here, the parameters that are needed to check
the requirements are listed. With the help of the table, it can be seen which object fulfils which re-
quirement in each case. As soon as a requirement is not fulfilled, the responsible parameter is colored
red and can be distinguished clearly. If a requirement is fulfilled, the line is not colored. It can be
seen here that for the large OHSC, luggage tray no. 22 fulfils both the requirements for modular
construction and design. Luggage racks 23 and 24, for example, do not meet the requirements for
modularity. Seat no. 1 meets the strict requirement for oxygen mask accessibility, while seat no. 2
slightly misses the maximum oxygen mask distance of 636mm.

# Name ID: Real | 0T pre.ﬂgstilenr;bly - d;iiiar;: distancel:;lxe};?enl\ﬂask:

23 = 3321_Qatar_ LOPA.ohsc[22] 4301756 yes yes

24 = a321_Oatar LOPA.ohsc[23] 7.6359E7 no yes

25 = a321_Catar_LOPA.chsc[24] 3.5051E7 no yes

26 = a321_Oatar_LOPA.chsc[25] 4.5988E7 yes yes

27 =1 3321_Qatar_LOPA.ohsc[26] 4853557 yes yes

28 = a321_Oatar_LOPA.ohsc[27] 2.933E7 no yes

29 = a321_Catar_LOPA.chsc[28] 7.4333E7 no yes

30 = a321_Catar_LOPA.seat(1] 802345 2727157

31 =) a321_Oatar LOPA.seat]2] 503300 634.9674

32 = a321_Oatar_LOPA.seat[3] 176904 634.9674

33 = a321_Oatar_LOPA.seat[4] 269346 2727157

34 = a321_Catar_LOPA.seat]5] 102222 2727157
=1 2371 Fatar | NDA castlAl 537077 ARA GETA

Flgure 12. Cabin component instance table with verification of requirements for the large hatrack.

A summary of the evaluations of all three variants is listed in Table 1. A total of 28 hatracks can be
placed in the cabin layout. In the regular version, only 4 luggage compartments meet the requirements
for modularity. The reason for this is the larger seat pitch in business class and thus a lower utilization
of the passenger service functions to be installed. In addition, the distribution of the PSFs on only
one PSC and the larger design of the individual components causes the greatest distance between the
oxygen mask and the passenger compared to the other variants. The large variant distributes the PSFs
over two PSCs, so that 18 hatracks could be pre-assembled. However, more seats fail to meet the
strict requirement for accessibility of the oxygen masks than in the regular variant. The reason for
this is a slight shift of the first passenger service channel towards the window. This is compensated
for by the fact that distributing the functions over two channels allows the oxygen masks to be placed
closer to the seat. In the extra-large version, all hatracks can be pre-assembled, so that the require-
ments for a modular design are met. Due to the wider distribution of the individual passenger service
functions, more seats meet the requirements for the accessibility of the oxygen masks. Only 26 seats
do not meet the requirements. The reason for this is the consideration of the modular construction,
whereby the components to be installed must be offset by a few centimeters in order not to violate
the construction limits of the hatrack. Thus, in the extra-large variant, the remaining 26 seats deviate
by only 6% from the target value, compared to regular (19%) and large (16%) variant. In conclusion,
the extra-large variant offers the best advantages in terms of modularity, accessibility of the oxygen
masks, design and storage space.

Table 1: Variant requirement analysis results

Variant Number of mod- | Number of oxygen | Number of oxygen | Mean distance oxygen
ular hatracks masks req. pass masks req. failed mask if reg. failed
Regular 4 94 72 754 mm (+19%)




Large 18 60 106 739 mm (+16%)

Extra-Large | 28 140 26 693 mm (+9%)

Discussion

In the following, two aspects of the developed methodology will be discussed. On the one hand, the
execution times to perform a variant modeling. On the other hand, the adaptability of the method and
its suitability for other systems.

Execution time

For the execution of the property verification and architecture modeling, the time of the individual
processing steps or model executions was measured. The results are shown in Table 2. The times
listed were recorded for the third use case of the hatracks (extra-large hatrack variant for Qatar A321-
LOPA). The architecture modeling and creation of cabin component instances based on the imported
parameters of the xml file takes 7.3s. This time also includes the instantiation of objects in Matlab.
Following, the further use of the objects for geometric placement and evaluation takes 22.3s in
Matlab. Next, the automated generation of a high-fidelity 3D geometry model for an entire cabin and
fuselage structure takes 1108s (using an Dell Alienware M15 R7 laptop). The subsequent model and
data import to the virtual reality platform requires 321s. Here, the user or stakeholder can interact
with the model and check the design unlimited in time. Finally, 5s are needed to transfer the objects
and their properties back to Cameo for requirements management and evaluation. The overall process
for an investigation of one variant requires 1464s (24.4min). Since most of the time was spent mod-
eling the 3D geometry, this step has the greatest impact on the overall process. The reason for this
are the long import times, since a 3D model has to be imported from a library into the scene and
placed for each cabin object. In this example, the highest resolution was used. Consequently, the total
process time can even be reduced if less detailed models are used. All in all, the execution of the
variant check is sufficiently fast and brings a considerable advantage compared to the current cus-
tomizing process with several on-site meetings, data exchange via e-mail and manual post-processing
of the 3D models.

Table 2: Execution Times for each model domain

Model domain Execution time | Tasks

= Architecture modeling
SysML/ Cameo Systems Modeler 7.3s | = Object generation

= Geometrical placement of objects
Matlab 22.3s | = Evaluation

3D model generation / Blender 1108.0s | = 3D geometry modeling

32105 | " Data transfer
VR visualization/ Unity VS e 3D model import

50s|" Requirement Management and value
SysML / Cameo Systems Modeler JS import




Model generation and expansion

The demonstrated methodology is suitable for the shown use case with the architecture modeling and
investigation of different hatrack variants. Due to the same object structure of the cabin components
in the SysML environment and in the Matlab environment, as well as the clear assignment of the
individual instantiated objects through unique IDs, all three sub-models can interact well with each
other beyond the tool environment borders. The data exchange works without loss and the assignment
is explicit. Moreover, the exchange of data is also possible in other domains and the data can be
reused. Thus, the 3D geometry models generated in the process as well as the cabin component prop-
erties can be used for further analyses, e.g. requirement-based creation of FEM model variants on the
level of detail inclusive overall evaluation, or investigations study, e.g. cabin assembly process plan-
ning (Markusheska et al. 2022). As a result of the coupling, it is possible to achieve different degrees
of fidelity. Furthermore, the methodology is also suitable for other systems and can be adapted to
them. However, it should be noted that when investigating larger systems or adding further system
aspects in SysML, the modeling size increases and the model could quickly become complex and
difficult to navigate. One factor is reading the data and preparing it to pass the values to Matlab.
Currently, this process is very fragmented and requires many steps to pass the data in large array
structures. As a result, the larger the model grows, the more time-consuming the programming of this
part of the process becomes. Since the method shown here is a proof of concept, optimizations of the
software were not part of it, but could be conceivable in a next step. In future, the individual systems
in the cabin could either be modeled in partial models instead of one big model and each connected
separately to the Matlab environment. Here, the results (objects) would be coupled and related to
each other. Due to the object-oriented programming structure in Matlab and the generic modeling in
Unity (VR environment), these can be reused universally. Only the SysML model has to adapt to the
use case and provide the corresponding subcomponents. Another option would be to link and share
data using the Open Services for Lifecycle Collaboration (OSLC) integration of Cameo. OSLC is an
open standard designed to facilitate the collaboration of software development tools. This allows
linking artifacts in different tools without additional plugins or seeing information without switching
between the different tools. Hyperlinks are used to map the model elements in SysML to the model
elements provided by an OSLC provider. However, there has been few studies on this to date in the
context mentioned here and it therefore needs to be tested in more detail in the future.



Conclusion and Future Work

In this paper, an approach for linking heterogenous and domain specific models to investigate
variants in the aircraft cabin has been demonstrated. In aircraft design, each discipline has its own
models with different degrees of fidelity and abstraction, already optimized for its particular research
problem. Yet each discipline uses its own tool set, which must be linked together by a digital thread.
A method for coupling and linking data from various tool domains was introduced in this research.
All in all, three domains were linked with each other for a conceptual design of an aircraft cabin and
its systems. First, SysML models (tool environment Cameo Systems Modeler) were used for
modeling the architecture of the aircraft cabin and requirements management. Second, the
geometrical placement of the cabin objects was done with a knowledge model in Matlab. Third, the
data from Matlab was used to automatically generate a 3D high fidelity geometry model for further
investigation in a virtual environment (Unity). During the design process of the cabin, the three
domains exchange data with each other and transfer all values back to the model in Cameo. Finally,
all requirements can be checked.

The workflow has been exemplified using three different overhead stowage compartments. Each
compartment comes with different advantages and concepts for integrating the passenger service
functions. All three variants were conceptual designed using the developed approach and compared
to each other. It could be shown that the extra-large hatrack, besides the advantage of more storage
space, also enables better accessibility of the oxygen masks for the passenger and provides a modular
design. The latter results in potential savings in time and money due to the ability to pre-assemble
and reduced installation time in the final assembly line. The demonstrated approach of an
automatically interconnected model architecture enables digital continuity between different domains
while maintaining data consistency and providing for each disciplinary analyses the needed fidelity
level.

In a next step, variant modeling in the cabin will be further expanded, especially since variant
modeling concepts shall be integrated in the future with the introduction of SysML 2.0. The inclusion
with further disciplines like acoustic analysis and assembly process planning is planned for future
work. In addition, further approaches such as OSLC for linking partial models within SysML as well
as to external tools are investigated in order to keep the complexity of large system groups low. In
this paper, variant modeling was shown in the context of customizing the design of hatracks in the
cabin, where other variant forms such as behavior modeling will be considered in future work.
Overall, the coupling of heterogenous tools is essential for a holistic conceptual design and evaluation
of a system. The approach shown allows variants to be created quickly, a wide range of requirements
to be checked and concepts to be compared with each other in order to be able to make quick
predictions in the area of customizing in the cabin.
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