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Abstract

Germany’s major aerospace institutes have joined forces to develop a holistic aircraft design environment called UNI-
CADO (UNIversity Conceptual Aircraft Design and Optimization). This environment was created to provide an indepen-
dent platform that allows universities in Germany and around the world to combine and apply their own design expertise.
Although the software itself integrates the knowledge of various partners, users remain limited by their individual levels
of experience, which can lead to blind spots in the design process. To address this issue, UNICADO can be used collab-
oratively when implemented in a so-called Aircraft Design Laboratory (ADL). The ADL is a design facility specifically
tailored to the needs of collaborative aircraft design, while also offering a low-threshold entry point for young researchers
and aerospace students. This paper presents the methodology behind the ADL concept and its first implementations. Using
this approach, an initial educational design network connecting several ADL sites, along with a new didactic graphical
user interface, has been established across multiple institutes.
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Education - Aircraft design
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VAMPzero Virtual aircraft multidisciplinary analysis
and design processes
XML Extensible markup language

1 Introduction

In projects like VAMPzero, AGILE and ATLAs, the Ger-
man Aecrospace Center (DLR) has shown that conceptual
aircraft design is inherently a complex, multidisciplinary
task that greatly benefits from integrated, modular software
environments [ 1-3]. Up to this date, monolithic applications
such as DarCorp’s Advanced Aircraft Analysis (AAA), Dan
Raymer’s RDSwin or Pacelab (PACE GmbH) dominate the
conceptual design [4—6], but they require a great amount of
knowledge from the users regarding applied methods and
the application itself. Due to the fact that the implementa-
tion of those methods is enclosed because they are propri-
etary software, gain in the fundamental design knowledge is
limited. A situation that is not feasible at university level in
particular, especially as the level of system understanding
required for multidisciplinary design needs to be high [7].
To address this issue, universities initiated their own open-
source MDOs like the most commonly known SUAVE
project (Stanford University) or OpenConcept (Univer-
sity of Michigan). These MDOs have the capabilities to
calculate both conventional and unconventional aircraft
designs while providing full access to the codebase. Even
though said MDOs are tailored for academic usage, they are
dominated by US-based institution. Therefore, the RWTH
Aachen initiated a German counterpart called MICADO
from which the conceptual design framework UNICADO
(UNlversity Conceptual Aircraft Design and Optimization)
evolved as part of the UNICADO-I project. In this project,
MICADQ’s design tools were delegated to the German
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universities TU Berlin, TU Brunswick, TU Hamburg, TU
Munich, RTWH Aachen, and Uni Stuttgart reflecting each
partner’s expertise.

Beside improving design methods and code efficiency,
its tools were integrated into the DLR’s Remote Compo-
nent Environment (RCE). RCE is a graphical framework
in which other tools and modules can interact with each
other to form design chains in so-called workflows [8]. In
these, RCE can handle data flows using customized Python
scripts or its own software components. There, the for-
mer MICADO tools were embedded into a Gauss-Seidel
architecture, in which aircraft design tasks are solved in a
sequential manner (see Fig. 1)[12]. Additionally, the plat-
form supports remote connections over Secure Shell (SSH)
or local networks, which allows participants to share tools as
black boxes without exposing internal details. To visualize
calculated designs, DLR’s TiGL Viewer can be integrated
into such a workflow. To do so, a Common Parametric Air-
craft Configuration Schema (CPACS) must be generated.
Also developed by the DLR, it acts as a distributed, modular
aircraft design system aimed at improving the integration
of knowledge and models across various institutes and the
industry (e.g., Airbus) [1, 9]. Like UNICADO, CPACS uses
a node-based XML structure to represent not only the vari-
ous components of an aircraft but also elements such as mis-
sions, airport infrastructure, and network systems. Using an
interface to transfer the calculated data into the CPACS for-
mat, the UNICADO design loop features these visualization
capabilities (see Fig. 1). Beyond that, CPACS has become
a widely accepted data exchange file [10], which can be
used to communicate with external tools. Therefore, UNI-
CADQO’s CPACS interface enables external validation and
assessment of calculated designs and can potentially inject
given designs from outside partners. Through the work
carried out by the UNICADO-I consortium, UNICADO

= O ETiGLViewer =B

Fig. 1 UNICADO?’s active RCE workflow (left) updating an integrated TiGL Viewer aircraft visualization for every sizing loop (right)
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became a modular open-source platform which fosters col-
laboration and synergy among German universities in con-
ceptual aircraft design [11, 12]. Building on this foundation,
the underlying project of this paper called UNICADO-II
(UNICADO-I’s successor) seeks to establish a national
standard for aviation design tools to support research, edu-
cation, and industrial collaboration.

To actualize this goal, the UNICADO-II consortium not
only wants to offer an intuitive software, but also a suitable
(physical) setup in which attendees and online guests can
interact well. This shall be achieved by putting the given
software into a costume graphical user-interface (GUI)
which will also be integrated into a concurrent engineer-
ing facility — the Aircraft Design Laboratory (ADL). The
idea behind the ADL originated from the Integrated Design
Laboratory (IDL) which was built by the former DLR Air
Transportation Systems Lab in cooperation with TU Ham-
burg’s Air Transportation Systems (ILT) [13, 14]. The
related project iTalent was founded by the Hamburg Office
of Economics and Innovations (BWI). The IDL consists
of a 6 mx2.5 m video wall, broadcasting interfaces, and a
dual-network infrastructure integrated into the work desks
around the whole facility (see Fig. 2). The broadcasting
interfaces include a webcam (Fig. 3b ), two echo-canceling
microphones (Fig. 3a ) and four stereo boxes in each corner
of the room.

Even though the experience gained in over 10 years of
existence is crucial [15], some hardware was outdated and
interfaces for a permanent collaboration between the UNI-
CADO partners were missing. Therefore, this paper lines

out how the IDL and UNICADQO’s software were adapted to
form the ADL. Furthermore, using the initial ADL setup as
a blueprint, a nationwide and international concurrent engi-
neering network, enabling simultaneous, collaborative work
on aircraft design tasks across institutes is introduced.

2 Methodology

This study focuses on defining the requirements for a scal-
able ADL framework and tailoring the UNICADO software
and the IDL to integrate effectively within it. The initial step
involved compiling a Software Requirements Specifica-
tion (SRS) sheet in collaboration with the UNICADO part-
ners. The SRS, developed in adherence to ISO/IEC/IEEE
29148:2018 standards [16], defines and categorizes require-
ments into specification types as summarized in Table 1.
To handle the multitude of these functional requirements,
they are bundled into the non-functional requirements user-
friendliness, safety, and interfacing (see subsections 2.3 —
2.2; please mind, that the ADL SRS is a subdocument of
the overall UNICADO SRS which results in a nonuniform
numbering). In addition, test cases were defined with which
the fulfillment of each requirement is checked. A short
overview of all functional requirements and corresponding
test cases can be found in the Tables 2, 3 & 4. While most
hardware-related requirements are tested via user-feedback
within the IDL/ADL, software adaptions like GUI develop-
ment and server setup are overseen by the issue system of

Fig.2 Rear view of the Integrated Design Laboratory (red mark: position of a webcam; green mark: position of echo-canceling ceiling microphones)
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Fig. 3 Echo-canceling ceiling
microphones (a) and a USB web-
cam (b) to broadcast the inside of

the IDL/ADL

Table 1 Overview of specification types needed for the ADL adaption

(a) Ceiling microphones in the center (b) Webcam behind the speaker’s
table facing towards the plenum.

of the room.

1D Description

USE Usability: comprehensibility, learnability, oper-
ability, attractiveness

FUN Framework functionalities

INT Interface and data exchange requirements

REL Reliability: maturity, fault tolerance, recoverability

MAIN Maintainability: analyzability, modifiability,

stability, testability

Table 2 Safety requirements and corresponding test cases for the ADL

1D Description Test Case
FUN-0031 The ADL must NOT be a security Hackathon
vulnerability for the operator (perform a
stress test)
REL-0002 The system must be designed in such Hackathon

a way that the user can never make
permanent changes to it

(perform a
stress test)

UNICADO’s Gitlab platform git.rwth-aachen.de/unicado.

(see Fig. 4).

2.1 Safety requirements

Because many external participants interact with the ADL,
security concerns must also be taken into account when
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Table 3 Interfacing requirements and corresponding test cases for the

ADL

1D Description Test Case

FUN-0035 The ADL must support Test ADL with
collaborative work of groups of different
groups of varying sizes sizes

INT-0006 External students must be Let external
able to access UNICADO students try to use
in the ADL via their own UNICADO in an
laptops ADL via own laptop

INT-0007 External partners must be Let external part-
able to access UNICADO ners try to use UNI-
in the ADL via theirown CADO in an ADL
laptops via own laptop

INT-0008 The ADL must pro- Users can pull a
vide access to a shared database file from
database Gitlab or the UNI-

CADO'’s web page

MAIN-0020 User feedback shall be External users can
integrated into software  add issues to a
enhancements open-source Gitlab

repository
PERF-0001 The infrastructure setup ~ Calculate costs of

must meet defined cost
and scalability limits

planned infrastruc-
ture and compare to
defined cost limit
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Table 4 User-friendliness D Description Test Case
requirements and corresponding USE-0005 The ADL must receive appropriate user manuals Check if interactive support
test cases for the ADL supplemented by web support (videos, forums, etc.) exists and if it helps users; let
unexperienced users assess
the support
USE-0006 The users should be guided through all processes as Perform user stress test
simply as possible and still achieve valid results
USE-0007 TLARS and other design parameters shall be scalable  Verify if a slider allows
via a slider adjusting parameters
USE-0008 Forms with design parameters should be intuitive for ~ Let inexperienced users per-
users form a parameter study, check

validity of results, and collect
feedback on user-friendliness
USE-0009 During the design loops, the designed aircraft must Run design process and check
be visualized so that the process it is going through if design steps are visualized
becomes apparent. If necessary, a comparison with
other design results should be possible

USE-0010 User should receive visual feedback on the changes Change TLARs and param-
introduced eters and verify if changes are
visualized
USE-0011 Installation of the software shall not take longer than ~ Measure installation and
1h setup time
FUN-0032 In the ADL it must be possible for teams to work in Let several users work in
parallel on the same project or side by side on projects parallel on the same or differ-
ent projects
FUN-0033 The ADL must have a central server on which preset ~ Verify functionality of a

modes of the UNICADO GUI for different user groups central server
allow easy entry into the design process

FUN-0034 Central server for publication of the results in data- Verify functionality of a
bases or other exchange folders must be available central server

FUN-0036 There shall be a test lab available for students Test the test lab with students

FUN-0037 There shall be an upgrade button in the GUI to Open the GUI and search for
update the software, which and the content must be the Upgrade button
transparent

MAIN-0019 As soon as a publishable version is available, updates ~ Try to update ADL via web
should be made automatically (if necessary) via the

web
PERF-0005 The results of an ADL design must be identical to Compare ADL GUI results
a design made with the conventional UNICADO with conventional UNICADO
software software using identical
parameters
FUN-0044 Data results on the ADL server need to be visualized ~ Check import and visualiza-
and comparable regarding e.g. TLARS tion of data sets
) spidergraph 0 of 4 checklist items completed 4 OTodo
unicado/utilities#17 updated 1 week ago
LUricadocu
< input locked bug Closed % l32 @ Done
unicado/utilities#16 closed 1 month ago
Unicadodul
% rework result view 2 of 2 checklist items completed Closed % iy2 @ Done
unicado/utilities#15 closed 2 months ago
& rework, extend collapse view of xml settings 4, @ In progress
unicado/utilities#14 updated 1 week ago
, Searchbar, filteroptions 0 of 4 checklist items completed Closed t; @ Done
unicado/utilities#13 closed 1 week ago

Fig.4 Example of the UNICADOQ’s Gitlab issue list for GUI adaptions
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implementing this setup. These are described in the safety
requirements, which are addressed in subsection 3.3.

2.2 Interfacing requirements

Interfacing requirements describe features the users need to
interact with each other or the ADL’s periphery. Adaptions
regarding these requirements include scaling (PERF-0001
& FUN-0035; see Sect. 5) and the ergonomics of the facility
(e.g., INT-0006; see Sect. 3).

2.3 User-friendliness requirements

These requirements define the overall functionality
which shall increase synergy effects and user-friendli-
ness. Those adaptions mainly affect the GUI’s behavior
(e.g., USE-0009 which is handled by the CPCAS inter-
face or USE-0007 and FUN-0044 which demand certain
graphical elements; see Sect. 4).

2.4 ADL integration process

An incremental development methodology aligned
with hardware capabilities was adopted to fulfill the

aforementioned requirements (see Fig. 5). After defining
the initial requirements and integrating the unmodified
versions of the IDL and UNICADO software, each devel-
opment increment undergoes user-friendliness, inter-
facing, and security evaluations before progressing or
revising changes for the next iteration, ensuring continu-
ous improvement. Using this procedure, potential solu-
tions to specific SRS requirements are first identified and
then translated into corresponding software and/or hard-
ware adaptations, which are subsequently implemented
within the system.

Following implementation, the solution is verified
using the predefined test cases to ensure that it correctly
fulfills the specified requirements and does not introduce
regressions or incompatibilities. Based on the results of
this verification, the process either advances with the
integrated solution or re-enters the earlier analysis phase
to identify a more suitable alternative. Finally, the over-
all system is validated to confirm that the implemented
changes meet user and operational needs. In particular,
the video hardware presented significant compatibility
challenges, often necessitating multiple iterations of this
loop.

Fig. 5 Waterfall development
model incorporating iterative
feedback loops

Initial Requirements

IDL + UNICADO
Sowtware

Analysis

Waterfall loop

N

Logical & Physical
Design

Implementation

Verification

More adaptions needed

Version n+1 J
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3 ADL architecture
3.1 Initial ADL setup

Based on the given methodology from section 2, work is
carried out on the IDL. In this section, key specification
of the new ADL are shown to give a brief overview of
its initial version which shall act as a blueprint for other
ADL clones across the UNICADO-II consortium.

3.2 Multimedia Integration

Prior to the work of UNICADO-II, sharing content on
the video wall required active streaming by the presenter,
which complicated hybrid meetings, especially for par-
ticipants without internet access. Although multi-input
streaming (e.g., split-screen) was theoretically possible,
the complexity hindered practical use, especially among
less experienced users. Furthermore, audio and webcam
management was dependent on participants’ personal
laptops, often resulting in disruptions. To streamline mul-
timedia interaction, the ADL gateway server was config-
ured as the central media hub, aggregating all video and
audio signals (see Fig. 6). The entire video wall content
is cloned and captured by a dedicated video card on this
server. The gateway manages conferencing tools such as
Zoom and Microsoft Teams, pre-configured for seamless
operation alongside audio from the two echo-cancelling
ceiling microphones. Audio outputs are distributed via
the four stereo speakers in each corner of the room. A
user-friendly touchpad integrated into the speaker’s table
enables initiating hybrid meetings with a single tap, either
through the web conference tool or calendar app (see Fig.

ClickShare

@ Apple AirPlay

] Chromecast
M\ J built-in

Cloned Signal
<
<

A
>

ADL gateway server's desktop
7

HDMI Switch

7). Multiple interfaces were implemented to allow users
to project content onto the video wall:

e ADL gateway server as presenter PC via ClickShare
(supports split-screen)

e Windows PCs/laptops via ClickShare (supports
split-screen)

e Linux PCs/laptops
split-screen)

e Mac, iPhone, or iPad via Apple AirPlay (supports
split-screen)

e Direct HDMI connection at the speaker’s table (Short-
cutting the Clickshare’s signal via HDMI switch with
hot-plug)

via Google Cast (supports

Since this setup was implemented, lectures includ-
ing split-screen sharing of different content and mul-
tiple hybrid meetings of UNICADO and other internal
and external projects took place there. After integrating
minor tweaks based on user feedback, the concept has
proven itself to be feasible and has been used since.

3.3 Networking

A dual-network architecture was already existing, with
one being the institute’s secured internal network, which
restricts guest access for security reasons, and a separate
local network isolated from external internet access (see
Table 2.1, FUN-0031). The latter was only used to broad-
cast video signals from pre-mounted PCs via a video
over IP transmitter [15]. Since most users prefer bringing
their own machines nowadays and the prior integrated
ClickShare system enables seamless streaming, the local

[ —> Audio / Video signal]

Video Wall

0

I
Webcam and

echo-cancelling
microphones

Fig. 6 Multimedia Setup of the ADL

Speaker's table with network and
HDMI interface + integrated touch
screen for server interaction
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Fig. 7 Host view from the speaker’s table. ClickShare is opened automatically for screen sharing (app in the middle); a Zoom meeting is active

in the background

network was repurposed. Now it allows guest devices to
connect with a centralized ADL gateway server which
is essential for establishing RCE-based design chains
through which tools and data can be shared. It maintains
a static IP address and operates concurrently on both net-
works, bridging communication between internal servers
and external partners through a relay server. The relay
server functions as a secure hub, extending RCE con-
nections across multiple networks via SSH tunnels. For
this connectivity, external servers were registered on the
ILT’s whitelist and added to the relay server’s trusted
hosts. Eventually, users across various ADL sites can
connect seamlessly to the UNICADO network, enabling a
nation-wide and international collaborative environment
where tools, data, and computing requests flow freely and
securely across partners (see Fig. 8). Moreover, a high-
performance server located at the ILT was added to the
network, making it possible to outsource computationally
intensive studies.

4 Adaptations of the UNICADO software

UNICADO, being a comprehensive aircraft design plat-
form, requires numerous input parameters across its
modules to accurately describe diverse design aspects. In
the time writing, the configuration files for the modules
within the sizing loop comprise 1,839 editable param-
eters (see Table 5). Excluding general control settings

@ Springer

shared across modules, 1,659 parameters remain. Fur-
thermore, the central aircraft exchange XML file contains
111 parameters within its requirements block, and the
RCE workflow includes an additional 54 configuration
entries. This vast number of parameters can overwhelm
new users which contradicts a low-threshold entry into
UNICADO. In addition, each configuration file needs to
be manipulated one by one using a file editor. Due to that,
guiding through the design process can be arduous (Fig.
9).

In most cases, the number of parameters which a user
needs to modify for a specific design task is fundamen-
tally smaller. For example, the choice between tube and
wing and blended wing body configuration (see Fig. 10)
already cuts the used parameters of the Fuselage Design
module in half. This is because many parameters are inter-
dependent and activated only when certain conditions are
set. As it is time-consuming identifying these dependen-
cies manually, a web-based GUI for UNICADO is under
development that dynamically presents only the essential
parameters adapted from the user’s design choices. For
the given example of fuselage design, the placement of
cargo and passengers within a blended wing body config-
uration presents additional complexity. In this case, the
payload must be accommodated within so-called payload
tubes, which require specification through additional
input parameters (e.g., floor_angle between passenger
tubes to define their arrangement within the aircraft). For
a conventual tube and wing design, these considerations
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===xx=sx Local ADL Network
Whitelisted SSH server requests
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e
whicdd

ADL @
Partner 1

Fig. 8 Network scheme for the UNICADO network

Table 5 Amount of editable configuration parameters for each module
within the sizing loop

Module Parameters
Aerodynamic Analysis 134
Constraint Analysis 48
Create Mission XML 53
Empennage Design 184
Fuselage Design 621
Landing Gear Design 54
Mission Analysis 51
Propulsion Design 31
Systems Design 490
(Fuel) Tank Design 38
Weight and Balance Analysis 22
Wing Design 113

ILT ADL:]
~ Relay™) =Gateway_-|
el =l Co L | ADL
__Server_] [_Server_] r:wa ork

ILT Users

"sasssssssssszsmEns X

Guest Users

become obsolete. To enable this simplified parameter
handling, a standardized, keyword-based XML structure
was defined for the aircraft exchange and module con-
figuration files. In this format, parameter values reside in
terminal endnodes, which do not contain further children.
The GUI interprets these keywords to render appropriate
interactive elements (e.g., sliders, dropdown menus) that
streamline user input (see Figs. 9 and 10). For numerical
parameters, an endnode is structured as follows:

To display a switch or a drop-down menu in the GUI,
the keywords Selector and Switch were introduced. With
these, users can decide what design methods shall be
applied (e.g., configure a fuselage for tube and wing or a
blended wing body) or whether a specific behavior should
be active (e.g., automatic altitude changes in the mission

Fig. 9 Example of a numerical
parameter represented via an
editable text field and a slider (left
end = endnode’s lower boundar-
ies; right end = endnode’s upper
boundary)

</node>

<node description="Description of the node’">
<value>VALUE</value>
<unit>UNIT</unit>
<lower_boundary >LOW</lower_boundary >
<upper_boundary >HIGH</upper_boundary>

Maximum structual payload mass which can be carried by the aircraft in kg

30000

4
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Fig. 10 Example of an endnode
displayed as a dropdown menu
using the selector keyword (left:
closed; right: expanded)

details)">

</node>

<node description="Description.

<value>True/False </value>

Switch: True (details) / False (

</node>

<node description="Description.
OPTION.2 (details) /
<value>OPTION_.1 — N</value>

Selector: OPTION.1 (details) /
/ OPTION.N (details)’>

Configuration information

Aircraft configuration

tube and wing

analysis). Boundaries and units are not needed for these
endnodes:

After these style changes were adopted by all modules
of the UNICADO tool chain, an initial GUI version was
deployed which is continuously improved based on user
feedback and the requirements from the SRS. Due to the
fact, that the GUI is able the lead the user through the
aircraft XML’s requirements block and the modules’ con-
figuration files in an intuitive manner (Fig. 11), test users
reviewing the GUI’s Gitlab issue board already tend to
favor its usage. With the introduced XML style being a
coding standard for all future work, more adaptions of
the UNICADO software to interact with the GUI are not
contemplated. Hence, further GUI development can be
carried out in parallel to the UNICADO design software.

5 Definition of scalable ADL clones

With the initial ADL setup, a scaled-down version was
designed to fit the budgets and infrastructure of other
partner institutes, ensuring that all sites maintain com-
patibility and connectivity. The minimum architecture
elements for these scaled ADL clones are:

e Networking capability to include guest users:

— Either a dual-network architecture or a single net-
work accessible to both guests and hosts.

o At least two full HD video display elements (e.g.,
projector, powerwall, TV).

e At least one webcam and microphone for audiovisual
broadcasting.

e A central gateway server acting as:
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Configuration information

Aircraft configuration
v N v
tube and wing

tube and wing
blended wing body
— The interface to the UNICADO network.

— The hosting platform for shared tools.
— The broadcasting instance (optional).

e Multiple, easily accessible video input interfaces for
users.

Following this groundwork, partner institutes at RWTH
Aachen (Fig. 12) and TU Berlin have begun deploying
their own ADL sites based on these specifications and the
lessons learned by the ILT.

5.1 Lessons learned

Multimedia technology is frequently plagued by compat-
ibility issues that prove remarkably resistant to resolu-
tion. E.g., echo-canceling ceiling microphones perform
well in theory, but they increase the system’s complexity
dramatically and they do not deliver the excellent sound
quality one would expect. Even though, solving those
problems were time-consuming on the developer’s end,
utilization of the IDL increased dramatically. While lec-
tures have not been held there due to complexity con-
cerns, this was changed after the first iterations of the
hardware adaption loop. Beyond that, (hybrid) meetings
initially needed to be overseen by well-instructed mem-
bers of the ILT. This dependency vanished over time giv-
ing more room to focus on software-related issues. For
this reason, newer generations of all-in-one solutions for
webcam, audio output and input (e.g., see Fig. 12) are
preferred for further ADL adaptions. Those usually offer
a plug and play functionality which can easily be imple-
mented into any kind of ADL. Even though these devices
should not exceed a reasonable financial limit, the ADL
will benefit from investments in upscale products since
low-priced ones hinder the seamless interaction between
online plenum and on-site guests immensely.
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description="Energy carriers information™

ID="0" description="One specific energy carrier"”

description="Energy type (for multifuel engine create new ID).

kerosene

ion="Propulsion information"
ID="0" description="Information for specific propulsor”
description="Way the power is generated from the source.

turbo

Selector: kerosene / liquid_hydrogen"

Selector: turbo”

description="Type of main thrust generator. Selector: fan"

fan

description="Propulsor position (arrangement order acc to ID order)

description="Position on component. Selector: wing / fuselage / empennage"

wing

(a) Propulsion requirements in the aircraft XML’s requirements block

% localhost:5173/settings x L

C @[ @ locahosts as

) Unicado Aircraft model settings
{3 Home { ® Reset | @® Save | @ Load ]
45 Aircraft Projects - l

[ Graphs
Design Specification
{#] Reports

Assessment Scenario

Requirements and Specifications

Design specification

& Logs

& Settings

Energy carriers information

Propulsion information?

Way the power is generated from the source
turbo

2 Login

ID of Energy type: kerosene / liquid_hydrogen / battery / saf (for multifuel engine create new ID)

(b) Editable propulsion requirements displayed in the GUI

Fig. 11 Effect of using the keyword-based endnode style (a) on the GUI (a)

6 Conclusion and future work

In this work, significant adaptations were made on both
the software and hardware fronts to realize the ADL
concept integrated with the UNICADO platform. On
the software side, the UNICADO design environment
was enhanced by developing a new, intuitive web-based
GUI that dynamically guides users through essential
design parameters. This was achieved by standardiz-
ing and restructuring the aircraft exchange and module

configuration XML files into a keyword-based endnode
format, enabling the GUI to present only relevant inputs
via user-friendly elements such as sliders, drop-down
menus, and switches. This approach effectively reduces
the cognitive load on users by hiding the complexity of
the large parameter space, thus lowering the entry barrier
for novices. However, to fulfill the full SRS sheet, further
adaptions of the visualization and analysis functionality
must be integrated.

@ Springer
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Fig. 12 ADL Aachen with integrated webcam and microphone within two smartboards (left and right monitor)

On the hardware side, the IDL was transformed into
the initial ADL setup by upgrading its networking and
multimedia infrastructure. A dual-network architecture
was implemented, separating guest access and internal
secure networks to facilitate safe and flexible remote
connectivity through an ADL gateway server and relay
servers, using SSH tunnels to extend RCE-based work-
flows across institutions. On said network, a high-per-
formance server offers its service which already lowers
computational time by 50 % and more per aircraft design
in comparison to a regular work laptop. The multimedia
system was overhauled by centralizing audio and video
management via the gateway server equipped with dedi-
cated video capture hardware and multiple video input
methods (including ClickShare, Google Cast, and Apple
AirPlay), and an intuitive touchpad interface to control
hybrid meetings like in the example below (Fig. 13).
Finally, a scalable, minimum hardware and software con-
figuration was defined to allow partner institutions with
varying budget and infrastructure capabilities to deploy
compatible and interconnected ADL clones until late
2025, thus enabling a nationwide concurrent engineering
network leveraging the UNICADO platform.

@ Springer

For the next steps, the GUI shall be extended to
include an RCE interface to start workflows directly
instead of only preparing RCE’s input files. Also, the
results will be visualized by including the HTML-based
tool reports into its own framework. Additionally, a com-
prehensive database will be created to store validated
aircraft designs, enabling users to explore design param-
eters and Top-Level Aircraft Requirements (TLARs) to
understand their impact on various systems. Moreover,
each ADL will serve as a hub for student engagement
through design challenges and other activities, fostering
the development of future researchers capable of tack-
ling complex aircraft systems. To support this, a lecture
series involving all partners is being developed prepar-
ing students for the diverse disciplines within the UNI-
CADO design chain. Said lecture will be supplemented
by practical units using the UNICADO software and will
culminate in a design challenge. The practical units of
the course will include training on UNICADO using GUI
within each partner’s ADL.
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Fig. 13 Two devices sharing
screens via Apple AirPlay (iPad,
left) and ClickShare dongle (lap-
top, right)

(b) Zoom stream via the ADL gateway server of the two split-screen devices
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