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Abstract. Complex projects like BINGO are subject to numerous requirements or constraints through the project phases. It includes
stakeholders’ expectations which may change over the project development life cycle requiring an effective Systems Engineering
(SE). An important part of the SE is ensuring coherence between the data managed in the system and the data exchanged with
external actors. This work shows our experience using the Capella tool to carry out a Model-Based System Engineering (MBSE)
approach into BINGO systems design process. We present the preliminary results of applying the Capella tool for modelling the
different layers of architecture (functional, logical, and physical) as well as the consistency checks of operational functions towards
physical elements of the BINGO project.

Resumo. Projetos complexos como o BINGO estão sujeitos a vários requisitos ou restrições durante as fases do projeto. Inclui
as expectativas das partes interessadas que podem mudar ao longo do ciclo de vida de desenvolvimento do projeto, exigindo uma
Engenharia de Sistemas (ES) eficaz. Uma parte importante da ES é garantir a coerência entre os dados gerenciados no sistema
e os dados trocados com atores externos. Este trabalho mostra nossa experiência usando a ferramenta Capella para realizar uma
abordagem de Engenharia de Sistemas Baseada em Modelos (MBSE) no processo de design de sistema BINGO. Apresentamos os
resultados preliminares da aplicação da ferramenta Capella para modelar as diferentes camadas da arquitetura (funcional, lógica e
física), bem como as verificações de consistência das funções operacionais em relação aos elementos físicos do projeto BINGO.
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1. Introduction

The BINGO (BAO from Integrated Neutral Gas Observations)
radio telescope is an instrument designed to measure baryon
acoustic oscillations (BAO) in the frequency range 980 MHz to
1260 MHz. It has a cross-Dragone optical design, with two 40-
m class reflectors and a focal plane covered by 28 corrugated
feed horns (Wuensche C.A., 2018). The telescope will be built
in Serra da Catarina, Aguiar (PB), and the construction of its
subsystems and the site preparation are underway.

Complex projects like BINGO are subject to numerous re-
quirements or constraints along with project phases. The com-
plexity of projects is, frequently, driven by political, social, tech-
nological, and environmental concerns and includes end users’
expectations, which may change over the project life cycle re-
quiring an effective Systems Engineering (SE) approach for its
completion.

This work shows the use of the software Capella to imple-
ment a Model-Based System Engineering (MBSE) approach to
the BINGO system design process. We present the preliminary
results of applying the Capella for modelling of the different lay-
ers of architecture (functional, logical, and physical) as well as
the consistency checks of operational functions towards physical
elements of the BINGO project.

2. System Engineering

Systems Engineering is a transdisciplinary approach based on
systems principles and concepts to aims successful realization,
use and retiral of engineered systems (INCOSE,2018). It focuses
on: stakeholders’ purposes and success criteria, defining actual

or anticipated customer needs and required functionality early in
the development cycle; an appropriate life-cycle model and pro-
cess approach considering the levels of complexity, uncertainty
and changes; Documenting and modelling requirements and so-
lution architecture for each phase of the development efforts; de-
sign synthesis and system validation; considering the complete
problem and all necessary enabling systems and services.

MBSE is a systems engineering methodology focusing on
creating and exploiting domain models as the primary means
of information exchange between developers, rather than on
document-based information exchange. Many benefits can be
obtained through applying an MBSE approach for complex sys-
tems (Carroll and Malins, 2016).

3. Arcadia Method/Capella

Capella is a modelling tool based on the Arcadia methodology
(Roques, P. 2018) developed by Thales Alenia Aerospace for in-
ternal use initially, to empower its systems engineers on MBSE.
It is now an open-source code available to the MBSE commu-
nity.

Inspired by SysML concepts the Arcadia/Capella method fo-
cuses on the design of system architectures. Capella allows the
modelling of data structures and linking to functional exchanges,
component ports, interfaces, etc. Capella diagrams facilitate the
discussion and improvement of ideas and actions in the man-
agement and disseminate the knowledge database and overall
project view across the collaboration (primary stakeholders).

Capella’s key assets are: sharing a common reference un-
derstanding, in a multidisciplinary team context, communicating
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Figure 1. Arcadia Capella Method.

the degree of complexity and relevance according to the pub-
lic interest, to verify the consistency of the different layers (see
Fig.1) of the architecture (Thales-Capella, 2015).

It imposes a structured approach in different engineering per-
spectives (Thales-Capella, 2015) establishing a clear separation
between system context and requirement modelling (operational
requirement analysis and system requirement analysis) and so-
lution modelling (logical and physical architectures).

4. MBSE Applying to BINGO

The idea of using the model-based systems engineering ap-
proach arose from the need that presented itself in view of the
complexity involved in the BINGO project. The greater the com-
plexity, the more meaningful it is to ensure a good understand-
ing between stakeholders, and models facilitate this communi-
cation. Capella tool presented itself as a comprehensive, exten-
sible, and proven and method for designing system architecture.
It was chosen because it is an alternative that is aligned with our
purpose; it is an integrated method and tool; it is a step-by-step
development method; open-source, greatly reducing barriers for
beginners; with a language that facilitates the communication
when discussing the model with stakeholders who are not famil-
iar with the system.

4.1. How the tool is used for the BINGO project

The BINGO mission is to understand the dark sector of the uni-
verse. Map Baryon Acoustic Oscillations (BAO) in the emis-
sion of neutral hydrogen; to study of FAST radio Bursts (FRBs)
and transient radio phenomena (Pulsars, rrat, etc); develop in-
strumentation and technology for observational cosmology and
astrophysics. Arcadia/Capella method is being used to create a
model for discussion between developers, taking into account
the user requirements and how the system should work. In the
first step, the necessary inputs have been defined. From there,
we generate the concept of mission operation (Fig.2) and prepare
the operational scenarios, at the highest level of abstraction.

We defined the operational actors/entities as seen in Fig.3
and to each of these were allocated the activities and interactions
between them to get a representation of what they will operate
on (see Fig.4).

To move on to the system analysis phase, we transform the
operational activities into operational system functions and al-

Figure 2. CONOPS.

Figure 3. Operational Analysis.

Figure 4. Operational Activities and Architecture.

locate the system functions within the system. In this work, we
focus much more on what the user of the system wants to ac-
complish.

Fig.5 shows functions allocated to the structural element and
functional exchanges are represented by connecting output func-
tion ports to an input function port. The functional chains refer
to the dependencies that exist between functions and represent
the defined path (see Fig.6 e Fig.7).

It is useful for describing the expected behaviour of the sys-
tem in a given context, and for doing verification and validation
testing. They are also useful for expressing non-functional con-
straints on functional paths such as criticality and redundancy.
We can also represent the execution of activities along vertical
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Figure 5. System Analysis.

Figure 6. Functional Chains.

Figure 7. Functional Chains at System Level.

lines. We also can represent the process in a data flow diagram or
an architecture diagram, focusing on the chronological aspects.

These are some of the diagrams resulting from applying the
tool for modelling the different layers of BINGO architecture.
This work gives us a nutshot of how Capella has been useful for
our project once from a concept of operations analysis, we can
come up with a complete and consistent set of system require-
ments, dealing with the different interests of the stakeholders and
with the phases involved in the system lifecycle.

5. Conclusions

Complexity is an inherent attribute of any project. Is necessary
engage to in “system thinking”, in this sense, systems engineer-
ing focuses on customer needs and required functionality early
in the development cycle.

Figure 8. Functional Chains at System Level.

Model-based systems engineering (MBSE) is a systems en-
gineering methodology that focuses on creating and exploiting
domain models as the primary means of information exchange
between engineers, rather than on document-based information
exchange. A number of MBSE methodologies are currently used
by the systems engineering community, employing a variety
of processes and tools. In the context of the BINGO Project,
Arcadia/Capella presented itself as an ideal alternative for the
purpose of the project.

Arcadia/Capella proved a great tool for developing the mod-
els and the process for our system of interest. Presents a short
learning curve for beginners. It is a useful tool to generate dif-
ferent operation scenarios for BINGO; to help BINGO commis-
sioning; the results of the modelling are being used as an addi-
tional tool in the definition and validation of the final CONOPS.
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