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As code complexity continues to increase, software development methods must 

support the handling of this complexity and reduce development failures. Model-

based systems engineering (MBSE) is a modeling-centered development method 

that provides support to maintain consistency of different phases of the life cycle. 

Automatic code generation tools were created to reuse software solutions and design 

patterns and reduce development errors in the software development process, based 

on automatic model transformations and code generators. However, the use of these 

tools requires their adaptation to specific platforms and domains since tools only 

support certain functionalities. To extend these functionalities to benefit the 

modelling and automatic code generation tools an analysis of the main component-

based software architectures, to generate a list of requirements, must be performed. 

Once the modelling language and automatic code generation meet the requirements, 

the automatically generated code must be tested in a meaningful real-time space 

platform.

Introduction

Requirements Gathering

We propose a way to extend the elements supported by modelling tool suites for

real-time embedded systems for the space domain. In particular, TASTE, a tool set

that allows the use of MBSE for heterogeneous, embedded, real-time systems using

a small subset of AADL, has been selected. This enables developers to have greater

flexibility by allowing them to modify their tool suite to fit their needs.

• The Graphical User Interface of TASTE, Space Creator, has been extended to
reflect the cFS communication paradigm and common elements.

• Development and description of the integration process of the TASTE tools
performed to generate cFS code.

• Integration and description of cFS as a middleware Application Programming
Interface provider.

• Testing and demonstration of the integrated and autogenerated system in
meaningful space software platforms. Development of such platform in form
of a RTEMS-LEON3 FPGA.
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We have performed an analysis of the main component-based software architectures 

to generate a list of requirements that describe their functionalities, abstracting from 

the specific platform. Examples of this type of software would be core Flight 

System (cFS) or AUTOSAR. cFS and AUTOSAR act as frameworks in which the 

components are allocated and provide functionalities through a set of application 

programming interfaces. By analyzing this software, a set of operating patterns will 

be obtained. These patterns will describe the interactions between the applications 

and cFS, paying special attention to the communications between them and the 

management of their life cycle. A list of requirements will be drawn up that 

describes, abstracting from the platform, these templates with the goal of integrating 

these functionalities in a component modelling language such as AADL. 

N to M asynchronous communication:

Communication between components is one of the key aspects of component-based 

model. There are multiple methodologies that can be followed but, in this SRS the 

publisher subscriber methodology is selected. This methodology consists of dividing 

the communication elements in three main entities: the publisher, the broker, and the 

subscriber.

Data Store:

The capability of storing any kind of information. This capability is crucial from the 

initialization of the system to the management of components (starting, suspending, 

resuming, and stopping). The requirements generated by this template aim at 

defining a Data Interface. This Data Interface provides a set of methods for reading, 

writing, updating, and deleting information.

Fault Detection:

Detecting a failure in a subsystem and informing all others to avoid communication 

or dependencies when an error has occurred. In this SRS it is only described the 

fault detection and inform capability.

Events:

Event communication allows for scalability, loose coupling, and failure resiliency. It 

makes it easier to split complex systems into isolated components that have a 

limited set of responsibilities.
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MBSE Toolchain Modification

Platform Testing

To this end, the implementation of one of the most used software architectures in 

space missions, the core Flight System (NASA), to work in the Real Time Operative 

System RTEMS and the 32-bit LEON3/SPARC V8 processor. To test this platform, 

some applications which prove the main functionalities of the cFS software 

framework have been developed such as communication between components 

through a publish subscribe pattern, events, and data storage. These applications 

have been characterized and modeled using the AADL language, thus allowing the 

creation by a non-specialized user, through auto-code, of new custom applications.

Component Management:

The requirements generated by this template aim at defining Component 

Management Interface. This interface provides a set of methods for starting, 

stopping, suspending, resuming, and changing power modes and management.
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Figure 1. Architecture on extended GUI of TASTE

Figure 2. Real-Time Testing Platform architecture
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