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Abstract

Agile Methods, in general, are one of the key components for aerospace 
manufacturing competitiveness, in fact, Test Driven Development (TDD), 
specifically, is an effective way of weaving test into the fabric of embedded 
software development. However, a recent case study showed that one of 
the main constraints for achieving a faster time-tomarket product 
development is an inflexible test environment that inhibits fast feedback to 
the changed or added features. Additionally, the ever growing pace of 
software use in airborne systems in parallel with the modern software 
development and verification technologies and methods makes certification 
standards for safety-critical systems, such as DO-178, become inadequate in
certain points. 

These findings suggest that there is room for further development of Agile 
practices and tools for embedded systems in the aerospace area, in special 
those based on TDD. In this direction, this paper aims at describing a Tools &
Techniques Set (TTS) for developing complex embedded systems called 
VALVES (VALidation and Verification for Embedded Systems), named after 
the device that controls the flux of fluids in pipes, as an analogy to the 
process of controlling the flux of source code into production. Valves is 
composed by an integrated set of elements that forms a cohesive toolset for
the C/C++ languages for microcontrollers and other embedded systems 
platforms: (i) a tool for modeling Finite State Machines, (ii) a Domain Specific
Language (DSL) for automated test generation, build, and deployment (iii) a 
mechanism for supervised FSM execution, (iv) a toolchain for compiling and 
debugging, (v) a version control system, and (vi) Continuous Integration 
process and tool. The elements (ii), (iii), and (vi) were developed by the 
authors, while the others were integrated to the previous to form the TTS. 
Additionally this paper also briefly presents the experience of using Valves 
to develop the controlling software for one of the payloads of the Brazilian 
14-BISat cubesat, namely the Fipex (Flux-Φ-Probe Experiment). The 
development of the payload was done by another team, in another country, 
and occurred in parallel with the development of the satellite's control 
software, using a Interface Control Document (ICD) as an artifact for 
specifications synchronization. 

Valves is based on two integrated toolchains, one for system Validation, and 
the other for code Verification. The Validation Chain represents the part of 
the TTS responsible for checking if the system is in accordance with the 
requirements, therefore, it is a type of checking that occurs at higher 



abstraction levels. Finite State Machines (FSM) are used by the TTS to 
provide a means of modeling and simulating embedded systems behavior. 
On the other hand, the Verification Chain provides code generation and 
testing. Valve’s verification chain is formed by a series of open source tools 
for compiling and debugging C/C++ code, as well as a specially developed 
Domain Specific Language for generating and running automated tests on 
top of a FSM that represents the software’s behavior.

Valves is currently on its second generation and can provide a strong basis 
for generating not only reliable, but also quite reduced size embedded code,
which is a very important feature when dealing with the computational 
limitations usually found on small satellites.


