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1

National Institute for Space Research, São José dos Campos, Brasil
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Abstract. In the aerospace industry, the number of products using embedded components is increasing. Nevertheless, there are still processes
to ensure that the embedded components can be constructed without failure. Therefore it is necessary to identify and establish process of adaptation to achieve the product quality through the quality of its production
process, preventing flaws the process rather than fixing them in the final
product actions to be considered in the customization process. From a
set of factors obtained from the literature, they were listed CMMI elements and embedded system characteristics for definition of the criteria
used for Aerospace Industry. It was obtained a sequence of actions to be
taken to adapt any process to meet the particularities of its component
products. The use of a static process could not meet the characteristics
of each component, but you can set an adaptive process from a default
and thus meet their individualities..
Keywords: Adaptation · Aerospace · CMMI · Embedded components
· Customization · Quality factors · Software process
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Introduction

An embedded component is an installed device in a product, it is generally
dedicated to performing a set of predefined tasks with specific requirements.
They are formed by hardware and software that are closely related, where the
hardware is the physical part and the software component is the computing part,
namely, the logic of which is shown in Fig. 1
With the development and evolution of technology, embedded systems have
also become increasingly sophisticated and complex, which directly influences
their development process, making it a costly and prone to errors activity [2].
Several accidents show that embedded components designed to perform critical systems often fail, as in the cases of rocket Ariane 5 [2], which exploded 37
seconds after launching, and Therac-25 [3], radiation therapy machine, which
made six fatalities, among others.
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Fig. 1. Representation of parts of a system (Source: Adapted [1])

A sad conclusion presented by researcher Lim Joanne on one of the most
significant examples about software failure in embedded components, demonstrates the emergency of continuous in-depth studies to ensure the quality of
these products: “In many senses, a computer had killed their mother, father,
son, daughter, or whoever was closest to their heart. It is hard to believe that
through simple human error, an unnecessary loss of lives could take place. It has
happened, and may happen again in the future. Therefore, it must be our goal to
never let such a tragedy as Therac-25 take place again”.
The aerospace industry demands highly specialized and customized components. The increased use of these systems, their diversity and the number of
functions that are being incorporated into a single embedded system multiplies
the degree of criticality [4], especially on devices that perform critical functions
in systems that directly affect people’s lives. A software product is considered
critical when, in case of failure, takes a system into a dangerous state, that is,
when the software can cause disasters or fatalities [5].
The software quality theme, whether in academia or in companies, reports
the various models and methodologies to be applied in the development process.
However, when it comes to embedded component, which means developing software and hardware together, the question is: how to integrate these two realities
ensuring quality? [6].
A study developed by Carnegie Mellon University’s Software Engineering
Institute (CMU / SEI) on industry trends in the use of software components
pointed out, among other weaknesses, that software engineering lacks methods
to produce quality systems [7]. Current researches show great need of processes,
methods, techniques and tools to assess the quality of software components, even
more specifically for embedded software [1,2].
CMMI V1.3 (Capability Maturity Model Integration) was developed by the
Software Engineering Institute - SEI using total quality concepts introduced by
Humphrey (2000) and his team. CMMI is based on the concept of maturity
of software process-es and is compatible with ISO / IEC 15505e ISO / IEC
12207 standards. It has five levels of maturity in a growing range of control and
visibility that allows the classification of processes, technical results and software
project managements [1].
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For this study, we considered a number of factors obtained from the literature, elements of CMMI, ISO standards and quality factors, and characteristics
of embedded systems in general were listed, in order to set a definition for the criteria used for aerospace industry based on a specific case, as fig. 2. The following
activities were carried out: problem identification to be searched, literature revision, definition of the scope of the search, study of quality models and proposal
in line with the research model presented by Creswell [8].

Fig. 2. Search methodology

This paper presents criteria for adaptation of a process for the development
of embedded components following the CMMI (Capability Maturity Model Integrated), being part of a study being carried out to provide the adaptation criteria
with different arguments. It is being held at the Postgraduate Course in Space
Engineering and Te - National Institute for Space Research in continuing the
research work in doctoral hechnology, specialization in Engineering and Space
Systems Management at INPEld at the same institution [1].
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Current Situation of Embedded Components

There are considerable references to embedded systems in literature. However,
few of them direct their researches or activities considering only the software
components independently. Therefore, it is necessary to use a software development approach that takes into account the characteristics and peculiarities of
this context.
A survey conducted by Accenture shows that this increase in the embedded
component usage proportionally increases the demand for solutions and services
that meet such systems [9]. Most of the effort involved in producing components
for embedded systems is directed to the development of software part of the
component, being 62% of the budget for research and development and 67% of
the cost [9]. It was also observed in this research that 33% of the produced devices
do not meet the requirements of functionality or product performance, and that
80% of the development effort is spent on correcting unidentified errors during
the earlier stages of production [9]. In addition, 80% of the reasons for failure in
embedded systems come from problems in the software, not the hardware [10].
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For being older and having more consolidated processes, the hardware industry (manufacturing) has had for a long time a higher level of maturity for the
development of its products, while software production, despite its progress, is
still at the beginning of development, and needs more studies and applications
in order to accomplish this maturity [1]. This means that the stability of the
hardware is not enough to ensure the quality of the system as a whole, since
the development of software components of the product may present weaknesses
that can cause execution failures.
The problems caused by the development of complex software show us that
even with all the efforts made, the software can also be built with a few flaws
that compromise their performance. This can be seen by the high number of
defects presented by such programs [7].

3

Cyclic Process: A Model

The development of design of an embedded component system must follow a
specialized life cycle, since these components perform specialized activities. For
this, quality models were examined, especially the CMMI- DEV, and it was
found out that the application of its recommendations in the preparation of
a development process that suits the characteristics of the embedded system
component can contribute to increase the quality of the product to be designed.
The “Cyclic Process” is being used in this study, and it was organized in
phases where its activities are designed to be applied in an independent form
and shared between the software and hardware parts of the embedded component. The process is called cyclic because each embedded system component to
be developed according to their specifications must perform all phases and process activities, thus forming a complete cycle of development of components for
embedded system. This operation is shown in Fig 3.
Development cycle is the linear execution of all phases and activities of the life
cycle, where each development cycle will result in a component and all documents
are produced during its development. In general, an embedded system consists
of several components, then for each component individually, it should perform
different development cycles.
The phases of the “Cyclic Process” consist of activities and are implemented
through actions directed by procedures and documents (models) that result in
shared artifacts, which make up the embedded component (programs and their
documentation), as follows: a) Common activities, b) Engineering, c) Analysis
of requirements, d) Analysis and design, e) Implementation and integration,
f) verification and validation of the system and g) cycle assessment [1]. As an
example, Fig. 4 shows the Analysis and Design phase.
Even the “Cyclic process” particularly designed for the development of embedded components, it should allow the adaptation of activities to be undertaken
in the development of each developed component. The “Cyclic Process” induces
the adjustment of its activities for each component to be produced, but does not
provide criteria or guidelines to be followed while carrying out such adaptations.

Title Suppressed Due to Excessive Length

Fig. 3. Operation of the “Process Cyclic” (Source:[1])

Fig. 4. Phase Analysis and Design (Source:[1])
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4

Criteria to be Considered in the Adaptation by
Cmmi-Dev

In general, the whole development process that meets the CMMI model, follows standards, procedures, tools and methods that should be employed in their
preparation, and their adjustment is given as a set of standard processes of
the organization, according to its guidelines for adaptation [1]. The area in the
Organization Processes Focus (OPF) directs the development of the standard
process following the organizational needs, while the process area Definition of
the Organization’s Processes (OPD) has fundamentals that must be followed
during the process of adaptation, so that it maintains the basic requirements
of CMMI model. Fig. 5 shows the structure of adaptation where the standard
process was drawn from the OPF process area and the requirements for each
product to be produced it is defined an adapted process, following the process
area of requirements OPD.

Fig. 5. Adaptation of “Cyclic process according to CMMI”

Every software component, especially embedded ones, require mechanisms to
provide the monitoring service of their requirements during production. Therefore, it is necessary to know the component requirements and parameters that
define its full service by performing identification and adjustments through inspection of the aspects of the process that might not meet the acceptable limits
of the required result for the component to be produced. These mechanisms
should be the result of an elaborate process, carefully adapted and documented.
Generically, these activities are shown in Fig. 6. As a result of the implementation of the activities to the “Cyclic Process”, the following adjustments were
made:
– Abstraction of requirements - This activity requires the understanding and
details of the component requirements, and must be registered in the “Development Plan” document.
– Identification of the factors of the requirements that must be observed - This
activity should be performed based on the records held in the “Development
Plan”. Based on the characteristics and component requirements and on

Title Suppressed Due to Excessive Length
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Fig. 6. Activities adaptation

–

–

–

–

–

quality standards or models, it should specify which factors and care are the
appropriate criteria for the component needs, and it must be registered in
the “Development Plan”.
Identification of process components that address the factors - for this activity, it should identify items which should describe the actions that meet
the component requirements in the activities of the lifecycle process and its
artifacts.
Adapt the process (Phases / Activities / Artifacts) - This activity should
carry out the adjustments in the documents and artifacts of the process:
“Development Plan”, “Product Specification”, “Component Specification”,
“Test Project” “Settings” and “Approval”.
Eliminate unnecessary components - this activity should be carried out to
evaluate the life cycle and process artifacts, eliminating unnecessary items
from the development of the component. As a result, it may cause adjustments in the documents and artifacts of the process, “Development Plan”,
“Product Specification”, “Component Specification”, “Test Project”, “Settings” and “Approval”.
Validate process - this activity is necessary to evaluate the adapted process
and to validate the compliance regarding the component to be produced.
The result of this action must be registered in the artifact “approval”.
Training the involved ones - Every process must be known by those who
use it. Then, any adjustment that might occur should be informed and the
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involved ones, be trained to use. The training plan, when necessary, should
be recorded in the artifact “Development Plan”.
The documents “Development Plan”, “Product Specification”, “Component
Specification”, “Test Project”, “Settings” and ”Approval are part of the “Cyclic
process” and are published in the thesis “An approach to the process of embedded system development that meets the level 2 CMMI-DEV maturity” [1].
For the adaptation process, it is necessary to take into account the environment in which it is inserted (the system and its requirements) as part of
requirement, in addition to the component requirements themselves.
As a result, this paper presents the basic activities and criteria to be considered for adaptation of a process for the development of embedded components
with CMMI-DEV’s vision.

5

Conclusions

It is clear that the use of a development process that meets the characteristics
of each embedded component, in particular when performing the treatment of
software and hardware parts differently and separately, contributes significantly
to improve the quality of the produced component, as in the “Cyclic Process”.
However, the same process, in a static way, is not enough to meet the particularities of different components to be produced. This requires adaptations that meet
their development and operation constraints and should also take into account
the special features of the component to be developed.
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