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Abstract

As part of the evolution of the Space market in the last years – globally referred to as Space 2.0 - small companies are playing an
increasingly relevant role in different aerospace projects. Business incubators established by European Space Agency (ESA) and similar
entities are evidence of the need of moving initiatives to small companies characterized by greater flexibility to develop specific activities.
Software is a key component in most aerospace projects, and the success of the initiatives and projects usually depends on the capability
of developing reliable software following well-defined standards. But small entities face some difficulties when adopting software devel-
opment standards that have been conceived thinking on larger organizations and big programs. The need of defining software develop-
ment standards tailored to small companies and groups is a permanent subject of discussion not only in the aerospace field, and has led in
recent years to the publication of the ISO/IEC 29110 series of systems and software engineering standards and guides, aimed to solve the
issues that Very Small Entities (VSEs) () – settings having up to twenty-five people -, found with other standards like CMMI� or SPICE.

This paper discusses the tailoring defined by different aerospace organizations for VSEs in the aerospace industry, and presents a con-
ceptual arrangement of the standard based on meta-modeling languages that allow the extension and full customization with the incor-
poration of specific software engineering requirements and practices from ECSS (European Cooperation for Space Standardization).
� 2021 COSPAR. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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1. Introduction

Very Small Entities (VSEs), settings having up to
twenty-five people, are a subset of Small and Medium
Enterprises (SMEs). Today, there is a clear agreement on
the positive impact that both SMEs and VSEs have on
the global economy. OCDE Development, Small and
Medium Enterprise Outlook (2019) indicates that ‘‘SMEs

account for 99% of all businesses, between 50% and 60%
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of added value with similar patterns across OECD

countries”.
In the Aerospace sector, ESA System for Tendering And

Registration (ESA STAR) registration system lists more
than 2500 entities within the SME category, with a subcat-
egory for ‘‘micro” entities with at most ten people. Univer-
sities’ research departments involved in aerospace projects
should also be added to this list of small entities developing
partial solutions that are later integrated within larger,
more complex systems.

VSEs are characterized by their capability to innovate
and develop new concepts and ideas (Cerezo-Narváez
et al., 2019; Castillón-Barraza et al., 2018). But, on the
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other side, the need of developing their capabilities as
suppliers of larger programs has been recognized as a
strategic requirement to achieve a successful, long-term
partnership (Reed and Walsh, 2002; Hussein and Cheng,
2016). In the case of VSEs providing software-based solu-
tions, the development of those capabilities depends on
the availability of an agreed, widely accepted standard to
assess the VSEs’ process and provide guidance for their
internal improvement programs.

This paper provides an overview of one of the latest
achievements in this line of work: the development of the
Maturity Model for VSEs in the Space Domain, and pre-
sents the result of a research aimed to complement that
model with specific requirements coming from European
Cooperation for Space Standardization (ECSS) standards
for software development. The result of this work comple-
ments the maturity model (ESA et al., 2018) with an
extended process representation based in the SPEM model-
ing language that allows customization and tailoring, help-
ing VSEs achieve a better understanding of the standards’
requirements.

The definition of SMEs characteristics has always been
the subject of discussion and different schemas proposed
to decide when an entity is part of this group and its sub-
categories. Art. 2 of the European Commission (EC) Rec-
ommendation of 6 May 2003, which is the schema adopted
by ESA, distinguishes three types of SMEs:

� Small to medium, with less than 250 employees and
annual turnover less than 50 M euros, and annual bal-
ance sheet not exceeding 43 million euros.

� Small, with less than 50 employees and annual turnover
below 10 million euros and

� Micro, with less than 10 employees and annual turnover
below 2 million euros.

The Maturity Model for VSEs in the space domain
(ESA et al., 2018), which is briefly described in section 4,
makes an explicit reference to enterprises with no more
than 25 people and extends its applicability to departments
and project teams up to twenty-five people that may belong
to larger organizations.

In the aerospace software development sector, these
entities should develop software and systematically apply
standard processes to ensure that their outputs meet the
demanding requirements of projects. But the difficulties
that VSEs face to adopt standard processes have not only
been a challenge for entities in the aerospace sector; the
software industry, in general, has been sensitive to this
need, and different initiatives were developed in the past
until the publication of the ISO/IEC 29110 family of stan-
dards. ISO/IEC 29110 defines technical and managerial
processes, activities, tasks, and work products suited to
the characteristics of VSEs and provides a common vocab-
ulary to ensure fluent communication between these enti-
ties and upper-level contractors. Before its publication,
the use of classical process models like CMMI� and SPICE
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by SMEs was largely discussed in professional and aca-
demic literature. Basri and O’Connor (2010) provided an
exhaustive list of factors that made hard the adoption of
those models by SMEs: simple development cycles with
missed phases and activities, variability of maturity levels
at different processes, informal quality control procedures,
limited resources for training, short term strategies, etc.
The adoption of CMMI� and SPICE was identified with
additional costs, bureaucracy, and delays. VSEs’ lack of
interest in the adoption of a standard software develop-
ment process was also discussed by O’Connor and
Laporte (2011) using the SEI CMMI� data. Similar con-
clusions were also reported by Felderer and Ramler
(2016). In general, it was accepted that traditional software
improvement models imposed significant overheads on
VSEs, as they did not have at their disposal the time,
human and financial resources needed to answer the
requirements defined by these complex standards (Ribaud
and Saliou, 2010; Raninen et al., 2013; Takeuchi et al.,
2014).

This translated into difficulties for VSEs to demonstrate
their capability to develop quality software, and upper-
level contractors had to assess them as subcontractors
using complex models not suited to their objective capabil-
ities (Sánchez-Gordon and O’Connor, 2016). Today, with
ISO/IEC 29110, different players have a common, simpli-
fied set of processes, activities, tasks, and work products
to conduct both improvement programs and assess suppli-
ers’ capabilities (Rodriguez´-Dapena and Buitrago-Botero,
2015). The ISO 29110 systems and software engineering
series provide a four-stage roadmap from startup to
grownups for VSEs (Laporte et al., 2018; Laporte and
Mejia, 2020)

The rest of this paper is organized as follows: section 2
introduces the principal achievement in process standard-
ization for VSEs: the ISO/IEC 29110; section 3 presents
the maturity model for VSEs in the aerospace industry; sec-
tions 4 and 5 describes the research conducted to extend the
model with software development requirements using stan-
dard modeling techniques and reports the conclusions.

2. ISO/IEC 29110 series of standards and guides

The origin of ISO/IEC 29110 dates to 2004, when ISO/
IEC JTC1/SC7 reached a consensus on the need of defining
standards and guides suited to the size and characteristics
of VSEs, including profiles and guidelines. VSE is defined
as ‘‘an enterprise, organization (e.g., government agency,
non-profit organization), department or project having
up to 25 workers”. An ISO New Work Item (NWI) was
approved in 2005 with the objectives of providing VSEs
with access to software engineering standards, documenta-
tion that required a minimum adaptation effort for pro-
cesses, work products, and defining capability and
maturity levels similar to those in SPICE and CMMI�.
The same year, the plenary meeting of ISO SC7 held in
Finland launched a working group (WG24) that prepared
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a questionnaire addressed to VSEs to validate these
hypotheses:

� VSEs’ business context requires lighter life cycles.
� VSEs have constraints on time and resources, which
made difficult a clear understanding of the benefits that
standards provide.

� The benefits that VSEs could obtain from this standard
included the recognition of their activities through
assessments and audits by accredited entities.

The working group received 392 answers, most of them
from companies with less than twenty-five employees (70%
of them worked on regulated sectors and some of them
developed critical software). The conclusions identified that
28% of the VSE did not use standards due to lack of
resources or because standards imposed bureaucratic
workload. But 74% of the companies recognized the need
of being assessed with respect to standards, and 62% high-
lighted the need of having guidelines, examples, and tem-
plates (Laporte et al., 2008).

The first parts of ISO/IEC 29110 were finally published
in 2011. It focused on the definition of profiles, defined in
part 2 of the standard as ‘‘pre-adapted packages of related

software engineering standards”. From a practical point of
view, Laporte et al. (2013) defined a profile as ‘‘a matrix

that identifies what elements are taken from existing stan-
dards, and which ones are excluded.” Their definition is
under the responsibility of the ISO/IEC JTC1. Documents
were developed to provide the specifications of the different
profiles (Entry, Basic, Intermediate, and Advanced) for
software and systems engineering. Profiles specify manage-
ment and engineering processes, expected outcomes, activ-
ities, tasks, and work products. Profiles reuse elements
already defined in other standards called base standards.
The selection of elements from base standards is made
according to the recommendations and guidelines in ISO/
IEC 29110-2. In general, the rational of the ISO/IEC
29110 series is intended to be used by VSEs that do not
have experience or expertise in adapting and tailoring
ISO/IEC/IEEE 12207 or ISO/IEC/IEEE 15288 standards
to the needs of a specific project.

Profiles are grouped into profile groups based on pro-
cesses, activities, tasks, and capability levels common to
different contexts. Until now, a single profile group called
‘‘Generic for VSEs that develop or maintain non-critical
SW” has been defined by ISO. Profiles within this group
are not related to a specific domain and could be adopted
in any situation where non-critical software is developed.
2.1. ISO/IEC 29110 document structure

ISO/IEC 29110 was structured into five groups of docu-
ments, each one addressed to a different audience: a) one
document that offers a general view of the standard, terms,
and concepts; b) another one that specifies the elements
common to all the profiles; c) one single document that
2990
defines the certification schema, recommendations for
assessments and requirements to conduct compliant assess-
ments; d) one or more documents with the specification of
the profiles, and the description of what must be done for
their adoption. (Laporte and O’Connor, 2016)

According to this approach, five separate parts of the
standard ISO/IEC 29110 have been published (their cur-
rent versions are referenced):

1. ISO/IEC 29110-1:2016 ‘‘Overview” with the purpose
and scope of the standard and a glossary with terms
from ISO/IEC 15504-1 and ISO 9000.

2. ISO/IEC 29110-2, which described the process to create
profiles and introduce the Generic Profile Group and its
four profiles (Entry, Basic, Intermediate, and
Advanced). It was later divided into:

o ISO/IEC 29110-2-1:2015 ‘‘Framework and Taxon-
omy” that describe the process to create profiles
and introduce the Generic Profile Group and its
four profiles (Entry, Basic, Intermediate, and
Advanced)

o ISO/IEC TR 29110-2-2:2016 ‘‘Guide for the devel-
opment of domain-specific profiles.”

3. ISO/IEC 29110-3, with information on how to conduct
conformity assessments. It was divided into three sepa-
rate documents:

� ISO/IEC TR 29110-3-1:2020 ‘‘Process assessment
guidelines”.

� ISO/IEC 29110-3-2:2018 ‘‘Conformity certification
scheme Foreword”.

� ISO/IEC TR 29110-3-4:2015 ‘‘Autonomy-based
improvement method”.

4. ISO/IEC 29110-4-n, with separate documents for these
profiles:

o ISO/IEC 29110-4-1:2018 ‘‘Software engineering -
Profile specifications: Generic profile group”

o ISO/IEC 29110-4-3:2018 ‘‘Service delivery — Pro-
file specification”

5. ISO/IEC TR 29110-5-n-m ‘‘Management and Engineer-
ing guides” – with recommendations to adopt and
implement each profile. Today, there are recommenda-
tions published for the Entry, Basic, Intermediate and
Advanced profiles published as 29110-5-1-1, 29110-5-1-
2, 29110-5-1-3, and 29110-5-1-4. From a practical per-
spective, these guidelines constitute the core documents
to guide the adoption of the standard. Other documents
within this group include 29110-5-2-1 for Organizational
management guidelines, and 29110-5-6-1, 5-6-2, 5-6-3,
and 5-6-4 for systems engineering.

Only parts 2, 4, and 3-3 are normative, and the other
ones are published as technical reports (TR). Parts 1 and
2 are unique documents, and parts 3, 4, and 5 have different
subdivisions per and assessment models (part 3), profile
group (part 4), and implementation guidelines (part 5). In
parts 4 and 5, the numbering schema reflects the relation-
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ship between sub-parts: e.g. the code for the Generic profile
group is 29110-4-1, and the guidelines for that group are
identified as 29110-5-1-1 (Entry), 29110-5-1-2 (Basic), etc.

If we focus on the profiles within the Generic Profile
group, it includes four profiles: Entry, Basic, Intermediate,
and Advanced. Entry profile is not subject to certification,
although it can be adopted following ISO/IEC 29110-5-1-1
guidelines for projects with an estimated effort of six man-
months in start-ups (O’Connor and Laporte, 2010). The
most relevant profile is the Basic, which was designed for
entities developing a single software application with a sin-
gle project team, with no risks due to special situational
factors. It was defined using as inputs two base standards:
ISO 12207:2008 ‘‘Systems and software engineering – Soft-
ware life cycle processes” and ISO 15289:2008 ‘‘Systems
and software engineering – Content of systems and soft-
ware life cycle process information products (Documenta-
tion)”. Entities adopting the Basic profile must fulfill four
requirements listed in chapters 9.3.2.3 of ISO/IEC 29110-
2 and chapter 6.7 of ISO/IEC 29110-4:

� There must be an explicit contract on the agreement,
with a statement of work between the supplier and the
client.

� The feasibility of the project must be assessed before
committing to start the activities.

� Staff with the necessary training and skills must be
assigned, including a project manager.

� The resources, services, and infrastructure needed to
develop the project must be provided.

The software Basic profile establishes two processes:
Project management (PM) and Software Implementation
(SI). The selection of these processes was due to the evi-
dence that most VSEs depend on their capability to execute
projects on time and within budget. Guidelines for the
Basic Profile implementation are given in the ISO/IEC
TR 29110-5-1-2, with a detailed description of their objec-
tives and outcomes, activities, tasks, and work products.

Although ISO/IEC 29110 series provide standards and
guides for the development of software or systems made
up of hardware and software, the tailoring for Space refers
only to software development.
2.2. Adaptations of ISO/IEC 29110

Different proposals have discussed the integration of
ISO/IEC 29110 with other process models, being the most
significant the adaptation of the Basic profile to systems
engineering activities. This initiative was launched in April
2009 by AFIS and INCOSE representatives from Canada,
France, Germany, and the USA, using ISO/IEC/IEEE
15288 as the base standard instead of ISO/IEC 12207
(Laporte et al., 2012). The first ISO draft of the adaptation
for systems engineering was released in 2012 and the profile
was accepted and published in 2014. It defines two pro-
cesses (Project Management PM and System Implementa-
2991
tion SY). Recommendations with details for its
interpretation and implementation were also defined in line
with the INCOSE Handbook for Systems Engineering

(INCOSE, 2015).
The integration of ISO/IEC 29110 with other models

has been widely discussed in the literature. Mas and
Mesquida (2013, 2014) proposed the combined use of
ISO/IEC 29110 PM with a subset of practices from the
PMI PMBOK� (Project Management Institute, 2017).
The feasibility of using ISO/IEC 29110 with agile software
development methodologies (ASDM) was studied by
Galvan et al. (2015, 2018); although this approach is quite
interesting - agile methodologies have been widely adopted
by VSEs -, its work was restricted to the PM process. The
combined use of ISO/IEC 29110 and the Unified Process’s
requirements management was analyzed by Alvarez and
Hurtado (2014). Eito-Brun and Sicilia (2017) developed a
process model that merged ISO 29110 processes with inno-
vation management practices; its use in critical software
projects has also been discussed (Diniz et al., 2019). But
the development of a Maturity Model for VSEs in the
Space domain (Rodrı́guez-Dapena and Lohier, 2017) is
probably the most significant achievement together with
the development of the systems engineering profiles previ-
ously discussed.

3. ISO/IEC 29110 in aerospace software engineering

The design of an assessment model for aerospace
VSEs started in 2017 when different entities recognized
the need of developing a maturity model to guide
improvement programs and to assess small software
development entities and projects. Involved participants
included representatives of the European Space Agency
(ESA), Centre National D’Etudes Spatiales (CNES),
Deutsches Zentrum für Luft- und Raumfahrt (DLR),
Japan Aerospace Exploration Agency (JAXA), European
Organization for the Exploitation of Meteorological
Satellites (EUMETSAT), Instituto Nacional de Pesquisas
Espaciais (INPE) and the Softwcare company. With this
model, VSEs in the aerospace sector would have a
framework to demonstrate the quality of their processes
and their compliance with an agreed, standardized subset
of software development processes. The preliminary ver-
sion of the model was published as a draft in 2018 and is
now under evaluation with the collaboration of different
companies. Target stakeholders of the model include
VSEs, which can use the model to guide process
improvements and complete self-assessments, and prime
contractors interested in a common set of criteria to
evaluate small subcontractors’ capabilities. The model
provides a clear set of criteria to guide assessments
ensuring consistent results. The maturity model presents
a structure similar to ISO/IEC 15504-5, SPICE for Space
or Automotive SPICE, with a distinction between the
Process Reference Model (PRM) and the Process Assess-
ment Model (PAM).
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At the time of writing this document, there are two ISO/
IEC 29110 documents under development to provide pro-
cesses for VSEs developing software for the Space domain:
ISO/IEC 29110-6-1 - Specific Space Profile Specifications

and ISO/IEC TR 29110-7-1 Space-VSEs Profile Guidelines.
3.1. The process reference model

PRM defines the process dimension and consists of a set
of processes with their definition, scope, purpose, goals,
and outcomes (i.e. observable results expected from the
successful performance of the processes). The PRM does
not detail specific methods or procedures nor prescribe
data or documentation requirements, life cycle, use of
tools, or development methodologies. It includes nine
development processes and four organizational processes
adopted from ISO/IEC 29110 and ECSS-Q-HB-80-02,
‘‘SPICE for Space”. Table 1 summarizes the purpose of
the different processes. The model adopts the SI and PM
processes from the software Basic profile of ISO/IEC
29110-4-1 and from ISO/IEC 29110-4-2 (those in the Orga-

nizational processes group targeted to a higher maturity
Table 1
Maturity Model PRM Process (ESA et al., 2018).

Process Group Process Process name and purpose

Engineering ENG.1 Requirements Elicitation

To gather, process, and track evolving custome
the product and/or service so as to establish a re
defining the needed work products.

SI Software Implementation

Systematic performance of the analysis, design,
new or modified software products according t

ENG.8 Software Testing

Confirm that the integrated software product m
Management PM Project Management

Establish and carry out in a systematic way the
which allows complying with the project’s Obje

Supporting SUP.1 Quality Assurance

Provide assurance that work products and proc
plans.

SUP.2 Verification

Confirm that each software work product and/o
the specified requirements.

SUP.8 Configuration Management

Establish and maintain the integrity of the wor
make them available to concerned parties.

SUP.9 Problem Resolution Management

Ensure that all discovered problems are identifi
resolution.

SUP.11 Safety and Dependability Assurance

Ensure the required degree of safety and depen
Organizational RM Resource Management

Obtain and provide the organization with the n
PSM Process Management

Establish and improve the organizational proce
PPM Project Portfolio Management

Generate projects for the VSE, provide technic
Agreement, and supervise its performance whil

OM Organizational Management

Make sure that value is delivered by the organ
organizing, monitoring, and controlling organiz

2992
level that exceeds specific project activities). ECSS-Q-HB-
80-02 Part 2A ‘‘SPICE for Space” processes are incorpo-
rated to deal with technical activities not covered by the
software profiles of the ISO/IEC 29110.

The model gives organizations the possibility to decide
which processes to apply, as ‘‘particular projects or organi-
zations may not need to use all of the processes provided by

this document. Therefore, implementation of this document

typically involves selecting a set of processes suitable to the

organization or project.”, and allows supplementing the
model with additional procedures, practices, and tools
(ESA et al., 2018, p. 8)
3.2. The process assessment model

The PAM links the Process and the Capability dimen-
sions. It responds to the same approach followed by SPICE
process improvement models that measure the capability of
the process for reaching predictable results ‘‘by demonstrat-

ing the achievement of process attributes based on evidence
related to indicators.” (ESA et al., p. 17) SPICE-related
standards define two types of indicators: a) process perfor-
Source Std.

r needs and requirements throughout the life of
quirements baseline that serves as the basis for

1.1.1.1.1.1.1.1.1 ECSS-
Q-HB-80-02

construction, integration, and tests activities for
o the specified requirements.

1.1.1.1.1.1.1.1.2 SO/
IEC 29110-4-1

eets its defined requirements.
ECSS-Q-HB-80-02

Tasks of the software implementation project,
ctives in the expected quality, time and costs.

ISO/IEC 29110-4-1

esses comply with predefined provisions and
ECSS-Q-HB-80-02

r service of a process or project properly reflects
ECSS-Q-HB-80-02

k products / items of a process or project and
ECSS-Q-HB-80-02

ed, analyzed, managed and controlled to
ECSS-Q-HB-80-02

dability of the software products.
ECSS-Q-HB-80-02

ecessary resources.
ISO/IEC 29110-4-2

sses of the VSE.
ISO/IEC 29110-4-2

al content to establish the project’s Formal
e monitoring customer satisfaction.

ISO/IEC 29110-4-2

ization to the customer through planning,
ational activities

ISO/IEC 29110-4-2
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mance indicators and b) process capability indicators. Per-
formance indicators are defined for each process and corre-
spond to significant activities or results associated with the

achievement of the process. From a practical perspective
they are a) base practices and b) work products. Base prac-
tices are activities that help achieve the process purpose
and expected outcomes; they indicate what should be done
without specifying how. The PAM identifies a set of base
practices for each process. Work products are the observ-
able result of the execution of the process. The PAM lists
fifty-three work products and their characteristics. Accord-
ing to that approach, VSEs adopting the model should pro-
vide evidence of the performance of the base practices and
the presence of work products. Both types of performance
indicators are used to measure the achievement of the PA.1
performance attribute that determines the achievement of
the ALPHA maturity level (equivalent to a CL1 of SPICE).
As an example, table 2 shows the Base Practices specified
for the ENG.1 Requirements Elicitation process.

3.3. Process capability and organization maturity levels

The last point covered by the Maturity Model refers to
the capability levels and the indicators used to decide if
they are achieved or not. These indicators can be seen as
requirements that entities must fulfill to reach a target
Table 2
PAM at the Maturity Model (ESA et al., 2018, p. 20-21).

Process ID ENG.1

Process Name Requirements Elicitation
Process Purpose The purpose of the Requirements Elicitation process is t

throughout the life of the product and/or service so as to
needed work products. Requirements elicitation may be

Process
Outcomes

As a result of successful implementation of the Requirem
� continuing communication with the customer is estab
� agreed customer requirements are defined and baselin
� a change mechanism is established to evaluate and inco
based on changing customer needs;

� a mechanism is established for continuous monitorin
� a mechanism is established for ensuring that custome
� enhancements arising from changing technology and

Base Practices ENG.1.BP1: Obtain customer requirements and requests
Obtain and define customer requirements and requests th
ENG.1.BP2: Understand customer expectations.
Ensure that both supplier and customer understand each r
requirements and requests to better understand their need
requirements. [Outcomes: 6]
ENG.1.BP3: Agree on requirements.
Obtain agreement across teams on the customer requirem
other parties contractually bound to work to these requi
ENG.1.BP4: Establish customer requirements baseline.
Formalize the customer requirements and establish as a b
2, 3]
ENG.1.BP5: Manage customer requirement changes.
Manage all changes made to the customer requirements ag
from changing technology and customer needs are identi
impact and risks and initiate appropriate change control
ENG.1.BP6: Establish customer query mechanism.
Provide a means by which the customer can be aware of
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capability level in a specific process. Capability levels
achieved for each process can then be used to decide on
the maturity level of the organization. The model defines
three capability levels: Alpha, Beta, and Gamma.

- ALPHA or Performed process, means that the process
achieves its purpose and outcomes. This level is achieved
by executing the process-related base practices and pro-
ducing its work products.

- BETA or Articulated process, means that the process is
implemented in a managed, monitored way and follows
a defined process. This level is built on top of the
ALPHA level and is assessed using two process attri-
butes: PA.2 Management of resources and PA.3 Defined
process. It is worth mentioning that this approach
makes a difference concerning other models based on
SPICE, where different capability levels (2 and 3) are
used to distinguish between the processes that are exe-
cuted in a managed way and the processes that are exe-
cuted based on a defined standard process.

- GAMMA or Aligned process, means that the process is
aligned with organizational business goals and ensures
customer satisfaction. This capability level is linked to
the PA.4 process attribute, which requests the definition
of business goals, collecting and analyzing data, and
taking corrective and preventive actions.
o gather, process, and track evolving customer needs and requirements
establish a requirements baseline that serves as the basis for defining the

performed by the acquirer or the developer of the system.
ents Elicitation process:
lished;
ed;
rporate changes to customer requirements into the baselined requirements

g of customer needs;
rs can easily determine the status and disposition of their requests; and
customer needs are identified and their impact is managed.
.
rough direct solicitation of customer and user input. [Outcomes: 1, 4]

equirement in the same way. Review with customers and stakeholders their
s and expectations and to check the feasibility and appropriateness of their

ents, obtaining the appropriate sign-offs by representatives of all teams and
rements. [Outcomes: 2]

aseline for project use and monitoring against customer needs. [Outcomes:

ainst the customer requirements baseline to ensure enhancements resulting
fied and that those who are affected by the changes are able to assess the
and risk mitigation actions. [Outcomes: 4, 5]

the status and disposition of their requirements changes. [Outcomes: 5]
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Based on the capability level of the individual processes,
the Maturity Model defines – in chapter 6 - the rules to
decide on the maturity level (ML) for the organization as
a whole.

� Maturity Level 1 (CAT-D) is reached when at least the
ALPHA level is reached for the following processes:
Project management and Software Implementation
from the ISO/IEC 29110 software Basic profile and,
Software Testing, Quality Assurance, Configuration
Management, Problem resolution management, and
Resource management of the ECSS standards;

� Maturity Level 2 (CAT-C) is reached – on top of the
previous one - when ALPHA is reached for additional
processes: Requirements Elicitation, Verification, Safety
and Dependability Assurance of the ECSS standard.
Finally,

� Maturity Level 3 (Organizational) is reached when
GAMMA is achieved for Project Management and Soft-
ware Implementation and BETA for the rest of the pro-
cesses including Organizational Management and
Process Management from the ISO/IEC 29110-4-2.

These maturity levels are expected to be representative of
the organizations’ capability to develop aerospace software
with different criticality levels as defined in the ECSS stan-
dard: ML1 entities are expected to be able to develop soft-
ware with criticality D and ML2 with criticality level C.
These criticality levels are defined in the ECSS standard
ECSS-Q-ST-80; criticality levels are assigned considering
the consequences at the system level of the non-execution
or incorrect execution of the software: level C is assigned
when consequences are major (Major mission degradation
without loss of mission), and D when they are minor or
negligible.
4. Incorporation and tailoring of ECSS requirements

The current version of the Maturity Model includes two
work-in-progress annexes that are expected to provide the
traceability between the model’s base practices and work
products and the software development requirements
defined in the ECSS standards.

This research aims to complete the tailoring of the model
by linking the activities and tasks derived from the analysis
of the PAM with specific ECSS requirements in ECSS-E-
ST-40C, which is the standard that governs software devel-
opment activities. This work is aligned with the spirit of the
model, which supports the tailoring and further specifica-
tion of the model by the incorporation of requirements from
other standards. From this perspective, the Maturity model
establishes a framework where specific software develop-
ment requirements can be plugged and put into a more gen-
eral, common process context. The result of this analysis
and integration is a detailed process model that helps VSEs
ensure full understanding and compliance with specific
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aerospace standards like ECSS, Galileo Software Standard
(GSWS-G), and others. The extension capabilities of the
model would also allow VSEs to allocate their internal pro-
cedures on the process map defined by the Maturity model.

The first step of this activity is to derive a detailed process
model from the Maturity model’s base practices and work
products. The resulting processmodel was represented using
a semiformal process representation language. The use of a
formal model representation notation is needed to accom-
modate additional extensions from ECSS requirements.
The selected language to represent the process was SPEM
(Software Process Engineering Modelling). With ISO/IEC
24744:2014, ‘‘Software Engineering –Metamodel for Devel-
opment Methodologies” (SEMDM), SPEM offers a meta-
model and a conceptual framework compliant with the
Object Management Group (OMG) Meta Object FacilityTM

(MOF) to represent software development processes
(Henderson-Sellers and Gonzalez-Perez 2008). Its scope is
‘‘limited to the minimal elements needed to define any process

and accommodate a large range of development methods and

processes of different styles, cultural backgrounds, levels of

formalism, life cycle models and communities.” (SPEM, p.
2). The basic building blocks in SPEM are the method con-

tent elements that correspond to tasks, work products, roles,
categories, and guidelines (checklists, estimation methods,
or instructions on how to use the tools) that relate to each
other: e.g. roles participate in tasks to generate work prod-
ucts. This language also supports the definition of capability
patterns, which are process fragments that can be combined
into delivery patterns (i.e. whole process from start to finish)
and can be reused in different process instances using vari-
ability mechanism.

The development of the process framework has been
completed using SPEM and the Eclipse Process Frame-
work (EPF) tool developed by the Eclipse Foundation,
using as inputs the maturity model’s PAM and the ECSS
standards for software development, configuration man-
agement, and software quality: ECSS-E-ST-40C and
ECSS-M-ST-40C and ECSS-Q-ST-80C. This approach is
in line with the purpose of the maturity model, which states
that: ‘‘an organization would adopt the standard and supple-

ment it with appropriate procedures, practices, tools, and

policies. A software project of the organization would typi-

cally conform to the organization’s processes rather than

conform directly to this standard.” (p. 8). The resulting
SPEM-based representation covers the whole set of pro-
cesses and derived activities, tasks, and work products
from the PAM modeled as independent capability patterns
to allow their combination and reuse in different process
instances at projects (see Fig. 1 for the PM process).

Each process is represented through a work breakdown
structure and a graphical representation of the activities
and tasks (see Fig. 2). The organization of activities and
task in the form of a work breakdown structure that can
be exported to project management tools ensures that dif-
ferent projects may benefit of a common plan that can be
further tailored at the project level.



Fig. 1. SPEM-based Process Model for the PM process.

Fig. 2. Graphical representation for the SW Integration task.
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Fig. 3. Integrated view of Process Model with ECSS requirements.
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ECSS standards for software engineering (ECSS-E-ST-
40C) define 228 requirements that have been integrated
into the process model. The incorporation of ECSS
requirements is made by attaching them as guidelines to
tasks and work products or by adding them as new activi-
ties or tasks. The linked graph provides a consolidated, sin-
gle point-of access view of all the applicable requirements
related to a specific process, activity, task, or work product,
regardless of their provenance: ECSS, ISO/IEC 29110, or
SPICE for Space (see Fig. 3) The incorporation of the
ECSS requirements into the VSE MM for the Space
Domain was made with the help of the ATLAS.ti tool,
which provides the capability of tagging documents’ frag-
ments using a defined set of codes. These codes were
grouped into Process, Tasks (typically derived from Base
Practices), Guidelines, and Work products (according to
the SPEM artifacts). ECSS requirements were tagged using
these codes and later incorporated into the SPEM model in
the different contexts where they are relevant.

Planned next steps in this initiative include the incorpo-
ration to the process model of additional requirements
from aerospace software development standards (in partic-
ular ECSS-Q-ST-80C Rev.1 and Galileo Software Stan-
dard for Ground, GSWG), intending to facilitate VSEs a
complete view of applicable process requirements contextu-
alized with a well-defined set of activities, tasks and work
products derived from the VSE Maturity Model’s PAM.

5. Conclusions

The publication of the software profiles of the ISO/IEC
29110 can be considered a major milestone in the develop-
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ment of standard software processes suitable for VSEs. The
incorporation of this standard into a maturity model for
entities working in the aerospace industry is also a signifi-
cant step to establish the ground for improvement pro-
grams and assessments, solving the traditional difficulties
to apply more complex models like CMMI� or SPICE.
The definition of this maturity model still offers opportuni-
ties for improvement: in particular, its integration with
specific process requirements from software development
standards like those defined in ECSS or ISO/IEC/IEEE
12207.

This research proposes an integration that results in a
detailed, exhaustive process model where requirements
are put into the context of a process framework to help
practitioners gain a full understanding of the constraints
that must guide software development efforts. Among
other benefits, the resulting process model offers a unified
view on all the process requirements defined in different
sources and ensures that requirements are not overlooked
regardless of their distribution through different documents
and standards. These advantages are in part due to the use
of a standard-based process representation model that sup-
ports the tailoring and extension of the model and the
incorporation of additional aerospace software develop-
ment standards, guidelines, and corporate procedures.
Through the use of SPEM constructs, the proposed model
can be easily expanded to ensure compliance with the reg-
ulatory framework applicable in different programs.

The resulting model includes the representation of thir-
teen processes - organized in four different groups (engi-
neering, management, support and organizational) -,
sixty-six sample work products traced to the ECSS docu-
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ment types – and one hundred eighty seven tasks that can
be reused and tailored in the context of specific projects.
The use of graphical representations for each process and
activities helps ensure a better understanding of the indi-
vidual process and their relationships and dependencies.

The benefits of the proposed approach include the avail-
ability of a single point of access to all the relevant infor-
mation that is needed when planning and executing
software projects and a better comprehension of the pro-
cess requirements to be applied. The proposed contextual-
ization of the ECSS requirements with the process defined
in the VSE Maturity Model PAM ensures that VSEs work-
ing in the Aerospace industry have a single and easier-to-
understand view of their stakeholders’ expectations regard-
ing software process implementation.
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Muñoz, I., 2018. Tools to measure the technological capabilities of the
aerospace industry. J. Ind. Eng. Manage. 11 (4), 769–775.
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