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1 -SUMMARY 

The ever growing significance of software in avionics systems 
has led the Helicopter Division of Aerospatiale to set up a 
specific development methodology duly taking digital equip­
ment's safety aspects into account. 

A quality assurance method was defined in parallel to design 
activities. 

This method imposes mastering software and hardware de­
velopment activities performed : 

in all or part by the Helicopter Division of AE!rospatiale 

in part by digital equipment manufacturers. 

This method is characterized by milestones spread along the 
development phase. 

This expose describes 

AE!rospatiale's quality assurance organization for systems 
and software and the relations existing between the various 
departments involved with systems/software quality. 

The main activities involved and the way systems/software 
quality assurance actions are planned. 

2- AVIONICS SOFTWARE AND SYSTEMS 

The technological advances of the last few years have been 
concretized as far as avionics systems are concerned by the 
use of digital computers as major components of on-board 
equipment. 

Increasingly, systems have to be 

evolutive 

functionally and operationally effective 

integrated because of digital bus connections ; the volume 
and complexity of software in digital equipment is perpe­
tuaf!y increasing. 

Aerospatiale Helicopter Division's expose : «An all-encom­
passing approach of complex on-board systems deveilop­
ment» has shown the need for definition methods and tools 
to master systems/software development. 

The quality assurance methods presented herein are the 
formal application of the methodological principles des­
cribed above. They will be specifically used to describe 
quality actions undertaken in parallel to design and develop­
ment to ensure that pre-defined methodological dispositions 
are correctly applied. 

This last point is especially important for avionics systems 
because they involve a large number of industrial develop­
ment participants and require harmonization, quality assu­
rance harmonization in particular, from the leader. 

Finally, it must be emphasized that, contrarily to hardware 
quality assurance dispositions, systems/software quality assu­
rance actions cannot be applied to the final product ;·soft­
ware quality measuring methods are not yet recognized as 
industrially reliable. 

2.1- QUALITY ASSURANCE METHODOLOGY 

The quality assurance methodological principles set up by 
the Helicopter Division of Aerospatiale to develop systems 
including software stem from the following considerations : 

Breaking down development process into phases delimi­
ting technically coherent actions such as processing general 
technical specifications and system validation test speci­
fications. 

Checking quality of work e.g. checking that work has been 
truly completed during pre..ctefined reviews so as not to 
have to change technical decisions at a later stage in the 
development process. 

Defining engineering, configuration management and 
quality assurance procedures and standards, knowing 
that a pre-determined, optimized framework will help 
master objectives and meet needs. 

Preparing and correctly structuring the documentation as 
the work proceeds to evaluate the system/software's pro­
duct without any ambiguity as the latter is being proces­
sed. 

The application of , these principles is verified with mile­
stones associated with the end of some development phases 
and concretized by the organization of quality assurance 
reviews. 

System/software development phasing is presented in the 
following paragraph to detail the specific quality assurance 
operations. 
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2.2- SYSTEM/SOFTWARE DEVELOPMENT PHASING 

The following plan presents the development phases of an 
avionic system including software. 

GENERAL SYSTEM 

including quality assurance actions in the definition and 
application of development methodology and configura~ 
tion management, 

SYSTEM 

DEFINITION SOFTWARE DEVELOPMENT PHASE WITHIN VALIDATION 

PHYSICAL AND OPERATIONAl THE SYSTEM's LIFE CYCLE 
INTEGRATION AND TESTS 

ARCHITECTURE SUBSYSTEM 
GA.OUND INTEGRATION RIG 

H.EliCOPTEA IN FLIGHT 
SPECIFICATION AND ON GROUND 

\ I 
D ET AI LED SYSTEM 

DEFINITION VALIDATION 

DETAILED SUBSYSTEM SUBSYSTEM TESTS OR 
EQUIPMENT SPECIFICATION J" HARDWARE 

~=~·-~ 
SPECIFIC RIG 1· 

\IREVIEwl\ '- DEVELOPMENT # :I REVIEW I 
~ 

DESIGN , 
MANUFACTURE 

BASIC SOFTWARE INSPECTION ,.., SOFTWARE 

DESIGN VALIDATION 

SOFTWARE SOFTWARE/HARDWARE 

ARCHITECTURE INTEGRATION AND 

DEFINITION TESTS 

\IREVIEwl\ ' '-.--~ 
DETAILED SOFTWARE oo~'"RJ DESIGN INTEGRATION 

ARCHITECTURE MODULES 

BREAKDOWN INTO INTEGRATION 

MODULES STEP BY STEP 1· 

\I REVIEW II ' \ IMPLEMENTATION ( MODULES CODING 

AND TESTING 

The V -shape representation mode allows emphasizing 3 points 
considered important from a quality assurance standpoint: 

The structured work breakdown that helps master, for 
complex systems/software such as avionics, the technical 
objectives to be reached at the system, sub-system, equip­
ment, software, hardware pre-determined detail levels. 

The preparation from the conceptual design stage of the 
validation and integration activities that will be completed 
in parallel to the development phases e.g. software valida­
tion versus basic software design. 

The inclusion of contractual quality assurance reviews 
that will help define and follow up the applicatfon of de­
velopment methodology directives. 

3- SYSTEM/SOFTWARE QUALITY ASSURANCE 

"' 3.1- QUALITY ASSURANCE REQUIREMENTS 

It is generally essential that quality assurance activities be 
performed along with the system/software development 
work; this implies : 

setting up quality assurance and configuration manage­
ment plans as the project is being launched. 

These plans are drafted by the digital equipment manufac­
turers at two different levels : 

Subsystem plans (set of digital equipment items providing 
an avionic system's operational function e.g. navigation, 
piloting, etc ... ) . 

Specific plans for software integrated to sub-system equip­
ment. 

Monitoring the application of these plans as development 
is in progress. 

To these general requirements can be added, depending on 
contractual aspects, detailed or regulatory requirements 
particular to the system development contract. This involves 
applying specific methods in accordance with national or in· 
ternational quality assurance or certification standards. 

It is then up to the leader, the Helicopter Division of A€ro­
spatiale, to point out these particular requirements to the 
industrialists supplying the system equipment and to ensure 
that they are correctly applied. 
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3.2- SYSTEM/SOFTWARE QUALITY ORGANIZATION 

The various AE!rospatiale's Helicopter Division departments 
participating in an avionics system quality control are : 

The Definition and Development Departments attached to 
the Systems Engineering Department ; these Departments 
are tasked with the technical definition and follow-up of 
the avionics system and integrated software. 

The Methods Department attached to the Systems Engi­
neering Department ; this Department is tasked with the 
implementation and application of the systems and soft­
ware development methods and resources. 

The System Design Quality Assurance Department atta­
ched to Quality Management ; this Department must 
ensure that the methods and procedures used by Aero· 
spatiale's Helicopter Division and equipment manufactu­
rers will assure the quality of systems and integrated soft­
ware. 

This organization is summarized in the figure below 

.(?I SYSTEMOG. DEPT.! c:v 
SYSTEMS 

SYSTEMS AND SYSTEMS AND 
SOFTWARE SOFTWARE 

DEFINITION DEVELOPMENT METHODS 

c;J 0 

I DEVELOPMENT QUALITY OPT l 

D 
SYSTEMS AND SOFTWARE 

QUALITY ASSURANCE 

MASTERING QUALITY OF SOFTWARE 
INTEGRATED TO AVIONICS SYSTEMS 

This type of organization facilitates team work around a 
system development programme and ascertains that the jud­
gements made are not biased. 

A general procedure is then applied in accordance with the 
quality assurance requirements and the organization developed 
by Aerospatiale. 

4- QUALITY ASSURANCE PROCEDURE 

4.1- PRESENTATION 

The system/software development work broken down into 
phases (see Paragraph 2.2) calls for formal actions at the 
milestones describes above ; these actions are : 

Examination of technical proposals made by the suppliers 
in reply to the functional, operational and quality assu­
rance requirements laid out by Aerospatiale's Helicopter 
Division upon completion of the system definition. 

Examination for approval by Aerospatiale of the industrial 
measures enforced by the suppliers prior to digital equip­
ment/software definition and development work. 

Analysis and approval by Aerospatiale of the technical 
files drafted during the basic software design phase ; 
these include basic design documents as well as software 
validation test plans. 

Analysis and approval by Aerospatiale of the technical 
files drafted during the detailed software design phase ; 
these include detailed design documents, integration test 
plans as well as internal software test procedures. 

Examination of software test results ; these include in­
ternal, integration and validation tests as well as reports of 
internal audits to be undertaken by the suppliers during 
software coding, integration and validation tests. 

Following up sub-system/system validation tests in a simu­
lated (integration rig) or real I helicopter in flight or on the 
ground) environment. 

To these specific system/software actions must be added ana­
lysis of programmes and results of qualification and accep­
tance tests for digital equipment. Since the latter are specifi­
cally related to electronic equipment quality, they are not 
discussed here. 

4.2- EXAMPLE OF APPLICATION 

The software methodology and quality assurance examina­
tion procedure set up by the supplier is detailed below to 
specify the quality assurance approach adopted. 

This examination is based on : 

an evaluation of the general quality assurance organization 

the quality requirements of the Helicopter Division of 
Aerospatiale 

an analysis of the technical proposals made in response to 
the above requirements 

the approval of the quality plans (general plan for supplies 
and specific plan for software) proposed by the supplier 
for development. 

4.2 .1 - Software quality evaluation 

The evaluation of a supplier's general organization as appli­
cable to software is described in an Aerospatiale document 
taking the general requirements of NATO's AQAP 13 into 
account. 

The general evaluation principle is based on the examination 
of organization and resources ; this allows the supplier to 
effectively master software quality without prejudging the 
customer's specific contractual requirements. 

This general quality evaluation is therefore the initial quality 
action undertaken by Aerospatiale vis a vis suppliers develo­
ping software integrated to avionics systems. 

4.2.2 - Aerospatiale's Helicopter Devision quality 
requirements 

The sub-system functional and operational requirements are 
processed by Engineering Department specialists during the 
system definition phases. 

Quality requirements are considered from then on and in­
cluded in specification documents. 

These quality requirements drawn from the Quality standards 
of the Helicopter Division of Aerospatiale are specifically 
drafted for each sub-system described in the specifications ; 
these requirements mainly impose : 

A Software Development Guide explaining Engineering, 
Quality Assurance and Configuration Management me-
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thods ; suppliers will have to follow the principles laid out 
in this Guide. 

Aerospatiale's Helicopter Division's participation in soft­
ware development Quality Assurance reviews (see para­
graph 4.1 Presentation of Quality Assurance Procedure). 

Supplying Quality Assurance documentation 

• Sub-system and software quality plans 

• Sub-system and software configuration management 
plan 

to be defined from the early stages of the development. 

Supplying or setting to disposal engineering and test 
preparation documents (plans and programmes) as well as 
test, review and audit reports. 

The above requirements form the technical reference used to 
evaluate supplier's proposals. 

4.2.3- Analyzing technical proposals 

Quality assurance in the suppliers' technical proposals is 
examined as follows : 

Those points not covered in the proposals are first identified 
for official clarification (rejection or acceptable deviation). 
A formal analysis report is then transmitted to the supplier 
for action and new proposal. 

A Quality Plans draft is usually appended to the technical 
proposal ; this draft forms the basis for Quality discussions. 

The functional and operational aspects of suppliers' technical 
proposals are covered by a similar procedure : 

The various Aerospatiale departments concerned (Enginee­
ring, Product Support, Tes(s, Quality) hold an official meeting 
to decide whether the suppliers' proposals meetAerospatiale's 
requirements. 

Whenever the technical proposal is accepted by Aerospatiale, 
the technical resources effectively available at the supplier's 
can be examined under Aerospatiale's Quality Assurance 
Department's responsibility. 

4.2.4- Quality plans I resources available 

Quality plans are reference documents dealing with the re­
sources available to the suppliers to develop the contractual 
systems/software. 

The Quality plans draft was discussed beforehand as the tech­
nical proposal was examined and a review is initiated by the 
Quality Assurance Department as development starts. 

The supplier's final quality assurance and management confi­
guration plans are formally examined during this review. The 
suppliers' internal procedures referenced in these drawings 
are also presented. 

The Aerospatiale representatives occupy different functions 
previously defined : 

The engineer in charge of the sub-system technical defini· 
tion. 

The representative of the Methodology Department atta­
ched to the systems Engineering Department specifically 
tasked with the examination of development tools and 
their effective modes of utilization at the suppliers'. 

The Quality Assurance Department's representative moni­
toring the application of procedures and specific Quality 
Control and Assurance regulations. 

Deviations with respect to responses made as proposals were 
analyzed are underlined and a corrective plan is set up. 

Upon completion of this review and once they have been 
approved by the Aerospatiale representatives, these plans 
will form the baseline of the quality actions to be undertaken 
as digital equipment is developed. 

5- CONCLUSION 

The experience acquired by the Helicopter Division of Aero­
spatiale as concerns quality assurance of software integrated 
to avionics systems has shown that «software quality» is 
primarily determined by : 

Mastery of technical objectives and quality assurance at 
the level of system and sub-systems composed of digital 
equipment: 

The development of official verification and validation 
actions at the various design stages to avoid modifying 
technical decisions at a later stage. 

This represents a significant amount of methodological work 
which should not be considered as a limitation ; it should 
rather be cons·idered as an «industrial environment» that 
helps mastering software quality which is, by definition, 
neither visible nor palpable. 
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