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The current avionics systems have reached a high degree of
complexity. In order to meet mission requirements, they
must perform a large number of functions and make wide
.use of the most recent technology.

This results in considerable interdependence of operational
functions and multipiexing of the necessary resources. These
systems are also likely to undergo significant developments
to improve mission performance, accommodate new opera-
tional requirements, and integrate new equipment techno-
logies.

The high degree of digitization of avionics systems involves
the use, in particular, of digital buses, specific processors in
the equipment, and an increasing volume of aircraft soft-
ware.

The following points are developed below :

1} Objectives of a strict methodology applied to avionics
system development.

2) System development cycle.
3) Relationship between avionics program participants.
4} Nature of modifications.

5} Avionics systemn development means at the Aérospatiale
Helicopter Division. '

1-— OBJECTIVES OF A STRICT METHODOLOGY
APPLIED TO AVIONICS SYSTEM
DEVELOPMENT

The major problems raised by development and implemen-
tation of complex avionics systemns may be described as
follows :

— It must be possible to fully control their definition during
the design and development phases, and also during their
entire life in the course of which their definition will
undergoe significant changes.

— The relationship between the various partners involved
in a program which must be organized efficiently.

— Cost and deadline control must be & constant preoccupa-
tion.
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The main objectives of a strict methodology applied for
system development relate to :

« Specification guality.
- Relations between partners involved in a given program.
— Control of modifications.

1.1 — SPECIFICATION QUALITY

integration of a large number of subsystems and equipment
is necessary if all the functions needed to meet the opera-
tional requirements of a system are 1o be provided.

The fuil specification of the system and its components is
established using a descending design process and becomes
more complete at each stage. It takes the form of a large
volume of documents which must evolve as the system is
developed.

Specification quality therefore depends on :
Completeness

Completeness must be evaluated at each definition level
in order to establish, in stages, overall cohesion of the
system specification.

All efforts made in this respect are likely to reduce
design errors and therefore shorten the testing phases,
particularly on the integration rigs.

Structure

If the structure is correctly established during the deve-
lopment phase to facilitate the specification enrichment
process, subsequent modifications wilt be easier to handle.

An advantage of using a strict methodology, which also
improves the quality of work, is the possibility of capi-
talizing on experience by enabling recuperability from
one program to another,

1.2 — RELATIONS BETWEEN PARTNERS INVOLVED
IN A GIVEN AVIONICS PROGRAM

Customers, partners and suppliers all work together with us
on an avionics program.

Within our industrial structure of aircraft manufacturer and



prime contracior, all departments concerned take part in
the program : Design, Ground and Flight Tests, Purchasing
Program Management, Quality, etc ..

The nature of communication between the main partners
will be examined later, but it should be stated here that
another aim of a strict methodology is to forrmalize and
facilitate relations between all parties.

In this respect, the methodology itself and its method of
implementation must permit standardization of working

methods in the various teams and between industrial part-
ners in particular, and other parties involved.

1.3 - CONTROL OF MODIFICATIONS

As mentioned earlier, modifications must be controlied

continuously from the start of the development phase

and throughout the entire life period of the system.

For greater flexibility, modification rules must be followed
throughout development of a system. A strict methodology
is particularly suited to this requirement. Furthermore,
the structiure of specification documents, designed for ease
of incorporation of modifications throughout the life of the
system, lends itself 10 correct management of system confi-
furations.

2 — SYSTEM DEVELOPMENT CYCLE

The main development phases of an avionics systern are des-
cribed helow, with specific reference to the activities in-
volved and the ensuing results.

2.1 —MAIN PHASES OF SYSTEM LIFE CYCLE

Figure 1 shows the main phases of a system life cycle and
the development methodology used.
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Fig. 1 : SYSTEM DEFINITION METHODOLOGY
Itincludes :

Predevelopment
Predefinition
Definition, broken down into :

General definition
Detailed definition.

Installation studies
tmplementation

Integration, testing and validation.

Configuration management activities cover all development
phases and continue throughout the operating life of the
system.

2.2 — PREDEVELOPMENT

Activities covering general studies and operational research,
conducted independently of the programs and aimed at
preparing these programs, result in experimental models
being produced and simulations being carried out, and also
enable new concepts to be evaluated and knowledge to be
acquired for implementing new technologies.

2.3 — PREDEFINITION

This phase involves establishing general system specifications
on the basis of the concept chosen to meet the operational
requirement expressed.

In other words, on the basis of a mission analysis, all opera-
tional functions required for mission execution are deter-
mined and the means to be used are ascertained.

Constraints relating to definition of the crew/system inter-
face must be taken into consideration at a very early stage.
The modes and commands project is therefore an important
task in the predefinition phase. |t results in :

A functional organization project for the cockpit with,
in particular, task allocation between the crew members
and a description of equipment needed for execution of
these tasks.

A project describing the operating modes required for
mission sensors, display systems (associated controis and
logic).

On completion, the predefinition phase gives the outline of
work 1o be performed and a preliminary description of the
operational functions, the cockpit, sensors, and hardware
architecture of the system.

2.4 — DEFINITION

The system definition phase leads to the technical specifica-
tion being drawn up for the system, subsystems and asso-
ciated equipment.

|t comprises two stages

General Definition during which the preliminary techni-
cal specification is established.

Detailed Definition during which the technical specifica-
tion is made more complete, the level of detail being
brought up to that required for equipment manufacturing
purposes.

2.4.1 — General Definition

In the development process, the general definition covers
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the following three main activities :
2.4.1.1 — Definition of Functional Architecture of the
System

Using a descending structured analysis method, the system
is broken down into functional ¢modulesy on the basis of
a very general description, and the interfaces between the
various items in this breakdown are established.

Processing operations contained in final level functional
modules will be specified at a later stage in the detailed
definition,

Functional chains of the system are defined through know-
ledge of the functional dependencies existing between in-
formation constituting the interfaces between the functional
modules.

2.4.1.2 — Hardware Architecture Definition

Knowledge of the system in the form of a set of functional
modules and their interfaces having been acquired on com-
pletion of the previous stage, these functional modules are
now assigned to the various subsystems and equipment.

«System» functions involve several items of equipment,
federated into subsystems in a hierarchical structure coming
under central computers. These computers aliocate the tasks
to the various subsystems, thus creating a complex func-
tional chain. This is a resource management function in
terms of on-board equipment for a given mission.

The basic tasks need not be identical for an item of equip-
ment when the configuration of a given system changes.
This compares with a simple set of juxtaposed equipment.

At this stage, the nature of exchanges is identified and
global exchange traffic on the bus is evaluated.

2.4.1.3 — System Characterization
A study predicting system characteristics defines :

Performance

Mission reliability

Awvailability
Safety
Maintainability
Etc ...

2.4.2 — Detailed Definition

This stage is aimed at hringing the technical specifications
up to an adequate level of detail for equipment manufactu-
ring purposes. Activities relate specifically to :

Detailed specification of processing operations.
Specification of equipment hardware interfaces.

Full specification of exchanges in the system and, for
bus links, specification of protocols and the exchange
frame.

Specification of interfaces with the crew including de-
tailed specification of symbologies for display systems.

25— INSTALLATION STUDIES

Tasks refating 1o installation of all system components on
the integration rigs and on the aircraft are carried out in
parallel with the detailed definition work. Al etectrical
file drawings are prepared.

2.6 — PRODUCTION

The technical specification as a whole constitutes the
entry peint into the eguipment production phase, for
both hardware and software.

The development phases are also implemented in preparing
aircraft software. Global design and then detailed design
activities based on the software specification lead to the
coding phase and the software integration phases by defining
tests to be performed.

When the hardware and software aspects of an item of
equipment are entrusted to an outside supplier, monitoring
is carried out by AS/DH for Quality Assurance purposes.
Details are given in the paper by A. Reboul ¢Quality Controt
of Software in Avionics Systemsy.

When the development of «systemy» type software or soft-
ware affecting «sensitive» functions directly involves heli-
copter manufacturer knowledge, AS/DH will arrange for
Systern Studies of the software concerned to be carried out
in a specialized section.

2.7 — INTEGRATION, TESTING AND VALIDATION

After the equipment has been produced and undergone
accepiance at Marignane, integration and debugging work is
carried out on the system integration rigs. Flight tests cons-
titute the final validation phase for an avionics system.

3 — RELATIONS BETWEEN PARTICIPANTS
IN AN AVIONICS PROGRAM

3.7 — AVIONICS PROGRAM PARTICIPANTS
3.1.1 — In the Study Process

Figure 2 shows the relations between the system prime
contracior AS/DH, and the subsystem and equiprment manu-
facturers in the system study process.

Contracting authority involvermnent is also shown.
The following points should be emphasized :

From the predefinition phase, work is conducted with
cooperation between the system prime contractor and
the subsystem and equipment manufacturers.

The system prime contractor asks the subsystems and
equipment manufacturers for a final technical and com-
mercial offer as scon as the preliminary technical specifi-
cation covering the system, subsystems and equipment
constituting the requirement has been issued.
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The detailed definition phase is conducted in association
with the suppliers selected, who now commence their
development studies.

PRIME CONTRACTOR SUBSYSTEM AND EQUIPMENT
MANUFACTURERS
[
2| WORKORDER . S
T || sYSTEM DEFINITION STUDIESH, SUBSYSTEM AND EQUIPMENT
= QDEFINITION STUDIES
O If [sYSTEM GENERAL
;-_'; SPECIFICATION
= || [FUBSYSTEM AND EQUIPMENT ’TO ESTABLISH FIRST TECHNICAL
ul || |GENERAL SPECIFICATIONS AND COMMERCIAL OFFER FOR
INITIAL SELECTION
DEVELOPMENT CONTRACT w
2
WORK ORDER - z
FUNCTIONAL ARCHITECTURE][| =z
DEFINITION FURTHER SUBSYSTEM AND =)
L 4 il EQUIPMENT DEFINITION STUDIES | £
HARDWARE ARCHITECTURE lg AFTER INITIAL SELECTION OF g
DEFINITION CANDIDATES n
SYSTEM CHARACTERIZATION e
PRELIMINARY SYSTEM
w || |PROTOTYPE TECHNICAL
2| (SPECIFICATION
T | [SUESYSTEM AND EQUIPMENT) g TO ESTABLISH FINAL TECHNICAL
£ {| [PRELIMINARY PROTOTYRE AND COMMERCIAL OFFER
& || [TECHNICAL SPECIFICATIONS
=
a.
S |[ PROJECT REVIEW WITH THE
i PRIME GONTRACTING
o AUTHORITY
a
DETAYJ ED SPECIFICATION DEVELOPMENT CONTRACT
lSYSTEM PROTOTYPE m
TECHNICAL SPECIFICATION ) 2
DEVELGPMENT £
SUBSYSTEM AND EQUIPNMENT] I =
PROTOTYPE TECHNICAL STUDIES z
SPECIFICATIONS =
PROJECT REVIEWS WITHPRIME || &
CONTRACTOR 2
o
— 2

Fig. 2 : DIAGRAM OF RELATIONS BETWEEN PRIME
CONTRACTOR AND SUBSYSTEM/EQUIPMENT
MANUFACTURERS IN THE DESIGN FPROCESS

3.1.2 — In the Integration and Testing Process

The system is perfected on integration rigs setup by Ground
Tests and operated on the basis of series of tests defined
during the detailed definition phase. Great care is taken
with respect to management of the configuration of the
system under test {equipment supplies) and that of the test
facilities.

3.1.3 — In the Program Management Process

These aspects, and particularly the aspects relating to Quality
Assurance activities, are described in the paper by A. Reboul
«Quality Control of Software in Avionics Systems).

3.2 ~ COOPERATION

In the above processes, there is no objection to the system
prime contractor being composed of several companies
with industrial agreements governing problems of decision
making.

4 — MODIFICATIONS ASPECT
There are two types of modification request @

Modifications resutting from the ground and flight testing
and vatidation phases.

Modifications corresponding to integration of additional
customer operational requirements.

In. alt cases, the objectives of effective configuration controi
are :

Keeping all specification documents up to date.

Enabling equipment deliveries and complete systemn deli-
veries to be defined.

Identifying at the most general level of the systemn the
effect of a medification request at the level of each com-
ponent.

Handfing acceptance procedures for modification requests
and updating applicabilities to define system «standardsy»
in development and in production.

Enabling project heads to consult the various develop-
ment states of all entities invalved in the definition of
the system with which they are concerned.

For this purpose, monitoring of modification requests is
based on the following principles :

A gsystem» card is drawn up to describe the modifica-
tion at general system level, 1t is broken down into
equipment cards for the equipment affected by the
change, processed to determine its effect on the various
products of the system life cycle with a view to prepa-
ring its presentation at technical conferences and then its
incorporation on the basis of the resuits of these confe-
rences.

5 — AVIONICS SYSTEM DEVELOPMENT MEANS
IN THE AEROSPATIALE HELICOPTER
DIVISION

To fully master development of aircraft avionics systems,
the aircraft manufacturer must

Establish the general and detailed system definitions.
Control software development.

Carry out system integration tests and validation.

The complexity of integrated digital systems necessitates
the use of suitable means {computer tools in particular} for
accomplishing these tasks.

5.1 — These are primarily computer aided means for design
work and for the general and detailed systern specifications.
They serve to :

Produce a systemn complying with customer operational
specifications.

Provide detailed equipment specifications {hardware and
software} permitting their development.
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This set of means is designated by the Aérospatiale Helicop-
ter Division as the ¢«System Design Shop».

The nature of the tasks to be performed has resulted in a
distinction being made within the System Design Shop
between the following four components (see Figure 3) :

DESIGN AND SIMUFLATION SHOP

# SIMULATION BY AUTOMATIC <SYSTEMa ACCESS STRUCTURE
MEANS.

= AVAILAGILITY FORECAST
+ ALGORITHM DEVELOPMENT

= IDENTIFICATION AND MONITORING
OF MODIFICATIONS TO SYSTEM
SPECIFICATIONS, HARDWARE AND

SYSTEM TQODLS SOFTWARE CURING THE DEVELOPMENT

PHASE AND DURING THE LIFE CYCLE

/ + SYSTEM CONFIGURATION MANAGEMENT

Fig. 3 : SYSTEM DESIGN SHOP

® FUNCTIONAL SPECIFICATION (OCS}

= PROCESSING SPECIFICATION (DLAD]
® BUS FRAME DEVELOPMENT (OCT)

#* EQUIPMENT SPECIFICATIONS (SAM)

#* TEGHNICAL DOCUMENTATION

GRAPHIC SHOP

* SYMBOLOGY SPECIFICATION

a) Design and Simulation Shop
It handles all types of tasks as follows :

Conceptual studies prior to specification tasks, detailed
specification of algorithms using fine models, and system
characterization..

b) System Tools
These are mainly tools used to establish the following :

Functional Specification

The tool used at present is SPECIF X which will be re-
placed by OCS (System Design Tool) as soon as it is
available.

Processing Specification

The DLAD {ESD) too! {Computer Aided Software De-
finition tool} is installed.

Bus Frame Development

The OCT tool (Bus Frame Development tool) is now
defined and partly modelled. [t will be integrated in
the Shop.

Equipment Specification

The SAQO tool (Computer Aided Specification tool}
based on an interactive graphic language is used for
current projects.

¢} Graphics Shop

Currently being set up, it is to provide support for the de-
1ailed specification (graphic and logic) of symbologies.

d} System Access Structure
Being developed at AS/DH, it constitutes the basic structure

of the Systern Design Shop through which users access dedi-
cated tools, and it provides coharent management within

the shop, in particular with respect to

Data transfer between tools.
Developed systemn modification monitoring.

5.2 — There are also the aircraft software development
means, designated as the «Software Shop»

Certain software at «system» level is considered as a DH
development task. This «systemy» layer corresponds 1o high
levet functions involving several iterns of equipment fede-
rated into subsystems in a hierarchical structure under
central computers. It is also a point of strategy for the air-
craft manufacturer to develop software which will increa-
singly undergo customization work, this work often being
carried out in the past at installation level.

Figure 4 shows the four components of the Software Shop
enabling a strict development methodology to be imple-
mented.

a) Software tools,
b} Programming Shop.
c) Software Integration Station.

d} Software Access Structure, its main role being to provide
configuration management during software development.
Like the System Access Structure, it is the basic struc-
ture of the shop and effectively manages all information
present.

SOFTWARE TOOLS

* SOFTWARE DEVELOPMENT :

£r05 \

PROGRAMMING SHOP

1S0FTWAREs ACCESS STRUCTURE
GLOBAL
DETAILED

+ CONFIGURATION MANAGEMENT
OF SQFTWARE DURING
DEVELOPMENT AND DURING
LIFE CYCLE

* COMPILERS
= DEBUGGERS

LEPENDS ON PROGRAMS

PALAS-B

SOFTWARE INTEGRATION STATION

~

EMULATORS

DEPENDS ON PROGRAMS

.
.

Fig. 4 : DH SOFTWARE SHOP

5.3 — There are also the means for preparing and structuring
the electrical file.

5.4 — TEST MEANS also exist

«Real timey integration means for testing and functional
validation of the system. These are the «System Rigs».

Mechanical test and integration means {mainly the means
for adjusting helicopter-mounted sensors).

Electromagnetic compatibility and hardening test means
to prove system behaviour in its own environment and
in the external environment stipulated in the Technical
Requirements.

53-5



CONCLUSIONS

A certain number of computer tools are already used in the
development of our current avionics programs. Their use
has already produced certain beneficial results, in particu-
lar :

Improved communication between partners
Higher quality of specifications
Improved system definition monitoring.

Forthcoming programs should provide complete validation
in full-scale utilization.

This methodological process, resulting in the utilization of
computer tools, concords with that conducted by the
French avionics community under the auspices of the
Ministry of Defence in the context of the ITI Studies.

53-6




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 1 to page 1
     Mask co-ordinates: Left bottom (242.03 2.96) Right top (588.79 47.42) points
      

        
     0
     242.0344 2.9637 588.7858 47.419 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     8
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 3 to page 3
     Mask co-ordinates: Left bottom (0.99 272.65) Right top (45.44 571.98) points
      

        
     0
     0.9879 272.6513 45.4432 571.9836 
            
                
         3
         SubDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     8
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (549.27 285.49) Right top (586.81 567.04) points
      

        
     0
     549.27 285.4939 586.81 567.0442 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     8
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (4.96 282.51) Right top (47.58 567.99) points
      

        
     0
     4.9564 282.5082 47.5811 567.9947 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     8
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (552.03 297.39) Right top (591.82 562.97) points
      

        
     0
     552.035 297.3936 591.8213 562.9672 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     8
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 7 to page 7
     Mask co-ordinates: Left bottom (546.41 282.00) Right top (585.14 570.96) points
      

        
     0
     546.4121 282.0034 585.1379 570.9576 
            
                
         7
         SubDoc
         7
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     8
     6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (546.94 282.39) Right top (592.52 565.77) points
      

        
     0
     546.9426 282.3942 592.5211 565.7739 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     8
     7
     1
      

   1
  

 HistoryList_V1
 qi2base





