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Abstract
In 1996, Matra Marconi Space (now Astrium) has gtarted the design of Leodtar, a family of smdl platforms capable of
supporting Earth observation, science and communication missions for a large range of Low Earth Orbits. This interna
initiative has been triggered by the Faster/Better/Chegper (FBC) tendency appearing among ingtitutional customers and
obvious on the export market. Hence, Agtrium strategy was to provide standard quaified platforms relying upon a generic
core avionics, as well as customized elements to be used for specific applications. To achieve these FBC gods, Astrium
implemented innovative design and vdidation incrementd methods, coupled with the maximum use of off-the-shelf
equipment.
The vdidation of the Leostar generic core avionics is now terminated and turned out successful w.r.t the FBC approach.
Indeed, significant cost and time reduction could be observed not to the detriment of performance since the family now
includes the Leostar 500-XO hus dedicated to very demanding high resolution observation missions. For a recent export
program awarded end 99, Astrium is relying upon the Leostar concept to answer the needs of an Earth observation mission
while coping with the chalenging schedule requirement of delivery of satdlite to find Customer in 30 months. Moreover,
thanksto this Leostar heritage, Astrium has started to study for the French Space Agency (CNES) the new generation of agile
bus which will support PLEIADES, the Spot follow-on program.

This paper gives a brief overview of the Leostar family and its current and planned applications, describes the lessons
learnt throughout the validation phase, and discusses how adequate aspects of the Leostar development gpproach have been
gpplied to an interplanetary mission such as Mars Express.

Leostar Family . either a standard platform, such as the Leostar 200
Leostar congtitutes the family of platforms proposed by dedicated to 1.2m diameter launcher fairing (Pegasus
Adgrrium SAS for Low Eath Orbit (LEO) missons XL, Ledlink 1, Stat) or Leostar 500/500-XO
including Earth Observation satellites, Science satellites and dedicated to 2.0 m diameter launcher fairing (Rockat,
Teecommunication satellitesfor LEO congellations. Athena 2, Leolink 2, Cosmas, Taurus) ; the Leostar
This family is designed around a generic core avionics, 500-XO is more specificdly optimised for high
which can be accommodated in various physica ways: resolution observation misson.

or a cusomised mechanical configuration, for
spacecraft  overdl optimisation :  configuration
optimised for efficient SAR antenna for a radar
misson, configuration optimised for multiple
launches in the case of a tdecommunication
congellation, etc.
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Specific Configurations

LEOSTAR 200
Compatible with 1.2m
diameter fairings of

Pegasus XL, Leolink 1,
Start

Leostar Family Key Characteristics

The heart of the Leogtar family, including the core avionics
and aso the generic development logic and tools, feetures
the following key characterigtics:

- low cost because of fully centralised and optimised
architecture enabling the use of exigting flight proven
equipment as-is (“ Off-The-Shelf” gpproach)

versdtility through the current definition and essy
evolution, if needed, of the modular On Boad
Management Unit and through the initia identification of
options taken into account since the sart of the
development

high performance (agility, pointing accuracy, location
and dgability) with the use of advanced sensors
(gyroscopes, dar trackers, GPS)

Thenew Leostar 500-XO bus

Within the frame of the 1999 competition organised by
CNESfor theinitid 3S Spot Follow-On program, Astrium
has derived from the Leostar generic avionics a dedicated
bus (so cdled Leostar 500-XO) which provides, in
addition to the above described generd Leostar family
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New Generation Avionics

LEOSTAR 500-XO

PLEIADES

Compatible with 2.0m diameter
fairings of Eurockot, Athena,
Leolink 2, Cosmos, Taurus

LEOSTAR 500

The Leostar Family

characteridtics, high agility, gability and locaisaion
leeding to a high peformance bus for high resolution
optical observation missons.

This bus, which includes adso the Payload storage and
downlink functions, is currently under development for an
earth obsarvation export program which was awarded to
Adtriumend of 1999 after world wide competition.

Satellite based
on Leostar 500-XO bus
Launch configuration

Leostar 500-XO overview

The Leogtar 500-XO hus has been specificdly designed
for High Resolution observation missions. Low inertiaand
high dtiffness provides for a very agile spacecraft, while
enhancing Line Of Sight pointing performances.

Asthe other standard platforms of the Leostar family, the
Leostar 500-XO bus provides amulti-mission potential. It
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features easy accommodation of any type of payload with
typical mass of 500 kg. Thanks to its modular design, a
number of options can be sdected to best suit to the
mission needs in terms of orbit, mass, power, propulsion
and data transmission capabilities.

Mechanical Architecture

Theoverdl shapeis an hexagon, 1.5m height, indluded ina
1.5m diameter. Structura auminium honeycomb pands
provide support to the equipment. The attachment to the
launcher isensured by an adaptable frame bolted to the
lower face of the bus.

On the upper face, the Payload Interface Pand (PIP)
carries the payload. For pointing performances, the PIPis
mede of CFRP, quas iso-staticay mounted on the bus;
furthermore, attitude sensors are accommodated directly
onthe PIP.

The propulsion assembly used for orbit control is
condtituted by an independent module grouping four
thrusters, the tubes and the hydrazine tank of 80 kg, and
directly mated to the lower floor.

The solar array isfixed and modular, with two (600W) or
three pandls (900W) with GaAscdlls.

The spacecraft modes
» TheAcquistion and Safe Hold (ASH) mode, used for
initidl  dabilisation and acquidtion  after  launcher
separation, and for safe atitude in case of anomaly; its
Adirium patented design is purdy magnetic, leading to a
robust, autonomous and non time-limited mode without
resource consumption nor orbit degradation.
» The solar pointing of the fixed solar aray is
autonomoudly provided by spacecraft attitude Strategy.
Three phases can be defined on an observation orbit

The observation phase, with potentia roll/ilt
manoewres for crosstrack and dongtrack imaging
capability (multi-gtrip acquisition, stereo imagng...) and
direct payload data down-linking
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The eclipse phase, with Nadir pointing, especialy for
payload data downHinking during night and Scientific
observation
The sun pointing phase, for the remaining part of the
orbit, in order to generate power from the sun.

=
=
=
&=
&=
The Autonomous Sun Pointing
Main features Main
performance
S
Design lifetime 5years
Reliability 08over5
years
Mass
Bussdry mass 350 —400kg
Payload mass 150-600 kg
capability
Power
Modular fixed solar| 600—900W
array panels
Bus power | 150—350 W
consumption
Power avdlable to Typicaly
payload 250W meen
& 450 W
pesk
Lineof Sight
Pointing 100-250m @
700km
Locdisation 20—-70m @
700km
Stability Better than
10*°/s

Leostar 500-XO Main features

L eostar generic core avionics validation
The development and validation of the generic Leostar
avionics has been achieved from 1996 to 1998 through
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internd funding by Astrium. This internd initiative has
been triggered by the Fedter/Better/Chegper tendency
gppearing among inditutiond customers and by actua
opportunities on export market.

The objective was to get enough development maturity
w.rt the mogt innovative Leostar concepts so as to
demondirate to potentiad customers the design credibility
and improve the development schedule of the first
misson.

Hence, the effort was focused on the avionics and in
particular on the data-handling/AOCSsoftware/ operation
aspects.

Using innovative methods, among which incrementa
devdlopment and concurrent enginegring, the whole
avionics devel opment was achieved in less than two years.

Leostar M ethodologies

In addition to the end-product interest, the context of an
internal funding was appropriate to implement and test the
folowing innovatiive devdopment and management
methodologies :

Keep the system design simple

In order to lead to a robust product, Leostar design has
been kept as smple as possible with clear principles for
FDIR (Failure Detection, Isolation and Recovery) ; this
guarantees a full design control by the design team and
leads to an easy and comprehensve system vadidation.
Main characteristicsin thisdomain are:

only two AOCS modes :

- one sngle ASH mode gathering initid Acguistion
after launcher separation and Safe Hold modein case
of failure; the failure isolaion and reconfiguration isa
ground task. To be noted that this ASH modeis very
robut a redying only on magnetometer
measurement and magnetic actuators (no propulsion)

- the norma mode covering the payload operationa
mode (imaging for example) and the orbit control
mode; this mode relies on autonomous sensors (as
GPS and Star Tracker) dlowing to decresse the
system complexity and ease the vaidation process.

Centralised architecture around two main units.

- the OBMU (On Boad Management Unit)
supporting the computer function and al data
handling IF with AOCS sensorg/actuators as well as
TM/TC units

- the DRU (Digribution and Regulation Unit) in
charge of dl units switch on /off and battery
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management /solar array string connection as well as
implementing thefirst ectrica protection.

Re-use of COTS

In order to lead to an affordable product, Leostar design
has been made compatible with Commercid Off The Shelf
units, ie units previoudy developed for other programs
and potentiadly dready qudified or with in-orbit heritage.
This approach is made possible and competitive thanks to
the concentration within one unit (the OBMU, internaly
developed within Agtrium) of al the interfaces and thanks
to the OBMU design modularity which dlow
modifications to one module without chalenging the whole
OBMU qudification.

This principle is associated to the retro-specification
concept where the unit supplier own specification is used
as the contractud requirement after review and potentia
addition by Agtrium of missng information or Leostar
specificities to take into account. This approach of re-use
(after review and Agtrium approval) of supplier own
documentation is aso implemented for Product Assurance
and Product Management plans, as a principle of limiting
the specific documentation to the minimum.

A key vdidation aspect on Leodtar is the introduction of
some unit characterisation tests a  Adtrium  after
acceptance tests at supplier premises.

Star tracker characterisation tests

With the COTS concept, the unit acceptance tests are
often predefined according to the units generic
requirement . The characterisation tests are the occasion to
fully operate the units according to Leostar operating
modes, to vdidate the system interface and through
specific tests to correlate the units numericad modes used
for system simulation and validation

Software design, development and validation

The software dso presents modularity with successive
layers implementing higher  and  higher  leve
command/agorithms.  Thanks to this architecture,
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modifications (as AOCS unit change) can be implemented
while keeping the rest of the software unchanged and
hencelimiting the need for vaidation to the modified areas
and to aglobal non-regression test a system level.

System layer
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One of the key issues of a chalenging development
schedule is the ability to test very early the flight software
in closed loop, in order to gain confidence in the system
design, but aso in the software, much sooner than usualy
done. It is well-known that errors which are detected early
can be corrected with very little cost.

For Leostar AOCS software, this has been possible thanks
to the SSIMULEO tool, which includes functiond models
of AOCS equipment, aswell as dynamics and environment
models. The AOCS module of the flight software can be
included without modification in SIMULEO, in order to
perform closed loop tests.

The early vdidation phase requires a very close co-
operation (or concurrent engineering) between the AOCS
engineering team and the software team. The first step is
to write the first verson of the Software Requirements
Document (SRD).

As s00n as it is available, the firgt version of the flight
software is coded, and integrated in SIMULEO with very
few preliminary tests.

Then begins the early vdidaion phase in itsdf. Closed
loop SIMULEOQ tests are run, and both teams investigete
together the anomalies. Quick iterations on the design, as
well software bugs corrections, are performed. This phase
requires maximum co-operation between both teams, and a
very good reectivity, in order to be able to perform very

quick changes.
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| Softwar e requirements | Concurent
engineering
Design / Code between
Protoflight AOCS
engineering

and Software
development

F’ Protoflight SW
Sensor ) Actuator teams
(e ) ot weos Jao [

Upgrade Protoflight

F’ Flight Software
Avionicsvalidation
Sensors ¢| Model ¢| actuators

L eostar software development and validation
principle

This method proved to be very efficient during the Leostar
generic avionics development. At the end of this phase,
which lagted typicaly two months for each AOCS mode,
the SRD could be conddered as vdidated. Moreover, the
confidence in the software was very good. No anomay
was actudly discovered, neither in the design nor in the
software, after this phase.

I ncremental development process

Thanks to the Leostar desgn modularity implemented
both & OBMU hardware level and a software levd, an
incrementa development and vaidation process has been
implemented for AOCS function, which reveded to be
particularly efficient in term of gradud system vdidation
and schedule flexibility w.r.t unit availability due to
procurement delays.

CLNRT : Closed Loop Non Real Time
CLRT : Cosed Loop Real time
SRD : Software Requirement Document

Leostar Spiral Development and Validation
Approach
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One AOCS mode vdidation indudes:

Early vdidation of the Hight Software in closed loop
(using the SIMUL EO dedicated tool), with quick iterations
between design and software.

Characterisation of AOCS sensors and actuators, to
dlow early vdidetion of the units operating procedures,
and to refine their numerical modesif needed.

Closed Loop Red Time vaidation on an avionics test

bench, with real hardware and software in the loop.
Usng these incrementd methods, combined with
maximum concurrent engineering practices, the whole
Leogtar avionics concept has been vdidated within two
years, hence demongraing asaving rtio of 2 in terms of
schedule and cost w.r.t previous SPOT programs.

Leostar Avionics Test Bench

I mplementation of Risk Management methodology
The Leogtar generic avionics development program has
been the occason to implement and practice the Risk
Management methodology. Risk management is a
continuous process which ensures project control and
advanced project monitoring for technica definition, cost
and schedule.

This Risk Assessment & Mitigation methodology dlows
identification, assessment and definition of al necessary
preventive or curative actions to mitigate Risks or cancel
Risks.

It isprocessed in 4 main steps, as presented hereunder :
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Risks Control all along project cycle & life |

Method : any Information

1 1 [ Risk dentification
Source / Lessons learnt

Occurrence Probability

- 2 | Risk Assessment
il Potential Impact on the Project

o | 5 Risg M.itigation Action | Action Plan : (Preventive &
" Definition Corrective Action)

| Progress and Results Review
r‘ Control Reporting

Risk Assessment Methodology

Step 1: Identify Risk
Thisis acollective result from Project Team which dlows

- Critica point identification with their associated risks,
- Andyds of causes with identification of associated
triggering factors and activation period.

Step 2 : Assess Risk
This step consists in the assessment of criticality a
project leve :
The Ciriticdity results from independent assessment of
seriousness of risk consequence and assessment of risk
occurrence probability .

Step 3: Risk Mitigation Action Plan
There are 2 types of actions:
- Preventive Action : raised in order to mitigate the
occurrence probability by killing root causes.
- Corrective Action : raised in order to mitigate the
consaquences.
The Risk Mitigation Action Plan describes the actions and
for each action, the name of the Actionnee, the foreseen
date of action closure, the action datus.

Step 4 : Progress & Results Control
Each Risk is reported on a“Risk Sheet” which collects all
necessary information. All Risk Sheets are collected
together to form the “Risk Mitigation Plan” of the Project
which is regularly reviewed and updated by the project
team under the responsibility of the Project manager.
When dl preventive actions have been closed, the residua
(if any) aswociaed risk is assessed and if judged
acceptable, the Risk Sheet is dosed, otherwise new
mitigation actions are raised.
Lessons  learnt implemented on Mars
Express/L eostar 500-XO export program
From the experimentation of the above described
methodologies, during the Leostar generic avionics
development and vaidation program completed from 96 to
98, the following lessons have been learnt and have enabled
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Astrium to tune these methodologies for the benefit of
Mars Express and now the on-going Leostar 500-XO
export program ; this experience will dso be of prime
importance for the new CNES programs : PLEIADES for
Earth observation or MSRO for Mars exploration.

Avionics is generic, satellite configuration is
subject to mission optimisation

The Leostar generic avionics development and validation
program took place from 96 to 98 with the Leostar 500
platform as system definition. It has been a sound Astrium
decison to focus the interna funding on the avionics only
(ie not to develop the Structure, Propulsion, Solar Array,
€tc) in the absence of actua contract on the Leostar 500
configuration. As a mater of fact, the sadlite
configuration is dways a subject of misson optimisation
and the first Leostar contract is actualy related to a new
system configuration (Leostar 500-XO) which has been
fully optimised for SSO earth observation missions.
Although the resulting mechanica configuration is new, the
development and validation activities achieved during the
Leostar 96-98 program are fully re-usable and endble
Astrium to cope with the challenging schedule requirement
of sadlite delivery to fina Customer in 30 months.

Re-use Off the shelf units but review qualification
status carefully

Re-using Off-the-shdf unitsis an efficient way to decrease
the cods of a program. This gpproach has adso been
gpplied to Mars Express program with the re-use of many
ROSETTA units and of the Globastar solar array for
example. Obvioudy, such approach implies to take as
system condrant the exiging recurring interfaces.
However, reviewing the interfaces is a naturd and
necessary task for system design ; what is more complex,
and some emphasis shdl be put on this aspect when re-
using equipment, is the review of the Qualification Satus
w.r.t the misson needs. Some aspects as the mechanica
environmenta requirements (which can vary alot from a
launcher to another, and often not very mature at program
kick-off) or EMC requirements have proved to be very
difficult to handle within Leogtar 96-98 program.

As areturn of experience, for Mars Express and Leostar
500-XO programs, as part of the sdection process of
COTS supplier, a detailed compliance matrix to a project
URD (Unit Requirement Document) is now requested.

This URD addresses dl non-functiond requirements for
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the unit (ie desgn levds and margin, environmenta
conditions, test requirements). The objective is not to
modify recurring units to make them compliant to this
project URD, but rather to identify which requirements
are not met a recurring unit levels so as to assess the
corresponding risk for the project and decide if a
modification is mandatory. As a matter of fact, the
experience shows dso that mgor problems with pseudo
recurring units are often related to modifications imposed
to the unit and which are not implemented with sufficient
design rigour and assessment of resulting qudification
status.
The return of experience has ds0 led to introduce for
recurring units on Mars Express and Leostar 500-XO
programs, and very ealy after supplier kick-off, a
dedicated formal review to address those specific subjects:
the Equipment Suitability Review. As part of this ESR
review, the documentation jugtifying the quaification shall
be made avaldble So as to respect the low leve
documentation gpproach, recurring unit  “generic’
documentation is fully accepted (rather than program
specific documentation).

Even for a recurring unit, a minimum of supplier
follow-on is necessary, to be adapted depending on
supplier maturity

Another return of experience from Leostar 96-98 program
is related to supplier follow-on, in particular for recurring
units. In general, space indudtry is not in the context of
series production, though telecommunication constellation
projects push towards this direction. As a result, the
processes are not 0 frozen and documented S0 as to
expect a recurring production to be an easy tak. In
addition, some problems as EEE parts obsolescence can
add complexity. The result of experience is that sufficient
procurement and PA resources shdl be put in place even
for arecurring unit.

Design modularity and incremental validation are
success factorsfor on-schedule delivery

A key lesson learnt from Leostar 96-98 program isthat the
modularity given by the OBMU and the software has
endbled patid hadware and software development
releases and has lead to a large flexibility in the sysem
development and vaidation process. This has engbled to
optimise the scope of work w.rt the avalable interna
funding and to give priority to the critical technical issues.
Theincrementa process of validation has enabled to divide

the system globa complexity in few steps well defined
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with vdidation milestones indicating cear progress
towards system vaidation.

The characterisation tests of units have shown to be
particularly efficient as enabling to vaidate the supplier
operation documentation or to debug, in advance to the
system tests, the unit system interfaces, thus enabling to
focus the attention on system levels during systems tests
in case of problems.

The new mehodology for software design and
development has proved dso to be very efficient and is
now the Adrium basdine methodology for dl new
programs ; It has been implemented with the same success
on Mars Express as well as the concept of avionics test
bench which enables redl time closed loop testing involving
actua flight software and flight (or flight representetive)
hardware, well in advance to PFM testing during AIT.

Risk analysis is a key tool for team spirit
development and anticipation

The Leogtar 96-98 program was one of the first program
to implement within Adrium the Risk Management
methodol ogy described above.

This experience was globaly postive and has been
implemented aso on Mars Express as for more and more
projects in Agtrium. This kind of exercise takes dl its
interest when it is performed as a collective work in
particular for the risk identification step. The internal
communication asociated to the exerdise is an efficient
“team spirit” development tool. A key lesson learnt isthat
some actions a no extra cost can be implemented early in
the project development, which can save a lot afterwards
when the risk occurs. This anticipation aspect is usualy
not properly covered if the risk andyss exercise is not
formalised.

Conclusion

The Leodar 96-98 program dedicated to the generic
development and vaidation of the Leostar core avionics
has experienced new devdopment and management
methodologies beonging to the principles of
Faster/Better/Chegper. For Adrium, the key success
factor of these programs shall be to decrease the system
complexity and associated design effort ; in particular, the
reuse of recurring units, with associated system
adaptation, is a mgor way to shorten the development
schedule and reduce the costs. However, the fina

vaidation is the key step which guarantee the misson
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success ; hence, even for missions with small budgets, the
validation phase shdl be as rigorous as known to be
necessary for space systems. Moreover, re-using recurring
units can lead to more system validation to be sure that the
change of misson definition and context does not impact
the find performance of the units a system level. For
software development and vaidation as well asfor system
globa vaidation, Agtrium has gained avauable experience
from the Leostar 96-98 program. The lessons learnt
through this program have been implemented on recent
programs such as Mars Express and the on-going export
program based on Leogtar 500-XO bus. Such development
methodologies and this Leogtar heritage enable Astrium to
commit on mission success within a ddivery schedule of
30 months for a high performance earth observation
satellite,
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