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cnes Use of Scilab in CNES

= Scilab is now widely used in CNES, in various engineering
fields, such as Telecommunications, RF analysis, Navigation,
Attitude Control System analysis, ...

= This presentation explains how Scilab is used for Flight
Dynamics activities, with selected examples in:

e Mission analysis
=>» Mission analysis for advanced studies (PASO activities)

=>» Operational mission analysis (Automated Transfer Vehicle (ATV) mission
opportunities)

* Development of new algorithms
» Flight dynamics operational systems

=>» Operations for early orbit acquisition
=» Debris conjunction analysis in ATV-CC
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Scilab for Mission Analysis

2 examples:

=  Mission analysis for advanced studies

= ATV rendezvous opportunities
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cnes

CENTRE NATIOMAL D'ETUDES SPATIALES

=

CNES process for advanced studies (phase 0)

Advanced studies are carried out by a dedicated orga  nization (PASO:
“Plateau d’Architecture des Systemes Orbitaux”) through a

concurrent design process using its associated Concurrent Design
Facility.

Based on users needs (Science, Earth observation, Se  curity /
Defence,..) and after a selection process, the Paso study plan (about
ten advanced projects per year) is established annually.

Output of an advanced study:

Scilabtec’09

Clear and structured user needs
Comprehensive assessment of system concepts (constraints identification)

Mission design and system optimisation,

=>» Orbit design based on mission requirements

=>» Orbit analysis to assess impacts on satellite (power, thermal control, fuel budget,...)
Analyse different options of partnership and their impacts on cost or system
definition
Propose a development rationale and R&D action plan (technologies evaluation)
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Mission analysis for advanced studies

cnes
o Mission analysis iterations : :
Mission needs < Orbital solutions
=Geometry during observations =3un synchronous orbit
 Constant Sun aspect angle =>Repeat orbits
» Fixed ground tracks
« Inertial orbit or required orbital regression =Inclination (equatorial / polar)

rate

= Orh .
>Earth coverage Orbit excentricity

= Constellation (humber of satellite,

= Constant altitude number of orbital plans,..)

= Revisit time =Ground stations network

= Data access (volume, frequency,..) =Maneuver strategy with propellant

=Mission orbit acquisition assessment

(interplanetary,...)

= Qrbit maintenance
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cnes Why Scilab for advanced studies mission analysis ?
Phase 0 studies general features Tool desired qualities
=Duration: a few weeks = a few months =Rapid development of scripts
=About ten advanced studies per year =Add-ons or tailoring of Flight

Dynamics (FD) software needed

=High level of innovation _ _ _
= SciLab scripts have to work in

=O0rders of magnitude needed conjunction with other software

=Parametric / sensibility studies = SciLab applications with MMI for
needed recurrent problems

=Balance between accurate analysis =Toolbox developments for easy
and order of magnitude evaluation reuse

=Trade-offs =Flexibility

=No strict framework =»proposals =Easy interface
welcome
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cnes Mission Analysis Tool boxes

CENTRE NATIOMAL D'ETUDES SPATIALES

Qlestlab

= Based on previous library SpacelLab

= New design in order to be a SciLab
Associated External Module

= Modular Flight Dynamics library
= Validated against CNES legacy software
= All functions written in SciLab so far

= Comprehensive documentation
including sketches and bibliography
= Conventions for naming

* CL_iersMeanObliquity (functions)
* %CL_mu (constants)

Skitos

=SciLab KIT for Orbit Studies

=Follow toolbox guidelines
=Extension of CelestLab
=Depends on CelestLab
=For CNES internal use

=Functions that may migrate to
CelestLab (functions under
evaluation)

=Functions that depend on other
libraries (FORTRAN) = OS
dependent
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cnes

Qlestlab . a mission analysis toolbox

CENTRE NATIOMAL D'ETUDES SPATIALES

é;lestlab

= Coordinates &
Frames

= Trajectory &
Maneuvers

Orbit properties
Interplanetary

Geometry and
Events

Relative motion
Models
Orbutils

Scilabtec’09

|t Help Browser
Fichier ?

_[=]X]

¢|» || .|%||

[a]

Il 5L_CLOHESSY-WILTSHIRE
(-] SL_CLOHESSY-WILTSHIRE
| 5L_CONSTANTS
(-] SL_CONSTANTS
Il 5L_COMVENTIONS_IERS
-] 5L_CONVENTIONS _IERS
I 5L_COCRDIMATES
(-] 5L_COORDINATES
| 5L_DATES
(-] 5L_DATES
Il 5L_DISPERSIONS_ANALYSIS
(-] SL_DISPERSIONS_AMALYSIS
Il 5._EPHEMERIDES
(-] 5L_EPHEMERIDES
Il 5L_EXTRAPOLATION
(-] SL_EXTRAPOLATION
| 5L_FRAMES
(-] SL_FRAMES
Il 5L_GEOPHYSICS
(-] 5L_GEOPHYSICS
Il 5L_INTERFLANETARY
(-] SL_INTERPLANETARY
| 5L_KEPLER
(-] SL_KEPLER
Il 5L_MANELVERS
[+ SL_MANEUVERS

- @ ma_apsidesline

s

ma_consumption
ma_execmnan
ma_hohmann
ma_hohmannG
ma_inclination
ma_lambert
ma_orbitShape
ma_oukplan
ma_thrust_duration
| 5L_ORBIT_PROPERTIES
(-] SL_ORBIT_PROPERTIES
| 5L_ORBITAL_EVENTS
-] 5L_ORBITAL_EVENTS
|l 5L_PLOT

-] 5L_PLOT

| SL_READ_WRITE

-] 5L_READ_WRITE

|l 5L_REMOTE_SENSING
(-] SL_REMOTE_SENSING
| 5L_UNIT_FUNCTIONS
[+ SL_UNIT_FUNCTIONS
| 5L_UTILS

-] 5L_UTILS

ssss0s000

=

BDémarrer

total delta-v requirernent [rmrs] (1xh)

Description

® ma_bielliptic{r1,r2,rh) computes the total delta-v regquirement far a bi-elliptical Hohmann transfer from a geocentric citcular orbit of radius r1 to ane of radius r2. The
apogee of the elliptic orbit being rh

Qutputdelta-v is the sum of delta-v required fo change from orbit 1 to 2, 3 and 4 consecutively, Delta-v impulsions are perfarmed-at points A, B and C

Examples

A/UTILISATION EXAMPLES

rl = 7000000

rz = 105000000

rh = 210000000:10000: 220000000
[delta w]=ma bielliptic{rl,r2,rh)

//VALIDATION EXAMPLES

rl=7000000

r2=105000000

rh=[210000000 2100000007

[delta v]=ma biellipticirl,rZ,rh)
/fexpected results

ff delta w =
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cnes Scilab within the tool Mission Analysis environment
" FD Tools Scilab
Application | ombitpropagaion | Applications
Ievel l Orbit events : (with GUI)
|____Others.. ]
Result
@ files
Script Post Analysis Application
level processing Scripts functions
SN— -

Toolbox Fortran M -
level librairies <3 Celestlab

-—p  SOftware dependency

Scilabtec’09
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cnes

Example of Scilab application with GUI (1)

CENTRE NATIOMAL D'ETUDES SPATIALES

=Example of
application:
Computation of
repeat orbits
characteristics

=GUI allows easy
use of the tools

=|nterface
(functions)
available for
parametric studies

= Low level functions
available in
CelestLab

Scilabtec’09

- Application phasage ==

Close  About

Panneau de conirdle

Inclinaison

Inclinaison non héliosynchrone Ll . [
Sélection |
9825 de S L
g '8 15 7

= 8
Excenlricité C 12 3

R ("
Excentricite ﬂ e 1 2 13

s
00001 o 12 ;
9 15 4§
'8 15 4

Mode de calcul
Recherche d orbites E

Mombre de resultats 188

Résultats

. i . 5

g _ G s N el
23 351 6779.205 30 923184493 33 1.025641
27 412 BY797R22 30 92328686 26416263 23.592233 08737864
31 473 67801511 30 92336251 30329894 2358408 07610994
35 534 67804357 30 92342087 34243524 23595506 0B741573
4 61 B782.6423 30 92387341 39136304 23608557 59016393
33 503 EB7B4.9545 30 92435382 3232881927 2361829 07157058
249 442 B785.3077 30 92442012 28374562 2361891 08144796
25 381 B785.7343 30 92450765 24460937 23622047 09448519
21 320  G78H.3236 30 92462855 20547301 23625 1.125

17 259 E7BY.1905 30 92480639 1663367 23629344 13889614
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Remplissage de I'intertrace

Recherche d orhites

Altitude minirmum ii 5000  km
Altitude maximum ¥ 6500  km
Curee phasage min 2 Jours
Duree phasage max | 35  jours
Tti des résultats par colonne croissante :

Demi grand axe =

--------------------------------------------------------------------

———————————————————————————————————————

———————————————————————————————————————————————————————
_________
__________

————————————————————————————

Mombre de traces elementaires de la grille en longitude

2 4 5 5 w0 1z 14
Jours orhitaux

Orbites trouvées

Enregistrer résultats ]
DossierH\LOGICIELS\SCIL |JESrealil 30
Mom du fichier | resultats

Durée du cycle
ra
o
1

0
G760

Ewvent code -1 at mouse position is (302.000000,323.000000)

720 G200 G220 640 GBE0 G220 G600 B9z20 6940 BOG0
Demi grand axe

=1af x|
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cnes Example of Scilab application with GUI (2)

CENTRE NATIOMAL D'ETUDES SPATIALES

< Application Béta Eclipses =10 x|
Close - About
DL E|O
Applica pses
Panneau de contrdle Durée d éclipse en fonction de béta
Orbite 35
; ; Date calendaire = | i
= Application for sun / i — S—
orbit geometry Altitude =800 km 2
. Excentricité i FP
an aIySIS Mon heliosynchrone j 600 deg § m__
Argument du périgee 90.0 deg 5__
= 3 1 |
I:> Com pUteS Heure locale =|[ 1250 heures e - — = - = 7 - =
Beta

Béta en fonction du temps

a0 —— T —

e Sun elevation wrt _

orbit plane (beta

Enregistrer résultals

ang Ie) DossierLOGICIELSBCILARY: JSaiEat .
I — gl
. . Nam du fichier [ resultats bt @
* Eclipse duration — |
6 &0 100 160 200 250 200 250
Temps

Durée d éclipse en fonction du temps

e

%
th
|

b
=)
|

o
|

Eclipse {minutes)
L

=)
|

B3
|

|
|
1

o

=1

a0 100 &0 200 250 300 3460

Temps
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CENTRE NATIONAL D'ETUDES SPATIALES

Operational mission analysis (ATV rendezvous opportunities)

e [33 pOviEr constraint
e /DI dlirect dazzling constr
33 CAMETA CONStraint

YOM indirect dazzhn% const
Communications constraint

=Numerous scripts were developed
for the ATV mission analysis S 3 o ,
(Orbital events an a|ySi S) asteniing 2007-2008 opportunities on Daily Orbit #2 for Docking Day

nade (Min

I\ R i | |
=>Need to establish a firm base for N | |
the scripts used for this analysis ]
=» Motivation for starting A ;
SpacelLab 1
= Scripts based on SpacelLab used
to compute rendezvous 1
|

or |

opportunities over a period of time

Time after AN
i

=Due to operational complexity, ] 11
constraints were quite changing "

=|t was decided to keep this v I i
application written in SciLab for ' '

n
50 00 =50 200 250 300 350

flexibility purpose

Days since 7772007

time

A

v
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Design and evaluation of new algorithms

Scilabtec’09
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cnes Design and evaluation of orbit control algorithms

CENTRE NATIOMAL D'ETUDES SPATIALES

Multiple satellite simulation environment

= Scilab has been used to design and P —
validate (relative) orbit control algorithms > P;‘(’]ﬁ"i" \/\A —
I
= Advantage of using Scilab: has offered /O Main'rren;nce AV
enough flexibility to easily evaluate NI I > Sgggﬁzgy
variants to the algorithms /o code)
=The simulator is run in non interactive > ng;’“,g- /I
mode, except exceptionally for debugging
purposes

=The SciLab program is embedded in a
larger software structure where several
(validated) tools (i.e. binaries) exchange
relevant information. : s -

Orblt_ . Or_blt _

Propagation i Determination

=CNES “SIMBAD” data exchange (socket | ————— "o '
based) library is used (written in C, Scilab
AP added) Maneuver L

Computation

Typical orbit control loop
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cnes
USE OF SCILAB IN FLIGHT DYNAMICS
OPERATIONAL SYSTEMS
2 examples
=  Debris conjunction analysis in ATV-CC Jules Verne
=  Operations for early orbit acquisition
Scilabtec’09 Use of Scilab for space mission analysis
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cnes Debris conjunction analysis in ATV-CC Flight dynamics

CENTRE NATIOMAL D'ETUDES SPATIALES

= Script installed in ATV-Control
Center for Jules Verne

=This script works in R Separation distance= f(time,

conjunction with other
operation software and is
used for situation analysis
and investigation

=Computes the efficiency of an
avoiding maneuver as a
function of time before the
conjunction and the size of
the maneuver

AV

=Used to create “dynamical
abaci”

A 4 e ‘ ‘ -0

=Not an operational software Time maneuver /

=The solution is simulated with conjunction

operational software
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Operations for early orbit acquisition

CENTRE NATIOMAL D'ETUDES SPATIALES

=

Software used for operations (orbit
acquisition of a cluster of 4 satellites)

About 40 scripts, 120 functions, 5000
lines of code (including comments)

Computes the orbit maneuver
strategy from injection by launcher to
beginning of operational phase

Interfaces added to access the
control center data (non Scilab GUI
means used)

Calculations activated by simple
menus (no command-line nominally
needed)

But access to low level functions and
algorithms possible, if (really )
required.

Scilabtec’09
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cnes Some difficulties

=Computing time
» Avoiding loops is sometimes difficult (for orbit simulation for instance)

=Working with vectors

» Sometimes increases complexity of development

» Readability is difficult
=>» Improved with the use of functions
=>» Code has to be highly commented

= Scilab 5.x not available for Unix OS

=Link with FORTRAN 90

* Requires interface functions
* Programs must be compiled for various OS
« Difficulty to re-use existing FORTRAN libraries
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Conclusions

=Scilab is widely used within the CNES flight dynamics departments

=The mission analysis toolkit which is used for advanced studies is
growing based (in particular) on:

o Scilab libraries (CelestLab, Skitos)
» Scilab specialized applications (MMI, associated toolbox)

= A first version of CelestLab will be delivered as a SciLab external
associated module. CelestLab provides functions for mission / flight
dynamics analysis on:

» Orbit propagation,

* Orbit geometry,

» Reference frames and models,
e etc...
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