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® CelestLab / CelestLabX, « our » toolbox for mission
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® Various illustrations
(Demos ...)
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Introduction - what tools for mission design ?

What kind of tools do we need for mission design ?

=> Lots of studies of different kinds : recurrent, more advanced,
guick evaluations and longer studies

® Not so easy to answer. Compromise between:
= Flexibility / adaptability (adaptation of tools must be easy)
= Robustness / stability (reference, reliable tools must be available)
= Efficiency (simple problems / questions must be answered easily)
= Consistency between tools

® Scilab appears to fullfill our needs

est Mechanics

o ' y . The Silab
® Part of the solution is called x T écnesﬂth
[3b  Toolbox il
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Scilab ?

® Scilab is free, open Source
and easilly installable everywhere

® More information: http://www.scilab.org

Some assets:
® The language is simple enough
Well adapted to engineers: flight dynamics and not programming

® Scilab comes with many functions / libraries
Maths, graphics

® Links with other langages
C, Fortran, Java
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CelestLab

@ Scilab flight dynamics library, pure scilab code
® Open source (same licence as Scilab)

Lab

4+ Available on ATOMS web site since end of 2009. Number of downloads ~ 40000

® Contains ~250 functions (~20000 lines of code)
® Functions dealing with main flight dynamics aspects

Coordinates & Frames, Trajectory and maneuvers, Orbit properties, Interplanetary,

Geometry & events, Models, Utilities

® Thoroughly tested

+ Very few anomalies reported

® Lots of examples, doc, demos (~100), tutorial pages

4+ Can be used as starting points (copy-paste)
4+ Provides immediate answers to common/recurrent questions

=> http://atoms.scilab.org/toolboxes/celestlab
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CelestLabX: CelestLab’s extension

® CelestLabX
4+ Provides interfaces to public (or maybe specific) tools and libraries
4+ The additional features are made available through CelestLab
(CelestLab then contains either pure Scilab code or calls to functions

from CelestLabX)

® Reasons for this extension toolbox:
4+ Open-source code / freeware libraries exist and we would like to use
them through Scilab

-> Saves (long) coding / testing time
-> Useful features become easily available

+ Sometimes efficiency implies calling native code
4+ Separate toolbox => keep CelestLab simple

Ccnes



CelestLabX: contents

+ CNES tool created in the context of satellite end of life regulations.
Used for orbit long-term propagation (prediction of satellite positions over many
years, usually up to 100)

+ Semi analytical propagation: propagation of « mean orbital elements »
instead of true orbital elements => much less time consuming

4+ Can be downloaded from
https://logiciels.cnes.fr/content/stela?language=en

4+ CelestLabX contains interface to STELA java code

® Two Line Elements
4+ Interface to C code from http://celestrak.com/software/vallado-sw.asp
4+ Usual functions : propagation + various utilities
(example later)

Ccnes
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“elest
= Lab

Topics Examples
Coordinates and Frames Dates
Reference frames definition (IERS 2010 conventions),
Conversion between of reference systems,
Definition of orbital elements
Rotations and quaternions

Geometry and Events Orbital events ,
Orbital geometry

Interplanetary Interplanetary transfers,
Three-body analysis

Models Celestial body ephemerides (including DE405),
density models, force models ...

Orbit properties Definition of most common orbit properties (Sun
synchronicity, repeat orbits, frozen orbits...)

Relative motion Clohessy-Wiltshire formalism

Trajectory and manoeuvres Orbit propagation (analytical models),

Manoeuvre computation,

TLE computation,

Orbit propagation using STELA
Utilities, Math Various support functions

including for graphics

Ccnes



Longitudinal acceleration (1.e3 deg/day*2) - EGM96s (10x10)

(demos)

I0NS

llustrati

[ ]
Geoid heights / reference ellipsoid (m) - EGM96s (30x30)

CelestLab

SIRIUS - Frame = ECI

Object(s)

Sphericat mea
e Geodelic: true
Geodetic: mear

= Spherical: sma
s Spherical: frue

Perihelion radius (AU)
Altitude

Longitude (deg)
Interplanetary transfers (Tisserand graph)

:
50

0.2

B i i i e R

/v\

=
= ' - v =
: : (wny) spnipy
(a0 yue3 jo JA6iaua| 0) aane|a1) Hio Juuadonal - S

705 4
700

sz ousl

Qo
28
28
&2 " P T -
-¢-o o, R docmdicaak .:H
_ S el © L S
e i i B o
H HE A S
& LS ' L .¢+ 1 .
R TR | & ; : : S
k . : 5 B Polod m o — ["Fg B i s il T8
E & : ; ; Eooboq S| : ' ' i ~
[ ! o n e | H : ¢
........ e @l H : b
' " " ° o
. y W A, R e 1]
| . ! '
; ot e £ ; ; "
........... T re & |! 4 b %
T S | ¢ T e o
N ° b sk § r-r D S
E |- PO E. 1 L e @ ' ' ~
i T | " e
4 > s | ' ' | b ' L3 '
4 : £ I @ | | ¢ 2
/ & R T & « 3@ L 2 - D
£ - S T e r- 217 _ " =
. ° S s | : e
A o | 2 S £ | ; " o
L [ i " " " " '
- ———— - = - o
_ v R T S ot S
- O I 4 : L ¢
' ' ' ' c ) " ¢
. ) \ 1 « @ | ! !
T g g . e h - 1 H o
S S T . Y = sebe ¥ 2
" ' " " " " 1 1 r N a A Do
H H i 1 H H i i I Vo 1 =
- ———— Haddat & =T "
o o o o o (=] o o o (=]
S § E S B § 8 § = el b d g S
(uny) spmypje sebody | asbad Felvieig T et “
o @ © = o o o
SN - - - - -
(o) suonnjoaas Jaue|d Jo 1squinpy
—
- S D
o i
— “ g
] (= 1 & m
. = i g
o L~ .ﬂﬂ =
g : §3s j )
2] e mmm 2
® = a%F £ 5]
: . ba ? | 4 0
§2 5
2 " i e
g = Lﬂmm:mm 5
o BEsfofipilive
....... = ® §iitEssasc: § @)
>~ : 48825283855 il
e N
..... 4 £ -~ Rao L
h ki m Pl i »*u i
o N PR (7))
S - 3|zd |Hsze, it .
Bt T B T R - 3 HEacgaziy
. H . . =] - i|8% :HEEN e
4 L4 7 v i &l HEEaEsdcE —
o o (=] o 2
o o o > - e
S 2 5 -
o o [=] o b
» o % IEEEEER R R EE
N

100 150 200 250 300 350
Mean argument of latitude (deg)

50

Semi major axis [km]



CelestLab: illustrations (help pages, tutorials)

CelestLab <<CLop_searrmapsacnons orotonpenes
T Galestas Orst rapeis > CL_op_shorPeriode 20ic
) St s g
:}M CL_op_shortPeriodsJ2Circ

ol mbabin - Do Bt M Comaa ® - Introduction -
Short period ferms due 1o 12 + central orce.

Overview of CelestLab © Ovenview Calling Sequence
0O Ovenview of CelestLab — Overview of CelestLab

O Configuration — Configuration of CelestLan

do1z = CL_op_shorszeriodsdzCize (sma, no,590 [,ex,mu,321]
Overeses f Cosmcnt

Description
Introdustion to CelestLab 0 CelestLab data — Overview of data available in CelestLab
© Flight dynamics N
" + [ ————
. The Seilab [0 Dates andtime scales — Dates andtime scales Ba= Ka s’ cos2a)
» space L‘ cne 0 Reference frames — Reference frames s "
etest Mechanics ' o 0O Local frames — Local frames ’ by =K|:(1*-Zﬂn(1) ) cos(&)+ﬁﬂn(x) co:(?&):|
T 4 0 Orbital elements — Description of orbital elements
]_ab oolbox 01 Ephemerides for celestial bodies — Ephemerides for solar system bodies i :K[G_zmmz)mm*lm(,)z M(w}
0 Force models — Description of force models (acesleration and potential) i i z
NN " 0 Orbit propagation models — Description of orbit propagation models available in Celest_an
— — 0 STELA propagation model — Description of STELA (long-term) orbit propagation model b= | g sa2i) cos(z‘z)}
s 0 Two Line Elements — Two-Line Elements in CelestLab
1
[T t2i[Jeo stz
v s © Usage and conventions z
= S
< o o o b O Functions — Functions & »K[5 ! }
b a@= K| (5 sn(i)’ - =) sm( 2a)
i el S O Data types — Data types used in CelestLab 3 2
ooy ’ 0O Flight dynamics conventions — Flight dynamics conventions
mreinscpinermioy o b g e bos i
= gl riy © Cookbook .
— [ Frame conversions — Frame conversions B
ot 0 Numerical integration of arbital motion — Numerical integration iEllinti
Numerical integration of orbital motion O Rotations — Use of quaternions and frame transformation matrices CL_man_delElllptlc
0 simple orital simulation — Calculation of classical orbital characteristics and
0O Interplanetary cruise — Interplanetary trajectory calculation Bieliptic fransfer
Numerical integration {1 Jacobian and covariance matrices — Jacebian and covariance matrices P
Example1: Orbit around Earth (central force) Calling Sequence
- ® Coordinates and frames
- i i deltav,dvl,dv2,dvs, 1, 2, 3] = CL, dvBiEllipt: Jaf, rt [,
Here is a simple example of how o use the force funcions (plus a few ofner ones) defined in Celestiab o ntegrate the moton. ©CL_co_carZell — Cartesian coordinates to elliptical coordinates {deltav,dvl, dv2, dv3, avl, anv2, envi] = CL pan dvBiElliptac(el.ef =t [mal)

man - CL_man_dvBiElliptic(ai,af,rt [,ma], res="s")

Onlythe central force is considered. The trajectory is compared with a purely Keplerian trajectory.

Description

> (g ®  Computes the maneuvers of a bi-elliptical transfer from a circular orbit with semi-major axis ai to a ireular orbitwith semi-major axs af.
The apogee radius of the elliptical transfer orbitis rt.
deltay is the sum of the norms of the velocity increments
Velocity Increments are expressed in cartesian coordinates in the “qsw” local frame
Ifthe argument res is present and is equal to °s", all the output data are returned in a structure.

n

4

: // time ins

(seconds)

t, reol, atol, fct);

Pos = y(1:3,0): Parameters
Vel - y(sia,)r
1) e e etz ai

kepd = CL_oe_car2kep (pos0, vell)

Semi-major axis of initial circular eroit[m] (1N or 1x1)
kep = CI_ex_kepler (0, kep0, &/

[E S0 = E iR “ Semi-major axis of final circular orbit (m] (13N or 1x1)
s " Radius atthe position of the sscond maneuver [m] (1xN or 1x1)
v ™ (optional) constant [m3/e"2] I8 %CL_mu)
06, CI_norm(pas-pos_k), "< ; " (etins, opionsi) Type of output " or"s”for Defautis "
Aottan

Ccnes
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CelestLab: Reference frames

e —— ~ o Terrestrial
- . =~ frames
Earth rotation
(GMSTE2)
S~a - (TSVJ
"""""" m———t =l Tme equator
- - ‘ flames
’ \
,’ Earth rotation .
(ERA) | Vms TEME ofdate N
\
\
1
| TOD | !
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\ + Bias B
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- -~ - - b = =~ ~ .~
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"Moo = _Em | ,°
~ PR
~ -~ - - -

—
- - - -

Reference frames in CelestLab : IERS 2010
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CelestLab: what we do with it

Initially created for phases 0/A

4+ Orbit definition, study of perturbations...
+ DV budget, simulation of mission performance...

Now used for all phases and even operations:
- Mission analysis for SWOT mission (now: phase B), Rosetta/Philae, ...
- Miscelaneous studies: orbit prediction, taylor algebra, ...

Building blocks for higher level tools / libraries

Exchange with specialists of other domains (ex: for RF
Interference studies)

Ccnes
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Use of TLEs through CelestLab

/1 Define TLE (ISS)
str = |

"1 25544U 98067A  16069. 57438447

. 00010945 00000-0 17329-3 0 9998";

"2 25544 51.6422 194. 8005 0001583 253. 9754 212. 9290 15.53974450989487"] ;

/1l String to TLE structure
tle = CL_tle_parse(str);

/'l Propagation dates (=> TREF = UTC)

cjd0 = CL _dat _cal 2cjd(2016, 3, 9, 1, 0, 0.0);
cjd = ¢cjdo + (0 : 60 : 86400) / 86400;

/'l Propagation (=> frame = ECl = CI RF)

[ pos, vel] = CL_tle_genEphen(tle, cjd);

/1 Plot inertial trajectory

sof (): —>
CL_pl ot _ephen( pos);

-804
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Why make CelestLab open-source ?

® No rights issues in CelestLab

® Make things standard
=> A way to share our methods, conventions

® Make exchanges inside the flight dynamics community easier

4+ Instead of data => exchange of lines of code
4+ Description of methods or algorithms => answer can be « see CelestLab »
4+ Can be used for training of engineers / students in the flight dynamics domain

® Contributions

4+ Detections of errors is more efficient if there are many users
4+ Users may have ideas for extensions or create useful tools based on CelestLab
(that we would not have time to develop)

. Ccnes



Quality aspects

® Version control tool

® Tests
4+ ~400 test files
4+ Comparison with reference tools / libraries

® Coverage
4+ Coverage of automatic tests => 70%

@ Initiative beyond CelestLab and Mission analysis
4+ Extension of CNES language coding rules document to Scilab
4+ Scilab enterprises involved => verification tool included in the
next version of Scilab il

Ccnes
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Other applications based on CelestLab
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Summary / conclusion

® Scilab has been used extensively at CNES for flight dynamics mission
analysis for a few years now. 1st CelestLab version: end of 2009.

® Useful features are available through CelestLabX: TLEs, STELA
(interface to C or Java code).

® Scilab appears to be well adapted: mission analyses are now done
much more efficiently.

® Used even outside flight dynamics domain.

® CelestLab evolves: functions are continuously improved, new features
are added as needed...

Ccnes
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For more information...

® For more information on CelestLab:
http://atoms.scilab.org/toolboxes/celestlab

T TR o

€ ) & https//atoms.scilab.org/toolboxes/celestiab EJ | & || Rechercher wa 9 & A

You are here - home | CelestLab |3.1.0

» Add new module CelestLab !] u
» Versions of this toolbox CNES Space Mechanics Toolbox for Mission Analysis Sci[ef;
*310 Partner External Module L
+3.01 (3706 downloads for this version - 38579 downloads for all versions) £
= 3.00
*2421 Details
=242
241 Version 3.1.0-1
'g-g-g Author(s) CNES - DCT/SB L
.220 Entity CNES - DCT/SB
s g:; Package maintainers Alain Lamy
. 2i0i1 Thierry Martin
= ﬁgs Category Aerospace
+10b License CeCILL
0.9 Supported Scilab >=552

Versions

Creation Date April 14, 2015

ATOMS packagin
P e i on 8 G € B8 A

Install command --> atomsInstall ('celestlab')

Report a bug Forge's bug tracker for celestlabe?

= Description

e ek sk D S
CelestLab - CNES Space Mechanics Toolbox for Scilab 2



