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- o CNEes - -
The old Software Suit

% Mainly coded in
++ Originally basic libraries (MSLIB then BIBMS)

«» Frameworks:
FDS G2

> MERCATOR (GEO LEOP/SK)

Expert tools

» PIMS (PALOMA, LOS ...)

v" MADONA: for data files structure

v" GENESIS/DIAMS: for GUI BIBMS  \gf——
v XTRACE for plots i PSIMU EXORSYST : ———————————————————— E)—IM—S—-
. i | (planet orbit (orbit '|  DIAMS (standard GUI) | !
< Basis for: | propagator) propagator | ! ! !
| around Sun) | ! ! !
i ! ! GENESIS (GUI) !
» Experttools ' | MECASPA (middleware) | ! | |
. . ! ' | MADONA XTRACE |
» Operational FDS i MSLIB MSPRO ! | (data) (plots) :
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The choice of the Java™ language

Needs

- = CONES & -

“ Technical capacity of the language: CPU time performance, good numerical precision, robustness, portability ...

% Existence of tools: compiler, development environment, quality checks ...

“» Knowledge of the language in or in contractors working for ; training course, ...
Criterions
“ Numerical performance % Interfaces and interoperability

R/

% CPU performance
s Portability

R/

% Maintenance and development facilities 2

®e

*¢

Maturity / obsolescence
» Security & reliability
Treatments sequencing

DS

0’0

Selected languages

< Ada d,

& C =
» G - =
o Java

Fortran (95, 2003, 2008)
Java™

L)

\/
0‘0
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The Java™ software suit

COMMONS MATH

FDS Expert tools
SIRIUS (DYNVOL, FSOA...)
;
PSIMU
GENOPUS (€
|
PATRIUS _ wW 1 I V... .GENIUS
g PATRIUS g i GENIUS (GUI + data |
Lo . | management + plots) |
OREKIT XML (data file JFreeChart
| i | format) (plots) i
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-« CcNnes - -
The Java™ software suit
Why ?
% Originally based on a Mathematics package corresponding to the Apache library and other

packages issued from

% After several years of evolutions, PATRIUS has been considerably changed with more and more add-ons
= since the V4.0 version, it has been decided to break with these links,

% High level of validation (comparison with ZOOM S/W used for POD)
% Used for the next generation of FDS

“* Numerous user feedbacks as:
» Attitude (attitude legs)
Maneuvers (on events)
Orbits (atmospheric reentry type, orbital parameters notion, ...)
Vehicle (Assembly, ...)

>
>
>
» New kind of forces (lift component, ...)
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The Java™ software suit

wT g

GENIUS

Why ?
“+ GUI for flight dynamics tools (or, more generally,
scientific tools) need most of the time:

» To enter numerical input data from the screen or the
keyboard

» To read / write these data into files
» To execute computation thanks to these data
> To visualize results

«» Other tools are available, but:
> basic ones, as

» more elaborated ones do not include such
functionalities or, if they have, it will be partially

4] Psivu -

File Windows Options About
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B Quit
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The Java™ software suit

wT g

GENIUS

| %) TestForGPlotPanel =)

Open file J EPHEM.txt

Title * ‘Geodenc Altitude versus Time

Il
[DaUtilisateur.
[_] Name of the file in the title

Abscissa data * ﬁIME [vlordina(e data * KFALTG lvl Secondary Axe [ ] - Add ] | Del Clear

Distance: ‘

Geodetic Altitude versus Time

Main advantages

¢ Numerical widgets with:
> Units’ management 4 e ==y
> Intervals of validity Sl -
. . L. i ) 122 Search file ... C\U Tt HEM.db
++ Simplified approach, in particular about events management | colortoromina N
A . i ‘:2 Color for Shifted: -
“ Performs very easily conditional display; gy - Ground track
% Process management compatible of all OS (thanks to ) 70
< Read / write management; o
» Same (or almost same) code for display, read or write 5
» No need to code ( ) files methods ER
< Some higher levels widgets >
> list of widgets o e e i
» 2D plots ... and event ground tracks plots T m o w0 0 (d;o) @
> Standard applications frame e
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« CNes -
The Java™ software suit
GENdPUS = Orbit convertor - O >
Why r) File Conf About

Orbit * Pivot TLE Convert

Deactivate conversions [ |

% To display PATRIUS objects using GENIUS widgets

%+ To avoid to duplicate same kind of widgets in higher level tools Date: * | 04/08/1999 15n56m595995ms 392us000ns| - UTC [+
. | | ||
% To standarFilzg some widgets as: | Type. (apeis Radius | 7]

» Date with timescale and conversions Apsis Radius Parameters *

» Inertial and rotating frames configurations p: * | 7020 6955524093 1] km

> Orbit definition (date, frame, parameters) and conversions e : :;1”4;2?:;2?22;:::—'“

. . . iz * : deg

» Maneuvers (impulsive, continuous thrust, sequences) - | 7710100979071 deg

» Attitude laws individually or via a sequence of laws; w: * | 113.185330882728] deg

» Orbital events (eclipse ...); Anomaly: * true | -113.187578717263] deg

> Vehicle characteristics; =5 | setect| 398600 4415] k3542

» Force models (potential, atmosphere, SRP ...)
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- CcNnes -
The Java™ software suit
Why ?
% Inthe old suit, there were no sufficiently high level layers to propose something to propagate easily

trajectories = PSIMU was there to deal with a lack of such level.

& Pamu

<+ This need has been replaced in PATRIUS by the very powerful capacity |
of the NumericalPropagator class.

% Another need was to propose to users an “on the shelf’ tool with its own GUI:

> It has been decided to build a PSIMU version, at least with its e o
GUI and batch version (but also with the possibility to use through e —
Java™ code)

» This PSIMU version is a tool allowing to propagate trajectories around
the Earth. These trajectories may be:

v’ Elliptical ones (all kind of orbits, from to through or ), -
v" Hyperbolic ones, :

eeeeee

v' Atmospheric ones (in particular in case of debris reentries). e
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The Java™ software suit

How ...

% Its initialization is made by:

>
>

Y V VYV V

The initial orbital parameters definition (epoch, frame, coordinates)

The vehicle modelling with shapes, dimensions, aerodynamic,
radiative pressure and propulsive characteristics (engines, tanks)
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Show Legend Show Crosshair

TIME (s)

[ ephTable_TIVE (s)_a (tm) — ephTable_TIME (s)_PERI (:m) — ephTable_TIME (s)_APO (m)

A maneuver sequence (optional) including impulsive maneuvers and/or continuous ones

A sequence of attitude laws (optional)

Numerical integrator parametrization (Runge Kutta or Dormand Price).

Choice of various force models

< PSIMU also allows to set its output data within several tens of variables.

% A graphical interface for plots is also integrated (next version with a dedicated plot with ground tracks).
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The Java™ software suit

hApo [lm] hPer (lm] Ece

Other applications

“ Thanks to PATRIUS, GENIUS and GENOPUS but also i ; _ i
sometimes PSIMU, several other expert tools have been :
(re)developed in

» MIPELEC: may be one of the most ancient tool to be freely
delivered by CNES but only via its source code to be e
recompiled sometimes with some difficulties. So, it has been — —
decided to propose, always freely, a new version with cooctrroncon:

Color for Events:

its own GUI el

Color for Fragments area:

Ground track

» Then, several other tools have been also recoded (but not
available outside ) as:
v" CRASH for guided reentry trajectories
v DOORS for deorbit strategies
v OSCAR / DRAGON for phasing & rendezvous strategies

Latitude (deg)
G oW

0 0 20
Longitude (deg)
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The Java™ software suit

Other applications (ct’d)

> At last, tools: e s = x

& Moan par meters

v STELA for Semi-analytic Tool for End of Life Analysis e -

v" DEBRISK for evaluating the survivability of fragments from a
satellite entering the Earth’s atmosphere

v ELECTRA for precise quantification of the risks involved in the
launch and the re-entry of a spacecraft

Altitude (km)

Time (years)

?

§

H

i

H

H
cced

Risk by latitude band
ACSECTAAVAAT e TEST CoP. 062
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DISTRIBUTION

Why ?

“ To be more easily adopted by our contractors and then to get a better efficiency
“ A good mean for cooperation

% Support to education (universities but even high schools)

%+ To become a reference (for example in the context)

% Making our tools more and more robust by increasing the amount of users.

How ?

“» For Basic libraries = « Open Source » distribution with an license
“» For expert tools = « Freeware » distribution with a « » distribution
% For tools = specific licenses linked to use (except for STELA)
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DISTRIBUTION

How ?

<o dedicated Web site (not only for Flight
Dynamics tools): https://logiciels.cnes.fr

& Wikis:
» GENIUS (http://genius.cnes.fr)

» GENOPUS (http://genopus.cnes.fr)

» PATRIUS (http://patrius.cnes.fr)

» PSIMU (http://psimu.cnes.fr)

% Training courses for GENIUS and PATRIUS

HOME  FLIGHTDYNAMICS IMAGE FSOA QUALITY TELECOM GNSS OTHER THEMATICS

Home = FLIGHT DYNAMICS
FLIGHT DYNAMICS

This is the introduction page of the CNES flight dynamie tools.

FLIGHT DYNAMICS

Home

Contact

Such kind of toois s already been made avaiabie by GES, fof many years. But more recent, i has
been decided to make available much other ones particularly due to used languages (. )
allowing a greater portability and usabilty

About “new” tools, mainly coded in
distribution):

pl'klug a very complete library including as well basic classes and methods (s
frame changes or orbital parameters conversions) as much higher level

ones (orbital propagator, atlitude laws or maneuvers sequence -..)

. we will find libraries (available with an Open source

Software

CELESTLAB

CELESTLABX PATRIUS_DATASET, a set of data necessary for using so

UTC-TAI gaps).

GENIUS

- Qi a library including basic widgets for but
siwus adapted to scientific GUI (units management, validity

GENOPUS.

- alibrary including flight dynamics widgets, based on

or some tools usable as is with their own

MIPELEC

HOME  FLIGHT DYNAMICS IMAGE FSOA QUALITY TELECOM GNSS OTHER THEMATICS

. a numerical orbital propagator around Earth

MSLIE

Home » FSOA

MIPELEC, a trajectory optimizer with low thrust I FSOA
version -which is always available- will be available s FSOA

PATRIUS

Atlast, itis also possible to get other tools via these both e

This is the introduction page of the GNES flight dynamic tools developed in the frame of the
( in frencl

PATRIUS_DATASET Contact

2 toolbox for mission analysis pul
design ...)

 CELESTLABX: low-level interfaces to existing software

We can find:

News.

* siELA @ obial propagator based on a semi analyic integraton method of the orbhal
parameters.

From “old" taols, we will find only Software

\__—. a tool allowing to compute the risk to do a victim for launch failure cases or
electra spscecraﬂ reentry.

- MSLIB, a library including basic routines.

DEBRISK

Other tools, more specific due to their utilization in the frame of 1
in french) are available in the FSOA section:

a tool allowing to simulate atmospheric reentry of space debris taking into account
aerothermodynamics effects.

ELECTRA

* S{ELA o0 obial propagator based on a somi anal
== parameters.

Only STELA is directly downloadable. For the other ones, a preliminary demand is needed

STELA

+ \_—. (available soon), a tool allowing to compute th
electra cases or spacecraft reentry

., a ool allowing to simulate atmospheric ree)
JE1=n aerothermodynamics effects.

V'|'5 is also available via a dedicated site.

Atlast a graphical visualization tool

e ° & http://psimu.cnesfr/index.php/WELCOME_TO_THE_PSIMU_WIKI
(& WELCOME TO THE PSIMU ... @ WELCOME TO THE GENIUS Wi... @ WELCOME TO THE GENOPUS ...
Fichier Edition Affichage Favoris OQutils 2

2 Portail intranet collaborati... £ Portail intranet collaboratif

Page Discussion

WELCOME TO THE PSIMU WIKI

WELCOME TO THE PSIMU WIKI
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-« CNEes -« -
Conclusion

% Since 2010, most of all the developments of CNES flight dynamics software use the language based on
basic libraries as PATRIUS for algorithms and GENIUS for Graphical User Interface (others use the
language with links between both).

% Thanks to the (and ) portability on about all the existing platforms and Operating System, it
becomes easier to distribute these tools outside

R/

“ It has been decided to propose:

» an Open Source approach using license (or equivalent for toolboxes) for basic
libraries

» freeware conditions with a “Stela like” license for higher level expert tools as PSIMU in their binary versions
including their own GUI.

» Specific licenses for tools (except STELA)
%+ Tools downloadable via the dedicated Website (https://logiciels.cnes.fr)

X/

“ More information are available through several Wikis
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