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STELA V25.2 release note

STELA V25.2 is a minor release of the STELA software, follogvithhe 2.5.1 version available
since February 2014.

This version is released in order to fix a V2.5rblgpem in C4 criterion computation for GEO
simulations (computation of perigee or apogee dcgafrom protected region B for GEO
simulations only).
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STELA V25.1 Release note

STELA V25.1is a major release of the STELA software, follogvithe V2.4.2 available since
February 2013. The main evolutions from earlieeask are listed below as well as the previous
release notes. STELA Notice and User’s Guide cosataiore information.

1) GTO dynamical model used also for LEO and GEO

Since the first STELA version in 2010, three dyneahimodels (referred to as LEO, GEO and
GTO model) have been developed and tuned for acieft propagation of LEO, GEO and
GTO orbit types.

Sincethisnew STELA version only the so-called " GTO dynamical model" isused through

the GUI. Then, whatevesimulation you choose (LEO, GEO, GTO), the GTO dynamical rhode
will be used to propagate the orbit since it is th@st generic, complete and precise one. It is
indeed more generic because it is able to deal egtientric orbits (LEO and GEO models are
written for quasi-circular orbits). As a counterpidile computations are more time-consuming. It
can be used through GUI parameters with differettirgys for the dynamics depending on the
orbit type, for example a 4x4 earth gravity mod®l GEO propagation, or a 7x0 earth gravity
model for most of the LEO propagations and a 7xmnthegravity model for the GTO
propagations (STELA default settings for thesetdstmes).

Note that the dedicated LEO and GEO dynamical nsoghain in the STELA software and can
be used through the library mode.

Among that, the GTO dynamical model has been inguoio be able to account the Earth
gravity model up to 15x15.

The default drag recomputed step has been tunkdinstead of 2) to increase STELA precision
and warnings have been added to the integratioa sitap if it is chosen above the following
values: 24h for any orbit type, 12h if orbit in@ion is bigger than 120 deg for LEO and GTO
orbits.

Indeed, it can be tempting to think of increasingpisave computation time but it must be done
very carefully (to be tested case by case) sincaritlead to bad precision depending mainly on
the inclination. Figure 1 shows the difference ino¥orbit lifetimes between STELA and a
CNES reference numerical propagator (PSIMU) foE®Lwith 0.125 initial eccentricity.

One can see that the precision is decreasing liagheer integration step size when inclination is
bigger than about 120 deg. This is due to the asing evolution rate ab+Q at high inclination
(red curve Figure 2) that leads to less precisiothé eccentricity vector computation by tHe 6
order Runge-Kutta (ee.cos(+Q) ; g=e.cos(@+Q)). This is also the case to a lesser extend
when inclination is less than about 20deg.
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Figure 1: influence of STELA integration step $inethe orbit life time computation for a LEO
(e=0.125)
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Figure 2: evolution rate ofut+ 2 depending on inclination

2) Other modifications and improvements

Drag coefficient computation:
Among “Cd=f(altitude) file” and “constant value™ is now possible compute the Cd

coefficient using Cook formula.

GTO statistical mode:
= Addition of a new “mixed dispersion method” for aohctivity
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GUI:
= Addition of plots for Right Ascension of Ascendihgpde and “RAAN + Argument of
Perigee +Mean anomaly” versus time.
= More settings to tune the dynamical model (seeipus\8)

Files:

= Solar Activity File has been updated and its forimag slightly evolved. The mean solar
flux parameter is now automatically computed by BARising the daily values, in line
with what is expected by the atmospheric model.ddethe corresponding column has
been removed. Older files including this parameter readable by the software but the
mean flux is not used. Moreover for the date patama new column containing the
number of seconds from the beginning of the Juliay has been added. Older files not
including this parameter are readable by the soéwd&hen a value of 0 sec is
considered.

= STELA can now read DAS solar activity file.

Two Line Elementstool:
= When converting the TLE elements to mean elemémtsgomputation of the semi major
axis has been modified. As Kozai mean motion isstedard for TLE orbital products,
the mean motion is now converted to a Brower foatioh before computing the mean
semi-major axis to be used by STELA.

Java COTS have been upgraded.

Note that:

Simulation files (*_sim.xml) from the previous vems can be loaded by the new STELA
version (upward compatibility): additional parametare set to a default value.

Any question? Contact STEL A hotline: stela@cnes.fr

End of STELA V25.1release Note
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STELA V2.4.2 Release note

STELA V2.4.2 is a major release of the STELA software, follogvithe V2.2.1 available since
April 2012. It offers the possibility to performasistical analysis for Geostationary Transfer
Orbits. The computation of the partial derivatizéshe orbital parameters is also available for
GTO only.

The main evolutions from earlier release are lisietbw as well as the previous release notes.
STELA Notice and User’s Guide contains more infaiora

1) New Geostationary Transfer Orbit statistical mode

As explained in the STELA V2.2.1 release note Gk@apolation results may be very sensitive.
A tiny modification in the initial conditions or ¢hcomputation parameters (area to mass ratio,
drag and SRP coefficients, solar activity ...) mightl up with very different results. This
sensitive behaviour is due to resonance phenonnageadito the sun-moon and Earth
perturbations and cannot be avoided. Theoretiqalbeations and more details can be found in
the following paperMorand et al, «<Dynamical properties of Geostationdransfer Orbit over
long time scales: consequences for mission anadygidifetime estimation», AIAA- ASC 2012.
As a consequence a reliable status regarding ftieriarvalidation cannot be achieved by
performing a single STELA extrapolation. Statistie@proaches are recommended to obtain
relevant results and statistical criteria have bestablished for GTO.

STELA statistical mode for GTO helps the user tofggen such a statistical analysis. All the
input parameters (orbit parameters, date, objeatacteristics, solar activity hypothesis...) can
be dispersed in a uniform or Gaussian way. Solavigccan also be dispersed based on past
data: random realisation of a future cycle sequédrased on the five last cycles plus a random
initial day in the first cycle.

In order to decrease the computation time for GTaistical mode, STELA can run the
extrapolations in multiprocessing mode (enableddéfault). The results of each extrapolation
are then used to compute the statistical critéffee criteria compliances are based on a 0.9
probability level and a 95% confidence interval. ielaetails on the way the statistical results
are computed can be found in the following pajper:Févre et al, «Compliance of disposal
orbits with the French space act: the good pradiaed the STELA tool », IAC 2012.

A file example for GTO statistical mode is providesdample_GTO_sim.xml).

2) Other main functionalities

GTO propagation:

= Partial derivatives computation for Geostationargnkfer Orbit.
When using GTO single propagation mode (i.e. stedismode disable) STELA can
propagate the orbital elements and their sensiti@itthe same time through a set of
variational equations. The state transition maigipropagated using a semi analytical
method; a very complete dynamical model is avadlaibhe partial derivatives are saved
in an ephemeris file.

= Tesseral terms are taken into account in GTO forodel. The GTO perturbation model
for Earth gravity field is then a complete 7x7 mladeluding J22

= Third body effects (Sun and Moon) are taken int@oaat for the short periods
computation. The GTO model for short periods thetudes J2 and third body effects.

L EO propagation:
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= Addition of a warning for particular inclination mges in LEO. Some resonances
phenomena may occur in LEO; in this case extrajpolaesults may be more sensitive to
initial conditions than outside this inclinationngge. Theoretical explanations and more
details can be found in the following papeamy et al. «<Resonance Effects on Lifetime
of Low Earth Orbit Satellites», 23rd ISSFD, 2012.

Two Line Elementstool:

STELA provides users with a Two-Line Elements caawm tool, based on the SGP4/SDP4
theory

= The user can convert one or several TLE at oncearibrmat compatible with STELA.

= Conversion can be performed in osculating parametein mean parameters according
to SGP/SDP theory. Note that the conversion tolaiog parameters is not valid for
high eccentricities due to limitations in the SGHaP4 short period model

Library mode:
= Language and files path variables managementrariionode have been improved
= The derivatives of orbital elements with respectitte can be obtained in library mode
for each integration step

Frame conversions:
= TEME Frame is now available in the GUI. The Truau&gr Mean Equinox frame is the
frame in which TLE are defined.

3) Other modifications and improvements

GUI:
= Addition of plots for semi-major axis, argument périgee and inclination vector
coordinates
Files:
= Resources and Configuration folders/files have lvearranged.
= Solar Activity File has been updated and made longe

Time Scale:
= Update of default TT-UT1 value (01/07/2012 leaposel)

Java COTS have been upgraded.
JVM server modeis enabled by default

Notethat:
Simulation files (*_sim.xml) from the previous varss can be loaded by the new STELA
version (upward compatibility): additional paranretare set to a default value.

Any question? Contact STEL A hotline: stela@cnes.fr

End of STELA V2.4.2 release Note
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STELA V2.2.1 release note

STELA V2.2.1is a major release of the STELA software, follogvithe V1.4.2 available since
July 2011. It offers the possibility to propagatedStationary Transfer Orbits. The main
evolutions from the previous release are listedweSTELA Notice and User’s Guide contains
more information.

1) New Geostationary Transfer Orbit propagation functionality

Thisnew STELA releaseincludes a semi-analytical modelization adapted to GTO:

= Equations adapted to highly eccentric orbits.

= Earth potential model includes first order terms@@7 and second order term for J2. No
tesserals terms are included in this version.

= Drag effect is computed through Simpson’s quadeatur the orbit part below 2,500 km
of altitude.

= The Solar Radiation Pressure perturbation computas done the same way as in LEO
mode (Simpson’s quadrature taking into accountidugh shadowing).

= The effect of Sun and Moon perturbations are deesloup to the fourth degree of
Legendre polynomials.

= Short period analytical model (used to compute lagiclg parameters) includes J2
perturbation.

Warning: note that for GTO the extrapolation results maybry sensitive. A tiny modification

in the initial conditions or the computation paraens (area to mass ratio, drag and SRP
coefficients, solar activity ...) might end up witkery different results (similar to chaotic
behaviour). The following plot shows an exampletted evolution of the semi-major axis of a
low inclination GTO orbit and the difference ineeatry durations for the same initial conditions,
only slightly changing the S/m ratio:

SMA evolution sensitivity to slight 5/m variation
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One can see that a modification of less than oneepeof the ballistic coefficient can change the
re-entry date by almost 20 years. This sensitiveateur is due to resonance phenomena linked
to the sun-moon and Earth J2 perturbations. Ferdtiit the resonance phenomena occurs when
the semi-major axis (decreasing due to the draggjas close to about 15,000 km. Theoretical
explanations and more details can be found indhewing paperiamy et al, «Analysis of
Geostationary Transfer Orbit long term evolutiorddifetime» , 2% ISSFD, 2011.

Then, in order to get a reliable status regardmegcriteria validationpne should not perform a
single STELA extrapolation. Sensitivity analyses or statistical approaches sitrongly
recommended in order to obtain relevant result® :STELA batch mode is well suited for this
kind of study.

This is the reason why for GTO simulations, thdot' Reliable" status replaces both

"Compliant" and "Not Compliant” status for criteaampliancy. It indicates that one single orbit
propagation can not give a reliable criterion satue to resonance phenomena.

2) Main functionalities

General :
= Before starting a simulation, it is now possibledisable any perturbation except the
Earth gravity field which is always taken into agnb(Drag, Sun, Moon and SRP can be
selected or not in the “advanced parameters” thbf hem are taken into account as the
standard option).

L EO propagation :
= Some minor modifications of the drag effect compata may generate very small
differences with respect to previous versions tssul

|terative mode:
= The algorithm used in the LEO iterative modes (@eaf an initial orbit that fits a user
defined lifetime in LEO) has been improved.

Criteria:

= A margin has been added to C2 criterion computatioorder to take into account the
model precision.

= C3 criterion computation has been implemented atdr@erion computation has been
modified so that it can be used with highly inctinend highly elliptical orbits. Both of
them use the same algorithm.

= For GTO simulations, a "Not Reliable" status repkdoth "Compliant” and "Not
Compliant" status (see §1).

Frame conversions:
= Frame conversions have been improved and are dalgpliant with the IERS 2010
conventions.
= EMEZ2000 Frame (very close to ICRF) is now availablthe GUI.

3) Other modifications and improvements
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GUI :
= A new eccentricity plot is available in the Ephersé¢ab.
= A new ephemeris output file is accessible (“STELAND). This file displays the date
in Modified Julian Days and Seconds in the dayeiadtof the calendar format used in the
CCSDS_OEM file.

Files:
= Resources and Configuration folders/files have lvearranged.
= Solar Activity File has been updated and made lorigest date of this file is now in year
2225.

Batch mode:
= The Batch mode has been simplified and is now basdtie information available in the
simulation file (*_sim.xml). Please have a looktla¢ examples written in “python” and
“ksh” in the User’s Guide.

Java COTS have been upgraded.

Notethat :

Due to algorithm enhancements, computation timee Istightly decreased for LEO and GEO
computations.

Simulation files (*_sim.xml) from the previous vems can be loaded by the new STELA
version : additional parameters are set to a devaile.

Any question? Contact STELA hotline: stela@cnes.fr

End of STELA V2.2.1 release Note
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STELA V1.4.2release note

STELA V1.4.2 is the second release of the STELA software, Walig the V1.2.1 available
since December 2010. The main evolutions from tleeipus release are listed below.

Notethat :
= Due to the algorithm evolutions computation timaséslightly increased
= Simulation files (*_sim.xml) from the previous vers can be loaded by the new STELA
version : additional parameters are set to a defalle

1) Algorithms

GEO orbits:

= The earth shadow is taken into account for ther sat#iation pressure (SRP) computation
through a multiplicative coefficient (lighted parftthe orbit) applied to the perturbation

= Short period variations due to third body (sun arabn) and SRP are considered into the
mean/osculating transformation. Be careful, the matation of the short period relies on
the object characteristic (reflectivity coefficigaind the date of orbital parameters

= Thank is to these changes the STELA precision ewadlthrough comparison with
CNES reference high precision numerical propagatassimproved from about 5km to
less than 3 km on the minimum orbit altitude fdri0® years GEO extrapolation

LEO orbits:

= Solar radiation pressure is now taken into accaanthe physical model. SRP is
computed through a Simpson quadrature so thatdiygse duration and its position on
the orbit are considered (see user manual for @@sions).

= The user shall provide reflecting area and reflgticoefficient values before running
the extrapolation

= The STELA precision evaluated through comparisoth v@iNES reference numerical
propagators is about 1% on a computed lifetimeboyears for LEO extrapolation

Note that the SRP perturbation does not have afisggm effect on the computed lifetime except
for some particulars orbits that show high senjtivo initial value of right ascension of
ascending node, argument of perigee and sun rggieingion. For example resonant orbits occur
when the J2 drift of the angular parameters folltiesrelationshi) — a + =0 wherea is the
mean apparent rotation rate of the sun around #inth B-ig 1. show couples of semi major axis
and inclination that lead to the resonance (zevell curves, low dependency wrt the
eccentricity value) : in these cases the SRP leadssecular evolution of the eccentricity whose
sign depends on the initial conditions.
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Figure 1l : Resonant orbit : semi major axisand inclination

|terative mode:
The algorithm used in the iterative modes (seafdn initial orbit that fits a user defined

lifetime in LEO or an exclusion duration in GEO)shlaeen improved to reduce the number of
iterations.

2) New functionalities

= Three new frames are available to express thali@tid final position and velocity : the
Celestial Intermediate Reference Frame (CIRF), Ttegestrial Intermediate Reference
Frame (TIRF) and the Terrestrial Frozen at Epocke Siser manual for more
information.

= Tooltips are available in the GUI to clarify thertes signification

= A batch mode (without GUI) best suited to perfornbig amount of extrapolations is
available on Windows and Linux. See user manuatrfore information.

Any question? Contact STELA hotline: stela@cnes.fr

End of STELA V1.4.2 release Note



