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ABSTRACT

ESA’s SPace ENVironment Information System (SPEN-
VIS) provides standardized access to models of the haz-
ardous space environment through a user-friendly World
Wide Web interface. The interface includes parameter
input with extensive defaulting, definition of user en-
vironments, streamlined production of results (both in
graphical and textual form), background information,
and on-line help. The system can be accessed at the
WWW site

http://www.spenvis.oma.be/spenvis/. Intranet versions
are also available, and a new Java based server/client
system is in the final stages of development. SPENVIS
Has a continuously expanding international user com-
munity (over 450 registered users), and its set of mod-
els and functionalities is continually increased. SPEN-
VIS Is designed to help spacecraft engineers perform
rapid analyses of environmental problems and, with ex-
tensive documentation and tutorial information, allows
engineers with relatively little familiarity to produce re-
liable results. It has been developed in response to the
increasing pressure for rapid-response tools for system
engineering, especially in low-cost commercial and ed-
ucational programmes.

INTRODUCTION

The planning of space missions requires an analysis

hazardous environments:

. radlatlon environment due to the radiation belts
solar particles, and cosmic rays;

e the plasma environments of the ionosphere and
geomagnetic substorms;

e neutral gaseous environments, including atmo-
spheric atomic oxygen;

e micro-meteoroids and space debris;
¢ magnetic fields; . .
e solar emissions.

Empirical or quasi-empirical models of these hazardous
environments have been developed by different organi-
zations, often independently of one another. As a con-

-sequence, the availability of existing models is not al-

ways kniown t0 potential users. In addition, the issue
of updating models and acquiring up-to-date versions
is not straightforward.

The SPace ENVironment Information System (SPEN-
VIS) developed for ESA/ESTEC provides easy access
to most of the recent models of the hazardous space en-
vironment, in combination with an orbit generator, via
an integrated user-friendly World-Wide Web (WWW)

. interface. The interface includes parameter input with

of the space environment and its impact on space sys-

tems. The space environment includes the following

'Copyright (c) 1999 by the American Institute of -
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extensive defaulting, definition of user environments,
streamlined production of results (both in graphical and
textual form), background information and on-line help.
The tools are harmonised with the European standard
on the space environment, currently under parallel de-
velopment.
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GENERAL FUNCTIONALITY

The SPENVIS system makes full use of the WWW fa-
cilities through the following features:

o access via computer networks to a centralized
system;

e casy-to-use input facilities making extensive use
of default values for the various input parame-
ters, hierarchical structuring of input, and input
validation;

o identification of users allowing for the creation
of personalized environments, in which previous
results and inputs are retained, even when leav-
ing the system;

¢ automatic and/or user-specified generation of out-
put, both plots and tables, as in-line images or
downloadable graphical formats;

o extensive on-line help and links to in-depth doc-
Jmentation.

The URL of the SPENVIS system is
http://www.spenvis.oma.be/spenvis/.
At the heart of SPENVIS is the project concept. A
project is defined as the collective input to and output
from the SPENVIS system for a series of related runs.
This approach ensures that all the inputs and the out-
puts of a run are conserved, so that an analysis can be
performed over more than one session.

SPENVIS Is based on internationally recognised stan-
dard models and methods in many domains. It uses
an ESA-developed orbit generator to produce orbital
point files necessary for many different aspects of mis-
sion analysis, and can also generate maps and profiles
to study the geographical distribution of most model
parameters.

The results of a SPENVIS model run are presented in
the form of reports and data files that can be down-
loaded by the user, and as a variety of plot types (line
plots, maps and 3-D plots) in different graphics formats
(GIF, PS, JPG, VRML, ...).

Extensive help facilities are provided in SPENVIS: con-
text-sensitive help pages provide information on the mo-
del parameters and usage, background pages contain
in-depth material on the space environment and mod-
els, and a user guide and links to other sites are avail-
able as well. The help pages are cross-referenced for
fast navigation, which is further enhanced by a search
engine.

SPENVIS MODELS

Most of the models implemented in SPENVIS require
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as input a set of points on a spacecraft trajectory or a
user-defined set of geographic points. These sets of
points are produced by two tools: the orbit generator
and the coordinate grid generator. When running the
orbit or grid generator, all outputs previously obtained
with models that use the respective coordinate tool, are
deleted. This is to ensure consistency between results,
and to avoid errors in the plotting routines that produce
the graphical output. The input parameters for the mod-
els are not deleted, so that they can be run again in the
same way. The models in SPENVIS have been organ-
ised in packages, which are described in the sections
below.

Radiation analysis

The radiation tools include:

e radiation belt models: the NASA models AP-8
and AE-8!, the AFRL models CRRESPRO? and
CRRESELE3, and models developed recently*
(in the framework of ESA TRP contacts) with
data sets including SAMPEX®, CRRES/MEAS
and AZUR7, and a model of the low-altitude trap-
ped proton anisotropy.

e solar proton models: JPL-858, JPL-91° (see Fig.
1), King'?;

o CREME?!! for cosmic rays.

The conversion of geographic to magnetic coordinates
is done internally without interference from the user,
ensuring consistency in the application of field models,
often a source of confusion and error. Internal and ex-
ternal magnetic field models can also be run separately
to study the distribution of the magnetic field and re-
lated parameters over an orbit or a grid of geographic
coordinates, or to generate and visualise magnetic drift
shells.

SPENVIS Contains the SHIELDOSE'? and SHIEL-
DOSE-2 codes for total dose assessment and the EQ-
FRUX3 and EQFRUXGA codes for solar cell damage-
equivalent fluences (1 MeV electron equivalent). Fig-
ure 2 shows the equivalent fluences of trapped protons
and electrons and solar protons in a GaAs solar cell for
an 800km heliosynchronous orbit. These tools have
been augmented by a code for computing the Non-Ton-
izing Energy Loss (NIEL)!* or non-ionizing dose. This
parameter is gaining importance since it represents the
best way to quantify the environment for assessing dis-
placement damage effects such as charge transfer effi-
ciency degradation of CCDs, and is now proposed as a
better parameter for solar cell damage assessment. Fig-
ure 3 shows the NIEL of trapped and solar protons for
an 800km heliosynchronous orbit, as a function of Al
shield radius.
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Figure 1. Integral and differential solar proton spectrum for
an 800 km heliosynchronous orbit
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Figure 2. Equivalent fluences in a GaAs solar cell for an
800 km heliosynchronous orbit

In conjunction with CREME and the trapped and solar
proton models, the user can compute single event up-
set rates from cosmic and solar ions and trapped and
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Figure 3. Non-ionising energy loss as a function of Al shield
radius for an 800 km heliosynchronous orbit
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Figure 4. Single event upset rates along an 800 km heliosyn-
chronous orbit
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Figure 5. Shielded differential solar proton spectrum for an
800 km heliosynchronous orbit

solar protons (shown in Fig. 4 for an 800 km heliosyn-
chronous orbit). In computing all these parameters,
spacecraft or solar cell coverglass shielding is taken
into account. Figure 5 shows the shiclded differential
solar proton spectrum for an 800 km heliosynchronous
orbit, for different Al shield radii. A geometric tool to
calculate shielding distributions for simple spacecraft
geometries is currently under development.

The trapped particle models can also be run on a co-
ordinate grid. Figure 6 shows the AE-8 MAX electron
flux > 2MeV on an invariant coordinate grid.

Magnetic ﬁeld

The most commonly used internal and external mag-
netic field models have been implemented in SPEN-
VIS. The magnetic field models can be evaluated over
a spacecraft trajectory or a coordinate grid. The out-
put from the SPENVIS implementation of the mod-
els contains the (B, L) coordinates, the invariant co-

ordinates (R, A), magnetic longitude and latitude, the
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Figure 6. Invariant coordinate map of the AE-8 MAX elec-
tron flux > 2MeV
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Figure 7. Northern and Southern mirror point altitudes for
the drift shell L = 5, B = 0.3

magnetic field vector components, and the location of
the footpoints. In addition, field line traces are plotted,
and three-dimensional plots of drift shells are available.
Figure 7 shows the mirror point altitudes for the drift
shell L = 5, B = 0.3. The magnetic field models
and related utilities have been implemented using the
UNILIB subroutine library developed by BIRA/IASB
(available at http://www.magnet.oma.be/home/unilib/).

Atmosphere and ionosphere

The following neutral atmosphere and ionosphere mod-
els have been implemented in SPENVIS: MSISE-90%3,
MET!8, DTM 7817, HWM 9318, IR1-90'°. These mod-
els can be evaluated over a grid of points to produce
world maps of densities or temperatures (see Figs. 8
and 9), over a coordinate range to produce density pro-
files, or over arange of one of the model parameters for
one geographic point (see Fig. 10). In addition, num-
ber densities can be calculated along a spacecraft tra-
jectory, and particle fluxes and fluences on an oriented

(c)2000 American Institute of Aeronautics & Astronautics or published with permission of author(s) and/or author(s)’ sponsoring organization.
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Figure 8. IRI-90 Electron number density at 500 km altitude
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Figure 9. Representation of the HMW-93 zonal wind speed
at 500 km altitude

surface can be determined (see Fig. 11).
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Figure 11. MSISE-90 Atomic oxygen fluence on a plate per-
pendicular to the spacecraft velocity vector for an 800 km he-
liosynchronous orbit
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Figure 12. SOLARC Solar array/structure grounding config-
uration

There has long been a lack of a tool for engineering
level evaluation of the internal charging problem. This
has recently been addressed by the development of the
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Figure 13. Double Maxwellian fit to Gorizont/ADIPE elec-
tron charging event spectrum
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Figure 14. Griin meteoroid flux at 500 km altitude

DICTAT?? tool by DERA for ESA. Not only is there a
lack of analysis tools but also of a method for specify-
ing the hazard, which is addressed by DICTAT. DIC-
TAT calculates the electron current that passes through
a conductive shield and becomes deposited inside a di-
electric. It has an integrated electron environment mod-
el. From the deposited charge, the maximum electric
field within the dielectric is found. This field is com-
pared with the breakdown field for that dielectric to see
if the material is at risk of an electrostatic discharge.
The breakdown field can be a field deduced from beam
irradiations, also with the help of the tool.

While the standard tool for spacecraft charging assess-
ment is the 3-D NASCAP code, SPENVIS has imple-
mented the DERA EQUIPOT non-geometrical tool for
assessing material susceptibility to charging in typical
orbital environments, including polar and GEO envi-
ronments. While it does not treat geometry explicitly,
it does model the charging behaviour of a patch-on-a-
sphere model which is useful for investigating differ-
ential charging. SPENVIS Also includes SOLARC, for
assessment of the current collection and the floating po-
tential of solar arrays in LEO (see Fig. 12).

The system features access to data from surface charg-
ing events on CRRES and the Russian Gorizont space-
craft, in the form of spectrograms and double Maxwell-
ian fit parameters (see Fig. 13).

Meteoroids and debris

The Griin?! meteoroid model and the NASA90%? and
NASA9622 debris models are currently being added to
the system, as well as particle/wall penetration models
for damage risk analysis. Figure 14 shows the Griin
meteoroid flux at S00km altitude.
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Access to space environment databases

One of the latest developments is a feature to produce
survey plots of satellite databases, in combination with
geomagnetic indices and related parameters. Data from
Meteosat, GOES, SAMPEX, UARS, AZUR, CRRES,
and ISEE are being implemented, as well as radiation
environment data from the REM instruments on MIR
and STRV.

Integration with a standard on the space environment

The European Cooperation on Space Standards (ECSS)
is a system of harmonised standards for the manage-
ment and engineering of space projects. One of the
standards is on Space Environment. SPENVIS Has al-
lowed this standard to be made “active” so that it links
to SPENVIS utilities when an engineer wishes to make
use of a model or method referred to in the standard,
and sits alongside the models so that the engineer can
consult the standard in an efficient way for information.
As further standards are prepared by ECSS in the areas
of radiation effects and spacecraft charging, these will
be similarly integrated.

Future developments

More models and additional functionalities are contin-
uously added to the system. New candidate models in-
clude AFRL’s CHIME cosmic ray model?4, a tool for
evaluating solar and Earth albedo illumination, MSU’s
solar flare and cosmic ray models, and possibly a Monte
Carlo code to be combined with the geometric shield-
ing analysis. We envisage the extension of the help sys-
tem to a more general and educational level. We are
also looking at the combination of satellite measure-
ments with model estimates in plots and tables.

ACKNOWLEDGEMENTS
The SPENVIS project is funded by ESA/ESTEC/TOS-
EMA General Support Technologies Programme Con-
tract No. 11711-WO1.

REFERENCES

[1] Vette, J. L., The NASA/National Space Science Data
Center Trapped Radiation Environment Model Program
(1964-1991), NSSDC WDC-A-R&S 91-29, 1991.

[2] Meffert, J. D., and M. S. Gussenhoven, CRRESPRO
Documentation, PL-TR-94-2218, Environmental Res-
earch Papers, 1158, Phillips Laboratory, 1994.

[3] Brautigam, D. H., and J. T. Bell, CRRESELE Doc-
umentation, PL-TR-95-2128, Environmental Research
Papers, 1178, Phillips Laboratory, 1995.

(c)2000 American Institute of Aeronautics & Astronautics or published with permission of author(s) and/or author(s)’ sponsoring organization.

(4] Lemaire, J., D. Heynderickx, A. D. Johnstone, E.
Keppler, M. Kruglanski, D. J. Rodgers, G. Jones, S.
Szita, R. Friedel, and G. Loidl, Final Report of the
ESA/ESTEC TREND-3 Study, 1998.

[51 Cook, W. R., A. C. Cummings, J. R. Cummings, T.
L. Garrard, B. Kecman, R. A. Mewaldt, R. S. Selesnick,
E. C. Stone, D. N, Baker, T. T. von Rosenvinge, J. B.,
Blake, and L. B. Callis, PET: A Proton/Electron Tele-
scope for Studies of Magnetospheric, Solar and Galac-
tic Particles, IEEE Trans. Geosci. Remote Sensing, 31,
565-571, 1993.

{6] Vampola, A. L., J. V. Osborn, and B. M. Johnson,
CRRES Magnetic Electron Spectrometer AFGL-701-
5A (MEA), J. Spacecr. Rockets, 29, 592-595, 1992.

[71 Hovestadt, D., E. Achtermann, B., Ebel, B., Haiisler,
B., and G. Pachmann, New observations of the proton
population of the radiation belt between 1.5 and 104
MeV, Earth's Magnetospheric Processes, B.M. McCor-
mac (ed.), D. Reidel Publishing Company, Dordrecht,
Holland, 115-119, 1972.

[8] Feynman, J., and S. Gabriel, A new model for cal-
culation and prediction of solar proton fluences, AIAA
90-0292, JPL, Pasadena, 1990.

[9] Feynman J., G. Spitale, J. Wang, and S. Gabriel, In-
terplanetary proton fluence model JPL-91, J. Geophys.
Res., 98,281, 13, 1993.

[10] King, I. H., Solar Proton Fluences for 1977-1983
Space Missions, J. Spacecraft and Rockets, 11, 401,
1974.

[11] Adams, J. H., Cosmic Ray Effects on Microelec-
tronics, Part IV, NRL Memorandum Report 5901, 1986.

[12] S. M. Seltzer, A Computer Code for Space Ra-
diation Shielding Methods, NBS Technical Note 116,
1980.

[131H. Y. Tada, J. R. Carter, B. E. Anspaugh, and R. G.
Downing, Solar Cell Radiation Handbook, 3rd edition,
NASA JPL 82-69, 1982.

[14] Dale, C., P. Marshall, B., Cummings, L., Shamey,
and A. Holland, Displacement Damage Effects in Mix-
ed Particle Environments for Shielded Spacecraft CCDs,
IEEE Trans. Nucl. Sci., 40, 1628-1637, 1993.

[15] Hedin, A. E., Extension of the MSIS thermospher-
ic model into the middle and lower atmosphere, J. Geo-
phys. Res., 96, 1159-1172, 1991.

[16] Hickey, M. P, The NASA Engineering Thermo-
sphere Model, NASA CR-179359, Washington, D.C.,
1988.

{17} Barlier E, C. Berger, J. L. Falin, G. Kockarts, and
G. Thuillier, J. Atmosph. Terr. Phys., 41, 527-541,
1979.

[18] Hedin, A. E., et al., Revised Global Model of Ther-
mosphere Winds Using Satellite and Ground-Based Ob-
servations, J. Geophys. Res., 96, 7657-7688, 1991.

American Institute of Aeronautics and Astronautics



Downloaded by CARLETON UNIVERSITY LIBRARY on May 5, 2015 | http://arc.aiaa.org | DOI: 10.2514/6.2000-371

(c)2000 American Institute of Aeronautics & Astronautics or published with permission of author(s) and/or author(s)’ sponsoring organization.

[19] Bilitza, D., International Reference Ionosphere
1990, NSSDC 90-22, Greenbelt, Maryland, 1990.
[20] Rodgers, D. J., DICTAT Software: Users’ Manual,
DERA/CIS(CIS2)/7/36/2/4/SUM, Issue 2.0,.1998.
{21] Griin, E., H. A. Zook, H. Fechtig, and R. H. Giese,
Collisional balance of the meteoroid complex, ICARUS,
62, 244-272, 1985.
[22] Kessler, D. J., R. C. Reynolds, and P. D. Anz-Mea-
dor, Orbital debris environment for spacecraft designed
to operate in low Earth orbit, NASA TM 100471, 1989.
[23] Kessler, D. J., J. Zhang, M. J. Matney, P. Eichler,
. R. C. Reynolds, P. D. Anz-Meador, and E. G. Stans-
bery, A Computer-Based Orbital Debris Environment
Model for Spacecraft Design and Observations in Low
Earth Orbit, NASA TM 104825, 1996.
[24] Chenette, D. L., J. D. Tobin, and S. P. Geller,
CRRES/SPACERAD Heavy Ion Model of the Environ-
ment, CHIME, PL-TR-95-2152, 1997.

7
American Institute of Aeronautics and Astronautics



	tr: 
	gf: 


