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PREFACE

This Executive Summary Report summarizes work performed during the Space Radiation
Effects Nowcast (SREN) platform project wunder the ESA contract No.
4000127269/19/NL/BJ/va. The work was carried out by Space Applications & Research
Consultancy (SPARC) Athens, Greece.

The team members of SREN-p project are:
SPARC

I. Sandberg (Project Manager), C. Papadimitriou, Z. Igbal and S. Aminalragia-Giamini.
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EXECUTIVE SUMMARY REPORT

Space environment includes severe radiation and plasma storms - driven by solar activity
and its effect on the Earth’s magnetosphere — affecting satellite systems. For the real-time
and the post analysis of the space environment effects on satellite components, a series of
actions is required each time by satellite operators and analysts in order to access and
combine the required but heterogenous resources, identify critical particle flux
enhancements using reliable measurements and couple them with state of the art radiation
environment and effect tools. The objective of the project was the design, the initial
development and the demonstration of the Space Radiation Effects Nowcast (SREN)
platform.

A User Questionnaire was prepared and distributed to collect relevant input from potential
end users of the SREN system. The questionnaire responses were analyzed in order to
prioritize the radiation environment and effects tools to be addressed into SREN. It was
concluded that each of the proposed Nowcast / Forecast & Post Event Analysis products that
were presented to the potential User Community are seen to be of value and should be
developed.

For the needs of the present de-risking activity it was decided by the SREN team to introduce
a Solar Array Degradation radiation effect tool. In the fully fledged SREN development, it is
planned to introduce all the products proposed in the UQ.

The design and the development of the SREN system and its modules were implemented.
SREN modules are defined as the software components of SREN-p system that employ the
real-time data analysis, radiation environment analysis and the radiation effects analysis.
SREN modules are classified into three groups:

e The data pre-analysis module (PAM): responsible for data pre-processing, data
cleaning, data flagging and for the raw counts to fluxes calculations.

e The environment analysis module (EAM): responsible for the on-the-fly analysis of
energetic particle fluxes, the detection/analysis of events of interest. This module will
include submodules to extract and re-process processed-datasets (i.e. fluxes) to
detect time periods of enhanced activity. The outputs of the module will include
alerts, flags and differential/integral particle flux/fluence dedicated products.

e The radiation effects module (REM): responsible for the calculation of the variables
that address the radiation effects on spacecraft sensitive components. The
submodules of REM will include a library of radiation effect models.

SREN ingests historical and real time space environment data collected from radiation
monitors, runs software to parse the data and allows secure access to the results via a web-
based user interface. SREN designed to incorporate the following real time data:

e INTEGRAL/IREM,

e HIMAWARI-8/SEDA,
e GOES-R/MPS

e EDRS-C/NGRM
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The Minimum Viable Product (MVP) of SREN uses available real time omni-directional
electron fluxes from IREM and SEDA, while it calculates on-the-fly the omni-directional
electron fluxes of GOES-16 using available real—time unidirectional electron flux and
magnetometer measurements. NGRM electron fluxes will be integrated when the real time
products will become available from SWE.

During the de-risking activity, a limited number of submodules was developed and/or
integrated. As a result, the following submodules are currently implemented.

The PAM includes the Data Cleaning Tool - a script that is executed at the post-
ingestion phase, by including an appropriate line in the post_ingest.php script, in the
cron folder of the target dataset.

The EAM includes the Time-Averaging and Fluence Calculator Tool; a script that
executes MySQL queries in the ODI to compute daily average flux or daily fluence
values. The result is a new L4 dataset, that contains the computed results. The tool
can be easily extended to other parameters and metrics, using the full arsenal of
MySQL functions and capabilities.

The REM includes the EQFLUX tool which implements the US Jet Propulsion
Laboratory (JPL) method for the Solar Cell Degradation in Space Environment. The
damage coefficients in the JPL method are calculated using an extensive set of
experimental measurements. EQFLUX calculates 1 MeV and 10 MeV damage
equivalent electron and proton fluences, respectively, for exposure to the fluences
predicted by the trapped radiation and solar proton models, for a specified duration.
The end-result of EQFLUX is a determination of the equivalent 1 MeV electron
fluence, which would cause the same level of degradation as the actual space
environment.

In the fully fledged SREN Platform development, each module will contain several sub-
modules to perform the functionalities of the internal SREN back-end.
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Figure 1: SREN System Architecture
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The SREN Platform is composed of a system of components that, at their core use the Open
Data Interface (ODI), ingests real time space environment data collected from satellite
instruments (DATASETS and RAWDATA) and runs software to parse the data which is then
stored in the database (DATABASE).

Supporting infrastructure allows for easy access to the data (ODI APl and DBADMIN) and to
run SREN modules on-demand via a user interface (Ul) that benefits from an asynchronous
distributed job queue (OMNIBUS), which manages the run on-demand tasks to maintain a
good user experience and allow high scalability. Furthermore, simple and secure access for
users to internal components is provided by the router (ROUTER).

All components are conveniently packaged and can be easily deployed, internally or online,
in a very flexible and scalable manner using container or virtual machine technologies with
minimal software and hardware dependencies — saving time in both setup and maintenance.
The architecture created for the SREN platform is built on a robust and state-of-the-art
foundation, which will serve well for future works.

The following are actual screenshots, taken of an actual interactive session with the Ul using
real time data and the results of the analysis performed by the SREN modules.

SREN Lagin

If you have an account please login using the link in the top menu.

& 2020 SREN Tothe top T

Figure 2: SREN platform initial homepage as shown to an anonymous user
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SREN Login
Login
Username
I
Password
@ 2020 SREN Tothe top T
Figure 3: SREN platform Login page
SREN Dashboard Datasets EQFLUX  Logout
Last updated a few seconds ago  2020/07/23 12:32:02 GMT
‘sten_software_databaseadmin-cpiSy 1
sten_software_omnibus-cpiSy_1
sren_software_database-cpiSy_1
sten_software_ui-cpiSy_1
‘sten._software_odi-cpiSy_1.
‘sten_software_eqflux-cpiSy_I
‘sren_software_nomclient-cpiSy_1
sten_software_router-cpisy_1
‘sten_software_odiapi-cpiSy_1
@ 2020 SREN Tothe top T
Figure 4: SREN platform Dashboard page
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SREN Dashboard Datasets EQFLUX  Logout

Datasets

hupe/fodiapl-cplSy:5000/0dl

Updated Start End Records
2020/07/23 11:51:28 GMT 2020/07/22 11:55:00 GMT 2020/07/23 11:40:00 GMT 286
2020/07 /23 11:51:36 GMT 2020/07/22 11:55:00 GMT 2020/07723 11:45:00 GMT 287
2020/07/23 11:51:43 GMT 2020/07/22 11:55:00 GMT 2020/07/23 11:40:00 GMT 286
2020/0723 11:51:48 GMT 2020/07/22 11:55:00 GMT 2020/07/23 11:40:00 GMT 288
2020/07/16 15:33:17 GMT 2020/01/01 00:00:00 GMT 2020/07/15 23:58:00 GMT 282240
2020/07/16 15:56:36 GMT 202070101 00:00:00 GMT 2020/07115 23:59:00 GMT 282240
2020/07/16 15:56:48 GMT 2020/01/01 00:00:00 GMT 2020/07015 00:00:00 GMT 196
2020/0716 14:20:23 GMT 2020/01/01 00:00:00 GMT 2020/0715 23:59:00 GMT 283680

@ 2020 SREN
Figure 5: SREN platform Datasets page
SREN Dashboard Datasets EQFLUX  Logout
hupetodiapi-cpiSy: S000 odi/
GOES_GP_FEDO_RT
@ 2020 SREN To the top T
Figure 6: Demonstration of the SREN platform dataset graph functionality
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SREN Dashboard Datasets EQFLUX Logout

Metadata

hitp://odiapi-cpiSy:5000/odi/

GOES_GP_FEDO_RT

Position_1 (Position of the satellite in GEQ coordinates,km, CDF_FLOAT)

Positi

n_2 (Position of the satellite in GEO coordinates,km, CDF_FLOAT)
- Position_3 (Position of the satellite in GEO coordinates,km, CDF_FLOAT)
FEDO_1 (Omnidirectional differential electron flux,cm-2 sA-1 sp’-1 MeVA-1, CDF_FLOAT)
@ FEDO_2 (Omnidirectional differential electron flux,cm-2 s/-1 stA-1 MeVA-1, CDF_FLOAT)
FEDO_3 (Omnidirectional differential electron flux,cm-2 /-1 srA-1 MeVA-1, CDF_FLOAT)
1 sr/-1 MeVA-1, CDF_FLOAT)
FEDO_5 (Omnidirectional differential electron flux,cm/-2 sA-1 srA-1 MeVA-1, CDF_FLOAT)

FEDO_4 (Omnidirectional differential electron flux,cmA-2 sA-

- FEDO_6 (Omnidirectional differential electron flux,cm”-2 sA-1 srA-1 MeVA-1, CDF_FLOAT)
FEDO_7 (Omnidirectional differential electron flux,cm-2 sA-1 sp’-1 MeVA-1, CDF_FLOAT)
FEDO_8 (Omnidirectional differential electron flux,cmA-2 sA-1 srA-1 MeVA-1, CDF_FLOAT)

- FEDO_9 (Omnidirectional differential electron flux,cm/-2 sA-1 srA-1 MeVA-1, CDF_FLOAT)
FEDO_10 (Omnidirectional differential electron flux,cm*-2 sA-1 sr’-1 MeVA-1, CDF_FLOAT)

¢ odi_unilib_B_Calc (Calculated magnetic field strength,nT, CDF_FLOAT)

(> odi_unilib_I (Adiabatic invariant (bounce),Re, CDF_FLOAT)

(odi_unilib_L (Mcllwain L parameter,Re, CDF_FLOAT)

(- odi_unilib_L_star (Roederer L* parameter,Re, CDF_FLOAT)

- odi_unilib_Alpha_Eq (Equatorial pitch angle,degrees, CDF_FLOAT)

¢ odi_unilib_B_Eq (Calculated magpnetic field strength at magnetic equator,nT, CDF_FLOAT)
;odi_unilib_MLT (Magnetic local time,hr, CDF_FLOAT)

Start date:

1712212020 ]

VIE

@ 2020 SREN To thetop 1

Figure 7: SREN platform Dataset Metadata view
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CELL TYPE | CELLTYPE 1 v|
ICELL| Gallium Arsenide v |
[THICKNESS [100
UNITS | micron v|
DATASET | goes_sci_mpsh_l4_avgld_g16 v |
DATE START
01/01/2020
DATE END
12/07/2020
ELECTRONS v PROTONS +

2020-07-23 12:28:56

INPUT:

(" _widget"-"gui_eqflux”,"celltype"="1", "icell™"2",Scell":" 13", "cgthick™" 100", "cgunit”:"3" "dataset"-"goes_sci_mpsh_I4_avgld_g16","date_start™:"2020-01-01","date_end":"2020-07-12""select_elec
trons™:"yes","select_protons™:"yes" }
OUTPUT: { "epdr”:{"pmax":"1000.07,"voc™" 1400.0","isc":"400.07}, "cg": { "material"-"fused silica”, "density":"2.207}, "udcgt™:
[M0.0220",73.97,"100.00","3 405E+19","3 40GE+19","3.405E+19","3 A05E+19",71. 235E+067,"1.757E+06", "6.685E+05", "2 71 TE+13","3.B04E+13"," L 275E+1

[ Edit

© 2020 SREN To the top 1

Figure 8: EQFLUX Tool

» The fully developed SREN will incorporate additional functionalities on the
monitoring, detection, and characterization of extreme energetic particle events
and will include an arsenal of data-analysis & state of the art engineering
radiation effect tools.
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