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Overview 

ÅTeam 

ÅAcknowledgments 

ÅHERMES in a slide 

ÅTasks 

ÅWork performed & Results (selected) 

 

Kick-Off: February 2015 
Final Presentation: May 2018 
Project closure:  - July 2018 



HERMES project in a slide 

Å Collect, clean, evaluate, cross-calibrate a large amount of radiation datasets 

Å Store data in HERMES ODI database 

Å Perform numerical calibration for 3 radiation monitors 

Å Evaluate ESA SEPEM RDS 2.x, Optimize ESA SEPEM VTM performance 

Å Develop new probabilistic approach for radiation belt modelling (TREPEM) 

Å Develop a new modelling approach for SEP radiation environment (VESPER) 

Å Create a unified/modular European Space Radiation Model (ESPREM) 

ï Integrate Magnetospheric Shielding Model (MSM) 

ïDLR Galactic Cosmic Ray Model 

Å Develop a  modular Radiation Effects Modelling System (ESPREM system) 

ï Integrate a series of effect tools 



The Tasks 

ÅTask 1: Radiation data processing & calibration 

ÅTask 2: Radiation Belt modelling 

ÅTask 3: Solar Energetic particle modelling 

ÅTask 4: Combined radiation modelling (& effects) 

ÅTask 5: Improvements, Verification, Validation & Update 



Å Data: 

ïSome data migrated from SRREMs DB 

ïNew datasets recreated from scratch to produce well-formed CDF files and correct metadata/units 

Å HERMES db based on ODI: a Database system for downloading, processing and storing 
radiation environment data based on MySQL 
ï Includes an assortment of tools and utilities to use and extend 

ï Server software for ingesting, parsing, downloading data and more 

ï Client libraries for getting data natively in most common programming languages 

ï Excellent for the HERMES use case! 

Å UNILIB 
ï Fortran UNILIB library with custom MATLAB wrapper for integration with HERMES software 

ï NOTE: current versions of ODI can run UNILIB automatically, but it is still a performance bottleneck when 
ingesting large amounts of historical data. 

HERMES db: Open Data Interface 



HERMES datasets 

Dataset Omnidirectional  
Fluxes 

Unilib  
magnetic 
coordinates 

Quality  
flags 

azur_ei_88_l1_v01 N N N 

crres_mea_l1_v01 Y N N 

giovea_merlin_l1_v01 N N N 

gioveb_srem_hermes_l2_v02 Y Y Y 

integral_irem_hermes_l2_v02 Y Y Y 

polar_ceppad_l2_v01 Y Y N/A 

proba1_srem_hermes_l2_v01 Y Y Y 

xmm_ermd_l2_v01 Y Y Y 

demeter_idp_l2_v01 N N N 

rbspa_mageis_hermes_l2_v01 Y Y Y 

rbspb_mageis_hermes_l2_v01 Y Y Y 

rbspa_rept_hermes_l2_v01 Y Y Y 

rbspb_rept_l3_hermes_l2_v01 Y Y Y 

probav_ept_l1_v01 N Y N 
 



Data Evaluation & Cleaning 

ÅTemporal Coverage 

ÅSpatial Coverage 

ÅSpectra Distributions 

ÅFlux Maps 

ÅCross-species Contaminations 

 

 

Main contributor: C. Papadimitriou 

ÅDevelop routines for determination of data 
caveats (spikes, saturation, contamination)  

ÅCreation/ingestion of cleaned datasets to 
ODI (set flags on datasets) 

Main contributor: C. Katsavrias 



Evaluation plots: examples 

XMM/ERM POLAR/CEPPAD 



Evaluation plots: examples 

XMM/ERM 



Evaluation plots: examples 

PROBA-V/EPT XMM/ERM 



Cleaning Methods 
Å Instrument Saturation ÅDe-spiking 



Data cleaning plots: examples 



Calibration of radiation monitors 
STRV-1b/REM 

Main contributor: G. Provatas 

XMM/ERM GALILEO/SURF 



Calibration set-up 

Å Geant4 v. 9.6 patch-03  

Å GRAS v. 03-03-r1561 

Planar source at each direction 

Electrons: 100 keV ς 10 MeV 
Protons: 10 MeV ς 1 GeV 

Responses with angular resolution of 
ʵʻҐʵ˒Ґ10̌  for 614 different directions 

Å ROOT v. 5.34/20 

Analysis of simulation output 

Geometry model of the instruments 



Calibration set-up: Validation 

ÅSTRV-1b/REM: The calibration measurements at PSI 
using proton beams were reproduced 

 

ÅXMM/ERM: Derived transfer matrix compared with reported 
results 

 

ÅMERLIN/SURF: Charging currents obtained with  
GRAS/Geant4 compared with DICTAT results. 

 



REM: omni-directional responses 

Å p/e are detected within the 15 channels, the 16th channel can detect heavier particles. 
Å p-ŘŜǘŜŎǘƻǊΩǎ DCǎ ŀǊŜ ƎǊŜŀǘŜǊ ǘƘŀƴ Ŝ-ŘŜǘŜŎǘƻǊΩǎΦ 
Å protons can contribute in all 15 channels detections 
Å electrons are counted within the first 2 channels only 

protons 

electrons 

no pure e-counters 

poor energy resolution 

p-detector e-detector 



single coincidence 

XMM/ERM/HE: directional responses 

protons 

electrons 



HE unit 

LE unit 

Protons are detected in all channels 
In singles mode protons are mainly 
detected through the lateral shielding. 
The peak at channel #7 corresponds to p from 
forward directions that are stopped in the first 
diode it encounter. 
 
Electrons are detected in the first 3 channels. 
In single mode electrons are detected  
from lateral as well as axial directions. 
In coincidence mode only electrons 
from front or back directions are measured.  

The response to protons is similar to 
the HE single responses, with the peak in the low 
incident energy shifted to higher energies (>20 MeV), 
due to the thicker Al shield. 
The response to electrons below 2 MeV 
is negligible. 
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XMM/ERM: omni-directional responses 

single 
coincidence 



Data unfolding 

Å Inverse Problem ς Non-unique solution 

Å Success in data unfolding depends on: 

ïResponse Function (Calibration) 

ïQuality of measurements  

ïUnfolding Method 

Goal: develop/update & apply unfolding methods for the counts-to-fluxes calculation 

Å Singular Value Decomposition Method 

Å Artificial Neural Networks 

Å Correlative Unfolding Method 

 Contributors: S. Aminalragia-Giamini & I. Sandberg 



Artificial Neural Network 

A number of interconnected 
collaborating neurons 
comprises a network which is 
trained by a learning 
algorithm using a training 
set. 

Å Each node is a neuron  
Å Neurons are arranged into layers - one or more "hidden" layers  may be exist 
Å Hidden layer neurons employ non-linear functions e.g. sigmoids or gaussians 
Å Weight factors model the strength of the neural synapses 



Example: Alphasat/MFS data 

In collaboration with P. Goncalves, LIPT, Portugal 

MFS provides measurements in 
17 channels. The first 10 channels 
are the P-channels, and  the last 
7 the so-called E-channels 



Example: Alphasat/MFS data 

L. Arruda et al. IEEE TNS 64 (8), 2333, 2017 



ESA SREM cross-calibration 

NN 
SVD 



SREM SVD cross-calibration 



ESA SREM cross-calibration 
RBSP/MagEIS  
(30keV-4 MeV) 



Original files Data Cleaning Processed files 
Processed 

Database 

Coordinate 
Calculation 

Data Evaluation 

Roadmap: Radiation Belt specification model 

Database Mission Flux Maps Joined Flux Maps 
Orbit Flux 
Generator Mission Flux Maps 

Mission Flux Maps 
Mission Flux Maps 

Dataset Flux Maps 



Unilib vs IRBEM 



Radiation belt models 

AE9/AP9 
Å Accumulate daily averaged flux 

values at each grid point 

Å Calculate median and 95th 
percentile 

Å Assume Weibull distribution 
(electrons) or log-normal 
distribution (protons) 

                         

SRREM 
Å Construct synthetic time series 

(aggregating all data) 

Å Calculate daily averages 

Å Compute the histogram of the 
data 

TREPEM 
Å Accumulate daily average values 

at each grid point 

Å Calculate 29 quantiles as a means 
to describe the distribution 

Å Use inverse transform sampling 
to generate points according to 
the derived distribution and 
compute the histograms from 
them 



TRapped Energetic Particle Environment Model 
ÅPurely Data driven model with a statistical approach to cover the 

entire distribution of fluxes at each grid point 

ÅProduce fly-in scenarios of fluxes/fluences (average, percentile) 

ÅAdditional output: histogram of all flux/fluence values that were 

encountered by the satellite along its flight path 

ÅBoth e- and p+ models available 

Å I/O format compatible with AE9/AP9 

(IRENE) models 

 

Contributors: C. Papadimitriou, I. Sandberg 



TREPEM 
ÅRBSP-A MagEIS 

ÅRBSP-B MagEIS 

ÅRBSP-A REPT 

ÅRBSP-B REPT 

ÅPROBA1 SREM 

ÅGIOVEB SREM 

ÅINTEGRAL IREM 

ÅCRRES MEA 

ÅCRRES HEEF 

ÅPOLAR CEPPAD 

ÅXMM ERMD 

Å1st Invariant (Energy) 

Å10 channels  

 (50 keV ς 10 MeV) 

Å2nd Invariant (aeq) 

Å27 bins (0 ς 90 degrees) 

Å3rd Invariant (L*) 

Åол ōƛƴǎ όм Җ [ϝ Җ млύ 

 

For each dataset: 

ÅAssign daily averaged, omni, diff. 
fluxes to grid 

ÅSave 29 quantiles as a proxy of their 
distribution 

Merge all dataset flux maps to 
produce final model map 



Merging Flux Maps via Inverse Sampling 
Method Description 

Å For each grid point/energy 

ï For each dataset 

ÅRead quantiles from the flux 
map 

ÅProduce 10,000s points via 
inversion sampling 

ï Join produced points from all 
datasets 

ï Derive new quantiles , mean, stdev, 
etc 

ï Save new statistics to grid point of 
merged map 

Å Produce quantile-flux-map 



TREPEM 



Validation Example ς (near) GTO 



Validation Example ς MEO 



Validation Example ς HEO 



TREPEM                         SRREMs 

0.14 MeV 



TREPEM                         SRREMs 

0.46 MeV 



TREPEM                         SRREMs 

1.53 MeV 



TREPEM                         SRREMs 

2.82 MeV 



Virtual Timelines Model (updates) 

Å Routines of the VTM code were restructured resulting in the 
decrease of  processing time by 3 times! 
 

Å VTM code was reconstructed to provide Spectral VTM outputs 



SVTM 

RDS 2.0: Cumulative Fluence 



SVTM 

RDS 2.0: Cumulative Fluence 



SVTM 

RDS 2.0: Cumulative Fluence 



SVTM 

RDS 2.0: Cumulative Fluence 



SVTM 

RDS 2.0: Cumulative Fluence 



SVTM 

RDS 2.0: Cumulative Fluence 



SVTM 

RDS 2.0: Cumulative Fluence 



SVTM 

RDS 2.0: Cumulative Fluence 



SVTM 

RDS 2.0: Cumulative Fluence 



SVTM 

RDS 2.0: Cumulative Fluence 



SVTM 

RDS 2.0: Cumulative Fluence 



Update SPE database & event list 

ÅEvaluate ESA SEPEM Reference Data Set 2.x 

ïTest different background schemes 

ÅEvaluate VTM outputs: 

ïUse STEREO data 

ïDifferent SPE lists 

ïDifferent database 



RDS2.0: signal extraction 



RDS2.0: signal extraction 



RDS2.0: signal extraction 



RDS2.0: signal extraction 



Evaluation of ESA RDS2.0 

 J. V. Rodriguez, I. Sandberg, et al,  Space Weather, 15, (2017) 

ÅReconstruct RDS 2.0 

ÅCreate iRDS 2.0 

ÅValidate iRDS 2.0 



Evaluation of ESA iRDS2.0 

IMP-8 

iR
D

S 2
.0

 

IMP-8+iRDSbgr(t) IMP-8 
iR

D
S 2

.0
 

IMP-8+iRDSbgr(t) 



Background: RDS2.1s 



Background: RDS2.2s 



RDS 2.1 



RDS 2.21s 



RDS 2.22s 



SPE spectrum w/o background 



SPE characteristics: RDS 2.0 

Peak Flux Fluence 

Duration Waiting Time 



SPE characteristics: RDS 2.1 

Peak Flux Fluence 

Duration Waiting Time 



SPE characteristics: RDS 2.21s 

Peak Flux Fluence 

Duration Waiting Time 



VTM outputs: Cumulative Fluences 

RDS 2.0: Cumulative Fluence RDS 2.1 Cumulative Fluence 



STEREO-A/HET data 



VTM outputs: STEREO vs RDS 

18, 26, 38, 80 MeV 
 

18, 26, 38, 80 MeV 
 

18, 26, 38, 80 MeV 
 18, 26, 38, 80 MeV 

 

July 2012 peak 
  
STEREO-A: 
2012-07-18 05:00:00, 2012-08-04 04:15:00 
 1.72e+03, 9.62e+02, 3.31e+02, 4.03e+01 
  
RDS: 
2012-07-17 15:50:00, 2012-07-26 18:00:00 
 5.360, 1.19, 4.1e-01, 3.15-02 
 



VESPER model Á Motivation 

ÅModeling and production of virtual SEP flux time-series for arbitrary mission durations 

ÅCombine outputs with magnetospheric shielding models and/or radiation effect tools 

on the time-series level 

Á Approach 

Use the VTM for the modelling of virtual SPE durations and wait-times (Jiggens et al. 2012) 

ÅwŜǎŎŀƭŜ άǎǇŜŎǘǊŀƭƭȅέ ŦƭǳȄ time-series of existing SPEs in time and flux-intensity. 

ÅCreation of Virtual SPE flux series in a virtual timeline 

ÅData-driven model ς as few as possible assumptions and free parameters 

Á Outputs can be directly used for the derivation of further products 

Å Cumulative Fluence/Peak Flux/Worst SEP Fluence distributions 

Å Input in Radiation Effects tools 

Å Combination with systems modelling other radiation sources (RB, CGR) 

 

 



VESPER 

Å Introduction of the LF2 parameter - couples spectral 
characteristics of individual flux spectra with macroscopic 
characteristics of Events 

 
 
 
ÅThe sum of LF2 (SLF2) shows a linear log-log relationship with 

SPE Duration  
 

ÅProbabilistic filling of the event space for the creation of the 
macroscopic characteristics of Virtual Events  
 

ÅMacroscopic SPE values (Duration-SLF2) are translated to res-
scaled flux time-series in time and intensity 



VESPER 

Each red point represents the 
 flux series of a real SEP event. 
Each black dot represents a  
virtual one! 



VESPER: Virtual Events 

Time scaling 
Solar Proton Event, 27-Nov-1989 to 05-Dec-1989  



Comparison with VTM, ESP and JPL models 


