
Science Planning Software @ ESAC

SOLab/eFinder and MAPPS/EPS



Solar Orbiter science operations planning
Planning process for Solar Orbiter is complicated due to, a.o: 

• Orbital evolution: science goals linked to opportunity windows 

• RS payload only operational during 3x10days/orbit 

• Highly variable downlink with long periods of very poor communications 
⇒ Long latencies on science data 

• Limited memory space onboard 

• Variable power restrictions & EMC requirements 

• Highly variable thermal environment 
⇒ in-flight calibration sometimes needs quick turn-around 

• High-resolution science requires fine-pointing to target which cannot be pre-planned 
⇒ need for Very-Short-Term Planning (VSTP) cycle for fine-pointing 

• Mission science outcome depends on coordinated observations of unpredictable solar activity

Long Term 
challenges

Short Term 
challenges



Long Term planning challenges

Long-Term Planning important for: 

• Orbital evolution: science opportunity windows 

• Highly variable downlink & limited memory space 

• Science goals depend on coordinated observations 

• Observation time restrictions (RSW)  
& EMC requirements 

⇒ very restricted data generation & long latencies 
⇒ orbits cannot be planned in isolation 
⇒ TM generation must be under control to not break future plans  
⇒ also instrument operations cannot be planned in isolation 

Solar Orbiter needs Mission Level planning cycle & constraint checking at all planning levels

Venus Gravity Assist 
Maneuvers to increase 
inclination out of the ecliptic

Nominal Mission 
(thick line)

Extended Mission 
(thin line)

High-latitude 
windows: 
South Pole

Perihelia windows

High-latitude  
windows: 
North Pole



Past simulations

• Past mission simulations limited 
to TM return analysis 

• ‘Flat’ data generation based on 
instruments’ TM allocations 

• Need to move towards 
simulation of actual science 
operations 

Simulation of draft  
Science Activity Plans


Mission Level Planning



Tools to support mission 
level planning: SOLab

Solar System Science Operations 
Laboratory (SOLab): 

• Research project for geometry 
computation and 3D visualization  

• Quick analysis and visualization of 
observation scenarios  

• Support to Medium and Long Term 
science operations planning  

• Interactive pointing and attitude 
simulation  

• Science opportunity analysis 

Geometry-scientific observation opportunities analysis and visualisation  
originally designed for planetary missions 
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Tools to support mission 
level planning: eFinder

eFinder = plug-in module for SOLab 

• IDL code linked to SPICE kernels 

• Calculating any geometrical space event: 
‘Event Finder’  

• Finding any context parameter for those 
events: ‘Context Finder’  

• Visualizing calculated events: ‘Event 
Handler’ (if not plugged in SOLab)

Not (yet) operationally stable. 
eFinder not yet plugged into SOLab.



Tools to support mission 
level planning: MAPPS/EPS

Mission Analysis and Payload Planning 
System (MAPPS): 
• Geometry computation for Spacecrafts, 

Instruments and Targets 
• Visualization of multiple parameters and 

overlays in 2D 
• Simulation of events and operational 

timelines  

Experiment Planning System (EPS): 
• Payload and spacecraft resources, 

sequences and transitions.  
• Generation of command level sequences 
• Payload planning files 

Operational tools, simulation, visualisation linked to actual operations timelines processing 
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Summary SOLab/eFinder
Advantages of SOLab/eFinder (once linked): 

	 •	 Detailed pointing geometry analysis (SOLab)  

	 •	 Sophisticated, IDL & SPICE-based event finding algorithm, can combine different event types (eFinder) 

	 •	 Easy insertion of new bodies and SCs (eFinder) 

	 •	 Sophisticated 3D visualisation + context information (SOLab) 

	 •	 Tool designed for support during mission analysis phase and SAP planning (SOLab) 

Disadvantages of SOLab/eFinder: 

	 •	 Prototypes, non-operational tools and both tools not yet linked 

	 •	 ESAC-only usage due to constraints in point 1 

	 •	 Maintenance support not clear and not guaranteed over mission timeline 

	 •	 Cannot simulate operational details like power, comms, TM, SSMM usage, … 

	 •	 Mainly interesting during mission analysis and LTP phase, less useful in later phases.  

	 •	 Several design choices are planetary-specific, not relevant for Solar Orbiter (surface coverage, illumination, ...)



Summary MAPPS/EPS
Advantages of MAPPS/EPS: 

	 •	 Operational tool, that can be distributed to instrument teams if needed 

	 •	 Combination of geometry computations, simulation of events and operational timelines 

	 •	 Direct link to instrument and operational constraints modelling (in EPS) -> Operational feasibility analysis  

	 •	 Visualisation of operational timelines & geometry/pointing on 2D surface of the Sun (3D being  
	 	 implemented) 

	 •	 Timelines of high-level science activities can be expanded into low level command sequence timelines 

	 •	 Tools can support mission at all planning levels 

Disadvantages of MAPPS/EPS: 

	 •	 Less sophisticated visualisation (3D being implemented) 

	 •	 Might need SolO-specific updates or add-ons (TBC) 

	 •	 SW relies on TEC (ESTEC) support and other missions’ needs. 

	 •	 MAPPS/EPS setup and configuration not straightforward. 



Low Latency Data Visualisation 

Andrew Walsh 
Solar Orbiter SOC 
 
 
 
 
 
 
SOWG #5, ESAC, 8-10 July 2014  



Reminder: Uses of LL Data 

Low Latency Data are low volume science data, downlinked 
with the highest science priority. They have the following 
functions: 

•  To allow assessment of instrument health and 
performance. 

•  A means of choosing selective data for downlink. 
•  Support S/C pointing planning when tracking solar 

features (VSTP only): compensating feature’s proper 
motion and/or re-targeting.  

•  We aim to provide a browsing and visualisation tool that will 
be needed to fulfil the first two functions. 

•  Pointing updates at VSTP will be handled by a dedicated tool 
within SOC. 

•  We do not aim to provide a full (or half!) featured data 
analysis tool. 



Current Concept 

1.  LL Data are generated at the SOC with instrument team 
provided pipelines. 

2.  Pipelines take the form of virtual machines that take 
science TM packets as input and output data products 
that allow visual representation. 

3.  Pipelines are simple and static. 
•  Static calibrations only 

•  Only run on near real-time data (no reprocessing) 
4. Output from each pipeline is combined as needed and 

sent to: 
•  LL Data Display Tool 
•  PTR Generation Tool 

•  Science (& planning) archive   



Proposed Tool 

•  Our proposal is to provide a simple web-based tool that: 
1.  Is fast. 
2.  Has no requirements on the client side apart from 

a browser. 
3.  Will allow side-by-side visualisation of multiple in 

situ and remote sensing data, and provide a 
(very) rudimentary assessment of linkage 
between the two.   

•  This implies: 

1.  A minimum of on-the-fly calculations. 
2.  Serving pre-generated plots. 
3.  LL Pipelines producing data files, not plots. 



SOC Post Processing 

•  Our proposal is that any postprocessing common to multiple 
instruments’ LL data that can be centralised will be centralised. 

•  Instrument pipelines will provide: 
•  FITS format for images, only containing instrument 

headers (i.e. aligned to instrument boresights). 
•  CDF or ASCII for Time Series (including SPICE & STIX 

spectra / light curves?), vector quantities in spacecraft 
coordinates.  

•  SOC will apply any coordinate transformations and metadata that 
require platform information: 

•  SOC will augment instrument-provided FITS headers with 
static misalignment information & WCS. 

•  SOC will transform time series data into a more 
scientifically useful coordinate system (probably 
spacecraft-centric RTN). 

•  SOC will convert from onboard time to UTC. 



Proposed Tool 

10 x Instrument 
LL Pipelines 

Time Series Data  
CDF or ASCII (TBD) 

Spacecraft Coordinates 

Image Data  
FITS 

Instrument-Internal Header 

Coordinate Transformation 
to RTN (TBC) 

Convert to UTC 

Apply Alignment FITS 
Headers 

Convert to UTC 

Plot Time Series Render Images 

LL Data Display Tool 

Instrument 
Team Provided 

SOC Provided 



Example Layout 

Image Time Controls 

Image layer 1 
Image layer 2 
Image layer 3 
Image layer 4 

Transparency selectors Primary image selector 

Image Zoom Level (3 choices) 

IMAGE 
TIME SERIES Plot 
(e.g. 5 panels) 

Context 
Display 1 

(e.g. 
orbit) 

Context 
Display 2 

(e.g. 
Attitude) 

Time Series Time 
Controls 

Time Series Parameters 

GO 
button 

Overlay selectors (for 
FoVs, footpoint etc.) 



Example: Time Series Plot 

•  Choice of several (~6) predefined 
combinations of parameters e.g. 

•  Overview 
•  Linkage 
•  Waves 
•  Particles 

•  Choice of several predefined 
durations e.g. 6hrs, 1day, 3days 

•  STIX Lightcurves and SPICE 
spectral intensities could be 
plotted as time series here.  

Simple way of showing in situ 
science plan: Thick line = 
burst mode, each colour 
represents a different 
instrument 

ETA of (fastest?) 
energetic particles from 
current image time 

ETA of Solar Wind from 
current image time 



Example: Small FoV Images 

Legend with 
image times 

Title is Carrington Lat/Lon of image centre 

e.g. EUI, PHI, SPICE Raster 
Possible subfield 
of Full Disk image 
in background 

•  Centred on Spacecraft 
boresight we use for 
pointing. 

•  FoV Large enough to cover 
all small FoV instruments. 

•  Based on static 
coalignment numbers, not 
dynamic. 

•  In a rolled state, keep 
overall FoV the same, 
move images. 

•  Adjustable transparency 
•  Overlaid FoVs instead / as 

well as data 



Example: Small FoV Images 

•  Centred on Spacecraft 
boresight we use for 
pointing. 

•  FoV large enough to cover 
all small FoV instruments. 

•  Based on static 
coalignment numbers, not 
dynamic. 

•  In a rolled state, keep 
overall FoV the same, 
move images. 

Legend with 
times 

Title is Carrington Lat/Lon of image centre 



Example: Full Disk Images 

•  Solar North always ‘up’ 
•  Spacecraft boresight 

always in the centre 
•  North/South solar pole 

and equator marked on 
high inclination images. 

•  Optional grid overlay  

•  Magnetic footpoints 
calculated with modal 
slow and fast SW 
velocities, not directly 
from SWA data. 

Legend with 
times 

High Res Telescope FoV / Data 

Two Full Disk 
Images Stacked 
(One with 50% 
transparency) 

Xs: e.g. Sub 
spacecraft point, 
Magnetic footpoint 
for slow and fast 
SW 



Example: ‘Coronal’ Field of View 

1.  Full Disk+METIS+SOLO-HI 
2.  Also version with just Full 

Disk+ METIS? 
3.  Note: SOLO-HI has multiple 

possible FoV sizes, so less 
obvious what to do here. 



Example: Simple Ephemeris 

1.  Simple 2D orbit projection 
2.  Position of spacecraft on 

orbit. 
3.  RSWs highlighted. 
4. Model Parker Spiral field 

line. 
5.  Earth and other assets 

(SPP) 



Limited HK & Planning Display 

•  Static display of top level planning information. 
•  Planned instrument modes. 
•  1 chart per day – simple display of an image outside 

main window. 
•  Limited HK and events information. 

•  Actual Instrument modes 
•  Times of trigger issuing / receipt 
•  Subset of platform activities that have a science impact 

(Rolls, HGA pointings, wheel offloadings). 
•  We don’t intend this to be an HK Browser. 

•  HK will be distributed separately. 



Time Handling 

•  Choose a time, it plots the closest images to that time. 
•  If the image time is TBD minutes away from requested 

time, tool warns user.  
•  ‘Study’ based instruments should have a validity time for 

each study and a valid study would be plotted rather than 
the closest image.  

•  Since different instruments have different cadences the 
forward and back buttons cycle through at the cadence of 
the layer selected as the time basis (primary layer). 

•  Time series side is easy given plots will have fixed 
durations. 

•  Possibility to set one side as primary or have a simple, 
static propagation system – the in situ side automatically 
displays the energetic particle ETA period for the current 
image for example? 



Access (Details TBD)  

•  Because Low Latency Data Display Tool will be needed operationally, 
we envisage two instances: 

1.  An operational instance with access limited to Instrument 
Team Institutions and ESA establishments. 

2.  An open instance accessible by the wider scientific community 
and general public. 

•  Technical details TBD. 



Summary & Questions for Working 
Groups: 

•  We aim to provide a web-based tool, serving pre-
generated plots in various combinations. 

•  Speed and simplicity are key. 
•  Separate tool will handle PTR generation. 
•  We believe this will address the 3 defined uses of LL 

data. 
Bearing in mind we’re not providing a science analysis tool 
and we will also make available all LL Data files to 
Instrument teams: 
•  Have we missed anything? 
•  Which combinations of Time Series Parameters would be 

the most useful? 



















































  

Solar Orbiter Tools Workshop
Toulouse, Nov 2014

Rui PINTO, Alexis ROUILLARD
IRAP

Connect_SolO: wind model



  

Goals

remote sensingin-situ measurement

● Surface – heliosphere connections

● Data: 
relate in-situ data ↔ remote sensing

● Improve Propagation Tool:
low corona = critical layer

Magnetic field geometry
Segregation between fast and slow wind

● Simple, fast, yet robust models

● Determine:
wind speed, density, temperature,
phase speeds 

● along any open magnetic flux-tube



  

Coronal B-field
reconstruction
(cf. talk S. Regnier)

or

Coronal models

Connect_SolO
Heliospheric propagation
models
(cf. talk C. Tao)

Remote sensing data In-situ data

Possible applications: wind acceleration, waves, shock,
   CME propagations, SEP

Modelling chain



  

1) Retrieve the coronal magnetic field;
select a sample of open flux-tubes

2) compute solar wind profiles along flux-tubes
(flow speed, temperature, phase speeds)

Connect_SolO

e.g: HMI + PFSS extrapolation (Pinto, et al, 2009)

3) Feed into heliospheric models, select/compare to in-situ data 
. provide alternative to WSA prediction for wind speed 
. predict also: temperature, density, phase speeds



  

Case study

Selected event:  2013-04-11 

Multiple s/c data available (SOHO, STEREO-A/B, SDO).
ACE wind speed (to be used as a calibrator).
SEP event (at L1) gives reference time.

Earth, Parker spiral

STEREO-B STEREO-A

ACE, wind speed ~ 391 km/s (slow wind)



STEREO-A EUVI, COR-1/2 STEREO-B EUVI, COR-1/2SDO AIA SOHO C2-C3

● Ultraviolet images and coronagraph images
9 cameras from SDO (AIA), SOHO (C2/C3) and STEREO-A/B (EUVI, COR1/2).

● Extract for each position angle the elongation of the disturbance when it is off the solar disk.

● Interpolate the elongation variation for each position angle over a regular time grid.

● Fit geometrical forms (spheres, ellipsoids) that match best the extent of the disturbance.

Case study

Tracking the evolution of a pressure wave



Once each ellipsoid is computed:

● Trace the magnetic field lines 
connected to in-situ measurements. 

● Trace the spiral down to 2.5 Rsun 
(depends on the measured solar wind 
speed at the particle onset time).

● Connect to PFFS field-line.

● Determine the intersection of this 
spiral with the ellipsoid at each 
timestep.

● Compute at the intersection point, at 
each time step: 
3-D vector normal to the surface 

(shock normal), shock geometry, 
3-D shock velocity.

To STEREO-B

To STEREO-A

To L1

Case study



Case study

View 1 View 2

STA STBSTA L1, SEP



Case study

1-D corona and wind code:

● Based on VP code
(Grappin, et al 2010;
Pinto et al 2009)

● wind speed, temperature,
density, phase speeds

● Chromosphere and 
corona (up to ~30 Rsun).

● Parametrised heating,
radiative/conductive cooling 



Case study

Estimated propagation speed

Predicted wind speed
@ 30 Rsun = 220 km/s

ACE measurements
@ 1 AU = 391 km/s

Note: 
wind not yet at assymptotic 
value at 30 Rsun!



  

Conclusions

Connect_SolO

2D coronal field models
(meridional or equatorial)

(Pinto, et al 2011,2013)

Case study and calibration
(multi spacecraft data)

Sample full Carrington maps

Future directions

Strengths:

- quick and robust
- good thermodynamics 
 (much better than current multi-D models)
- Slow / fast wind ok.
- predicts wind speeds AND 
  temperature, density, phase speeds

Limitations:

- 1D (even if multi 1D flux-tubes)
- Flux-tube geometry only a good as
  coronal field reconstruction allows



  

Appendix

Title



  

The wind code

Based on VP code,
simplified setup (for performance and robustness)
 (Grappin et al, ??; Pinto et al, 2009)

Properties:

 

Advantages:

Disadvantages:

Title
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Extrapola)ons,de,champ,magné)que,
Mise%à%jour,%%et%défis%pour%Solar%Orbiter%%

Stephane(REGNIER(
Northumbria%University,%Newcastle%Upon%Tyne%



Extrapola2ons(de(champ(magné2que:(un(succès(

A,un,instant,donné,,la,couronne,solaire,est,en,équilibre,

0
!!!!!

=∧++∇− Bjgp ρEquilibre,
magnétohydrosta)que,

(mhs),

0
!!!

=∧ BjEquilibre,force>free,

0
!!

=j BBj
!""

"
α

µ
=

∧∇
=

0
Brj
!"!
)(α=

Poten)al,Field, Linear,Force>
free,Field,

Nonlinear,Force>
free,Field,(nlff),

Actuellement,,les,extrapola)ons,magné)ques,u)lisées,sont,des,extrapola)ons,force>free,

Idéalement:,



Extrapola2ons(de(champ(magné2que:(besoins(

Champ(poten2el(:((
>,composante,ver)cale,du,champ,magné)que,(type,MDI,,
HMI,,Hinode/SOT/NFI),en,coordonnées,Cartésiennes;,
,
>,composante,radiale,du,champ,magné)que,pour,modele,
PFSS:,observa)ons,de,la,face,visible,+,modele,d’évolu)on,
du,champ,;,cf,modele,de,Schrijver,et,Derosa,
,
Champ(nlff(:(
,
Carte,vectorielle,du,champ,magné)que,(3,composantes,du,
champ,sur,la,surface,photosphérique),pour,coordonnées,
Cartésiennes,et,sphériques;,type,SOLIS,,HMI,,Hinode,



Extrapola2ons(de(champ(magné2que:(un(succès(

Régions,

Ac)ves,

Energie,magné)que,

Helicite,magné)que,

Géométrie,de,B,

Topologie,de,B,

Liens,X>ray>UV>B,

Liens,radio>B,

Couro
nne,

en)er
e,



Champ(magné2que(polaire(

Actuellement,

>  Champ,poten)el,
>  Pas,de,courant,électrique,
>  Pas,d’étude,de,l’évolu)on,

SO/PHI,

>  Mesure,du,champ,aux,poles,(réduc)on,
des,effets,de,projec)on),

>  Filling,facteur,
>  Mesure,des,courants,
>  Modeles,nlff,ou,mhs,



Origines(magné2ques(des(par2cules(énergé2ques(

Actuellement,
>  Sparkles,ou,EUV,bright,dots:,corréla)on,entre,“nanoflares”,et,lignes,de,champ,

,>>,Imageur,EUV,et,Magnétographe,
>  Corréla)on,entre,évacua)on,du,plasma,et,champ,“ouvert”,

,>>,Spectrométres,et,Magnétographe,,
>  Corréla)on,entre,source,radio,coronale,et,champ,ouvert,

>>,Instruments,radio,et,Magnétographe,
>  Mesure,de,l’al)tude,des,“EIT,waves”,
>  Tenta)ves,d’iden)fica)on,des,lignes,de,champ, , , ,,

transportant,les,par)cules,énergé)ques,

,
,
Solar,Orbiter,
,
>  Iden)fica)on,des,lignes,de,champ,
>  Modeles,PFSS,ou,nlff,pour,supporter,les, , , , ,,,,

observa)ons,EUV,et,X>ray,



Sources(magné2ques(du(vent(solaire(lent(



Evolu2on(du(champ(magné2que(

>  Série(temporelle(de(champ(magné2que(extrapolé(
,Injec)on,d’énergie,,d’hélicité,,changement,de,topologie,,…,
,(voir,Sun,et,al.),

,
>  Série(temporelle(de(champ(magné2que(extrapolé(+(modélisa2on(
MHD(entre(deux(cartes(de(champ(magné2que(

Nécessite,le,champ,de,vitesse;,extrapola)on,u)lisée,pour,
ajuster,la,modélisa)on,MHD,(Cheung,and,Derosa),

,
>  Série(temporelle(de(champ(magné2que(extrapolé(+(modélisa2on(
MHD(lorsque(les(ingrédients(nécessaires(sont(présents((

,Es)ma)on,du,temps,de,déclenchement,,de,l’énergie,
,magné)que,(Amari,et,al.),,


