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Solar  Orbiter  and  the  STIX  instrument

Instrument	   PI	  ins\tute	   Func\on	  
EUI	   Centre	  Spa\al	  de	  Ličge	  (CSL),	  Belgium	  

	  
Extreme	  Ultraviolet	  Imager	  
	  

METIS	   Astrophysical	  Observatory	  of	  Turin	  (INAF),	  
Italy	  

Mul\	  Element	  Telescope	  for	  Imaging	  and	  
Spectroscopy	  

PHI	   Max	  Planck	  Ins\tute	  for	  Solar	  System	  
Research	  (MPS),	  Germany	  

Polarimetric	  and	  Helioseismic	  Imager	  

SoloHI	   Naval	  Research	  Lab	  (NRL),	  USA	   Heliospheric	  Imager	  

SPICE	   ESA	  funded	   Spectral	  Imaging	  of	  the	  Coronal	  Environment	  

STIX	   University	  of	  Applied	  Sciences	  North	  
Western	  Switzerland	  (FHNW)	  

Spectrometer/Telescope	  for	  Imaging	  X-‐rays	  

MAG	   Imperial	  College	  London,	  UK	   Magnetometer	  

RPW	   Laboratoire	  d'études	  spa\ales	  et	  
d'instrumenta\on	  en	  astrophysique	  (LESIA),	  
France	  

Radio	  and	  Plasma	  Waves	  Experiment	  
	  

SWA	   Mullard	  Space	  Science	  Lab	  (MSSL),UK	  
	  

Solar	  Wind	  Analyser	  
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Collabora(on	  
spectrometer	  
Features	  
Polish	  ac(vi(es	  in	  SRC	  include	  Instrument	  Data	  Processing	  Unit,	  
Instrument	  EGSE	  and	  Instrument	  Thermal	  Modelling.	  
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Energy	  Range 4	  –	  150	  keV 
Energy	  Resolu\on	  (FWHM) 1-‐15	  keV	  (energy	  dependent) 
Effec\ve	  area 6	  cm2 
Finest	  angular	  resolu\on 7	  arcsec 
Field	  of	  view 2°	   

Image	  placement	  accuracy ~4	  arcsec 

Time	  resolu\on	  (sta\s\cs	  limited) ≥	  0.1	  s 

THE  SPECTROMETER/?????????  
TELESCOPE  FOR  IMAGING  X-‐RAYS  (STIX)



Space	  Wire	  	  
Interface	  

FPGA	  	  based	  	  
Detector	  	  	  
Simulator	  

System	  (DSS)	  

THE	  STIX	  EGSE	  Block	  Scheme	  

	  
	  
Space	  Wire	  Interface:	  
	  	  	  	  Data	  Managemet	  Subsystem	  
	  	  	  	  TM,	  TC	  packets	  
	  	  	  	  Onboard	  Time	  Distribu\on	  
	  	  	  	  Power	  Interface	  	  
	  	  	  	  BIOS	  
So}ware:	  
	  	  	  	  Archiving	  	  
	  	  	  	  Visualisa\on	  
	  	  	  	  Ethernet	  Interface	  
	  	  	  	  Tests	  
Detector	  Simulator	  System:	  
      SimulaJon  of  realisJc  detector  signals
	  	  	  Flare	  Flag	  	  
	  	  	  Crossing	  of	  SEP	  clouds	  
	  	  (or	  other	  increased	  par\cle	  

	  background	  areas)	  
	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  

Space	  Wire	  
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Space	  Wire	  	  
Interface	  

Spacecra}	  Instrument	  	  
Interface	  Simulator	  

SIIS	  

EGSE	  

Power	  Discrete	  
Front	  End	  
PDFE	  

USB	  
USB	  

TCP/IP	  

LAN	  

Telecommands	  

TCP/IP	  

Telemetry	  Packets	  

CBK	  Wrocław	  

SSBV	  Noordwijk	  

SpaceWire	  Interface	  



Spacecra}	  Instrument	  Interface	  Simulator	  
(SIIS)	  overview	  
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• hard-‐	  and	  soDware	  elements	  which	  provide	  the	  tool	  
for	  instrument	  power	  interface	  and	  TM/TC	  electrical	  
and	  data	  protocol	  valida(on,	  
•  specified	  for	  delivery	  phases	  of	  instrument	  models	  to	  
integra(on,	  
• designed	  and	  manufactured	  by	  SSBV	  (NL),	  previously	  
deployed	  and	  in-‐field	  proven	  (e.g.	  BepiColombo,	  
EarthCARE)	  



SpacecraO  Instrument  Interface  Simulator    (SIIS)    
-‐  hardware    



STIX	  
LAN	  

User	  Worksta\on	  

SpaceWire	  

PWR-‐IN	  

SHP-‐ON	  

SHP-‐OFF	  

RSA-‐STATUS	  
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SpaceWire	  
Pla�orm	  

SpacecraO  Instrument  Interface  Simulator  (SIIS)  
-‐  soOware    



Power	  &	  
Discrete	  
Pla�orm	  

Control,	  Monitoring	  
Data	  Processing	  &	  

Visualisa\on	  So}ware	  
(coreCMDVS)	  

Test	  Sequence	  
Controller	  (TSC)	  

Synop\c	  Editor	  
&	  Animator	  

(SYN)	  

Archive	  
Browser	  

Space-‐system	  
Simula\on	  for	  
EMCS	  Tes\ng	  

(SSET)	  

Telecommands	  

Telemetry	  

API	  calls/events	  

CMDVS	  User	  Worksta\on	  

User	  (TSC)	  

User	  (Local	  GUI)	  

Archive	  files	  
	  (binary)	  

Log	  files	  
	  (text)	  

Config	  files	  
	  (text)	  

Exports	  (ASCII	  or	  Binary)	  

SpaceWire	  
Interface	  

STIX	  
Power	  	  

FrontEnd	  

Discrete	  	  
FrontEnd	  

SFE	  S/
W	  

PFE	  S/
W	  

DFE	  S/
W	  

Test	  scripts	  
	  (Tcl\Tk)	  

Instrument	  
Database	  
(MIB	  files)	  

PFE	  
API	  calls	  

SpaceWire	  

PWR-‐IN	  

SHP-‐ON	  
SHP-‐OFF	  

RSA-‐STATUS	  

Database	  
Manager	  

LAN	  

LAN	  
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Space  Wire  Simulator    
soOware
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<>Zurich	  	  
<>Praha	  ESC	  

<>Wrocław	  
	  	  	  CBK	   <>Warszawa	  

CBK	  

STIX	  
Main	   SIIS	   VPN	   VPN	  

VPN	  
VPN	  

STIX	  
Redundat	  SpaceWire	  	  

Simulator	  

LAN	  

LAN	  

LAN	  
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EGSE  connecJng  people    


So}ware	  Team	  
Prime	  Contractor	  

EGSE	  Team	  

IDPU	  Team	  
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IDB
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TM/TC
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Set  of  TM/TC

SFT    -‐  Short  funcJonal  tests
FFT    -‐  Full  funcJonal  tests



•  test	  procedures	  designed	  and	  implemented	  by	  STIX	  team,	  

•  demonstrates	  the	  func(onallity	  of	  the	  instrument	  and	  all	  of	  its	  opera(onal	  modes,	  

•  performed	  before	  the	  delivery	  of	  the	  instrument	  to	  generate	  reference	  test	  data,	  

•  maximal	  dura(on	  is	  8	  hours,	  

•  planned	  to	  run	  twice	  aDer	  integra(on	  to	  the	  spacecraD:	  once	  before	  and	  once	  aDer	  
environmental	  tests	  campaign	  

FFT    -‐  Full  funcJonal  tests



//	  HK	  telemetry	  packet	  -‐	  	  TM(3,25)	  SID	  =	  1	  (look	  Table	  1)	  
TM,NIX00004,EQUAL,1	  	   	   	  	  
TM,NIX00005,LIMIT,0,1	   	   	  	  
TM,NIX00006,LIMIT,0,7 	  	  	  	  	  	  	  	   	  	  
TM,NIX00007,LIMIT,0,4 	  	  	  	  	  	  	  	   	  	  
TM,NIX00008,LIMIT,0x018,0x028 	  	  
TM,NIX00009,LIMIT,0x019,0x029 	  	  
TM,NIX00010,LIMIT,0x019,0x029 	  	  	  	  	  	  	  	  	  
TM,NIX00017,LIMIT,0x059,0x129 	  	  	  	  	  	  	  	  
TM,NIX000XX,LIMIT,0x059,0x069 	  	  	  	  	  	  	  	  	  
TM,NIX00018,LIMIT,0x059,0x079 	  	  	  	  	  	  	  	  	  
TM,NIX000XX,LIMIT,0x00000059,0x00000089	  
TM,NIX000XX,LIMIT,0x00000059,0x00000089	  

//	  SID	  
//	  SW	  running	  	  
//	  Instrument	  number	  ??	  	  	  3	  bits	  
//	  Instrument	  mode	  
//	  PSU	  temperature	  
//	  IDPU	  temperature	  1	  
//	  IDPU	  temperature	  2	  
//	  3.3V	  current	  
//	  2.5V	  current	  	  	  	  	  	  	  	  	  This	  parameter	  is	  absent	  in	  IDB.	  
//	  1.5V	  current	  
//	  HW/SW	  status	  1	  	  This	  parameter	  is	  absent	  in	  IDB.	  
//	  HW/SW	  status	  2	  	  This	  parameter	  is	  absent	  in	  IDB.	  

•  simplified	  procedures	  derived	  from	  I-‐FFT	  and	  implemented	  by	  STIX	  team,	  

•  demonstrates	  the	  integrity,	  func(onality	  of	  the	  instrument	  and	  verifies	  the	  command	  
and	  telemetry	  paths,	  

•  performed	  before	  the	  delivery	  of	  the	  instrument	  to	  generate	  reference	  test	  data,	  

•  maximal	  dura(on	  is	  1	  hour,	  

•  planned	  to	  be	  performed	  a	  number	  of	  (mes	  at	  set	  points	  as	  the	  monitor	  of	  health	  
during	  environmental	  tests	  campaign	  

SFT    -‐  Full  funcJonal  tests



DSS

IDeF-‐X	  HD	  front–end	  ASIC	  architecture.	  The	  32	  analog	  
channels	  with	  level	  discrimina(on	  stages	  are	  connected	  
to	  a	  
global	  trigger	  signal	  and	  a	  common	  output	  buffer.	  A	  
digital	  part	  allows	  slow	  control	  communica(on	  for	  
configura(on	  and	  readout.	  

Nominal	  
((me	  walk)	  
correct	  amplitude	  
correct	  amplitude	  
2	  
Arrival	  of	  a	  second	  photon	  in	  the	  coinci-‐dence	  window	  
pile-‐up	  
one	  count	  missed,	  incorrect	  amplitude	  
one	  count	  missed,	  only	  the	  greatest	  amplitude	  
3	  
Arrival	  of	  a	  second	  photon	  during	  the	  readout	  phase	  
dead	  (me	  
missed	  count	  
missed	  count	  
4	  
Arrival	  of	  a	  second	  photon	  at	  the	  end	  of	  the	  readout	  
sequence	  
par(al	  event	  
incorrect	  amplitude	  
missed	  count	  
Table	  3-‐2	  The	  cases	  of	  par(cle	  detec(on	  



PD:	  Energe\c	  Par\cle	  Detector	  
Principal	  Inves.gator:	  Javier	  Rodríguez-‐Pacheco,	  University	  of	  Alcala,	  Spain	  
Collabora.ng	  countries	  (hardware):	  Spain,	  Germany,	  USA,	  ESA	  	  
EPD	  will	  measure	  the	  composi(on,	  (ming	  and	  distribu(on	  func(ons	  of	  suprathermal	  and	  energe(c	  par(cles.	  Scien(fic	  topics	  to	  be	  addressed	  include	  the	  sources,	  accelera(on	  mechanisms,	  and	  transport	  processes	  of	  these	  par(cles.	  
MAG:	  Magnetometer	  
Principal	  Inves.gator:	  Tim	  Horbury,	  ICSTM,	  London,	  United	  Kingdom	  
Collabora.ng	  countries	  (hardware):	  United	  Kingdom	  
The	  magnetometer	  will	  provide	  in	  situ	  measurements	  of	  the	  heliospheric	  magne(c	  field	  with	  high	  precision.	  This	  will	  facilitate	  detailed	  studies	  into	  the	  way	  the	  Sun’s	  magne(c	  field	  links	  into	  space	  and	  evolves	  over	  the	  solar	  cycle;	  how	  par(cles	  are	  accelerated	  
and	  propagate	  around	  the	  Solar	  System,	  including	  to	  the	  Earth;	  how	  the	  corona	  and	  solar	  wind	  are	  heated	  and	  accelerated.	  
RPW:	  Radio	  and	  Plasma	  Waves	  
Principal	  Inves.gator:	  Milan	  Maksimovic,	  LESIA,	  Observatoire	  de	  Paris,	  France	  
Collabora.ng	  Countries	  (hardware):	  France,	  Sweden,	  Czech	  Republic,	  Austria	  	  
The	  RPW	  experiment	  is	  unique	  amongst	  the	  Solar	  Orbiter	  instruments	  in	  that	  it	  makes	  both	  in	  situ	  and	  remote-‐sensing	  measurements.	  RPW	  will	  measure	  magne(c	  and	  electric	  fields	  at	  high	  (me	  resolu(on	  using	  a	  number	  of	  sensors/antennas,	  to	  determine	  the	  
characteris(cs	  of	  electromagne(c	  and	  electrosta(c	  waves	  in	  the	  solar	  wind.	  
SWA:	  Solar	  Wind	  Plasma	  Analyser	  
Principal	  Inves.gator:	  Christopher	  Owen,	  Mullard	  Space	  Science	  Laboratory,	  United	  Kingdom	  
Collabora.ng	  countries	  (hardware):	  United	  Kingdom,	  Italy,	  France,	  USA	  
The	  Solar	  Wind	  Plasma	  Analyser,	  SWA,	  consists	  of	  a	  suite	  of	  sensors	  that	  will	  measure	  the	  ion	  and	  electron	  bulk	  proper(es	  (including,	  density,	  velocity,	  and	  temperature)	  of	  the	  solar	  wind,	  thereby	  characterising	  the	  solar	  wind	  between	  0.28	  and	  1.4	  AU	  from	  the	  
Sun.	  In	  addi(on	  to	  determining	  the	  bulk	  proper(es	  of	  the	  wind,	  SWA	  will	  provide	  measurements	  of	  solar	  wind	  ion	  composi(on	  for	  key	  elements	  (e.g.	  the	  C,	  N,	  O	  group	  and	  Fe,	  Si	  or	  Mg).	  
	  	  
The	  remote-‐sensing	  instruments:	  
EUI:	  Extreme	  Ultraviolet	  Imager	  
Principal	  Inves.gator:	  Pierre	  Rochus,	  Centre	  Spa.al	  de	  Liège,	  Belgium	  
Collabora.ng	  countries	  (hardware):	  Belgium,	  United	  Kingdom,	  France,	  Germany,	  Switzerland	  
EUI	  will	  provide	  image	  sequences	  of	  the	  solar	  atmospheric	  layers	  above	  the	  photosphere,	  thereby	  providing	  an	  indispensable	  link	  between	  the	  solar	  surface	  and	  outer	  corona	  that	  ul(mately	  shapes	  the	  characteris(cs	  of	  the	  interplanetary	  medium.	  EUI	  will	  also	  
provide	  the	  first-‐ever	  UV	  images	  of	  the	  Sun	  from	  an	  out-‐of-‐eclip(c	  viewpoint	  (up	  to	  34°	  of	  solar	  la(tude	  during	  the	  extended	  mission	  phase).	  
METIS:	  Coronagraph	  
Principal	  Inves.gator:	  Ester	  Antonucci,	  INAF-‐	  Astronomical	  Observatory	  of	  Turin,	  Italy	  
Collabora.ng	  countries	  (hardware):	  Italy,	  Germany,	  Czech	  Republic	  
METIS	  will	  simultaneously	  image	  the	  visible,	  ultraviolet	  and	  extreme	  ultraviolet	  emission	  of	  the	  solar	  corona	  and	  diagnose,	  with	  unprecedented	  temporal	  coverage	  and	  spa(al	  resolu(on,	  the	  structure	  and	  dynamics	  of	  the	  full	  corona	  in	  the	  range	  from	  1.4	  to	  3.0	  
(from	  1.7	  to	  4.1)	  solar	  radii	  from	  Sun	  centre,	  at	  minimum	  (maximum)	  perihelion	  during	  the	  nominal	  mission.	  This	  is	  a	  region	  that	  is	  crucial	  in	  linking	  the	  solar	  atmospheric	  phenomena	  to	  their	  evolu(on	  in	  the	  inner	  heliosphere.	  
PHI:	  Polarimetric	  and	  Helioseismic	  Imager	  
Principal	  Inves.gator:	  Sami	  Solanki,	  Max-‐Planck-‐Ins.tut	  für	  Sonnensystemforschung,	  Germany	  
Collabora.ng	  countries	  (hardware):	  Germany,	  Spain,	  France	  	  
The	  Polarimetric	  and	  Helioseismic	  Imager,	  PHI,	  will	  provide	  high-‐resolu(on	  and	  full-‐disc	  measurements	  of	  the	  photospheric	  vector	  magne(c	  field	  and	  line-‐of-‐sight	  (LOS)	  velocity	  as	  well	  as	  the	  con(nuum	  intensity	  in	  the	  visible	  wavelength	  range.	  The	  LOS	  velocity	  
maps	  will	  have	  the	  accuracy	  and	  stability	  to	  allow	  detailed	  helioseismic	  inves(ga(ons	  of	  the	  solar	  interior,	  in	  par(cular	  of	  the	  solar	  convec(on	  zone.	  
SoloHI:	  Heliospheric	  Imager	  
Principal	  Inves.gator:	  Russell	  A.	  Howard,	  US	  Naval	  Research	  Laboratory,	  Washington,	  D.C.,	  USA	  
Collabora.ng	  countries	  (hardware):	  USA	  
This	  instrument	  will	  image	  both	  the	  quasi-‐steady	  flow	  and	  transient	  disturbances	  in	  the	  solar	  wind	  over	  a	  wide	  field	  of	  view	  by	  observing	  visible	  sunlight	  scanered	  by	  solar	  wind	  electrons.	  It	  will	  provide	  unique	  measurements	  to	  pinpoint	  coronal	  mass	  ejec(ons	  
(CMEs).	  
SPICE:	  Spectral	  Imaging	  of	  the	  Coronal	  Environment	  
Principal	  Inves.gator:	  Not	  applicable	  -‐	  European-‐led	  instrument	  
Collabora.ng	  countries	  (hardware):	  United	  Kingdom,	  Germany,	  France,	  Switzerland,	  USA	  
This	  instrument	  will	  perform	  extreme	  ultraviolet	  imaging	  spectroscopy	  to	  remotely	  characterize	  plasma	  proper(es	  of	  the	  Sun's	  on-‐disc	  corona.	  This	  will	  enable	  matching	  in-‐situ	  composi(on	  signatures	  of	  solar	  wind	  streams	  to	  their	  source	  regions	  on	  the	  Sun's	  
surface.	  
STIX:	  X-‐ray	  Spectrometer/Telescope	  
Principal	  Inves.gator:	  Säm	  Krucker,	  FHNW,	  Windisch,	  Switzerland	  
Collabora.ng	  countries	  (hardware):	  Switzerland,	  Poland,	  Germany,	  Czech	  Republic,	  France	  
STIX	  provides	  imaging	  spectroscopy	  of	  solar	  thermal	  and	  non-‐thermal	  X-‐ray	  emission.	  STIX	  will	  provide	  quan(ta(ve	  informa(on	  on	  the	  (ming,	  loca(on,	  intensity,	  and	  spectra	  of	  accelerated	  electrons	  as	  well	  as	  of	  high	  temperature	  thermal	  plasmas,	  mostly	  
associated	  with	  flares	  and/or	  microflares	  


