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The	  Current	  EISCAT	  Facili&es	  



Data	  Types	  within	  EISCAT	  

Voltage-‐level	  data.	  	  Two	  (I&Q)	  streams	  of	  
16-‐bit	  samples	  per	  sensor,	  separa&on	  ~	  1	  
µs,	  repe&&on	  rate	  ~	  1ms.	  
	  
Semi-‐stochas&c.	  	  Cannot	  be	  integrated.	  

Lag	  Profile	  Matrices	  formed	  by	  integra&ng	  
lagged	  autocorrela&on	  func&ons	  formed	  
from	  the	  voltage	  level	  data.	  
	  
Mul&ple	  heights,	  mul&ple	  lags,	  but	  can	  be	  
&me-‐integrated	  



The	  current	  EISCAT	  system	  is	  not	  a	  
high-‐volume	  data	  generator…	  



EISCAT	  in	  the	  Future	  EISCAT:	  5-‐10	  years	  from	  now	  
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EISCAT_3D:	  Key	  Capabili&es	  

§  Key	  capabili&es:	  
§  Volumetric	  imaging	  and	  tracking	  
§  Aperture	  Synthesis	  imaging	  
§  Mul&sta&c	  configura&on	  
§  Greatly	  improved	  sensi&vity	  
§  TransmiYer	  flexibility	  
§  Inter-‐operable	  data	  with	  other	  facili&es	  and	  models	  

§  Similar	  (in	  some	  ways)	  to	  radio	  astronomy	  



Two	  Kinds	  of	  Imaging	  
Volumetric	  

Interferometric	  









Low-‐Level	  Data	  
•  Voltage data (lowest level) 

–  80 MHz sampling, 16 bits 
–  2.56 Gb/s/element means 4x1013 b/s (!) 
–  Combine by group (49 antennas) 
–  Then into <10 beams 
–  Each beam ~ 25 TB/day 

•  Beam-formed data: Central site 
–  Only one (fast scanning) signal beam 
–  Small volume calibration beam(s) 
–  Approx 1 TB/hour (320 MB/s) 
–  Voltage data, not band limited 

•  Beam-formed data: Remote sites 
–  5-10 beams, but intersection limited 
–  Same order as central site 
–  Identical short-term storage at all sites 



Higher-‐Level	  Data	  
•  Interferometry	  Data	  

–  19	  modules	  in	  use	  (202	  MB/s,	  17	  TB/day)	  
–  But	  keep	  only	  5%	  of	  samples	  above	  threshold	  
–  Lead-‐in	  and	  follow-‐on	  data	  (tens	  of	  GB)	  

•  SupporEng	  Instruments	  
–  Common	  data	  network	  for	  other	  diagnos&cs	  
–  Op&cal	  instruments,	  other	  radars	  
–  Es&mated	  at	  150	  GB/day	  at	  central	  site	  
–  30	  GB/day	  for	  each	  remote	  sta&on	  

•  Highest-‐Level	  Data	  
–  Analysed	  data	  products	  (small)	  
–  Correla&on	  func&ons	  	  ~200	  TB/year	  
–  Maybe	  not	  needed...	  

	  



EISCAT-‐3D	  Data	  System	  



Network	  Requirements	  
•  Data	  transfer	  from	  the	  remotes	  

–  1	  beam	  is	  320	  MB/s,	  remotes	  have	  mul&ple	  
beams	  

–  Suppor&ng	  instruments	  add	  ~30%	  overhead	  

•  Recover	  from	  interrupts	  quickly	  
–  Otherwise	  we	  may	  never	  catch	  up	  
–  Interrupts	  might	  last	  days/weeks	  

•  Fast	  links	  already	  prac&cal	  
–  Protocols	  for	  10	  GB/s	  links	  exist	  already	  
–  How	  should	  we	  factor	  network	  costs	  into	  our	  

plan?	  

•  Back-‐up	  if	  the	  network	  fails	  
–  Something	  to	  tell	  us	  if	  the	  site	  is	  alive	  
–  …and	  how	  cold	  it	  is……	  
–  Mobile	  phone,	  satellite,	  microwave	  link	  

Lumiora	  Fibre	  Network	  



Archiving	  Requirements	  
Ring	  Buffer	  

	  High	  volume	  (~100	  TB)	  short	  dura&on	  (hours/days)	  
Data	  accumulate	  constantly	  ,	  oldest	  over-‐wriYen	  
Records	  interferometry	  when	  events	  detected	  
Latent	  archive	  data	  in	  event	  of	  network	  outage	  

	  
Interferometry	  System	  

Small	  area	  (~100	  GB),	  few	  minutes	  of	  data	  
Data	  accumulate	  constantly,	  threshold	  tested	  
If	  event	  detected,	  divert	  data	  flow,	  otherwise	  delete	  

	  
Permanent	  Archive	  

Large	  capacity	  (~1PB)	  permanent	  archive	  
Mid	  and	  high-‐level	  data	  @	  200	  TB/year	  
Tiered	  storage,	  connected	  to	  mul&-‐user	  compu&ng	  



Data	  Centres	  and	  HPC	  
Cost-‐effec&ve	  op&on	  is	  to	  integrate	  storage	  and	  
compu&ng	  provision	  into	  exis&ng	  e-‐infrastructure	  
	  
Commission	  is	  encouraging	  us	  in	  that	  direc&on	  
(e.g.	  ENVRI,	  ESPAS,	  COOPEUUS)	  
	  
However,	  network	  capacity	  means	  that	  we	  have	  to	  
do	  some	  level	  of	  ini&al	  data	  storage,	  event	  
detec&on	  and	  data	  decima&on	  on	  site,	  in	  possibly	  
remote	  loca&ons	  
	  
SNIC	  (HPC2N)	  is	  a	  partner	  in	  our	  Preparatory	  
Phase,	  helping	  us	  to	  handle	  these	  issues	  
	  
Collabora&on	  also	  being	  established	  with	  EUDAT	  
via	  Kimmo	  Koski	  (CSC	  Helsinki)	  



Preparatory	  Phase	  Issues	  
•  EISCAT_3D Preparatory 

Phase (2010-2014) “Data 
handling and distribution” 

•  Networking to sites 

•  Use of existing fibre 
networks 

•  Existing infrastructures for 
storage and computing? 

•  Interaction with other ESFRI 
projects and non-ESFRI RIs 
with similar needs 

	  
	  

EISCAT_3D	  
A	  European	  Three-‐Dimensional	  Imaging	  Radar	  for	  

Atmospheric	  and	  Geospace	  Research	  
	  

Application	  for	  Preparatory	  Phase	  Funding	  
under	  the	  European	  7th	  Framework 





Summary	  
•  EISCAT_3D	  has	  poten&al	  to	  transform	  ISR	  science	  in	  data	  handling	  

and	  flexibility	  

•  It	  also	  has	  the	  poten&al	  to	  be	  just	  like	  exis&ng	  radars	  

•  The	  difference	  is	  the	  suppor&ng	  e-‐infrastructure	  

•  Networking	  plays	  a	  big	  role	  in	  helping	  E3D	  achieve	  its	  poten&al	  

•  Many	  similari&es	  to	  radio	  astronomy.	  	  Would	  be	  interested	  in	  
GEANT/EXPReS	  case	  study	  

•  More	  engagement	  needed	  –	  maybe	  via	  EEF	  as	  the	  point	  of	  contact?	  







How	  much	  data	  could	  EISCAT_3D	  
produce?	  





Data	  Services	  

Community	  
Support	  Services	  

Data	  generators	  
&	  Users	  

Data	  providers	  &	  Users	  
Humans	  &	  Instruments	  
	  
Roles	  
Sensors 	  	  	  	  	  	  Curators 	   	  Researchers	  
Observers 	  	  	  	  	  	  Aggregators 	  Public	  
	  
Func&onali&es	  
Virtual	  Environments	  &	  Collabora&ve	  organisa&ons	  
Security	  &	  Protec&on	  
	  

Data	  discovery	  &	  Naviga&on	  
(meta)	  data	  tagging	  tools	  
Data	  submission	  tools	  
Opera&onal	  Seman&c	  Interoperability	  
	  
Workflow	  Generator	  
Data	  correla&on	  
Knowledge	  management	  
Virtualisa&on	  

Persistant	  storage	  capacity	  
24/7	  opera&on	  
Preserva&on	  &	  Sustainability	  
	  
Authen&city	  
Cer&fica&on	  &	  Integrity	  
GUIDs	  
	  
Generic	  interoperability	  
Technical	  
Legal	  
Seman&c	  

Three	  layers	  
(slide	  by	  Peter	  WiYenburg	  and	  Wouter	  Los)	  







US/EU	  Bilateral	  Ini&a&ves	  



Implica&ons	  for	  the	  E-‐Infra	  Community	  



How	  much	  data	  do	  we	  need?	  



E-‐Infrastructure	  Collabora&ons	  


