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EISCAT Tomorrow... EISCAT: 5-10 years from now 



The EISCAT_3D Concept 
• Replace mainland system with multi-
static phased array system, comprising 
both transmit/receive and passive array 
• Integrated multi-beam and imaging 
capabilities 



The EISCAT_3D Concept 
• Phased array systems are inherently modular, so 
we could add arrays (or transmission capability) 
as funding becomes available 

• At this stage, we should be thinking big..... 



EISCAT_3D: Key Capabilities 

 Five key capabilities: 
 Volumetric imaging and tracking 
 Aperture Synthesis imaging 
 Multistatic configuration 
 Greatly improved sensitivity 
 Transmitter flexibility 

 These capabilities never before combined 
in a single radar 



Why our location is special 





Complementary 
Fenno-Scandian 

Infrastructure 



The International Perspective 
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Atmospheric 
Coupling: 

Chemistry and 
Dynamics 



Atmospheric 
Coupling: 

The Polar Vortex 



Atmospheric Coupling: Links to Climate 







Atmospheric Coupling: Long-Term Trends 



Continuous, long-period data 



Large-scale processes: Predictability 



Large-scale processes: From Sun to 
Earth 



Large-scale processes:  
Magnetosphere imaging 

Hongtao paper too... 



Large-scale processes: Energy 
deposition 



Small-scale processes: Effect on larger 
scales 



Small-scale structure: Auroral physics 



Small-scale 
structure: 
Current EISCAT 
studies 



Small-scale 
structure: 

Wave Coupling 



Plasma Physics:  
Wave-wave and wave-particle 

interactions 



Plasma Physics: Waves and turbulence 



Plasma Physics: Dusty Plasmas 



Polar 
Mesospheric 

Winter 
Echoes 



Meteors and Chemistry 



Geospace Environment: Meteors 



Geospace Environment:  
Space Debris 



Services: Satellite Tracking 



Services: Positioning and 
Communications 



Services: Support for new 
missions 



Techniques: New codes and 
analyses 



Techniques: New data analysis 
methods 



Techniques: 
Aperiodic 

and 
Progressive 
IPP Codes 



Techniques: Planetary Radar 



Techniques: Orbital Angular Momentum 

(Thidé et al. Phys. Rev. Lett. 99, 087701, 2007) 

l=0 l=1 

l=4 l=2 



Experiment Design: Having it all 

•  EISCAT_3D will re-define the concept of 
the “EISCAT experiment” 

•  Instead of a single experiment, we will 
have general-purpose codes capable of 
doing several things at once 

• We can have multiple interleaved 
experiments 

• We can have adaptive intelligent 
scheduling 

•  See Tom Grydeland’s vision at eiscat3d.se 































EISCAT_3D Antennas 
• The “Renkwitz Yagi” 
• Centre frequency 235 MHz 
• Bandwidth 12 MHz (>20 dB) 
• Opening angle 40o (core array), 30o 
(receiver arrays) 
• Arbitrary polarisation 
• Good sidelobe supression 

• 7dB gain over 10% relative 
bandwidth 
• Need to be mechanically robust (e.g. 
due to snow loading) 
• Bandwidth should not be affected by 
icing 
• Mutual coupling needs to be 
acceptable 



Imaging and Interferometry 
Imaging concept already 
developed by UiT on the ESR 
system 

Extended to aperture synthesis 
imaging 

Specified for an EISCAT_3D type 
array and demonstrated at 
Jicamarca 





EISCAT_3D Signal Processing 
Design study did not specify a chosen 
system due to speed of evolution in 
DSP technology 

Preparatory phase will evaluate the use 
of multi-channel samplers and high 
performance computing for DSP and 
beam-forming 

EISCAT_3D technology can 
be  prototyped on a range of 
different systems, e.g. the 
MST radar at Sodankyla. 





EISCAT_3D Transmitters 
Centre frequency 220-250 MHz 

Peak output power > 2 MW 

-1 dB power bandwidth > 5 MHz 

Pulse length 0.5 to 2000 us 

Pulse repetition frequency 0 to 3000 
Hz 

Arbitrary waveform generation 

Must be rugged and mass-
producible at low cost 











Design 
Study 

Results 

• Full specification of high-level system 
• Low-level design of many system 
elements 
• Prototypes of antennas, signal 
processing 
• Data system design 
• Imaging system demo at Jicamarca 
• Working demonstrator array  
• Frequency permission for Norway 
• Surveys of several possible sites 



FP6 Design Study 



The ESFRI Roadmap 
ESFRI – European Strategy Forum on 
Research Infrastructures 

Provides a roadmap for future “big” 
science facilities in the European 
research area 

Not an EU process, but adopted by the 
European Commission in practice 

44 facilities on current roadmap 

Sweden proposed EISCAT_3D to 
roadmap 

Accepted December 2008 as an 
environmental facility 

Having ESFRI status opens many 
doors.... 



FP7 Preparatory Phase 

EISCAT_3D 
A European Three-Dimensional Imaging Radar for 

Atmospheric and Geospace Research 

Application for Preparatory Phase Funding 
under the European 7th Framework 

Application submitted December 4 
2009 

14 work packages: 

WP1: Management and reporting 
WP2: Legal and logistical issues 
WP3: Science planning 
WP4: Outreach activities 
WP5: Consortium building 
WP6: Performance specification 
WP7: Signal processing 
WP8: Antenna, front end and timing 
WP9: Transmitter development 
WP10: Aperture synthesis imaging 
WP11: Software theory & 
implementation 
WP12: System control 
WP13: Data handling & distribution 
WP14: Mass-production & reliability 

TOTAL: 5.9M Euros 



Why do we need a Preparatory 
Phase? 

Objectives:  

-  to provide catalytic and leveraging support for the preparatory phase 
leading to the construction of new RIs 

•  Building primarily upon the work conducted by ESFRI 

•  Bringing the project to the level of legal and financial maturity 

•  Involving all the necessary stakeholders to make the project move 
forward, take decision, etc. 

•  Activities: legal work, governance, strategic work, financial work and, 
if necessary, technical work 

•  Funding scheme: CP-CSA (combination of ‘collaborative project’ & 
‘coordination and support actions’) 



Strategic Work 
We need: 

•  new partners 
•  publicity 
•  development of science case 
•  new communities to broaden science base 
•  frequency permissions 
•  discussions with governments, local communities... 
•  sites and building permissions 
•  provision of infrastructure 
•  manufacturers to build the system 



Financial Work 

We need: 

•  to fully quantify the commitment needed 

•  build a financing consortium 

•  make a cost model for construction and 
operations 

•  decide how best to use the money we have 



Technical Work 
We need: 

•  Continually revision and updating of the PSD 

•  Design of the signal processing system 

•  Develop system software (DSP, coding, analysis, control) 

•  Evaluate all antenna options, test prototypes 

•  Develop front end and timing system 

•  Prototype the transmitter 

•  Optimise the imaging system 

•  Review data system implementation 

•  Discuss mass production and quality control issues 



Relationship to the Design 
Study 

Design study ran four years 2005-2009 

Excellent groundwork for many areas: 
 Performance Specification 
 Site surveys 
 Frequency allocations 
 Science Case  
 Antennas 
 Front End 
 Beam-forming 
 Imaging systems 
 Transmitter 
 Data system 

One large area unclosed: 
 Signal processing  

Looking at other options in FP7 does not 
mean rejecting the design study !! 



FP7 Application 
Submitted December 3rd 2009 

Total Value EUR 5.9M 

8 project partners: 

EISCAT Scientific Association 
University of Oulu 
Lulea Technical University 
University of Tromso 
Swedish Institute of Space Physics 
Swedish National Infrastructure for 
Computing 
STFC Rutherford Appleton Laboratory 
National Instruments (Belgium) 
Swedish Research Council (VR) 



Roles of the Project Partners 
•  EISCAT: Project management and reporting, site selection, consortium building, 

performance specification, system control, mass production issues, outreach 
activities 

•  University of Oulu: Signal processing, software development, theory, science 
planning 

•  University of Luleå: Antenna, front end and timing synchronisation, mass production 
issues 

•  IRF Kiruna: Transmitter development 

•  University of Tromsø: Radar imaging, site selection 

•  STFC RAL: Science planning, performance specification, project management 

•  National Instruments: Signal processing and timing, mass production issues 

•  VR-SNIC: Data handling and distribution 

•  VR: Consortium building 



Overall Staff and Resources 



Preparatory Phase Discussions 
•  Evaluation received March 2010 
•  Passed threshold, selected for funding 
•  First negotiation meeting, April 9th 
•  Agreed funding of 4.5M Euro 
•  Revised plan submitted end of May 
•  Contract signed by EISCAT, waiting signature from 

Commission 
•  Preparatory Phase should start 1st October 
•  Kick-off meeting, October 20-21, Stockholm 
•  Some national funding awarded (e.g. for LOFAR 

development) some under review 





LOFAR hardware for 
EISCAT_3D 

18 Core station fields 
•  96 Low Band Antennas 
•  2 x 24 High Band Antenna Tiles (HBA 

field is split) 
  
18 Remote station fields 
•  96 Low Band Antennas 
•  48 High Band Antenna Tiles 
•  Microbaromater (infrasound)  

10 Geo-Remote station fields  
•  Geophones 
•  Microbarometers 
•    
 8 International station fields 
•  96 Low Band Antennas 
•  96 High Band Antenna Tiles 



Getting Involved 
•  Several opportunities for 

working groups etc during 
the PP project 

•  Become an “associate 
partner” of EISCAT_3D 

•  Energise your national 
community to be part of it 

•  EISCAT_3D is for 
everyone, not just EISCAT 
members 

•  Uppsala Users Meeting:   
 May 19-21 2010 



Contact us!!! 

ian.mccrea@stfc.ac.uk   
esa.turunen@eiscat.se 

anders@eiscat.se 









Science Case Structure 

•  Executive Summary 
•  Key Capabilities (of EISCAT_3D) 
•  Section A: Science Topics 

– Atmospheric Coupling  
– Space Plasma Physics 
– Small-scale structure 
– Large-scale processes 
– The Geospace Environment 



Science Case Structure (contd) 

•  Section B: Technique development 
– Volumetric Imaging 
– Aperture Synthesis Imaging 
– Tracking/adaptive experiments 
– New techniques (coding, analysis, 

applications) 
•  Section C: Service applications 

– Modelling, space weather 
•  Section D: Feedback into radar design 



All our science is connected... 

•  The set of science topics is intended to be all-
encompassing....... 

•  .....but the listed choice is perhaps somewhat 
arbitrary... 

•  There is plenty of overlap between headings 

•  The list of science topics: 
– Should not be too long 
– Should be understandable to any educated person 
– Should highlight issues they regard as relevant 



Summary 

•  Lots of compelling science to be done 
•  But we must: 

– Define the programe properly 
– Collaborate internationally 
– Use the experience of the whole community 
– Co-ordinate closely with the PP study 
– Present it in the best way possible 
– Ensure that people “buy in” to our vision 

•  WP3 talk on Friday discusses how we go 
forward 



Feedback to radar design 

Ingrid Sandahl, EISCAT_3D Users Meeting 2009 







Atmospheric Coupling: Dynamics 



Feedback to radar design 

Mike Rietveld, Thomas Leyser 




