New environmental research tool:

EISCAT 3D

Our Window to Geospace Environment

Esa Turunen
EISCAT Scientific Association, Kiruna, Sweden




The Geospace Environment

The Near-Earth Space Environment of the Earth
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GEOVISION (report 2009): Understand and predict responses of the Earth as a system—from the
space-atmosphere boundary to the core, including the influences of humans and ecosystems
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But interpretation of the radar data is not

always straightforward
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The current EISCAT radars can see in 2 dimensions
We will change the view to be 3 dimensional...

Cour‘résy of Y Ogawa and A Saito, Google Earth
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The Poker Flat Incoherent
Scatter Radar (PFISR)
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The Resolute Bay Incoherent

Scatter Radar (RISR)
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Poker Flat Incoherent Scatter data by J. Semeter et al.

Example of a 3-dimensional radar: PFISR
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 EISCAT 3D is a 3-dimensionally imaging radar to
study the geospace environment and atmosphere

« Continuous me=asurements of the space environment - atmosphere
coupling at the southern edges of the polar vortex and the auroral oval.
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What I1s missing so far?

Wave fields have a 3d-structure!
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Key Capabilities

The most sophisticated research radar ever!

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

These abilities never before combined in a
single radar



EISCAT 3D : The Next Step
Advanced Digital Geospace Radar Systems

)

Modern Geospace Array Radar Digital Aperture "NAdvanced Geospace Radar System
Broadband — Distributed

Narrowband Analog Array db
Agile Beams from a Single Aperture Scalable All Digital RF Elements
Single Application - 1 beam Architecture Adaptive beams : TX and RX

Simultaneous TX/ RX -1000 beams

Deep per element data buffers
Viultiple Simultaneous Applications

Software Radar

Geospace
Supercomputing

. . N
EISCAT 3D is the first of a New Class of Geospace Radars

Broadband, adaptable, all digital electromagnetic interface
Transform applications through applied computing power
Enable a wide range of applications and broader science basis

Collaboration is Key to Successfully Develop This Instrument




Artist’s vision of EISCAT 3D
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Similarity to modern

eSKA project
eartist image below

[ OFAR (Low Frequency Array)

*One LOFAR international site was ordered to Finland, to be installed as a test and technology
prototyping receiver site for EISCAT 3D in Northern Finland
etest instrument is called KAIRA

esee http://kaira.sgo.fi/’

*MWA (Murchison Wide Field Array)

*Explicit Solar, Heliosphere, and lonospheric Science part
US/AU/India
e Remote sensing : Coronal Mass Ejection magnetic field orientation
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KAIRA is a new
VHF passive
receiver system,
which serves

3 main roles:

0 ~_* Powerful expt. in
' *. its own right
S, * Test bed for
" EISCAT_3D
R * Valuable extension
. of the LOFAR array
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* KAIRA = Modified remote station \i |
* Semi-sparse array, full RF-capacity onr
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KAIRA location

© Tromso VHF
Kilpisjarvi

S O Kiruna
Kilpisjarvi
Glibbesjavel. . .

O Sodankyla

O Rovaniemi ——

Suomi
Finland

Gulf of
Bothnia

* Located at Kilpisjarvi (not far from the Riometer)

— Closest Finnish point to the Tromsg VHF transmitter

EISCAT
pu 4 Svalbard
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e \We can think a bit bigger here...

EISCAT Scientific Association

odular construction
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Site selections (month 12)
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Sites are still open and discussed

e.g.. proposal by Y. Ogawa:

What are needed for EISCAT 3D

In order to mvestigate relation between aurora and 1on upflow, two TX/RX stations
along the geomagnetic meridian* are desirable. (* AZ ~180 deg, not ~165 deg)

Field line direction at Tromso
(EL: 77.5 deg, AZ ~183 deg)

Vi,

Geomagnetic
meridian

EL: ~45 — 90 deg,
AZ ~180 deg

TX/RX station EISCAT
, Svalbard
, Radar
International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011 ()\.k\
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Troposphere/Stratosphere measurements
Continuous measurements up to MLT
New Coding Strategies

Higher Time Resolution

Orbital Angular Momentum?

lonospheric Modulation
PMSE modulation
Electrojet Modulation

lonospheric Alfven Resonator

Space Plasmas (1)

Dusty plasmas

Turbulence

Small-scale processes

- Thin layers

- Small-scale dynamics

[ J
[ J
[ J
- Orbits
- Meteoric input
[ J
- Near-Earth Objects
[

Space Plasmas (2)

Large-scale processes

Space
Environment (2)

Service
applications

- Satellite tracking

- Polar Flights

(]

ISR interferometry

Tristatic interferometry (meteors)

HF interferometry (stimulated emissions)
(]

Removal of meteors and space debris
(]

EISCAT
Svalbard
Radar

—
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Science Case

EISCAT_3D SCIENCE CASE

Anita Aikio?, Ian McCreaz,
and the EISCAT_3D Science Working Group

1University of Oulu, Finland
2STFC Rutherford Appleton Laboratory, United Kingdom

EISCAT_3D Preparatory Phase Project WP3
Version 1.0, June 2011

EISCAT_3D The 3rd EISCAT_3D User Meeting: Uppsala, 18-20 May 2011

The Concept

The Science The 3rd user meeting for the EISCAT_3D project took place in Uppsala, Sweden, on 18-20 May, 2011. It focused on e

The Project planning for the science of the EISCAT_3D project, emphasising atmospheric physics in particular.
OE:N&e:10.00
Preparatory Phase The programme contained the following presentations
Design Study

EISCAT_3D and Atmospheric Science

The EISCAT_3D Blog
The EISCAT_3D Science case: Atmospheric section (Ian McCrea)

EISCAT
4 ons in the MLT - Potential fo ervations with EISCAT_3D (Norbert Engler) P. O. Bo
Appear

es and turbulence in the atmosphere (Viktoria Sofieva) SE-981

EISCAT Meetings
R Sweden

EISCAT_3D Activities EISCAT 3 i collaborat tudies of the middle atmosphere - gravit

AT Courses Mitchell) Phone:

New EISCAT_3D opportunities for atmospheric research from the middle down to the lower altitudes (Evgenia Fax: +¢
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The Science Case Document:

). JadUC Jd Ulc A DIV

C. Solar system science
D. Space weather and service applications

E. Radar techniques, coding and analysis

Appendix A: Table of EISCAT 3D radar
performance requirements by science topics




Volumetric Imaging




Aperture Synthesis Imaging
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Upper atmosphere links to climate?
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Long-Term Trends in the Upper Atmosphere

Greenhouse Cooling
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Continuous, long-period data
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Electron density at 92 km follows sunset in the autumn, but model
fits the baseline of Ne (due to ionisation by Lyman-alpha) only
with enhanced NO, caused by precipitation earlier. Sudden
variations in Ne data are due to electron precipitation events.

[see talk by A.Kero et al., EGU 2011, Vienna, Austria]



Large-scale monitoring
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Plasma Physics: Waves and turbulence
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Space Situational Awareness
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Space Weather Services

Local Practical
Environment Systems

Upstream

Environment \Physics
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lonosphere affects navigation applications

lonosphere and GPS

Delay Scintillation

Perturbs the signal propagation speed Causes rapid changes in signal phase
proportional to total electron content and signal strength — most severe in
tens of metres error at solar maximum auroral/equatorial regions and storms

EISCAT
Svalbard
Radar
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Space Weather

Does GALILEO work at high latitudes?

EISCAT
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SCAT Scientific Association

Space Weather variations:
Radiation belts

e complex beHaior during magnetic storms
e |loss process in the radiation belts: precipitation into the atmosphere

EISCAT
Svalbard
Radar
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European Strategy Forum E S F R I
on Research Infrastructures

on Research Infrastructures
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International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011
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EISCAT Scientific Association

EISCAT 3D Design Study
finished 30.4.2009

EISCAT_3D

The next generation European
Incoherent Scatter radar system

DRAFT 090602c

FINAL
DESIGN STUDY

* Tl budgeted volume 2.8 MEUR REPORT
EU FP6$Upp0rt2ME DELIVERABLE D11.1

WP1: Project Management

WP2: Evaluation of design performance goals
WP3: Evaluation of options for the active element
WP4: Phased array receivers

WP5: Interferometric receivers

WPG6: Active element

WPT7: Distributed control and monitoring and Observation scheme
WP8: Data Archiving and Distribution

WP9: Signal Processing

WP10: New uses

WP11: Implementation Blueprint

WP12: Time and frequency distribution

WP13: Enabling procedures

E. Turunen, EISCAT_3D, Brussels 2010.01.28
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EISCAT Scientific Association

Design Study target (from 2005)

At least two receiving facilities for the ionospheric
D and E regions, at distances of ~90-120 km south
and east

Data storage and communication systems located
at, or close to, each facility.

Essentially unattended. continuous operation.

System control, monitoring, data access via Internet.

Relative time between sites better than 100 ns,
absolute time maintained to GPS/Galileo standards.

At central core beam-steering systems for
transmission and reception and several (4—10)
outlier, receive-only phased-array antennas for in-
beam interferometry.

At receiving facilities at least 5 beam formers
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EISCAT Scientific Association

Design Study target

Front end system overview

A/D

I

eeeeeeee

The northernmost University of Technology in Scandinavia
Top-class Research albq Education

LULEA UNIVERSITY OF TECHNOLOGY /

o . v .
. The frontend

~addar rielg-or-view

— Central core steerable out to a
maximum zenith angle of =40° in all Erra [P

azimuth directions. At 300 km altitude,

< radius of FOV is approximately 250 km. ~ A/D converter board

- Re Ce iVi n g faCi I iti eS pe rm it@i StatD . A—/DTt\ijoa::.gaiizilgr:)er board, serving one array antenna
. 0 — Shared high performance VCXO sample clock
Obse rvatIOnS to be made at a” altltUdeS — Each char?ne?hold two amplifiers andpseveral filters

t 800 k — Undersampling at 80 MHz; Clock performance crucial for SNR
p : * Performance meets
system requirements

— 70 dB single tone
SFDR, 65 dB SNR

o

chnology in Scandinavia I
- search and Education Wi

EISCAT
Svalbard
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Center fré,q :

SNR suffiGient

target

ocidiadlclu Dy U aveeladyc U.U

two orthogonal planes.
— System will operate on a <500 ps timescale.

— receive-only sites synchronized with the
central core, simultaneous generation of
independently steerable beams intersecting b
the central core beam at different altitudes. * Development of extensive Matiab mode 5 B

— simulates the complete array of selected size
— Includes noise, analog filtering, amplification, A/D conversion,

System level simulation

— The D/E region receiving sites will provide __ Goal ot an sl smmaion
+ Tool for beam forming performance evaluation
3D Coverage from the meSOSphere Out to — Filters for beam forming tested directly in the model
— Verified the feasibility of with digital beam-forming
250_300 km » Effective for system level specification
vera 30
— The F/topside region receiving sites will ity

provide 3D coverage over the range 200-800
km

— The transmit site will also provide continuing
coverage into the topside to ~2000 km

EISCAT
Svalbard
Radar
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Digital beam-forming, multi-beaming and beam errors

A digital beam-former (BF) consists of two main parts, viz. a set of
fractional sample delay (FSD) units and a full- adder ().

ADC timing jitter and other timing errors affect the
beam, but when the error distribution is Gaussian, the
average pointing direction stays the same regardless
of the width of the distribution.

On the other hand, Gaussian timing jitter causes a
widening of the beam and a loss of gain. A 3-c jitter
of 100 ps results in a 0.1 dB gain loss; 500 ps jitter
results in almost 2 dB gain loss !

: |

Clock distribution and ADC sampling stabilisation now
become important issues; in order not to lose
performance, the system must be designed for a 3-c
jitter of less than 100 ps, array-wide.

Beam-formed
data

Multiple beams can be generated
from the same data by simply adding
more beam-formers, one per beam!
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from: G. Wannberg: Uppsala, Sweden 28.5.2009

T

Four RX front ends per digital down-converter unit

Block diagram of fully instrumented
Demonstrator RX front end / beam-former

Digital down-converter (ASIC)

Direct-sampling RX (discrete

WP 4/LTU ADC_CLK @ Digital LPF Decimator
Analog BPF Bolib BW max. 1 MHz 80 > (1+1) Ms/s
NP 2 Ak BW max. 30 MHz l
From Level 1 '
o— - m Postamp ADC | BOMs/s .“

WP 9

| SERDES / Optical fi
LN ptical fibre
L Media converter | ______________ - (Sj!ERDES 4 To UHF RX
—‘/ ez el Media converter
(optical / copper) Beam-
former

WP 9

This architecture was adopted to get the Demonstrator array operational as quickly as possible:

+ The digital down-converter unit band-limits the 30 MHz front end sighal to 1 MHz, enough for ion line work,

+ Decimated data from all rows is serialised, media-converted and transferred on optical fibre o the site control room,
+ Multiple beam-former processes running in an FPGA combine signals from all rows into beam-formed data streams,

+ These are fed into the existing UHF receiver channel boards and processed normally by lag_wrap under eros.

Flat cable

Optical link X2
Optical link Y2
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Design Study target

RWG clock

Modulation
data in

» Two identical, 350-400 W transmitters
drive the two orthogonal sets of antenna
elements,

+ Digital random waveform generators
(RWG) will be used to generate the
transmitted waveform (cf. cellphone base
station technology !),

1 . * Th lifi lass-AB, th
— Instantaneous —1 dB power bandwidth: RX
function over at least 20 dB of dynamic

>5 M H «The two receiver units (one for each polarisation) are range,
— Z essentially the same as those used in the remote L .
receive-only arrays, thus physically separate from the * This will allow the use of truly arbitrary
transmitter modules. radar waveforms (including pseudo-

— Pulse length: 0.5-2000 ps roe)
— Pulse repetition frequency: 0-3000 Hz | ~‘

— Modulation: Arbitrary waveforms.
limited only by power bandwidth

EISCAT
Svalbard

' 7 Rad
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EISCAT Scientific Association

Design Study target

Centre frequency: matching the transmitter cf.
Instantaneous bandwidth: £15 MHz
Overall noise temperature: <50 K referenced to input terminals

Spurious-free dynamic range =70 dB

scenarios tabulated below, the radar will generate estimates of incoherently scattered signal power (or
equivalently, uncorrected electron density) with statistical accuracies of better than 10 % in the

specified integration times:

Altitude Electron o Height Integration time

[km] density [m'3] T/ et izt pes o resolution [m] [seconds]
80 1x10° 1.0 <100 30

100 3x 10’ 1.0 (/100 1\)
150 1x10" 1.0 | 50% NO", 50% O° 100 1

300 3x10" 2.0 | 100% O 300 1

800 3x10" 3.0 |5%H",95%O0" 1000 10

1500 1x10" 40 |10%H", 90%O" 60

EISCAT
Svalbard

i
Radar
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The proposed Yagi antenna

23550 235,50
DIR%CTOR—\
L O
275,00 27500
[ AN o N ANTENNZ
- . . 273,00 273,00
[ =n
gy ——
ANTENN2—2"—_- 3
J C 5 ,
"‘"B 322,00 gt 322,00 T
o
o \RE'FLECI’ORI ]

B /; a B
REFLECTOR

TOLERANS £ 0.1

Item| Qty | Description | Mtrl | Drawing no. / Dim. | Kg
A Designed by r‘| Checked by |Appmved by Date Date Scale A
Jan Johannsol 2009-01-08

II|||[|'||]|||}I|{|H"| Swedish I_nstitute Of Space Physics
|

IRF antennmast5
3 ] I 1

Edition | Sheet

1/1

© ] H I 4 4;

Figure 1. Mechanical drawing of the “Renkwitz Yagi” recommended for use as the element antenna
in the EISCAT 3D Core array.
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Design Study: system diagram
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Level 2 beamforming can be done in a
computer cluster - more flexibility, more

performance

notes

@ Each Level 1 unit is
connected to 6 neighors
by 10G ethernet lines.

@ 3 independent streams of
10G/80M /16 ~ 7.8 full
speed data can be routed
for beamforming sums.

<@ totalling 23 beams.>

@ with band-limited data,

much more, eg. for 5
< MHz, 8*23:f84>

simultaneous beams

/\ /\/\ /\/\/\/\
1@ —3©@ —€@ —i€@ —3 @ — @ —HOQ —i©
/SN /)N /N /N /N /N /N /N

(SR (O S S | oS | MR«

N /N /N /N /N /N /N /N /
@ —Q@—{@—i@—{O— O OO
/SN /N /N /N /N /N /N /N
@ —@—i@—i{@— OO O Q¢
N /N /N /N /N /N /N /N /
€ —€@ —i€@ —i@—iQ QOO
/SN /N /N /N /N /N /N /N
1€ —@ —© —@—i@ @ OO
N /N /N /N /N /N /N /N /)
1Q z@@@@@@@
/\/\/\/\/\/ /
€ —@— @@ @ @ {©
\@{\/\/\/\/\/
@ @ @ {©
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Frequency allocation

- Space Research (ET VHF) - Defence
|:| Terrestrial digital broadcasting (T-DAB) I:I Mobile

225 235 245

F I T-DAB dead in practice in northern FI..

— Norway offers 229.9-236.6 NOPT o
MHz to EISCAT OPT offer (~6.7 MHz)

]

NO T
— Finland shows supportto  ©
protect the band in Northern
Finland for EISCAT SE
— Sweden has future allocation to 225 235 245 MHz
DAB development, but several [ = ——

authorities involved. Swedish
Research Council offers to
coordinate discussions. Apply

for active license? EISCAT
S ’ Svalbard
< AL Radar
Ny

E. Turunen, EISCAT_3D, Brussels 2010.01.28



- EISCAT _3D: A European three-dimensional imaging radar for
atmospheric and geospace research

* For details, see http://www.eiscat3d.se

* Preparatory Phase project 2010-2014 '
. EUfundsby4.5MEUR
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U8 EISCAT Scientific Association

(
e

NGF

“~'EISCAT 3D Preparatory Phase 2010-2014

/7
/|

!
“~L

— 11 applications, last interviews were held during week 11 =4 Es
i B F,
— First-ranked candidate withdraw the application, second-ranked ! | < Eirgy
expected to start working 1st of August e "’*‘"ta/c/us,e,
« EU application ENVRI, in order to fund development of data - Ny
positi® gramework for R

procedures (in negotiation) s T

— Jointly with other Environmental ESFRI projects
» 9 months resource to be added on top of the PP project
» EISCAT participation coordinated by Dr. lan McCrea

« EU application ESPAS, Near-Earth Space Data Infrastructure for e-
Science (in negotiation)

« EISCAT resource 53 months, mostly programmers work
a EISCAT
7 ,
International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011 ()\.k\
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FP1 Preparatory Phase

14 work packages:

WP1: Management and reporting
WP2: Legal and logistical issues
WP3: Science planning

WP4: Outreach activities

WP5: Consortium building

WPG6: Performance specification
WP1: Signal processing

WPS8: Antenna, front end and timing
WP9: Transmitter development
WP10: Aperture synthesis imaging
WP1 1: Software theory & implementation
WP12: System control

WP13: Data handling & distribution E I S CA T_3 D

WP14: Mass-production & reliability A European Three-Dimensional Imaging Radar for
Atmospheric and Geospace Research

ESFRI Roadmap Project




EISCAT Scientific Association

WP 5, Consortium Building

= Activities

o # Info  Title ( 2009 2010 2011 2012 2013 2014
I Q3 Q4 Ql Q2 Q3 Q4 Ql Q2 Q3 Q4 Ql Q2 Q3 Q4 Q1 Q Q3 Q4 Ql Q2 Q3
) VEISCAT ROADMAP EISCAT ROADMAP  yye—
| YEISCAT_3D Preparatory Pha EISCAT_3D Preparatory Phase [ =
! Performance Specification 1| Parformance Specification
. Science Case { Science Case |8.70 months ? )
3 » Project Office Project Office  [4,35 years )
Consortium Building Consortium Building 5

Draft agreement Draf: agreement [1,50 years ?

New Agreement New Agreement [1year ?

Partner mapping Partner mapping (1,17 years ? )

Signing Signing
14 VSite selection Site selection =]
5 Surveys ! Surveys |S months ? |
.6 Selection [ Selection |6 months ?
17 YFrequency Permissions Freguency Parmissions
8 Active Tx Norway Active Tx Norway |
] Protection 233 Swede Protection 233 Sweden |1 year ? )
0 Protection 233 Finlan: Protection 233 Finland |1 year ? )
21 » Hardware Specification Hardware Specification  |4.32 years ? )

EISCAT
Svalbard
Radar

PN



PP Project Partners

EISCAT: Project management and reporting, site selection, consortium

building, performance specification, system control, mass production
1ssues, outreach activities

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

University of Lulea: Antenna, front end and timing synchronisation, mass
production

IRF Kiruna: Transmitter development

University of Tromsg: 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 (Swedish Research Council): Consortium building




: AN q: EISCAT Scientific Association E I S C AT_ 3 D_ 2
General Assembly

» Cesar La Hoz (Universitetet i Tromsg)

Jerker Delsing (Lulea Tekniska Universitet)

Lars Eliasson (Institutet for Rymdfysik)
Anita Aikio (Oulun Yliopisto)
Tomas Andersson (Vetenskapsradet)

 Leif Johansson (National Instruments)

* Richard Harrison (Science and Technology Facilities Council/
Rutherford Appleton Laboratory)

EISCAT
— , Svalbard
. Radar
International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011 ()\.k\




TIFIC
,fl\f"t EISCAT Scientific Association

e

EISCAT 3D 2 TAC

— Chair Frank Lind (Haystack Observatory, MIT)

— Tom Grydeland (Norut, Tromsg)

— Werner Singer (IAP Kuhlungsborn)

— Jan Geralt bin de Vaate (ASTRON, Netherlands)
— Other experts to be invited according to needs

* Frank Lind and Phil Erickson/ MIT Haystack visited
Scandinavia 7.-19.3.2011

— Software radar seminar was held at Sodankyla on 17.3.2011

EISCAT

| Radar
International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011 (@

— Svalbard



NN "', EISCAT Scientific Ass

EISCAT 3D 2 Executive Board

N10omas u N (VuUuliun Y
Observatorio)

 lan McCrea (Science and Technology Facilities Council/ Rutherford
Appleton Laboratory)

* Anders Tjulin (EISCAT) participates meetings

EISCAT
— , Svalbard
. Radar
International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011 <)\.k\



,n; x?;'?"i"l' "."i‘i, "». EISCAT Scientific Ass

EISCAT 3D 2 Executive Board

— Quarterly financial reports by partners
— Written notes on all meetings

* Monthly short activity reports by WP leaders sent to Executive
Board

EISCAT
Svalbard
Radar

ran -
International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011 (2@




m EISCAT Scientific Association
Events

3rd EISCAT 3D users meeting

-meeting focus on planning for the Science of the
EISCAT 3D project, emphasizing particularly
Atmospheric Physics (theme of the first day
presentations)

-http://www.eiscat3d.se/

EISCAT
Svalbard
Radar

International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011
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RTDI over JRD ESF (ME)
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EU-US collaboration on large-scale

research infrastructures
- funding call to be opened in July 2011 (announced at EGU 2011)

ISR collaboration:

- Coordinate operations
InFO (coordination office) action funded in the USA;
EISCAT to join ->bulk of the radars and radar data

URSI ISWG and other working groups
World Day program

* enable data sharing, including models
Maintain knowledge base, promote education and mobility at all levels

» develop hardware in collaborative projects
EISCAT_3D and AMISR I

e consider also new locations for the new radars in future




Joint Demonstrator Effort ?
EISCAT 3D Software Radar at Jicamarca
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[Chau, et al., 2008]

JRO as a Digital Array Radar Stepping Stone (done in Design Study)

Deploy an Advanced Digital Receiver Network and Software Radar System at JRO

Demonstrate 3D Radar Imaging and New Science Capabilities
Manageable Complexity, Focus on Automation and Scalability

Target Science Focus : 3D Imaging of Equatorial Plasma Irregularities



Kilpisjarvi receiver "KAIRA”:
EISCAT 3D AI\/IISR Based Transmitter

DEEP SPACE = . ‘Rd A

1AU Interplanetary

nterplaneta

scintillation (@
urora

ilometric

1000 km

Build on the Engineering Investment in AMISR Antenna Element Unit
Modernize and Retune for produce a Mk 2 unit suitable for EISCAT 3D |
Digital Waveform Generation, Polarization Control, Greater Efficiency

Deploy a Demonstrator Transmit Array in Tromsg Norway

Receive Signals with KAIRA in Finland

Target Science Focus : 3D Imaging of Polar Mesospheric Summer Echoes




ENVRI, joint EU FP7

e-infrastructure proposal by the

environmental ESFRI projects

EURO-ARGO | = . &
T3 B
SI0S [ 3
AURORA BOREALIS
EISCAT-3D

Community
Support Services

IAGOS-ERI

Data Services
+ processed data and workflows

G e+ (2T P

-COPAL

Data Centre
Atmospheric Co-ordination Centre
Gas Standards

Ecosystem Co-ordination Centre

Atmospheric Ecosystem
Observation Observation
Alataynrk Network

ICOS Centre

g N

ICOS




ESPAS: Near-Earth Space Data Infrastructure
for e-Science (proposal to EU FP7)

ESFRI/SIOS
ESFRI/EISCAT

Third parties

21 participants across Europe span the

wide range of expertise that is critical to , bring in more
ESPAS aims | data

Long-standing links between
- . participants, and 3 parties,
US participation » ! \ e.g., EISCAT, EGU and
provides critical . " ' space weather initiatives
expertise, excellent - “
links with European
partners

ESPAS : technology (interoperability, efficiency) AND policies (quality, access)




Coming EISCAT events

03-08.04.2011, EGU General Assembly, Vienna, Austria

Session ST3.4 "Advance in ionospheric research by incoherent scatter radars, related radio methods and novel
large observational systems"

18-20.05.2011, 3rd EISCAT_3D Users meeting, Uppsala, Sweden
1st day: Middle atmospheric science applications of EISCAT D

2nd and 3rd day: User applications of EISCAT 3D, status and actions in the Preparatory Phase Project

18-23.07.2011 International ISR workshop for students and new radar users in
Greenland 18-23 July, 2011

An international incoherent scatter radar workshop aimed at providing participants with hands-on experience
in designing and running incoherent scatter radar (ISR) experiments

At Sondrestrom Research Facility in Kangerlussuaq, Greenland
This workshop is a collaboration between the annual AMISR summer school and the EISCAT radar school.

13-20.08.2011 XXX URSI General Assembly and Scientific Symposium, Istanbul
Turkey

Sessions G05 and GO06: "Coordinated Studies with Multiple Incoherent Scatter Radars" and "Recent
Developments in Incoherent Scatter Radar", respectively

5-9.09.2011, 15th EISCAT International Workshop, Qingdao, China

Session and ceremony "EISCAT 30 years"
Session "The EISCAT 3D and the future"

14-22-07.2012 39th COSPAR Scientific Assembly, Mysore, India

Session C04: New Generation Middle and Upper Atmosphere Radars: Application and Development



The Global Geospace Radar Array

~Svalbard— = @ .
estrom - EISCAT = : e

Millstone Hill 3

Arecibo

A

Measure the Physical Properties of the Space Environment
Global Coverage Is Key for the Science and its Value to Society
Science As A Service : Connect Science to Society at All Levels




Current global coverage is uneven

Poker Flat
Resolute Bay N
Sondrestrom
Millstone Hill
Arecibo
Jicamarca
EISCAT ESR
EISCAT UHF
EISCAT VHF
Kharkov

Irkutsk
MU




Future coverage foreseen

Additional sites
. AMISR

— Resolute Bay

— Argentina

— Antarctica (2)
* Mc Murdo
« MAISR-2

* Europe |
_ EISCAT 3D
+ China
— Qujing




2020 The Geospace Instrument Array

Facility Scale K _ S R i Major Geospace Facilities
X B el Bl (TR0 Large Radio Telescopes
Instruments .4 b

- el SuperDARN Network
Medium Scale i Al el Low Cost IS Radars
Instruments i, e ” Optics Arrays

(moderate numbers)

Software Radio Arrays
GPS Arrays

Small Scale All Sky Camera Arrays

Instruments ' - T sl ¢ o) Magnetometer Arrays

(large numbers)

World Wide Web
Supercomputing Geospace Assimilation Grid

Geospace Virtual Space Weather
Search Engines Observatories Models

Scientists Educators Public




2020

“If you are going to dream, dream big”

Creator of the Arecibo
Observatory




Informar sopye mal uso Siguiente blog» Crear un blog Acceder
EISCAT 3p

The Next Generation Radar for Atmospherjc and Geospace Science
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Preparatory Phase 2010-2014

. : : * Influence of natural solar-terrestrial variability on
EISCAT_3D is a 3-dimensionally  ,.ochere and climate. v

/_—-'rmaging incoherent scatter radar * Long-term change due to human activity.

Continuous measurements of * Coupling between atmospheric layers.
* Space plasma physics.

- the space environment - * Measurements of solar wind and corona.
atmosphere coupllng in the auroral .« Effects of meteors and energetic particles.
_oval and at the southern edge of * Monitoring of space weather.

the polar vortex = ~* Support for future space missions.
: + h .. .= * Orbit determination of space debris and*me

- '« Radar mapping of near-Earth objects :
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