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EISCAT 3D

EISCAT 3D will be a volumetric vector-imaging radar for studying the
geospace environment

It represents a revolutionary upgrade to the existing EISCAT mainland
facilities, utilizing multi-static, phased-array technologies

It will support continuous measurements of the space environment via
unattended operations

EISCAT _3D will have the sensitivity needed for ionospheric measurements
at better than 100 msec time scales and 50-100 meter spatial scales
(order of magnitude improvements over current systems)
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An extremely versatile and largely

software-defined instrument

Specific science plans are
developed within national user
communities

Norway’s proposal poses 5 major

EISCAT_3D Science Case
Anita Aikiol, lan McCreaZ,
and the EISCAT_3D Science Working Group

'University of Oulu, Finland
’STFC Rutherford Appleton Laboratory, United Kingdom

EISCAT 3D Preparatory Phase Project WP3

Version 2.0, June 2012
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Bistatic KAIRA compared to monostatic EISCAT VHF
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EISCAT VHF RADAR
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" Embedded Antenna Element
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Figure 10: Gain of the selected antenna
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Another Possible Layout

Possible Antenna Layout
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—"Yét Another Possible Layout

Array of 16896 antennas, 704 groups of 4 x 6 elements
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1. EISCAT_3D Radar Array

109 Sub-arrays

91 Antenna elements/Sub-array
Dual polarization, crossed dipoles
182 dipoles / Sub-array

AT

A

b-array

Support| structure
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x182 ¥V sassss ¥

WR 7. Time and Frequency
Ant WR
) Slave : White
Exciter |—» TIR _— x 109 & Rabbit Frequency std
Rx _ Clk +— . Master
Fc =233,3 MHz . -
. Clock & WRe4¢——»p Operations
2. Front end unit : trig gen. center
DC Clk 20 PB storage
LNA 500 Tflop/s
Power Start 5. Pulse & Steering 9. Network
supply Control
4. Transmit unit Crl. ,I
. g’i‘;'s'ing : Radar cPU VPN Ethernet Archive
. ' 8.5 Gbit/s (BW 5 MHz) . 2 PB disk
Ctrl.«— 18 Gbit/s (BW 30 MHz) M 2 x 10 PB tape
i cemns i Ethernet —» 50Tfopis
RF 233,3 +/- 15 MHz
3. Sub-array 6. Status and Control 8. Computing System (BW 5 MHz)
Beam former
(BW 30 MHz) o «—» 1°
. Process
/1-\(|33[()3It 60 Mols : Parallel CPU computer Ring Buffer Portal
/10 4— 55 Tflop/s 86 TB RAM
/O «—» Serial .
X 182 700 Gbit/s 10. National
¢. e |se .¢ 64 Gbit/s e-Infrastructures
Subarray Overall
Beam Former Beam Former
5.4 Tflop/s 22 Tflop/s
x 109 ?

6.3 Gbit/s (BW 5 MHz)
38 Gbit/s (BW 30 MHz)
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EISCAT_3D Block diagram 0. top level
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EISCAT 3D Instrument

Operations
8.5 Gbit/s / 18 Gbit/s Center

20 PB storage
500 Tflops/s

8.5 Gbit/s / 18 Gbit/s

10. National e-Infrastructures

Computing 50 Tflops/s ) )
Temporary storage 2 PB disk 25 Gbit/s / 54 Gbit/s

Archive 2 x 10 PB

e-Infrastructure

e-Infrastructure 20 Gbit/s
Centre #2

Centre #1

Portal for user access

Users

EISCAT Scientific Association EISCAT_3D project

10. National e-Infrastructures

Document Number
294 ver. 2014-02-20

Bheet 5




Table 1 EISCAT 3D Specifications
Transmitter Features
1 Type Pulsed - 1 3-dimensional vector and scalar imaging
2 Duty Cycle 25 % 2 Phase/Amp transmitter modulation
3 Max Pulse Length 10 ms 3 Arbitrary Tx/Rx polarisation
4 Shortest Pulse Length 0.5 (75) us (m) 4 One Core Active site
5 Peak Power 10 MW 5 4 Remote Passive sites
6 Centre frequency 233 MHz 6 Remote active site with power ~1 MW
7 3 dB Bandwidth +2.5 MHz 7 Electronic scanning and beam-forming
8 Modulation Phase/Amp - 8 5 phased steered array antennas
9 Polarization Arbitrary R 9 6-10 outlying antenna arrays at active site
Antennas 10 Aperture synthesis imaging
10 Type Phased Array - 11 High duty cycle
11 Antennas per site ~10,000 - 12 Better sensitivity by a factor > 20x
12 3 dB Bandwidth +15 MHz 13 Unmanned operation
13 Gain ~50 dBi 14 Remote operation via internet
14 beam pointing resolution 0.625° 15 Robust reliability in arctic environment
15 Transverse resolution at 50 m 16 Uninterrupted continuous operations
100 km better than 17 Common Programs at low duty cycle
16 Grating-lobe free radiation 40° 18 Special Programs to respond to
pattern: zenith all azimuths pre-defined /unusual geophysical events
17 Power-aperture product >100 GWm? 19 Validated archival database

bo
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Restricted real-time data
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nfrastructure/e-Science

Data Flow EISCAT_3D

Antennas Bandwidth from each antenna: 30 MHz
Sampling from each antenna: 60 MS/s
Data-production per antenna (2 Bytes per sample): 120 MB/s
Antenna groups 100 antennas per group forming beam with two polarisations (pol.)
R . Data-production per group: 2 x120 MB/s = 240 MB/s
eceiver Assuming 16,000 antennas on one site, there will be 160 groups
- Total data production: 160 x 240 MB/s = 38.4 GB/s = 138 TB/h
RF signal voltage ng buffer Storage in ring buffer (up to three days of full time data): 10 PB
138 TB/hour 10 PB Beam-forming Antenna groups on each site are combined into 100 beams
Data decimated to 1 MHz
Data per beam: 2 x 1 MHz x 2 B/sample x 2 pol. = 8 MB/s
Total volume of beam-formed data: 100 x MB/s = 800 MB/s
Correlator Correlated data is reduced by a factor 10 compared to raw data
Correlated data use two bands with10 MHz bandwidth
Beam-former User defined Beam: 2 bands x 2 x 10 MHz x 2 B/sample x 2 pol. /10 = 16 MB/s
analysis Total volume of correlated data: 100 x16 MB/s = 1.6 GB/s
RF signal voltage )
Specialised products Fitter Data produced about 200 GB/yr
2.5 PB/year ] Data per year Assume system running at 10% capacity over one year:
Beam-formed data: 0.1 x 365 x 24 x 3600 x 800 MB = 2.5 PB/yr
Correlated data: 0.1 x 365 x 24 x 3600 x 1.6 GB = 5 PB/yr
. - Fitted data: 200 GB/yr. Total data to store for one site: 8 PB/yr
Correlator
e < —y——>| Multistaticfitter
Correlated products Intermediate storage |:| D Rong e storags
5 PB/year <:' 3D plasma parameters
8 PB/year 40 PB/year
Average:
250 MB/s
- High Performance
Fitter Computer
Beam-forming
Plasma parameters Lag profiling
i Parameter fitting
200 GB, On site .
Viyoar Search engines Off site
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Multistatic Phased Array

Transmission Reception
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Staged Implementation

Karesuvanto, Finalnd; Andaya, Norway;
Jokkmokk, Sweden

Construction plan ordered to provide useful
capabilities at each stage
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| Stage 1 | Stage 2 | Stage 3 | Stage 4

1. Atmospheric physics and global change

a. Vertical coupling between the atmospheric layers

i. Troposphere X X X X
Table 1: Sumn| ii. Stratosphere 3 X X X
iii. Mesosphere P P X X
1. Atmosphe | - Turbulence and waves in the mesosphere and lower thermosphere
a. Vertical couy i. Polar mesospheric summer echo (PMSE) interferometry P X X X
| I-Troposphere [ i MAARSY collaborations (Andgya, Norway) P P X X ""'“I:’“W”“
ii. Stratospher¢ —— - per will increase the
il Mesosphert iii. Polar mesospheric winter echo (PMWE) interferometry P X X X m
b. Turbulence ¢| 2. Space and plasma physics
I Polar mesost | @, Multiple scale interactions in ionosphere-magnetosphere plasmas o especal fo
il. MAARSY coll | Aurora (tens of meters, fractions of a second) density and velocity P X X X [ overmgn st stage &
iii. Pol < will be importanrt due
zms—mmes: ii. Magnetospheric-driven convection (localized & transient) P X X
. Space an - -
a. Multiple sca iii. Substorm processes over a large spatial region P P X
i. Aurora (tens | b, Plasma turbulence and active experiments
1l Magnetospf | Naturally enhanced ion acoustic lines (NEIALSs) P X X X T
iii. Sub 2w from Stage 4 will
|1 Sbstorm ¢ ii. Heating experiments (volumetric imaging of entire pump beam) P P X X :
b. Plasma turb
1. Naturally ent iii. Self heating in the EISCAT_3D beam X X X e
ii. Heatingexp | 3, Inflow and outflow of matter in the Earth's atmosphere —
ili. Self heating|  j, Meteoroid-atmosphere interactions P X X X
3. Inflow ant ™ "\eteoric smoke particles (dusty plasmas
i. Meteoroid-a' P ( il ) P X X X clally useful for
ii. Meteoric sm iii. lon upflow P X X X g the eflectsof |
ii._lon upfiow | 4, Space debris, near-earth objects and space weather olorop
4.Space dek| i. Space debris and meteoroid orbital parameters with wide coverage P P X X
i. Space debris = . 3
- . Near-earth objects (NEO: S
il. Near-earth ¢ 1 eared e ( s) P X X X yery uselul for NEOs ot
i Continuous iii. Continuous measurements for space weather monitoring P p p X fure the most active |
5. Radio astr| 5. Radio astronomy
i EpOCh of reic i Epoch of reionization (EoR) (P) (P) P x most, The capabilities
T ii. Exoplanet detection via auroral kilometric radiation (AKR)-like emissions (p) (p) P X i
iii. Trans-ionos Wt - h — - = Vectar measurements
“Blank — insuff iii. Trans-ionospheric imaging suppo P X X X h“’“‘““"m’““—e topic

Blank — insufficient capabilities X — full capabilities

P — partial capabilities

(P) — partial capabilitie
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EISCAT_3D Project Status

Fp6 Design Phase completed 2009

Fp7 Preparatory Phase on track for 2014 completion

Norway: application submitted Autumn 2012, revised
August 2013, next submission Autumn 2014 (with
clarifications)

Sweden: application submitted Spring 2013, clarifications
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Questions?
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Stages Timeline

EISCAT and EISCAT_3D combined, simulated price-level 2014 and thereafter inflat

Ver 2014-02-27
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

EISCAT 2014
Investment budget, EISCAT_3D system only
Assuming fixed price contracts. Contingency handles currency and inflation changes

Staged Implementation: First stage only (Core + two receive arrays: Bergfors Sweden (as originally planned) and Kaaresuvanto area (new location)

. . Timing depends on funding, example only
EISCAT_3D construction phases Plannin, Stage 1
- : € e Stage 2 Stage 3 Stage 4

Stage 1

Core array, Norway

First receive array, Sweden

Second receive array, Finland

Op centre established, location to be decided

| Prep -> Site € Commissioning - operations
, missioning - 0 erat{ons End of first stage
_ommissioning - operations

Stage 2
[Core array - 5 -> 10 MW, Norway |Installation |

Stage 3
[Third receive array | Build |

Stage 4
[Fourth receive array I Build I




