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5-10 years from now
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The EISCAT 3D Concept
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NEW FACILITIES

EXISTING &
RETAINED
FACILITIES

*Replace mainland system with multi-
static phased array system, comprising
both transmit/receive and passive array
*Integrated multi-beam and imaging
capabilities
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e EISCAT_ 3D Concept

*Phased array systems are inherently modular, so

we could add arrays (or transmission capability)
as funding becomes available

—— NEW FACILITIES

/ —— EXISTING &
RETAINED
/ ‘ FACILITIES
. . . .
*At this stage, we should be thinking big.....
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EISCAT 3D: Key Capabilities

* Five key capabilities:
» VVolumetric 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

Electric flolds Pracipitation particles
gecikm Joule heating Gravity wave generation
Lorentz farcing Heat cyonducﬂgn
> AL A 5,
Extmpolflted from NOAA—17 = (Fl‘_;.\?“éla?l) £ lonization
Currant tima: 200% Fabruary 14 05:07UT im : Ne TURBULENCE:
S 0 2 5 uw PMSE: :
Coler bar 18 in units of erg - cm™- s ¥ s Turbulant velocity
80 km nw Asrosols Intensity, morphology
Q — Ico particlos” Turbulent dittusion / “—==~
W Clectron density Energy and momentum
- temperature deposltion in mesosphere
collisions by gravity waves
3-dim. wind fleld Gravity waves, tides:
60 km generation, propagation
:> broaking, saturation
2
e Momentum deposition of gravity
20 km
waves In the stratosphere
W Structure and dynamics of
u polar stratos, louds
. 2
15km @
o]
3
[
(7]
2 10 km Polar tropopause
9 Fine
iy structure
w and laminae 7
J? £ In the tropo- Gravity wave propagation
= E sphere and the from the troposphere into
E Vi e 8 stratosphere ~l_. sthe stratosphere
e ST b
& "
rE T
(=]
0.0 Height Radar égq CPo‘I/%rmx
Svalbard
i 2 ‘ =t
NOA4 Space Weather Prediction Center ————
—




iy ™y,

“

st R~ I.‘/"..-‘:‘""'v" - R."
*ﬁ/h—,‘k“f_h _.b&h?mna,_ .

m
| 0




Complementary
Fenno-Scandian
Infrastructure




The International Perspective

UT: 2232
LT: 1744

SuperDARN

Super Dual Auroral Radar Network
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JOULE HEATING

TEMPERATURE CHANGES IN

THERMOSPHERE

(AND MESOSPHERE?)
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COMPOSITION — 5 IONIZATION

Atmospheric
Coupling:
Chemistry and
Dynamics
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Atmospheric
Coupling:
The Polar Vortex
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Atmospheric Coupling: Links to Climate
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Rozanov et al., 2005 Seppaéla et al., submitted
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Downward control

Solar flux

ozone

heating of stratosphere by absorption of UV by J

Change in filtering of upward
propagation of gravity waves

( Downward displacement of

tropopause




Upward control

Solar flux
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Atmospheric Coupling: Long-Term Trends

Greenhouse Cooling
 Doubling of [CO,] and [CH,]

coolS

phere by 10 K and

sphere by 50 K.

E-REGION E; *

D-REGION MESOSPHERE

er of maximum electron

STRATOSPHERE

TROPOSPHERE

10 108 10 200 400 1000 2000 "‘\:%
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Continuous, long-period data

EISCAT Svalbard Radar data: Spring, Summer, Autumn, Winter
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Large-scale processes: Predictability
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Large-scale processes: From Sun to
Earth
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ESR 32m

ESR 42m

ESR 32m ESR 42m

EISCAT VHF

Large-scale processes:
Magnetosphere imaging
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Large-scale processes: Energy
deposition
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Small-scale processes: Effect on larger

scales
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Small-scale structure: Auroral physics
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Plasma Physics:

Wave-wave and wave-particle
interactions

SUPERDARN PARAMETER PLOT 23 Apr 1997

Finland Beam 5 (23/04/97)
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Plasma Physics: Waves and turbulence
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Plasma Physics: Dusty Plasmas
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EISCAT VHF RADAR
RT, vhf, arcd, 30 October 2003
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Meteors and Chemistry
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Geospace Environment: Meteors
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Geospace Environment:
Space Debris

COLLISION OF IRIDIUM 33 AND COSMOS 2251

Altitude:

UHF Obcarvation (Range ve. Time) PROOF cimulation (Range ve. Time)
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Services: Satellite Tracking
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Services: Positioning and
Communications
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parameters
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Services: Support for new
missions
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Techniques: New codes and
analyses
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Techniques: New data analysis

methods
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Techniques:
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Techniques: Planetary Radar

26-Nov-2003 07:41:09 UT, line-of-sight vel. 33.9 and 33.6 km/s

12°




Techniques: Orbital Angular Momentum
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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



System Design Considerations

The performance of the mainland system is currently governed by the 30-year old TX and
antenna systems. To bring it to the level needed to do new cutting-edge science will require
order-of-magnitude improvements to essentially all subsystems:

* To improve the: * Action required:
- transverse resolution - extend the antenna apertures
- range resolution - increase the TX power bandwidth
- time resolution - increase the effective radiated
power, and/or reduce self-clutter..
- D/E/topside performance - 9o to alower radar frequency
- spectrum availability - get a frequency in VHF Band III
- E field statistics - set up a better multi-static geometry
- spatial E field coverage - use phased-arrays and multiple-beam

signal processing at remotes

e - use a phased array also at core site,
reliability and MTBF and solid-state TX modules




Advantages of phased arrays:

Modularity (allowing gradual upgrades)
Lightweight mechanics

No moving parts

Unified hardware

Simplified maintenance

Multi-beaming capability

Quasi-instantaneous beam steering on transmit
Routine pointing self-calibration possible
"Graceful degradation” (up to a point...)



The Debye cutoff: a physical argument for going to a lower frequency

The scattering cross section per plasma electronis o=0o,{1-(1+a®)!+[(1+a®) (1+a?+ T/T,)}}, where
a=4x L /A
L, is the plasma Debye length and
A is the radar wavelength.

For .. >» L, and "normal® T_/T. ratios, o~o, (1+T/T)! = (0.2...05)0,
But above 500 km, or below 80 km (in the D region), L, begins to affect the cross section significantly.

Assuming Tc/Ti - 1' - Debys curtol! (Dsbiye ex8a < 0 33} for fferent racar hecuisncies
Oiorl (a _ 1) _ 0.33 oion (a _ O) - Waxmum knosphere

In other words, at very low electron densities the i 0z Mz
effective radar cross section per electron drops off .

rapidly. This "Debye cutoff" is a problem for UHF 2| v

ISR systems. Refer to the graph, where the 33 % - z

cross section heights are indicated on two typical 000t =t e

ionosphere profiles. At 930 MHz, measurements at

all heights > 500 km will suffer badly under minimum " s

ionospheric conditions - but a 224 MHz system is ”

still doing fine ! ' b
- The new radar should be a VHF sysTem I ez w4 96 08 10 0z 104 106 W8 1

ko felectron decsity fm™ )




- and a practical argument: the ELSCAT UHF Spectrum as of 2007-03

- Protected ion line spectrum
|:| Protected plasma line spectrum
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There is a good chance to get a coordinated Nordic VHF allocation for _3D:
Current Use of High VHF Spectrum

Analogue TV (until 070831)

- Space Research (EI VHF) - Defence
- Terrestrial digital broadcasting (T-DAB) - Mobile
225 235 245 MHz

Possible EI_3D allocation



EISCAT Sclentific Assocliation

Design Study target (from 2005

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
fransmission 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_3D Design targets and Central Core Parameters

Radar ficld-of -view (FOW)

The beam generated by the central core transmit/receive antenna array Central core parameters: First phase  Fully instrumented
will be steerable out to a maximum zenith angle of = 40° in all azimuth .
directions. At 300 km altitude, the radius of the resulting field-of-view is RN Of el 6K HER
approximately 200 km. In the N-S plane this corresponds to a latitudinal Diameter [wavelengths]: 87 116
coverage of = 1.80° relative to the transmitter site. — - ) e e
The antenna arrays at the 3-D receiving facilities will be arranged to ment separation (Wl ' )
permit tri-static observations to be made throughout the central core PxA[GWm3: 91 295
FOW at all alti t km.
OVt ol elfitecies op e 600 One-way Half Power BW [degrees]:  0.62 0.46

Beam steering
It will be possible to steer the beam from the central core TX/RX antenna . )
array into any one of > 12000 discrete pointing directions, reqularly Cf. the EISCAT VHF system in Mode 1 (full antenna, 3 MW):

distributed over its FOW and separated by on average 0.625° in each of PxA=24GWm2 HPBW=06x17
two orthogonal planes. The beam steering system will operate on a < 500 us X ) m 6 1.7 degrees

timescale.
212 Sensor performance in incoherent scatter mode

2010 Tf ansmitier p‘nmen The parameters of the different subsystems will be chosen such that, for aach of the measurement
scenanos tabulnted below, the radar will ganerste astmates of Incoharantly scattered signal power (or

g::::t;;mwuy %W" 226 = 250 NHz sutjectio olocetion equivalently, uncomrecied electron density) with statistical accuraces of better than 10 % in the
pawel o specibod ntegraton times
Ingantanecus <1 d6 power dandwicth: 25 WHz - Height - — =
Puse lengh 0 52000 ps Altitude lectron T omposit ! ration
Puse m'»?«on"mmn:y 0-3000 Hz | km) | density [m] £ g % ) sad ]
Modulabon Arbitrary warsfoms, bented only by power bandwisth

| 80 1x10° 10 «100 30
211 Receiver parameters 1T - =) - -1
Contro froquoncy maching the kansmtior canko fraquency 7% T 10" TR R 0 100 ;
Ingantanecus tandmaon $15MH  I————— R T et SN SRSy —— | .
Ovarall nosa temparabuse sH0K refaranced to nput tmings | W Ix10 <0 | W00 o0 '
Spanious-oe dnanic rnge 27048 800 Ix10% 30 |S%H 05%0 1000 10

[ 1500 | 1x10" 40 [ 105K, 0%0° ’ T 60 |

213 Sensor performance in in-beam interferometer mode

In interferomater mode, the senser will provide honzontal, 2D resolution of better than 20 m at 100 km
albtude



Improving the system
geometry:

+ Core site established close
to the present installations at
Ramf jordmoen,

Finnish site to be moved
north, to the vicinity of Inari,

Swedish site to be moved

south, to the vicinity of Porjus,

Two new “half-way" sites
dedicated to D/E work to be
established close to the
midpoints of the new E-W and
N-S baselines.

Netesoh*
- .A retiec O cean s Sartads  Sama MapPoint
EX'Sf'ng base"nes Hnu'yzunllo : "Nowdui 0:”::10:; oid Vi
Langnes, Rewsg - znyuordne Syliefjord
. . . Hamma et *
Exushn%s;fﬁ 9.9 . o gy ke e e
A Ru‘qnq; Smrwagind'di

- Loppa ) Bigganse
New S”'es . ® Mannaield Saahik - Indes Billef|ord WA “yadss
& .Sandl.md Kty 1 N
Vanrwag Jebi-&o! uorgam ‘
s 3 2 Lluhln&. QQ‘IONH thllv z .I”tl'd_ch ol(u&mes
New baselines —» ot o ki Ve s
Tramas Takan FINNRMARK b : o

Merjordvmr
fndenss, gig o,y Milines,

€
_ (CEED SHOgM=S 1) o
enzby _Bilta ‘ m L'"“‘* ;lt.m ga-k‘:mu '&j

Kﬂjordbnh QM“I 1

\ | Mapatal
° TR : Kaamanen . /M aratale
Langwnex Wophpoy Moy L ! | S Nauks
oe Tandodiy. = Mizonn avui J‘ Jp Uaﬁou'.l_ : "
24 e - nigm Lotta
Op:m:;e ! mu_m Sjevegan = . / frgeli 1 1 i Mne
ollan Setemesn Rt T
stoimatnaz, . Lavangen” B 4 Térrn.in“n' ‘W:'o e
KIIIJGM; -~ '° ﬂlmlzq |§Tmm n A LAPPI 1 N Ontax
Suolemt 'uulngen . ke - winum dkar .
0 % walen Abisio o ulju Foba { Muteria = ISSIA
o . : o :
Balktad | Shutiic g i
A " /,"\ / | N L AIN D b
Sedand  zed Shazavnetugan, © Arnlis m I T |
s L ! MC‘“’I“II‘ /
Leir!;ordh i Vazaluoka JVittangl :. . u,m. {;
4 " akctavare” | ietstrjoet “Suappevaana [@] kf-'ml-ll‘\mo i“"*v" D,
a Flu#) ®ealto lubds L 'i}@'l" Tarrin i Lulra, @ !
R“ﬂ"'“ Slqlljdll'ﬂi Auonadatan ~y 5 ‘P; | Hies| swrante’ s‘un""u f
7 f ] oLl qiala Olnas, Mll!taau
T , K‘niudolk Clrars o ) Kapramt 5
omes o ) < Kainulasiasd flanampa Jeemijand RE
E .u Randijau - H‘”" L a Ruopsa Hiwmau
° VFallo MiKajEn
Kilboghamn ; <5pyajet- Smwp’ Muogaalifime Jokemak ‘Nattzeaza 5 nlom LUUE n}p
R Jhnﬁana 1 \ Vuollemn. Muijek o;mtomd;:' Kltnalpalq)P“"‘ S Nmm«mi ~
o Jddik !
Sandnessieen_ ';Omlml)""" ¥ S WEDEN Qarka i XA domio Pohjadarl’ Kuualmo
: . i 5
Mozisen ! jumters | . JAIPIOY gnocyaden’ 27 m 5 Saumlum Jranua \,Kourl ouLY
L *Ammamaz NORRBOTIEN Tulni&F °"".""""‘“°
7 Hemavan o pasm’ Q Falla OlIIM KOIIM!MI‘UI Tnual«nﬂu
¢ NORWAY . 45 Viceel - Boden JLvo
grennazund : & = T gtMed Jurmiu
; Sluzstors 4 6ud¢ “Kidsiaur Pudamwl
= Blmmdmn c ptggb YIFC “Pathekodki “Hinuadoki
33'?0{ — -'J"F"“” 1AIminid
Reub 7 Mimpnall g Ty GuX¥af Batinia Oulu_ ikiminki _Auho
' ’s Ston mantq2 JE81 uuS’ aJom : ® ° ® uor Kytomak
¢ tora'Bl &b VASTERBOTIEN - Mosli Baflic Sea Kempele® Muhas Ju:m.ma Hytoma
(7] . Bo:gan;ll _Ribik O . ¢ Puckaovaara
-7 i Boliden uqumm RA!MU '_.RWIM Yiipas
Sandukia, \HMTLW e A S05] ° Plenil = S s alanks
NORDRONDELAG | 3] & (U} yaene 7y o Rarhila “Sapgppiemi F3H013
Ead’ Ho e Kilp s s mpinzs an
ccmamnmcmbmnxm-?q Ra HalajoM ckapm.



The Holographic Radar

We are not the
only ones thinking
in this direction...

37 N
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Digntal Beam Forming
Phased Imagng Array

Volumetric ionospheric imaging using a multi-static CW ISR design
Optimal ionospheric measurement of volume and vector quantities

Computationally intensive (petaops) (Frank Lind. Millstone Hill



The Core array will be modular and expandable. Schematic diagram of a 576-element
module, comprising

15-16%
6x6 sub-modules and a common
beam-former unit:

DDS clock

< (.1-.36) L
Timing / clock distribution

< ——

ADC clock

(.1-.36)

Control / monkor

data (.1 -.36)
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T

2.0-2.5 m (not to scake)

Side view
RFU
contalner
]
¢ 2021 (25-285m) ——————P
Top view

Schematic diagram of a sub-module:
16 element antennas + 16-RFU

» The target noise temperature of the 3D receiver,
including the T/R switch, is 50 K,

+ At 240 MHz, the sky noise temperature at 69° N
never drops below 100 K, so the system
temperature will always be = 150 K,

+ Also, losses in good quality coax cable are fairly
low at 240 MHz,

* Arun of 5- 10 m of low-loss coax between
each antenna is therefore acceptable, as it adds
only 4 — 8 K to the total system temperature and
wastes only 3 — 6 % of the transmitted power,

+ A relatively large number of RF modules, power
supplies and other ancillary equipment can
therefore be housed in a common container,
situated on the ground undemeath the antennas,

* The present design settles on a (4 x 4) element
sub-module as being a practical size, as it allows
the use of a square section equipment container,

*This brings substantial cost and complexity
savings at the sub-module and all higher system
levels (16 x fewer weather-proof equipment
containers, 16 x fewer power distribution, data
networking and time and frequency distribution
cables, improved maintenance friendliness etc.).



EI 3D Core Array Side View

A side view of the 343-element array group. Each hexagon denotes a seven-element cell, comprising Six
element radiators at its corners and one at its centre. The array is assumed to be elevated at least 3 m

above average ground; the actual element radiators and the array support structure are suppressed for
clarity. Seven 2 x 2 x 2.8 m equipment containers, each serving 49 radiators, are situated under the array.



The EISCAT_3D Test Array ("Demonstrator”)

* 200 m? filled array has been erected at the ELISCAT Kiruna site to
provide facilities for validating several critical aspects of the full-
scale 3D “remote” (receive-only) array in practice under realistic
climatic conditions:

- Receiver front ends, A/D conversion (WP 4),

- SERDES, copper/optical/copper conversion (WP 12),

- Time-delay beam-steering (WP4 / WP9),

- Simultaneous forming of multiple beams (WP 9),

- Adaptive pointing (self-) calibration (WP 9),

- Adaptive polarisation matching (WP 9),

- Interferometry trigger processor (WP 5),

- Digital back-end / correlator for standard IS (WP 9),
- Time-keeping (WP12)

*  Array oriented in Tro-Kir plane;
48 short (6+6) element Yagis at
55° elevation,

*  Center frequency of (224 + 3)

MHz allows reception of

transmissions from existing

Tromse VHF system. SNR estimated

to be sufficient for  useful bistatic

IS work (> 6% @ 300 km, 1.0 10 m™3),

*  The 55° elevation provides

coverage from ~ 200 km altitude 1o
over 800 km above Tromse.

optima stacking distance

ADcose
ADsneg ) / \
N/ AD selected tomake (aDsing) =




Demonstrator element antennas

-
T L R T S R —— -

S -

48 short, 224-6RM (6+6) element X yagi antennas for (224 + 3) MHz purchased 3

from M2 Inc. Fresno, CA.
:-"—n-‘ - -

e

L . ———

Initially, signals from the four antennas in each row
will be directly combined in-phase and beam-steering

E plane patten

H plane pattem

implemented only in the N-S elevation plane:

E plane pattemn
(four antennas,

stacked broadside)

L WK1 _ 1 W

Gain and VSWR vs. frequency

The first two element antennas assembled and installed, autumn 2006




EISCAT 3D Antennas

*The “Renkwitz Yagi”
*Centre frequency 235 MHz

_' ; ) -Bandwidth 12 MHz (>20 dB)
e *Opening angle 40° (core array), 30°
| == < & (receiver arrays)
G B . Arbitrary polarisation
*Good sidelobe supression
5 IRF ?_J ‘
LI
*7dB gain over 10% relative L 1] {'- P i“ - z’
bandwidth h S SN 0
*Need to be mechanically robust (e.g. 4= é \J’/‘ﬁ' k- [ ™)
due to snow loading) b ol /‘* ' * B . & £
-Bandwidth should not be affected by y /AT S 4|
icing / /}‘ » -
*Mutual coupling needs to be f 4 -t)

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

ESR 2006-01-23@060021.56
spectra,32m dB spectra, 42 m dB coherence

40 .H1
15 -H
20 o0 20

Frequency [kHz]

BREREaBHEG




Figure 1: A core antenna implemented with 37 hexagonal modules showing
a 10-module configuration (shaded hexagons on the right side) that
achieves 44 non-redundant baselines and one repeated. The baselines are
shown on the right side with the redundant baselines shaded. The modules
marked with an “R” are the suggested for real time monitoring.

50 O 50




EISCAT 3D Signal Processing

1,2 or 4 IF input channels / box

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.



mmﬂng‘f:ummm, Posr BX frort ends per Ayl doen-comerter Lt
A bear-f conaite of hwo mein parts, vz a set of Demonstrator beam-former
m".’.‘....;:'..,‘?"ém...u':?um:'a e tigitel down-comverter (ASIC)

senes/
converter
/ capper)

m*uh-muu-n-’mma
widening of the beon ond @ lowx of goin A 3=
of 100 pe ressits in a 0.1 4 goin lane 500 ps WP 9
reats in dmast 2 di gain loer |
This architecture was adopted to got the Demonstrator array operational as quickly es possible:
+ The digitdl down-comerter unit band-limits the 30 MHz front end signal to 1 MHz, encugh for ion line werk,
+ Decimeted date from ol rows iz seridlised, medic-comerted and trarsferved om optice fibre to the site control rosm,
+ Multiple bean-former processes renning in en FRGA conbine signals from ol rous info beam-formed dato stresms,
+ These ere fed into the exizting UHF receiver chamnel boards end processed nermally by lag_wrap usdes eros.

i 3

- o rd
from: G. Wannberg: Uppsala, Sweden 28.5.2009 A Radar



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

woms | (- |
[ IJ _‘( v
) a-:un-l | o | | | *

* Two iestical, S50-400 W trassmitiers
[ drive the two critojosal sets of astenta
4 slomarts,

a0 . 3 + Digital random waveform peneeatons.

- (RWG) will b used ©© the
N ansrites waesto= (d calzbioe tuse

— station technelogy B,
RX -mm-u:;mmm
o mmnadm
“Tha bed feceier Usits (0ne for aach polisation) e runge,
essartinly he same a5 hose csed in the remote

+ This wil aliow e use of truly arbirary

Arbitrary waveform generation

Must be rugged and mass-
producible at low cost



X

The basic Radio Frequency Unit (RFU)

<M
I

RWG clock |
Modulation
datain
Ctri / monitoring
gata
I 1
h 4
Con#ol logic
L~
ADC data A
out
amp N
RX

ADC clock

* 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 !),

* The power amplifiers run class-AB, thus
presenting a fairly linear power transfer function
over at least 20 dB of dynamic range,

* This will allow the use of truly arbitrary radar
waveforms (including pseudo-noise),

* The two receiver units (one for each polarisation)
are essentially the same as those used in the
remote receive-only arrays, thus physically
separate from the transmitter modules.



Current view of EISCAT 3D central core data flow

YYY-C;D;' ===
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Interfoerometry and IS Signal Processing

and signal processing

Front ends:
= 16 bit sampling
= 80 MHz sample rate
= 2 polarisation streams/element
iy
= 128 6b/s per polarisation
> 2.56 6b/s per element

Array subdivided into modules:
= 24 x 24 elements/module
= 32 modules (tentatively)

18876 elements per array

gt

Array data rate 47.19 Tb/s
=590 TB/s

~ 175 ona 100 TB buffer

Storing data at this rate is obviously
out of the question, the data rate
must first be brought down to
something in the order of the
element data rate...



EISCAT_3D data types and data storage: Beam-formed data

i) o
o

Interlercenetry and IS Signal Processing

After beam-forming, each data
stream represents the sum of delayed
signals from all n,, array elements (n,,
= 18876 in the present case), thus
bringing the data rate back to the
element rate of 1.28

&b/ s/polarisation.

These are complex-amplitude data.
Cannot be integrated, but could be
decimated to reduce the data rate
when deemed acceptable.

H. V polarisations kept separate.

Data rate/beam 2.56 6b/s (1152 GB/H
27.6 TB/day. 10 PB/year).

Storing full bandwidth beam-formed
data is still very difficult/expensive,

The standard procedure will therefore
be to buffer beam-formed data for a
limited time, allowing users to down-
load interesting intervals to their own
storage.

Assuming a recciver duty factor of 80%, a MarkVb-
compliant Corducnt unit will cope with the data rate
from c single beem ard provide cbout six hours of ring

buffer cepacity!

A possible COTS-based solution to the ring buffer
problem:

Conduant MarkVa/MarkVb VLBI Data Recorder

-developed by the VLBI group at Haystack, in
conjunction with ¢ commercial firm (Conduant) thet
sells these systems commercially:
http://www.corduant.com/ products/markBvibi.html

-19" rack mounted unit, comprising a PC with 2
“diskpacks" cach contairing 8 off-the-shelf hard
drives. Each diskpack is 3.2 TB with (very cpprox.)
dimersions of 16x26x40cm

- The software will auto-swap the dick packs as they
fill up. When not being used, the “other” disk pack
may be hot-swepped, thus, with supervision, the
MarkVe can sustein continuows openation.

- Each MarkVe can record at 1 Gbit/s. MarkVb = 2
Gbit/s!

- The EVN has been using MarkVa systems for about 1
yeer with no problems.

- Haystack provide VLBI technical support for the
system, sec http://web. haystackmit.edu/markB/ for
details.




Mere 3D Data Analysed data

Products:
Correlated data A representative analysed data set will
[YI_Y:_-YI [YYMY_“ Tl N [Ylt:: : : always be generated and stored
[?lf%l[t_l BE B B0 —— —> Each beam analysed separately
2 The first “permanent” data product: Standard pre-integration
Polarisations combined for max SNR, Standard, well documented analysis
Sample matrix inflated into lag profiles. procedure (GUISDAP),
B Time-windowing applied at remotes to Well defined analysis strategy
g 33 3 EE 8 match signal reception phase of each IPP. | ong term storage (archive)
P T TE Time integration applied to further Volumes about n times now (since n
o o reduce data vector size, simultaneous beams)
Data voIqmes manageable; e.g., 150 gates File-based data (easy to access
e per profile @ 50 lags/gate generates particular dates/experiments)
o about 150-200 MB/hour/beam.
i Relational tables (easier event
identification and searching).

Interferometry data

10-15 baseline pairs used in coherence detection,

Threshold logic monitors coherence levels and signals the storage system
when predefined thresholds are exceeded,

‘ Beam-formed data from each array module used as an interferometer
~ baseline endpoint (decimated to ion line BW) are then written to short-
term (ring-buffer) storage,

Most data products available Interferometry users are automatically alerted and asked to copy the
in near-real time via the Web! data to their own storage.

Intertoromatry and 1S Signal Procossing
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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
*\WWorking demonstrator array
*Frequency permission for Norway
*Surveys of several possible sites

A P




* EISCAT_3D Design Study finished 30.4.2009

Fl EISCAT_3D

S partners, 30 man years /i

Ly

7 -
| f‘;-,\"’ S/ The next generation European
4{% Incoherent Scatter radar system

DRAFT 090602c

FINAL
DESIGN STUDY

Total budgeted volume 2.8 MEUR REPORT

EU FPGSUPportZMEUR DELIVERABLE D11.1

"""

ign performance g
/P3: Evaluatic of opti )—"\l-_' the ive element
WP4: Phased array receivers
WP5: Interferometric receivers
WP6: 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




The ESFRI Roadmap

European Strategy Forum

on Research Infrastructures ES F R |

The EUROPEAN Next-Generation Incoherent Scatter Radar proposal
EISCAT_3D was accepted on the ESFRI Roadmap of Large-Scale
European Research Infrastructures for the next 20-30 years.

The Svalbard Integrated Arctic Earth-Observation System SIOS was

also accepted o the ESFRI Roadmap. ESR is an essential part of SIOS.

EUROPEAN ROADMAP
FOR RESEARCH
INFRASTRUCTURES

Roadmap 2008

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

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

WPG: 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

—— g, wmpm= N ™ oS~ RN A ™ .

EISCAT 3D

A European Three-Dimensional Imaging Radar for
Atmospheric and Geospace Research

Application for Preparatory Phase Funding
under the European 7" Framework




Why do we need a Preparatory
Phase?

Objectives:

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

* 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: EISCAT_3D
Performance SpeCiﬁcation The next generation European
S|te SurveyS Incoherent Scatter radar system
Frequency allocations
Science Case
Antennas FINAL

DESIGN STUDY

Front End REPORT
Beam-forming DELIVERABLE D11.1

Imaging systems
Transmitter
Data system

One large area unclosed:
Signal processing

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



FP 7 Application

Submitted December 3 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)

EISCAT_3D

A European Three-Dimensional Imaging Radar for Atmospheric and Geospace Research

Application for Preparatory Phase Funding

under the European 7t Framework




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 Lulea: Antenna, front end and timing synchronisation, mass production
issues

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



Overall Staff and Resources

EIS uIT LTU IRF STFC VR VR/SNIC uouLu NI tot
WP1 18 0.8 0.8 0.8 9 0.8 0.8 0.8 31.8
WP2 17 6 23
WP3 11 16 27
WP4 24 24
WP5 22 6 4 32
WP6 1 2 28 34
WP7 34 12 10 56
WP8 48 2 50
WP9 30 30
WP10 24 24
WP11 45 45
WP12 15 15
WP13 24 24
WP14 12 10 b 28
tot 146 36.8 58.8 30.8 22 4.8 24 101.8 18.8 4438

443.8




Preparatory Phase Discussions

Evaluation received March 2010
Passed threshold, selected for funding
First negotiation meeting, April 9t
Agreed funding of 4.5M Euro

Revised plan submitted end of May

Contract signed by EISCAT, waiting signature from
Commission

Preparatory Phase should start 15t October
Kick-off meeting, October 20-21, Stockholm

Some national funding awarded (e.g. for LOFAR
development) some under review



'—f'\Norwegian government published 12.3.2009 their
development programme for Northern Areas

Nye byggesteiner i nord

Neste trinn i Regjeringens nordomradestrategi




LOFAR hardware for
EISCAT 3D

© Spektrum,der Wissenschaft/Emde-Grafik

18 Core station fields
e 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

"i‘ y 1




Contact us!!!

jlan.mccrea@stfc.ac.uk

esa.turunen@eiscat.se

EISCAT_3D

The Concept

The Science

The Project
Preparotory Phase
Design Study

Letters of Support

Appearances
User Mectings
Conferences
Publcily Matenal
News Archive

Course Materiy

External Unks
Adout

Upcoming Activities

FISCAT_J3D 5 a pruject led by FISCAT Sclentific Association.

The planned radar fociity consists of several very large active phased-array antenna
transmitters/recavers and multighe passive stes located in Norway, Finland and Sweden and
comprising from tens of thousancs to more than 100,000 individual antenna eements. When It
hes been built, EISCAT_3D will be capable of making messurements from the upper stratosphers
to the magnetosphere and beyond, contributing to basic, envirenmenty and appled soence that
underpins the use of spece by contemporary society.

The EISCAT_3D Preparatory Phase proposal has passed the first
steps of the evaluation

The proposal for the EISCAT_I3D Preparatory Phase [FP7-INFRASTRUCTURES-2010-1, Proposal No
26196 7-EISCAT_3D_2) has cuccecsfully pasced the Mirst stages of the European Commisson
evalustion process. We are now walt ng for the Commisson services to rank i priority the proposals

from this Call that have gone this far In the process.

A vision for EISCAT_3D

i

B Feeciedessd B bt ek i amnad: e nolassiniliate cnliand: o= Bl adallas et i siendiie el TSNP . 4

EISCAT Scientific Assodiation
PO, Box 812

SE-981 28 Kiruna

Sweden

Phone: +46-980-79150
Fax: +46-980-79159
Email

YOu may want to join the
EISCAT_3D malling list_

Search this site:

( seareh )



Unique science opportunity in order to answer
Important fundamental questions:

- How does solar variability affect the atmosphere in the Arctic and how do

the atmospheric regions couple to each other?
- What is the intrinsic nature, behavior and role of turbulence in the

neutral atmosphere and space plasmas?

- What is the role of dust and aerosols in upper atmosphere and lower
lonosphere and how does the meteoric input affect the whole atmosphere?
- What are the mechanisms, variability and significance for global
atmospherlc evolution ofsions thﬂow at high latitudes?

EISCAT 3D + EISCAT Svalba d Re
+existing infrastructure (Andoya Esral
Lidar, Riometer, Magnetometer GPS
Tomography receivers, etc.)

European

Window to Geospace in Northern Scandmavnan Arctlc

L . . > L * — I
I . 2 S I






EISCAT_3D Digital Receiver Front End: Performance Requirements and Design Concepts

Assumptions:

*  Bipolar 2s complement ADC with full-scale voltage = + 0.5 volt

* 12 bits (b0 - bll)
*  50+j0 ohm input impedance

*  Noise floor established by amplified sky/antenna/preamp

noise
*  Gaussian white noise
*  RMS noise voltage. U, at the 3-bit level
*  Very low SNR
*  Equivalent noise BW = 10 MHz

Quick-and-dirty estimate of required front-end gain:

* Voltage per ADC bit:
U,(i)=05+26-19

* Set the front-end power gain & such that |U, | equals b2:
Uy=(6"(4kTBR)P3=05"2(-19=1953 exp(- 3) V

* Known quantities:
k=13810=
T=150K
B=10"Hz
R, =50 ohm

. B

|4k TBR, |=1035exp(-12):

| 6=uz2/14kTBR |=657dB |

=

RF 236 MHz

hd

The 3D receiver front end is a key element in the project:

antenna is available in digital format, i.e. every antenna must have an ADC fitted,

* To reduce the front-end component count, straight amplification followed by
constructive under-sampling will be employed (sampling clock running at ~ 80 MMz, signal
at ~ 235 MHz in 6™ Nygvist zone),
* Large bandwidth (> 15 %) low-noise performance at VHF requires unusual design choices
in first amplifier stage (X band medium power SaAsFET..)
* Because of the presence of the remote sites, the total number of receivers is more than
twice the number of active elements (> 30000) ; therefore a common front end design will
be developed and used throughout the system,

+ It is planned to eventually develop fully integrated front end systems on silicon,

* Digital beam-steering and multi-beaming requires that the data from every element

* This slide illustrates the proof-of-concept work currently going on in connection with
the Demonstrator array; a total of 24 front ends of a similar design being built.

Al

Al
A2, A3:
FLI:

Block diagram of Demonstrator front end

=

ADC_CLK
C

| ’H A2 A3

ADC |

T

MG&F1801 6=21dB, Tn=25K
MGA62563 6=23dB,. Tn=60K
BPF G=-2dB, BW=10-30 MHz

Gpoy = 65dB, T, 1, = 26 K

b, 80 Ms/g



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



» 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



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

Specifications for auroral studies

Up to 500 km
Spatial resolution: 10 meters
Temporal resolution: 0.05 seconds

Simultaneous measurements on "all”
scales

Ingrid Sandahl, EISCAT_3D Users Meeting 2009



Digital beam-forming: beam-forming logic, 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 (3).

g0

Multiple beams can be
from the same data by simply adding
more beam-formers, one per beam!

Beam-formed
data

e s s s sy

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 |

. 5

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



3D Interferometry requirements - consequences for the core array design
(data courtesy of Tom Grydeland/Cesar la Hoz, UiT)

Compurisos of simnple 0] Setuided ione tferometric mmdels
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Feedback to radar design

Coherent Echo
resolutions

Incoherent Scatter
resolutions

Region

time

Height

horiz

Height

time

Horiz*

85 km

< 100m

100ms

30m

1 km

1-10s

1 km

110 km

100m

10 ms

100m

1 km

1s

10m*

250 km

100m

10 ms

100m

1-2 km

1s

10m™

Mike Rietveld, Thomas Leyser




3D Demonstrator array 2007-07-16:

+ All 48 Yagi antennas now in place,

* Row-level (4:1) power-combiners installed and cabled.

The blue dot @

indicates one of the row feedpoints.

Operation of all 24 feeds verified by network
analyser: s,, typically < -26 dB over (222 - 226) MHz



