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The EISCAT 3D Design Study Team (20056-2009):

Henrik Andersson, Rico Behlke, Vasyl Belyey, Peter Bergqvist, Johan
Borg, Asgeir Brekke, Jerker Delsing, Marcus Edwall, Tony van Eyken,

lvan Finch, Anders Gabert, Tom Grydeland, Martin Gustavsson, Bjorn

Gustavsson, Ingemar Haggstrom, Toivo linatti, Jan Johansson,
Gustav Johansson, Jonny Johansson, Cesar La Hoz, Tarmo Laakso,

Ralf Larsen, Mikael Larsmark, Tore Lindgren, Jonas Lindstrom,

Magnus Lundberg, Ulrica Lang, Jussi Markkanen, Inge Marttala, lan
McCrea, Derek McKay, Severin Oeschger, Markku Postila, Walter

With special thanks to:

EISCAT associates in Finland, China, Germany, Japan,

Norway, Sweden and United Kingdom, and supporting
partners in France, Russia and Ukraine

The Center of Excellence in Inverse Problems, Finland
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Outline of this talk:

Background

EISCAT 3D Design Study project 2005-2009

—current results
—proposed architecture

—status of the project
—Implementation studies 2010-2013
—construction -2015
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Associate countries and institutes | Contributing partners:

s I .
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" Current EISCAT facilities:

f - 3 Incoherent Scatter | adars Annual operation 3.2 MEUR
- HF Heating Facility
- 2 Dynasondes

EISCAT
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ilvg Space-time ambiguities
can make the interpretation of radar data quite

challenging
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Our view is currently at best 2-dimensional
We will turn it to be 3-dimensional

Cour"résy of Y Ogawa and A Saito, Google Earth

European Incoherent Scatter Sciehtific Association
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EISCAT Scientific Association

Example on volumetric data: PFISR

No 10 Now- 2007 094351 - 094450

120 -,
15
10

105

Antude

100

Fig. 2. Volumetric image of E-region on 10 November 2007, 09:43:51-09:44:50 UT.
The image was produced by averaging 192 pulses-per-position. The horizental cuts
are at 100, 107, and 120 km. The structured density enhancement seen in the image
was produced by auroral electron precipitation in the 20 kgV range.

Semeter et al., JASTP., 2008
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System configuration:

multiple phased-array ISR

east two receiving raciiities 10r

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

Design Study tar

e ionospheric
D and E regions, at distances of ~90-120 km south

et (from 2005)
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The figure shows one possible layout of the EISCAT 3D system. In this configuration, the central core
(denoted by a green filled circle) is assumed to be located near the present Norwegian EISCAT site at
Ramfjordmoen. The dashed circle with a radius of approximately 250 km indicates the approximate
extent of the field-of-view of the central core at 300 km altitude. Phased-array receiving sites located
near Porjus (Sweden) and Kaamanen (Finland) provide 3D coverage over the (250-800) km height
range, while two additional receiving sites near Abisko (Sweden) and Masi (Norway) cover the (70-
300) km height range.
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Design Study target

Front end system overview

A/D

Spatial resolution:

I

eeeeeeee

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

LULEA UNIVERSITY OF TECHNOLOGY /

[
The frontend

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

azimuth directions. At 300 km altitude, -— ..

< radius of FOV is approximately 250 Km. ~  ab converter board

- Rece IVI n g faCI I ItleS pe rm It@|8t8t© : A—/DTt\ijoa::.ﬁaiizllgr:)er board, serving one array antenna
observations to be made at all altitudes = & o e s
u p to 800 km . — Undersampling at 80 MHz; Clock performance crucial for SNR
i, p— -
— 70 dB single tone

| b
SFDR, 65 dB SNR B oaeoh hnd Education
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Design Study target

RWG clock

Modulation

Transmitter parameters: RS s e

» 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

Instantaneous —1 dB power bandwidth: R
25 MHZ *The two receiver units (one for each polarisation) are range,

essentially the same as those used in the remote . .
» This will allow the use of truly arbitrary

receive-only arrays, thus physically separate from the , .
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

ADC clock

E. Turunen, HEPPA 2009, High_Energy Particle Precipitation in the Atmosphere, 6-8 October 2009, Boulder



Design Study target

Recelver parameters:

— 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

\/ C A 4 C U VY \J

Ci \J ANV UIC A M "' A\ C VvV v Ci C \J \J

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
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Figure 1. Mechanical drawing of the “Renkwitz Yagi” recommended for use as the element antenna

>







i\
ym
=4 mﬂ

a [}
e ]

B

~

iz i AATABA.
.u,.mwm%_y..b__. "
g

WV W Thl
N | |

.
L
—



-0
B

o
|

wrAvA

i l

~
1

I
|'i ..

hl
F I
I

)

i

I
I

I
:

' B
Y

i

»
»

’i.

!
'-'.'l
L]

e
— F =l ! =
-, : — - Y e
| — r
4 E . B - - N _’:‘
~ o= - — - e s e =
- — i k' 'Al TR - “E. - _.-A ———] Ente =) g 2n O
& - — 3 B AN e v’ ) _ " : - . =
- - — i C— : K 5 — -- s - == S e g )
- ST Y L ESSE Nl e - a8 =7 g T . _ ‘ |
- — i - = el TTE = -~ - = |
- - - h - ‘ -
- : = - "':. - 5 - 2 :

-

Pl‘
-

TRy 1 i

i R0 B v Uy B N0
b O LR L
a |

-”.;
e

01| i;ll lllin
'lu' Ol
| IS

. -_-s
-
-

PR A0l ||

go—

-
)

Y

f
)

E. Turunen, HEPPA 2009, High_Energy Particle Precipitation in the Atmosphere, 6-8 October 2009, Boulder



Incoherent Scatter Incoherent Scatter Interferometric System

Remote site Central site Central Site

4 modules 32 modules

——A A
s A

1 2 3 4 Aray modules 1 2 19 * 19 modul
LT 22 elements LT 4 -4 mi -
10 beams

2 polarisations

Threshold
detector

Full adder

Full adder

2%h@
5.33 MB/s

20ch @

160 MB/s \ i Y
20ch @ each 2h @
Interferometry cel™]eccccccad™)eeunen esed
160 MBs 160 MB/s event buffers l l l ] -4
cach each Trigger for

Ring
buffer

20ch @
160 MB/s

Auto-
correlate each

interferometry
data capture

2h@
160 MB/s
each

Auto-
correlate

, ich@
100 MB/s
1 each y xh@
Auto- Auto- p 5.33 MB/s
correlate correlate A each
| (burst)
Y 2h @
10ch @ 10ch @ 160MBis
5 / \ \
_ o~ 100 B/ , | e | e each )
Shor‘T Ter'm T Slte ”238(;5]] A lxs/s et 4MB/S’ Y, 4 MB/s
nternel
LO n _Ter‘m STO rage ~ 1 P B Remote ” e ( n\ el Permanent ‘_l I A V. J
9 9 site buffer U\ archive
ich@ ich@ 4ch @ e nal Pre-archiv 19m x 2ch @
%BMBis 125 MBis 20 MB/s each HTEBTNE 5 93 )15 each
interferometric fourst)
106b/s networking P
3rd-party
instrumentation 7 P Users
and monitoring 105¢ch @ 11 MB/s each
20ch @ 20 MB/s each

V0.6, 19-Feb-2009, D.J.McKay@rl.ac.uk
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solution

Based on Software-Defined Radio (SDR)

Development already on existing EISCAT radars:

— USRP2: EN interface, Xilinx FPGA, now, 1000 USD

— parallel USRP: 8 channels, autumn 2009, 3000 USD

— 10 G EN, PCle 4 lanes, 1G en x4

— Xilinx SX50 or SX95 FPGA

— Custom FPGA development by J. Corgan (DDC, aux signals)
— Financed by the CoE of Inverse Problems, Finland

— All SW and HW design material is open access
— Linux / MacOS / Windows, Intel SSE as the SDR engine

E. Turunen, HEPPA 2009, High_Energy Particle Precipitation in the Atmosphere, 6-8 October 2009, Boulder



ETTUS HW for 8 Msamples/s DDC

Present EISCAT SDR applications:
1,2 or 4 IF input channels / box

-purpose IS experiments
eAmbiguity inversion along lag profiles
replaces traditional decoding
eSoftware relies on amplitude domain
data to simplify bookkeeping

eLunar mapping

ePulse compression up to 2000 bauds
(200072 int time factor)
*Also fractional baud length coding

*Meteor head echoes
eHeater produced fast and sharp
layers

Markku Lehtinen,llkka Virtanen IS experiment design with implications

E. Turunen, HEPPA 2009, High_Energy Particle Precipitation in the Atmosphere, 6-8 October 2009, Boulder
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Possible architecture for EISCAT 3D

Coherency Building

processor
1

Level 1

beam-
former Coherency

1 processor
2

Level 1

beam- Decimated
former data

2 5 Ms/s max.

Level 2 Full BW
beam- beam-formed
former data, 80 Ms/s
Decimated
: data
: Lbevel 1 5 Ms/s max.
sG ! eam » DDCD [—»
y ! former -
m-1 m-1
— >
RX 49
ﬂ, ,| Coherency
: Level 1 processor |
SG ! beanm > DDC m-1 > N-1
m - L,
! former =1
! m » Coherency Coh
' » DDCm processor — int
RX 49 100 \—> N
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Level 1

beam-

former
1

Level 1

beam-

former
2

Level 1

| beam-
SG former
m'1 E m_1
—>
RX 49
RX 1
E Level 1
SGm beam-
: former
! m
—»
RX 49

Coherency
processor
1

Building

Coherency
processor
2

Level 2
beam-
former

\ 4

DDC D

A 4

DDC m-1

A

DDC m
100

A 4

\ 4

.| Coherency

processor
N-1

Decimated
data
5 Ms/s max.

Full BW
beam-formed
data, 80 Ms/s

Decimated
data
5 Ms/s max.

Coherency
processor
N

Coh

int
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Level 2 beamforming is done in a computer

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 b
< MHz, 8*23:f84>

simultaneous beams

network
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European Strategy Forum

on Research Infrastructures ES F R I

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 to the ESFRI Roadmap. ESR is an essential part of SIOS.

EUROPEAN ROADMAFP

FOR RESEARCH
I N FRASTRUCTURES

Roadmap 2008



ESFRI

ESFRI, the European Strategy Forum on Research Infrastructures, acts on issues related
to the development of high scientific quality European research infrastructures.

distributed radar facility, with a possibility to have several active sites in the final

concept.
*The timeline and rough cost estimate proposed for the ESFRI EISCAT_3D is given

below:

Timeline: Preparatory phase 2009-2011
Construction phase 2011-2015
Operation 2015-2045

Estimated costs:  Preparation: 6 M€
Construction: 60 M€ one active site
250 M€ all sites
Operation: 4-10 M€/year

Decomissioning:  10-15% of construction
Website: http://www.eiscat3d.se/
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Modular construction:

e \WE CAN THINK BIG HERE! Several active sites!
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EISCAT 3D

“eModular construction

*Design Study 2005-2009 Site Iogions need to be
mplementation studies considered carefully

2010-2012 s OO | |
«Construction 2013-2015 s 8 15 AT

*Operation 2015-2045
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EISCAT 3D Design Study finished 30.4.2009

Documents were submitted to EU,
June 2009

National applications:

— Swedish universities’ joint national
infrastructure application 29.4.2009

e 2 receiver sites

EISCAT_3D

! The next generation European
e,/ Incoherent Scatter radar system
) " \ \

DRAFT 090602c
FINAL
» one small Tx/Rx D el

D-E:lak-V.E-RsAsB-LE -~ D 111

— Finnish users sent application 23.9.2009
« 400 000 EUR

* prototyping a software radio and distributed
computing solution in 50 MHz radar

« converting 32m dish to an atmospheric radar

E. Turunen, HEPPA 2009, High_Energy Particle Precipitation in the Atmosphere, 6-8 October 2009, Boulder
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Norwegian government published 12.3.2009 their
development & or Northern Areas

Theye tion t SCAT 3D

‘ . R A
P ’ . A
o FA 'if . - —
,._F:««'* by S
R o’ | m‘r byt
; U b LS
! e gL P

" \‘ ~ ) '

¥

ot
N VES AN~ T i

E. Turunen, HEPPA 2009, High_Energy Particle Precipitation in the Atmosphere, 6-8 October 2009, Boulder



Unique science opportunity in order to answer
important fundamental questions:

- Energy input from solar wind -> magnetosphere ->ionosphere

- Solar variability effects in the atmosphere in the Arctic

- Coupling of atmospheric regions

- Turbulence in the neutral atmosphere and space plasmas
- Dust and aerosols in upper atmosphere

- lon outflow at high latitudes

EISCAT 3D + EISCA

+existing mfrastructure (Ando
Lidar, Rlometer Magnetometer, GPS,

Tomography xeceivers, etc.) ﬁ

European -

Window to Geospace in Northern Scandlnawan Arctlc :
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' Get involved in EISCAT 3D!

Nothing is set in stone yet — the
present proposal is a draft and can
easily be changed at this stage.

We need to submit an EU FP7
application at the beginning of
December, for the preparatory

Note for HEPPA community: The

lonisation rates will be measured In
the whole atmosphere, in a large
geographical area, with high
resolution, as a 3D image!

E. Turunen, HEPPA 2009, High_Energy Particle Precipitation in the Atmosphere, 6-8 October 2009, Boulder



