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... remember

Research and education will be 
completely unconstrained 
by the physical location of instruments, 
people, computational resources, or data.  
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Big Science



EISCAT



Earth – Atmosphere - Space !
Space!

EISCAT 
studies''polar'
ionosphere''

≈'60'–'1200'km'
'
''
'

Neutral'
Atmosphere'

EISCAT_3D'to'study'Earth'–'Space'Transi9on' ''
What'is'unique:'vector'informa9on'_'volumetric'imaging'_'flexible'

opera9on'–'unbroken'set'of'data'–'simultanuous'mul9ple'observa9ons'

How$is$the$Earth$atmosphere$coupled$to$space?$
'

al9tude'
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Incoherent Scatter Radar

time 

he
igh

t 

high power 
radio pulse 2 MW 

sensitive receiver 
signal 10-18W 

Electrons scatter the radio wave: 

Image:'EISCAT'

EISCAT'Incoherent'Sca0er'Radars'

derive'(vs.'al9tude):'
electron'density'&'temperature'
ion'density'&'temperature'
ion'velocity'(vector!)'

plus%other…. ' ''

observe'scaIering'at'electrons'
electron'oscilla9ons'“damped”'
by'ions'(&'charged'dust)''
'

How ISRs work... 

Time  

R
a

n
g

e
 

High power pulse Very sensitive receiver 

Electrons reflect 

the pulse…. 

Only ~0.0000000000000000001% of the transmitted power is returned! 



Current EISCAT

EISCAT'ISRs'

Tromsø, Norway 
1981, 1985 

Svalbard 
1996 

Sodankylä, Finland 

Kiruna, Sweden 
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EISCAT-3D

 
multi-static phased array radars   
advanced digital processing 

  
     beam steering & volumetric imaging 
     continuous observations & high flexibility 
  

EISCAT_3D'Design'concept'
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Applications

• Ionosphere studies
• Space weather studies, forecasting
• Space debris tracking
• Auroral observation
•Meteor studies
• Planetary imaging

•Many applications in collaboration with other instruments, 
satellites, etc.
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Antenna array prototype



EISCAT-3D Site

EISCAT Scientific Association

© NIPR

EISCAT_3D
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Architecture

Site
Cluster
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Geography



Networking
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The NREN 
Networks
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Network Topology: a Ring
• Existing fibre Tromsø-

Narvik-Kiruna-Kalix-
Sodankylä
• New Fibre Tromsø-

Skibotn-Kilpisjärvi-
Karresuvanto-Sodankylä
• Site optical and IP 

equipment
• Allow future 

connectivity to HPC 
facilities in SE, NO, FI
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Traditional: Routed IP Network
• Inter-site connectivity:

an EISCAT-3D ”LAN” 
connecting the local 
networks of the sites
• NREN uplink:

Ring connects to each 
of the national 
networks for upstream 
traffic
• Total, aggregate ring 

capacity: 100G

R1

Uninett

Funet

Sunet

R2

R3

E3D - Skibotn

E3D - Kaiseniemi

E3D - Karesuando
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Alternatives
(Data Acquisition, WAN, and DC network)

NOTE: Work in Progress
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Alternatives

1. Connect the Ring Buffer nodes secondary side to DC 
2. Aggregate Receivers data ethernet ports and extend to DC
3. Extend Receivers ethernet ports to DC

(in order of more flexibility, capacity, & cost, less site 
equipment)

Task: Move data to Data Centre
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Traditional IP Design

119 
Receivers

Ethernet 
switch

Ring-
Buffers

Ethernet 
switch

DC-
servers

Ethernet 
switch

119 x 2 x 
25Gbps (16Gbps)

40 x 
100Gbps

NORDUnet IP
routed

20 x 25Gbps 1 x 
100Gbps (64Gbps)

2 x
100 Gbps

DC

Site
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2x100G Point-to-Point Ethernet

2x100G Ethernet per site directly to DC

119 
Receivers

Ethernet 
switch

Ring-
Buffers

Ethernet 
switch

DC-
servers

Ethernet 
switch

119 x 2 x 
25Gbps (16Gbps)

40 x 
100Gbps

20 x 25Gbps 2 x 
100Gbps (64Gbps)

Shared 
DWDM

6 x 
100Gbps (3x64Gbps)

DC

Site



Switch
Skibotn

Switch
Karesuando

Switch
Kaiseniemi

Switch
DC

sh
or

t

sh
or

t

sh
or

t

lo
ng

lo
ng

lo
ng

Logical view Site 2x100G to DC
Long and short  path on the ring.
• IP links with BGP
• Aggregate ethernet with LACPRB

1RB
2RB.

RB.RB2
0

RB
1RB

2RB.
RB.RB2

0

RB
1RB

2RB.
RB.RB2

0



2 x 100G from Site directly to DC

East

Et
he

rn
et

 sw
itc

h
W

ith
 in

te
rfa

ce
 b

uf
fe

rs
 a

nd
 ro

ut
in

g 
ca

pa
bi

lit
ie

s Transponder

Q
SFP28

Spare
Q

SFP28

4 0 0 G b p s

RB
1RB

2
RB.

RB.
RB
5RB

1RB
2
RB.

RB.
RB1

0RB
1RB

2
RB.

RB.
RB1

5RB
1RB

2
RB.

RB.
RB2

0

Site 1-3
IP network

Transponder

Q
SFP28

Spare
Q

SFP28

West
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Ring-buffers at D.C. (1)

Ring Buffers at DC. 40x100G Ethernet per site directly to DC
Optical network protection

119 
Receivers

Ethernet 
switch

Ring-
Buffers

DC-
servers

Ethernet 
switch

119 x 2 x 
25Gbps (16Gbps)

40 x 
100Gbps

20 x 
25Gbps

Shared 
DWDM

Ethernet 
switch

40 x 100Gbps optical protected
10 DWDM waves per site

DC

Site
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Ring-buffers at D.C. (2)

Ring Buffers at DC.  60x100G Ethernet per site directly to DC
Optical network protection

119 
Receivers

Ring-
Buffers

DC-
servers

Ethernet 
switch

119 x 2 x 
25Gbps (16Gbps)

40 x 
100Gbps

20 x 25Gbps

Shared DWDM

Ethernet 
switch

3x 119 x 2 x 
25Gbps

DC

Site

DWDM waves depends on the 
possibility to use 16qam at 400Gbps 
per channel

15 DWDM waves 
per site



DC

Skibotn Karesuando Kaiseniemi

Antennas at site, switch and Ringbuffer at DC
Logical view

RB
1RB

2
RB.

RB.
RB2

0

RB
1RB

2
RB.

RB.
RB2

0

RB
1RB

2
RB.

RB.
RB2

0

Antenna
Module 

1
Antenna
Module 

119

Antenna
Module 

1
Antenna
Module 

119

Antenna
Module 

1
Antenna
Module 

119

Switch
DC



Antenna
Module 

1

25Gbs
Sfp+

25Gbs
Sfp+

Antenna
Module 

2

25Gbs
Sfp+

25Gbs
Sfp+

Transponder

100Gbps 

QSFP28

25Gbs

25Gbs

25Gbs

25Gbs

100Gbps 

QSFP28

25Gbs

25Gbs

25Gbs

25Gbs

100Gbps 

QSFP28

25Gbs

25Gbs

25Gbs

25Gbs

100Gbps 

QSFP28

25Gbs

25Gbs

25Gbs

25Gbs

Antenna
Module 

3

25Gbs
Sfp+

25Gbs
Sfp+

Antenna
Module 

4

25Gbs
Sfp+

25Gbs
Sfp+

Antenna
Module 

5

25Gbs
Sfp+

25Gbs
Sfp+

Antenna
Module 

6

25Gbs
Sfp+

25Gbs
Sfp+

Antenna
Module 

7

25Gbs
Sfp+

25Gbs
Sfp+

Antenna
Module 

8

25Gbs
Sfp+

25Gbs
Sfp+

Breakout 

400Gbps
DWDM Wave

Aggregating 
eight 
antenna 
modules to 
one 400G 
optical wave



M
U

X

15x400Gbps
119recivers  2x25Gbps
238st 25Gbps interface
~60st 100Gbps interface
15st 400Gbps waves
8st Modules (2x400Gbps per module)
3st 1RU chassis (3modules per chassie)
Spare capacity 2x25Gbps for IP + ½ module unused
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• New options w/ DCI optical equipment
• Tunable & High capacity
• Small form factor
• Lower cost

•Modern Data Centres
• Hosting, Facility Management
• Containerized Computing Services
• Large-scale Science Storage Facilities

• Integration of Instrument, NREN, and Data Centre networks

Rethinking Instrument Networking
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Thank You


