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SN54%(GÉANT can provide European-wide connectivity, a problem that remains to be solved 
for most radio telescopes that aspire to participate in e-VLBI observations is the(T%44(V*#T*(
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This specific service activity aims to coordinate the various technical and logistical aspects 
that are required in order to achieve last-mile connections to the radio telescopes that will 
form the EXPReS e-VLBI infrastructure. It requests partial funding from the Commission – in 
most cases this is a small fraction of the total connection cost, but it is believed that support 
from  the  Commission  (even  at  a  fairly  modest  level)  will  act  as  a  significant  catalyst, 
encouraging  commercially  fair,  affordable  and  competitive  quotations,  and  releasing 
substantial sources of local and national funding. 

The vast majority of the EVN institutes are in close contact with their local NRENs and have 
made significant progress in understanding the optimal solution to their last mile problem. 
Within EXPReS there is a significant level of knowledge on how to make progress in this area 
and one of the aims of SA2 is to ensure this knowledge and experience is shared between the 
partners. 

The objectives of SA2 are listed below, in some cases there is already significant progress in 
some  of  these  areas,  in  other  cases  progress  is  very  modest.  For  completeness,  all  the 
objectives are listed: 

• The first step is to define the extent of the last-mile problem at each radio telescope, this 
requires  the  establishment  of  good  communication  between  aspiring  e-VLBI  radio 
telescopes  and their  appropriate  NRENs,  Network Service  providers,  telecom carriers, 
public utility providers etc. 

• Identify the optimal route to access the (inter-)national gateway to GÉANT,
• Select  the  optimum  way  to  access  GÉANT, via  the  use  of  existing  services  or  the 

construction of new fibre links,
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• Identify and apply to appropriate sources of local and national funding (together with the 
support  requested from the  Commission in  this  activity)  in  order  to  procure  last-mile 
telescope connections,

• Negotiate  the  initial  (up-front)  and  recurring  service  costs  of  the  network  connection 
required for e-VLBI participation,

• Test the quality and performance of the connection and begin EXPReS production e-VLBI 
operations.  

The above objectives will be realised in a number of work packages:
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'%4%8&#7%8('#('N%(&#""%4)'#"()'(\?<.(@5)(GÉANT. Given the variety of institutes (15, operating 
18 telescopes) and circumstances, it is not possible to give specific dates for each connection, 
as these depend not only on the availability of funds but also on the request to all institutes to 
adhere to the appropriate standards of public procurement for competitive and fair bidding 
processes. Therefore, within the first 6 months of the contract, we aim to understand in all 
cases the optimum way to solve the last-mile connection problem, and if possible, to start 
contracting the construction of the last-mile infrastructure and purchase the equipment needed 
to manage the network. 
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Medicina (IT) is expected to come on-line at 1 Gbps in June 2005. Several other EXPReS 
radio telescopes (see Table SA2.1) are in a fairly advanced stage of solving their last mile 
problem (at  least  technically, and also have a  realistic chance of financing the links with 
partial  support form the EC and EXPReS).  Other telescopes are beginning the process of 
understanding how to achieve Gbps connectivity  (see Table SA2.2). 

A summary of the activity is provided in a GANTT chart (see Figure SA2.

Table SA2.1 C<53C_C<<D&>7&3PB3751P&293Q1&<8&DC377>7Q&<4&5<=DC191

Radio Telescope Site Last-mile Status & Ambitions

JIVE – Joint Institite for 
VLBI in Europe, NL. 

Currently  connected by SURFnet to GEANT2 at  6  x 1  Gbps.  Requirement  to 
increase connectivity to 16 x 1 Gbps.  

UniMan  -  Jodrell  Bank 
Observatory  (JBO)  and 
MERLIN, UK.

(i) 2.5 Gbps connectivity to JIVE – last mile funded via e-MERLIN project. 
(ii)  Seeking  to  upgrade  to  a  10  Gbps  link  to  JIVE  (0.5  Gbps  per  MERLIN 
telescope). 
(iii) 7 x 30 Gbps links from the e-MERLIN telescopes to the correlator at Jodrell 
Bank under construction 

NCU  -  Torun  Radio 
Astronomical 
Observatory  (TRAO), 
Poland.

Currently connected to JIVE through GÉANT at 1 Gbps – last mile was funded 
via local government. 

OSO  -  Onsala  Space 
Observatory, Sweden.

Currently  connected  to  JIVE at  1  Gbps  -  last-mile  funded  from institute  and 
private funds. 

Seeking to upgrade to 10 Gbps (partially via SA2, see also JRA1)  
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ASTRON  -  Westerbork 
Synthesis  Radio 
Telescope  (WSRT),  the 
Netherlands.

Currently connected to JIVE at 1 Gbps – last-mile funded from regional Dutch 
funds.  
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@5)(1IEC((

NAIC – Arecibo, Puerto 
Rico, USA

Connected to JIVE at 155 Mbps. 

Seeking to upgrade to 1 Gbps (partially via SA2)
MRO  –  Metsähovi, 
Finland.
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'#('N%(GÉANT NREN node in RedIRIS-Madrid, subject to funding via various 
sources (incl. SA2). Several options are available, mostly through commercial 
operators.  The link is  expected to  start  operations  in 2006, together  with the 
telescope first light.
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'# (GÉANT is  under  study. Significant  links  between the  radio telescope and 
potential service providers. A proposal to the MPG has been issued to finance 
most of the cost of the link, estimated at 2 M Euro. Partial funding via SA2 
would provide important leverage in this ambition.  
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X?"L%*%Y('#(<%*'87548()*9('#(&%*'")4(.3"#7%(385*U(GÉANT (via Stockholm). The 
link will  be built  with complementary Latvian government funds.  Equipment 
will be needed.
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;N%(,)$#"5'+(#2('N%(")95#('%4%8&#7%(5*8'5'3'%8()"%(,%,L%"8(#2('N%(.<]()*9(N)@%()(4#*U('")&V(
"%&#"9(#2(&##7%")'5#*C(?*95@593)44+('N%(5*8'5'3'%8()"%(%67%"5%*&%9(5*(,)*)U5*U(4)"U%(&)75')4(
7"#$%&'8(83&N()8('N%(&#*8'"3&'5#*()*9(37U")9%(#2(,)$#"(")95#('%4%8&#7%(2)&545'5%8C(;N%(./!0%1(
")95#('%4%8&#7%8(4#&)'%9(5*(BN5*)W(1#3'N(I2"5&)()*9('N%(a1I(X!3%"'#(05&#Y()"%(,%,L%"8(#2('N%(
.<]()*9(74)+(85U*525&)*'("#4%8(5*('N%(#"U)*58)'5#*C(The EVN has demonstrated success as a 
unique large-scale scientific facility for radio astronomy, and is constantly being upgraded – 
major additions to the array include the construction of two new radio telescopes in Europe 
(the Yebes 40-m in Spain, and the IRA 64-m in Sardinia), and two new telescopes in China 
(the 50-m in Miyun and the 20-m in Kunming). 

The  overall  coordination  of  SA2  will  be  the  responsibility  of  Dr.  Francisco  Colomer 
(CNIG/IGN, Spain), currently involved in construction of a 40-m telescope in Yebes, near 
Madrid. This is a !15  Million project and the telescope is expected to be operational by the 
end of this year. He is very much involved in all aspects of this project and is also involved in 
negotiating a high-speed network connection for the antenna site. 

As coordinator of SA2, Dr. Colomer will chair SA2 project telecoms that will be attended by 
representatives of the radio telescopes and relevant NRENs. Face-to-Face meetings will occur 
via NA2 where the issue of last mile connections is a standing agenda item. The coordinator 
will ensure that all the participating institutes have detailed and timely technical and logistical 
information on the progress of the EXPReS network connectivity activities, as well as for 
retrieving  and  distributing  the  specifications  required  for  the  telescope  connections, 
equipment,  and  service  performance  standards.  Progress  will  be  monitored  via  minuted 
teleconferences and reports (these are in fact major deliverables for each telescope after the 
study of the optimum connection solution is finished, and prior to the construction of the last-
mile infrastructure itself). 

The specific support action will coordinate the different phases needed to build the individual 
last-mile  connections,  which  are  common tasks  to  all  participants:  study of  the  available 
options, issuing a competitive call for tender when applicable, construction of the fibre-optics 
link based on specifications, purchasing the needed equipment to run the link, and performing 
e-VLBI and  general  data  transfer  test  to  ensure  appropriate  performance.  Many  of  these 
actions need to be developed in the specific country where the telescope is located, but the 
available  experience  from the  existing  infrastructures  and  Proof-of-Concept  tests  will  be 
spread through the network via this support action.

YKOKVKUKU&X:29>8>539><7&<8&8>7375>7Q&41a:1291P&37P&B3C:1&8<4&=<71M

The requested EC contribution to SA2 (~ !1  Million) is required in order to partially finance 
the last-mile connection of the radio telescopes to GÉANT at data rates of at least 1 Gbps. The 
total cost of realising these connections (see Table SA2.3) is currently estimated to be ~ !10  
million (total). It must be emphasised that although the EC contribution is only 10% of the 
total,  this is considered by many of the radio astronomy institutes to be a very important 
catalyst to release significant funds from other regional and national sources. The effect of the 
EC  recognising  the  potential  of  EXPReS  in  terms  of  its  network  ambitions,  cannot  be 
underestimated. Of course it also represents very good value for money for the EC. 
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GÉANT  NREN  node  in  RedIRIS-
Madrid.

• Fibre 175 kE
• Service 132 kE/yr
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]Ba Cost of 1 Gbps link:
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FDDDD EMDDD

h1h Will equip the existing network with 
upgraded  equipment  to  allow  4-10 
Gbps  operation  and  links  through 
GÉANT to JBO e-MERLIN.

• fibre 10 kE/yr
• equipment 85 kE
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JIVE (0.5 Gbps per telescope) in order 
to operate together with the EVN.
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The major milestone for each of the participants in SA2 will be the successful connection of 
the telescope to GÉANT and successful participation with the EXPReS e-VLBI facility (see 
SA1). This milestone will take place at different times at different telescopes – the aim is to 
have the majority of participants connected within 24 months of the project start date.

Justification of financing requested: 

The total cost of connecting the EXPReS radio telescopes to GEANT2 and the correlator at 
JIVE is ~ !7  Million. The requested EC contribution is  ~ !0.8  Million. This contribution 
from the EC (~10% of the total cost) is identified by all partners of SA2 as an important 
catalyst that will be essential in releasing other sources of funding, in particular at the local, 
regional, national (and in some cases) private level. The effect of the EC recognising the 
potential of EXPReS in terms of its network ambitions should not be underestimated. We 
also note that this division of funding also represents very good (added) value from the EC 
funding perspective. In most cases, the participants are requesting funds that are directed 
towards solving the telescopes’ “last-mile” connection problem. Durable equipment is also 
required in some cases to light the fibre. ;N%(4)"U%8'(85*U4%(%67%*95'3"%(58('N%(&#**%&'5#*(#2(
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&#*8'"3&'5#*(#2('N%(*%%9%9(5*2")8'"3&'3"%8(L%'T%%*('N%(NREN nodes and the telescopes. The 
activity is a challenging one since the telescopes are often located in remote areas. The aim 
is to realise 1 Gbps connectivity per telescope and for special cases, realise 10 Gbps (e.g. in 
order  to  include  the  entire  e-MERLIN array  with  the  EXPReS e-VLBI infrastructure). 
Other high speed connections are required in order to test future aspects of e-VLBI, beyond 
the  production  network  envisaged  in  SA1.  The  situation  and  solution  of  the  last  mile 
problem varies very much among the participants; some have access to academic networks 
while others need to purchase the service from commercial  companies. This action will 
coordinate  all  efforts,  providing  a  forum  where  the  necessary  technical  and  logistic 
information can be shared. 

The  overall  objective  is  to  provide  the  end-user  community  with  access  to  a  widely 
distributed  state-of-the-art  astronomical  instrument.  SA2’s  role  is  to  maximise  the 
participation of individual radio telescopes in the unique EXPReS e-VLBI infrastructure. 
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of existing services or the construction of new fibre links. This expertise and experience 
will also be useful when contracts are being negotiated. When telescopes come on line the 
connections will be tested and when certified they can begin to interface to the EXPReS e-
VLBI data processing facilities at JIVE. 
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The 32m antenna with its high quality auxiliary instrumentation provides Polish astronomers 
with the unique tool to study the Cosmos. The telescope is part of the European and world-
wide network of interferometers - VLBI. It allows our antenna to be a part of the synthesis 
radio telescope which has an equivalent aperture size of ~10 thousand kilometres. This new 
instrument and the involvement of Polish radio astronomers into international co-operation 
resulted in the flowering of radio research. VLBI studies of distant galaxies and quasars, the 
search  for  new  planetary  systems  around  pulsars,  the  study  of  interstellar  and  stellar 
molecules are the subjects to be mentioned here. The importance of the Torun 32m has been 
widely recognized among the astronomical community. The size of the antenna, geographic 
position (important extension to the east) and a highly professional team of scientists and 
engineers make the EVN addition of Torun the significant  improvements to the European 
VLBI Network. Radio astronomy is a very challenging area of modern research for a country 
like Poland. The instrument is intended for use by all Polish astronomers as a national facility. 
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