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Abstract

It is proposed that the European VLBI Consortium members collaborate in
the construction of a Data Processing Facility (DPF) for the 1990's to be
located in Dwingeloo. The main features of the DPF are (i) a state-of-the-
art 12 station, 2-bit, wide~bandwidth correlator based on custom—-designed
chips, (ii) a data playback system constructed along similar lines to the
United States VLBA concept, and (iii) provision of a "standard product" to
users consisting of edited, calibrated data.

A suggested division of labour amongst Consortium members is that the
Netherlands Foundation for Radio Astronomy provide the overall management of
the project during the construction phase, as well as the design and
construction of the correlator, while the Max-Planck-Institut fir
Radjoastronomie manage the procurement and final testing of the data
playback system, and possibly of VLBA-type data acquisition terminals. Qther
members of the Consortium could provide staff or technician level support
for the hardware or offline software aspects of the project.

The estimated costs of implementing the DPF are about 22.0 Mfl,
including 8 Mfl for manpower. The cost of 11 data acquisition terminals for
use in the field (7 for Consortium members, 4 for affiliates) is about 7.0
Mfl, bringing the total to 29 Mfl. Construction of the DPF should begin in
1987 in order to be completed by 1991.

Operating the DPF-will require 8 to 9 manyears/year within the
infrastructure of the Dwingeloo Radio QObservatory. The total costs of

operation are estimated to be about 2.9 Mfl per year.
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1. Introduction

It is now generally accepted that European radio astronomy requires a
large VLBI processor to cater for the expected demands in the 1990's for
global arrays at centimetre and millimetre wavelengths and for observations
with an orbiting element (QUASAT). The Netherlands Foundation for Radio
Astronomy has carried out a preliminary investigation of the specifications
of the correlator segment, reporting tc the Committee of Directors (now
European VLBI Consortium Board of Directors) on two previous occasions. The
correlator is designed to support the simultaneous correlation of 2-bit data
from 12 stations at bandwidths per station of up to 1.024. CHz. The following
pages qQutline a plan for the complete procesasor uhicn calls for a
collaborative effort amongst the members of the European‘VLBI Consortium in
order to bring the project to realisation.

2. Key Elements of the Project

The three key elements of the project are the correlator, the data
playback system, and the provision of a standard product to users.

The correlator is based.on a custom integrated circuit designed in the
NFRA to serve the needs of four possible correlator projects: a replacement
for the present WSRT digital spectral line backend, a 1024 channel 1.024 GHz
spectrometer for the UK/NL millimetre telescope, a 2-dimensional
autocorrelator for Speckle interferometry with the 4.2 m Herschel telescope
on La Palma, and the VLBI processor. Two other observatories in Europe have
indicated interest in this chip for autocorrelators.

The size of the VLBI correlator has been set by the requirement that
correlation of 2-bit, one-polarisation data from 12 stations should proceed
simultaneously at the maximum bit rate per station permitted by the
recording/playback technology. This is expected to be 256 Mbits/sec in 1991;
however the correlator can accommodate 2.048 Gbits/sec per station. The 12-
station correlator capacity is sufficient for high sensitivity mm-wavelength
global VLBI (see Table 1). After reconfiguration to a lower sensitivity (1-
bit) mode, continuum observations with up to 17 stations can be processed
simultaneously for high dynamic range wmeasurements at cm wavelengths with
both ground-based arrays and QUASAT. VLBI arrays of up to 18 telescopes have

already been used. Spectral line observations with 512 complex frequency

points per baseline will be possible with 12 stations. The various modes.of

operation are outlined in section 3.
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Table 1: Telescopes which could form a global array at A 3.6 mm.

Country Telescope Diameter (m) Country Telescope Diameter (m)
Japan Nobeyama 45 USA Amherst 15
USSR Samarkand 70 (1) Kitt Peak 12
Iraq Mt. Korek 30 OVRO 3x15
Finland Metsahovi 14 Hat Creek 3x8
Sweden Onsala 20 g Mauna Kea
Germany Effelsberg 14 (2) (UK/NL) 15
France Plateau de  3x15 Chile La Silla 15
Bure (Sweden/ESO)
Spain Pico Veleta 30 Australia AT 6x22

Madrid (IGN) 14

(1) It is not known what effective area will be achieved at A3.6 mm.

(2) Effective area expected at 13.6 mm, if pointing and weather permit.

(3) At wavelengths < 3 mm, a number of the antennas would no longer be able
to observe effectively.

Specification of the data playback system (DPS) for the European
processor will have to follow that of the United States Very Long Baseline
Array (VLBA) since there is no immediate prospect of an alternative system
originating in Europe for data acquisition and playback. There are obvious
advantages to standardising recording systems around ﬁhe world both for data
integrity and ease of o¢perations. In the future, options for data
acquisition and playback systems to succeed the VLBA standard should be
investigated by a joint team from Europe, USA and Japan. The European
Consortium should be prepared to allocate resources to this project.

In the current circumstances there are two options open to us for DPS
units: ‘

i) the European Consortium buys DPS units in the USA, or

ii) it contracts the construction of these units out to European industry.
The~latter course relies on the goodwill of our American colleagues to
make the DPS specifications available. It may be the only course open if
European sources of finance requires capital expenditures to be made in
Europe. .

There are also two options open to us for data acquisition terminals
(DAT):

i) procure VLBA-standard data acquisition terminals for the European
Consortium and affiliate stations. Thesé ¢ould be purchased in- the USA
or contracted ocut to European industry. An item has been included in the
budget in section 6 for data acquisition terminals. ‘
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ii) ‘'use the density upgraded MK3 terminals in the field as data acquisition

terminals, and play the data back through the DPS units at the processor
before entering the correlator. Note that DPS units are planned to
handle VLBA and MK3 data. However we will then dependent on the older

MK3 technology and be limited to a maximum bandwidth per station of 56
MHz.

3. The Processor

3.1. General considerations

A simple block diagram of the processing centre is given in Figure 1. A
more detailed view of the processor hardware is given in Figure 2. There are
four major components:

(1) data playback system including delay tracking
(11) a data input and fringe stopping unit

(iii) a digital correlator

(iv) phase tracking integrators.

The size, complexity and cost of the system are mainly determined by
three parameters:

(1) , the maximum number of stations to be correlated simultaneously
(i1) the maximum bitrate per station
(1i1) the number of lags per interferometer.

The number of cross— and auto-correlations to be made is given by:

Nc-(Ns(Ns-1)/2+Ns)NbNT

where Ns' the number of stations
Nb' the number of input bands per station
Nr' the number of lags.

The required correlator capacity is then
C-NC.ZB.a WOPS

where B = the bandwidth per input band
as= £1 for a real correlator
(2 for a complex correlator

WOPS stands for word operations per second






