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PREFACE

This report has been developed by the VLBA Correlator Design Group to set out the overall design of the
proposed VLBA correlator. The architecture presented here provides a basis for future detailed technical
design.

The report does not present cost or schedule estimates; those will be the subject of a budget report to be
submitted by Caltech to NRAO at a later time. Of course, in the process of evaluating technical alternatives
we have used cost estimates, but they are not available uniformly covering all phases of the project, or on a
uniform accounting basis. Future developments may necessitate changes to the design.

The contributors to the report include: M. S. Ewing, S. F. Kator, T. J. Pearson, A. C. S. Readhead,
and T. V. Seling (Caltech); D. N. Fort (NRC, Canada); and J. M. Benson and J. D. Romney (NRAO).



1. INTRODUCTION AND OVERVIEW

1.1 INTRODUCTION

This report is divided into five sections and two appendices. This first section describes the place of the
correlator in the VLBA project, emphasizing the interfaces between the correlator and the other parts of
the project, and describes the general organization of the correlator.- Section 2 lists the specifications that
the correlator design is required to meet. Section 3 describes the external interfaces. Section 4 describes
the design of the major internal blocks, and Section 5 discusses operational considerations. Appendix A is
a glossary of acronyms and techmnical terms used in the report. and Appendix B lists the contents of the
primary product of the correlator, the archive tapes.

1.2 THE PLACE OF THE CORRELATOR IN THE VLBA

Figure 1-1 presents the highest level description of the environment of the VLBA correlator. The antennas
and recording systems generate data tapes which are read by the Data Playback Systems and presented to
the correlator (interface 1). The correlator system must also control and monitor the data playback process
(interface 2). A correlator operator, who will likely also be an Array operator (on other shifts), is responsible
for controlling and monitoring the whole correlator (interface 3).

A second data path from the antennas is available through the VLBA Database (interface 4). This
database collects scheduling and logging data from the Array Operations Control computer, which in turn
gathers information from the stations over communications lines. The correlator uses this information to set
up correlator runs and to make some calibrations of the results. The correlator will also add its own logging
results, and perhaps its own calibration results, to the database.

The primary correlator output is the archive tape (interface 5). The archive tape contains all the
visibility measurements as well as the logging and calibration data necessary for post-processing. A secondary
output is the distribution tape {interface 6), which is created from the archive tape by an offline program.
The distribution tape is a reformatted version of the archive, sorted by user or by experiment. This tape is
available for export to a user’s home institution or for use in the VLBA post-processing system.

1.3 GENERAL ORGANIZATION

Figure 1-2 shows the correlator at a greater level of detail. Data from the Data Playback Systems (DPSs) are
received by a Station Electronics (SE) subsystem. The SE contains a crossbar switch which allows any DPS
unit to be used for any VLBA station. Furthermore, the output of any DPS unit can be sent to muitiple
correlator inputs, and channels from different DPS units can be grouped together to be sent to a single
16-channel correlator station input.

Other components of the SE subsystem perform phase and delay model calculations. delay tracking, and
phase-calibration tone detection. M68000-series microprocessors are used for calculation and I/O functions.
Phase information, calculated on a “per-station” basis, is sent along with the delay-corrected data to the
Correlator Electronics (CE) subsystem. In the CE, each correlator processing a particular channel and
baseline accepts phase and fractional-bit delay information from two stations, differences the information,
and applies appropriate corrections.

The CE subsystem is divided principally into 16 20-station correlators, each handling one of the 16
correlator channels. Some interconnections between correlators facilitate polarization processing and high-
resolution spectral-line processing. The 20-station correlators also have modes allowing high-resolution
processing of 14- and 10-station data.

Correlation products in the CE subsystem are formed and accumulated for a time in counters on a
custom VLSI gate-array correlator chip. and are then dumped into an adder/RAM system. Following a
further accumulation, the data are passed through a time-decimation filter which allows efficient sampling
of wide fringe-rate windows. The filter is implemented in specialized digital signal processors.

The accumulated and filtered correlator output data are passed to a Transform and Output Processor
(TOP) where the data are converted from the delay-lag domain to the frequency domain by a fast Fourier

-5 -



Data Play-

Antennas,

Record back ! 6 To external
Systems Systems VLBA Correlator user
System, including
computers Archive
tape To Archive,
local user

S
Array Ops ‘
Control — (A(X:Opj (wr opr) ¢

 {

VLBA Database
=} Disk/Tape je————mmmmfP> Other computers

FiG. 1-1. VLBA FUNCTIONAL BLOCK DIAGRAM WITH CORRELATOR INTERFACES



Correlator Electronics (CE)

Station Electronics (SE)

»a “gp T g e 6 iz <4 System
17<—®{Cross- lz:'lw. - G o Correlator, 1 ppsS Clock &
———pf U 439 Accumulstors, < Timin
: Switch Gon riiveclalll SR etc. " g

PeCal, d 20 stns, 4 chan :
at - a1 Transform/Qutput
Delay, - Corralator, Processor (TOP)
Phase - Accumulators, ;
Filters —
a S Baseline Archive
- Correlstor, © Tape
Accumulators, ok FFT
@ Fllters = TR
Y 20 stns, 4 chan P Format for Magtape
— Q3 P
Distribution
a8 Tape
8 - Software
-
-
' ;(D‘ oo o
4 Distrib.
is 24 stations is 20 stations Tape
“deep” "desp” PPIWG CCC ap
uisar
Window Correlator Control Computer
(Gen-) Setup, Monitor, Calibration
16
2 t v v
DPS
Control -3 P
< Operator  VLBA
Database

Fi1G. 1-2. VLBA CORRELATOR FUNCTIONAL BLOCK DIAGRAM






