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Abstract 

The interface between the VLBA Correlator and the AIPS post-processing software is spec-
ified in the form of a FITS format definition. The format uses the "BISTABLE" extension to 
FITS7T^tfaer*than; the older Random Groups extension. Although the design is motivated 
by the need to satisfy the requirements of the VLBA, the format has been made sufficiently 
general that it is capable of being used as an interchange and archiving format for all radio 
interferometers. 
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1 Introduction 

This document is intended to define a new FITS format for the interchange of interferometry 
data. The principal motivation behind this initiative is the advent of the VLBA correlator The 
NRAO needed to define a distribution and archive format for the data produced by the VLBA 
correlator, so we thought it appropriate to design an interchange format which would be useful 
to all interferometers and one that could be written in almost real-time at a correlator or an 
observatory. 

1.1 W h y a new FITS format? 

The random groups FITS format (Greisen and Harten, 1981) used for the interchange of inter-
ferometry data has several deficiencies: 

• It is not convenient to use it in 'real-time' systems because the system has to know how big 
the data file is before writing it to the distribution medium. If an observation is terminated 
early the file must be padded with zeroes in order not to violate the FITS standards and 
therefore confuse FITS readers. 

• The data are normally written in one huge file which is followed by tables essential for 
the correct interpretation of the data. This means that a media error anywhere in the file 
results in the loss of the whole file. Also there is the potential for the loss of the associated 
tables, due to reaching end-of-medium while writing, or again due to a medium error. This 
will result in essentially useless data. With the ability of present-day interferometers to 
write very large volumes of data in a relatively short time this can be a serious problem. 

• It is very difficult to write such a format onto multi-volume media. With the expectation 
that data files are growing rapidly in size this is a serious deficiency. This deficiency may 
however be overtaken by technological advances since large capacity distribution media 
are now becoming available (but are they large enough?). 
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1.2 W h a t should the new FITS format be? 

We suggest that interferometry data be written in the form of FITS binary tables (see Cotton 
and Tody, 1991), using the conventions adopted by the Single Dish FITS agreement of November 
1989. 

The uv-data itself will be written in the form of a binary table (defined below), with a large 
database being broken up into smaller, more manageable, time quanta (the VLBA correlator 
group have chosen « 300Mbyte as their quantum). Each of these uv binary tables will be 
accompanied by the associated calibration, flagging, etc. tables for the same timerange. At 
the beginning of a tape or an observation (and possibly at random points throughout the tape) 
will be written various time invariant tables (e.g. array geometry, source tables, etc.). Since 
the tables to be written are, in the language of FITS, extension tables they must be preceeded 
by a dummy FITS file. We recognize this is a somewhat clumsy construct but we feel that 
we must abide by the rules of FITS. A FITS reader will recognize this type of file since the 
NAXIS keyword will have a value of 0, and the EXTEND keyword will be true, indicating the 
presence of extension files. Our suggestion is that the associated calibration tables are written 
before the uv binary table, this would mean that a logical grouping of associated tables would 
always end with the uv binary table, a construct that can be easily recognized by FITS readers. 
So the structure of the tape file could look like that shown in Table 1, a dummy (header and 
history information) random groups FITS file followed by a series of binary tables. Note that 
in the example structure there is no Flagging table 2. This scenario demonstrates that not all 
tables need be written with each group, only tables valid for a particular time range need be 
written. The groups of tables need not be written in chronological order although for practical 
FITS readers such an order would be preferred. In section 2.8 we discuss under what conditions 
certain tables MUST be present. 

An example of a dummy random groups FITS header is (the first two lines of numbers are only 
present to show character positions and are not part of the table header): 

1 2 3 4 5 6 
1234567890123456789012345678901234567890123456789012345678901234 
SIMPLE = T / 
BITPIX = 8 / 
NAXIS = 0 / 
EXTEND = T / 
BLOCKED = T /Tape may be blocked 
OBJECT = 'BINARYTB' 
TELESCOPE 'VLBA ' 
OBSERVER9 'VB001 
DATE-0BS= >04/01/94' 
DATE-MAP= '25/01/94 ' 
GROUPS = T / 
GC0UNT = 0 / dummy random group f i l e , zero s ize 
PCOUNT = 0 / 

The advantage of this scheme is that if a media errors occur then only the table in which the 
error occurred will be lost. The reading program should be able to read through the tape after 
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Dummy random groups FITS file, header only, defines data 
file of size zero (see example below). Also contains history 
information. 

Array geometry table 
Frequency table 

Source table 
Flagging table 1 

Calibration table 1 
Antenna table 1 

UV table 1 
Calibration table 2 

Antenna table 2 
UV table 2 

Calibration table 3 
Antenna table 3 
Flagging table 3 

UV table 3 

Table 1: Structure of the interferometry data file 

the error and find the beginning of the next table and resume reading the rest of the data. In 
section 4 we shall define a protocol for dealing with end-of-media and databases which span 
more than one volume of a medium. 

2 The uv binary table 

The uv binary table contains the raw correlated data and associated random parameters. To 
correctly interpret the data several tables may also be associated with a uv binary table. 

There exist a minimum set of random parameters which should always be associated with a 
visibility point. These are time, baseline number, u, v and w. In addition other random 
parameters may be present; the random parameters used most often are frequency ID, source 
ID, data integration time and data weight (if not part of the data matrix). Other random 
parameters not forseen may also be added, FITS readers must be able to cope with them. 

Examination of the uv binary table header below shows that the table types for u, v and w have 
a projection code associated with them. A three character code should normally be associated 
with the u, v and w table types. The most common codes are shown in Table 32, see Appendix A. 

In the sections that follow the "code" column is element-count + basic type code, where basic 
type codes are 
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D => Double precision 
E single precision 
A => character 
J long integer 
L logical 
I short integer 

X bit array 

If the values of any columns are unavailable then the column should be defined to have zero size 
in the header information, see Section 3.4.1 for an example. 

2.1 Data Weights 

When writing the uv data there are, in principal, two ways in which the associated weights may 
be written. First, if the visibility spectrum has a constant weight for all BANDS (see section 2.5 
for the definition of a BAND) it can be stored as a single random parameter. However it is 
more general to assume that at a very minimum the weight will vary from band to band and 
from polarization to polarization. Therefore the preferred method of storing the weight will be 
to have one value per polarization and/or band. Therefore the weight random parameter must 
be a vector of length: number of Stokes parameters x number of bands. The order in which the 
values are present in the vector depends on the order in which STOKES and BAND are present 
in the table header. If STOKES is first then the weights for each STOKES will be stored for 
BAND 1, followed by the weights for each STOKES for BAND 2 etc. 

The second more general method of storing the weights is to associate a weight with each spectral 
point. In this case the weights should be stored as an additional dimension in the data matrix 
itself. FITS readers should be able to cope with both situations. 

2.2 The table definition 

The definition we propose for the uv binary table header is given below. These tables will use 
a restricted subset of the Single Dish conventions. The principle restriction is that the Axis 
Descriptor columns must be virtual. Effectively this means that the structure of the data cube 
must be constant inside a given table (i.e. same number of frequency channels, polarizations 
etc.). According to the Single Dish conventions this means that the Axis Descriptors CTYPEn, 
CRVALn, CRDELTn, CRPIXn and CRROTn become header keywords rather than actual entries in 
the table. Another rule that must be followed is that the COMPLEX axis is the first in the data 
matrix, other axes can follow in arbitrary order. 

In the following example uv table header the first two lines of numbers are only present to show 
character positions and are not part of the table header. 


