USNO Successfully Tests Prototype Software Correlator for UT1 Estimation

--- Roopesh Ojha, Dave Boboltz and Alan Fey, U.S. Naval Observatory

The U.S. Naval Observatory (USNO) has successfully processed "software correlated" VLBI data to estimate the UT1 component of Earth Orientation Parameters (EOP). Personnel in the USNO Astrometry department worked closely with the National Radio Astronomy Observatory (NRAO) and Swinburne University in Australia to establish a USNO implementation of the Swinburne/NRAO "DiFX" software correlator. The advantage of a software correlator is that it can be implemented with minimal initial investment in hardware and can easily be expanded as the processing requirements are increased.  The USNO prototype version of the DiFX software correlator is currently installed on two dual-processor x86 machines and two single-processor x86 machines, each running an identical version of the Linux operating system.

Much of the work implementing the DiFX correlator at USNO has involved identifying and creating data pathways from pre-processing through correlation and finally to post-processing. The pre-processing stage involves geometric model calculation, starting from the observing schedule and telescope log files, using the Goddard Space Flight Center (GSFC) CALC software. The actual software correlation step comes next. The DiFX correlator is capable of reading VLBI data in several formats including directly from Mk5A units but the raw data bits are currently transferred from the Mk5A units to removable storage media, which are then attached via USB interfaces to the x86 machines.  The correlation process currently runs at about 2.5 times wall clock time of the observations. This factor is limited primarily by the number of processors. The DiFX software efficiently distributes computational load among the available processors but the optimum number for real-time correlation has not yet been determined. Post-processing of the correlated data involves fringe fitting and group delay estimation. There are two potential data paths at this point. The first is the standard path taken by geodetic correlators, such as the Washington Correlator, using the Haystack Observatory Post-processing System (HOPS), a Unix-based software package designed to handle VLBI data from a MkIII or MkIV VLBI correlator. The DiFX correlator currently outputs correlated data in a proprietary format that is not compatible with the HOPS software. Fortunately, the DiFX correlator output format can be easily converted to standard FITS format using software written by NRAO personnel. Consequently, this second data path, which uses the NRAO Astronomical Image Processing System (AIPS), was used to perform fringe fitting and group delay estimation. This post-correlation data path has been well tested and successfully used to process all previous VLBA RDV experiments.

Our original intention for testing the USNO prototype DiFX software correlator was to use data from a standard 1-hr Intensive experiment and then compare the results to those obtained for the same Intensive experiment correlated at the Washington Correlator. However, because of difficulties encountered extracting Intensive data from Mk5A units to removable media, VLBA RDV data was chosen instead. A subset of the recent VLBA RDV71 experiment consisting of 27 scans observed at the Wettzell, Ny Alesund and Kokee Park stations was obtained. The data spanned approximately seven hours near the end of the experiment and as such differs from the typical 1-hr duration UT1 Intensive experiment. The raw data were correlated using the USNO prototype DiFX correlator, and the results converted to FITS format. Fringe fitting and group delay calculation was accomplished in AIPS. The data were then written out in a format compatible with the GFSC CALC/SOLVE software using an extension to the AIPS software developed jointly by GSFC and NRAO. The data were then processed using CALC/SOLVE using the same solution parameterization as would be used for a standard 1-hr Intensive experiment.  Twenty-two group delay measurements on the Kokee Park/Wettzell baseline yielded a value of UT1-UTC that agrees with IERS C04-05 to within 16 microseconds of time with a formal error of 25 microseconds.  Figure 1 compares the residual UT1-UTC values after subtraction of the IERS C04-05 values between the USNO 1-hr Intensive series, the USNO 24-hr EOPS series, and the software correlated RDV71 Kokee Park/Wetzell baseline result.  Data from all three stations were software correlated but the yield on the Ny Alesund/Kokee Park baseline was poor (only 5 group delay measurements survived the calibration process in SOLVE) and the Ny Alesund/Wettzell baseline is too short for reliable UT1-UTC estimation.

The preliminary results discussed here are encouraging and suggest that the use of the DiFX software correlator for correlation of VLBI data used for EOP estimation is viable; at least for 2-3 station Intensive experiments. Further verification of the use of the DiFX software correlator for geodetic and astrometric purposes and the feasibility of using software correlation for many station VLBI experiments remain the goal of future work. 
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Figure 1. Differences between UT1-UTC USNO time series and IERS C04-05 series over a four-week period.  Results for the 1-hr Intensive (eopi) series are shown as squares and those for the 24-hr (eops) series are shown as circles.  The software correlated RDV71 Kokee Park/Wettzell baseline result is plotted as a triangle near the center of the figure. 

