An October 2021 Observation of Pulsar B0329+54

Peter East

Pulsar B0329+54 is well-timed for observation in the UK in October, as it culminates around 01.30 UTC - an especially quiet time locally for RFI. The receiver setup is shown in Figure 1. It uses a pair of 2.5m Yagis tuned to the 611MHz RA band, directly feeding a matched pair of 0.4 dB Mini-Circuits amplifiers and combined in a 3 dB in-phase splitter. A 6m low-loss cable feeds two more low-noise amplifiers and a pair of in-line filters driving and Airspy SDR locked to a GPS disciplined oscillator.
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Figure 1 Antenna - Receiver Hardware

Data collection is by a laptop PC, it uses a cut-down version of Marcus Leech's superb, belying what he calls his 'stupid simple pulsar' software, running on GNU Radio. The skeleton version (Figure 2) was used as the intention here was to apply processing algorithms that were developed to mimic the validation functions of the professional software PRESTO, but capable of improved visibility of lower SNR detections. Whilst not its primary function, PRESTO itself, is not robust at validating SNRs much below 10:1.
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Figure 2 GNU Radio Data Collection Flowgraph

The Figure 2 flow-graph is the set up for collecting 4 hours 40 minutes of data using the 10 MHz bandwidth Airspy SDR tuned to 610 MHz. In operation, the flow-graph reduces some 168 Giga-I/Q data samples down to 16 frequency channel bands totaling 525 MB of 4-byte detected data output. The 'Head' block defines the number of complex data samples processed in the observation. 'Stream to Vector' splits the data into 16 complex streams ready for the 16-bit 'FFT' process. The 16 complex FFT outputs are then converted to 32-bit floating point magnitudes proportional to the input power in the 16 RF bands. The 'Integrate' block sums the data in 1250 sample blocks to downsize the data to 16 x 500 sps rate for recording in the 'File Sink' block. Data was collected over 3 nights, 23, 24 and 25 October; the last was relatively free from interference and is analyzed here. To minimize amplifier drift, the data recording was started an hour before the designated start time and quickly restarted at this time.

With this system, even for 4+ hour pulsar scintillating intercepts of pulsar B0329+54, integrated (folded) data is only expected to produce final signal-to noise ratios of between 3:1 and 7:1. So an amateur-friendly version of the PRESTO processing and validation method was used. This involved compressing and improving the time resolution of the GNU Radio data using a synchronous, partial folding algorithm to reduce the computation load in producing PRESTO-like validation plots. A C-program, syn_compress.exe was written to accomplish this data reduction with negligible loss of timing information and no RFI data excision. The compressed file, locked to the TEMPO derived value of the pulsar topocentric period, comprised 16-channels of 142800 samples folded to 0.5 ms resolution and was suitable for RFI blanking and full pulse train analysis. The data for the 25th October 2021 observation produced a 5:1 SNR pulse (Figure 3). MathCad was used for the detailed analysis and for simulating the PRESTO plots, each organized and presented as below. The 16 x RF channels were combined to produce 3-bands to simplify analysis and improve target visibility in the frequency waterfall plot. 

The plots together pass all the PRESTO validation criteria.
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Figure 3 PRESTO-like Validation Plots for 25 October 2021 Observation (red - measured, blue - Gaussian pulse theory).

Note: The background research into processing techniques used for this analysis, has all been published for challenge in SARA Journals. The methods are based on the standard folding algorithm. No data was removed, selected or modified in preparing this article. 
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