An Enhanced Folding Algorithm

Standard Folding Algorithm Properties

The primary function of the folding algorithm matches the set tuning period exactly to the pulsar period so that the pulsar phase is fixed in position. Consequently, the pulsar amplitudes integrate to make the pulsar visible. Noise and interference that does not match the tuning period is summed incoherently to improve the pulsar signal-to-noise ratio. Fully incoherent noise amplitudes will reduce by the square root of the number of periods in the data file duration. In frequency terms the operation can be thought of as applying narrow band filters about the harmonics of the pulsar fundamental frequency (=1/period). This fine filtering property can and will find sequences in the residual noise or possibly RF interference of the right frequency that persist to generate ambiguous responses at random phases that will compete with wanted low-level pulsar signal. 

Enhanced Folding Algorithm
A problem with applying the standard folding algorithm it that for larger bin numbers, less noise in the data record is averaged leading to a decrease in observed SNR and component noise frequencies. The increased noise frequencies add nothing to the pulse as the pulse components are a function of the pulse spectrum so removing them would lead to an improved SNR. There are various ways to filter a standard folded file and the one chosen for easy adjustment involves convolution. By multiplying the folded data spectrum by a target, expected pulse spectrum and then inverse transforming the resulting spectrum, the folded result becomes exactly matched to the expected pulse shape. Excess high frequency noise is removed and an improved SNR results. A Gaussian shaped target equal in width to the expected pulsar pulse gives very good results. The technique appears to maintain the optimum SNR (which occurs when the number of bins = period/pulse width) for all bin numbers allowing much finer pulse resolution and detail to be recorded.

The performance of the enhanced algorithm on a 1429 bin standard fold is shown below. In this case, the before and after SNR's are 2.2 and 4.2, but the improved resolution and pulse shape detail is obvious. It is noted that the target beamwidth selected has only a second order effect of the pulsar beamwidth
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The enhanced algorithm operates on the folded result of the standard algorithm and effectively filters the result to remove extraneous high frequency noise and only leave spectral components necessary to reproduce the pulse.

The operation is equivalent to convolving the folded signal with a similarly shaped target and is produced by, 

1. Fourier transform the folded output

2. Fourier transform a target shape closely matching the pulsar pulse.

3. Determine the product

4. Inverse Fourier transform the product to produce a filtered

By this means, the signal-to-noise ratio of the resulting folded data is improved without affecting the delay shape or fidelity of the pulse.

The signal-to-noise ratio can be traded for pulse detail by increasing the number of bins in the original fold. Increasing the number of bins is known to degrade the observed signal-to-noise ratio in a predictable manner. The enhanced folding algorithm recovers most of this loss.

The folding software program rapulsar2 has been modified to add the pulsar nominal pulse width in the command line and produces a file of the conventional fold plus the enhanced fold. The new program is named rapulsar2conv. The pulse width value can be tuned to optimise the resulting plot presentation. A suitable pulse width tuning range is from the pulsar nominal 50% level pulse width down to a quarter of this; choosing a value giving a compromise between SNR and pulse fidelity. Setting the pulse width value to zero allows all data frequencies to pass and produces no improvement.

Example 1 - Vela Data-

The plot below shows two folded files of the Vela pulsar scaled and overlaid, of the section around the pulse. The blue dots are the standard fold points using 250 bins and the SNR calculated from this data is 63.6. The red dots represent the modified fold algorithm using 1500 bins with the target tuned to give a similar SNR of 63.9 again calculated from the data. Tuning the target, higher SNR's can be obtained but the pulse shape suffers and this may be a function of original target shape. 

For completeness, the standard fold on the 1500 bin data produces an SNR of 28.4.(calculated 26.1).
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Further Examples involving low SNR B0329 pulsar data.
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109 bin fold (6.5ms increments) : SNR = 4.23 (pulsar in bin No 54)
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715 bin fold (1ms increments): SNR = 2.79 (pulsar in bin No: 357) 

– the pulsar pulse width is just discernable

[image: image5.png]2007,

oty

o
ant(9) 1





715 bin, convolved fold (1ms increments): SNR = 3.87 (bin No. 357)

- the low frequency noise is comparable to that in the 109bin fold above, but the pulse shape is now visible. Note improved SNR.

Below:  Pulse sections expanded…
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