RFI Interference and Pulsar Detection

Peter W East

Introduction

This note follows on from  the paper Amateur Pulsar Detection1 and investigates the effects of RF interference on pulsar detection SNR. Whilst the synchronous integration/folding technique (rapulsar.exe) is an excellent period tuning discriminator for noise and interference suppression when recovering the pulsar pulse, RF interference (RFI), if close in frequency to the pulsar period can seriously impair the period matching process, especially for weak pulsar signals.

An investigation into RFI mitigation using a 1 GB Vela pulsar data file supplied by GM Gancio2 has shown that a useful improvement in SNR is obtained by narrow-band harmonic filtering the RFI before applying the folding algorithm. Considering the example in Figure 1 but now using 98 bins, the SNR change was from 61 with no filtering to 69 with some RFI filtering. However, the process did offer albeit a small improvement in  pulsar pulse visibility, and so is described.
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Figure 1 Vela folded pulse (blue) and main interference component (magenta)

Also plotted in Figure 1 is one cycle of the main RFI component (magenta; interference period 6.27ms) - this was recovered by using the folding technique, primed now with the interference period rather than the pulsar period. In this case, the pulsar signal is suppressed as are other RFI components.

Examining RFI
RFI spectral components were identified by applying and FFT to the data after first downsampling it from 2MHz to 1kHz, using pdetect software1 using the command line,

pdetect 500.bin pdet500.txt 2.0 1.0 1

The first 131072 samples in this data file were then spectrum analysed in a 131072-point Real FFT in MathCad and the result is plotted in Figure 2.

In this strong signal data, the pulsar spectral lines and RFI components are clearly seen. The pulsar line harmonics, at FFT binn are related to the pulsar period and FFT properties from,
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where, Q = number of FFT points, T = the pulsar period and Bv the downsizing video bandwidth (1kHz)
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Figure 2 Data File 500.bin Real Spectrum (red).

Blue Plot:- manually reduced RFI by 20dB

In this example (Figure 2),  bin numbers expected to contain pulsar modulation harmonics, are 0, and Int[n.1466.286], where n = 1,2,3 ....etc:, and Int[]  represents the integer part. Bins containing the larger RFI components are easily identified and attenuated or removed by manually adjusting a set of digital bin-blocking filters.
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Figure 3 Data Plots, blue: raw data; red: RFI filtered data; black: pulsar pulses

From Figure 3, it is clear in the RFI filtered data (red) that the larger pulsar pulses are much more visible and there is some pulsar amplitude scintillation evident. The red filtered time plot was obtained by taking the inverse FFT of the filtered spectrum data.

In the third (black) plot many more lower level pulsar pulses can be identified and the process to obtain this will now be explained. 

Extracting Individual Pulsar Pulses

By setting up a narrow-band harmonic repeating filter gate about the pulsar spectral lines and then taking the inverse FFT of this data, the pulsar pulse train modulation at the pulsar period can be extracted and plotted as shown in the red plot of Figure 4.
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Figure 4 Data Plots, red: pulsar modulation; black: pulsar pulses

In fact, this data exhibits the pulsar pulse modulation shape and phase but without the individual pulse amplitudes. The amplitude data, however can be recovered by using this pulse train to control a harmonic time gate, selecting the pulsar pulses from the filtered time data giving rise to the black plot of pulsar pulses; now including amplitude and pulse shape. Detail is shown in Figure 5. Note small individual pulses can still be corrupted system residual RFI and noise.
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Figure 5 Pulsar Pulse Modulation Detail

Conclusions

This document has described the processes required to identify and remove the  main RFI components from the data spectrum. 

On strong signals and where the RFI harmonics do not clash with the pulsar spectral components, a useful improvement in SNR is possible. However, with weak signals, although pulsar period and spectral components may be known, RFI filtering may not always be effective.

Extracting pulsar modulation properties by filtering, inverse transforming and then time gating gives useful information on amplitude scintillation of strong pulsars. The filtered data can then be folded to produce and improved SNR.

PW East July 2015
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		96		0.03607		1953320				0.03584

		97		0.03604		1953317				0.03586

		98		0.03605		1953336				0.03587

		99		0.03609		1953310				0.03584

		100		0.03602		1953318				0.03582

		101		0.03601		1953340				0.0358

		102		0.03604		1953311				0.03583

		103		0.0361		1953322				0.03581

		104		0.03607		1953324				0.0358

		105		0.03602		1953311				0.03584

		106		0.03607		1953337				0.03579

		107		0.03605		1953319				0.0358

		108		0.03608		1953313				0.03581

		109		0.03605		1953337				0.03586

		110		0.03605		1953314				0.03579

		111		0.03607		1953319				0.03582

		112		0.03611		1953338				0.0358

		113		0.03609		1953308				0.03583

		114		0.03605		1953323				0.03585

		115		0.03604		1953328				0.03587

		116		0.03611		1953313				0.03588

		117		0.0361		1953332				0.0358

		118		0.03607		1953318				0.03586

		119		0.03603		1953314				0.03582

		120		0.03604		1953338				0.03581

		121		0.03607		1953316				0.03589

		122		0.03608		1953314				0.03585

		123		0.03609		1953338				0.03587

		124		0.03603		1953310				0.03583

		125		0.03607		1953326				0.03588

		126		0.03608		1953328				0.03594

		127		0.03607		1953308				0.03594

		128		0.03608		1953334				0.03589

		129		0.03609		1953319				0.03593

		130		0.03606		1953317				0.03592

		131		0.03606		1953337				0.03598

		132		0.03601		1953311				0.03596

		133		0.0361		1953315				0.03599

		134		0.03611		1953341				0.03595

		135		0.0361		1953313				0.036

		136		0.03608		1953320				0.03597

		137		0.03601		1953327				0.03598

		138		0.03611		1953308				0.03601

		139		0.03609		1953337				0.036

		140		0.03608		1953321				0.03605

		141		0.036		1953313				0.03602

		142		0.03607		1953335				0.03608

		143		0.03604		1953313				0.03608

		144		0.03606		1953319				0.03606

		145		0.03607		1953342				0.03605

		146		0.03604		1953307				0.03604

		147		0.03607		1953322				0.0361

		148		0.03607		1953327				0.03608

		149		0.03605		1953311				0.03608

		150		0.03602		1953336				0.03608

		151		0.03606		1953319				0.03613

		152		0.0361		1953311				0.0361

		153		0.03609		1953338				0.03612

		154		0.03605		1953316				0.03618

		155		0.03604		1953316				0.0361

		156		0.03602		1953340				0.03616

		157		0.03608		1953306				0.0362

		158		0.03607		1953324				0.03613

		159		0.03605		1953330				0.03625

		160		0.03607		1953311				0.03615

		161		0.03607		1953332				0.03617

		162		0.03603		1953318				0.03621

		163		0.03609		1953314				0.03623

		164		0.03607		1953338				0.03622

		165		0.03606		1953316				0.03621

		166		0.03605		1953314				0.03621

		167		0.03606		1953340				0.0362

		168		0.03605		1953309				0.03616

		169		0.03606		1953325				0.03624

		170		0.0361		1953326				0.03616

		171		0.03607		1953309				0.03617

		172		0.03608		1953335				0.03621

		173		0.03602		1953321				0.0362

		174		0.03607		1953314				0.03618

		175		0.03607		1953335				0.03619

		176		0.03612		1953313				0.03621

		177		0.03618		1953316				0.0362

		178		0.03679		1953344				0.03625

		179		0.03774		1953310				0.03623

		180		0.03839		1953319				0.03622

		181		0.03805		1953327				0.03619

		182		0.03759		1953310				0.03624

		183		0.03706		1953149				0.03624

		184		0.03659		1952625				0.03623

		185		0.03644		1952610				0.03625

		186		0.03633		1952638				0.03628

		187		0.03625		1952616				0.03627

		188		0.03621		1952621				0.03629

		189		0.03615		1952642				0.03634

		190		0.0361		1952608				0.03624

		191		0.03609		1952623				0.03629

		192		0.03612		1952631				0.03628

		193		0.03615		1952615				0.03628

		194		0.03612		1952634				0.03631

		195		0.03601		1952621				0.0363

		196		0.03606		1952611				0.03628

		197		0.03605		1952641				0.0363

		198		0.03603		1952619				0.03632

		199		0.03609		1952616				0.03632

		200		0.03608		1952642				0.03634

		201		0.03602		1952609				0.03628

		202		0.03613		1952625				0.0363

		203		0.03606		1952633				0.03629

		204		0.03605		1952609				0.03628

		205		0.03606		1952635				0.03632

		206		0.03608		1952622				0.03634

		207		0.03607		1952615				0.0363

		208		0.03608		1952637				0.03627

		209		0.03602		1952617				0.03633

		210		0.03606		1952618				0.03632

		211		0.03607		1952643				0.03634

		212		0.03611		1952612				0.03631

		213		0.03602		1952622				0.0363

		214		0.0361		1952631				0.03626

		215		0.03615		1952608				0.03635

		216		0.03609		1952638				0.03632

		217		0.03608		1952625				0.03628

		218		0.03606		1952612				0.0363

		219		0.03607		1952636				0.0363

		220		0.03603		1952616				0.03628

		221		0.03604		1952619				0.03629

		222		0.03604		1952646				0.0363

		223		0.03605		1952609				0.03631

		224		0.03612		1952620				0.03632

		225		0.03606		1952631				0.03629

		226		0.03606		1952613				0.0363

		227		0.03602		1952636				0.03629

		228		0.03608		1952623				0.03628

		229		0.03614		1952611				0.03629

		230		0.03612		1952638				0.03631

		231		0.03603		1952619				0.03627

		232		0.03606		1952620				0.03631

		233		0.03604		1952643				0.03634

		234		0.03611		1952605				0.03629

		235		0.03603		1952623				0.0363

		236		0.03604		1952635				0.03627

		237		0.0361		1952614				0.03626

		238		0.03606		1952631				0.03628

		239		0.03605		1952622				0.03629

		240		0.03601		1952611				0.03629

		241		0.03607		1952638				0.03631

		242		0.03607		1952623				0.03635

		243		0.03608		1952614				0.03629

		244		0.03607		1952644				0.03634

		245		0.03602		1952609				0.03628

		246		0.03607		1952624				0.03624

		247		0.03611		1952633				0.03629

		248		0.03608		1952609				0.0363

		249		0.03607		1952635				0.03637

		250		0.03602		1952623				0.03634

		251		0.03606		1952615				0.03634

		252		0.03607		1952636				0.03634

		253		0.0361		1952616				0.03631

		254		0.03607		1952618				0.03633

		255		0.03603		1952646				0.03631
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