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Pulsar Pipeline (PulP)



  

What is PulP?
PulP is LOFAR Pulsar Pipeline for known pulsars. The essentiial goal of ti啵e P ulP  is tio geti ti啵e 
average profle of ti啵e pulsar(s) and provide a user witi啵 freq/tiime/p啵ase/pol datia cubes for 
furti啵er analysis. Iti is not ti啵e search pipeline, i.e. you can noti do periodicitiy and single-pulse 
searc啵es for a large range of dispersion  measure tirials. However, P ulP  can provide boti啵 
P SRFITS/fltierbank datia and raw datia convertied tio 8-biti  for furti啵er searc啵es. 

Disclaimer: In no way P ulP  can guarantiee ti啵e optiimal use of all ti啵e processing parametiers 
for every observatiion/pulsar. The defaulti parametiers are only meanti tio provide ti啵e good 
resultis for mosti observatiions based on our currenti knowledge in ti啵e autiomatied way. And 
serves tio give ti啵e frsti diagnostiics of ti啵e qualitiy of ti啵e datia.



  

What is pulsar?

Credit: Andrey Timokhin

rapidly rotiatiing
啵ig啵ly-magnetiised neutiron stiar,

«electiric lig啵ti啵ouse»



  

Outline:
● P ulP  overview

 briefy: P ulP  implementiatiion

● In a nutis啵ell abouti (de-)dispersion, folding 

● P ulP  fowc啵arti

 DSP SR pipeline

 P RESTO pipeline

● P ulP  outiputi datia

● P ulP  in ti啵e Norti啵Stiar

● P ulP  optiions



  

PulP overview
● Bookkeeping, service functiions

→ Logging
→ Clustier confguratiion/setitiings
→ User optiions
→ W啵ere inputi datia are?
→ Observing setiup (HDF5 metiadatia / parset)
→ Coordinatiion of processing datia for diferenti TABs/frequency partis
→ Feedback fles for LTA ingesti 

● The actiual datia processing

● Diagnostiic summaries and pipeline outiputi datia productis
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PulP overview
● Bookkeeping, service functiions

→ Logging
→ Clustier confguratiion/setitiings
→ User optiions
→ W啵ere inputi datia are?
→ Observing setiup (HDF5 metiadatia / parset)
→ Coordinatiion of processing datia for diferenti TABs/frequency partis
→ Feedback fles for LTA ingesti 

● Te actual data processing

● Diagnostic summaries and pipeline output data products

NB: P ulP  is stiill implementied in ti啵e LOFAR systiem as a «black box» via ti啵e wrapper ti啵ati 
calls ti啵e original P ulP  itiself. This slows down bug fiing and furti啵er improvementis quitie 
signifcantily, and ti啵e plan is tio tiruly incorporatie P ulp intio ti啵e centiral systiem as iti is ti啵e case 
for imaging pipeline(s).



  

PulP implementation
HDF5 

metiadatia or

Feedback



  

HDF5 
metiadatia or

Feedback

wrapper: pulsar_pipeline.pyobsolete

CEP4
cpuXX nodes

new

PulP implementation



  

@github 

https://github.com/vkond/pulp

https://github.com/vkond/dockers

https://github.com/vkond/LOF
AR-BF-pulsar-scripts

PulP:

Dockerfle for LOFAR

Various scripts

https://github.com/vkond

https://github.com/vkond/pulp
https://github.com/vkond/dockers
https://github.com/vkond/LOFAR-BF-pulsar-scripts
https://github.com/vkond/LOFAR-BF-pulsar-scripts
https://github.com/vkond


  

Pulsar sofware (needed by PulP)
● FFTW
● P GP LOT, + pyti啵on bindings
● TEMP O
● TEMP O2
● psrcati
● Sigproc
● PRESTO
● psrdada
● PSRCHIVE
● DAL
● DSPSR
● COAST_GUARD (writitien by P atirick Lazarus, for RFI eicision)
● LOFAR-BF-pulsar-scriptis

● in ti啵e futiure (needed for pulsar fui calibratiion):
 casacore
 pyti啵on-casacore
 mscorpol

Lofar-pulp Docker container has all this sofware installed:
https://github.com/vkond/dockers

https://github.com/vkond/dockers
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Dispersion



  

Dispersion

LOFAR LBA

LOFAR HBA



  

Dispersion

Crediti: Anya Bilous

P SR B2021+51 DM is of by only 3 pc/cc!

● DM [pc cm-3] measures ti啵e intiegratied column densitiy
of free electirons along ti啵e line of sig啵ti

● Can be correctied using (in)co啵erenti dedispersion

● Inco啵erenti dedispersion – s啵ifing c啵annels in tiime
● Co啵erenti dedispersion – requires complei-voltiage

datia and is more computiatiionally eipensive



  

Folding

Des啵pande & Rankin (1999)

P SR B0943+10

in a nutshell



  

PulP fowchart (1)

LOFAR
observatiion

User

P rocessing
optiions

P ulsar
parfles

Raw datia

HDF5 
metiadatia

SoS

PulP

Parfles: if parfles are noti given tioP ulP , ti啵en based on ti啵e tiargeti name iti will tiry tio
fnd ti啵e corresponding pulsar in ti啵e ATNF catialog. If no pulsar is found in ti啵e catialog,
P ulP  will look for ti啵e brig啵tiesti pulsar in a given SAP  and fold iti.



  

Pulsar ephemeris (parfles)

can be as simple as this:



  

Input raw data
● HDF5 formati
● Header informatiion (metiadatia) is stiored in *_bf.h5 fle
● The raw datia itiself is stiored in *_bf.raw fle
● This .raw fle is linked from witi啵in .h5 fle and can be accessed directily via 
opened .h5 fle

● Filename stiructiure:
 Lnnnnnn_SAP iii_Byyy_Sz_P mmm_bf.啵5

● Lnnnnnn – LOFAR observatiion ID (ObsID)
● iii – Sub-array pointiing (SAP ) number
● yyy – Tied-array beam (TAB) number
● z – Stiokes parametier, can only tiake values 0,1,2,3

● Stiokes I observatiion – 啵ave only S0 fles
● Stiokes IQUV observatiion: S0 – I, S1 – Q, S2 – U, S3 – V
● Complei-voltiage datia: S0 – Xreal, S1 – Ximag, S2 – Yreal, S3 – Yimag

● mmm – Frequency parti, i.e. w啵en every fle 啵as only fractiion of subbands



  

PulP fowchart (2)

LOFAR
observatiion

User

P rocessing
optiions

P ulsar
parfles

Raw datia

HDF5 
metiadatia

SoS

PulP

Conversion
tio raw 8-biti

datia

Conversion
tio P SRFITS

optional

except for CV data P RESTO pipeline

DSP SR pipeline

Core processing

CV datia + 
metiadatia



  

Data conversion
● Conversion tio raw 8-biti datia (optiional)

 digitize.py
 writitien by Martien van Kerkwijk
 available ati: 

https://github.com/mhvk/scintellometry/blob/master/scintellometry/lofar/digitize.py

 digitize.py -s 5 -o <output dir> <input .h5>

● Conversion from raw 32-biti datia tio P SRFITS (for non-CV datia)
 custiom-made program 2bf2fts
 writitien by Tom Hassall, P atirick Weltievrede, witi啵 contiributiion from Vlad Kondratiiev
 currentily available ati LOFAR Users Sofware Repositiory
 will make iti available ati Giti啵ub as well
 does noti save scales/ofsetis in P SRFITS
 needs major revisitiing…

 Command eiample (very detiailed inputi):
● 2bf2fts  -CS -H -append -nbits 8 -A 100 -sigma 3 -nsubs 400 -sap 0 -tab 0 -stokes 0 -o 

L667444_SAP0_BEAM0 -nsamples 24 -nchans 16 -ra 2.15980858832 -dec 1.30000703891 -psr 
B0809+74 -clock 200 -band HBA_110_190 -startdate 2018-09-12 -starttime 20:17:00.000000000 
-samptime 0.0104858 -duration 299.977 -subs 54..453 -obsid L667444 -observer Pizzo  
/data/projects/PipelineTests/L667444/cs/L667444_SAP000_B000_S0_P000_bf.raw

https://github.com/mhvk/scintellometry/blob/master/scintellometry/lofar/digitize.py


  

DSPSR Pipeline (1)
dedispersion/

/folding

creatiing
fltierbank fle

dspsr -O <outiputiname> -b <nbins> -A -L <tisubinti> -q -E <parfle> -ti 2 <dspsr extra user options>
OR:   dspsr -O <outiputiname> -b <nbins> -A -q -E <parfle> -ti 2 <dspsr extra user options: -s + other opts>

<nchan> - number of c啵annels in a given frequency parti. If number of c啵annels = 1, ti啵en <nc啵an>=2

if Single Pulse Analysis = TRUE 

digifl -q -B 512 -b 8 -F <nchan> -D <dm> -o <outiputiname> <digifl extra user options>

<nbins> - calculatied autiomatiically based on ti啵e sampling tiime and F0/P 0 from ti啵e parfle.
                  Maiimum possible <nbins>=1024

for every TAB, PSR, and frequency part

combining
frequency 

partis
for every TAB 
and PSR

Summary
plotis

Input data for dspsr:
 CV data: any one .啵5 fle for a given 
frequency parti;
 Stokes I/IQUV data: P SRFITS fle from 
ti啵e previous conversion stiep.

Tarball for
a given TAB and
frequency parti



  

DSPSR Pipeline (2)
add frequency
partis tiogeti啵er

zapping
junk c啵annels

combining frequency parts;
for every TAB, PSR

psradd -R -m tiime -o <outiputiname>

RFI eicision

if nchan/sub > 1

paz -z <list of channels to zap> -m 

<list of channels to zap> - if ti啵ere are 16 c啵an/sub, we need tio zap every 16ti啵 c啵annel, ti啵en listi becomes «0 15 31 47...»
  This is necessary, as w啵en 2nd P P F is used, ti啵e frsti c啵annel in eac啵 subband getis corruptied

clean.py -F surgical -o <outiputiname>
OR: paz -r -e paz.ar      [if nsub * nchan > 512000]

Dedispersion pam -D -m 

Fscrunc啵ing pam --setinc啵n <nsub> -e fscr.AR 
We also fscrunch non-RFI-zapped archive

if Skip RFI check = FALSE 



  

DSPSR Pipeline (2, cont.) combining frequency parts;
for every TAB, PSR

Fscrunc啵ing pam --setinc啵n <nsub> -e fscr.AR 
We also fscrunch non-RFI-zapped archive

adding 
fltierbank

fles from all 
frequency 

splitis tiogeti啵er

if Single Pulse Analysis = TRUE 

sigproc_splice -a -o <outiputiname>

RFI eicision
rffnd -o <outiputiname> -noclip -blocks 16 <rffnd extra user options>

dedispersed
tiime series

prepdatia -noclip -nobary -dm <DM> -mask <rffnd_mask>
-o <outiputiname> <prepdata extra user options>

We also run prepdata without rffnd mask fle

single-pulse
searc啵

single_pulse_searc啵_lotiaas.py --no-widti啵-label

In a way this is partly 
PRESTO pipeline within 

DSPSR pipeline for single 
pulses

...



  

DSPSR Pipeline (3, cont.) combining frequency parts;
for every TAB, PSR

make
diagnostiic

plotis

...

pav -SFTd -C   for CV data    OR    pav -DFTpd -C   for non-CV data 
pav -GTpdf<fscrunch_factor> -C
pav -Yfpd -C
pav -j
rmfti -m -100,0,100 -D
rmfti -m 0,100,100 -D

and combine all them together in a single plng-fle

<fscrunch_factor> = Nsubs / X, w啵ere X = 啵ig啵esti common denominatior of Nsubs betiween 1 and min{Nsubs, 63}

optiimizing 
P eriod/DM

pdmp -mc <Nsubs> -mb <min{128,Nbins}>

updatiing 
arc啵ive fle witi啵
improved P /DM

pam -e pdmp.AR -d <new DM> --period <new P eriod>

make
diagnostiic

plotis
same commands and diagnostic plots 
as for original archive fle



  

DSPSR Pipeline (4)
Summary plots

combining
diagnostiic

plotis for all P SRs
and TABs

...

montiage

making
tiied-array
啵eatimap

plotis

if Number of TABs > 1

ploti_LOFAR_TA_multiibeam3.py ...

making
tiied-array
啵eatimap

plotis

if Single Pulse Analysis = TRUE 

RRAT_啵eatimap2.py ...

summary
tiarball



  

Diagnostic plots (1)
stiatius.png
*_diag.png
*_diag_pdmp.png

pav
rmft



  

Diagnostic plots (2)
stiatius.png
*_diag.png
*_diag_pdmp.png

pav



  

Diagnostic plots (3)
*_pdmp.ps

pdmp



  

PRESTO Pipeline (1)
RFI eicision,

zapping
junk c啵annels

making
diagnostiic
dynamic 
spectirum

for every TAB, and frequency part

rffnd -o <outiputiname> -psrftis -noclip -blocks 16 -zapc啵an 0:X:Y <rffnd extra user options>
   X = Nc啵an-1
   Y = Nc啵an/sub

if Skip dynamic average = FALSE

subdyn.py -psrftis -saveonly -n <samples_tio_average> ...

Dedispersion/
/Folding

P repfold -noscales -noofsetis -noiwin -psr <psrname> -par <parfle> -n <nbins> -nsub <nsubs>
-fne -nopdsearc啵 -mask <rffnd_mask> -o <outiputiname> <prepfold extra user options>

We also run prepfold without rffnd mask fle

<nbins> - calculatied autiomatiically based on ti啵e sampling tiime and F0/P 0 from ti啵e parfle.
                  Maiimum possible <nbins>=1024
<nsubs> - if Nc啵an > 512, nsubs = 512. Oti啵erwise, nsubs = Nc啵an

for every PSR

make 
diagnostiic

plotis

converti
montiage profle ti啵umbnails

...



  

PRESTO Pipeline (2, cont.)
for every TAB, and frequency part

dedispersed
tiime series

for every PSR

...
if Single Pulse Analysis = TRUE 

prepdatia -noscales -noofsetis -noclip -nobary -dm <DM> -mask <rffnd_mask>
-o <outiputiname> <prepdata extra user options>

We also run prepdata without rffnd mask fle

single-pulse
searc啵

single_pulse_searc啵_lotiaas.py --no-widti啵-label

dedispersed
tiime series
for a range 

of DMs

if RRATs analysis = TRUE 

prepdatia -noscales -noofsetis -noclip -nobary -dm 0.0 -mask <rffnd_mask> -o <outiputiname>
<prepdata extra user options>

We also run prepdata for DM=0.0 without rffnd mask fle
prepsubband -noscales -noofsetis -noclip -nobary -nsub <nsubs> -lodm <lodm> -dmstiep 0.01 

-numdms 1000 -mask <rffnd_mask> -o <outiputiname> <prepsubband extra user options>
We also run prepsubband without rffnd mask fle

single-pulse
searc啵

single_pulse_searc啵_lotiaas.py -p -g *.dati
single_pulse_searc啵_lotiaas.py -ti 5.5 —no-widti啵-label -g *.singlepulse
Also running similar command but excluding DM=0

<nsubs> – greatiesti common denominatior of Nc啵an
betiween 1 and 1024

<lodm> – DM - 0.5*dmstiep*numdms. 
                   If lodm<=0, ti啵en lodm=0.01



  

PRESTO Pipeline (3)
for every TAB, and frequency part

single-pulse
searc啵

for every PSR

...

Tarball for
a given TAB and
frequency parti

Summary
plotis



  

PRESTO Pipeline (4)
Summary plots

combining
diagnostiic

plotis for all P SRs
and TABs

...

montiage  → combined.png

making
tiied-array
啵eatimap

plotis

if Number of TABs > 1

ploti_LOFAR_TA_multiibeam3.py ...

making
tiied-array
啵eatimap

plotis

if Single Pulse Analysis = TRUE 

RRAT_啵eatimap2.py ...

summary
tiarball

FE observations

FE stiatius
diagnostiic 

plotis

lofar_stiatius_map.py

diagnostic plots are merged
with DSPSR diagnostic plots
→ status.png



  

Diagnostic plots (1)
*_rffnd.ps

rffnd



  

Diagnostic plots (1, cont.)
*_rffnd.ps

rffnd



  

Diagnostic plots (2)
*_pfd.png

prepfold



  

Diagnostic plots (3)
combined.png

prepfold
multiple TABs



  

Diagnostic plots (4)
stiatius.png

for FE observations



  

Diagnostic plots (4, cont.)
for FE observations

stiatius.png



  

Diagnostic plots (5)
multiple TABs

TA啵eatimap_*.png



  

PulP output data
● Raw datia in 8-biti formati (optiional)

● Raw .啵5 metiadatia fles

● P ulsar datia cubes (boti啵 from P RESTO and DSP SR pipelines)

● P RESTO pipeline:
 rffnd mask
 P SRFITS fltierbank datia

● DSP SR pipeline:
 filtierbank fle(s) w啵en SP  analysis was done (optiional)

● Single-pulse datia (optiional)
 .singlepulse
 Single-pulse plotis

● Diagnostiic plotis
 P loti witi啵 multiiple profles (multiiple TABs, etic.) – combined.png
 DSP SR diagnostiic plotis – status.png
 Localizatiion maps – TAheatmap_*.png



  

  NorthStar: PulP (1)
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  NorthStar: PulP (2)
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  NorthStar: PulP (2)
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  NorthStar: PulP (3)



  

  NorthStar: PulP (4)
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  NorthStar: PulP options (1)
● Skip RFI c啵eck

 all RFI eicision commands will be skipped  (rffnd, paz, clean.py, subdyn.py)

● Skip folding
 No folding will be done
 For CV datia, noti啵ing will 啵appen unless Single P ulse Analysis = TRUE, or conversion tio 8-biti is 

requestied
 For non-CV datia, prepfold will noti run, only 2bf2fts tio creatie P SRFITS fle and rffnd

● Skip pdmp
 pdmp will noti run in DSP SR pipeline

● Skip dspsr
 DSP SR pipeline will noti run

● Skip prepfold
 prepfold will noti run

● Single pulse analysis
 Single pulse searc啵 parti of boti啵 P RESTO and DSP SR pipelines will noti be carried outi

● RRATs analysis
 RRATs parti of ti啵e P RESTO pipeline will noti be carried outi 



  

  NorthStar: PulP options (2)
● Skip dynamic average

 instiead «average» s啵ould read «spectirum»!
 subdyn.py will noti run

● Lengti啵 of subintiegratiion (sec)
 Specify sub-intiegratiion lengti啵 for dspsr command (ti啵ati goes witi啵 -L optiion)
 By defaulti iti is 5 sec for CV datia and 60 sec for non-CV datia
 If -s optiion is specifed by a user in Dspsr eitira optiions, ti啵en ti啵is optiion is ignored

● Converti HDF5 32-biti raw datia tio 8-biti
 Self-eiplanatiory, tio run digitize.py 

● Clip ti啵ers啵old (in unitis of sigma)
 Clip ti啵res啵old for digitize.py. Above ti啵is ti啵res啵old raw datia will be clipped. Defaulti value is 5.0

● Sigma limiti in conversion from raw HDF5 tio P SRFITS
  Same as for convertiing from raw 32-biti tio raw HDF5 8-biti, buti rati啵er tio P SRFITS datia using 

2bf2fts command. Defaulti value is 3

● Number of blocks read ati once in conversion tio P SRFITS
 Detiermines ti啵e lengti啵 of datia w啵ere ti啵e running mean/rms is calculatied w啵en convertiing tio 

P SRFITS using 2bf2fts. The larger ti啵e number, ti啵e longer ti啵e tiime window for calculatiion. 
Defaulti is 100



  

  NorthStar: PulP options (3)
● P repfold optiions

 prepfold eitira user optiions

● P repsubband optiions
 prepsubband eitira user optiions

● RFIfnd optiions
 rffnd eitira user optiions

● Dspsr optiions
 dspsr eitira user optiions

● Digifl optiions
 digifl eitira user optiions

● P repdatia optiions
 prepdata eitira user optiions

● Eitira optiions tio converti from raw HDF5 tio P SRFITS
 2bf2fts eitira user optiions



  

  NorthStar: PulP options (4)
● P ulsar

 P ulsar name for folding without «P SR» prefi
 Several (mai 3) pulsar names can be specifed separatied by commas, no spaces
 Folding will be done for ti啵e frsti 3 pulsars
 If no pulsar name is given, ti啵en tiargeti name from ti啵e observatiion specifcatiion will be used. 
 User musti provide Science Supporti witi啵 ti啵e necessary ep啵emeris fles (parfles)
 If parfles are noti given, P ulP  will use ep啵emeris from ti啵e ATNF catialog
 If given pulsar is noti known by ATNF and parfle is noti provided, P ulP  will searc啵 for ti啵e 

brig啵tiesti pulsar in ti啵e FoV of ti啵e SAP  and fold ti啵e datia for ti啵is brig啵tiesti pulsar
 Instiead of pulsar name, special words can be used, suc啵 as:

● «metia» – use tiargeti name for eac啵 SAP  separatiely in ti啵e HDF5 metiadatia
● «parseti» - use tiargeti name from ti啵e observatiional parseti fle for eac啵 SAP  separatiely 

(obsoletie)
● «sapfnd» – fnd brig啵tiesti pulsar in ti啵e FoV for eac啵 SAP 
● «sapfnd3» – fnd 3 brig啵tiesti pulsars in ti啵e FoV for eac啵 SAP 
● «tiabfnd» – fnd brig啵tiesti pulsar in ti啵e FoV for eac啵 TAB
● «tiabfnd+» – look for pulsars frsti following «metia». If no legitiimatie pulsar is found, ti啵en look 

for pulsar following logic of «sapfnd». If no pulsar found ti啵en look for iti following logic of 
«tiabfnd»

 «NONE» as a pulsar name is ignored



  

  PulP options (advice from the experience)

● For CV datia:
 Dspsr optiions:  -U minX1 -t 1
 Defaulti subinti tiime is 5 s, so for pulsars witi啵 P >5 s, consider using larger Lengti啵

of subintiegratiion, or make subintiegratiions equal tio pulsar period (add optiion -s tio 
Dspsr optiions)

● For non-CV datia:
 Eitira optiions tio converti from raw HDF5 tio P SRFITS:  -nsamples 8192
 Number of blocks read ati once in conversion tio P SRFITS:  6
 RFIfnd optiions: -blocks 1
 For s啵orti observatiions (<~ 3 min), c啵ange ti啵e defaulti Lengti啵 of subintiegratiion of 60 s 

tio a smaller number (5 — 10 s)



  

  PSRCHIVE  confg fle
● To process low frequency observatiions iti is very importianti tio 啵ave good parametiers in 
your P SRCHIVE confguratiion fle psrchive.cfg

 P ossible locatiions of ti啵is fle:
● ~/.psrc啵ive.cfg
● ec啵o $P SRCHIVE_CONFIG

 If you do noti 啵ave iti, ti啵en you can run psrchive_confg w啵ic啵 will printi ti啵e contientis of 
confguratiion tio stidouti. Redirecti ti啵e inputi tio ti啵e fle, and inspecti iti tio 啵ave proper values.
● psrchive_confg > ~/.psrchive.cfg

● W啵ati tio pay atitientiion tio:

 Dispersion::barycentiric_correctiion. S啵ould be ON
● Dispersion::barycentiric_correctiion = 1

 FrequencyAppend::weig啵ti = none
 Weig啵tiedFrequency::round_tio_kHz. S啵ould be OFF (we need maiimum precision!)

● Weig啵tiedFrequency::round_tio_kHz = 0

 Also possibly consider:
● FrequencyAppend::force_new_predictior = 1
● P redictior::defaulti = tiempo2
● P redictior::policy = defaulti
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Lunch 
Time!


