Amateur PuisarDetect’ion Using
*EME Equipment

%

1) 7,3m Offset Dish,
Airspy SDR, RTL-SDR ) |

2) 3m (Hybrid)Dish,

‘  Airspy SDR, RTL-SDR

3) 23 element Yag,

RTL-SDR

> s N



Results wifh 7.3m Offset Dish

\ f 1/ / Software: o4 pU|SarS
N\l [ .
/(/ / IW5BHY detected
Presto T 0 18 0n 23em,
5 ' 11 both bands
Weakest:

70cm BO626+24:.
31y

23cm B1845-01:
- #8.6mly



Results W|th 3m Hybrld Dish

4 pulsars
detected

* 70cm:

B0329+54
BO950+08 -
B1642-03
B1929+10

232:m: |
BO329+54
@




Result with 23 Element Yagi

B0329+54 detected
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SHIFT ppm STATUS

#SAMPLES TO SKIP #REJ REJ%
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Setup Block Diégram




How to achieve success the easiest way:

) ' Chogse 70cm band: .
Pulsars have in‘general best S/N around 400MHz

~ RXwith RTL-SDR: " - *
Cheap, limited to 22MHz bandwidth,: - |
- choose a high quality device! (accuracy<lppm)
Use IW5BHY: software:

For Windows, easy.to Iéarn, limited to 2 MHz

) (Professional Presto Software needs Linux OS, offers more possibilities,
but is more difficult toNearn, not well documented

Y 2 e o @

”~ " -



First install USBdrivers and SDR# software followmg these
Instryctions: .

Next step is to test the hardware, ruaning SDR# software:

Adjust RF-gain:
noise difference minimum 15dB switching ON/OFF the preampllfler

Check sun noise: :
should be minimum 6dB at SFI=70

Look for the best 2MHz with low RFI:
constant carriers are less a problem compared to (for example)
Intermittent broadband noise. .. ‘

If necessary and possible reédjus¢ the filter for a flat noise floor within the

2 MHz passBand : - : - 2

-~ -
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.1.recording and storing data to HD
* 2. calculating pulsar frequency
3. analyzing the stored data

First install Labview Runtime Engine

1'Recordirntg

Edit rtl_tcp.bat and run it

rtl_tcp_422 - Editor = || B | (]

Datei Bearbetten Format Ansicht * The SDR will wait now for
. the Labview program

filterbank _4ch_2k.exe

to read data from it

-------------

For tracking the pulsar you cam use a.nice piece of software written by IONAA:

o
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Open filterbank_4ch_2k.exe now,
modify recording length (example. 7200 seconds), choose a bin data
filename inan existing folder and if you like the start time.

[i# filterbank dch_2K.vi

Datei Bearbeiten Ausfihren Werkzeuge Fenster Hilfe

iy | @)
ﬁ START
20:27 Current time
13:55 Start time
START MOW!

ACQUISITION PARAMETERS
OUTPUT FILE

DAPULSAR_DATAY
b test.bin

7200 ACQLlengthised

400,0 CUTOFF FREQ

OBSERVATION BW : 2MHz
FITERBEANK FORMAT: 4 channels , 2Ksps

SIGNAL MONITOR (I/Q)

MOMNITOR OMN/OFF

Start the Labview
recording software
(red arrow), and if you

_wantito start the

recording immediately
click at START NOW
(yellow arrow).

You should see the
‘cloud’ now, file'length
of the *.bin will be '
57,6 MByte per hour

' of recording



2. Calculating pulsar frequency

place folder tempo directly to drive C:\
Edit obsys.dat (once) for your QTH .
Edit tz.in and run tz.bat, the file polyco.dat will be updated

A more detailéd description you find at:

{2 readpoly.vi

Datei Bearbeiten Ausfihren Werkzeuge Fenster Hilfe

Now run the first
. POSYEO FILE
Labview program % T

readpoly.vi
p y PULSAR MAME
DATE
UTC {(hhmms
0000 | MiD COBESERVATORY
SECOMDS g DATA SPAM [+/- hours)
oM

M COEFF 1,3091407252738029E-13

DOFPLER (ppm}
RMS RESIDUAL
»
' 4 ,27250E-] RMS RESIDUAL [sec)



https://www.qsl.net/oe5jfl/pulsar/detecting_pulsars.pdf

-

Running the second Labview program Fcalc_OBS.vi will provide
the result Fmean, the value to use for analyzing.

K
[iZ] Fealc_OBSwi

Datei Bearbeiten Awusfihren Werkzeuge Fenster Hilfe

Set date, time and
duration of the
observation, then
run the program

If the little OK lamp will not be
coloured green but black

) N o Plot 0
instead, the observation time - |
might be too long or some e
mistake was made doing the 36,7-

36,6-

previous steps

o 36,5-

a "' o 0 1000 zﬂbﬂ 3Dhﬂ %Dhﬂ ﬁnhﬂ 5Dhﬂ ?Dhﬂ BDhD

Secs




3. Analyzing the recordéd file

For analyzing the recorded *.BIN file | recommend to check it first with
recviewer, to see how to set upper and lower limits fort he folding
process. This is important for example to suppress pulses caused by RFI,
and to avoid indication of fake pulses.

’
n Ausfihren Werkzeuge Fenster Hilfe
Samples to skip
A I I ‘ Cursors: }{
S an exam p e i . '['LLl'rf"fl'TT 0 243968 || REJECTED. '| 0,142343 |} SREJECTED
b Bh.bi :

took a 6 hours
observation of
B0329+54
(Aug 14t 2018)

I [ PRI YA N

e Lokl ol I L Nl s bt ot 1 in e s e sl k| L

Samples

360 MINUTES




Now all is prepared to try to find a
pulse in the observation *.BIN file!

PULSAR PARAMETERS

= | INFILE

Open simple foldlng

For some values you can use default numbers.
Insert the value for #PULSES INTEGRATION,
for the B0329+54 this is 5000 per hour.

Then set upper and lower limit from recviewer,
in the example 10000 and 5000.

SHIFT ppm

#5AMPLES TO SKIP

#PULSES TO 5KIP

For FO take Fmeah from calculation by tempo
(note the difference between the values of
Aug.14th to Oct.30th).

Running the program now, we see the pulse!

#SAMPLES TO SKIP is for centering the pulse T R T
in the dlSplay DE-DISPERSED PROFILE
Especially for long observations the frequency
error oft he RTL-SDR can be an issue.

In the example the value for compensatlon IS
-0,08 ppm.

g 1 1 1 1 1 1 1 1 1 1 1 1
L4 0 100 200 300 400 500 1000 1100 1200 1300 1400 1500




The program waterfall is also a nice tool

[iZ waterfall.vi

Datei Bearbeiten Ausfihren Werkzeuge Fenster Hilfe

In this example you see that
during the observation there
was strong RFI several
times. |

Those parts of the
observation are eliminated in
the waterfall (black parts),

and also for folding. -J| 000150 | [SCESI
‘ X E Filter type
Without suppressing the WINDOW

parts with RFI the result
would be lower S/N.

‘ 9 [i}x;‘zul:-ar"u_cletecticn', & | INFILE
Try it and have fun! T ooo0 ) SRERROR (Dangle) pp
. 2 “. 000 = SHIFT ppm
X ) #SAMPLES TO SKIP 100 125 150 175 200 225 250
’ ' . Pulses (decimated)




Speciél thénks go to Andrea, IWSBHY and his
son Giorgio for making the software
available!!

Now a few more interesting results |
obtained over the lagt two years:

Crab pulsar including giant pulses
Example for the influencé by dispersion

Parallel observatio\n with different bandwidth

\
o and software - w



Young pulsar, exists since a supernova explosion in 1054
(observed on earth as a star even visible at daylight for about two years)

Rotates 30 times per second
Fast speed slowdown: 1% in 25 years, 1ppm in less than one day!

Highly dispérsed : 6,4 ms per MHz is mbré than the pulse width,
at 10 MHz bandwidth dispersion is 2 periods!

produces “giant pulses”

In an observation file offB0525+21 the Crab signal was
found as well with good S/N, including giant pulses

L4

N



2 Pulses of Best Profile

Condidate: 33.74ms_Cand R”"Jzuou = (05:33:60.0000
Telescope: Unknown Folding Parameters
Epachy,,, = 57978.01B634250926 DOF,, = 32.10 = 105.23]
Epoch = MW/A Dispersion Measurenﬁ}h'l; pc,-‘cm"_)
= 0.001 Piogo (Ms) = 53.?3501200(%59)
21504000 Plopa (3/8) = 0.0(1.4)x107"
3198 (s/5%) = 0.0(4.3x107"7
2238 Binary Poramaters
400 Py (s) = N/a
1.718e+08 u.lsin{i]/t. (8) = M/A
5198+04 T, = N/A

bary

sample

Data Folded
Data Avg
Data StdDav
Profile Bins
Profile Avg
Profile StdDev

topo
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1

T
424

T
422

PR EEFEETTI AR R ——

0.6
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T

0.2

100

Reduced xz
50
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o
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Reducad )(2

folding without frequency tracking
'

Candidate: PSR_0531+21 A 000
Telescope: Unknown

Epachy,,, = 57978.050000000' DOF,, = 32.10 g
Epathyg, = M A

sample

Data Folded

Data Awg

Data StdDav
" Prafile Bins

= 05:33:60.0000

0.0
21504000
3198
204.2
400 Py (3) = N/A
Prafile Avg 1.718e+08  a,sinli)/c (5) = N/A
Profile StdDev = 4.735e+04 T, = N/A

ul

topo

mnmmmn

o T T

T
I TN T TR T T [N TR T T T [ T T 1

0.4 X
Fraction of Observation

T T
422 424

418

LI L I R |

A PP FPP IS
100 50 0
Reduced xz

folding with frequgncy tracking

Best Fit Parameters
= 130.757
Dispersion Measurer?[}h'l; pe/fem®)
Piopo (Ms) = 33.73599809
P'iope (8/8) = 0.0(1.2)x107
(=/5%) = 003810777
Binary Porameters

420

3°)

Frequency (MHz)




L software: IW5BHY

SINGLE PULSE SEARCH _
SINGLE PULSE SEARCH
SNR_THR e SNR
L 25INGLE : \ c : SNR_THR 2SINGLE

EER
RERR

[N
2 14 16
Time

NERRERE

<

;
|
o B

EEE

<
X

Single Pull
1

9

NEEEE

EEEEEEEEEEEEE
R

O
12 14 18
Time

3 best gigt pulses (high limit) * 21 best giant pulses, @ne interpulse



period 388ms, pulsﬁe width 4ms
dispersion DM=35,76 =2 4ms/MHz (40ms/10MHz)

Candidate: 387.66ms_Cand RAJ?_EIDD = 03:32:55.3700 Caondidate: 387.66ms_Cand Rﬁmou = 03:32:55.3700

Talescope:  Unknown Folding Parameters Telescope:  Unknown Folding Parammrs

Epochy,,, = 58153.114703571 DOF,,, = 389.54 7, 17.308 Epothy,,, = 581531147035 DOF,, = 389.54 108.038

Epochyg, = N/A D|sper3|on Meosure deM pefem’) Epochy,, = N/A Dlspersmn Measure {E"M pe/fem™)
0.0005 Piopo (Ms) = 3B7.658170(55) sampl 0.0005 Piogo (Ms) = 387.6581700(99)

28723200 P'y,, (s/3) = 0.0(3.0)x10” " Data Folded 28723200 P'y,,, (3/3), = 0.0(5.4)x10"

3220 Pl (3/5%) = 0.0(1.3)x107" Data Avg 3220 Pipe (5/3%) = 0.0(2.4)x107"®

182.7 Binary Porameters Data StdDev 182.7 Binary Parameters

=00 ety (5} = N/A Praofile Bins 500 P (3) = N/A

1.85a+08 a 5,,-,( }/e (s) = N/A - Prafile Avg 1.83e+08 a sin(i}/c (s) = N/A

Praofile Avg
Profile StdDev 4. 38e+04 T M A Profile StdDev 4.38e+04 Tpm = N/A
. vy " uy

'.'.'.I.'.'I:..,..,..,...-— & T T — & T T

sample

Data Folded
Data Avg
Data StdDev
Profile Bins
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10

T I T R T T
L

0.6

Frequency (MHz)
0.6

Frequency (MHz)

T
418
EREa R
T
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0.4
Fraction of Observation

0.4
Fraction of Observation

I

arpadgl ..'LI. R -.I.:I'.: s faleaeleela difference: 10% of peripd

PRI S | Laoos sy PRI W SR S S S T |

(=]
4] 0.5 1 1.5 15105 € 0 0.5 1 1.5 100 50 © 20 30 40 50

Phase Reduced xz Phase Reduced xz M (pcjcmaj
b1642_70_4h.fil b1642_70_4h.fil

folding without de-dipersion: folding with de-dispersion:
pulse smeared, low S/N pulse very sharp, high S/N




2 Pulses of Best Profile Search Information

Candidate: 714.52ms_Cand RAgnpp = 03:32:58.3700 DEC 3000 = 54:34:43.5700

Telescope: Unknown Folding Parameters
6 h r r | I I 2 M H nd 10 M H Epochy,,, = 58264.50001157408  DOF,, = 36329 )’ = 10,583 P(Noise) » 0  (53.70)
0 u S, pa a e Z a Z Epochy,, = H/A D\sparaum Measure {EGM pefem®) = 25.974
aamele = 0.0005 Piogo (M8) = 714.521300(43) Py, (ms) = N/A
\ . Dato Folded 43161600 Pliape (8/8) = 0.0(1.5)x10 N Play (s/3) = N/A
Data Avg 511.6 Pliogo (3/5%) = 0.0(4.6)x107'%  Pr (s/5%) = N/A
Dato StdDev 54.94 Blnury Porameters
5 K Profile Bins 400 By (5} = N/A e = N/A
\ &= |INFLE [ = - - Profile Avg 5.521e+07 a sm{.)/c (s) = N/A w (md) = N/A
2mhz_ may26_b.bi 1,3995381000 O - Prafile StdDev = 1.805e+04 N/

part =

Ll
= mtmirrt asaaabe + T T T g

SRERROR (Dongle) ppm = || DISPERSION (mS/MHz) TR ,,W\w//\\w\m

o STATUS T AT T U

W AP,

Reduced x°

422.5

107 sxe™ 0 —Sx107" -0
P—dot (s/s)

N

s it
Periad — 714 52130009 (ms)
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|| #sAMPLES TO SP St I ! i
il -ﬂ.u M..lw e
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RERE i

| #PULSES INTEGRATION | 12 | FeReap] | 215785 | SeiME =

0.6

2
L
T
! 422
Frequency (MHz)
Reduced »°

200 | KSpiieeeo sk | a31s7ts | [y || 43157115 | [eappy

0.4
Fraction of Observation
T
4215

Freq — 1.399538 (Hz)

-1 —sx107" sxig™

Finiamy 1y |\|||I||| nimy || bl |m|||

1 = 3000 bl Yy it .‘
JUPTH| - | LOWTH pulsewidth (ms) LR I

7500
4 A
, af

v} il :I l| ! II‘I\
VIDEO FILTER et oot

0.2
10

P-dot (s/s)
107 8167 0 —BxiaT0

Reduced xz
5

MEASUREMENTS

1stPEAK  maxindex 2nd PEAK 154/2nd : .1I0 é Do

- 1 f . : : 2 3 Feriod — 714.52130000 (ms
0,00444 700 0,000951 465 014 Phase Reduced ¥’ DM (pc/em™) {ms)
| ) A ’ | ] Z ’ b0329_2mhz_may26_b.fil DE—May—2018 23143

PROFILE v Z Pulges of Best Frofile Search Infermation
IW5 B H Y Candidate: 714.52ma_Gand RAynge = 03:32:59.3700 DEC 05 = 54:34:43.5700
X Telescope: Unknown i t
'

Folding Parameters
Epochy,,, = 58264.06252082963  DOF,, = 379.25 %, = 21.893 P(Noise) ~ 0  (94.34)
Epochyg, = N/A Dlspersmn Meosure (DM; pc/om”) = 26.005
0.001 o (Ms) = 714.522900(49) Py, (ms) = N/A
21504000 F"ﬁm (s/s) = 0.0 B)107" P (s/s) = N/A
3188 Pl (8/57) = 0.0(5:3)x107'% Pl (s/s%) = N/A
108.5 Binary Parameters
Profile Bins 500 Poy (5) = N/A = N/A
1.371e+08 asin(i}/c (s) = N/A [rud) = N/A
N/A

Profile Avg
2.256+04 T

Profile StdDev ot =
Sxig'® o —5xi0™"®

- (4 T T
P—dot (s/8)

N

T U0 0 —2xI0axio
Periad — 714.52290000 (ma)

0

Tﬂﬂlvln

Data Folded
Data Avg
Data StdDev

Amplitude (dB)

.
424

9 5 101520

Reduced ¥°

R A e R e e I U
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
Time (ms)
DE-DISPERSED PROFILE Pict0
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T
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L
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T
420
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L
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T
418

0,004 -1
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0.4
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Freq — 1.399535 (Hz)

-sx10* o sx107?

0,002

Amplitude (dB)

Reduced )f
0 5101520
P-dot (s/8)
[ ]
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2015105 Do 20 4‘0 e T gy et
Phose Reduced y* BM (pe/em™) Period — 714.52230000 (ms)
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thank you
for
your attention



