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Intro Dwingeloo Telescope / CAMRAS

Discovery two nearby galaxies: Radio amateurs and amateur radio
Telescope built Dwingeloo | & Dwingeloo 2 astronomers form CAMRAS Restauration
1956 1956—-1998 1996 1998 2007 2009 2012
research (mainly hydrogen lines) End of professional career National monument
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Things we observe
with the DT

e Continuum sources, occultations
* Spectra: hydrogen line et al.
e Pulsars

* FRBs? Magnetars? (not yet)




Relatieve intensiteit

Cross scans / continuum demonstration
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Hydrogen line demonstration

4 HI demo A - O X

Dwingeloo HI live
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LAB mapped onto Milky way map

Projection following SALSA project

7130




Hydrogen line demonstration

Dwingeloo HI live
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Dwingeloo | & 2, 1994
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FIG. 1 Spectrum of H i emission from Dwingeloo 1 (Dwl) abserved with
the Dwingeloo 25-m radio-telescope (55-min integration). The radio-
telescope has a 1,024-channel digital autocorrelator spectrometer and
a system temperature of ~40 K. The velocity is relative to the local
standard of rest, the intensity in terms of the antenna temperature,
Ta (1 K=7.5 Jy). The instrumental profile (baseline) was minimized by
position switching (on—off ). The spectrum is displayed after one Hanning
smoothing, and residual baseline subtraction. Dwl has peak intensities
at 1.4 and 1.2y, and a full velocity-width (20%) of 200 kms ™.
Dwl displays the classical ‘double-horned’ profile of an inclined spiral
galaxy. Galactic emission disturbs this profile in the range
—170<V,sp< +40 km s~ (measured in both the ‘on’ and ‘off’ spectra,
resulting in both positive and negative residuals in the ‘on-off’
spectrum).

R. Kraan-Korteweg

Using Dwingeloo Telescope




Dwingeloo | & 2,2008

T. Oosterloo
Using WSRT




pos.galactic.lat

-0.2°

0.4°

Dwingeloo | & 2,2016

Dwingeloo 1 and 2 in HI4PI (sky coordinates)
Slice at 108km/s
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Using Effelsberg
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Dwingeloo | & 2,2016

Dwingeloo 1 in HI4PI data
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. Using Effelsberg
1.00 4
0.75

» 0.50 4
0.25

0.00 4. #:

—=0.25 1

_D.SD T T T T T T T
1418.0 1418.5 1419.0 1419.5 1420.0 1420.5 1421.0 1421.5 1422.0

Frequency (MHz)




On source [ off source

Dwingeloo | & 2,2016 / 2023

Dwingeloo 1 gemeten met de gerestaureerde Dwingeloo telescoop
Waarneming Paul Boven en Harm Munk, datareductie Tammo Jan Dijkema
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Pulsar tool

[ %| PulsarTool

Slew to B1929+10 | Start recording

Name 5400 -« S1400 Period DM 420MHz 1.4GHz Elev. Transit =
BEZ111+46 230 19 1.01 141 detected +60 »21:07 +B4
BOGZB-28 208 23 1.24 34 detected -66 «06:27 + 9
B1659+03 165 4 0.66 402 +40 »18:56 +41
E1818-04 157 5 0.60 B4 +33 »18:15 +33
B1946+35 145 8 0.72 129 detected +65 »1G:42 +73
B1857-26 131 13 0.61 18 detected +10 »18:55 +11




Folded pulsar B1642-03

B1642-03 20253—-01-08_1328_B1642-03.ar.clfd
Freq: 438.200 MHz Bw: 20.000 Length: 29%.959 5/MN: 26,763
- T T ' T

B1642-03 2023—01-08_1328_B1642—-03.ar.clfd
Freq: 438.000 MHz BW: 20.000 Length: 299$.999 S/N: 26.763
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Folded pulsar B02021+51

BZO0Z214+51 Z2022-12-11_1412_B20214+51.ar.clfd
Freq: 438.000 MHz Bw: 20.000 Length: 115%.59% S/ M 25.666
: : : | I .

B2021+51 2022—-12-11_1419_B2021+51.ar.clfd
Freq: 438.000 MHz BW: 20.000 Length: 115%.99% S/N: 25.669

T T T
L E sy
d.
d—
L? L J
E L | WO
" b e~
U = ~
ER ' 5
i c
O
L E =]
o
e
I ] w3
<+
P | I|h
[ae]
L i My
d—
el 1 I 1 | 1 | 1 | 1 -
G 0.2 0.4 0.8 0.8 1 0.4 0.6

Pulze Phaose Pulse Phase

16 /30



B2217+47




Folded pulsar B0329+54

BO3ZS4+-0b4 Z2022—-12-20_1133_B0O325454.ar.clfd
Freq: 438.000 MHz Bw: 20.000 Length: 295,959 S/N: 608423
: : : | I .

BG329+54 2022—-12-2C_1133_BC329+54.ar.clfd
Freq: 438.000 MHz BW: 20.000 Length: 295.999 S/N: 608.430
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Folded pulsar B0329+54

BG329+54 2022—-12—-13_1243_BC329+54.ar.clfd
Freq: 438.000 MHz BW: 20.000 Length: 295.000 S/N: 608.331

BO3ZS4+-b4 Z2022-12-13_1243_B0O325454.ar.clfd
Freq: 438.000 MHz Bw: 20.000 Length: 295000 S/N: 608,345
: : : | I :

i _ -
d.
d.
w f _
fale]
*
N_ -
W o
- . T
s <
h —
N L i
3 >
[ (=
I | S
7 g
O_ N S
ud
- LLP"J
r B <

0.4 0.6 0.8
Pulze Phaose Pulse Phase

19/30



Pulsar timing, 80 days

BG322454 {rmz = 1003.765% us) pre—fit
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Pulsar B0329+54
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Pulsar B0329+454
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SDR change

* Eucara 2016:
“Dwingeloo goes SDR”

* Eucara 2023:
“Dwingeloo really goes SDR”




Raw IQ fl I €S S IgM F (trivial to read into python)

URESAT-CAMRAS-2023-08-20T11:59:18-

1
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
_436.886MHz_1.00Msps_cil6_le.raw | URESAT-2023-08-20.sigmf-meta URESAT-2023-08-20.sigmf-data
|
793f c5b8 adbb a637 62e3 beb8 a2b6 40b8 ! {"1obarH 793f c5b8 adbb a637 62e3 beb8 a2b6 40b8
] g {
"core:version": "1.0.0",
7354 1ab8 136f 32b9 5e3a 2538 3368 3638 : "core:recorder": "vrt_to_sigmf", 7354 1ab8 136f 32b9 5e3a 2538 3368 3638
"core:sample_rate": 1000000,
00d6 al38 2fa8 94b8 dedd 1db8 f4e5 2838 ! "core datatyper: "cil6 le” 00d6 al38 2fa8 94b8 dedd 1db8 fde5 2838
yp - 5
| "core:author": "CAMRAS, TT",
d650 93b8 c526 2d37 1305 fob7 49cd a638 | "Core:description”: "URESAT-1", d650 93b8 526 2d37 1305 fob7 49cd a638
1 "dt:datetime": "2023-08-20T11:59:18.800000",
7bfa e0b8 be52 3c39 6e6b c4bs d6fs 3437 i "t pointing:active tracker': “sattracker", 7bf4 e@b8 be52 3c39 Ge6b c4bg d6f5 3437
"dt:pointing:t ki bled": "t "y
7410 4139 3ae8 1a39 f61d 538 7973 0638 ! rdt:pointing: refractaonts "truet, 7410 4139 3ae8 1a39 f61d f538 7973 0638
"dt:pointing:dt del": "t "
62cd 9e37 ac6a 4ab7 €028 9bb8 fO7b 31b8 ! "t Focusbor. poSition mm": 459, 62cd 9e37 ac6a 4ab7 €028 9bb8 fo7b 31b8
"vrt: in": 40,
c674 7cb8 7c3e 1038 bobc c138 5lce 3338 ; e 674 7cb8 7c3e 1038 bobc c138 Slce 3338
I "vrt:ref ": "external”,
c5b4 9c37 095 6b38 f8e8 9738 301c 95b7 | vrtitime sounce”: *imternal® c5b4 9c37 0c95 6b38 f8e8 9738 301c 95b7
! "vrt: am_id": 1,
58f5 8237 d517 9ab8 6fb3 62b8 6d63 0639 I LR £ 58f5 8237 d517 9ab8 6fb3 62b8 6d63 0639
|
7410 4139 3ae8 1a39 f61d 538 7973 0638 ! e . 7410 4139 3ae8 1a39 f61d 538 7973 0638
62cd 9e37 acéa 4ab7 028 9bb8 fo7b 31b8 : eS| 62cd 9e37 ac6a 4ab7 028 9bb8 fo7b 31b8
c674 7cb8 7c3e 1038 b9bc c138 5lce 3338 : ::gg::§§ﬁ25ﬁ§5§§ﬁft;;6256@% c674 7cb8 7c3e 1038 b9bc c138 51lce 3338
1 " . s, om _o9. .cq-. "
c5b4 9c37 0c95 6b38 f8e8 9738 301c 95b7 | j COMGHCEISEETE TR b ST B e c5b4 9c37 ©c95 6b38 f8e8 9738
|
58f5 8237 d517 9ab8 6fb3 62b8 6d63 0639 N 58f5 8237 d517 9ab8 6fb3
|
c5b4 9c37 0c95 6b38 f8e8 9738 301c 95b7 : c5b4 9c37 0c95 6b38 f8e8
|
|
|
|
1
|
1



Raw UDP VRT stream
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How to get a VRT stream

)
7,
5% )
SN
%

Z.
&:;'(‘
X

* usrp_to vrt &

*rtl_to vrt \ R RS e

* rfspace to_vrt

o
R

* sigmf _to vrt aee,

nrsp/;f\ce Cloud SDR

* vrtfile to vrt
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vrt-ig-tools

SDR

console

usrp to vrt

/

\_

rtl to vrt

Zmqg

\,

rfspace to vrt

sigmf to vrt

vrt to gnuradio

p

\,

vrt to sigmf

/

\_

vrt gnuplot

vrt to dada

vrt_fftmax

etc.

sce N Mot itid yet

difi signal

oo

Relative Gain (dB)

2270600 2270.800 2271000 2271200 2271400
Frequency (MHz)

Message Pair to var
: '

-

T GUI Frequency sink

[\ Gnuplot

Pover (dB)

signal —

= ' L L
2270.5 2270.75 21 271,25 2271,
Frequency (HHz)
297081, 20,8349

DIFI Context:

#
# Sample Rate [samples per second]: 1000000
# RF Freq [Hz]: 2271000000

# Bandwidth [Hz]: @

#

#

Gain [dB]: @
Ref lock: @
# Time cal: 0

# First frame: 10000 samples, 1663493057 full secs, 0.701662000 frac secs

timestamp, frequency,
1663493058.701663000,
1663493059.701663000,
1663493060.701663000,
1663493061.701663000,
1663493062.701663000,
1663493063.701663000,
1663493064.701663000,
1663493065.701663000,

power

2271220582, 16.433
2271220582, 15.966
2271220582, 13.740
2271220581, 14.262
2271220581, 16.446
2271220581, 14.340
2271220580, 16.068
2271220579, 16.032




What to do with aVRT stream

= 0.297 Hz/s, MJD 59925.37056

* Filterbank (SETI)
e Pulsar \

* Spectrum (= filterbank)

* SigMF
* FIFO (e.g. for Ggrx)
 rtl_tcp

 DADA (pulsar, psrchive)
 STRF (Cees Bassa)

* Gnuplot

* GnuRadio

* FFTmax and FFTmax_quad
* ‘void’

e control vrt




VRT (over ZMQ) applications

* Multiplex raw signal to different programs / computers
* Live pulsar waterfall; dspsr and psrchive in the background

* Data reduction 200km from Dwingeloo

* Replay VRT for development




moon echos

Bonus
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Delay-Doppler
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[ ] @ : SDR moonbounce signals at 1297M' X -+ v

&« C @ O QOnttpsiffzeno B 7% v @ ¥ © O & 945 =

22000 EEEEEEY - o

Links

January 29,2022 [ Dataser | Open Access |

SDR moonbounce signals at 1297MHz 57 11

@ views & downloads

Telkamp, Thomas; @ Van Muijiwijk, « Jar

This dataset contains recordings of a moon-bounce experiment performed on 2021-12-16 with the
Dwingeloo Radio Telescope (operating under call sign PI9CAM). UHF signals were transmitted with
the telescope, and their Moon echo was received about 2.5 seconds later.

[ ) The signals were transmitted and received with an Ettus USRP B210. The data was converted to
P ° SigMF format. The metadata contains information on the device used to transmit and receive the !
signals, and about the modulation used. Signals were transmitted with a 210kHz offset O a l R E
Apart from the recordings (filenames starting with ‘camras-txrx’), which contain both the uplink and pen
the downlink, also the original IQ files that were transmitted are included. The key ‘camras:tx_file' in

. .
. h I k I the metadata tells which file was transmitted
g I u Y C O e a D v I q O O S The absolute timestamps are not very well calibrated: the computer doing the recording was not
L] L}

synchronized. The timestamp in the filename represents the creation time of the file, the time in the Publication date:
metadata refers to the time of the first sample as reported by GnuRadio. January 29, 2022
Dol

* data.camras.nl/ e fa

ative Commons Attribution 4.0

Versions

* Mastodon:
* @radiotelescoop@mastodon.nl = n
* @pi9cam@botsin.space B

v Citeas

Cite all versions? You can cite all versions by

using the DOI 10.5281/zenodo 5918528, This

DOI represents all versions, and will always

resolve to the latest one. R

Telkamp, Thomas, Van Muijiwijk, Jan, &

Dijkema, Tammo Jan. (2022). SDR

96.0 MB & Download moonbounce signals at 1297MHz [Data
set]. Zenodo. https://doi.Quaiiduig

Name Size

686 Bytes & Download

96.0 MB & Download

SZeeSU


https://github.com/tftelkamp/vrt-iq-tools
https://github.com/tftelkamp/vrt-iq-tools
https://data.camras.nl/
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