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Radioastronomy at the
Observatory Radebeul

2004 Set-up of a 3m RT from surplus ex-Telekom link antenna

DIY telescope mount and control:
* ATMegal28 w/ LLX200 interface + incremental encoder +
PWM motor drivers

* Destruction through massive water spill in 2011
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The PiRaTe control (2021)

* Complete new construction of mount control from scratch 2020/2021

* Raspberry Pi + off-the-shelf modules and components

* Software: if possible only existing modular open source solutions

* Maintenance friendly + robust

* Remote operation
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Ublox GNSS

Receiver
Time sync of RPi and coor
transformation
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Arduino Motor S B8 8 S

Driver Shield R 0 5
(Pololu) ADS1115
Full-bridge driving I B |4 Breakout Board
two 24V DC- *4ch 16bit ADC

SSI ELEVATION
SSI AZIMUT

*measure motor
currents, supply
" voltages, analog

Motors @max 12A

4ch Relay module / - Inputs
N
2y \ Digital+Analog
\ I/Os+1wire
RS422-TTL Converter
Interface to pos rotary PiRaTe 4

encoders (SSI diff. bus)



Encoder at secondary

P O Sitj_ O n E nC O ders spindle spun-off from Az

axis

Decision for industry-standard absolute rot encoder:

e Ultra robust, IP65

e Serial SSI interface

* Differential data lines for high EMI resistance
* common system/protocol — many vendors of devices
* 12 or 13 bit single-turn und multi-turn resolutions

* Many offers: eBay, AliExpress: 30...800€

Baumer Multiturn-Drehgeber, absolute Encoder

Sicher einka

GXM2s.220
eBay-Ki
Sie erha
Artikelzustan Gebraucht e :Dde\ be
d: Mehr ert

Prels: Angaben zu

EUR 49,00 Sofort-Kaufen i ed

100% Positive Br

[ In den Warenkorb Angemeldet als

>

Prel; hlag: iSVOrsi

reisvorschlag Y SvoRtenIng sanon P Proisvorschiag

esseren Prei

Q Autdie
Beobachtungsliste

Versan d aus Lieferunginca.3

Deutschland Werktagen 30 Tage RUcknahme

Abholung: Lieferung an Abholstation méglich

Versand: EUR 5,20
Standort in

Encoder w/ direct coupling to El axis



Position Encoders

Seriellal diff. SSI interface

* Readout with RPi SPI Interface +
translation w/ RS422-TTL converter

ietaB
MT=-
MT=-
—
—
-
-
MT=0
MT=1
MT=2
MT=3

* Read 3 bytes + Gray decoding

rotation of Enc 1 axis

rotation of Enc 2 axis

,_“j.‘_. . )
It Agilent Technologies

,, Implementation of SSI Master Interface“ - Application Note, Posital Fraba, 2013
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Motor Driver

VNH5019 Motor Driver Shield
 simple interface: PWM, enable, dir
— GPIO Pins (hardware PWM)

=
I
m
&
=
3

5 O]

uUsB

* additional analog output allowing measurement
of motor currents -~ ADC (ADS1115) o

jumper OFF:
Arduino and shield

T drive of Azimuth axis — worm gear

drive of Alt axis — friction clutch
PiRaTe - EUCARA23 09/17



Software

Control through INDI protocol

* Open source, cross platform, https:// www.mdlhb.org/
22 client apps available (incl. IOS / Android)

* Widely used for remote observatory systems

* XML-based data exchange

* drivers are self-describing

* clients provide the properties demanded by the driver at run time

e control of drivers by multiple clients (local/remote)

y N
OPEN s PHD GUIDING
@ & e

HNSky ilndi  Telescope.touch

Cartes du Ciel
KStars

Stellarium
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https://www.indilib.org/

Software

"5 I N DI Open Astronomy
; Instrumentation

< @ Y
A\ Prob RT300 \ RT30C X | ) Prob & > + -~ | plotfile.eps - sun scan 240820 X |+ file Time Pointing View Tools Data Observation Settings Help

‘ - 1sec [+] i
£ [@ | # 87.138.177.28:40 < c @ IE‘ (@ file:jifhome/hgz/Proje. * i @ @

M August 25,

el powes | dB

I Approximate FOV: 6.0 degrees +137° 29' 12", +43° 50' 59" 10h 32m 14s, +11° 47" 22"
] N O e T
File Edit View Bookmarks Settings Help
Weather Watcher | GPSD | Pi Radiotelescope
Main Control | Connection = Options | Encoders = Axes Monitoring =~ Motion Control | Site Management —Motors < >
) Connection Connect Disconnect =
© On Set Track Slew
RA (hh:mm:ss) 10:17:31 0:00:00
D Eq' i Set
ocordinates DEC (dd:mm:ss) 10:37:42 0:00:00
 Abort Motien Abort
™ Tracking on off
Parking Parkled) || UnParkled)
o
(
" Scope siatus O
~
5
>
2021-08-25T09:22:08: [INFO] Telescope slew is complete. e,
2021-08-25T09:22:08: [INFO] Slewing to RA: 10:17:24 - DEC: 10:39:00 L
2021-08-25T09:22:06: [INFO] Telescope slew is complete
2021-08-25T09:22:05: [INFOI Slewing to RA: 10:17:24 - DEC: 10:48:00
2072102 I5TNA-22:0A4: INEN] Talacenna claw ic ramnlata B
[ () radioid ] () radioid B hgz:bash B data:bash _Clear | | Close
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Software
RaTSche - The Radiotelescope Task Scheduler /\

Clients g
i o el s S Definition of tasks — task files

pigrt3e0

LAN/WAN

PiRaTe - RPi

Commands Message
indi gps Queue

indi_weather
watcher

indiserver

Low level |

PiRaT[ - EUCARA23 09/17 10
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Software
The WebUI Dashboard

JS-Frontend with MQTT endpoints for INDI
variables and Ratsche tasks

244° 42' 41" .

14:58:58
34° 33' 37" s

2022-08-19

10h 26' 10"
12° 45' 09"

JEVILPFLRY., 16:58:59

x j cm ON.
_RT Conl :

RT Unparked
Tracking OFF
Slew Rate 5x

Absolute Turns -0.32 rev
Motor Speed 0 %
Motor Current ©.01 A
Encoder 128 Bit Errors

Lat +51:06:58
Lon +13:37:17
Elev 200.0 m
Uptime 54.78 h

Mode Transit Scan
ETA 03:01:06
User antrares

Sun 2.7cm

Absolute Turns 0.10 rev
Motor Speed 0 %
Motor Current 6.00 A
Encoder 80 Bit Errors

3.29 V
5.25'V
13,93 V
24.72 V
CPU 48.28 °C
Base 21.50 °C
Feed 22.19 °C

Int.Time 2 s
Signal 49.756 dB

2022/08/19 14:31:03:
54




The WebUI task sch

Scan Tasks

2022/88/20
2022/08/20
2022/88/19
2022/88/18
2022/08/18
2022/08/16
2022/68/16
2022/088/16
2022/08/15
2022/88/15
2022/08/15
2022/688/14
2022/08/14
2022/68/12
2022/088/11
2022/688/11
2022/88/09
2022/08/68
2022/88/87
2022/88/07
2022/68/07
2022/08/06
2022/68/66
2022/088/06
2022/08/06
2022/88/85
2022/688/65
2022/88/85
2022/88/85
2022/68/65
2022/08/04
2022/68/63
2022/088/01
2022/08/01
2022/88/81
2022/88/01
2022/688/61
2022/07/31
2022/67/29
2022/07/29
2022/07/26

2022/87/26

v

Aux Tasks v

:80  Park Scope
06 RA/Dec Grid Scan
180 Transit Scan
80 Transit Scan
:08 RA/Dec Grid Scan
100 Maintenance
08 Transit Scan
180 Transit Scan
00 Transit Scan
:80 RA/Dec Grid Scan
06 RA/Dec Grid Scan
:08 Az/ALt Grid Scan
:00 Az/ALt Grid Scan
:08 Maintenance
180 Goto RA/Dec
06 RA/Dec Grid Scan
:80 RA/Dec Grid Scan
06 RA/Dec Grid Scan
:80 RA/Dec Grid Scan
80 RA/Dec Grid Scan
:08 RA/Dec Grid Scan
:00 Az/ALt Grid Scan
:08 RA/Dec Grid Scan
:80 RA/Dec Grid Scan
06 RA/Dec Grid Scan
:80  Park Scope
o8 Goto Az/Alt
:80 RA/Dec Grid Scan
80 RA/Dec Grid Scan
:08 RA/Dec Grid Scan
:00 Az/ALt Grid Scan
08 Transit Scan
180 Goto RA/Dec
88 Tracking Scan
Goto RA/Dec
Goto Az/Alt
Goto Az/Alt
Goto Az/Alt
Transit Scan
Goto Az/Alt
Transit Scan

Goto RA/Dec

immediate when free
immediate when free
immediate when free
immediate when free
immediate when free
ignore
immediate when free
immediate when free
immediate
immediate
immediate
low priority
immediate when free
ignore
immediate
immediate when free
immediate when free
immediate
asap when optimal
asap when optimal
asap when optimal
immediate when free
immediate when free
asap when optimal
asap when optimal
immediate
low priority
immediate when free
immediate when free
immediate when free
immediate when free
immediate when free
immediate when free
immediate when free
immediate
immediate when free
immediate when free
immediate when free
immediate when free
immediate when free
immediate when free

immediate when free

0:00:00

9:28:09

244:37:41

235:51:14

8:83:27

0:00:00

©:80:88

148:04:23

180:00: 60

9:02:23

23:45:55

150:080: 60

170:00:00

©:80:88

9:24:51

9:04:47

19:04:58

17:52:43

B8:45:30

9:67:60

8:37:68

170:16:12

8:34:58

B8:04:50

8:34:58

0:00:00

173:01:12

14:26:11

B:32:02

8:32:12

:31:12

:80:80

:3B:46

37:19

:40:08

a0:08

=80

H:

:80

H:

49

eduler

34:33:37

39:36:50

5:53:43

0:00:00

51:00:80

48:58:14

90:00:00

5:20:40

-19:17:49

25:00:80

25:00:00

8:00:60

15:11:26

10:11:46

-30:06:40

-30:16:28

11:27:30

11:27:38

6:27:38

28:34:12

9:11:44

4:11:44

5:41:44

0:00:60

31:19:12

-25:03:00

9:23:47

9:23:04

28:49:12

32:50:13

155

Software

0:00:00

10:28:09

0:00: 00

0:00:68

10:33:27

0:00:00

©:00:08

0:00:00

0:00:00

10:14:23

9:45:55

208:00:80

190:00:00

©:00:08

0:00:00

9:44:49

19:24:57

18:10:43

9:30:30

9:07:60

9:37:68

175:46:12

9:34:58

10:04:50

9:34:50

0:00:00

0:00:00

15:26:11

9:32:62

9:32:12

175:31:12

9:00

0:00:00

19:53

34

0:00:00

0:00:00

25:53:

a3

0:00:00

8:00:60

0:00:00

8:00:60

22:50:

40

4:42:11

38:80:

35:00:

08

o0e

8:00:60

0:00:00

20:11

-25:086

-25:16

21:27:

21:27

26:27:

34:04:

24:11:

29:11:

27:41

a8

140

:28

3e

36

38

12

44

44

44

0:00:00

0:00:00

-18:03

24:23

24:23:

33:49:

8:08

108

47

JS-Frontend w/ MQTT endpoints for INDI

variables and Ratsche tasks

PiRaTe - EUCARA23 09/17
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H:L

06

:08

100

100

00

108

00

:08

100

108

100

00

108

00

:00

[
:00
:00

108

o [

108

00

06

:08

100

108

100

00

H:L

06

:08

v | Hoan transtt

108

Queved park scope
Sun Scan 2.7
Finished Sun 2.7cm
Finished Sun 2.7cm
Finished
Finished

Finished transit scan sun, 2.7cm, s

09:16:02 UTC

cm

Sun/Venus 2.7cm

econdary antenna

Spectrum/Raun

Finished Sun Scan 2.7cm second

Finished Moon 2.7cm
Finished Sats 2.7cm
Finished Astra/Hotbird
Finished

Finished Sun
Finished Sun

Finished

lary antenna

test

Moon 93% Scan

Moon BE% Scan

Finished Sun Scan
Sun Scan
Finished Sun Scan
Finished test Astra
Finished Sun Scan
Sun Scan
Sun Scan
Finished park rt
Finished goto Astra 1
Scan Moon
Finished Sun Scan
Finished Sun Scan
Finished
Finished
Finished Hoon
Hoon

Finished Moon

A-H

Astra 1 A-H 19,2° Ost

Moon transit

Finished Moon transit

Finished Moon transit

Finished

Finished

Finished goto start pos for moon

transit

transit

transit scan moon+sun

transit scan




RX hardware

commercial Sat-TV hardware: Ku band (10.7..12.75 GHz)

Measuring the field strength:

-

o

SATELLITE

eFirst trials: sat finder
*Better: log. detector (AD8313)

RF Power Detector —
Makis (SVIAFN)
https://www.sv1afn.com/

Excellent hardware for
Radio Astronomy

Sat LNB (~5¢€)
NF: ,,0.1dB*
(realistically ~0.8dB)

PiRaTe - EUCARA23 09/17 13


https://www.sv1afn.com/

Observations — Ku Band
Sun

________ ............... ............... ® ° 2d grid scan with adjustable stepping automated
through definition of 2d-scan tasks — peek INDI
variables in loop

* Record coordinates and dB-linear output of log.
.. .............. .............. . ............... .............. ........ - detector (AD8313)

Sun @ 12 Gz

24 Ausg 2o eanlITC Badic Astroromiy Group - Obeervaiory Badesbel | Garm iy )
33
4=

Problem: Sat-LNB optimized for offset

dishes — illumination of dish in primapyg.re - EUCARA23 09/17

14
focus <50%



altitude / deg
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Observations — Ku Band

Geostationary Satellites @ 12 GHz
ervatory Radebeul (Geirmanv)

29 OctI 2021, II:{adio A'stronon'w Grou'p - Obs

80

100

120

140

160 180 200 220 240 260 280

azimuth / deg

70

65

(@))
o
rel. power / dB

9)
&)

50

45



altitude / deg

—
o O O O;

Observations — Ku Band

Geostationary Satellites @ 12 GHz

29 Oc’[l 2021, II:{adio A'stronon?v Grou'p - Obs'ervator\'/ Fiadebieul ( Geirmanv)

80 100 120 140 160 180 200 220 240 260 280
azimuth / deg

rel. power / dB



altitude / deg
(6] (=] (6] [ow) (¢)]

Geostationary Satellites @ 12 GHz

Observations — Ku Band

100

120

140

29 Oct' 2021, Ilf{adio A'stronon'w Grou'p - Obs'ervator\'/ F{adetzeul (Gelrmany)

160 180 200
azimuth / deg

22

70

TV
Satellites

rel. power / dB

Geostationary Satellites @ 12 GHz

25 Oct 20|21, Radio :IAstronomylGroup - Ollaservatory IF(adebe

155 160 165 170 175 180 185 190

PiRaTe - EUCARA23 09/17
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ions — Ku Band

Observat

(H.0°L) VEM 1BSpPINg —»

(4.0°0T) VM desping —»

(H.0°ST) 6°8°9 PIIQIOH >

(4,0°91) 91pIIqOINY
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(Ho2'6T) WITIIIHI BUSY >

(H.5°€2) OTATAEVE oISy — >

(Ho,2°87) dz‘dc‘veensy — »

eo]
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rel. fieldstrength (dB)

Observations — Ku Band
Moon

Moond@ 11 GHz
Moon 12GHz 21-09-2021 2000 UTC =1k 20 Ausg 202 1. 2200UT T Radio Asfrorom y Group - Obssrvaliory Badebeu | Garmianiy) T
o o T T T
42 - P : . . aai
f:- EE- e -
41.95 - I+ i 4005
3+
N 40
a19 L M 4
+ n i
41.85 + o+ 4 3255
+
% 1
418 - . 3
+ +
4175 - 1 TES
+ +
417 1 g - Ll
+ £ +
41.65 - . - e R e AT
+ ﬂ#%ﬁ?} 3t + -
41.6 it = =T
41.55 L L I 1 1 . THES
0.8 0.6 0.4 0.2 0 02 0.4 LS M DE HE X7 MNT NS NS XS XN XN

hour angle (h) :: ﬁ. |'|

96% illumination

PiRaTe - EUCARA23 09/17 19
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Observations
Horizon@12GHz

12 GHz
——_ free-standing tree

groups

0 200 250 300 330

\/ \/ Y \/

PiRaTe - EUCARA23 09/17 20



Observations
Horizon@12GHz

12 GHz

——_ free-standing tree

\ )\ J \ Y, )
Y Y N4
F Obs. S heli h F
orest blllldlﬂg pECtI'O e lOSCOpe ut orest

PiRaTe - EUCARA23 09/17 21



RX hardware
1420 Mhz/21cm/HI

WIKIPEDIA
The Free Encyclopedia
The hydrogen line, 21-centimeter line, or H I linell] Fe1
is the electromagnetic radiation spectral line that is ____,,. Tt et
created by a change in the energy state of neutral e “$
hydrogen atoms. This electromagnetic radiation has a "m*____ e’
precise frequency of 1 420 405 751.768(2) Hz,[2l whichis =~~~
equivalent to the vacuum wavelength of F = [j__ . i‘l _;ﬁ_’ljm”

i i .—'__.--' -1-1"'-. ""r’
21.106 114 054 160(30) cm in free space. This - Spin-Flip< L
wavelength falls within the microwave region of the \

'\“_ .-"J

electromagnetic spectrum, and it is observed frequently iR R
in radio astronomy because those radio waves can Hydrogen 21-centimeter line &
penetrate the large clouds of interstellar cosmic dust
that are opague to visible light. This line is also the
theoretical basis of the hydrogen maser. Cavity ChOke ring fEEd

(Kumar feed)

PiRaTe - EUCARA23 09/17 22



Observations
Sun@?21cm

: : : : RA (h)
1.0 1.5 5.0 5.5 6.0

Temperature at reference
resistor = measurement of
.___.envi.temp.:




Observations
Sun@?21cm

Temperature compensated
: measurement




Observations
Sun@?21cm

T R B > Scan in regular 2d grid
Bl e (equatorial/horizontal system)

2> Reference
normalization

............................................

> Fill up spatial grid with measurements

PiRaTe - EUCARA23 09/17



Observations
Sun@?21cm

> Adjust binning
> (careful) interpolation of missing grid points (“*holes")

PiRaTe - EUCARA23 09/17
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Observations
Milky Way@21cm

PiRaTe - EUCARA23 09/17
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Observations
Spectrum@Z21cm

USB-SDR stick, implementation as WebSDR planned

(e DRON+E¥ - La k] SDRplay RSP2 :: SDR Console :: Feb 21, 2017 : Preview -8 X
L 4
Home View Receive Transmit Rec/Playback Favourites Toals Help @ Style -
-\|H|"Eandwmth = ﬁ - - - - - b & 1 | ‘\Zoom] Auto-mute:  Moise Blanker:
® MNE B B E|33 I B |08 & B !
|, Calibration _ T T T Auto center | Enable Enable
Start  Stop Antenna  RF Gain IF Gain Visual Gain  LO Mode Bias-T RF Motch Reference Radio Previous History || Screenshot . .
EZafrequenty  sMAA+ OMax~ 35dB (Aute)r O0dB-  Automaticr Offr Offir  Off | Configuration - Options Options
Radio RX Frequency Extras Wideband DSP

Receive

=123 dem

’ .
RX 1 180 - 980 Hz -128 -188 -88 -66 -48 -28

1.420.497.680

Lhdr mlu'lr‘]\-'l'“ﬂ""‘rr. "',l]’”-lf‘-lﬁ‘-"l"inh’lm\

My

BFM MFM

use

100Hz

600Hz

IEI X0 |@|

Size: 11 GE  [w

SDRplay RSPZ, BW = 2,048 MHz CPU: 32.8%  [m Audio: 38ms
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Observations
Spectrum@Z21cm

Moving through the milky way
— 21cm line appears Doppler-shifted,
depending on radial velocities

20180403 1
030591

2018.04,03
20:30:54

20180413,
03048

2018.04.03
20:30:42

2018.04.03
2013036

1003,
03030

2018,04.03
20:30:24

20180403 ¢ -
20:30:18

80403
0301
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The Project

PiRaTe is...

Hardware
Carrier PCB und description of utilized add-on
boards

https://oshwlab.com/antrares/pirate-mainboard

Software :

e indi-pirt — INDI driver for RPi

* RaTSche — Radiotelescope Task Scheduler

* rt_scripts — Bash macros for complex Acquisition
programes

* Service macros — systemd service units for
indiserver and ratsche

 RTData — 1d und 2d visualization of data series

https://github.com/hangeza/indi-rpi-radiotelescope

GitHub  https://github.com/hangeza/RTData

PiRaTe - EUCARA23 09/17

¢ B (@& retpsiroshwiab.comyantrarespirate-mainboard

@ OSHWED ,ne coioe rost rorm

‘Open Source Hardware Lab

Explore > Project detai
PiRaTe-10-Board ﬂ
antrares
2 R
oving Follovers
= =3
Documer
Description
PiRaTe - The Pi Radio Telescope Board
ired for the operation of a DIY RPi-based AzAlt telescope mount  atrachments.
R [G\ﬂ hittps://github.comyhangezs 0% | e ﬂr] + [ R search ] In @ X
+- @

30


https://oshwlab.com/antrares/pirate-mainboard
https://github.com/hangeza/indi-rpi-radiotelescope
https://github.com/hangeza/RTData

The radioastronomy group
@Radebeul (& Giessen)

Andreas GrolSmann (CCC DD)
Ulli Kunze (DD)

Torsten Bacher (DD)

Norbert Riidiger (DL4DTU, DD)
Hans-Georg Zaunick (Gielsen)

zaunick@exp2.physik.uni-giessen.de

Contact: antrares@c3d2.de



mailto:zaunick@exp2.physik.uni-giessen.de
mailto:antrares@c3d2.de

Backup Slides

PiRaTe - EUCARA23 09/17
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Beobachtungs-
frequenz (GHz)

11
1,4
1,4

Vergleich der benutzten

Feedsysteme

Feedsystem Rauschzahl Gain an
(dB) Sonne
(dB)
Sat-LNB 0,3 10
Ringdipol 0,5 6
Rillenhorn 0,5 10,5

PiRaTe - EUCARA23 09/17

Theoret. Gemessene
Auflésung Auflésung (°)

(°)

0,64 1,0

5 7,8

5 5,45
A
sitnoa = 1.22—
D
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Beobachtungen — Ku-Band




Beobachtungen
Horizontlinie@1,4GHz

Tschechischer = & - -
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