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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: 
● ATMega128 w/ LX200 interface + incremental encoder + 
PWM motor drivers
● Destruction through massive water spill in 2011



3PiRaTe - EUCARA23 09/17

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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RS422-TTL Converter
Interface to pos rotary 

encoders (SSI diff. bus)

4ch Relay module
For switching things 
on/off

ADS1115 
Breakout Board
●4ch 16bit ADC
●measure motor 
currents, supply 
voltages, analog 

inputs

Level Shifter
for digital I/Os

Arduino Motor 
Driver Shield 

(Pololu)
Full-bridge driving 

two 24V DC- 
Motors @max 12A

Ublox GNSS
Receiver

Time sync of RPi and coord. 
transformations

Digital+Analog 
I/Os+1wire
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Position Encoders

● Ultra robust, IP65
● 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€

Decision for industry-standard absolute rot encoder:

Encoder at secondary 
spindle spun-off from Az 

axis

Encoder w/ direct coupling to El axis
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Position Encoders
Seriellal diff. SSI interface 
● Readout with RPi SPI Interface + 
translation w/ RS422-TTL converter
● Read 3 bytes + Gray decoding

rotation of Enc 1 axis

rotation of Enc 2 axis

„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)
● additional analog output allowing measurement 
of motor currents → ADC (ADS1115)

 

drive of Alt axis – friction clutch
drive of Azimuth axis – worm gear
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Software

Control through INDI protocol

https://www.indilib.org/● Open source, cross platform, 
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 
● control of drivers by multiple clients (local/remote)

HNSky iIndi Telescope.touch Stellarium

https://www.indilib.org/
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Software
Remote control - KStars
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Software
RaTSche - The Radiotelescope Task Scheduler

RaTSche
systemd-daemon

(Background)

indi_pirt INDI-
Commands

 BASH-
Scripts

Clients

PiRaTe - RPi

Ratsche
client

Message 
Queue

MQTT Bridge

Definition of tasks – task files

WWW

Low level
Userspace

System service

indi_gpsd

indi_weather_
watcher

indiserver

IN
D

I d
ri

ve
rs

...

MQTT

LAN/WAN
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Software
The WebUI Dashboard JS-Frontend with MQTT endpoints for INDI 

variables and Ratsche tasks
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Software
The WebUI task scheduler JS-Frontend w/ MQTT endpoints for INDI 

variables and Ratsche tasks
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Excellent hardware for 
Radio Astronomy
Sat LNB (~5€)

NF: „0.1dB“
(realistically ~0.8dB)

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

  Measuring the field strength:
●First trials: sat finder
●Better: log. detector (AD8313)

RF Power Detector – 
Makis (SV1AFN)
https://www.sv1afn.com/ 

https://www.sv1afn.com/
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Observations – Ku Band
Sun

Problem: Sat-LNB optimized for offset 
dishes – illumination of dish in primary 
focus <50% 

● 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)



15PiRaTe - EUCARA23 09/17

Observations – Ku Band
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Observations – Ku Band

Sun
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Observations – Ku Band

TV 
Satellites
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Dec (°)

RA (h)

96% illumination

Observations – Ku Band
Moon
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12 GHz

Forest Obs. 
building Spectrohelioscope hut Forest

free-standing tree 
groups

Observations
Horizon@12GHz
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12 GHz

Forest Obs. 
building Spectrohelioscope hut Forest

free-standing tree 
groups

Observations
Horizon@12GHz

600 THz
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RX hardware
1420 Mhz/21cm/HI

LNA

Cavity choke ring feed
(Kumar feed)

SDR

Log.
 Detector ADC
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Temperature at reference 
resistor = measurement of 

env. temp

Signal of 1.4 GHz RX
= measurement of source temp

RA (h)

Observations
Sun@21cm
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Temperature compensated 
measurement

RA (h)

Observations
Sun@21cm
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➔ Scan in regular 2d grid 
(equatorial/horizontal system)

➔ Reference 
normalization

➔ Fill up spatial grid with measurements

Observations
Sun@21cm
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RA (h)

Dec (°)

➔ Adjust binning
➔  (careful) interpolation of missing grid points (“holes“)

Observations
Sun@21cm
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Observations
Milky Way@21cm
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Observations
Spectrum@21cm

USB-SDR stick, implementation as WebSDR planned
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Observations
Spectrum@21cm

Moving through the milky way
→ 21cm line appears Doppler-shifted, 

depending on radial velocities
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The Project
PiRaTe is...

Hardware

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

Software : 
● 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
https://github.com/hangeza/RTData

Carrier PCB und description of utilized add-on 
boards

https://oshwlab.com/antrares/pirate-mainboard
https://github.com/hangeza/indi-rpi-radiotelescope
https://github.com/hangeza/RTData
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The radioastronomy group 
@Radebeul (& Giessen)

Andreas Großmann (CCC DD)
Ulli Kunze (DD)
Torsten Bacher (DD)
Norbert Rüdiger (DL4DTU, DD)
Hans-Georg Zaunick (Gießen)

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

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


32PiRaTe - EUCARA23 09/17

Backup Slides
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Beobachtungs-
frequenz (GHz)

Feedsystem Rauschzahl 
(dB)

Gain an 
Sonne 
(dB)

Theoret. 
Auflösung 

(°)

Gemessene 
Auflösung (°)

11 Sat-LNB 0,3 10 0,64 1,0
1,4 Ringdipol 0,5 6 5 7,8
1,4 Rillenhorn 0,5 10,5 5 5,45

Vergleich der benutzten 
Feedsysteme



34PiRaTe - EUCARA23 09/17



35PiRaTe - EUCARA23 09/17

Az (°)

Alt (°)

Beobachtungen – Ku-Band



36PiRaTe - EUCARA23 09/17

1,4 GHz

12 GHz

Wald Stw-
Gebäude

SPH Wald

Tschechischer 
TV-Sender 
(703,25 Mhz), 
Einmischen als 
Subharmonische 
von 1,4GHz

freistehende 
Baumgruppen

Beobachtungen
Horizontlinie@1,4GHz
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