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FORTY-EIGHT HOUR PLOT SIX-HOUR PLOT

From above ACE Ground Station Tracking (48-hours) Begin: Sep 13 1800 UT ACE Ground Station Tracking (6-hours) Begin: Sep 15 1100 UT
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Users 1 Lo L :
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Network 1 [ ] —— .
— al || =
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Hardware : nou .
EEL H KL H
Antennas b ] :
ok v oK R
BeagleBone - : - :
PRU B — o B —— o
o 13 nivel52 T sop 18 Bors Univalda! Time 5o 18
GPIO Updated: 2018 Sep 15 16:16 UTC NOAA/SWEC Boulder,CO US. | | Updated: 2018 Sep 16 16:20 UTC NOA&/SWPC Boulder,CO US.

Software

Python
b The two plots show the same Information, over two different time scales; the past 48 hours and the past 6 hours. The 48 hour plot is updated every fifteen minutes
ZMQ and the 6 hour plt is updated every minute.

Usage | Impacts | Detalls | History = Data

The plots show the ACE Real Time Solar Wind (RTSW) data received and processed by SWPC as a function of time. It indicates the currency of the ACE RTSW data and
Antenna Control the total temporal coverage achieved by the network. Data received from each ground system in the RTSW tracking partnership, known as the RTSWnetwork
(RTSWnet) are displayed in their respective panels with the total tracking coverage shown at the bottom.

‘The RTSWnet consists of:

Device Controls « National Institute of Information and Communications Technology (NICT) in Tokyo, Japan
* Korean Space Weather Center (KSWC) in Jeju, Korea
. « German Aerospace Center (DLR) in Neustrelitz, Germany
Live Demo « Station DLOSHF In Kiel-Roenne, Germany
« NASA Deep Space Network (NASA)
« NOAA Wallops Command and Data Acquiition (WCDA) Station n Wallops Isiand, Virginia
End. « NOAA Space Weather Prediction Center (B0U) In Boulder, Colorado
« UNK (unknown) Indicates a new, 2s yet unassociated tracking station identifer. New dentifers are usually assigned within a few days.
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Source: Wikime
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Hardware limit switches
Emergency Stop

external control Antenna
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(Elevation
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End. Image Sources: Mikrotik com - RB260 Press Material
Wikimedia commons: AC_Motorjpg, KEB - Image from F5 Manual
Push he button® (5116361637 Sick Encode from jordar anwar.com
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PRU: Programmable Real-time Unit

e 32 bit RISC microcontroller
® running at 200 MHz
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PRU: Programmable Real-time Unit

e 32 bit RISC microcontroller
® running at 200 MHz
e with 8 kB instructions + 8 kB RAM
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32 bit RISC microcontroller

running at 200 MHz

with 8 kB instructions + 8 kB RAM
Assembler 4+ C-compiler available
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PRU: Programmable Real-time Unit

32 bit RISC microcontroller

running at 200 MHz

with 8 kB instructions + 8 kB RAM
Assembler 4+ C-compiler available

2 of them in BeagleBoneBlack
well-connected to the ARM CPU
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@ python’

® invented 1991 by Guido van Rossum
e compiled on runtime, interpreted, source-code always available
e current version 3.7.x (DL@OSHF: 3.4.5)

® extensive library

® humongous eco-system (3rd-party projects, tutorials. . .)
® integrates C/C++ code easily

® quite fast

® tolerable overhead

® interactive development/debugging possible
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DL@SHF
AntennaController AC9
Written in @ python by Joachim Koéppen DF3GJ

The Station
From above ["@ AntenmaControlier ACS by DF3G - [=| b
Usage = Ne ZMQ User Shutdown + Exit
U | Zero points: LOCKED AZ= 000.70 &= 007.80
SSIS) MNoise Source OFF
Network
goto: 180 45
Hardware e
e now: 306.489 1.912 up.
ntennas Motor Load [%] 00 258 LerT | ek [[STOP | dight | miGHT
BeagleBone PRU: 30719 971 down
PRU DOWN
GPIO
Software I i C . . ZM f B | b T
Python n: Current postition via Q from Beaglebone, Target pos.
zMQ Antenna pointing control

Antenna Control

it el ANtENNA pointing correction’
Device Controls Out: Motor drive via ZMQ-KEB-Gateway to motor inverters
L Deime 1]). Képpen 2014-11, Pointing Correction for the DLOSHF 24 GHz Antenna in

End. www.dl0shf.de — Technische Berichte
15/28 https://sat-sh.lernnetz.de/pdf/PointingCorrection24GHz.pdf
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DL@SHF ‘ .
2 Data source ‘NewBodenSchief

Written in C++ by Joachim Képpen DF3GJ

The Station 3

sp  OBATE | Tages | web |
From above Shutdown Sstem UT 10:49:18

Ston DLOSHE_mast ot -10.1817°W S42629%
Usage woora | ook |
Users track Sky at: RALceq] 18000 DECldea] [0.00

C—
M

Network oon

Kl souce 504 2041

Ofsets: Hor, vert
Hardware Azl now 284,67 2.66
Antennas e 180.00  [50.00 Goto

—_—

BeagleBone am: o oo | -
PRU wororson_ | eomm.comson |
10 FoREOR: A2, EL 5,00 500
Software St
Python
ZMQ
Antenna Control

Amplifier Control

Device Controls

L bers Radio astronomy targeting
End Amateur radio pointing (astro objects, beacons, QTH-locators)
8 sends position-to-track to “AntennaControl AC9"
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Amplifier control panel for 1 GHz

Hardware solution:

PA
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1 GHz Amplifier GP1Os

Beaglebone GPIO data (via ZMQ):

{"Action":

{"Alarm_ Reset": {
_active": 1,
_type": "Pulse", "val": 0},

_duration": 0.5,

"Flex_ ,6500,0n": O,
"PA ein": O,

"PTT_ Test": {"_active": 1, "_addend":

"_key": 1128659581, " _modulus":

_initial": O,

820265503, "_initial": O,
1327218127, "_timeout":

0.5, "_type": "Momentary", "val": 0},

"Spareyl": O,

"Sparey2": O,

"Sparey3": O,

"Spare 4": 0},

"AnalogyInput": {
"Feuchte": {"_precision": 4, "_unit": "V"
"PA,FWD": {" _precision": 4, "_unit": "V",
"PALRWD": {"_precision": 4, " _unit": "V",
"Temperatur": {"_precision": 4, "_unit":
"Treiber FWD": {"_precision": 4, "_unit":

3},

, "val": "0.9499"},

"yal": "1.594"},
"yal": "1.716"},
IIVII’ ||va1||: ll1'236ll}’
IIVII’ "Val“: ll1.661ll
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The Station
From above
Usage
Users
Network

Hardware
Antennas

BeagleBone
PRU
GPIO

Software
Python
ZMQ

Antenna Control

Device Controls
Live Demo

End.
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Simple webbrowser interface:

1 GHz Amplifier GP1Os

agle per-dudekde/gpic. il

= |~ 2] @ &[asm

GPIOs of PA-1GHz-Beagle

Sensors:

Combiner A Alarm
Combiner B Alarm
Combiner C Alarm
Combiner D Alarm
Combiner E Alarm
Combiner F Alarm
Feuchte Alarm

Haupt Alarm

Input PAO Alarm
Kiihlung Stufe 1 (Pum
Kiihlung Stufe 2
Kiihlung Stufe 3
Kiihlung Stufe 4

PA an

PTT hinter Preamp
PTT hinter Protection
PTT in

PTT out

e e e e

PWS +12V OK

PWS +24V OK

PWS -12V OK

PWS PAO OK

PWS PA1 OK

PWS PA2 OK

PWS PA3 OK

PWS PA4 OK

SWR Alarm

Spare 1

Spare 2

Spare 3

Temperatur Alarm
Zirkulator PA1 Alarm
Zirkulator PA2 Alarm
Zirkulator PA3 Alarm
Zirkulator PA4 Alarm
Uberstrom PAQ Alarm
Uberstrom PA1 Alarm
Uberstrom PA2 Alarm
Uberstrom PA3 Alarm
Uberstrom PA4 Alarm

Acti
on |
for

ons:

pulse | Alarm Reset

Toggle

Push

Toggle

Toggle

Toggle
Toggle

Toggle

| Flex 6500 on
| PA ein

| PTT Test

| Spare 1

| Spare 2

| Spare 3

| Spare 4

Analog Inputs:
0.9815V
1.555V
1.695V
0.9393 V
0.9156 V
1.262V
1.615V

Feuchte

PA FWD

PA RWD
Spare 1
Spare 2
Temperatur
Treiber FWD



DL@SHF

1 GHz Amplifier GP1Os

The Station
From above Intermediate webbrowser interface:
) eage per-dudekde 1ax uje e
Usage
Usrs GPIOs of PA-1GHz-Beagle
Network Power on/off Gehause Alarme
1 Toggle | PA ein 1.146 V Temperatur Reset | Reset Combiner Zirkulator Uberstrom
Hardware 1 PAist eingeschaltet 0.8633 V Feuchte Hauptalarm A PA1 PAO
Toggle | Flex 6500 ein SWR B PA2 PA1
Antennas Temperatur c PA3 PA2
Feuchte D PA4 PA3
BeagleBone Input PAO E PA4
PRU F
GPIO Kithlung Stufe Powersupply OK  PTT Hf Power
Soft 1 (Pumpe) 1 +12v 1 PAO 0N | rpush | PTT Test 1.513V Treiber FWD
oftware 2 1 +24vV 1 PAl in 1.477V PA FWD
Python 3 1 -12v |1 PA2 hinter Protection 1.634V PA RWD
4 1 PA3 hinter Preamp
ZMQ 1 pa4 out
Antenna Control Spares
o Input 1 JOY | Togge | Action1 0.8523V AIN 5
Amplifier Control Input 2 Toggle | Action2 0.8532 V AIN_6
. Input 30 | Togge | Action 3
Device Controls Bl [ osge | Action
Live Demo
End.
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DL@SHF 1 GHz Amplifier Panel

Advanced webbrowser interface:

per-dudek de = |~ %)@c " |feomy
The Station
From above
Usage PA control at PA-1GHz-Beagle
Users
Network (b
Hardware Netzteile Kihlung
I -
Antennas
PRU
GPIO Feuchte
|_:I
Software
Python — >
MQ

4x1.2kwW
Antenna Control

Amplifier Control 10w

Device Controls
PTT out

Live Demo Preamp
el PTTin

21/28
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From above
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End.

22/28

1 GHz Amplifier

Hardware panel:

Software panel:

sjale Woms

PA control at PA-1GHz-Beagle

(V)
Netzteile  Kiihlung
-

e ]
]

PTT out
Preamp
Protection
PTT in

Panel
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Controlling other devices

e HF switches on 60m tower (9 bands)
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Controlling other devices

HF switches on 60m tower (9 bands)
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PA 10 GHz: 50W Transistor + 600W TWT
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DL@SHF : :
Controlling other devices

The Station

HF switches on 60m tower (9 bands)
2 masts (28m high) for short wave

From above

Usage

Users

N ® 6 cameras (az,el,zoom,focus,iris)

Hardware ® Moon beacon http://moonbeacon.dl0shf.de
Antennas

Searione  PA 10 GHz: 50W Transistor + 600W TWT
Software

Python .

zMQ Conclusion:

Antenna Control .

Amplifier Control g + & + P pgthOﬂ + QMQ +
Device Controls RZ<% >

Live Demo

End. + WebSocket + JavaScript = versatile
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DL@SHF

Live Demo
LG L Please turn off all WiFi and mobile data. We need all bandwidth to run our
From above
Usage demO Thank yOu.
Users
Network Please turn on “Airplane Mode". Bitte ,,Flugmodus” aktivieren.
Hardware
Antennas
BeagleBone
PRU
GPIO <Airplane M... »1:25
Software .
Python Airplane Mode. *‘)

ZMQ

Antenna Control ‘ Wi-Fi » Bluetooth

Amplifier Control

Mode: On

Device Controls
Live Demo <(( D ))> +

End. No service

24/28



DL@SHF

Thank you for listening.

From above
Usage
Users

Network

Hardware
Antennas
BeagleBone
PRU
GPIO

Software

Python

MQ

Antenna Control

Amplifier Control

Device Controls

Live Demo

«O» «Fr «

it

v

a
U

DA™



DL@SHF

Thank you for listening.

From above
Usage
Users

Network

Hardware
Antennas
BeagleBone
PRU
GPIO

Software

Python

MQ

Antenna Control

Amplifier Control

Device Controls

Live Demo

«O» «Fr «

it

v

a
U

DA™



DL@SHF

The Station
From above
Usage
Users
Network

Hardware
Antennas
BeagleBone

PRU
GPIO

Software
Python
ZMQ
Antenna Control
Amplifier Control

Device Controls
Live Demo

End.
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Cpu usage for antenna control

root@Spg-1GHz-Beagle:~# uptime
19:54:53 up 314 days, 1:04, 1 user, load average: 0,10, 0,13, 0,10

10 months without reboot and counting.

root@Spg-1GHz-Beagle:~# cat /sys/devices/system/cpu/cpu0/cpufreq/stats/
time_in_state

300000 2707389289

600000 5774576

720000 11004

800000 6622

1000000 161727

Using only 10% of system running at 300 (max: 1000) MHz for > 99.8% of
the time
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PRU process statistics

How much data to process ?

root@Spg-1GHz-Beagle:~# cat /proc/interrupts | grep pruss_evtO
201: 540847970 INTC 20 Level pruss_evtO

540847970 PRU interrupts ~ 20 int/sec for 314 days = 10 Hz SSI data
rate.

root@Spg-1GHz-Beagle:~# ps wuazx

USER PID %CPU %MEM VSZ RSS TTY STAT START TIME COMMAND

root 568 5.3 2.3 35560 11620 7 S<sl 2017 24395:05
python3.4 /opt/SsiPru/loader.py -q

SsiPru loader/network data pump runnig for 24395 minutes of
452160 minutes uptime (314 days) == 5.4% cpu time.

==> Python is efficient!
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GPIO process statistics

USER PID %CPU %MEM Vsz RSS TTY STAT START TIME COMMAND

root 295 0.0 2.7 55012 13944 7 Ssl 2017 327:12 /usr/
bin/python3.4 /opt/LichtTimer/LichtTimer.py -q

root 296 0.1 2.9 56628 15112 7 Ssl 2017 627:50 /usr/
bin/python3.4 /opt/BeagleZmqGpio/WebGpioZmq.py -q

root 445 0.1 2.2 34728 11272 7 540847970 Ssl 2017
573:27 /usr/bin/python3.4 /opt/BeagleZmqGpio/BeagleZmqGpio.py

root 316 0.0 0.4 146656 2276 7 Ssl 2017 5:26 /usr/

bin/weborf -x -b /var/www -p 80 -u www

GPIO uses negligible cpu-time, quite a lot of RAM (RSS!)
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