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Equipment of
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FH Aachen Space Operations Facility Antennas of teleport 1 and 3
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA

+49 241 600 952 830

Hohenstaufenallee

e 70cm: 4 clockwise polarized 18 elements
crossed-Yagi array; gain: 25dBi

o 2m: 2 clockwise polarized 8 elements
crossed-Yagi array, gain: 20dBi

¢ 2-m helix antenna; gain: 3dBi
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FH Aachen Space Operations Facility Antennas of teleport 2
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Teleport Eupener Stralle

- 70 cm circular polarized Yagi: 6.8dBi

- LogPer feed (0.8-7GHz)

- 3m parabolic dish

- RTL-SDR

- Rhode & Schwarz EM100 digital (SDR)
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FH Aachen Space Operations Facility Do it yourSEIf philOSOphy:
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FH Aachen Space Operations Facility
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
+49 241 600 952 830

Receiver / Transceiver

+ RTLSDR; HackRF

* Rohde & Schwarz EM100 (SDR receiver)
« ICOM 820

« ICOM910h

*  New ICOM 9700 just arrived last week
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 HackRF One

- GREAT SCOTT GADGETS

*  HLV-770-LPD-LAN (430-440 MHz) RF Power Amplifier
(low drive) will arrive soon ©
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FH Aachen Space Operations Facility Two exampes What can be done
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their new groundstation eqmpment“ Hello
there Aachen from us at @ESA_Cluster !l

= Lo AR 100E: HORMAL
v = = |00k PO Fl: 189.8 E2:  13.8

p—
= = ESA Cluster -
e —— W esh Cluser
D '“JJJU" Last night #Salsa was tracked by @fhasof on

RES BMI00

| 129599980 MHz : e | EB° W P02 e o] ow s =
1295599 Mz v 1zsesa Mz v PE -117.4 0.0z [pefauit ol s00.000t  [v] gro [1000 0 ™ 0UTS 1234586
— = STATE @
. T Z L Fero M M8

o

[ S ) SelectFile [¥]

-146.8 dBm

<] EM100 1265.99929075 MHz RUNNING Mode: FEM
r = 7
H QO 2Zur Suche Text hier eingeben t ™ O Potengeng-be. €Y POMDUdde [ RASEMIOD & AQad@mow O B

Moon reflection ONOEME (Belgium) - Moon - FHASOF over a total distance of 802.000km
(15.10.2018). Peak at almost 1296 MHz). Elevation:12.5°
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FH Aachen Space Operations Facility MUIt'm|SS|On ContrOI room
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FH Aachen Space Operations Facility FHASOF technical facts
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Modulation Schemes

« Uplink: CW, RTTY; in AX.25 or raw: AFSK, FSK, PSK Manchester, HBPN up
to 9600 baud

« Downlink: CW, AFSK, FSK, GMSK, PSK, RTTY, Manchester, HBPN, and
more:

« CCSDS being implemented

Tracking Data Formats

« Two-line elements (Space track; Celestrack; JSPOC)
« Topocentric horizon RAZEL & Doppler shift
+ Ephemeris types: CCSDS-OEM
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FH Aachen Space Operations Facility
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
+49 241 600 952 830

FHASOF technical facts

Serviced Missions / Heri

Compass-1 (2008-12, primary ground
station, mission completed)

Compass-2 ON04DL (2017 primary ground
station, mission failure)

PocketQube Wren DPOWRE (2013,
primary ground station, mission completed)
Stars-C (2017, secondary GS,

mission completed)

Stars-ME (2018 — today,

secondary GS, still ongoing)

Stars-AO (2018 — today,

secondary GS, still ongoing)

ESA Ops-Sat (ESA operated CubeSat on
which we run experiments, shadow
tracking)

Workforce Structure

* 21 active student members
* 18 Batchelor students
* 2 master
* 6 active working groups:
* Management
* Operators
* Flight Dynamics
* Documentation
* Maintenance
* PR & Open-reach

* Project direction
Prof. Dr.-Ing. Bernd Dachwald

* Lead & flight director
Dipl.-Ing. Sacha Tholl

* Supervising engineer
Dipl.-Ing. Engelbert Plescher
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FH Aachen Space Operations Facility Mission control
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
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FH Aachen Space Operations Facility Tralnlng & certification
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FHASOF groundstation
3 teleports setup



FH Aachen Space Operations Facility Brief schematic of the ground-station
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
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FH Aachen Space Operations Facility Routing mechanisms — ohe example
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Specially for SDR HamlLib server over TCP/IP
DDE to TCP/IP 3) Radios
4) Rotors

0) Prqpagator,@yaluates: ol ;
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FH Aachen Space Operations Facility Contro"ing the radios and rotors
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
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HAM Lib using rigctld cmd HAM Lib using rotctld emd
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Demodulation and
decoding



FH Aachen Space Operations Facility Demodulation and decoding
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
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FH Aachen Space Operations Facility From telemetry reception to decoding
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA

+49 241 600 952 830 some examples

Visualisation of Telemetry
beacon data
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FH Aachen Space Operations Facility GN U-Radio // G R-Sateuites and

Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA

+49 241 600 952 830 OPS-SAT GNU-Radio decoder

& 3

: u
UV  HF i
RTL.SDR

W
yd'.‘il"lu "ﬁ ‘_\J‘kﬂidﬁs I{i\ﬁl\"l" l" |l.‘j'

\

Dipl.-Ing. Sacha Tholl Hannah Walther

Head of Ground Segment & Operations Documentation & Management
tholl@fh-aachen.de hannah.walther@alumni.fh-aachen.de



mailto:tholl@fh-aachen.de
mailto:tholl@fh-aachen.de
mailto:tholl@fh-aachen.de
mailto:hannah.walther@alumni.fh-aachen.de
mailto:hannah.walther@alumni.fh-aachen.de
mailto:hannah.walther@alumni.fh-aachen.de
mailto:sunny.singh@rwth-aachen.de

FH Aachen Space Operations Facility Typical software Setup with ICOM910h
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA

+49 241 600 952 830 or any other analogue Receiver
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FH Aachen Space Operations Facility Uplinking: modulation and
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
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FH Aachen Space Operations Facility Uplinking example using Soundmodem (UZ7HO)
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA

+49 241 600 952 830 via ICOM 910h
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S5 Coment | S 0o S Besom [ V40P (0 Mieard Mt

1:Fin DLOFHA Ta J2YPL <Ul C Pid=FO Len=11 [01:37:157)
CPHMS0331F

1:Fin DLOFHA Ta J2YPL <Ul C Pid=FO Ler=11 [01:37:187)
CPHMS033F

-

CPNHE0331F _‘J
[sentphts[Sentbutes [Revdpkts [Rovd byes [Rovd

DesiCal_[Stalus

[ fz. [2. 0O4. 0O5. [Oé. 07 08  [Honier

1:Fm DLOFHA To JJ2YPL <UI pid=F0 Len=11 »>[01:37:18]
CPNHE0331F

| T | Nt carnected | Bl 0 | TH hctive

00:00:12:37 : DLOFHA]CQ,RS0I55%, gbR, | —-g:=5046.15H/00602.30E"T73"
0D:00:14:149 : GTHCE-TIAPKEOD4.RS50I55%. afR.| —&: :PDORLX :Hi from 1
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Some tracking
examples



FH Aachen Space Operations Facility
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
+49 241 600 952 830

Weather satellites decoding
using Wx2IMG

WXtoImag: E:\Weather wxrsat | WAY 08241207 wav = =] B
£.

Flle Direction Satelite Enhancements Options Projection Image  Help

MOAA 18 [ch 2+4, nothbound 45 E) at 2005-08-24 12:07 UTC

3

- - : 4 - 3 SEtsSE R I
|eoosaz47 oganuTC | Jwal: 721

= T Eprroall ey
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FH Aachen Space Operations Facility SSTV Via ARISS / RSOISS

Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA .
+49 241 600 952 830 using RX-SSTV

M RX-SSTV v.2.0.1 ©ONEMU (SSTVENG.DLL v.1.06) = X HHTED—MAM‘?ﬁ /12

File Edit View Tools Setup  Help /?
TR MSHistar ] ’
52 /2 —
- 4 -:.I i r ﬁ\.’;‘/|
a -8

HHTEE._,.E.AM YE RSOISS 2/12
S g (1= /_?

F - Brzzewers Wriddaoge-
'hh::rwernl__ M’
= = ’ . . s . :

2 'sb‘-; ;:pa-:-u L T -.-.«—.‘_‘I
= 4 Viscimir Wkhadovich '\/
. L Srsrtmerr 215 | Robak 35 .H?_Jr_} ? ;i' $ - FeSune
. i T [ Martin1 | Martn 2 ] Sl

RSOISS —
STV

.
~ RX oplions [ﬂtEF'MA!‘?ﬁ January 2020

[ Scotlie 1 | Scotie 2 ]

DsP 1
vz ]

Se==rarring heacs of cooarTeres

Inter-MAI- ?5 January 2020

L @:ﬂr!.u LINGHIL
EIRIGC i(&] 0 &
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FH Aachen Space Operations Facility
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
+49 241 600 952 830

Tracking the Soyuz

MKC Bumoxk 1042 7/ & OB 17:59:41 18.12.2017

MockBa

apuk

i AU ........ AN 5;;‘,

120° 90° 60> 30° 0" 30° B0 190" 120°~ 150° 180°

flepuod 92.6 muH Hmax 420.5 km THe
Haxnonernue 51.7 ° Hmin 404.5 uw Tic

#= Coloz £¢ MKC |/ TpaccaMKC = | ~ [k 306l TDRS ) | ~ [{| TeHb Ha opBute

Lol el tal al ol al L ol

hania1 237 775

Tul1=':'1I E | 7"55&4
——————————————— /]2
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Something special
with DSLWP-B



FH Aachen Space Operations Facility

Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
+49 241 600 952 830

Signals from the moon DSLWP-B
using the WSIT application

DSLWP WwWOD #1 T DSLWPWOD #2 T WU Transceiver 1 T JT4G beacon

1eele@ 4 -15 1.4 -61 11 * BJ15NIB8661PDT 1 @ B

lellee 5 -14 1.4 72 11 * BJ1SNIB691PDA 1 =]

1@21e@ 5 -15 1.4 -92 13 * BILSNIBGAL1PDK 1 e A

l@3lee 9 -11 1.4 -133 13 * BI1SNIBGALPDT 1 @ B

184166 5 -14 1.4 -177 11 * BJ1SNIB&71PDA 1 e A

1e51e@ 6 -13 1.4 -217 11 * BILSNIBE71PDK 1 e A

llele@ @ -20 4.3 718 4 % NO-Signal

" BIM 19 b gain a  gri_threshold q

7 rasi_charne! 129 dBim O or_r_m 1  tLpa a5 C
i bug_tw 305 s, o minutes¥30 20  precadsr q

" tubo_rate 0 " baud_rate il o n_freq 3
" Estimated Eb/MO il

minutes?30

30

10:01:00

B1H|

10:11:00 10:21:00

10:31:00

10:41:00

10:51:00
v B

#/E j

JT4$ Turbo coded telemetry beacons

PASS

il-ri':jf.!f:t‘
s
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FH Aachen Space Operations Facility Signals from DSLWP-B

Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA .
+49 241 600 952 830 using WebSDR

Wz havs ke sigeals Eown the 15 m dab s Deengcloo bz, See the oeentbachg b bolew e dish prciaes woscs whehio we'ss secking (be mooe aed the Chozee DELWF mocn ercdlils.

Ite I aned fom arrearme. aie Trom soall 7ag) amennas for mereos soamer reflacons

These sersiras ans agersredl by CAMBAL
Crcwsima o commors cn b o ol fvmiGe: bedrag, od’e ve e cheiba af the bt of thia page

Ltars VARSDR SHoMAE o ek bt i e St AL Mg R

Yien aaar o calbgm. ot

Waterfall: Clavn ®HTMLE Scand: ©) Do 8 HTH

View: Lol hanch Cloiiers shoo 8 ame Sand U blind | Allaw losyboard: L]

[ T

24T LR L iy

Frequency: [0 kHz o derideh Viaerfall view Laghank
+|[= 240 bHx [ -GlE, 295 kEz f -S0E. mEemar | sk Cull el asdion e yus koo

land: ®0cr Cim Chtm i vz | | L e - - — Ceenmera, if any e
O B Ty L g 1 A o [er—— - e | | Ohamaa | | Sirrw | L | | Aetara B e Motz ke froaomcy, roes mome el s CNE S e Bamrion e mided wdorack oty

. N Lanwie Dwguedel D estimueh Vheer £ Luti X0 Bepts oFshp enosic = ohw gumica bopbock Foid ik %1 maer ik i)
—— O — P

: i Vil
I er HAw | 5:..;\. T
4 View: [vonedl -

Hids ishe
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An application‘for tracking
non-earth orbiting and deep space
celestial objects



FH Aachen Space Operations Facility GMAT for ﬂight dynamics purpose and traCking

Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA oge . .
+49 241 600 952 830 non earth-orbiting celestial objects

Tracked Celestial Object:

DSLWP_B
k [MHz] Uplink [MHz]
1 54 5

| // - X’

[ Elevation [Dec’]  Azimuth [Dec”]

17,4921306 162,7

) ,‘,_./\‘: ;‘/.‘ -

Type of DN Type of UP
USB UsB

| got the idea when | saw this GMAT sheet from Daniel Estevez. | implemented David Vallado’s
RAZEL algorithm as a native GMAT function to get a file that would provide the exact pointing
and doppler correction of DSLWP-B or any other celestial object. This propagator will be soon
posted under GitHub. An announcement will be made on twitter.
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FH Aachen Space Operations Facility

Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
+49 241 600 952 830

Testing the application with earth orbiting

satellites

hea | Man

WOh | Tncking e | oy
Tracked Celestial Object:
NOAA1S

ot

Downlink [MHz] Uplink [MHz]
137915227 145897221
Elevation [Dec”]  Azimuth [Dec’] &
0,0749869198 7,78969961
Type of DN Type of UP
use USB

a rmou5es BT
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FH Aachen Space Operations Facility
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA
+49 241 600 952 830

Testing the application with earth orbiting

satellites

Downlink Frequency [MHz]

435,805 | —
435,803 - o~
I SN
435,801 ity [da. ')
s
Flightpath of JAS over FHAS
435,799 !
435,797 Highest elevation of the pass %%
/| ie. dasest apprazch] % qéﬁ
i
435,795 | § ! %?b.
i | { |
435,793 | | \
m —
o
m
==
435,791 E’
(]
u [ AOS -
o
435,789 | > -
[K=E1*Sin{Rzd. Az
- Poslephon GRAAATIO,  —— peadar ot QB TRION L] - —— M s
435,787 t t t
28477,229 28477.231 28477,233 28477,235 28477.237 28477,239

Satellite JAS-2 FO29 pass over DLOFHA @ 17:30:30 utc 24.12.2018

Predicted downlink profile with Orbitron interval 1s
Predicted downlink profile with GMAT interva 20s
Measured downlink frequencies

Left Sideband

Right Sideband

Pass Time [ModiD]

28477243

28477.241
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Multi-tracking satellite
propagator



FH Aachen Space Operations Facility Special tool for semi-automatic multi tracking
Hohenstaufenallee 6 | 52064 Aachen | Germany | DLOFHA

do4109280 __________________________(In-housedevelopment)

Wen nl rform single-track ion
e not only perfo 5|.get acl S?SSIO S, B ] . ‘ u kagDi\({ 2017_036P
but also so-called multi-track sessions, where § : . S S

COMPASS

we try to listen to as many satellites as R R - o 77 TXIMHzI: 145,883 RX [MHz]: 437,305 Propagator  Project

possible. " A3, e Time UTC) UnixTime Orbital Ph [m256] . ose “
S, ' 01:4221,0 29062017 1498690000 63,138 - Grapnicat Propagation Representation

Study DragSail/FH Aachen
By Diplng. Sacha L Thal

Azimut [Dec”] Elevation [Dec’] Orbit Number Velocity [Km/hi]

This application is a propagator that evaluates o
199,175 82 27358,535 Shutdown

in real-time which satellite is at this very \ ; 4
. b 4 b 2 1 Longitude [Dec”] Latitude [Dec’] Altitude [km] Range [km]

moment, the best one to track. It analyses if F . & . 23,948 50,903 524,488 10484
the satellite is still moving towards the station g : B
orif it is already flying away.
It considers the actual pointing position of the
antennas to evaluate the chances of a
successful interception after the injection into

2017-036P 10529 -51,005 198,740 51,644 23,649 62,597 27358 524 145,885 145,885 240300,000 437,300 437,300 437,300 AFSK.AX25 ONO4DL 29.06.2017 10:19 29.06.2017 10:28
orbit of a cluster launch (|ots of satellites very 2017-036N 10696 52281 197219 54383 22651 61451 213%6 525 145,885 145,885 240300,000 437,300 437,300 437300 AFSKAXZS Oono4aDL 290620171019 29.06.201710:29

2017-036F 10864 S3626 195570 57263 2447 siet7 27361 s24 145,885 145,885 240300,000 437,300 437,300 437300 AFSKAX2S ono4pL 2906201710:20  29.06.2017 10:30
close to each other, like a swa rm) 2017-036M 10974 194458 59141 20544 61013 27352 s28 145,885 145,885 240300,000 437,300 457,300 437300 AFSKAXZS ONo4DL 290620171021  29.06.2017 10:31
20170360 11016 194010 59885 20160 60614 27352 s28 145,885 145,885 240300,000 437,300 437,300 437300 AFSKAX2S onoanL 290620171021 29.06.2017 1031

2017-036K 11145 192,573 62,214 18,829 58,236 27352 529 145,885 145,885 240300,000 437,300 437,300 437,300 AFSK.AX25 ONO4DL 29.06.2017 10:22 29.06.2017 10:32
2017-036) 11176 =56, 192,212 -62,785 18,470 57,802 27352 529 145,885 145,885 240300,000 437,300 437,300 437,300 AFSK.AX25 ONO4DL 29.06.2017 10:22 29.06.2017 10:32
H i 2017-036H 1227 56, 191,603 63,736 17,838 57,203 27351 529 145,885 145,885 240300,000 437,300 437,300 437,300 AFSK.AX2S ONO4DL 29.06.2017 10:22 29.06.2017 10:32

It also evaluates the downllnk quallty 2017-036G 11289 =57, 190,850 -64,889 17,009 55,818 27352 529 145,885 145,885 240300,000 437,300 437,300 437,300 AFSK.AX2S ONO4DL 29.06.2017 10:22 29.06.2017 10:32
H H H 2017-036E 11383 57, 189,635 66,697 15,547 54,768 27351 530 145,885 145,885 240300,000 437,300 437,300 437,300 AFSK.AX2S ONO4DL 29.06.2017 10:23 29.06.2017 10:33
(If the Satelllte radlo Specs are known) and 2017-036D 11464 =58, 188,541 -68,266 14,082 52,317 27353 530 145,885 145,885 240300,000 437,300 437,300 437,300 AFSK.AX2S ONO4DL 29.06.2017 10:23 29.06.2017 10:33
B H B 2017-0368 11544 59, 187,392 -69,852 12,361 53,608 27350 531 145,885 145,885 240300,000 437,300 437,300 437,300 AFSK.AX2S ONO4DL 29.06.2017 10:24 29.06.2017 10:34

makes then SuggeStlons on WhICh satelllte 2017-036A 11545 59, 187,384 -69,864 12,351 53,632 27350 531 145,885 145,885 240300,000 437,300 437,300 437,300 AFSK.AX2S ONO4DL 29.06.2017 10:24 29.06.2017 10:34
2017-036C 12475 69, 163,623 79,742 259,060 50,914 27338 537 145,885 145,885 240300,000 437,300 437,300 437,300 AFSK.AX2S ONO4DL 29.06.2017 10:31 29.06.2017 10:42

would be the best satellite to track. If you 2017-036C 12487 59, 162984 73,389 257,053 50,554 27338 537 145,885 145,885 240300,000 437,300 437,300 437300 AFSKAXZS ONO4DL 290620171031 29.06.201710.42
acknowledge, it points the antenna to that
satellite, taking into consideration the time

the antenna takes to move toward the TX Base [MHz]: 145,885 satellite Catalog Number Inclination [Dec*] Mean Anomaly [Dec?] Revolution number [Revs]  Peace of launch

satellite, to intercept the satellite on the fl 21780 s7.4512 138628 7 p
M P . . v RX Base [MHz]: 437,300
to maximize the reception time. JD [UTC] TLE Epoch Exentricity Mean Motion [Revs/day] B Drag Term [1/ER] Launch year
Tx;“‘ RX;’Eq S”: 2457932,09444444 0,0011818 15,2033 4,523E-5
Uplink1 Downlink 1 All Sats.

RSET Map Show HDSDR Wisp Rotor Cat Control On Optionen Download TLE Change Sat

Satelitte Range[lm]  EL[]  Az[] Lat.[] long.[] Ombital Vel (km/hi] AIL[lm] Upink1[MHz] UpInk2 [MHz] Downinki [MHz]  Downink2 [MHz] Ben.1 [MHz]  Bcn.2 [MHz) Modes Calisign 08 3 ELmax []

Peace Nr. RAAN [Dec”] 1st Derivative of Meam motion  Satellite Number

This application is still under construction, vpliriz @ Dovrink2 @ onyincoming © [ 239239 51566 s2178

. . . Beaconl €3
afirst Alfa release will be online on Besconz @ TLE epoch (UTC) Argument of perigee [Dec’] 25t Derivative of Meam motion  Launch number of year
Github in Apr” this year. 13:52:00,000 28.06.2017 221,406 0 37
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FH AACHEN

SPACE OPERATIONS
FACILITY

Notice:

We are always eager to test new hard equipment and software
applications. So if you have any space- operations related
open-source applications that need to be (beta)-tested under
real-world conditions, such as propagators, sdr-radio
applications, sdr-hardware, ground-station applications,
encoders/decoders, just send us an email:

Sacha Tholl: tholl@fh-aachen.de
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FH AACHEN

SPACE OPERATIONS
FACILITY

Thank you for having
listened

We want to particularly thank all the developers of
open-source software. Without your impressive work,
our passion would be far more difficult to achieve!

Contact

Email: fhasof @fh-aachen.de
Sacha Tholl: tholl@fh-aachen.de
Hannah Walther: hannah.walther@fh-aachen.de

Twitter: https://twitter.com/fhasof

Facebook: www.facebook.com/fhasof

Instagram: https://www.instagram.com/fhasof

Youtube: https://www.youtube.com/channel/UCVVyDe6XZ8opbCRaNJO3Faw
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