SatNOGS

SATNOGS - Open Source global network of
satellite ground-stations




SEINOIEN

SatNOGS is the ‘Open WebRX’ for Satellites

It is a network, where you can schedule satellite observations
on any active SatNOGS ground station.

SARTS talk by 9V1KG, Feb 2023
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U @ network.satnogs.org

0 Network - Ground Station 9V1KG O

SatN®GS Home About Observations Ground Stations Community  Wiki 01:27 UTC @ v
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Pekanbaru
[ Antennas | Yagi (VHF, UHF)
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adang
3903 Jambi i g
10 months ago
— OV1KG active 24/7 since 10 months
g i Last seen 0 minutes ago
m 1 week, 5 days
Fixed 3/5 el Dual band Yagi beaming 210 deg (SW) 20 deg elevation
(© 2014-2023 Libre Space Foundation. SatNOGS | Back to top

& Observation data are freely distributed under the CC BY-SA license. Version: 1.102+0.gef4fdab.dirty



AW & SW Components

* Three major Hardware Components:
1 SDR (e.g. RTL or Airspy Mini)
2 VHF/UHF Antenna
3 Raspberry Pi




AW & SW Components

* Three major Hardware Components:
1 SDR (e.g. RTL or Airspy Mini)
2 VHF/UHF Antenna
3 Raspberry Pi

* Three major Software Components:
1 Client: satnogs client

2 Decoder: satnogs_gr-satellites (optional)

3 Monitor: satnogs_monitor (optional)




SatNOGS Be

Basic Hardware setup

sic HW Setup
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Alrspy Mini

Airspy Mini

Basic Hardware setup

VHF/UHF SATNOGS
ATIEMAE] CLient
< - = Pi3 or4
~ Airspy Mini
Internet

Setting Gain for Airspy:
LNA=11,MIX=9,VGA=7




Alrspy Mini

Airspy Mini

Basic Hardware setup

VHF/UHF SATNOGS
ATIEMAE] CLient
< - = Pi3 or4
- Airspy Mini
Internet

First waterfall results using
Airspy Mini withYagi:
Lots of QRM very disappointing ...




Alrspy Mini

Basic Hardware setup

VHF/UHF SATNOGS
ATIEMAE] CLient
. __ SbR .
- Airspy Mini P13 or4
Internet

First waterfall results using
Airspy Mini withYagi:
Lots of QRM very disappointing ...

... but in comparison the I1C-9700
showed a ‘clean’ waterfall!?

Airspy Mini




430 MHz Be

* Band pass filter

Sweep control Marker 1 511 Return Ls
Start 400MHz | Center 425MHz Frequency: 432.451 MHz VSWR: 1.449
Impedance: 35.4-5.78 Q Return loss:  -14.729 dB
Stop  450MHz | Span 50MHz seriesL:  -2.1272nH Quality factor: 0.163
Segments 1 49.02kHz/step Series C: 63.674 pF $11 Phase: -154.53
ParallelR:  36.3430 521 Gain: -1.422dB
Sweep settings ... ParallelX: 1.6534 pF 521 Phase: -15.81"
Sweep
Markers
Marker 1 432.46613MHz. | © Frequency: 420.981 MHz VSWR: 1.992
Impedance: 84.9+j29.6 Return loss:  -9.590dB

Marker 2 420.98056MHz.

Series L: 11.207 nH Quality factor: 0.343
Marker 3 4a.26506MHz [ SeriesC:  -12.753 pF 511 Phase: 27.96°
ParallelR:  95.2450 S21 Gain: -4.320 dB
L Balm e ParallelX: 103.12 nH S21Phase:  16.83°
Hide data Locked
TDR
Estimated cable length: 2017.84 m
Time Domain Reflectometry ... WEERS
Frequency: 444.265 MHz VSWR: 2.742
Impedance: 34.5-j40.8 0 Return loss:  -6.642 dB
Series L: -14.625 nH Quality Factor: 1.184
SeriesC:  8.7752 pF 511 Phase: -85.02°
ParallelR:  82.817Q 521 Gain: -4.517dB
ParallelX:  5.1219 pF $21 Phase: 78.27°
Reference sweep
Set current as reference
s1
Serial port control Min VSWR: 1.012 @ 430.883MHz

tyACM1 (S-A-A2) v Rescan Return loss: -44.248 dB

Disconnect Manage s21
Min gain: -73.638 dB @ 417.500MHz
Files ... calibration ... Max gain: -73.638 dB @ 417.500MHz

Display setup ... About ... Analysis ...

SS Filter

adlRres

<




Alrspy Mini

Airspy Mini Airspy Mini w BPF
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Test Setup for SatNOGS

SATNOGS
-0.5dB +20 dB UHF only CLient
3.6 dB BPF LNA SDR et Pid
430-440 MHz Airspy Mini
i -09d8 3 dB LAN
Yog split LAN LAN
+9.5 dBi | Diplex i
+11.5 dBi -3.6 dB 2m/70cm LGS Switch
VHF/UHF
LAN
Hardware Test setup remote

with SDR and ICOM 9700
(Receive only)

Wifview with

Linux PC  IF from 9700
ssh Pi4
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View | Band

Spectrum Mode: | Center

437.150000

Power OFF

FLock

RIT

Mode:

™M

W) Data

Receive Filter

ToFixed | | Clear Pe

X LAN Ref Len

Spectrum

] Enable WF Theme:

Transmit

Repeater

Preamp:

Preamp/Att

Pre#1

Attenuator: | 0dB

Antenna;

rx latency

wfview

IC-9700
IF out

N Connection

1C-9700
IF out =¥ o [Cr—:

m 43300000

. =
VOX/BK:
A SPECTRUM SCOPE

PHONES
= (e

t

REF SPEED MARKER EXPD/SET

(AUTO

eTAn TUNE

MENU FUNCTION| | | | M.5COPE Quick X /SPEECH

AF max BW is 3 kHz!

IF out of the IC-9700 is a 16 kHz wide
AF signal centered at 12 kHz
Real, NOT I/Q!




[C-9700 IF Out

View | Band | Freq

Spectrum Mode: | Center | span: | +25k | Edge | 1

437.150000 MHz Mode:

™M

100 Hz ~| (W] pata

FLock Receive Filter

Power OFf . RIT 1

R P P

ToFixed || Clear Peaks

TX LAN Ref Len

Spectrum

] Enable WF Theme:

wfview

== 1C-9700

Preamp: Pre #1
Attenuator: | 0dB
Repeater

Antenna;

rx latency: 219

i, ‘hy'\\"\||U\'.'u'/v‘lrr‘p'\‘q",’\uv‘\‘\t."-.m

IF out

316/8220182 @ ¢ ic9700

IF out

TRANSMIT

CALLER

via LAN

PHONES

IC-9700

NSCEVER IC-9700
18:11

433.000.00

SPECTRUMSCOPE  icenters o

TR/RX
=
o 0 6 -100

REF SPEED MARKER EXPD/SET AFC
(AUTO
TUNE

FUNCTION| | | [ m.scope || || quick

AF max BW is 3 kHz!

IF out of the IC-9700 is a 16 kHz wide

AF signal centered at 12 kHz

Real, NOT I/Q!




Myriacat Spectrum Analyzer

. .-1.!-\-'l'“M".*"‘"ﬂ"‘-'l""‘-r'lﬂ."ﬂ"‘ln"‘ﬂ"‘-ﬁ'ﬂ'““.’_«“'.h._-.‘u. s

Demodulator

/--____._-L_L__#.._.__A___Au__._ﬁu_&__._u A_J.M“TMM&__.‘“___‘“__._..___ \

4 kHz 12 kHz 20 kHz
Center Frequency

Myriacat Audio Spectrum
Analyzer, suitable for
BPSK, CW, USB




Cubic SDR on IF

Band | Freques

wfview
IC-9700

= 1C-9700 | —
18:11 @ N

= 433.000.00

; SPECTRUM SCOPE  cente:

PHONES J}. —

- MULTI G

TRANSMIT

o ) 300

REF SPEED MARKER EXPD/SET

FUNCTION| | | | M.5COPE Quick

! = Preamp: Pre #1

Spectrum Mode: | Center an: v | Edge | 1 v| | ToFixed || clear Peaks | (M) Enable WF Theme: | Spectrum I 9 O O
-
437.150000 MHz & Mode: . Preamp/att C ;
23456 B

100 Hz ~| (M) Data
Attenuator: | 0dB

FLock Receive Filter

€ RF AF 5Q TX LAN Ref Len

Power OFF RIT 1 - Repeater | antenna

rx latency

nly CubicSDR was able
o work with real audio g
nstead of I/Q .

File Settings SampleRate AudioSampleRate Recording Rig Control Display

36000 10000

View Range
Bookmarks
1€9700

Label [RENTERCNEZN]

Freq 36KHz

BW 10KHz
Type NBFM
Bookmark.
Start Recording

Remove Active

Drag horizontal ko adjust center frequency. Arrow keys or wheel to navigate/zoom banduwith. Right-drag or SHIFT+UP/DOWN to adjust visual gain, right-click to resetit.'8' to toggle decibels display.
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View | Band | Frequency | Settings

wfview

Start recording 2 403.2KB 00 02 04 06 0B

File; 2022-07-17-17:43:04.wav Add.

» Timer.

w Audio settings.

source: @ Built-in Audio Analog Stereo (Audio output) b

Spectrum Mode: | Center 5 2 | Edge | 1 ~ || ToFixed || ctear Peaks | (8] Enable WF Theme: | spectrum  ~ I 9 O O
-
437.150000 Mode Preamp/Att C ;

Format: WAV (lossless wav 48khz) ]

! Preamp: Pre #1

~| @ pata

o s Attenuator: | 0dB +
R T e e P . IF QLR IF Reco rd er Additional settings

rx latency: 219 ms loss: 316/8.. a2 @ € ic9700

Settings Sample Rate Audio Sample Rate Recording Rig Control Display
A )
YAt

36000 10000

Spectrurh analyzer

Type NBFM
Bookmark.
Start Recording

Remove Active




[C-97/00 Le

Band | Frequency | Settings

™M
W) Data

Receive Filter

Spectrum

ToFixed || Clea ) Enable WF Theme: m

amp/!
Transmit B

Preamp: Pre #1

Attenuator: | 0dB

UL AT p—

Antenna;

Options
Title: IC-9700 IF-out
QOutput Language: Python

Variable
ID: samp_rate
Value: 32k

Generate Options: QT GUI

Audio Source
Sample Rate: 44.1 kHz
Device Name: hw:CA..._1,DEV=1

- Hilbert
Num Taps: 65

1

N Connection

wfview
IC-9700

18:11 G

= 433.000.00

pANPER | [NOTCH =
VOX/BKIN
5 s SPECTRUM SCOPE
PHONES e A ]

(TR R

“seur AB
TRANSMIT ek

Scan | [ Toefed
A — MPAD)|

CENTER G

Al =

o -0 300 400
SPEED MARKER EXPD/SET
-y

o-sTAR

FUNCTION| | | | M.5COPE Quick EXIT

IC-9700

1C:9700

You can also use GNU Radio

Companion and convert Real
to Complex I/Q using Hilbert
transform

AM Demod
Channel Rate: 44.1k
Audio Decimation: 1
Audio Pass: Sk

|D
[
=

Audio Sink
Sample Rate: 44.1 kHz
Device Name: pulse

NBFM Receive
Audio Rate: 44.1k
Quadrature Rate: 44.1k
Tau: 75u
Max Deviation: 19.2k




Gpredict

File Edit Help

Gpredict (running with IC-9700)

Amateur | SATNOGS

2022/07/1808:31:48

9V1KG_home

[ cAS-4B
Azimuth :
Elevation
Slant Range :
Range Rate :
MNext Event
S5P Loc. :
bis s Footprint :
UWS0-5AT =l Altitude :
Velocity :
= = - D L 100M
Satellite Az El Dir Range Next Event v | Alt Orbit S er;@ 3
ig. Loss :
Shaonian Xing 354.05° T Sig. Delay :
Mean Anom. :
LO-19 168.35" -63.04° T 12251 AQS:2022/07/18 09:00:43 809 69753 Orbit Phase :
CAS-AA 223.55° -66.50° T 12276 A0S:2022/07/18 09:03:39 540 28104 Orbit Num. :
AAUSAT 4 304.90° 7557° 1 12925 AOS:2022/07/1809:1123 555 34264 e
AO-T3 354.27° -25.77° it 6802 AOS5:2022/07/18 09:46:49 654 46611
ATHENOXAT 1 84.89° -33.81° il 7927 AO0S:2022/07/18 09:46:59 455 36502
CAS-4B 44.82° -20.67° 1 5717 A0QS:2022/07/18 09:53:38 529 28103

) %)
N Mext: Shaonian Xing
+ — in02:14
~
\\
B
, .I
+ | : E
.'I ) |

44.82°

1 -20.67°

5717 km
6.251 kmy/sec

t ADS:2022/07/18 09:53:38

QM2Z4RM
5025 km
529 km
7.605 kmy/sec

1 -2085 Hz

147.54 dB
19.07 msec
210.29°
295.73°
28103
Daylight



SatNOGS

Examples
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Spectrum
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Prism (CW) CSIM-FD (GFSK 9k®6)

View | Band | Frequency | Settings

Spectrum

ﬂ‘f’J“J""\r"l'IIll'\J\r"1Hll’l’.‘ﬁvﬂlwf'rll‘ﬂﬂ’#‘ Aﬂll‘.ﬁ"r‘fr\'ww,‘",-\\'h\'" M

JTSRRRTPRTTVIFY V1 SITNT WYY T WP W T PR WY TYT P TRIST HIE RTNRIT VS Y ) LR TOW AT Rrur e W TIFYERT I T TPRCY PRIV PP Y TPTEY S0 (VR E 1Y TONeaa e Vo

|

Spectrum Mode: | Center 2 a ToFixed | | Clear Peaks | (W] Enable WF Theme: ctrum v

437.240154

S 0123456789 ‘ Preamp: Pre #1

Prea JALE
Transmit s

SWR 1.0 Attenuator: | 0dB

Receive Filter

RF AF SQ TX LAN Ref Len

Power Off Repeater | Antenna:

: 173 ms / rtt: @ms / lo 1C-9700




Athenoxat (AFSK 4K8)

View Band | Frequel

437.490486

FLock

Spectrum

q

ToFixed | | Clear Peaks

Q TX LAN Ref Len

M| Enable WF Theme: | Spectrum

Transmit

ter

Preamp/Att

Preamp; Pre #1

Attenuator: | 0dB

Antenna;

300

Time (seconds)

ISS (FM)

0
Frequency (kHz)

I 1SS (FSK 9k6)
J10RS TLM

—20 -10 0 10 20
Frequency (kHz)

-100

-105

Power (dB)




Lightsail 1 (FSK 9K6 AX.25) FOX-1 Cliff (DUV)

'."""f\"-‘|'\V.Jll'“\”'.\"*‘m\" ‘uw'"l"J\IFH Ji *‘F“F'?\""""‘ View Band | Frequency | Settings
!

Spectrum

-

MmMMuMMM‘M;WH ______ =4

Spectrum Mode: | Center ~| span: | x25k ~| Edge |1 ~ || ToFixed | | Clear Peaks | (W] Enable WF Theme: ctrum v

145.917007 MHz Mode Preamp/att

Transmit

S E 0310 ] use Preamp: Disabled

100 Hz Data
Attenuator: | 0dB

FLock Receive Filter

‘ RF AF 5Q TX LAN Ref Len

Power On Power OFf RIT 1 - Repeater | antenna

65 ms / rtt:  2ms /1 0/43002569 @ © 19700




Manual Decoding

* Download audio file (format: ogg) and convert to raw
or wav

* Demodulator/Decoder Software:

- gr_satellites
- multimon-ng (AFSK, CW)
- Direwolf (AFSK, AX25)

- FoxTelem (Fox satellites)




Decoded AX25

Waterfall Audio Data @)

ASCII | HEX

data obs/2022/7/16/20/6224679/data 6224679 2022-07-16T20-45-11

Q
WaSKH

(Source 55 0

0

3

240
RSBeac:,62022-07-16T20:4

4:13.67Z,808, 98,0, -7,
2; 18 =5, 13; 13, 3;
7, 868, 31,809, 3,333,
42,503, 64, 139, 161,
178, -290, -
622,-275,-424, 0, 0, 0,
e, e, 6, 0, @, 17798, -
16868, 11168,0000,
10005, 149,3466




AO-73 Funcube

Fitter Message 2
To request a FITTER message, please email operations@funcube.org.uk

Fitter Message 3
Hello from Space to Gabija Bosaite, Harris Lodhi, D Wait, T Lynch G Newns
and The Heathland School A Level Physicists

Fitter Message 4
CQ CQ de Milly, Caitlin & Alice, aiming for our foundation licences.
Pls send a QSL card see QRZ for Hilderstone GOHRS club

Fitter Message 5
AO73 was launched 8 years ago on Nov 21st 2013 - now more than 43000 orbits completed

Fitter Message 7

This message is sent via the AO-73 satellite by AMSAT-UK to congratulate Her Majesty Queen
Elizabeth II on her Platinum Jubilee. Reception at ...



CERTIFICATE OF ACHIEVEMENT

This certificate goes to
Klaus D Goepel

For directly receiving & uploading the
FUNcube-1 AO-73 Jubilee fitter message.

Jdim Heek 29/07/2022

UJim Heck Date
Hon Sec




AQ-73 Funcube..

Realtime telemetry:

Container:
eps = Container:

photovoltage = ListContainer:

4645

3996

3650
photocurrent =318
batteryvoltage = 7531
systemcurrent = 219
rebootcount = 1463
softwareerrors =0

boostconvertertemp = ListContainer:

0

0

1
batterytemp =0
latchupcount5v =0
latchupcount3v3 =0
resetcause = 3
MPPTmode = 1

rf = Container:
rxdoppler = 156
rxrssi =180
temp =-1.7239999999999895
rxcurrent = 23.532
tx3v3current = 31.164
tx5vcurrent = 29.256
pa = Container:
revpwr = 41.07569599642216
fwdpwr = 330.25757624255573
boardtemp = 197
boardcurr = 106.41789999999999
ants = Container:
temp = ListContainer:
166
166
deployment = ListContainer:
True
True
True
True

bob = Container:

sunsensor = ListContainer:

554

268

135
paneltempX+ = 2.349400000000003
paneltempX- = 0.0858000000000061
paneltempY+ = 1.9180000000000064
paneltempY- = -6.8714999999999975
3v3voltage = 3280
3v3current = 140
5Voltage = 4962

sw = Container:

segnumber = 16630688
dtmfcmdcount = 43
dtmflastcemd =0
dtmfcmdsuccess = True
datavalid = ListContainer:

True

True

True

True
eclipse = False
safemode = False
hwabf = True
swabf = False
deploymentwait = False




SATNOGS Dashboard




Satnogs Dashboard

Q go Satellite Telemetries <

All ~ Countinterval | 1h v Filters ~ + & 5atNOGS Community [ SatNOGS Network (& SatNOGSDB [ Dashboard Documentation

Q Framecount Totals
Welcome to SatNOGS Dashboard .

On this page you will find links to some of our production dashboards. These are crowd-sourced dashboards which visualize data that has been
collected and decoded through the SatNOGS Metwork and SatNOGS DB. Documentation for editing these dashboards can be found on the CAS-4A 8219655

)GS Wiki. If you would like to get involved with helping us in building dashboards, please contact us
CAS-4B 5343309

FALCONSAT 3 2102065

Inactive Satellites Active Satellites
GRIFEX 1964235

ACRUX-1 AAUSAT4 ZHUHAI-1 OVS-01 1067446

} i BUGSAT-1 981843
AMSAT CubeSat Simulator AmicalSat

FOX-1B 666131

Bobcat-1 AMSAT FOX Te!emetry FOX-1D 425480
OPS-SAT 407325
DELFI-N3XT ARMADILLO
CTIM 371395

DUCHIFAT-3 AzaadiSAT-2 CSIM-FD 333123

ELFIN BDSat UNISAT-6 283575

ZHUHAI-1 OVS-1B 254096

EntrySat BDSat-2 XVI-3 248687

EQUiSat BUGSAT-1 SiriusSat-1 243479

SiriusSat-2 231588

GASPACS CAS-4A + CAS-4B 1 IWE-4 20413A




® SatNOGS Metwork - Obser = CTIM - Grafana PicSat ¥ SWSU & Tsiolkovsky-Ryazan X Q deckbsd/fglouton-satnogs-

@ satnogs.org

88 Telemnetry / CTIM =3

Salected Frames Count Ground Stations Leaderboard By Observed Frames

Last Frame Received

an hour ago

Last Frame Rowd By
WA Pobla Llarga-IM99ac
Telemetry

Esttery Vnliage Bus Volage Bystem Tempersiures (T} ADCE Sum Point Sate ADCE Sun Poind

— ——— ——— ———— Not Active fa|Se

Solar Amzy Vohage Command Recetved Count ADCS Time walid Fault Response Counter

1378 true 0 0

Shutter Information

ADCS information

Telemetry Dashboard CTIM
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— 3VIKE — Drachien — EUTHX — GADUHF — JADCAW OEBISF_1 FF_DE_FL_UHF_CROSS_DIPOLE Takas YEEXM — YDTOIZ spacecruft
Selected Satellite Frame count Frame count
110
MySat-1 129 frames o
a0
Last Frame Rovd at Laszt Frame Rcvd By .
o4/24 o8/27 0,30 a7/0z azyos avyas o7z o7 a7/e a7/
-
9V1KG-0J11xi
— Frames 129
Uiptime EPS Last Boot Cause
24 minutes, 2 seconds, 0 milliseconds 255
0BC Clock OBC Reset Counter EP5S Reset Counter
Messages
Time -~ 44045 message
2022-07-21 D3:34:36 Hello world! MYSat-1 from YahSat Space Lab, Khalifa University, Abu Dhabi, UAE is back for the 3rd timea!
2022-07-19 D5:02:55 Hello world! MYSat-1 from YahSat Space Lab, Khalifa University, Abu Dhabi, UAE is back for the 3rd timea!
2022-07-18 23:00:36 Hello world! MYSat-1 from YahSat Space Lab, Khalifa University, Abu Dhabi, UAE is back for the 3rd time!
2022-07-16 DA:17:33 Hello world! MYSat-1 from YahSat Space Lab, Khalifa University, Abu Dhabi, UAE is back for the 3rd time!
ANTLNTAAR NSN1-20 Ml winrldl K¥St 1 fram ¥WohSat Snaca | ah Khalife Dnaarsite &ko Dhahi 1AF ie haek far tha 2ed timal
Temperatures




Satellites decoded via SatNOGS

AAUSAT 4

GRIFEX

CTIM

FOX-1C

INSPIRESat-1

FOX-1D

RamSat

ELFIMN-A

CTIM

CSIM-FD

* >20 Satellites decoded

FSK 9600
BPSK 1200 .
N * Some more with other SW
BPSK 1200 30 .
oMsK2400 20 * Where to find the
oK 800 transmitter power and
GFSK 9600 12 .
antennas for the different
GFSK 9600 .
satellites?
FSK 9600 . .
e * Would be interesting, to

do some calculations

GFSK 9600

FSK 9600




Final Sa

+16/20 dB
" 09dB DBA
</\
Yagl T . 270
+9.5 dBi 12y
+11.5 dBi

Final Satnogs setup
with SDR (Receive only)

VHF/UHF

SDR
Airspy Mini

USB

SATNOGS
CLient

DBA 270 is a dual band LNA
for 2 m and 70 cm with built-in

VOX (SSB Elektronik)

Suitable for IC-9700 TX/RX ops

Pi4

LAN

LAN
Switch

LAN
remote

Linux PC

tNOGS Setup

ssh Pi4




SatNOGS Setup Portable

SATNOGS
Log Per  +16/20dB VHF/UHF Client
DBA 10 m low loss Coax SDR USB .
270 Airspy Mini Pi4 5I\?at
10 m USB Extension (active) LAN
R:)t LAN UusB
Router
Bat
at S iPhone
Portable Sat t Hotspat
ortable Satnogs setup
with SDR (Receive only) HEseel




SatNOGS

Thank You!
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