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1 Introduction

Thank you for downloading the Fox Telemetry Decod¥nu can use this program to demodulate,
store and analyze telemetrgd a f r om AMSAT 'useSakso We hape that yois willalso C
upload the telemetry you receive to the AMSAT server so that it can be used byontnésts
studentsand our research partners, whose experiments fly with the Fox satellites.

FoxTelem is experimental. We are sure it caimiggoved. Please provide feedback and suggestions.

Fox-1 satellites include two telemetry formats:

1 Slow Speed, also called Data Under Voice (DUV) is 200 bps FSK data sent at the same time as
the transponder audio. Whenever the transmitter is on, dagén sent. This happens during
beacons and during live QSOs.

1 High Speed is 9600 bps FSK sent instead of the transponder. This is used for data intensive
experiments such as the Virginia Tech CanferaFox1Cliff, Fox-1D) and University of lowa
HERCI experiment (on FoxiD). On Fox1A we will test high speed and use it to download
additional radiation data fr ohemddasohlgactive | t |
when commanded from the ground. You can recognize High Speed because it ikeuzals |
old school computer modem.

FoxTelem will receive and store both formats assuming you can feed it clean audio or 1Q signals from
an SDR.

1.1 License
FoxTelem is Copyright (C) 2015 amsat.org

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by

the Free Software Foundation, either version 3 of the License, or

(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program. If not, see <http://www.gnu.org/licenses/>.
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3 Getting Started

3.1 Installing

FoxTelem is supplied as an archive file (.zip on windewd MacOS$ targzip on Linuy. You can
unzip the contents and put it in the directory of your choice. Right on the desktop works dedsas
somewhere in your home directory or documents directtryou install it into MacOs Aoplications
or into the Wi n dotevshen'ydurwidl geedtorchdose la diffefent directory to write
the decoded data into. You can do this the fime you run the program.

3.2 Running

Run FoxTelem by double clicking FoxTelem.exe on Windowthe Application file on MacOSOn
Linux, you should be able to double click FoxTelem.jar, or run it from the command lingheith
FoxTelem start script

When FoxTelem starts you should havetiMe | come screen shown bel ow.
use the installation directory to store the decoded data. This keepything in one place, botixes

the program with its data. If you want to write the data anot her directory,
“Continué and specify the directory on the next screen.

| 1 ox Telemetry Analysis Tool Iﬁ

AMSAT Fox Satellite Decoder

It looks like this is the first time you have run the FoxTelem program. You can use a simple setup where the
decoded data is written into the same directory as the installed program, or you can customize the location of the log files.
If the installation directory is not writable, then choose 'Custom’

@ Simple (7 Custom

[ Continue ][ Cancel ]

FoxTelem will not starif you do nothave java installetbr have a version before Java¥ou will get
a message from the launcher telling yoddanload and install the latest version from java.com

| f you get an error message from Windows Smar
then “Run Anyway’. Wi ndows gives this messag
estabished a reputation.

Windows protected your PC

Windows SmartScreen prevented an unrecognized app from starting. Running this app might put your PC
at risk.

Page 3 of 27
Copyright, 2015, AMSAT



AMSAT Fox-1
FoxTelem Manual

MacOS has similar security precautions and will give you a message like the below:

“FoxTelem" is damaged and can't be
p g opened. You should move it to the Trash.

Safari downloaded this file today at 7:14 PM from

7 Cancel Move to Trash

FoxTelem is not reallgamaged and it can in faoe opened You can holdthe Co mmand” ke
you dbuble click the applicatioand it will run. After that it will run withouthe Gmmand key.This

y

message is displayed becayse ur “ Secur i ty dnndtall®w applicatoysthatare t t i

not installed from the Mac App Store.

If you are on Windows and the program complains that it is missing MSVCR100.dll or something

similar to that, then you need to install the Microsoft Visual C++ redistributable:
For 32 bit windowshttp://www.microsoft.com/download/en/details.aspx?id=5555
For 64 bit windowshttp://www.microsoft.com/download/en/details.a8u=14632

If you do not know if you have 32 or 64 bit windows then Open System by clickingtanebutton,
right-clicking Computey and then clickindProperties UnderSystemyou can view the system type.

If you are using Ma®S 10.7 or later and yoget the message below, then follow the instructions and
i nstal 'l Apyeksign’oklava.

To open “FoxTelem v0.58" you need to
r —— install the legacy Java SE 6 runtime.

J Click "More Info..." t0 visit the legacy Java SE 6
download website.

More Info... OK

FoxTelem is written and compiled with tiegestversion of Java (Version i Sept 201b but it is
compliantwith Java 6 so that it works on oldetac operating systems. On other platforms you can
run FoxTelem withanyversions of Javrom Java 6but Apple and Oracle have not made this simple
on the Mac.

If FoxTelems t i | | won't start, then see t he tasloforb |
help on the amsdib mailing list.
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3.3 Testing with a wav file

To confirm everything is working you ca
download a test wav file  from
amsat.us/FoxTelem/recordingé recording ending

- - N - . Lond v e oo Windowed Sinc

in AF is audio as received from a radio A =i
recording ending in RF is an IQ file. Fo et anis “‘“J
Select " Load WBaoxTelem“Fil& "|__ oo,
menu and navigate to the directory where yavesl |**

t ad’ butt@.

$ Fox 1 Telemetry Analysis Tool

File Decoder Help

Input | Fox-1A | Vulcan (14) | Fox-1C | Vulcan (1C) | Camera (1€} | Fox-1D

SSSSSS

Low Speed High Speed

HERCI (1D) | Camera (1D) | Measurements

Data Uinder Voice (DUV) Fifter
@ Raised Cosine

em: 16 Gain: 4671.0

Sample rate: 48000 | Samples: 78iz=: 201500 Capacky: 1516

Eye Diagram

the file. Then pres

The file will play through the decodand the audio
waveform will be shown together with an ey
diagram. You should get a number of fram
decoded.

LA A
IR it AR R RRRRR A

There should be data visible on tBea t e Itdb.i
If the data is difficult ® read because the font is tog™=-"=
large or too smallthen operthe settings screen from the File meand change the font size for the
Health Modules.

] Find Signal

Directory Payloads: 4 Frames Queued: 0

4 Decoding

The telemetry for Foxd is sent in two different ways. While the transponder islow speed
telemetry is senbn the same frequency, everhile the transponder is in use. This is sent as Data
Under Voice (DUV) in the audio band from O to 200Hz in the same FM channel as the transponder
audio. So while a QSO is in progress, we can receive telefratnthe spacecraft.

This makes certain demands on the ground station. There shouldhighmpass filtering of the FM
audio. Ideally the band from 0 to 200Hz is untouched when it is received from the telemetry decoder.
Unfortunately, his is not thecase for almost all radios.

What we want to receive is something like below. You can see all of the bits, although there is some
“ringing” from filtering in the decoder itsel
drawn one on top of atlzer. We can see a nice shape and it fits into the sample window. The bits are
sampled vertically at the midpoint, with the signal to noise shown by the redAieevant a signal to

noise ratio of at least 3. Higher is bettzrs marginal. We alssee the Error rate in the Eye Diagram
window. This is updated each time we receive a frame from the satellite and shows the number of
bytes that were corrected by tReedSolomonDecoder (Errors and Erasures).
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Sample rate: 48000 | Samples: 70 Evye Diagram

(A T T VA T
W WV T

Errars 10 Erasures 4

4.1 Selecting a source

FoxTelem decodes audio, but there are many ways for it to source it. On the Input tab you select the
source in the pull down box near t hédyybuompuld j us
pick one of your sound cards and then feed audio into that sound card from alnattie.example

bel ow FoxTelem is reading from the “Microphon
Voice) with a 48000 bits per second sample r@fhis is the sample rate that the sound card has and
FoxTelem needs to match it. You <can’t chang
changing the sample rate of the audio that it receives.) Finally it is expecting normal audio (AF) from
a rado.

Source @ Low Speed High Speed

Start Microphone (High Definition Aud; - | 48000 « (@ AF IQ

FoxTelem can also read IQ audio and act as a Software Defined Radio (SDR). You do this by
selecting a source that suigsl In Phaseaudio on one stereo channel and Quadrature audio on the
other You set the correct sample rate and you chooseatQer than AF to the right of the sample

rate pull down. If the device is the FunCube Dongle then you should also be able to set the frequency
directly, if itis another device then you will need an external program to control it. FoxTelem will just
readthelQ audio.

On someMac Computers FoxTelemmay only readrom the default device (this is likely a bug that |
need to fix). You can select the default device fi®ystem Preferences>Sound then select Input and
set the device you want as the soundiinp

If you are not seeing any sound card devices on the Mac, then you may have the sample rate set to
level where no sound cards are supported. Try setting it to 48000. If you no longer have a sample rate
pull down, then you need to delete the foxteleroperties file as a work around. This is a known
issue.
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4.2 Setting up the levels

You may need to adjust the sound levels in your operating systemad to adjust the levels in
Windows. From the control panel | selected: Hardware and Sound> ManageDeawittes> and then
adjusted the properties for the sound card on the Custom and Levels tabs.

Leg Ir- Sound n [ 52 |~ Microphone Properties ey
%3 ¥ Control P... » Hardware and Soun: Playback | Recording | Sounds | Communications General | Listen | Custom | Levels |Advanced|
Select a recording device below to modify its settings: I I
Control Panel Home Microphone -
=] , . ) § Line ) 20 [q)
Systern and Security Add r | Add 3 Bluetooth device P, e 5 (0]
I y
Network and Internet
i ”
+ Hardware and Sound 3 . o . i -
C ult settings devices ) ahe
B Play CDs or ot medta svtomatic eH < =
User Accounts and Family - Microphone
Sound Realtek High Definition
Safety W - e
A i Adjust system volume | Change system sounds ]
Personalizat vic 3
Clock, Language, and Region / Real
@ Mo
Ease of Access -
Display Configure set Default [w| | Properties
™ Make text and other items Ie\gél or smaller
tl]uzt olutio external display
! NVIDIA Control Panel
= " F=x] id Ci e
R e ——

On the Custom tab | unchecked AGC and on the Levels tab | set it to 50. You may have other settings
for your sound card.

To set the levels correctly urelc k  t he “View Filtered Audi o”,
sure that the signal wsible but does not take up more thanfladithe display. If its too low, you
won’'t decode frames, i f it i s t ooedxacgshttingisnot wi |
critial because FoxTelem has some AGC built iAlso note that the white noise when there is no
signal is usually much louder, which is to be expected. This may well drive the decoder into
distortion. A quiet transponder, whichshbeen keyed, but which has no audio signals in it, should not
distort The spacecraft will still be tranmitting telemetry and you can decode it.

S

Audio Options

[

e

Output

Silence Speaker

[7] Monitor Filtered Audio
Squelch when no telemetry

Sample rate: 43000 | Samples: 70

Eye Diagram

“M | Mﬂ Akt g

mﬁ'n'ﬂhvnAVNMVhljm“M

M WWVVT P ‘W'W

Erasures 0

Errars O
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Also note that the sample rate is shown on the Advancedirtathe Windows example screens)
Windows ypically defaults it to 44100 and the decoder defaults to 48000. You Operating System may
default to something else. The sample rate in the sound card setup needs to be the same as the sou
card sample rate in the decoder or you will get a poor dectele The image above shows the sound

card rate near the top.

Why do we default FoxTelem to 48000 if Windows defaults to 44100? Because 44100 does not work
as well. 9600 bits per second and 200 bits per second both divide equally into 48000. This means
fewercorrections to keep the clock in sync and a better decode rate.

4.3 Feeding the Audio

You can wire a cable from the data out port of your radio to both stereo channels of a 3.5mm plug and
connected it to the sound card. Select the widest audio bandhattlydu can, because we want a
response down to nearly DC. Usually this is a 9600 baud packet setting or a direct feed from the FM
discriminator. | got the best results by modifying my-F36Rto feed audio from the discriminator

but my FF817 was alsable todecode Fox without modification.

The results from a radio are workable but not ideal. The audio belénem the FT-817. Note the
shape of the bits. This is characteristic of high pass filtering. The bits startrdultihealue then
steeplyslope.

Sample rate: 44100 | Samples: 70

NN,

The frequency spectrum shows a null below 20Hz and th&@1FTseems to decode about 1@ver
rames than the modified FA36R.
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4.4 Decoding from an IQ source such as the FUNCube Dongle

A software defined radio is a better choice becauseetveafiltering of the low frequency audio. The
Funcube Donlg, for examplecan receive the telemetry and pass the 1Q baseband audio untouched to
FoxTelem

You have two choice® set this up Either receive the audio in your favorite SDR softwarefaad

the demodulated FM audio to the telemetry decoder or use the IQ demodulation in the telemetry
demder itself. Both should worKk. Here are th
demodulator:

Advantages
1 FoxTelem will find the sateliés signal when it appears and will follow the Doppler. You do not
need a separate application to set the frequassyming it is in the pass band of the SDR.

1 FoxTelem will measure the paraters about the received sigisalch asSignal to noise ratio @
Time of Closest Approach (TCAyhich MSAT would like to collect and analyze.

T You don’t need to use another piece of softw
programs. Or feed the audio out of the computer and back in again with eapbgbie.

Disadvantages
1 A separate SDR program may have better capabilities than thenSB&Telemetry Decoder.

1 Your existingSDR may alreade configured to work witlboppler correction softwareand the
rest of your ground station

1 FoxTelem can benore computentensive than some other SDR programs and may not work as
well on slower computers

In either case, you should receive bits that are somethingnikgebelowi n “ St ar ti ng t h
(which is using the IQ demodulation in the decodel gmows the Frequency spectrum).
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4.5 Starting the decoder

The start button kicks off the decoder and FoxTelem reads audio from the audio source that you
selected.If this is audio froma separate SDR program such as SDR# or HDSDR then make sure the
AF radio buton is selected and the sample rate is the same as your sound card or SDR/Virtual Cable.

If it is I1Q audio from the Funcube Dongle or another SDR, then make sure that the 1Q radio button is
selected.

M n
% Fox 1 Telemetry Analysis Tool o S
File Decoder Help

Input Health (14)

Experiment{1A)

Health {1C)

Experiment{1C)

Camera(1C) | Measurements

Source Low Speed High Speed Data Under Voice (DUV) Filter

@ Raised Cosine

] | Mic 1 (virtual Audio Cable) 192000 AF 0 Freq |146200 kHz
B Windowed Sinc
Cutoff frequency (Hz)
U
a 200 400
Filter Length {samples)
U

64 128 192 256 320 384 448 512
Audio Options
Output | View Filtered Audio

Silence Speaker - Monitor Filtered Audio

Sample rate: 48000 | Samples: 70

LA PR PR A A AL
WYY U UL YU UL A

Eye Diagram

gL Sample rate: 192000.0 Freq: 146028755

Il
BES 144125 46150

1 I I I I
146175 | 146200 146275 T T4EZE0 T 146275

V| Show FFT Show IF (] Track Signal

Version 0.53 - 18 July 2015 Logs: Current Directory Total Payloads Decoded: 1032 GQueued: 0

If you are receiving from the Funcube Dongle thettirsg the frequency will change the frequency

that the dongle is tuned to and set the correct filters. For any other SDR, you will need to use a
separate control program to set the frequency and any filters. In both cases, the frequency will be
shown aghe center frequency on the RF spectrum. This is not the frequency that you are receiving,

which is shown by the vertical line. FoxTelem will measure the receiver frequency by calculating the
offset from the center.

4.6 Finding the Satellites Signal

FoxTelemcan monitor several satellites if they fit into the pass baRdr example, with the center

frequency set to 145930, F®A, Fox1Cliff and Fox1D can all be monitored if 192kHz of spectrum
is available.
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| f “Find Signal?” I s ercy spectruenyl thefl FoxTelem vallenhooitar the h e
frequencies close to the expected downlink. The scan range is set inEnegBoundkHz and

maxFreqBoundkHz parameters in the spacecraft files. These are described in the Spacecraft
Configuration File seatn later in this manual.

erm: 16 Gain: 6330.0 Sample rate: 43000 | Samples: 70 Size: 192000 Capacity: 141252 Eye Diagram

/\n/\r\/\n/\ﬂ P N W RN S AV W U N (4 W (U Y A AV W

b\jv\/\/ \juu\jvx\ju\wﬁv VUU\\/\/\/ va“\j\f\f\j\/ v

Errors 0 Erasures 0

04 Freq: 145950884
Tracking: Fox-14
o5l

S~

75

BE. I i

/| Show FFT Show IF || Track Doppler [¥] Find Signal

When FoxTelem finds a signal in the expected frequency range, it checks to see if it contains valid
satellite telemetry. If it does, then it pauses the scan and decodes the data in the normal way. Yol
should leave Track Dager checkedo thatFoxTelemwill follow the doppler on the satellite.

If the signal is lost then FoxTelem waits 2 minutes before resuming the scan. This is the period

between beacons and will allow FoxTelem to track a pass when the satellite is Md8afer when
the transponder is not in use.

After 2 minutes, if no signal is received, then FoxTelem assumes the pass is over and scanning is
resumed.Paramaters such as Time of Closest Approach (TCA) are calculated at the end of a pass.

5 Sending Data to the Server

You can helpthe researchof students aparticipating Universities and contribute to the design and
build of future AMSAT satellites by sending your received telemetry frames to the AMSAT server.

To send datéirst open the Setting screemfm t he Fi |l e menu. Select th
S e r v e outhenneed t supply your Amateur Radiallsign or some other unique identifier (e.g.,
"Kilowatt County Elementary School”). The identifier can also have an optional additionafiédent

so KA2UPW is valid, but so is KA2UPW (indicating a second station this callsign is using to also

collect telemetry) or something like KA2URPWM13 (this is indicating a grid square where the station
is collecting telemetry).
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$F Settings Ié]1

Files and Directories

Home directory ~ C:\Users'chris. e, thompson', FoxTelem

Log files directory |C:\Users\chris. e thompson'\Desktop'SpinTestTelem Browse
Ground Station Params Decoder Options
Groundstation Name gokla | Upload to Servert
Primary Server tim.amsat.org /| store Payloads
Secondary Server tm.amsat.us J] Use Left Stereo Channel
Lat (5 iz -ve) 51.64583
Long (W is -ve) -0.375 .
Debug Options

Lat Long gives Locator: |io91tp Enable Logging
Altitude (m) 300 Debug Frames
RF-Receiver Description FT-736R Debug Fields

Debug Camera Frames

Debug Bits
. Debug Clock
|| Formatting a
|| Health Module Font Size 12 Debug missed audio
|| Graph Font Size 12 | Use Mative File Chooser
DUV Frame Length: 950 bits
| HS Frame Length: 52720 bits

Save Cancel

You also need to sdpplatitude and longitude of your ground station. This calculates the grid square
that you are in as a checkOr you can enter the 6 digit maidenhead grid square arfdnigtis
calculated for you.

There are twoOAMSAT servers. It does not matter whiohe you send to. By defaulheis the
primary andthe other is the secondaryf either server is down, the program will automatically send
data to the other sever.

6 Understanding the Data

6.1 Fox Health Screen

The health screen shows the latest real tialees received from the spacecraft at your ground station.

It also shows the latest Maximum and Minimum values. You can access previous values by clicking
on the telemetry row and a graph will open up. Data can then be analyzed and extracted. See th
Graphing section below.
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" % Fox 1 Telemetry Analysis Tool . EE |

File Decoder Help ‘

Input Health (14) | Experiment(14) | Health {1C) | Experiment(1C) Camera{lC}|
Satellite Fox-1A(FM) Meode: TRANSPONDER Resets: 133 Uptime: 5490 Telemetry Payloads Decoded: 10

Computer

RT MIN  MAX
Radio Temperature (C) 495 455 505

Spacecraft Spin (rpm) 0.0 0.0 0.0

Battery [2C Battery

PSU1 2C RT MIN  MAX
PSUZ I2C CelA+B+C (V) ST 270 45
Ground Rezets o

Diagnostic Info

Hard Error wdOecimrOnfOtn ..

Soft Error dac 144 i2c 6 spi 0 mr 0

RT MIN  MAX
RX Temperature (C} 259 231 282
RSSI (dBm) -117.2 1744 5383
TX Antenna Deployed
RX Antenna Deployed

PsU "
Experiments
RT MIN MAX

Current (mA) 6.1 59 61

Vul
Board Temp (C) 275 244 275 ean

PlusX PlusY Plus?
MIN ~ MAX
Temp (C) -584 -5BS Temp (C) . Temp (C)
Woltage (V) ! 00 0.0 Voltage (V) ! ; ; Voltage (V)
Rotation (dps) 144 Rotation (dps) Rotation (dps)

MinusX MinusY MinusZ

Temp (C) 2 L Temp (C) . Temp (C)
Voltage (V) Voltage (V)

Display UTC Time Captured: 2015/07/09 14:40:58

Version 0.51 -8 July 2015 Legs: Current Directory Total Payloads Decoded: 18150 Queued: 0

6.2 Graphing Telemetry Values

A graph opens when a telemetry row in the health tab is clicked with the mouse. By default the graph
shows the last 180 readings. A real time value is downloaded once every 10 seconds or so in slow
spee telemetry mode. So 180 readings is about 1800 seconds of data, or 30 minutes. This will
therefore show a complete pass of the satellite without changing the settings.

The graph below shows the Internal Temperature of the onboard computer or Intareeké€ping
Unit (IHU). The time axis is recorded on the spacecraft and shows Uptime in seconds since the last
reset, with the reset number underneath the first Uptime label.

) )
B &
B0 T Fox-1A Computer - Temperature {C)
85 +
50 + _______M'III
NM
1
445 4+
40 +
| 1 1 1 1 1 ] ]
UptimbE=50 7000 7050 7100 7180 7200 4000 ‘5000
Resetsl2 133
Plot | 130 samples from Reset 0 from Uptime |0 [ Continuous I
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You can plot more diewersamples by changing the number from 180 anchigiginter.

By default the “from Reset” and “from Upti me”
automatically selects the latest samples and plots them. This shows a continuously updating graph for
real time monitoring of the spacecraft. 3sprobablywhat you want if you are listening live to a

satellite pass.

I f you change the “from Reset” and “from Uptin
longer automatically grab the latest samples from the spacecraft, but rathmotvgdmples forward

from that reset/uptime. If that includes the latest samples, then you will still see them appear live. If it
does not, then the data will remain static. If you are completely confused and the graph is not doing
what you want, thehit theresetbutton in the top right to reset the graph to its default values.

If no data is received from the spacecraft for some time, then you probablly do not want to plot it. In
that case, the graph automatically cuts out blank sections of the Tais allows you to see several

passes one after the other, without large gaps in between thgou want to show the data in the
right positions on the graphs timeline then ti
There are three ways to copy data from the graph.

Firstly, you Operating System probably has a print screen function. In WindowratiScrn will
copy just the active window and will allow you to past the result into another document.

If you want to have just the graph itself, then use the Copy binttitve top right. The previous graph
Is show below, copied in this way.

60—+ Fox-1A Computer - Temperature {C)

25 -+

50 4 L

45 L

40 4

| | | | | ] | |
Uptirmis350 7000 7050 7100 7150 7200 4000 '5000
Reset#2 133

Finally, you can save the data values to a csv file using the save button. This will save the subset of
data that you have selected for display.

In addition to the reset, copyé save buttons, there are two buttons in the top right that draw and
additional graph trace. AVG draws a running average by summing the samples around a given point.
The default is 12 samples, but you can change the amount in a new field that appeaisotiom of

the graph. The dx (or delta x) button plots the first difference of the samples (which is equivalent to
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the first derivative for a continuous graph). Try that with a frequency plot of the last pass and see if
you can tell how TCA is calcated.

6.3 Radiation Experiment

The Vanderbilt University Radiation Experiment is testing Commercial Off the Shelf (COTS) memory
chips in space to see how thergaffectedby radiation.

6.4 Cameralmages

Camera Images are downloaded in High Speed telemetry mthae\Virginia Tech Camera is present
on the spacecraft. FelA does not have a Camera, but FbRliff and other spacecraft will.

7 Making Measurements

7.1 Overview
In addition to the telemetry and science data received from the satellite, you can make nesdsatem
your ground station and store them for analysis. Out of the box, FoxTelem can measure:
1 Signal To Noise level of the received bits
Signal To Noise level of the RF (in IQ mode)
RF signal strength (in IQ mode)
Azimuth and Elevation (using the DDE énface on Windows)
Frequency (in 1Q mode or using the DDE interface on Windows)
1 Time of Closest Approach (TCA) through Doppler analysis (in IQ mode)

T
T
T
T

Each of these measuremeatestored at the time a frame is detected and they are timestamped with
both te current UTC time and with the reset/uptime that was on the received frame. This gives a
sample about every 5 seconds.

7.2 Signal to Noise Measurements

Signal to noise measurements can be used to optimize your statido help understand how radio
signak are propagated from the spacecr&tore the results and compare them when you have made
changes. What difference does a-angp make? A higher gain antenna? A different receiver? What
is the difference in signal to noise vs elevation at your QJndund station location)? Does the RF
signal to noise ratio correlate with the bit signal to noise ratio? Which should be optimized?

7.3 Azimuth and Elevation

FoxTelem can not read your rotator directhyt it can grab the information frommnother program
such asSatPC32 using its DDE interface. This valirrentlyonly work on Windows. See the DDE
I nt er face s e cmanualfor detdils 0B aettify@hip2 ' s

This is useful information and | am open to suggestions on how best to store it whgrothsin
predictin software or on Linux and MacO®lease email me.
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7.4 Time of Closest Approach

The Doppleron the frequency of the satellite tells us something about how the spacecraft is moving
relative to our current position on tearth We can usehts to work out when the spacecratft is closest

to our ground station. This is the Time of Closest Approach (TCAand itis a very helpful
measurement to confirior refine orbital elements. We can also uge gee how stable the downlink
frequency is. TCA is especiallyusefulwhen a spacecraft has recently been launched.

You can measure TCA by logging the frequency of the downlink signal. If the frequency at the
satellite was unconditionally stable and we knew exactly what frequenegsion, then ya could
measure whethe receivedrequency at your ground stati@guals the nominal frequeneyd call it

TCA. However, a small 10cm CubeSat hahallenging thermal environment and we can not rely on
the frequency of the downlink for this measuremelnistead, this measurement will tell us what the
nominal frequency is.

If you are running=oxTelemin 1Q mode then iwill store the downlink frequency throughout a pass

At the end of a pass @alculates when the frequency changes as the fastesfTiateshould be at or

very near to the nominal downlink frequencly.then stores the time when this happened (TCA) and

the frequency at that time. You can see the measurements for the last pass on the measurements tab.

We can not measure TCA by reaglithe frequency from SatPC32 or another prediction program. We
need to know the actual frequency of the satellite, not the calculated frequency.

8 Getting Better Decodes

8.1 Eye Diagram

A subtle distortion in the eye diagram like the plot on the left perHapsssa mismatch between the
sample rates at some point in the chadtmuch betteeye diagram is shown on the right.

Sample rate: 43000 | Samples: 70 Eye Diagram Sample rate; 48000 | Samples: 70

Lﬂ f\hh ﬂhh A ﬂﬁ WW (\ﬁh

ALY
’ULJ (R LIRS

Ay w W LTV

First of all, set the sample rate to 48000 samples per second if possible. The divides evenly into 200
bps and 9600 bps and givdgkly better decodes. With a strong signal it makes no difference , but if
the signal is distorted or weak then it can help.

Secondly, make sure that the sound card or audio source is also set to 48000. Windows likes to se
everything to 44100 by defipuso you need to go into the Control Panel to change it. If you are using

a virtual cable to connect an SDR to FoxTelem, then be aware that when initially started cables will be
defaulted to 44100 by Windows. FoxTelem or the SDR can not then reseta8000. Virtual

Audio Cable is a good example of this and it mentiones the issue in its manual. When you configure a
new cable you give it a range of sample rates. Windows will then pick 44100 if it is available. Even if
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that is not what you wantedSo | setup two cables, and narrowed the range of samples rates to one
value. One cable is then for 48000 and the other is for 192000. Then there is no question about the
rate that Windows will give them.

8.2 DUV Filter Settings Data Under Voice: (DUV) Filter

You pro babl | ghanga)thre’lzmter S'Etﬂrlgsj but itocan | @) Raised Cosine
fun to play with it. If you get confused, the default values are shi

Windowed Sinc
Cutoff frequency (Hz)

to the right. U

a 200 400
The DUV filter sepeates the telemetry,which is below 200Hz fro  Fiter Length (samples) 3
the QSOs that are in progress on the transponder or fronoibe U
annoucements in the beacons. We use a sharp digital filter to se| & 128 192 25 320 334 448 512
the bands. Audio Options

| View Filtered Audio

Ideally we would use a matched filter, such as a root raised co [/Menitor Fitered Audio

with the same filter being applied on the satellite. Fox is very busy

with other things, such asinning experiments and taking photos, so the filtering on the spacecratft is
very light (computationally). We therefore work a bit harder at the ground station andRaiseal
Cosinefilter or awindowed Sindilter.

In theory a Sinc filter would be the ideal choice, because it is a brick wall filter. It can not be
i mpl emented however, so we “ wi n tackmdn,windowe. aThis n g
gives it a more rounded shape.

Fox defaults to a 200 bits per second (bps) Raised Cosine Filter with 512 coefficients (or taps). See
what happens to the eye diagram and the pulse shape when you change the length or the cut of
frequency.

You can use the audio options to change what is shown in the audio graph. The default is that you are
viewing filtered audio, so you see the bits. If you uncheck View Filtered Audio then you will see the
raw audio as it is received.

On the otherthand, by default you are hearing unfiltered audio, so you can hear a QSO if it is in
progress. If you check Monitor Filtered Audio then you will hear the audio after it is filter. The bits
sound like a low rumble.

8.3 High Speed Bandwidth

High speed data fro Fox is 9600 bits per second FSK. The FM signal is 20kHz wide. Make sure that
the radio you are using is on a wide enough setting to accommodate.

9 Settings

The settings screen is accessed from the File menu. This contains 5 types of options:
Files andDirectories

Decoder Options

Server Upload Parameters

Formatting

=4 =4 -8 -4
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1 Debug Options

[ & Settings [é]q

Files and Directories

Home directory  C:VUsers'chris. e.thompsonl, FoxTelem

Log files directory | C:\Users\chris.e.thompson\Desktop\SpinTestTelem Browse
Ground Station Params Decoder Options
Groundstation Mame gOkla /| Upload to Server
Primary Server tim.amsat.org V| Store Payloads
Secondary Server tim.amsat.us /| Use Left Stereo Channel
Lat (5 is -ve) 5164583
Long (W is -ve) 0.375
Debug Options
Lat Long gives Locator: |ioS1tp 7| Enable Loggin
Altitude (m) 300

RF-Receiver Description FT-736R. Debug Fields

Debug Camera Frames

Debug Bits
- Debug Clock
Formatting 9
|| Health Module Font Size 12 Debug missed audio
| Use Native File Chi
| Graph Font Size 12 se Native File Chooser
DIV Frame Length: 960 bits
I HS Frame Length: 52720 bits

Save Cancel

9.1 Files and Directories

This sets the directory that the downloaded telemetry data is stored in. FoxTelem has a number of files
that i1t stores ongthtem8frst.. Theyaredswllomsor t h descri bin

E)

spacecraft T directory that stores the spacecraft configuration files

i images 1 directory that stores images downloaded from the Virginia
Tech Camera (if present)

i seqg.dat 1 filethat stores the next sequence number to be sent to the
server
1 rawHSframes.log T queue of the high speed frames to upload to the
server
1 rawDUVframes.log i queue of the low speed frames to upload to the
server
I FoxTelemDecoder.log T the log file from FoxTelem. Updated if the
Setting fAENnabl eistheceg.i ngo
1 FoxTelem.jar T The FoxTelem core program classes
1 FoxTelem.properties T The FoxTelem settings that are stored between

program executions. Editable from the File>Settings screen and
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elsewhere in the program. Not designed to be user editable . Thisis
stored in the Home Directory, shown at the top of the settings screen

1 Fox3jpg_index.dat T Anindex file the stores the images that have
been downloaded from the VT Camera. Present on Fox -1C

1 Foxlrttelemetry.log T Your log of the real time payloads downloaded
from Fox - 1A. Additional log files will be created for other
satellites. You do not need to send this data to AMSAT . Thisis
your own personal archive for experimentation and analysis . You can
send it to other people, who can open it with Fox Telem by pointing
FoxTelem at a different directory where they save the file, or they
can concatenate it with their own data file.

1 Foxlradtelemetry.log T Your log of the radiation bytes downloaded
from the Vanderbilt Radiation Experiment on COTS memory chi ps.

1 Foxlmintelemetry.log T Your log of the minimum values payloads
Fox1maxtelemetry.log T Your log of the maximum values payloads

1 The payload log files are comma delimited and follow the order of the
Telemetry layout files in the Spacecraft directory. You can load
them into your favorite spreadsheet program for further analysis or
use the graphing functions in FoxTelem.

E ]

9.2 Decoder Options

Upload to Server —select this if you want to send your collected data tAMSAT telemetry server.

You will need to apply some of the Ground Statigmarametersd you check this option, specifically a
Ground Station Name and your location.

Store Payloads —uncheck this if you do not want to store the payloads on disk

Use Left Stereo Channel — The default is for FoxTeleno read audio from the left stereo channel of
your soundcard. If you uncheck this it will read from the right. There is no issue if you supply audio
to both channels. This setting is ignored in IQ mode, when both channels are read.

9.3 Ground Station Parameters

Ground station name is the unique identifier that you will use to store data oPAIMSAT telemetry

server. If you are a licensed Amateur Radio Operator, we recommend you use your callsign.
Otherwise use the name of your organization or sometlsegtieat will be unique. This is limited to

32 characters.

To be clear, we do not enforce uniqueness. We only use the name to keep track of how many frame:
each station supplied.

Primary and Secondary server are not user editable

Latitude / Longitude or Locator need to be specified if you supply decoded datdaMSAT. You
can either enter a Maidenhead locator or your lat/long. One will calculate the other

Altitude will be supplied tc(AMSAT along with your data if you specify it.
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RF-Receiver canbe specified to give us an idea of the types of stations that are in operation. This is
limited to 50 characters

9.4 Formatting

Health Module Font Size — change the size of the font on the Satellite tabs so that it is more readable
or so that it fits in thepace available
Graph Font Size — change the size of the font on the graph axis

9.5 Debug Options

Debug Frames: Print out information about the decoded frames, such as the start and end bit
positions, the payload type, the number of erasures and corrections.

Debug Fields: Print out the decoded payloads field by field, so that you can see all of the raw values in
the log file.

Debug Camera Frames: Print out details of the camera frames. Very verbose. Prints one line for
each byte in the camera payload. sTWill not work when listening live and needs to be run against a
recording

Debug Bits: Very verbose. Prints out the bit level showing the 10b words and their 8b decode.

Debug Clock: Prints out details of the clock recovery, showing how much the claskadjusted each
time it was updated.

Debug Missed Audio: Displays some debug information on the audio graph to help understand the
performance of the audio sampling ssystem.

Use Native File Chooser: When files are opened from the GUI, the defaild use the File choosing
window that is supplied by the Operating System. If you have problems with opening files then try
unchecking this. A cross platform Java File Chooser will then be used.

10 Spacecraft Configuration

The spacecraft directory contaiasnumber of files that are used to setup FoxTelem for each Fox
Satellite. As more Fox Satellite are launched, we will supply more configuration fileg. directory
contains a set of files such as the following, with additional files if more Sateltdéesoafigured or
more experiments are onboard.

I FOX1A _fm.dat 1 The spacecraft configuration file for the Fox 1A Flight
Model. This is the one that is flying in space.

1 FOX1A rttelemetry.csv i the layout file for the Real Time Telemetry Payloads
and the con figuration needed to display them in FoxTelem
1 FOX1A_mintelemetry.csv T the layout file for minimum values payloads
1 FOX1A_ maxtelemetry.csv i the layout file for maximum values payloads
1 FOX1A rssiFM.tab i1 alookup table for the Received Signal Strength telem etry

raw value. There are several look up tables for each satellite.
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1 jpeg_header.out i Virgina Techdéds header file for t
be part of FOX -1C

10.1.1 Spacecraft Configuration File

A spacecraft configuration file exists for each Fox satelist you wish to receive data from. We will
supply new files as new Fox satellites are launched. If you edit this file, make a backup of the existing
file.

The data is stored i n a | keywluepains. oAdieereithastarts With f i | e
a #, meaning it is a comment, or it has a key followed by an = then the value.

The valid keys are:

foxld 1 thisis the id of the satellite, where 1 = 1A, 2 = 1B etc. You can not
load two satellite config uration files with the same foxi d

catalogNumber T this is the NOAA catalog number for the satellite and is unused
currently

name 1 this is the name that is displayed in FoxTelem for this satellite. E.g.
Fox- 1A

description i this is a helpful description so we know which satellite we are
t alking about

model T thisis the model number where 0 = Engineering Model, 1 = Flight Model and
2 = Flight Spare

IHU_SN i this is the serial number of the IHU board

EXPx 1 this indicates what is in experiment x slot, where x is 1 T 4. The value
is then a number, which indicates the following:

0 1 Experiment slot is empty

1 7 Vanderbilt Vulcan Radiation Experiment

2 1 Virginia Tech Camera

3 T IOWA State HERCI Experiment

4+ are currently reserved for future use

telemetryDownlinkFregkHz i the nominal tran smit frequency for the downlink

telemetry, e.g. 145980 for Fox - 1A

minFregBoundkHz 7 t he | ower frequency bound when the AFind Sig

searching for this satellite

maxFreqBoundkHz 7 t he upper frequency bound when the AFind Sig
searching for this satellite

BATTERY_CURRENT_ZERO the calibration point for zero battery current, e.g. -1.839
for Fox - 1A
rssiLookUpTableFileName T the lookup table to use for RSSI values
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ihuTempLookUpTa bleFileName i the lookup table to use for the IH U temperature.
Specific to each IHU Serial Number

ihuvVBattLookUpTab leFileName 1 the lookup table to use for Battery Voltage
rtLayout FileName 7 the layout file for the RT Telemetry
maxLayoutFileName 7 the layout file for the MAX Telemetry

minLayoutFile  Name i1 the layout file for the MIN Telemetry

radLayoutFileName i the layout file for the Raw Radiation Bytes. This is the
format that is saved to disk

rad 2LayoutFileName i the layout file for the Radiation Telemetry. This is the
format displayed in the Vanderbilt Radiation Tab if ATel emetryo i
measurements FileName 1 the layout file for the measurements made locally at your

ground station

passMeasurements FileName 1 the layout file for the measurements made for each
satellite pass

uselHUVBat t T set to true if the IHU is used to measure Battery Voltage, rather
than the Battery Board.

10.1.2 Telemetry Layout Files

The telemetry layout files contain a row for each value in the telemetry. These are read by FoxTelem
when it starts and are used to pdlsereceived telemetry once it has been demodulated. The first row
of the file contains the number of rows, followed by the column names. The number of rows specified
then follows, with a value REQUIRED in each column. The file is comma delimited aadiest to

edit in a spreadsheet program such as Microsoft Excel. Make sure you save it as a csv file again.

The columns are as follows:
TYPE - For information only. RT, MAX, MIN or RAD. Ignored by the program

FIELD - The name of the field. Must haique. Used by FoxTelem to keep track of the value
internally.

BITS - The number of bits in the field. (As a side note Fox sends bits with the most significant bit
first, but it is little endian, so we get the least significant byte first. This masle@lécoder more
entertaining to write.)

UNIT - The units that the telemetry value will have after we convert the raw value. This is displayed
on screens and graphs.

CONVERSION - The conversion routine to run on the raw value. This is an integer \Béee.
Conversions below to understand what the integers mean.

MODULE-The name of the module on the ®“Health?” 1t
RT, MAX and MIN are displayed on the same line, then this only needs to be set in the RT layout fil
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MODULE_NUM - The number specified determines the order of the modules on the Healffhiab
first modul e should be “1” Modul es then fo
displayed in the lower half of the screen.

MODULE_LINE - Thisis the line in the module that the value is displayed on, starting with line 1.

LINE_TYPE - A numeric value, with the following meanings:

0 — Display value in the Real Time columnonly on this line. E.g., Antenna Status has no Max
or Min value. Confusig | vy , we use this to display things |
Values Payload. So we specify the module and module line for it, but give it LINE_TYPE O

1 —Display value in the MAX columa never used

2 —Display value in the MIN colum# never used

3 —Display values in ALL columns used for most values

SHORT_NAME - The name that is displayed on the Health Tab for this telemetry value

DESCRIPTION — The description that appeashen the mouse is hovered over this value.

10.1.3 Conversions

It turns out that taking raw values measured by Analog to Digital Converters (ADCs) on the spacecraft
and converting them into real, accurate measurements across multiple satellite, is non trivial. We have
therefore specified 23 conversion routines anll add more in the future as they are needed. The
numbers refer to the following conversions

Integer | Name Description Conversion
0 CONVERT_NONE Use the raw value as is None
1 CONVERT_INTEGER Use the raw value as an integer | Round to zero decimal place
2 CONVERT_V25_SENSOR Treat the raw value as a reading| Raw * 2.5/4096
the 2.5V ADC
3 CONVERT_V3_SENSOR Treat the raw value as a reading | Raw * 3/4096
the 3V ADC
4 CONVERT_BATTERY Convert the raw value into | Battery A uses the 2.5
battery voltage depending on ti ADC, Battery B uses the 2.5
resists network used to apply th| sensor / 0.76, Battery C us
value to the ADC the 2.5V sensor / 0.5
5 CONVERT_SOLAR_PANEL Convert the raw value from th Raw * 3V ADC/0.428
solar panels
6 CONVERT_SOLARNEL_TEMP Converts the raw value to | Lookup the value in the Solg
temperature in Celsius Panel Temperature Tabl
held inside FoxTelem
7 CONVERT_TEMP Converts the raw value to | Lookup the value in thg
temperature in Celsius Temperature Table, hel
inside FoxTelem
8 CONVERT_BATTERY_TEMP Converts the raw value to | Lookup the value in thg
temperature in Celsius Battery Temperature Tablg
held inside FoxTelem
9 CONVERT_BATTERY_CURRENT | Calculate the positive or negatiy (( rawValue * 2.5V ADC -
battery current in mA given th{ 0.05) * Battery Zero Valug
voltage across a sense resistor | (in the spacecratft file) + 2)
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Integer | Name Description Conversion
1000
10 CONVERT_PA CURRENT Calculate the PA current in my ((rawValue * 3V ADC) /50 /
given the voltage across a ser 0.2)* 1000
resistor
11 CONVERT_PSU_CURRENT Calculate the PSU current in m| ((rawValue * 3V ADC) /
given the voltage across a ser 0.003)
resistor
12 CONVERT_SPIN SPIN is 3.8 fraction fixed point. If raw value > 2711 (2048)1
then value = value- 2712
(4096). This givesa signed
value which we then dividq
by 256 to get a signed doubl
14 CONVERT_RSSI Converts the raw value to th Lookup the value in the RSS
Received Signal Strength in dBm| table, which is specified i
the Spacecraft configuratio
file
15 CONVERT_IHU_TEM Convert the raw value to the IH{ Lookup the value in the IHU
internal temperature in Celsius Temperature table, which
specified in the Spacecra
configuration file
16 CONVERT_ANTENNA Convert the 2 bits into values f¢ 0 = Stowed, 1 = Deployed
the antenna deployment status
17 CONVERT_STATUS BIT Convert the bit into a status value| 0 = OK, 1 = FAIL
18 CONVERT_IHU_DIAGNOSTIC A set of diagnostic bits that a
converted into values fo
debugging the IHU
19 CONVERT_HARD_ERROR Watchdog status and the #ypof
error that last reset the spacecraft
20 CONVERT_SOFT_ERROR Other non fatal errors
21 CONVERT_BOOLEAN Convert the bit into a boolean valj 0 = FALSE, 1 = TRUE
22 CONVERT_MPPT_CURRENT Calculate the current from th (rawValue * 2.5V ADC) /2.5
Maximum Power Point Tracker (
installed) based on the volta
across a sense resistor
23 CONVERT_MPPT_SOLAR_PANEL | Calculate the voltage for each so| rawValue *2.5V ADC*
panel, as measured by tl (6.54/2.42
Maximum Power Point Tracker
24 CONVERT_MPPTL8R_PANEL_TEM Calculate the temperature of ea Lookup the value in the
solar panel, as measured by { MPPT Solar Pane
Maximum Power Point Tracker | Temperature table
25 CONVERT_16_SEC_UPTIME Convert Vulcan uptime to secondy rawValue * 16

11 Troubleshooting

Symptom

Solution

Poor decodes or no decodes

1. Are you trying to

won' t

decode directly from ti

radios headphone jack or speaker output?
wor k.
manual on decoding from a radio.

2. Is the sample rate different thet sound caf?l

See t h
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Has Windows (or another OS) set the sound

up with 44100, even though you told it not to?

3. Is Virtual Audio Cable (VAC) or another
similar audio transport running at a different ra
4. Do you have the free version of Virtual Aud
Cable (VAC)? It contains a voice announcem
that impacts decoding and increases the error

5. Is your SDR outputting audio at a differe
rate?

6. Is your SDR audio filtering set to cutg
important frequencies?

7. Is the volume set to high and thave form is
distorted?

8. What is the Signal to Noise ratio of the €
diagram- assuming you have one? It should
2+, preferably 6+

Decoder stalls when a frame is received

1. Is the bit level debugging oror some othe
verbose debuggig Checkon the File>Setting
screen

2. Has the FoxTelemDecoder.log file grown t
huge size?

3. Are you nearly out of disk space?

I am using HDSDR and | hawaissinglines in
the images | am receiving frothe Virginia Tech
Camera onboard FekC (or another &x sat)

We have seen a bug in HDSDR where it skig
few bits and the decode is corrupted. Set
Bandwidth to 96000 in HDSDR and the Sam
Rate to 96000 in VAC (if you use it) and

FoxTelem. This should work around the issue.

FoxTelem does not stavhen | launch it

1. Maybe you have a FunCube dongle conne
to your computer and it has crashed. ]
unplugging the dongle and restarting FoxTelen
2. If you edited the spacecraft files, perhs
something is causing FoxTelem to crash.
putting the default spacecratft files back in place
3. See if the file FoxTelemDecoder.log has b
created in the installation directory. See if t
contains and error messages.

4. Try running FoxTelem from the command li
to see if any errors are reported te ttonsole.

5. If a file called foxtelem.properties has be
created in the installation directory, you col
manually edit it and set logging=true. Then
again and see if error messages are written t(
console or to the FoxTelemDecoder.log file.
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3. If FoxTelem ran previously,ry renaming
foxtelem.properties temporarily. FoxTelem w
create a new properties file when it starts up.

| try to run the FoxTelem.exe file on Windoy
and it tells me that it is missing MSVCR100.Dl
or a similar error

This is the Microsoft Visual C library and shou
already be installed with Windows. A
aggressive Uninstall application may hs
removed it from your system. See this help art
from Microsoft:
http://answers.microsoft.com/en
us/windows/forum/windows_other
performance/msvcpl00ethissing/9a687c31
06194ee9b511-020985e29b5f

Il " m confused ab o Apple dod
not seem to support it anymore, what is going (

Before MacOS10.7 (Lion) youusedthe Apple
supplied version of Java (version 6). You shg
be able to do this through Software Update in
System Preference.

Apple no longer maintains the W@ runtime
environment, so post 10.7.3 yaure advised t(
install the latest runtime environment, which
can download from java.comHowever, this is
not compatible with FoxTelem on the Mac (e\
though it is on all other platforms). So you w
needto install the old version of Java. See

issue below.

| try to run FoxTelem on the Mac and it tells r
that i1t is a “legacy”
of Java

To open “FoxTelem v0.58" you need to
",J install the legacy Java SE 6 runtime.

Click “More Info...” to visit the legacy Java SE 6
download website.

More Info... OK

To maintain compatibility with older Macs (st
the question above) we have made Fogifireg
availablewith Java 6.Follow the instructions an
install the legacy version.

The Frequency Spectrum is truncated in IQ m
and only seems to show the middle part.
Figure 1.

Even though you may have set FoxTelem to
right sample rate (e.g92000 or 96000) the aud
source you are reading from is supplying audi
a lower rate. Figure 1 shows FoxTelem expec
samples at 192000 and receiving sampleg
48000.

Figure 1:Too rarrowa bandwidth on audio device used for 1Q source
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http://answers.microsoft.com/en-us/windows/forum/windows_other-performance/msvcp100dll-missing/9a687c31-0619-4ee9-b511-020985e29b5f
http://answers.microsoft.com/en-us/windows/forum/windows_other-performance/msvcp100dll-missing/9a687c31-0619-4ee9-b511-020985e29b5f
http://answers.microsoft.com/en-us/windows/forum/windows_other-performance/msvcp100dll-missing/9a687c31-0619-4ee9-b511-020985e29b5f
http://answers.microsoft.com/en-us/windows/forum/windows_other-performance/msvcp100dll-missing/9a687c31-0619-4ee9-b511-020985e29b5f
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