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Review: Flight Software Changes Little

Radio Amateur Satellite Corp.

< Basic Flight Software Unchanged Since Fox-1a (AO-85, 2015)

< Largest changes came with Fox-1e/RadFxSat2 (AO-109, 2021) and
HuskySat (HO-107)

“»*Switched from FM repeater to Linear Transponder
“»*Switched from 100bps DUV telemetry to 1200bps BPSK
“sAdd support for CAN bus
*»Added secure commanding

< Faster telemetry allows whole orbit data (more later/next talk)
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Review: FoxPlus/Golf-TEE BPSK Telemetry

Radio Amateur Satellite Corp.

= BPSK = Binary Phase Shift Keying
— Essentially a sine wave whose phase is shifted
— Each shift represents a1 or 0
— Sits just below the transponder passband
-10kHz 0 30 kHz

Telemetry _




Golf-TEE/FoxPlus Frames

Radio Amateur Satellite Corp.

< Contains 669 8-hit data bytes
< Each frame starts with header
s Indicates which satellite
s Frame Type number
+» Satellite mode and other data
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Frames and Payloads

Radio Amateur Satellite Corp.

< Frame is Fixed Length
*»* Frame transmits in a bit over 5 seconds Sl
«+ Contains 6-ish variable-size sets of data called payloads }  Health
“*Frame type number tells which payloads are within it il mg‘x

< Payloads Diagnostic

s Examples: Current health data, min health data, max |




Payload vs Frame Size

Radio Amateur Satellite Corp.

Payload Sizes: Header=12,RTHealth=100 (common=64,common2=32,specific=4),
min=80,max=72,WODHealth=104,Diag=148, RadiationRT=60,RadiationWod=68

SafeDatal 660 009

Frame sizes: 669
Payload Only, Current Filler SafeData? 048 021

Current Size 669
RT1 604 06555 fewon 604 065

609 669

RT?2 596 073
669
A11WOD1

669 Diagnostic 660

A11WOD2 669




FoxPlus/Golf-TEE Frames

Radio Amateur Satellite Corp.

Header
Satellite Number
Satellite Time
Frame Type

Payload 1

Payload 2

Payload 3

Payload 4

Payload 5

FEC Check Blocks

CRC Check



Examples of Payload Within Frames

Radio Amateur Satellite Corp.

1=realtime, 2=min,3=max,4=science,5=WOD,6=Diag
< Frame type 0 (All WOD):
s»Payloads 555555
< Frame type 1 (Real Time)
s»Payloads 155555
< Frame type 2 (Min-Max)
*»Payloads 235556




Frame Frequency

Radio Amateur Satellite Corp.

<+ Some frames can be sent less frequently or in different satellite
modes

Normal Health Mode Safe Mode

Realtime Safe1
All WOD Safe2




FoxTelem Displays
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GOLF-TEE
Health Display
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File Decoder Spacecaft Help

Input FoxPlus-A - Golf-T

Health

Satellite Golf-T{EM) Mode: HEALTH
Latest Realtime: Epo

Legacy Radio

RT MIN  MAX
1455 9 1459 9 1459 9

PACurrant (ses)
TX Temperature (C) 8.0 45
Fod Power (mWV) 0 12e
Raf Powsr (mW) A8 411
VGA Control (V) 00 38
Modulator Reg 0 0

Modutator Temp (C) -200 1075 200

Moduasor Reg ¥ 0
Modulator Reg 5 0
ModuSator Reg il 0
Moduasor Vakd FALSE

RT-HU

RT  MIN  MAX

Ny 248
3z5 255

Primary Tomg (C}
Sacndry Temp [C)
Primaty Actve
Primmty NRAM St
Secndry MRAM Sta
Primary Resel Crt
Secndry Reaet Cnt

© Cunrent RT () MAX

Version 1.13] - 19 Jul 2025

VU VUWOD WOD Diagnostics

: 160 Uptime: 325

MIN Display Raw Values

FoxTelem Displays

ADCS Telem Logs  Measurements

Legacy IHU

RT
Temparatute (C) 395
Transponder Enadl  Disabk
LIHU In Cantrol FALSE
LU NRAM Status 2
LIHU Reset Cnt 922
Bus Voltage (V) £0

Temperatures

Batt Soard Top (C)
Bat Board Bim (C)
+2 End Tamp {C)
Tmp Bat St 1 |C)
Tmp Bat Si 7 {C)
Tmp Bat 5 3 |C)
Tmp Got St 4 (C)
Tmp Bat Sir 5 {C)
Tmp Bat St 6 {C)
Tmp Bat ¢ 7 (C)
Tmp Bat S 8 |C)
12V 1 Temp (C)
12V 2 Tamp (C)

E1V 1 Temp (C)
51V 2 Temp i)
IW 1 Tamp (C)
JIVZITemp (C)
EPS Ambwant Temp

Logs: CAUsers'\burnsiFoxTelemDota

Display UTC Time

Max: Epoch: 160 Uptime: 259

Spacecraft Status
AT MIN  MAX

Auto Safe Afowed  TRUE
Auto Safe FALSE
WOD Stored 148
Deploy Sent=va . Deployed
Deploy Sense va Q¢ Deployed
12¢ Deploy aK
Echpsa Acton Nona

In Eclpse FALSE
VUC Tisabled TRUE

ciy

RT
cCulava v 12
cuI3veZivVI 07
CWSIVVMs(V) 50
CU 12V Supply (V) 00
CAJ 1 Reset Tt 0
CAJ 2 Rexat Cnt 0
RF Mattox Reset Cnt 0

Command Recelvers

RT  MIN  max
~104.0 1270 570
1

33 33 33
B0 45 73
OK

ICR RSS| {aBm)
ICR Recawar On
IV Pt (V)

ICR Temp (C)
12ciCR

Dagnastc

HW Cmd Cnt iICR
EWCmd Cet ICR
EWCmd Cm BCT
ICR Casrinr Vaid

Min Max

MnMax Resels
Last Resot Time
MaxLsst Chonge
Mar Lost Change
Max CRC Errors
Mn €RC Erors

)

RT  MIN MAX
1

160 /46

160 /294

160 /274

0

0

DRadia Amatanr Qatallita Parn

Min: Epoch: 160

Experiments

RT
X Rotaton (dps) 00
Y Rotation {dps} 00
Z Rotatwn (dps) 00
X Accelsration {g) 040
Y Acceletaton (g) 0.0
2 Accelaration (g} 10
X Magnatomotes (uT) 0.0
¥ Mageetomater (WT) 0 &
2 Nagnatomstar (uT) 0.0
Gyto Temp (C) 290

MiousZ Temp 1015

SDR Radio

RY
SEPA Power (m) 00
SDR Zynq Temp (C) <200
SDR Teanosher T -200
10GHe PACuorrent (00
SDR X Retation {dps) -3 8
SDR Y Rotation (d 39
SOR Z Rotation {dps)-3 9
SOR X Acceleraton 20
SOR Z Accelecation . 20
SOR X Magootomst. 768
SOR Y Magnatomat 78 8§
SOR I Magaetomst 76 8

SDR Errors: 010 Audio missed: 0.0%/0

Uptime: 274

Last

o X

Telemetry Payloads Decoded: 27

Solar Panels

RT
Minus Y Voits (V) 090
Minus X Vois (V) 09
Plus X Veots (V) 0e
ed (V) 09
+YCentr Tamp (C) 00
+YRghtTamp (C) 00
Y Lalt Tamp (C) oe
YFomdTemp (C) 00
12¢ Solar FAL

peT

RY
RF 1 Powar {miW) 254
Primary Refactad 0
RF2 Power (W) 255
Secondry Reflected. 0

Secodry RSSl{gtm) 00
Ha¥ DuplexMode  OFF
Primary DCT Status 0
Socodry DCT Statuzs 0
DCT1 RasstCnt 12
DCT2 ResstCm 12
PA1 ResetCat o
PAZ ResetCmt 0

MIN
255
0
55
15

Primary RSSI{d8a) -1060 -113 0

Ll

180 samples Captured: 20251009 14:2708

Frames: 50 Payloads: 359

Queue: 0 /0



FoxTelem Displays
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File Decoder Spacecraft Help

FoxPlus-A Health e

FoxPlus-A Goli-T

Ht-althv Partner  Partner WOD WOD Diagnostics Partner Science  Measurements
n
D Is p I a Sateliite FoxPius-A[EM) Mode: HEALTH Telemetry Payloads Decoded: 9
y Latest Realtime: Epoch: 72 Uptime: 118 Max: Epoch: 72 Uptime: 93 Min: Epoch: 72 Uptime: 119

LTM Transmitter

RT  MIN
FACurrent (mA} NTS 343
TX Tompasatuie (C) 330 150

LTM Status LT™ Gyro

LTM Cmd Receiver

RT  MIN MAX RY MIN  MAX

HUTemp {C) I_O 315 415
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Bes Valtage (V)
Auto Sate Nlcwed
Auto Safe

47 471 89
TRUE
FALSE

A Stmtus
Aatenna Stat Vala
WOD Sored
NERAM Status

n Echpsae

09 0etin
FAL

2
FALSE

Mo Max Reset Count 0

Fud Power (a¥)
Refl Fower (mWY)
VGA Control (V)
Transpander Exabl

4667 442
01 s
24 00

Enabled

Modwlator Temp {C) 400 -200
Moduiasor Vasa

Moduwiator Reg 0
Modufator Reg 1
Modwiater Reg 5

TRUE
125

214
16

ICR RSS! (dBm)
ICR Recewer On
I3V Pt (V)
ICR Tamg (C)
RelCR
Dagnostc

HW Cmd Cnt ICR
SW Camd Tt ICR
ICR Carnier Vald

1952 1460 1013
t

33 X3 .. 33
M0 210 o0
oK

0

neo swo

0

X Retutian (dps)

Y Rotatao (dps)

Z Rotation (dps)

X Acceloration (g) 090
Y Accelerston gy 00
¥ Acceleration (g) 10
X Magnetomatad (uT) 00
Y Magnetameter (oT)0 0
Z Magnetometer (uT) -0 6
Gyvo Temp (C) 216

Min Max Info

RT
MaxLlast Change 72740
Min Last Change
MisMax Resel Tonw 2273
MaxCRC EnorCo. . 0
M CRE Errar Count 0

MIN  MAX

§47189

Modulator Reg §

1SI5pace Power Distro
RT  MIN
EPS Mode Nomnal
Rail Volis {V) 150 00
Rad Current {mA) Do 10
5V Volts (V) 45 00
5V Curmant [mA) 4680 00
IV Volts (V) 33 @0 33
IVICurrenmiimA] 00 00 30
Crannel Bitmap 0000000000 100011

© Current RT MAX MIN Display Raw Vaiues

Version 1135 13 Jul 2025 Logs: Clsaniburns FoxTelemDate

4

15ISpace Battery Pack
RrY
Chip Tamp (C) 380
Centet Temp (C) 716
Framt Tamp (C) s
Batt Pack Voa (V) 150
Batt Current (mA) 10
Batt Heater OFF
Ban Pack Status

Display UTC Time

1000000000000090

1SiSpace Conditioning

RT
MFET Y Out Vola (V) 0.0
MPPT 1 Out Cur (s&) 0.0
MPFT ¢ Pay (mVY) o0
MPPT2 Out Volta (V) 00
MPPTZ Out Cur (ma) 20
MPPT2 Pwrimi) 00
MPPT S Out Veits (V) 0.0
MPFET 3 Out Cur (ma) 0 0
MPPTI P (W) 00

1S|Space Solar Panels

MEETT In Vohs (V)
MERT 1 In Cur (mA)
MEFT 2 In Volls (V)
MPPT.2 In Cat (mA)
MPET 3 In Volts (V)
MEFTI In Cur (ma)
+X Panel Temp (C}
X Panel Temp (C)
AY Panel Temp (C)

Y Panel Temp {C)
£ Panal Temp (C)

SOR Errors: 00 Audio missed: 0.0% /70

RT
LR
00

85.0
L
s
535
A0

Last

180

samples Coptured: 20251008 153508

Framas: B

Poyloads: 160 Quews:0/0
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Loge: CUsersWurms FoxTelumData
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Secensary SRAM Corrac
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RYZ MRAM Wikks Error C
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RY2CiecidontorFal
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Thanks for listening!

AO-91 Launch
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