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Overview

• Aviation 

• RDS TMC 

• Radio Direction Finding 

• OP25 

• IoT 

• SATCOM 

• ISEE-3 Reboot Mission



Aviation
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31 radiosA Typical 747 has…

• 2 x 400 W voice HF

• 3 x 25 W voice/data VHF

• 2 x 100 W 9GHz RADARs

• 2 x GPS, 1.5GHz 60 W voice/data SATCOM

• 2 x 75MHz marker beacons

• 3 x VHF LOC localiser

• 3 x UHF glide slope

• 2 x LF ADF automatic direction finder

• 2 x VOR VHF omni-directional range

• 2 x 1GHz 600 W transponders

• 2 x 1GHz 700 W DME distance measuring equipment

• 3 x 500mW 4.3GHz radar altimeters

• 3 x 406MHz EPIRB
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Mode S Decoder



Aviation Mapper

• Connects to Mode S decoder server 
• Tracks & plots airframes, collects statistics 
• Provides state server for web streaming







Aircraft Trails with Colour-coded Altitude



Takeoff at SFO



Takeoff at SFO



Takeoff at SFO (Cockpit View)



ACARS Decoder



Combined Mode S & ACARS



‘Engineering’ Status Messages over ACARS



Waypoints Transmitted over ACARS



RDS TMC
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Stereo FM with RDS: Receiver



Radio Data Service



Traffic Message Channel



Traffic Message Channel



Results





RDF
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SDR Direction Finding



Radio Direction Finding & Mapping



OP25
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IoT
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Z-Wave

• Home automation 

• 908.4(2) MHz 

• Three rates: 

• 9.6k 

• 40k 

• 100k



Z-Wave



Z-Wave



Z-Wave



Z-Wave



ZigBee Wardriving

B200mini



Z-Wave around DC
555555F0EB1578020141010C0326021006F4F149DBCBBF29D4318B3AB0E28AAA32CB00F52E0115FF138C41156070576A259B421B16C
BECAA7AFB8E8F838EEE2A [64 symbols] 

555555F1555555545D514F41D515555574144A15575554557D5D5D1C3555A5C5091DFDDD4455717C1D6191F455754755757479D4715
555515D55544545552C17 [64 symbols] 

555545F0DD4265E5714546F71474FD5935260618144170D55555F0D7242DFF0850455890060AAF3AA969B53F732828EF19B1A046E2A
0AAA6A2EA22A8E4BAAAB8 [64 symbols] 

555554F055045C55555155555555D5555D555D55557545545D51F0551A5555515155D555555555155D5C5539CF5171475FF914006D5
D6751F5DD554528461F1F [64 symbols] 

5555557001516570C7C55479DBBAAAEA888AAF022816AAAEAAA2AEEBFBA0FE7C9D7D557C5C5755515557845025573F41F92080BAA22
E3F7E29DD555555515545 [64 symbols] 

555555705725DF9C117E6FCB5667C3455550476C5D5A55554501DF5D60F20E4AA5066547FDD1D10FC75D7C42009CE5D497551551458
4259535E715C54007D1F1 [64 symbols] 

555555F07D0F5DDF771387134E77D37F40F9280D237C455E6592E1E80544A54E5277911DF0D76051536553C5531355999C91C4173FE
6C952D730AA8EB8EA5E9A [64 symbols] 

555554F0555554555714E7073FD8BF87BF0F6C20081C4CF8518E052EA41DA61F8EBCEDE6810DD3FA3928B31FD7AAC5BAA60F1889DB9
CA387D99EFF6996EFE216 [64 symbols] 

555755F0D18CF24309530B0C18B0026F40B7A49C115183DE785BB71CD9C61F475185179D94A700EC50C68000020800050300C141C1C
1C0200070004068381008 [64 symbols] 

555555F0D18CE24208030B0A0909C1342E8002187CF020CBF63DD0089D7E6C6DC44278632A44357FC200B9C485EE1785F6CC47C21BA
786F255808E0FC4235C79 [64 symbols] 

555555F0D18CE24208410D0D012003FF96517925490C33D0F4F1FA2FEF0AE332C3B69189E0A08D0054029FCCE66C3F308FD3945AE73
39F33DDC600222BC43F67 [64 symbols] 

555555F0D18CE24208410D0D012003FF964E3C5021C31F7A60DC1F00DF00E4305DB9FFA1062E4F6B74F7CFFD4AEE8E18EF9EF429941
1D82901B29F201FFC0088 [64 symbols] 



LoRa

• Chirp Spread Spectrum (CSS) 

• 915 MHz ISM band 

• UL & DL channels 

• Variable bandwidth/ 
spreading factor 

• Coexistence 

• Replace GPRS?



LoRa



LoRa



LoRa



Blind	  Signal	  Analysis



What	  you	  need

Dish	  +	  LNB	  +	  power	  injector	  +	  USRP	  +	  GNU	  Radio
(set-‐top	  box	  with	  LNB-‐thru)



D1	  TLM1:	  12243.25	  MHz
Mirror	  of	  RHS*

Beacon	  with	  Phase	  Modulation*	  (PM):	  1PPS	  and	  two	  telemetry	  streams	  (sidebands)

Constant	  carrier	  power*

TLM	  sidebands

Constant	    
sub-‐carrier

1PPS



Visualisation



Let’s	  try	  one…

• Feed	  entire	  baseband	  spectrum	  into	  GR	  
• Perform	  ‘channel	  selection’	  to	  isolate	  stream	  of	  interest	  
(create	  new	  baseband	   
	   centred	  on	  stream)



Frame	  analysis

• Header	  
– SYN	  SYN	  SYN	  (EBCDIC)	  

• Character-‐oriented	  encoding:	  
– SOH	  
– STX	  
– ETX	  
– CRC	  (CCITT-‐16)	  

• Numbers	  of	  fixed-‐length	  messages	  
– Each	  contains	  an	  ID



Un-‐pack	  &	  find	  patterns

0001 [20 049 200] (1/1) ff 18 80 70 01 24 e9 ae ed 26 1a 07 31 90 19 fa 00 00 03 02 00 72 e9 2e 
0034 [20 051 161] (1/1) ff 18 80 70 01 24 e9 c7 ed 24 1a 07 31 90 19 fa 00 00 03 02 00 72 e9 2d 
0067 [20 053 121] (1/1) ff 18 80 70 01 24 e9 d9 ed 2c 1a 07 31 90 19 fa 00 00 03 02 00 71 e9 2d 
0101 [20 055 082] (1/1) ff 18 80 70 01 24 e9 ee ed 2f 1a 07 31 90 19 fa 00 00 03 02 00 71 e9 2d 
0134 [20 057 043] (1/1) ff 18 80 70 01 24 e9 ff ed 36 1a 07 31 90 19 fa 00 00 03 03 00 72 e9 2e 
0167 [20 059 004] (1/1) ff 18 80 70 01 24 ea 10 ed 40 1a 07 31 90 19 fa 00 00 03 02 00 72 e9 2d 
0200 [20 060 221] (1/1) ff 18 80 70 01 24 ea 24 ed 43 1a 07 31 90 19 fa 00 00 03 02 00 73 e9 2d 
0233 [20 062 182] (1/1) ff 18 80 70 01 24 ea 3b ed 44 1a 07 31 90 19 fa 00 00 03 02 00 72 e9 2d 
0266 [20 064 142] (1/1) ff 18 80 70 01 24 ea 4d ed 4c 1a 07 31 90 19 fa 00 00 03 03 00 74 e9 2c 
0299 [20 066 103] (1/1) ff 18 80 70 01 24 ea 62 ed 4f 1a 07 31 90 19 fa 00 00 03 03 00 71 e9 2c 
0332 [20 068 064] (1/1) ff 18 80 70 01 24 ea 75 ed 54 1a 07 31 90 19 fa 00 00 03 04 00 70 e9 2c 
0365 [20 070 025] (1/1) ff 18 80 70 01 24 ea 80 ed 62 1a 07 31 90 19 fa 00 00 03 03 00 6d e9 2d 
0398 [20 071 242] (1/1) ff 18 80 70 01 24 ea 98 ed 64 1a 07 31 90 19 fa 00 00 03 02 00 6b e9 2d 
0431 [20 073 203] (1/1) ff 18 80 70 01 24 ea a7 ed 6e 1a 08 31 90 19 fa 00 00 03 00 00 6c e9 2d 
0464 [20 075 164] (1/1) ff 18 80 70 01 24 ea bc ed 71 1a 08 31 90 19 fa 00 00 03 00 00 6c e9 2d 
0497 [20 077 125] (1/1) ff 18 80 70 01 24 ea cf ed 76 1a 08 31 90 19 fa 00 00 02 99 00 6d e9 2d 
0530 [20 079 086] (1/1) ff 18 80 70 01 24 ea e8 ed 76 1a 08 31 90 19 fa 00 00 03 00 00 6b e9 2b 
0563 [20 081 047] (1/1) ff 18 80 70 01 24 ea f7 ed 80 1a 08 31 90 19 fa 00 00 03 01 00 69 e9 2b 
0596 [20 083 008] (1/1) ff 18 80 70 01 24 eb 06 ed 8a 1a 08 31 90 19 fa 00 00 03 01 00 66 e9 2b 
0630 [20 084 225] (1/1) ff 18 80 70 01 24 eb 1b ed 8e 1a 08 31 90 19 fa 00 00 03 01 00 67 e9 2b 
0663 [20 086 187] (1/1) ff 18 80 70 01 24 eb 30 ed 92 1a 08 31 90 19 fa 00 00 03 01 00 6a e9 2c 
0696 [20 088 148] (1/1) ff 18 80 70 01 24 eb 45 ed 95 1a 08 31 90 19 fa 00 00 03 01 00 70 e9 2c 
0729 [20 090 109] (1/1) ff 18 80 70 01 24 eb 59 ed 99 1a 08 31 90 19 fa 00 00 03 03 00 73 e9 2c 
0762 [20 092 069] (1/1) ff 18 80 70 01 24 eb 6b ed a1 1a 08 31 90 19 fa 00 00 03 03 00 75 e9 2b 
0795 [20 094 030] (1/1) ff 18 80 70 01 24 eb 7b ed a9 1a 08 31 90 19 fa 00 00 03 03 00 76 e9 2b 
0828 [20 095 247] (1/1) ff 18 80 70 01 24 eb 8e ed af 1a 08 31 90 19 fa 00 00 03 03 00 75 e9 2b 
0861 [20 097 208] (1/1) ff 18 80 70 01 24 eb a2 ed b3 1a 08 31 90 19 fa 00 00 03 02 00 74 e9 2b 
0894 [20 099 169] (1/1) ff 18 80 70 01 24 eb b7 ed b6 1a 08 31 90 19 fa 00 00 03 03 00 72 e9 2b 
0927 [20 101 130] (1/1) ff 18 80 70 01 24 eb ca ed bd 1a 08 31 90 19 fa 00 00 03 03 00 71 e9 2b 
0960 [20 103 091] (1/1) ff 18 80 70 01 24 eb da ed c4 1a 08 31 90 19 fa 00 00 03 03 00 70 e9 2b 
0993 [20 105 052] (1/1) ff 18 80 70 01 24 eb ef ed c9 1a 08 31 90 19 fa 00 00 03 03 00 70 e9 2b 
1026 [20 107 013] (1/1) ff 18 80 70 01 24 ec 03 ed cd 1a 08 31 90 19 fa 00 00 03 03 00 71 e9 2b 

#

Message	  header

16-‐bit	  signed

BCD

8-‐bit	  signed

?



Graphing	  the	  Data
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ISEE-3 Reboot 
Project
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ISEE-3

• International Sun/Earth Explorer 3


• Launched: August 12, 1978


• Heliocentric Orbit


• Study interaction between solar 
wind and Earth’s magnetic field



ISEE-3

• Renamed ICE: 
International Cometary 
Explorer


• First spacecraft in halo 
orbit at an Earth-Sun L1 
(Lagrange point)


• First spacecraft to pass 
through tail of a comet 
(Giacobini-Zinner)





Slingshot Manoeuvre after Orbiting L1





Old Telemetry Screen



ISEE-3 Revisiting Earth



Success Case



Delta	  V	  Limit



Python Real-time Tracker





Arecibo Radio Observatory

Fun



View from Above

Ionospheric heaters



IF Panel

IF	  output
Filtering	  &	  
buffering



Weak Signal ! Low RBW



numpy & matplotlib



Receiving Unmodulated Carrier



After Improving Pointing

• ~45 dB C/N 

• Moving peak below due to Doppler shift



Media

• Wide-spread coverage 

• #ISEE3, @ISEE3Reboot, @EttusResearch, 
@spenchdotnet 

• This particular photo has appeared on The Register, CBS 
News…



Preparing for Uplink



Fingers Crossed



Transmission to Enable Telemetry



Verifying Transmitted Signal

B200 receiving 
‘leakage’ from dish





Round-trip Suspense



Live Sampled Baseband



Live Sampled Baseband

Carrier	  is	  now	  
modulated	  with	  data



CelebrationPhil Perillat: lives and 
breathes the telescope

John joining remotely



Telemetry Modulated on Transponders A & B







Telemetry Demodulation & Decoding (512 bps)





Propulsion System



Live Telemetry from Bochum

• Many thanks to our friends at AMSAT-DL













Telemetry During Thruster Firing



No Thrust



Hydrazine Propulsion System



New Orbit





www.spacecraftforall.com







balint@bastille.net

Thank you!

GitHub: balint256@spenchdotnet

GitHub: BastilleResearch


