
1 
 

 

 

 

 

 

Technical Handbook 
for 

Radio Monitoring 
HF 

 
Volume II 

 
Edition 2026 

 

 
 

 
 

 

Each Signal is Information



2 
 

 

 



3 
 

 
 
 
 
 
 

Dipl.- Ing. Roland Proesch 

 

 
 

Technical Handbook 

for 

Radio Monitoring 

HF 

 

Volume II 
 

Edition 2026 

 
 

 

 

 

 

 

 

 

Description of modulation techniques  

and waveforms 

 

 

 



4 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bibliografische Information der Deutschen Nationalbibliothek: Die Deutsche Nationalbibliothek 
verzeichnet diese Publikation in der Deutschen Nationalbibliografie; detaillierte bibliografische 
Daten sind im Internet über dnb.dnb.de abrufbar. 
 
Die automatisierte Analyse des Werkes, um daraus Informationen insbesondere über Muster, 
Trends und Korrelationen gemäß §44b UrhG („Text und Data Mining“) zu gewinnen, ist untersagt. 
 
© 2026 Dipl.- Ing. Roland Proesch 
 
Email: roland@proesch.net 
Verlag: BoD · Books on Demand GmbH, Überseering 33, 22297 Hamburg, bod@bod.de 
Druck: Libri Plureos GmbH, Friedensallee 273, 22763 Hamburg 
Cover design: Anne Proesch 
Printed in Germany 
 
Web page: www.frequencymanager.de 
 
ISBN: 978-3-8192-4343-1  

 

 



5 
 

 
 
 
 
 
 
 

Acknowledgement: 
 
Thanks for those persons who have supported me in the preparation of this book: 
 
 
Aikaterini Daskalaki-Proesch 
Vaino Lehtoranta 
Mike Chase 
ANgazu 
Rapidbit 
Antonio 
 
 
 

Disclaimer: 
 
The contents of this book have been compiled over many years. The research in this sensisitive 
field is generally  difficult as there are not many open sources to get information from. Although I 
have tried to verify the contents from different sources there might nevertheless be mistakes. 
Please do not hesitate to contact me if you discover any wrong description. 
 

 

 



6 
 

 
 

 



7 
 

Content Volume II 

LIST OF PICTURES 13 

LIST OF TABLES 21 

MODES ON HF VOLUME II 25 
Table of system and user sorted by Baud rate 25 
Italian MIL 1200 Bd FSK 47 
Italian MIL 1200 Bd PSK 47 
Japan 8-Tone ASK 47 
Japan 16-tone PSK 48 
Japan 1500 Bd QPSK 50 
Japan 32-tone OFDM 52 
Japan 32 Channel Modem 53 
JS8 55 
JT2 57 
JT4 A-G 58 
JT44 59 
JT6M 60 
JT65A/JT65B/JT65C 60 
JT9 A-H 62 
KG-STV 63 
KNL Networks Modem 66 
LENTUS 69 
LINCOMPEX 70 
LINEA Sitor 71 
LINK 1 71 
LINK 10 72 
LINK 11 CLEW 72 
LINK 11 SLEW 75 
LINK 14 77 
LINK 22 78 

LINK 22 WF-1 and WF-3 82 
LINK 22 WF-2 82 
LINK 22 WF-4 to WF-7 82 

LINK Y 83 
LINK Z 83 
LongChat 83 
Mazielka 85 
MD 522 NB 86 
MD 522 WB 87 
MD 522 DIV 87 
MD 1061 88 
MD 1142 89 
MD 1280 90 
MFSK-8 90 
MFSK-16 91 
MFSK AFS Navy Modem 92 
MFSK Modem ALCATEL 801 92 



8 
 

MFSK 4-TONE ARQ SYSTEM 150 to 1200 Bd 92 
MFSK 8-TONE ARQ SYSTEM 16.7 & 100 Bd 93 

MFSK TADIRAN HF Modem 93 
MFSK TE-204/USC-11 Modem 94 
MFSK Thrane & Thrane TT2300-ARQ Modem 95 
MFSK YUG 20-Tone Modem 96 
MIL STD 188-110A ser 96 
MIL STD 188-110A Appendix A 16-Tone 97 
MIL STD 188-110A Appendix B 39-Tone 98 
MIL STD 188-110B Appendix C 100 
MIL STD 188-110B Appendix F 102 
MIL STD 188-110C Appendix D 102 
MIL STD 188-110D Appendix D 104 
MIL STD 188-141D 106 
MIL STD 188-141D Appendix A 106 

Linking Protection 107 
AL-0 108 
AL-1 108 
AL-2 108 
AL-3 108 
AL-4 (classified application level) 108 

Alternate Quick Call (AQC) ALE 108 
MIL STD 188-141D Appendix A 108 
MIL STD 188-141D Appendix C 108 
MIL STD 188-141D Appendix G 113 
MIL STD 188-203-1A 116 
MIL STD 188-203-3 116 
MIL STD 188-212 116 
MIL STD 188-342 116 
MLA Navy Baudot 117 
MT 63 118 
NECODE Selcall 119 
Nokia Adaptive MSG Terminal M/90 120 
NUM 13 121 
Olivia 122 

Olivia MFSK layer 124 
Olivia Walsh functions FEC layer 124 

PACTOR I 125 
PACTOR II 126 
PACTOR II-FEC 127 
PACTOR III 127 
PACTOR IV 130 

PACTOR VI 2-Tone-Chirp 131 
PACTOR IV Spread Modulation 131 

PACTOR Robust Connect 132 
Packet Radio 132 
Panther-H FH Modem 133 
PAX/PAX2 135 
POL INTEL FSK 136 
POL INTEL QPSK 136 

POL INTEL QPSK 125 Bd 137 
POL INTEL FSK / PSK Family 138 

POL INTEL FSK 100 Bd 200 Hz Shift 138 



9 
 

POL INTEL FSK 100 Bd 800 Hz Shift 139 
POL INTEL FSK 400 Bd 800 Hz Shift 140 
POL INTEL 4FSK 100 Bd 400 Hz Shift 141 
POL INTEL BPSK 50 Bd 143 
POL INTEL BPSK 62.5 Bd 143 
POL INTEL BPSK 100 Bd 144 
POL INTEL QPSK 100 Bd 145 
POL INTEL QPSK 200 Bd 146 

PICCOLO Mark VI 147 
PICCOLO 12 151 
POL-ARQ 153 
PSK 10 153 
PSK 31 155 
PSK 63 FEC 156 
PSK 125 FEC 157 
PSK 220 FEC 157 
PSKAM 10/31/50 158 
Q15x25 159 
QRSS 160 
RAC-ARQ 162 
RFSM 2400/8000 163 

RFSM-2400 Modem 163 
RFSM-8000 Modem 164 

Robust Packet Radio RPR 165 
ROS 165 
ROU-FEC 166 
RS-ARQ 167 
RS-ARQ II 168 
RS GM2xxx Modem 168 
RS GN2130 Modem 170 
RTTYM 171 
RUS Mil Voice Scrambler 171 
SCAMP 172 
Selenia Parallel Tone Modem 174 
Siemens CHX-200 FSK Modem 175 
SITOR A/B 176 

ARQ mode A 176 
FEC mode B 176 

SKYCAST 177 
SKYFAX 178 
SSTV 181 

SSTV VIS-Code 183 
STANAG 4197 185 
STANAG 4198 186 
STANAG 4202 187 
STANAG 4285 188 
STANAG 4415 190 
STANAG 4444 191 
STANAG 4479 191 
STANAG 4481 FSK 193 
STANAG 4481 PSK 193 
STANAG 4529 194 
STANAG 4538 195 



10 
 

BW0 196 
BW1 197 
BW2 197 
BW3 198 
BW4 199 
BW5 199 
BW6 200 
BW7 200 

STANAG 4539 201 
STANAG 4591 201 
STANAG 5031 202 
STANAG 5035 202 
STANAG 5065 203 
Systeme 3000 HF Modem 203 
Tadiran AutoCall 204 
Tadiran Data Mode 204 
Thales HF XL Modem 207 
Thales Voice Scrambler 210 
Thor 211 
Throb/Throb-X 214 
TMS-430 Modem 215 
TWINPLEX 216 
UKR 14 Channel System 218 
VARA 219 
VFT 221 
VISEL 223 
WINMOR 224 

UNIDENTIFIED MODEMS 227 
8PSK Modem 227 

OTHER SYSTEMS ON HF 230 
ALF 230 
AMSS 230 
Advanced Narrowband Digital Voice Terminal (ANDVT) Family 232 

TACTERM 232 
MINTERM 232 
AIRTERM 233 

BBC Teleswitch 234 
Beacons 236 

Maritime Mobile Service (MMS) Beacon 236 
Aeronautical Mobile Service (AMS) Beacon 237 
Amateur Radio Beacon 237 
Single Letter Beacons (SLB) 238 

Analogue Voice Scrambler Sailor CRY-2001 240 
Buoys 241 

Drifting buoys 241 
Fishing Buoys 241 
Sel-Call Buoys 241 

Buoy Directional Waverider DWR-MkIII 241 
Buoy Directional Waverider DWR-MkIV 243 



11 
 

Chirpsounder 243 
Chirpcomm 245 

CODAR 245 
D-OMEGA 247 

Differential OMEGA 247 
Datatrak 247 
DECCA 248 
Digisonde 4D 249 
EFR 250 
Eurofix 251 
Frequency Hopper MFSK 253 
Frequency Hopper PSK 256 
Long Range Ocean Radar 258 
LORAN-C 258 

LORAN data channel communication (LDC) 260 
Ninth-Pulse Modulation 260 
Messages 260 

MF RADAR 260 
NAVTEX 262 
NBTV 264 
OFDM NBTV 266 

Limitations 266 
The OFDM NBTV Modes 267 

48 x 48 Mode 267 
96 x 72 Mode 268 
96 x 72 Mode 268 

Digital NBTV 269 
Modem 271 
Codec 272 
Interpolation 272 
Compression 272 
Error Correction 273 
Data Transmission 273 
Transmission Speed 273 

Hybrid FM NBTV 273 
PN Sequence Sync 274 
Operating Modes 274 
Modulation 275 

OMEGA 276 
Non Directional Beacons 276 
DS200 DGPS 278 
Over The Horizon Radar 280 

Different types of OTHR 280 
Backscatter OTH (OTH-B) 280 
Relocatable OTH Backscatter (ROTH-B) 281 
Surface Wave OTH (OTH-SW) 281 
JORN OTHR 282 
Iran OTHR GHADIR 283 
Russian OTHR 29B6 “Kontainer” 285 
USA Relocatable Over The Horizon RADAR ROTHR (AN/TPS-71) 287 

RFID 287 
RFID Tag EM4100 289 
Russian ALPHA and LORAN-C System 291 



12 
 

Russian BRAS-3 and RS-10 System 291 
Super Dual Auroral Radar Network 295 
Time Signal Stations 299 

DCF77 300 
TDF 301 

WERA 303 

TABLES FOR RADIO MONITORING 305 

5.14 Allocation of International Call Signs 305 
 



13 
 

 

List of Pictures 

Picture 1: Spectrum of 1200 Bd FSK ............................................................................................... 47 
Picture 2: Spectrum of Italian MIL PSK 1200 Bd ........................................................................... 47 
Picture 3: Spectrum of Japan 8-tone ASK ....................................................................................... 48 
Picture 4: Sonagram of Japan 8-tone ASK ...................................................................................... 48 
Picture 5: Spectrum and sonogram of Japan 16tone PSK ............................................................... 49 
Picture 6: Zoomed view to the reference tones of Japan 16tone PSK ............................................. 49 
Picture 7: Sonagram of the Japan 16tone PSK ............................................................................... 49 
Picture 8: Spectrum of the Japan 1500 Bd QPSK ........................................................................... 50 
Picture 9: Speed measurement of the Japan 1500 Bd QPSK ........................................................... 50 
Picture 10: Phase constellation of the Japan 1500 Bd QPSK ......................................................... 50 
Picture 11: Japan 1500 Bd QPSK frame with 140 symbols ............................................................ 51 
Picture 12: Japan 1500 Bd QPSK superframe with 700 symbols .................................................... 51 
Picture 13: Sonagram of Japan 32-tone OFDM.............................................................................. 52 
Picture 14: Spectrum of the Japan 32 channel modem in idle mode ............................................... 53 
Picture 15: Spectrum of the Japan 32 channel modem in traffic mode ........................................... 53 
Picture 16: Zoom to the synchronisation carrier I and II ................................................................ 54 
Picture 17: Phase spectrum of syncronisation carrier I .................................................................. 54 
Picture 18: Phase spectrum of syncronisation carrier II ................................................................. 55 
Picture 19: Japan 32 channel modem channel time delay .............................................................. 55 
Picture 20: Frequency analysis of the JS8 normal mode ................................................................. 56 
Picture 21: Frequency analysis of the JS8 turbo mode ................................................................... 56 
Picture 22: Spectrum and sonagram of a JT2 signal ....................................................................... 58 
Picture 23: Spectrum and sonagram of a JT44 signal ..................................................................... 59 
Picture 24: Spectrum and sonagram of a JT6M signal ................................................................... 60 
Picture 25: Sonagram of JT65A signal ............................................................................................ 61 
Picture 26: Sonagram of JT65B signal ............................................................................................ 61 
Picture 27: Sonagram of JT65C signal ............................................................................................ 61 
Picture 28: Sonagram of the JT9A-1 mode ...................................................................................... 63 
Picture 29: RF spectrum and sonagram of a KG-STV signal .......................................................... 64 
Picture 30: Spectrum and waterfall of a KG-STV audio signal ....................................................... 65 
Picture 31: Framing of KG-STV ...................................................................................................... 65 
Picture 32: FSK analysis of the KG-STV MSK mode ...................................................................... 66 
Picture 33: FSK analysis of the KG-STV 4FSK mode ..................................................................... 66 
Picture 34: Spectrum of the KNL Networks Modem ........................................................................ 67 
Picture 35: Phase spectrum of the KNL Networks Modem .............................................................. 67 
Picture 36: Phase constellation of the KNL Networks Modem ........................................................ 68 
Picture 37: Framing of the KNL Networks Modem ......................................................................... 68 
Picture 38: Spectrum of a LENTUS signal ...................................................................................... 69 
Picture 39: Tone composition of a LENTUS signal ......................................................................... 69 
Picture 40: Spectrum of a LINCOMPEX signal with two channels ................................................. 71 
Picture 41: Spectrum of LINEA Sitor ............................................................................................... 71 
Picture 42: Spectrum of a LINK 11 transmission ............................................................................ 73 
Picture 43: Spectrum of the LINK 11 single Tone Modem .............................................................. 75 



14 
 

Picture 44: Link 11 SLEW framing .................................................................................................. 76 
Picture 45: LINK 11 SLEW header ................................................................................................. 76 
Picture 46: Sonagram of LINK 11 SLEW ........................................................................................ 77 
Picture 47: Typical spectrum of a LINK 14 signal .......................................................................... 78 
Picture 48: Spectrum of a LINK 22 signal ...................................................................................... 78 
Picture 49: Sonagram of a LINK 22 signal ..................................................................................... 79 
Picture 50: TDMA slots of a LINK 22 signal .................................................................................. 79 
Picture 51: Link 22 Phase spectrum ................................................................................................ 80 
Picture 52: LINK 22 16-QAM constellation .................................................................................... 81 
Picture 53: LINK 22 32-QAM constellation .................................................................................... 81 
Picture 54: LINK 22 waveform 1 and 3 ........................................................................................... 82 
Picture 55: LINK 22 waveform 2 ..................................................................................................... 82 
Picture 56: LINK 22 waveform 4, 5, 6 and 7 ................................................................................... 82 
Picture 57: Sonagram of a LongChat signal ................................................................................... 84 
Picture 58: Signal Structure of LongChat ....................................................................................... 84 
Picture 59: Display of one frame used in LongChat ....................................................................... 84 
Picture 60: Text message transmitted in LongChat ......................................................................... 85 
Picture 61: Spectrum of Mazielka ................................................................................................... 85 
Picture 62: Sonagram of Mazielka .................................................................................................. 86 
Picture 63: Spectrum of MD 522 NB ............................................................................................... 86 
Picture 64: Spectrum of a MD 522 WB ........................................................................................... 87 
Picture 65: Spectrum of a MD 522 DIV .......................................................................................... 87 
Picture 66: Sonagram and spectrum of a MD 522 DIV .................................................................. 88 
Picture 67: Spectrum of MD 1061 ................................................................................................... 89 
Picture 68: Spectrum of MD 1142 ................................................................................................... 90 
Picture 69: Spectrum of MD 1280 with 75 Bd and 850 Hz shift ..................................................... 90 
Picture 70: Spectrum of a MFSK-8 signal ....................................................................................... 91 
Picture 71: Spectrum of a MFSK 16-signal ..................................................................................... 91 
Picture 72: AFS Navy modem FSK preamble.................................................................................. 92 
Picture 73: Spectrum of South African Navy MFSK ....................................................................... 92 
Picture 74: Spectrum ALCATEL 801 for 300 Bd............................................................................. 93 
Picture 75: Spectrum ALCATEL 801 for 150 Bd............................................................................. 93 
Picture 76: Spectrum of a TADIRAN modem .................................................................................. 94 
Picture 77: Spectrum of TE-204 modem.......................................................................................... 94 
Picture 78: Sonagram of a TE-204 modem ..................................................................................... 95 
Picture 79: Spectrum of TT2300-ARQ............................................................................................. 95 
Picture 80: Spectrum of the YUG 20 tone system ............................................................................ 96 
Picture 81: Spectrum of a MIL STD 188-110A ser modem ............................................................. 97 
Picture 82: ACF measurement of a MIL 188-110A ser ................................................................... 97 
Picture 83: Spectrum of 16 tone MIL STD 188-110A App A ........................................................... 98 
Picture 84: Sonagram of a MIL 188-110 A 39tone ......................................................................... 99 
Picture 85: Spectrum of MIL 188-110A 39 tone.............................................................................. 99 
Picture 86: Phase constellation of a single channel ...................................................................... 100 
Picture 87: Data block structure used for MIL STD 188-110B ..................................................... 101 
Picture 88: Spectrum of a MIL STD 188-110 Appendix C in HDL mode ..................................... 101 
Picture 89: Spectrum and waterfall of a MIL 188-110C App. D with 6 kHz bandwidth ............... 104 



15 
 

Picture 90: Spectrum and waterfall of a MIL 188-110C App. D with 9 kHz bandwidth ............... 104 
Picture 91: Spectrum of MIL STD 188-141A ................................................................................. 107 
Picture 92: Linking Protection in MIL STD 188-141A .................................................................. 107 
Picture 93: Spectrum of an ALE 3G .............................................................................................. 109 
Picture 94: Phase constellation of an ALE 3G 8PSK signal ......................................................... 110 
Picture 95: Dwell structure of an ALE 3G ..................................................................................... 110 
Picture 96: ALE 3G protocol data units ........................................................................................ 111 
Picture 97: ALE-3G Fast Link Setup framing ................................................................................ 112 
Picture 98: Spectrum of a WALE ................................................................................................... 113 
Picture 99: WALE phase constellation .......................................................................................... 114 
Picture 100: Framing of Fast WALE PDU .................................................................................... 114 
Picture 101: Transcoded PSK8 in WALE ...................................................................................... 114 
Picture 102: Sonagram of a 4G ALE call ...................................................................................... 115 
Picture 103: ALE 4G call initiating a WBHF data exchange ........................................................ 116 
Picture 104: Spectrum of MIL STD 188-342 ................................................................................. 117 
Picture 105: Spectrum of a MLA Navy Baudot .............................................................................. 117 
Picture 106: Bit pattern of a MLA Navy Baudot CODE300 display ............................................. 118 
Picture 107: Bit pattern of MLA Navy Baudot BEE display .......................................................... 118 
Picture 108: Spectrum of MT63 ..................................................................................................... 119 
Picture 109: Spectrum of a NECODE Selcall ................................................................................ 120 
Picture 110: Sonagram of a NECODE Selcall .............................................................................. 120 
Picture 111: Format of the NECODE Selcall ................................................................................ 120 
Picture 112: Spectrum of Nokia burst system with 150.6 Bd ......................................................... 121 
Picture 113: Spectrum of Nokia burst system with 301.7 Bd ......................................................... 121 
Picture 114: Spectrum of Nokia burst system with 602.14 Bd ....................................................... 121 
Picture 115: Spectrum of NUM 13................................................................................................. 122 
Picture 116: Spectrum of an Olivia signal ..................................................................................... 123 
Picture 117: Oliva in the MFSK oscilloscope ................................................................................ 123 
Picture 118: Spectrum of PACTOR I ............................................................................................. 126 
Picture 119: Spectrum of PACTOR II ............................................................................................ 126 
Picture 120: Spectrum of PACTOR II-FEC ................................................................................... 127 
Picture 121: Spectrum PACTOR III speed level 1 ......................................................................... 129 
Picture 122: PACTOR III speed level 2 ......................................................................................... 129 
Picture 123: PACTOR III speed level 3 ......................................................................................... 129 
Picture 124: PACTOR III speed level 5 ......................................................................................... 129 
Picture 125: PACTOR III speed level 6 ......................................................................................... 130 
Picture 126: Spectrum PACTOR IV on a center frequency of 1800 Hz ......................................... 131 
Picture 127: PACTOR IV sonagram 2-Tone Chirp ....................................................................... 131 
Picture 128: PACTOR Robust Connect spectrum .......................................................................... 132 
Picture 129: Spectrum of a Packet Radio signal ........................................................................... 132 
Picture 130: Sonogram PANTHER-H synchronisation burst's...................................................... 133 
Picture 131: PANTHER-H synchronisation and frequency hops .................................................. 134 
Picture 132: PANTHER-H synchronisation bursts ........................................................................ 134 
Picture 133: PANTHER-H detailed view of one burst ................................................................... 134 
Picture 134: Spectrum of a POL INTEKL FSK ............................................................................. 136 
Picture 135: ACF of a POL INTEL FSK........................................................................................ 136 



16 
 

Picture 136: Spectrum and waterfall of a POL INTEL QPSK 125 Bd .......................................... 137 
Picture 137: Phase spectrum of a POL INTEL QPSK 125 Bd ...................................................... 137 
Picture 138: POL INTEL QPSK 125 Bd phase constellation ........................................................ 138 
Picture 139: Sonagram of the POL intel FSK 100 Bd and 200 Hz shift........................................ 138 
Picture 140: Spectrum of the POL intel FSK 100 Bd and 200 Hz shift ......................................... 139 
Picture 141: ACF of the POL intel FSK 100 Bd and 200 Hz shift ................................................ 139 
Picture 142: Sonagram of the POL intel FSK 100 Bd and 800 Hz shift........................................ 139 
Picture 143: Spectrum of the POL intel FSK 100 Bd and 800 Hz shift ......................................... 140 
Picture 144: ACF of the POL intel FSK 100 Bd and 800 Hz shift ................................................ 140 
Picture 145: Sonagram of the POL intel FSK with 400 Bd and 800 Hz shift ................................ 140 
Picture 146: Spectrum of the POL intel FSK with 400 Bd and 800 Hz shift ................................. 141 
Picture 147: ACF of the POL intel FSK with 400 Bd and 800 Hz shift ......................................... 141 
Picture 148: Sonagram of the POL intel 4FSK with 100 Bd and 400 Hz tone distance ............... 142 
Picture 149: Spectrum of the POL intel 4FSK with 100 Bd and 400 Hz tone distance ................. 142 
Picture 150: ACF of the POL intel 4FSK with 100 Bd and 400 Hz tone distance ........................ 142 
Picture 151: Sonagram of the POL intel BPSK with a symbolrate of 50 Bd ................................. 143 
Picture 152: Spectrum of the POL intel BPSK with a symbolrate of 50 Bd .................................. 143 
Picture 153: Sonagram of the POL intel BPSK with a symbolrate of 62.5 Bd .............................. 143 
Picture 154: Spectrum of the POL intel BPSK with a symbolrate of 62.5 Bd ............................... 144 
Picture 155: Sonagram of the POL intel BPSK with a symbolrate of 100 Bd ............................... 144 
Picture 156: Spectrum of the POL intel BPSK with a symbolrate of 100 Bd ................................ 144 
Picture 157: Sonagram of the POL intel QPSK with a symbolrate of 100 Bd .............................. 145 
Picture 158: Spectrum of the POL intel BPSK with a symbolrate of 100 Bd ................................ 145 
Picture 159: Constellation of the POL intel QPSK with a symbolrate of 100 Bd ......................... 145 
Picture 160: POL INTEL QPSK 200 Bd sonagram ....................................................................... 146 
Picture 161: POL INTEL QPSK 200 Bd spectrum ........................................................................ 146 
Picture 162: POL INTEL QPSK 200 Bd phase spectrum .............................................................. 147 
Picture 163: POL INTEL QPSK 200 Bd phase constellation ........................................................ 147 
Picture 164: Spectrum of PICCOLO MK VI ................................................................................. 150 
Picture 165: Multi-channel Piccolo .............................................................................................. 151 
Picture 166: Spectrum of PICCOLO 12 ........................................................................................ 151 
Picture 167: Spectrum of a PSK31 signal ..................................................................................... 155 
Picture 168: Phase plane of a BPSK PSK31 signal ...................................................................... 156 
Picture 169: Spectrum of PSK 63 in QPSK mode ......................................................................... 156 
Picture 170: Spectrum of PSK 125 in QPSK mode ....................................................................... 157 
Picture 171: Phase plane of PSKAM 10/31/50 ............................................................................. 158 
Picture 172: Spectrum of PSKAM 10 ............................................................................................ 158 
Picture 173: Spectrum of PSKAM 31 ............................................................................................ 159 
Picture 174: Spectrum of PSKAM 50 ............................................................................................ 159 
Picture 175: Sonagram of Q15x25 ................................................................................................ 160 
Picture 176: Waterfall of QRSS signals......................................................................................... 160 
Picture 177: Spectrum of a RAC-ARQ signal ................................................................................ 162 
Picture 178: Framing of RAC-ARQ............................................................................................... 162 
Picture 179: Oscilloscope display of RAC-ARQ ........................................................................... 163 
Picture 180: Spectrogram of RFSM-2400 modem ........................................................................ 164 
Picture 181: Phase constelletion of RFSM-8000 PSK8, QAM16 and QAM32 ............................. 164 



17 
 

Picture 182: Spectrum of Robust Packet Radio ............................................................................. 165 
Picture 183: Expanded spectrum of Robust Packet Radio ............................................................ 165 
Picture 184: Spectrum of ROS ....................................................................................................... 166 
Picture 185: Sonagram of ROS with pre-carrier ........................................................................... 166 
Picture 186: Spectrum of ROU-FEC ............................................................................................. 167 
Picture 187: Spectrum of RS-ARQ II ............................................................................................. 168 
Picture 188: Frame structure of the HF Modem GM2100 ............................................................ 169 
Picture 189: Spectrum of the HF Modem GM2100 ....................................................................... 169 
Picture 190: Spectrum of RUS MIL voice scrambler with FSK lower/upper band........................ 171 
Picture 191: FSK oscilloscope of FSK carrier of the RUS MIL voice scrambler .......................... 172 
Picture 192: Spectrum SCAMP FSKVSL mode ............................................................................. 173 
Picture 193: Spectrum SCAMP FSKSLW mode............................................................................. 173 
Picture 194: Spectrum SCAMP FSK mode .................................................................................... 173 
Picture 195: Spectrum SCAMP FSKFST mode ............................................................................. 174 
Picture 196: Spectrum SCAMP OOK mode ................................................................................... 174 
Picture 197: Spectrum of Marconi 25tone ..................................................................................... 174 
Picture 198: Spectrum and Sonagram of Marconi 25tone ............................................................ 175 
Picture 199: Spectrum of Siemens CHX-200 modem ..................................................................... 175 
Picture 200: Spectrum of SITOR A ................................................................................................ 176 
Picture 201: Timing of a SITOR A signal in the oscilloscope display ........................................... 177 
Picture 202: Spectrum of the Skycast transmission ....................................................................... 177 
Picture 203: Sonagram of the Skycast transmission ...................................................................... 178 
Picture 204: Spectrum of SKYFAX ................................................................................................ 179 
Picture 205: Spectrum of a SSTV transmission calling CQ ........................................................... 181 
Picture 206: SSTV VIS code .......................................................................................................... 184 
Picture 207: Sonogram of SSTV with VIS code ............................................................................. 184 
Picture 208: Sonagram of STANAG 4197 ..................................................................................... 186 
Picture 209: Spectrum of a STANAG 4202 .................................................................................... 187 
Picture 210: Framing of a STANAG 4202 ..................................................................................... 188 
Picture 211: Spectrum of a typical STANAG 4285 signal ............................................................. 189 
Picture 212: Framing of a STANAG 4285 signal .......................................................................... 189 
Picture 213: STANAG 5066 over STANAG 4285 .......................................................................... 190 
Picture 214: Spectrum of a STANAG 4415 signal ......................................................................... 190 
Picture 215: STANAG 4479 over STANAG 4444 .......................................................................... 192 
Picture 216: Spectrum of a STANAG 4481 FSK ............................................................................ 193 
Picture 217: Spectrum of STANAG 4481 ....................................................................................... 193 
Picture 218: Typical spectrum of a STANAG 4529 signal ............................................................. 194 
Picture 219: Format of a STANAG 4529 ....................................................................................... 195 
Picture 220: STANAG 4538 burst waveform BW0 ........................................................................ 197 
Picture 221: STANAG 4538 burst waveform BW1 ........................................................................ 197 
Picture 222: STANAG 4538 burst waveform BW2 ........................................................................ 198 
Picture 223: STANAG 4538 burst waveform BW2 packet framing ............................................... 198 
Picture 224: STANAG 4538 burst waveform BW3 ........................................................................ 199 
Picture 225: STANAG 4538 burst waveform BW4 ........................................................................ 199 
Picture 226: STANAG 4538 burst waveform BW5 ........................................................................ 200 
Picture 227: STANAG 4538 burst waveform BW6 ........................................................................ 200 



18 
 

Picture 228: STANAG 4538 burst waveform BW7 ........................................................................ 201 
Picture 229: Spectrum of STANAG 5031 with 75 bps and 42.5 Hz shift ....................................... 202 
Picture 230: Spectrum of Systeme 3000 FEC mode ...................................................................... 203 
Picture 231: Spectrum of TADIRAN AutoCall .............................................................................. 204 
Picture 232: Sonagram of TADIRAN AutoCall ............................................................................. 204 
Picture 233: Spectrum of a Tadiran signal ................................................................................... 205 
Picture 234: Spectrum with Sonagram .......................................................................................... 205 
Picture 235: Phase behaviour of a TFM ....................................................................................... 205 
Picture 236: Spectrum of a TFM3 signal ...................................................................................... 206 
Picture 237: Oscilloscope diplay of a TFM3 ................................................................................. 206 
Picture 238: Spectrum of a TFM5 signal ...................................................................................... 206 
Picture 239: Oscilloscpe display of a TFM5 ................................................................................. 206 
Picture 240: Thales HF XL non-contiguous operation ................................................................. 207 
Picture 241: HF spectrum of the Thales HF XL modem ............................................................... 208 
Picture 242: Phase spectrum of one channel of the Thales HF XL modem .................................. 208 
Picture 243: Phase spectrum of one channel of the Thales HF XL ............................................... 209 
Picture 244: STANAG 4539 frame structure ................................................................................. 209 
Picture 245: Thales HF XL extended frame structure ................................................................... 209 
Picture 246: Thales HF XL extended frame structure demodulated ............................................. 210 
Picture 247: Spectrum Thales voice scrambler ............................................................................. 210 
Picture 248: Sonagram of Thales voice scrambler ........................................................................ 211 
Picture 249: Spectrum Thor-4 ....................................................................................................... 212 
Picture 250: Sonagram Thor-4 ...................................................................................................... 212 
Picture 251: Spectrum Thor-11 ..................................................................................................... 213 
Picture 252: Sonagram Thor-11 .................................................................................................... 213 
Picture 253: Spectrum Thor-22 ..................................................................................................... 213 
Picture 254: Sonagram Thor-22 .................................................................................................... 214 
Picture 255: Spectrum Thor-100 ................................................................................................... 214 
Picture 256: Typical Spectrum of Throb ....................................................................................... 215 
Picture 257: Spectrum of TMS-430 modem ................................................................................... 215 
Picture 258: Spectrum of a typical Twinplex signal ...................................................................... 217 
Picture 259: Sonagram of a Twinplex signal ................................................................................ 217 
Picture 260: Spectrum and waterfall of the UKR 14 channel system ............................................ 218 
Picture 261: Measurement of the symbolrate ................................................................................ 219 
Picture 262: Typical spectrum of a VFT signal ............................................................................. 223 
Picture 263: Spectrum of VISEL .................................................................................................... 223 
Picture 264: VISEL bit correlation ................................................................................................ 224 
Picture 265: Spectrum of a WINMOR 4FSK ................................................................................. 225 
Picture 266: Sonagram of a WINMOR 4FSK with CW ID ............................................................ 226 
Picture 267: UI 8PSK modem spectrum and waterfall.................................................................. 227 
Picture 268: Bursts of the UI 8PSK modem .................................................................................. 228 
Picture 269: UI 8PSK modem symbolrate measurement ............................................................... 228 
Picture 270: UI 8PSK modem phase constellation........................................................................ 228 
Picture 271:UI 8PSK modem pre-carrier...................................................................................... 229 
Picture 272: UI 8PSK modem post-carrier ................................................................................... 229 
Picture 273: UI 8PSK modem demodulation ................................................................................ 229 



19 
 

Picture 274: Spectrum of the AMSS carrier................................................................................... 231 
Picture 275: AMSS measurement of the baudrate ......................................................................... 231 
Picture 276: Phase constellation of the AMSS signal .................................................................... 231 
Picture 277: Spectrum of the BBC longwave signal ...................................................................... 234 
Picture 210: Modulation of the BBC main RF carrier .................................................................. 234 
Picture 279: Phase spectrum of the BBC main RF carrier longwave signal ................................. 235 
Picture 280: Phase constellation of the BBC main RF carrier ...................................................... 235 
Picture 281: Frames of the BBC longwave signal ......................................................................... 236 
Picture 282: Block structure of the BBC teleswitch signal ............................................................ 236 
Picture 283: Spectrogram of single letter beacons ........................................................................ 239 
Picture 284: Spectrum of CRY-2001 FSK ...................................................................................... 240 
Picture 285: Sonagram of CRY-2001 ............................................................................................ 240 
Picture 286: Spectrum of a MK III buoy ........................................................................................ 242 
Picture 287: Oscilloscope display of a MK III .............................................................................. 242 
Picture 288: Auto correlation function of a MK III ....................................................................... 242 
Picture 289: Spectrum of a MK IV buoy ........................................................................................ 243 
Picture 290: Oscilloscope display of a MK III .............................................................................. 243 
 

file://///192.168.14.43/daten/TH%2026042015/Technical%20Handbooks/HF/_Text/Technical%20Handbook%20HF%202026%20V2%20neu.doc%23_Toc216198074


20 
 

 



21 
 

List of Tables 

 

Table 1: Table of waveforms sorted by Baud rate ........................................................................... 45 
Table 2: Tone layout for Japan 8-tone ASK .................................................................................... 47 
Table 3: Tone layout of Japan 32-tone OFDM modem ................................................................... 52 
Table 4: Modes of JS8 ...................................................................................................................... 56 
Table 5: Tone length of the different JS8 modes .............................................................................. 57 
Table 6: JT4 sub modes ................................................................................................................... 58 
Table 7: JT65 tone separation for the modes A/B/C ........................................................................ 61 
Table 8: JT9A submodes .................................................................................................................. 62 
Table 9: JT9 submodes .................................................................................................................... 63 
Table 10: Symbol rate and bandwidth of the KNL Networks Modem .............................................. 66 
Table 11: LINK 11 frequencies ........................................................................................................ 73 
Table 12: LINK 22 waveforms ......................................................................................................... 79 
Table 13: LINK 22 waveforms and message slots ........................................................................... 80 
Table 14: Mazielka tone assignment ................................................................................................ 86 
Table 15: Tone table for MD 1061 .................................................................................................. 88 
Table 16: Tone table for MD 1142 .................................................................................................. 89 
Table 17: Frequencies of MFSK-16 ................................................................................................. 91 
Table 18: MIL STD 188-110A ser data rate versus FEC................................................................. 96 
Table 19: Tone layout Mil 188-110A 16 tone .................................................................................. 98 
Table 20: Tone layout Mil 188-110A 16 tone variant...................................................................... 98 
Table 21: Tone frequiencies of the preamble of a MIL 188-110A 39tone ....................................... 99 
Table 22: Modulation types used for MIL STD 110B Appendix C ................................................ 100 
Table 23: Bandwidth and symbol rate in MIL 188-110C App. D .................................................. 102 
Table 24: Baud rates of MIL 188-110C App. D............................................................................. 103 
Table 25: MIL 188-110C App D relation between waveform and transferred datarate ............... 103 
Table 26: MIL 188-110D App D relation between bandwidth and symbolrate ............................. 105 
Table 27: MIL 188-110D App D relation between waveform and transferred datarate ............... 105 
Table 28: Table of ALE tone frequencies ....................................................................................... 106 
Table 29: Waveforms of 3G ALE ................................................................................................... 109 
Table 30: ALE 3G call types .......................................................................................................... 111 
Table 31: Protocol field of Fast WALE .......................................................................................... 115 
Table 32: Tone layout MIL STD 188-342 ...................................................................................... 117 
Table 33: MT 63 transmission modes ............................................................................................ 119 
Table 34: Most common modes of Olivia ...................................................................................... 123 
Table 35: Different PACTOR I modes ........................................................................................... 125 
Table 36: PACTOR II modes ......................................................................................................... 126 
Table 37: PACTOR III speed levels ............................................................................................... 128 
Table 38: PACTOR III relation between speed level and used tones ............................................ 128 
Table 39: Speed levels of PACTOR VI ........................................................................................... 130 
Table 40: Tone frequencies for Piccolo 6/12 ................................................................................. 148 
Table 41: Character/tone combination .......................................................................................... 149 
Table 42: Character/tone combination for inverted mode ............................................................. 150 
Table 43: Character/tone combination for PICOOLO 12 ............................................................. 153 



22 
 

Table 44: PSK10 character set ...................................................................................................... 155 
Table 45: Frequencies used by QRSS ............................................................................................ 161 
Table 46: GM2100 transmission modes ........................................................................................ 169 
Table 47: Most common modes of RTTYM .................................................................................... 171 
Table 48: SCAMP modes ............................................................................................................... 172 
Table 49: SSTV tones used ............................................................................................................ 181 
Table 50: Different SSTV modes .................................................................................................... 183 
Table 51: Tone layout STANAG 4197 16 tone part ....................................................................... 185 
Table 52: Tone layout STANAG 4197 39 tone part ....................................................................... 186 
Table 53: STANAG 4285 transmission modes ............................................................................... 188 
Table 54: LPC10 2400 bps and 800 bps parameters .................................................................... 192 
Table 55: STANAG 4529 transmission modes ............................................................................... 194 
Table 56: Waveforms of STANAG 4538 ........................................................................................ 196 
Table 57: STANG 4538 timing ...................................................................................................... 196 
Table 58: Thor modes .................................................................................................................... 211 
Table 59: Throb modes .................................................................................................................. 215 
Table 60: TWINPLEX modes ......................................................................................................... 216 
Table 61: TWINPLEX shift modes ................................................................................................. 217 
Table 62: Early VARA speed levels and modulations ................................................................... 219 
Table 63: VARA HF narrow speed levels and modulations .......................................................... 220 
Table 64: VARA HF standard speed levels and modulations ........................................................ 221 
Table 65: VARA HF tactical speed levels and modulations .......................................................... 221 
Table 66: Typical parameters for VFT .......................................................................................... 222 
Table 67: Centre frequencies in different VFT systems ................................................................. 222 
Table 68: Transmission slots of the amateur radio beacon system ............................................... 237 
Table 69: Schedule for the amateur radio beacon system ............................................................. 238 
Table 70: Russian single letter beacons ........................................................................................ 239 
Table 71: Typical cluster of single letter beacons ......................................................................... 240 
Table 72: Known Datatrak systems and their frequencies ............................................................ 248 
Table 73: Byte structure of the EFR signal ................................................................................... 250 
Table 74: EUROFIX modulation pattern combination ................................................................. 252 
Table 75: LORAN chains and their identification numbers .......................................................... 259 
Table 76: LORAN Data Channel message components ................................................................ 260 
Table 67: Structure of a NAVTEX message ................................................................................... 263 
Table 78: NAVTEX radio station identification letter B1 .............................................................. 264 
Table 79: NAVTEX identification letters B2 .................................................................................. 264 
Table 80: OFDM NBTV modes ..................................................................................................... 267 
Table 81: Modes of digital NBTV .................................................................................................. 273 
Table 82: Stations of the OMEGA system...................................................................................... 276 
Table 83: Frequencies for NDS200 DGPS system ........................................................................ 278 
Table 84: Frequencies of the RSDN 20 system .............................................................................. 291 
Table 85: Frequency setup of the BRAS system for one chain („Semba“) .................................... 292 
Table 86: Location of SuperDARN transmitter ............................................................................. 297 
Table 87: Active time signal stations ............................................................................................. 299 
Table 88: Parameter of the WERA system ..................................................................................... 303 
Table 89: International callsigns ................................................................................................... 305 



23 
 

Table 90: ITU member states letter codes (non ITU member states are written in italic) ............. 312 
Table 91: Translation of a four digit SELCALL number ............................................................... 313 
Table 92: Translation of a five digit SELCALL number ................................................................ 314 
Table 93: Coast station identification numbers by blocks and countries ...................................... 319 
Table 94: Allocation of MID's ....................................................................................................... 325 
Table 95: NATO routing indicators ............................................................................................... 341 
Table 96: List circuits and their routing indicators ....................................................................... 344 
Table 97: Priority levels in AFTN messages .................................................................................. 347 
Table 98: Table of AFTN message contents................................................................................... 348 
Table 99: Letter groups in NOTAM messagesWeather Forecast (TAF and METAR) ................... 355 
Table 100: Description of METAR groups .................................................................................... 358 
Table 101: Teleprinter Alphabets for Comparison ........................................................................ 359 
Table 102: Q-codes ........................................................................................................................ 378 
Table 103: X-codes ........................................................................................................................ 379 
Table 104: Z-codes ........................................................................................................................ 389 
Table 105: Abbreviations ............................................................................................................... 398 
 



24 
 


