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Weak-Signal Communication Software 

•  WSJT   –  2001 –  VHF+:  meteor scatter,  
 EME;    HF: QRP DXing 

•  MAP65  – 2006 –  Wideband EME:  
 multi-decode, adaptive polarization 

•  WSPR   – 2008 –  QRP propagation probe 

•  WSJT-X – 2012 –  All bands, many modes  
 LF   MF   HF   VHF   UHF   SHF  
 2018:  >15,000 active users, world-wide 



Modes ?   Codes ?? 

•  “Mode” – signaling method and protocol 
– CW, PSK31, JT65, WSPR, JT9, JT4, QRA64, 

MSK144, FT8, … 
– coding, modulation, symbol rate, block size, … 
 

•  “Code” – how symbols represent information 
– Character-by-character:  Morse, baudot, ASCII, 

PSK31, FSK441,  … 
– Block structured:  Reed-Solomon, Convolutional, 

Turbo, LDPC, QRA,  … 



Relevant Propagation Types 

•  Meteor scatter 
•  Aircraft scatter 
•  Ionospheric scatter 

} fast, 
deep

slow, 
shallow}

•  MF, HF  –  groundwave, 
skywave 

•  Tropospheric scatter 
•  Multi-hop (weak) sporadic-E  
•  EME  (VHF, UHF, microwave …) 

Fading rate, depth



Modes in WSJT-X 

Scatter è “Fast” 
•  MSK144 
•  JT9 E-H 
•  ISCAT  

QRP, EME, … è “Slow” 
•  FT8 
•  JT4 
•  JT9  
•  JT65 
•  QRA64  
•  WSPR 

Echo 



Why so many modes? 

•  Different propagation types 
•  Code design and parameter optimization 

for each purpose 
– Fading depth 
– Fading rate  (Doppler spread) 
– Sync requirements: Frequency stability  

•  Also important:  learning as we go … 
 



Mode design: Tunable parameters 

•  Block message structure 
•  Compression è “Source encoding” 
•  Error control  (code type, rate, …) 
•  Information throughput 
•  Modulation type 
•  Symbol rate 
•  Synchronization method 

} bandwidth



Weak-signal minimal QSO, 
with structured messages 

CQ  K1ABC  FN42 
                    K1ABC  W9XYZ  EN37 
W9XYZ  K1ABC  -22 
                    K1ABC  W9XYZ  R-19 
W9XYZ  K1ABC  RRR 
                    K1ABC  W9XYZ  73 



Structured Messages: 
Design choice for ECC Modes 

Information block size: 72 bits 

Calls and locator: 
 KA1ABC WB9XYZ EN37 

      28    +   28   +  15   + 1 = 72 
Free text: 

 TNX BOB 73 GL 
             71                   + 1 = 72 



WSJT-X  Features 

•  All platforms:  Windows, Linux, OS X, … 
•  Rig control for nearly all modern radios 
•  Error-free communication (minimal QSOs) 
•  State-of-the-art decoders 
•  Decoding at S/N = −20 dB and below… 
•  Accurate frequency calibration 



Weak-Signal S/N Limits 
Mode                          (B = 2500 Hz) 
SSB                                 ~+10 dB 
MSK144      - 8 
CW, “ear-and-brain”      -15 
FT8      -21  
JT4                                   -23 
JT65                          -25 
JT9                                   -27 
QRA64                             -27 
WSPR     -31 



Modes used during 2017 

Total QSOs: 32 M     FT8 QSOs: 5 M 

FT8 
CW 

Phone 

JT65, JT9, … 

RTTY PSK31 



WSJT-X 



PSK Reporter:  FT8 usage 

2638 FT8 
monitors 



PSK Reporter  -  FT8  -  160 m 



FT8  -  80 m 



FT8  -  40 m 



FT8  -  30 m 



FT8  -  20 m 



FT8  -  17 m 



FT8  -  15 m 



FT8  -  12 m 



FT8  -  10 m 



MSK144  - 6 m 



Recent FT8 Usage Statistics 
•  Spots per hour:  200,000 – 650,000 
•  Active monitors in any hour 

– Midweek:   ~ 2500 
– Weekend:  ~ 3700 

•  Active transmitters in any hour 
– Midweek:   2000 – 5000 
– Weekend:  3500 – 7500  

•  Top number of DXCCs reported 
–   24 hours:  164 
–   7 days:      221 



WSPR 
“Weak Signal Propagation Reporter” 

•  Pronounced “whisper” 
•   Low-power, one-way mode 
•   2-minute Tx, randomized T/R cycle 
•   Example message:   K1JT  FN20  37 
•   4-FSK modulation:  BW = 6 Hz 
•   Spots optionally sent to wsprnet.org 
•   ~ 1500 stations participating, avg day 
•   965 million spots archived, since 
2008 ! 



WSPR     
in     

WSJT-X 



WSPRnet.org 



WSPR stations per day 

March 2008 Today 



WSPR spots per day 

March 2008 Today 



WSPRnet map:  selected callsign 



VE3KCL:  Solar-powered WSPR 
•  2 foil party balloons 
•  39 g payload,  hanging λ/2 vertical dipole 
•  Rx: GPS       Tx: WSPR, JT9;  20 mW 



WSPRing around the world  
22 days … 

Start 



End 

Start 



ZL1RS 
Ocean Floater 

WSPR, JT9 
30 m band 
200 mW 
8 ft whip 

18 D-cells 



VK 

ZL 

Drifted for 13 months 



Many specialized uses … 

•  QRP DXing 
•  Certificate hunting 

– ARRL International Grid Chase, … 

•  VHF contesting 
•  Meteor scatter 
•  EME (“moonbounce”) 



K1JT	
2m	EME	

WAS:	50	
WAZ:	36	
DXCC:	134	



10 GHz EME – QRA64 – VK7MO 



WSJT Home Page 
http://physics.princeton.edu/pulsar/K1JT 

 
      Programmer details 
•  Open source software 
•  GUI in C++ and Qt 
•  Number-crunching in Fortran or C 
•  Version control with Subversion 
•  Many contributors; new ones are 

welcome ! 



See you on the air, 
with WSJT-X ! 


