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Abstract
There are currently over 4000 HAM radio stations worldwide continuously 
transmitting and receiving beacon signals using the WSPR RF modulation 
format.  WSPR is implemented in the open source WSJT-x application program 
authored by Nobel Laureate Joe Taylor and a large group of contributors. 
Recent software enhancements to WSJT-x and newly available low-cost transmit 
and receive hardware using GPS disciplined oscillators permit records of these 
transmissions (known as ‘spots’) to be used to study ionospheric events like 
Travelling Ionospheric Disturbances. Records of those 3 million+ receptions per 
day are publicly available to all researchers and citizen scientists in a SQL 
database which ensures access for all. In this presentation we give an 
introduction to WSPR, the publicly available databases where the ‘spots’ are 
stored.  Also included are websites with text, map and graphical outputs which 
allow easy queries about ’spots’ and examples of low cost research quality 
transmitters and receivers which are in operation.

The WSPR Network
• WSPR (Weak Signal Propagation Reporter) is a digital communication 

protocol used by HAMs (amateur radio operators) for low power radio 
communication

• There are over 2700 transmit (beacon) sites and over 1500 receive sites in 
operation around the world

• Most beacons transmit at least several times per hour on one or more bands 
with output power in the range of 0.2 to 5 watts

• Receive sites listen on one or more bands and decode beacon transmissions 
• Spots are logged to the online database wsprnet.org
• All 6.6 Billion spots from 2008-2023 are available at the public SQL database 

wspr.live
• Increasing numbers of beacons and receivers are disciplined by GPS phase 

locked clocks.  The frequency accuracy and stability recorded for those 
transmissions rival those for measurements from WWV reception

               

Grafana page courtesy of http://wspr.live

Table View of WSPR spots
• Each recorded reception (called a “spot” in that system) contains:

1) The HAM call sign of the transmitter
2) The transmitter’s approximate Maidenhead geographic location
3) The transmit power level
4) The receiver’s measurement of the transmit frequency to 0.1 Hz resolution
5)  The receiver’s measurement of the signal to noise ratio

• This is a small portion of  the 2042 spots reported in one hour by the station 
KFS located 30 miles south of San Francisco

Graphical view of WSPR spots
• The http://wspr.rocks/ web site offers many easily customizable graphical 

reports
• This is a map view of all the spots in the above table

Table and map courtesy of http://wspr.rocks

Ionospheric  Motion Case Study
• Determine F-layer motion during the 14 October 2023 Annular Eclipse 
• Using Multi-frequency ionospheric Doppler measurements 
•  Transmissions were for a 545 km path from WO7I in Winnemucca, NV to 

ND7M in Pahrump, NV

 Map courtesy of greatamericaneclipse.com

The WsprSonde 8 Transmitter
• GPS disciplined to better than 0.001 Hz accuracy and stability is several 

orders of magnitude better than the 10s of mHz or more of doppler shift 
introduced by ionospheric motion

• Continuous 1W transmissions on 8 bands
• Using the optional 4 and 6 band combiners, one multiband antenna can 

radiate many of the output channels
• Available from Turn Island Systems:  https://turnislandsystems.com

The Wsprdaemon Receive System
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• By using the KA9Q-radio library (https://github.com/ka9q/ka9q-
radio) Wsprdaemon (WD) Linux software 
(https://github.com/rrobinett/wsprdaemon) simultaneously 
decodes and records signals on 14 HAM bands from multiple 
low-cost, GPS disciplined RX-888 Mk II SDRs

• Spots recorded by WD include a rich set of metadata including 
doppler-induced spreading, background noise level and receiver 
overload event count

http://wspr.rocks/
https://github.com/ka9q/ka9q-radio
https://github.com/ka9q/ka9q-radio
https://github.com/rrobinett/wsprdaemon
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