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Expectations

This presentation:
• IS

• An introduction to WSPR and WSPRnet. Plain and simple.
• A starting point to give you ideas about what equipment and software is 

available.

• IS NOT
• A complete how-to guide to teach you everything to setup a WSPR 

beacon or receiver.
• A complete tutorial on any particular software.

A full multi-hour presentation could be done for the details and many
combinations of equipment and software.



My Experience

Licensed in 2013, and I’m an amateur radio digital N00B!  I don’t 
know everything, but am ready, willing, and able to learn, and 
share along the way.
I have only been using digital modes (other than Packet and 
Winlink) with my transceivers for about two months. And I’m 
enjoying it.
I use both a Yaesu FT-991A with built-in sound card and a Yaesu 
FT-897D with a SignaLink. Yes. It gets confusing at times.
I now have considerable experience with in-depth configuration 
of the sound settings with Windows 10 Pro (see my August 
AARCOVER article for some pointers). I’m learning to hate
Windows 10 more and more!  ;)



What is WSPR?

• WSPR (pronounced “whisper”) is the protocol used
for weak-signal radio communication.
The protocol was designed, and a program written
initially, by Joe Taylor, K1JT (astrophysicist and
Nobel prize in Physics laureate). WSJT-X gets its
name from “Weak Signal / Joe Taylor”. Its initial
release was in 2008 with coding in Python, Fortran,
and C. The cross-platform software is now open
source and is developed by a small team.

• The program is designed for sending and receiving low-power 
transmissions to test propagation paths on the MF and HF bands.

Joseph Hooten Taylor, 2008
Source: Wikipedia / Creative Commons license

https://en.wikipedia.org/wiki/Joseph_Hooton_Taylor_Jr.
https://creativecommons.org/licenses/by-sa/3.0/deed.en


What is WSPRnet?

• The Weak Signal Propagation Reporter Network is a group of 
amateur radio operators using K1JT's MEPT_JT digital mode to 
probe radio frequency propagation conditions using very low 
power (QRP/QRPp) transmissions. The software is open 
source, and the data collected are available to the public 
through the WSPRnet.org website.

• That means… It’s a bunch of hams around the world who 
(normally) transmit using about 5-watts or less (some will use 
more… but why), and commonly in the milliwatts. And it’s also a 
bunch of other hams who listen to these transmissions and 
send reports to WSPRnet for logging.



The WSPR Protocol

• The standard message is:
• <callsign> + <4-digit locator> + <dBm transmit power>

• Messages with a compound callsign (i.e. ZA/K1ABC) and/or a 
6-digit locator use a two-transmission sequence. The first 
transmission carries compound callsign and power level, or 
standard callsign, 4 digit locator, and power level; the second 
transmission carries a hashed callsign, 6 digit locator, and 
power level. Add-on prefixes can be up to three alphanumeric 
characters; add-on suffixes can be a single letter or one or two 
digits. (http://physics.princeton.edu/pulsar/k1jt/)

http://physics.princeton.edu/pulsar/k1jt/


The WSPR Protocol

• Occupied bandwidth is about 6 Hz. For comparison, SSB voice 
uses approximately 3,000 Hz bandwidth.

• Keying rate is very sloooooow… 12000/8192 = 1.4648 baud.

• Synchronization is via a 162-bit pseudo-random sync vector.

• Duration of transmission is 162 x 8192/12000 = 110.6 seconds.

• Transmissions nominally start one second into an even UTC 
minute: e.g. at hh:00:01, hh:02:01, etc.

• Minimum S/N for reception is around -34 dB.



The WSPR Protocol

FSK Basics
• Frequency-shift keying (FSK) is a frequency modulation scheme in 

which digital information is transmitted through discrete frequency 
changes of a carrier signal.

• The technology is commonly used for communication systems such 
as telemetry, weather balloon radiosondes, caller ID,
garage door openers, and low frequency radio
transmission. (Your wireless thermometer likely uses
FSK.)

• The simplest FSK is binary FSK (BFSK). BFSK uses a
pair of discrete frequencies to transmit binary (0s and 1s) 
information.[2] With this scheme, the "1" is called the mark
frequency and the "0" is called the space frequency.



The WSPR Protocol

• Modulation is continuous phase 
4 FSK, with 1.4648 Hz tone 
separation.

• Each channel symbol conveys 
one sync bit (LSB) and one data 
bit (MSB).

• See the four different frequency 
steps in the image on the right?

Image by Louis Taber - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=75422613

https://commons.wikimedia.org/w/index.php?curid=75422613


Why Use WSPR?

• The WSPR protocol was designed to test propagation paths on 
the LF, MF and HF bands. It is also used experimentally at VHF 
and higher frequencies.

• Other applications include antenna testing, frequency stability, 
and frequency accuracy checking.



WSPRnet.org

The WSPRnet.org website has maps and database to visualize 
current reporting.

This is an example
of me “spotting”
in the database
(about 16 minutes

of spotting).



WSPRnet.org

Here is a map
of what stations
heard me one
night when I was
transmitting with
only 5 watts.
New Zealand to
Norway and
Iceland!
Don’t tell me the
bands are “dead”.



How Can I Use WSPR?

A WSPR station is normally comprised of a radio and a 
computer.

The radio must have audio connections to/from the computer.

The computer will run software to decode (listen) or encode 
(transmit) the WSPR protocol.

If you’re using digital modes with WSJT-X or fldigi, you already 
have everything you need!



How Can I Use WSPR?

TO LISTEN (and optionally report, i.e. “spot”)

• Computer
• Computer can even be a Raspberry Pi.
• WSJT-X and fldigi are popular programs
• An accurate clock is needed! Windows OS time sync is usually not 

good enough. Other free software is available.

• Receiver
• Receiver can be an amateur radio or a small, an inexpensive DVB-T 

dongle, i.e. RTL-SDR ($25), NooElec ($30 for the premium version), or 
the more robust SDRplay RSP series ($120 to $280).



How Can I Use WSPR?

Example devices

for receiving

NooElec DVB-T (SDR)

RTL-SDR

SDRplay (several
models available)



How Can I Use WSPR?

This and 
following slides 
show examples 
of using  
WSJT-X to 
listen and spot.

Here, RF Gain 
is way too high!



How Can I Use WSPR?

RF gain set to 
30dB for best 
results at my 
QTH. YMMV. 
Adjust as 
needed for 
your location/ 
setup.





How Can I Use WSPR?



How Can I Use WSPR?

Example



How Can I Use WSPR?



How Can I Use WSPR?

Interesting observation:  Lightning splatters the spectrum



How Can I Use WSPR?

Go to 
WSPRnet.org 
to view spots



How Can I Use WSPR?



How Can I Use WSPR?



How Can I Use WSPR?

Example of spotting
• Time
• Call sign
• Frequency
• SNR
• Grid (transmitter)
• Power (self report)
• “Me”
• My location
• Distance
• Direction (azimuth)



How Can I Use WSPR?

TO TRANSMIT

• Computer
• WSJT-X is popular software used for digital modes using your HF 

transceiver connected to your computer.

• Transmitter/transceiver
• Standalone beacon devices are also readily available - and a separate 

device will free up your transceiver and computer.



How Can I Use WSPR?

• Example beacons

A homebrew RaspPi beacon

WSPR for Raspberry Pi (20/30/40)

Hand-built and tested by a ham



How Can I Use WSPR?



How Can I Use WSPR?



How Can I Use WSPR?

EVERY
line is

a station
that heard

ME!



LIVE
DEMO!



Questions?

Questions?

Comments?

Your Experiences?



Resources

• WSPRnet.org
• The main site.

• WSJT Home Page – Weak signal communication software
• http://physics.princeton.edu/pulsar/k1jt/

• The Complete Guide to Weak Signal Propagation Reporter
• https://www.amateur-radio-wiki.net/wspr/

• JTalert – Audio and visual alerts for WSJT-X and JTDX
• https://hamapps.com/

https://wsprnet.org/
http://physics.princeton.edu/pulsar/k1jt/
https://www.amateur-radio-wiki.net/wspr/
https://hamapps.com/


Resources

• Low-Cost WSPR with Raspberry Pi and SDR
• http://sjcars.org/blog/wp-content/uploads/2016/03/WSPR.pdf

• WSPR decoding/reporting
• WSJT-X

• http://physics.princeton.edu/pulsar/k1jt

• fldigi
• http://pa0rob.vandenhoff.info/article/fldigi-digi-modes

http://sjcars.org/blog/wp-content/uploads/2016/03/WSPR.pdf
http://physics.princeton.edu/pulsar/k1jt
http://pa0rob.vandenhoff.info/article/fldigi-digi-modes


Resources

Windows Software for SDR Receiver Control:

• SDR#
• https://airspy.com/download/

• HDSDR
• http://www.hdsdr.de/

• SDR-Radio
• http://sdr-radio.com/Software/Download/Download-Kits

• SDRUNO
• https://www.sdrplay.com/downloads/

https://airspy.com/download/
http://www.hdsdr.de/
http://sdr-radio.com/Software/Download/Download-Kits
https://www.sdrplay.com/downloads/


Resources

WSPR Beacons

• WSPR for Raspberry Pi, 20/30/40 meters ($32)
• https://tapr.org/product/wspr-without-tears-30-or-40m/

• Standalone Beacon Transmitter (assembled, tested; only need 
power and antenna)
• https://www.zachtek.com/

• Raspberry Pi WSPR Transmitter
• (Using a GPIO pin with a 14MHz bandpass filter and only 0.01 watt)
• http://wb6cxc.com/?p=5

https://tapr.org/product/wspr-without-tears-30-or-40m/
https://www.zachtek.com/
http://wb6cxc.com/?p=5


Resources

Time Sync Software for Windows
• Avoid using the built-in Windows sync (it’s not accurate enough)
• NTP from Meinberg

• (runs as a Windows service; based on open source NTP)
• https://www.meinbergglobal.com/english/sw/ntp.htm

• Dimension 4
• runs as a Windows service; won't check if Windows time service was re-enabled; 

uninstall leaves service running
• http://www.thinkman.com/dimension4/

• Time Sync for Linux
• Use built-in ntpd

• Time Sync for Mac OS X, best to do a search for current utils
• https://www.sync-mac.com/list-of-mac-synchronization-software.html

https://www.meinbergglobal.com/english/sw/ntp.htm
http://www.thinkman.com/dimension4/
https://www.sync-mac.com/list-of-mac-synchronization-software.html

