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WSPR Overview

WSPR implements a protocol designed for probing potential 

paths with low-power transmissions. Normal transmissions 

carry a station's callsign, Maidenhead grid locator, and 

transmitter power in dBm. e.g. WA9JBR EM40ji 37 dBm

The program can decode signals with S/N as low as -28 dB in 

a 2500 Hz bandwidth. Stations with Internet access can 

automatically upload their reception reports to a central 

database called WSPRnet, which includes a mapping 

facility.



Joe Taylor, K1JT

Nobel Prize in Physics in 1993 for discovery of 

the first orbiting pulsar using radio astronomy

Author of the WSJT software package 

for long distance low power 

weak signal communications 

(includes FT8, FT4, WSPR, JT65, etc)



Maidenhead Locator Fields AA-RR



dBm to Watts equivalents

dBm W mW

0 0.001 1

10 0.01 10

20 0.1 100

30 1 1,000

40 10 10,000

50 100 100,000



Transmission Protocol

▪ The digital protocol used by WSPR is based on 

the Manned Experimental Propagation Transmitter 

(MEPT) design by Murray Greenman, ZL1BPU

▪ The term "manned" distinguishes this mode from 

unattended beacons that are not permitted or are 

difficult to license in some parts of the world.

▪ The version adapted by Joe Taylor for WSPR adds 

his initials: MEPT-JT.



RF carrier is shifted up by a tone between 1400-1599 Hz where it is 

modulated by continuous phase 4-tone frequency shift keying 

(FSK) (F1D emission type)

Bandwidth = 6 Hz

Each tone represents one symbol:

Symbol 0 = 0 Hz Symbol 1 = 1.465 Hz Symbol 2 = 2.93 Hz Symbol 3 = 4.395 Hz

Symbol rate is 1.465 baud

Each symbol represents 2 bits. 

• The first bit is from the 50 bits of message data (28 for callsign, 15 for grid square, 7 for 

power). The application of forward error correction expands these 50 bits to 162 bits. 

• The second bit is from the pseudo-random sequence of 162 bits used for accurate time 

and frequency synchronization.

WSPR Mode Description



Transmission starts 1 second into an even minute

Transmission lasts approximately 110 seconds

Most stations are set to transmit 20% of the time and 

receive for 80% of the time.

The 200 Hz band window allows 33 stations to transmit 

simultaneously. The randomized transmit times enable 

165 stations to share the space during a 10-minute 

period.

Decodes S/N as low as -28 dB

Slow and Steady



WSPR Data Applications

1. Antenna  Analysis

2. Propagation Analysis

3. Communication Circuit Evaluation

▪ Propagation path reliability

▪ Equipment performance



Provides real-time propagation information 

Spots uploaded to wsprnet.org

Antenna testing – low power requires efficiency

Low power allows operation from Solar energy

QRP equipment is ideal for implementation

It’s something to play with.

Why WSPR Mode



Relative sensitivity of modes

Mode S/N Required Power example

WSPR -27 dB 5 W

Olivia -17 dB 50 W

PSK31 -7 dB 500 W

RTTY +5 dB 8,000 W

SSB +10 dB 25,000 W



WSPR Mapping

Receiving stations with Internet access 

automatically upload reception reports to a 

central database at http://wsprnet.org

The web site is written and maintained since 

2008 by Bruce Walker, W1BW, to provide a 

central repository for WSPR reception reports.

500+ stations participating per day

http://wsprnet.org


WSPR Frequencies

The default USB dial frequencies (MHz): 

0.136*, 0.4742*, 1.8366, 3.5926, 5.2872*, 

7.0386, 10.1387, 14.0956, 18.1046, 

21.0946, 24.9246, 28.1246, 50.293, 

70.091*, 144.489, 432.300, 1296.500

200 Hz segment in each band

*frequencies not authorized in U.S.



Band Hopping

▪ WSPR mode allows those with CAT-controlled radios to investigate 

propagation on many bands without user intervention.

▪ Coordinated hopping enables a sizable group of stations around the 

world to move together from band to band, thereby maximizing the 

chances of identifying open propagation paths. 

ref: WSJT-X User Guide v 2.7.0, sec 10.1



WSPR – Station requirements

▪ SSB receiver or transceiver and antenna 

▪ Computer running the Windows, Linux, 

FreeBSD, or OS X operating system. 

▪ 1.5 GHz or faster CPU and at least 100 MB of 

available RAM 

▪ Monitor with at least 800 x 600 resolution 

▪ Sound card supported by your operating 

system and capable of 48 kHz sample rate



WSPR – Station requirements

▪ If you will transmit as well as receive, 

an interface using a serial port to key your 

PTT line or a serial cable for CAT control. 

Alternatively, you can use VOX control. 

▪ Audio connection(s) between 

receiver/transceiver and sound card 

▪ A means for synchronizing 

your computer clock to UTC



Demonstration















HF WSPR Station



HF WSPR Station

15, 17, 20, 30 & 40m WSPR: 

24,772 total spot reports

317 unique stations spotted 

Spotted by 450 unique stations







Applications

1. Check propagation on desired bands

2. Compare performance of different 

antennas



Investigation # 1

▪ What is nighttime propagation like 

on 40 m during the summer at my 

QTH?



❑ I copied 40 m WSPR beacons from 7pm 

to 7am.

❑ Approximately 4,000 reports received

❑ I analyzed RX reports for the following 

stations:

❑ HP2DFA  (Panama @ 0.2W) 

❑ K7FTQ     (WA @ 1.0W)

❑ N9NIC      (WI @ 0.2W)

❑ N3EYQ     (NY @ 0.5W)





▪ 0002 -16 1.0 7.040051 0 WW0WWV DN70 30 1043

▪ 0002 -25 -0.1 7.040060 0 <...> DM68HI 23 1074

▪ 0002 -14 -0.4 7.040105 0 W4CVG EM78 37 666

▪ 0002 -16 -0.1 7.040108 0 K0XG EM79 23 724

▪ 0002 -30 0.0 7.040123 0 KB0EE DN70 23 1043

▪ 0002 -33 -0.1 7.040159 0 HP2DFA FJ09 23 1637

▪ 0002 -26 0.2 7.040179 0 WY8R EN82 23 955

▪ 0002 -12 0.2 7.040185 0 KX4DQ EM66 23 491

▪ 0004 -11 0.2 7.040002 0 WM4B EM82 23 510

▪ 0004 -19 0.0 7.040007 0 WB5SRK DM93 23 613

▪ 0004 -23 1.1 7.040051 0 WW0WWV DN70 30 1043

▪ 0004 -21 0.2 7.040137 0 WR4I FM08 23 896

▪ 0004 -22 -0.1 7.040156 0 N8FWG EN62 23 871

▪ 0004 -27 -0.1 7.040159 1 W4MGA FM17 23 954

▪ 0004 -17 0.2 7.040180 0 <WY8R> EN82KS 23 966

▪ 0006 -8 0.2 7.040001 0 <KF9KV> EN52ET 

30 863

▪ 0006 -28 0.0 7.040012 0 KE9SA EN54 30 

985

▪ 0006 -24 -0.0 7.040018 0 KE7GZ FM19 23 

1024

▪ 0006 -21 0.2 7.040038 0 WF9E EN50 23 

712

▪ 0006 -25 0.7 7.040051 0 WW0WWV DN70 

30 1043

▪ 0006 -18 0.2 7.040051 0 N4JJS FM05 23 

795

▪ 0006 -13 0.2 7.040059 0 AJ8S EM89 37 

786

▪ 0006 -14 0.7 7.040105 -1 N4TRB EM73 33 

427

▪ 0006 -16 -0.0 7.040158 0 W4ASU EM96 

23 728

▪ 0006 -11 1.1 7.040161 0 W3PM EM64 30 

380

▪ 0006 -18 0.2 7.040193 0 WM9C EM59 30 

645

▪ 0006 -16 0.1 7.040196 0 WD5TX EM13 23 

402

▪ 0008 -20 0.1 7.040043 0 N8BNE EN72 23 

908

▪ 0008 -14 0.7 7.040051 0 WW0WWV DN70 

30 1043

▪ 0008 -18 -0.1 7.040054 0 K3WSU FN00 

23 982

▪ 0008 -15 -0.1 7.040056 0 KG6TW EM84 

23 561

▪ 0008 -22 0.3 7.040067 0 KB4ZVM EM84 

20 561

▪ 0008 -32 0.3 7.040094 0 WB2EEE FN21 

23 1189

▪ 0008 -32 0.4 7.040101 0 KJ5KGZ EM13 

40 402

▪ 0008 -16 -0.1 7.040148 0 N5YIZ EL08 23 

484

▪ 0008 -21 0.1 7.040171 0 N8SAN EN82 23 

955

▪ 0008 -11 1.1 7.040181 -1 WA8DSP EM63 

30 332

▪ 0008 -31 -0.1 7.040195 0 N5YIZ EL08 23 

484

▪ 0010 -19 -0.0 7.040033 0 KE7GZ FM19 23 

1024

▪ 0010 -18 0.9 7.040051 0 WW0WWV DN70 

30 1043

▪ 0010 -12 1.4 7.040123 0 KN4IBZ EM60 33 

254

▪ 0012 -14 -0.0 7.040033 0 AB4YY FM08 23 

896

▪ 0012 -16 1.0 7.040051 0 WW0WWV DN70 

30 1043



Conclusion

▪ Best southern propagation (HP9DFA)

11pm – 5am CDT

▪ Best NW propagation (K7FTQ)

▪ 12am – 1am  &  3am – 5am CDT

▪ Best northern propagation (N9NIC)

▪ 9pm – 5am

▪ Best NE propagation (N3EYQ)

▪ 12am – 7am CDT



Investigation #2

▪ Compare effectiveness of my G5RV 

antenna to my 20 m dipole on 17 m

▪ for the afternoon.



Method

▪ For one hour in the afternoon

▪ (2000 – 2100 Z), transmit a 5 W beacon 

on 17 m and alternate between the two 

antennas. Compare signal reports from 

various stations.



Antennas

G5RV

▪ 55 ft high

▪ Broadside east – west

▪ 4.1 SWR on 17 m

20 m Dipole

▪ 70 ft high

▪ Broadside north – south 

▪ 4.6 SWR on 17 m



NA Station Reports

▪ WC2L (NY)

▪ AC0G/ND (ND)

▪ AC0G/B1 (MO)

▪ VE6PDQ

▪ KB7GF (WA)

▪ WA7LNW (UT)



DX Station Reports

▪ ZD7GB (St. Helena)

▪ HB9VQQ (Switzerland)

▪ EA8BFK (Spain)

▪ ON5KQ (Belgium)

▪ OE9GHV (Austria)





Conclusion

• Based on 3dB or better signal for NA

o 20 m dipole performed better to N & NE 

o G5RV performed better to NW



Conclusion continued

• Comparing signals for DX stations

o 20 m dipole performed better to EU

o G5RV performed slightly better to AF

o No propagation to the Pacific



Ultimate 3S



Final Thoughts

▪ WSPR is a powerful tool for determining 

propagation to your QTH.

▪ You can just monitor signals or 

transmit a beacon to see how well you 

are getting out.
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