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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

A /'-‘

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, JT635, efc)



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.



WSPR Mode Description

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 =
Each tone represents one symbol:

Symbol 0 =0 Hz Symbol 1=1.465Hz Symbol 2 =293 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.



Slow and Steady

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



WSPR Data Applications

1. Antenna Analysis
2. Propagation Analysis

3. Communication Circuit Evaluation
Propagation path reliability

Equipment performance



Why WSPR Mode

Provides real-time propagation information
Spots uploaded to

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.



Relative sensitivity of modes

Mode S/N Required | Power example
WSPR -27 dB 5w
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.orq

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

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

O WSPR Band Hopping

o =l

2190m 630m 160m 80m 60m 40m 30m 20m 17m 15m 12Zm 10m 6m 4m 2m 70cm 23cm

Sunrise grayline v/ v v v v
Day v v v
Sunset grayline v v v
Night
Tune

Rx only

Gray time: 120min =




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
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ber login

Username *

Activity

Stations active in the last 10 minutes. Frequencies are mean reported frequencies for each station during the interval

Band Count Calls

Password *

el ow g
R
M

i P

L Il e

o

» WSPRnet

i Welcome to the Weak Signal Propagation Reporter Network

Activity | Map | Database

>

VK6MIM  0.137437|PAOSLT/A  0.137500R|VK6BSA  0.137500R |7L4I0U1  0.137500R|G6JTB  0.137500R|DJGDK  0.137500R|G8HUH 0.137573R
] GOTCY 0137495 GOGHK/KIWI 0.137500R|PAOOCDI1 0.137500R [PAORDT  0.137500R|DKOAUE - 0.137500R|VK2AN  0.137500R |
R(Q:Jl‘; V"w‘\ ‘:;’“"m GACLO  0137520{EA3IHV  0.137500R|DLEOW-MH 0 137500R |7L4IOU2  0.137500R|OH2FTB  0.137500R|OE9RMV 0.137500R
KASWIM  0137567|NIVFK  0.137500R|LA3EQ  0.137500R|JP1ODJ/SDR 0.137500R|0Z1KVE 0.137500R|SVBRV ~ 0137500R
Login i 1| GBOCVISOR 0.137500R| VEGARS 0 137500R|KGIDUK  0.137500R|7LAIOUA  0.137500R|PADOCD 0.137500R|GAZFQ  0.137500R
N6IO 0137500R\7L410U3 0.137500R|EASDOM  0.137500R [PA3GUK  0.137500R |VK5ZVS  0.137500R|172000/VE 0.137500R
g MM1PTT  0137500R |DL4RU 0.137500R|UBTAPE  0.137500R \VKSHW  0.137500R|URV06607 0.137500R|WOAIR  0.137500R
1RQUeNcIes GMADL 0137500RﬁPA08LT/3 0.137500R|ZP4KFX  0.137500R|IZ6QQTRX  0.137500R |[EA4GHB  0.137500R|JATKBR 0137500RJ
USB dial (MHz): 0136, 0 4742 LY4PR  0137500R|SWL/FNT1OD 0.137500R|DK8EE ~ 0.137500R|VKSWA  0.137500R|VKSCV ~ 0.137500R|KL7L  0.137500R
‘7%536‘: 31(;)(:?;%75 23”5?532 3647 DM7BBH 0137500R‘0160W4WTM 0.137500R|DBOSTB ~ 0.137500R |NS8C 0.137500R |VKSFQW 0.137500R [F4FPR 0137570;2{
1 4'0;;6 Sl e 0946 OKOEMW 0.475603 | K182 0A757441PA5KT415 R[HBITMC  R|OE9TAV RIEMHQ  0475699R|DJBDK 0.475700R|[155387F1  0.475700R|DKSEE 0475700R|KG9DUK 0475700R|JATKBR DA%
24.9246, 281246, 50293 VK6LX 0475634 |JAOHXV 0475750 {PG2A R|HBYVQQ/RE R|1z7SLZ R|GBOCVISOR 0 475700R |LABAV  0475700R|DLARU  0.475700R |DBOSTB 0 475700R|K2ZN 0.475700R | SWL/FN110D 047
70091, 144.439, 432 300 DK2DB  0.475639|F6CWA 0475761 |SWLHU1UB R\OE}GBB/Q R|PATEY/WD R[PASGUK  0.475700R|JA3TVF  0475700R|MOXDK  0475700R|VK3KHZ  0.475700R|EANHV 0475700R|HBIAUR 0.475
1236.500 NAWLO 0 475645|DLOAO R|JG3HGDISDRS R|PDOOHW  R|OH3LMNIKIWI R|PAIGUK/P 0475700R‘SM3LNM 0 47ETO0R|WIFRY 0475T00R [GMADIJ 0 475700R |KCBQDR 0 475700R |VKSFQMW 0475
5Q9T  0.475679|GOKTN R|{HBVQQRS R|PALJMS  R|PAOSLT/A RIFAASK  047STOOR|FADXU  0A475700R|LASEQIMW 0 475700R | GOGHKIKIWI 0 475700R | WOAIR  0.475700R |SM2DJK/15  046H
3rd Party Maps and Data " i \G3ZSE 0475692 | DLOSW R|HBVQQKL R|PEOMJX  R|G4zFQ R[DFIVB  0.475700R|JP10DJ/SDR 0 475700 | DKDAUE  0.475700R |URVOS507 0 475700R [7L410U2 0 475700R [Ly4PR 04757
AR IW3RMR 0475700 {HA3PMF R[2EOILYKIWI  R|OE9GHV  R|F4VTQ R|PAOSLT/A  0.475700R|7L4I0U4 0475700R“VK5WA 047STO0R|PAIWP  0475700R [VESHOA 0 475700R |GAMSA  D47GH
MOXDK Mag DLAXJ  0.475700|HA3PG R|DC1RDB R[ONSKQ  R|DCODX R[JH3XCU2 0.475700R|PAORDT  0.475700R(DLBBBY  0.475700R|DM7BBH  0.475700R|W7GAJ 0475700R|GOVQH  D.476M
KBIAMG Montt S52AB  0.475721|DK6UG R{PITHT R|HBVQQ  R|JAGSOQ  0.475286R|IW3HBX  0475700R|WAWLO2  0475700R|DF6DBF  0475700R|KECRS 0475700 |VKTTAZ 0475700R|OH2FTB 04750
et |OE2UKL 0.475727|OE5IGP R|OE3GBBIQ2 R\DDSFZ RINSMKC ~ 0475691R|DF9RB owwoopz\v-mv\mon 0475700RJGG/—\VK 0.475700R |NS8C 0.475700R|WWED ~ 0.475700R [DL6OW-WTM 047508
L7 BF Vel Crénts DLIGCW 1838030|G4HSB 1838070[G4VZ0  1838146]GBAOE  R|OESGHV  R|PG2A R|HBIVQQRE R[DFIDR  R|G6UQZ  1836600R|GMAIRT 1.838100R | VK3KHZ mamoR}‘ TF1A 1 8381008
PUTZWT 1836034|WBGYRW 1838092|GAJQT/P  1838190|DD5FZ  R|HBIVQQ  R|2EOILY/KIWI R|KFS R/ONSKQ  R|KBOLQJ  1836600R|OK2PYA  1838100R|PHIMRF 1.838100R|PAOSLT/4  1.838100]
SMOFKI 1 838037|{MOOLS 1838099\VK3YCO R|DC1RDB R|PA10 R{DD5XX R|KD7EFG R{DC7TO R'DHLSL 1.837500R | IW3HBX 1.838100R | DKOAUE 1838100RIDN9DSF 183810‘
JAGSOQ 1838040{VK7JJ 1838100 |GOKTN R|OE3GBB/Q2 R|F4VTQ/M R|PAOSLT/A  R|PA1JMS R(KATOEI-9 R|CT1ETL/A 133?500R‘VKZZEE 1338100R\‘GJMSA 1.838100R | GBURE 1838100
|SATCND 1836043(BVIYA 1838111 |VK2WF R|VKSARG  R|DK6UG R|HBIVQQRS R|OEITAV  R|PATEYWD R|AAIA 837561R[VK6KCH  1838100R|DL1ECN-8 1.838100R|DL7TBR 18381004
B il | GMAHAM 1 838056 W3RMR 1838121 |HA3PMF R|OE3GBBIQ R|SA6BSSHL R|KD7EFG-1 R[PDOOHW  R[DLOPF  R|DL3GAK  1838054R|BV7AU 1838100R[PAJGUK  1836100R|PATWP 14381008
EITHZB  1838060|VK2HL  1.838128|MM0ZBH R|DK8FT R|ON4RST R|IMIDOY  R|PMTHT  R|DFSOE  R|OK2BVG/RX1 1 838100R|DL4RU 13381UUR“GODUB 1.838100R| DK3SS 18381008
DL4IB  1:838065|VK3CYD 1838133 |HA5GB R|OE3XOE  R|OH3LMN/KIWI R|FAVTQ/S ~ R|KFSIOMNI R|OK2P  R[GM4DW  1838100R|VKTTAZ  1.838100R|F70297  1.838100R|SM3LNM 13381004
0ZIIT 1838066/ WBGCXC 1.838135|HBIVOQIKL R|KPH1 R[PASKT-15 ~ RIHBSTMC ~ RIPEOMJX  R[KFS/O  R|MMIPTT  1838100R|DARCT13 1838100R [DK7AM  1.838100R| G7CKX/SDRS 1838100
|PAZW 1838067 |KITDX 1838146 |VK5ARG-2 R|KPH R|SWLHUIUB R|FAVTQ R|G4ZFQ R|VK2AMA R’VK5WA 1.838100R | GBOCV/SDR 1 838100R | PE1KHX 18381OOR}1LX1LC 1.638100R

eaking news
yan Routh foun...

|LadpGA 3570007|DLBDX

3570046 VK2EFM 3570080|DFPE  3570102|KGALDK 3570119|GAMKR 3570139|RUOLL 3570162

SH3EFI 3570186/ GOKTN R|SWL-IN44 R‘\PL\OSLTV,A\
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Welcome to the Weak Signal Propagation Reporter Network

User login

Username

elopment purposes only For development purposes only For development purposes onl\ For. development purposes only
Password *

For development purposes only For development purposes only q
L d

Frequencies

| ! ; f 3 J i W Legend
i e BT | | j Pl :

CHEE A 1 \ ,UAYWWOGFEOMH L , ‘

USB dial (MHz): 0.136, 0 hit KQCZIAJ“W'\K'K” =3

18366, 3.5686, 5 2872, 53 : ' —ngis

“0GQj i
7.0386, 10 1387, 13 5539 i \WB! DMIRGAL A, KV ““"“

S F A IKVATTIY
140956, 18.1046. 21 0946 enL?Hrposes only or development PIJ'KﬁR!WAsoKW;IU = development purposes only: ’
24.9246, 28 1246, 50 293 § B o

70.091, 144 489 432
1296.500
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" su 4 - A H 2m
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Welcome to the Weak Signal Propagation Reporter Network

1w \"
|

In by s

User login Database
_Username* Band

(VARSI (Al
Password *

i
Show only spots on this band

Mode
Create new account S BN S

All v |
Request new password — ol
Filter by mode.

‘ E0g N Count
50 |
Y Maximum number of spots to show (10000)
Frequencies

Call

Bl USB dial (MHz) 0.136, 0.4742
Bl 18366, 35686, 5 2872, 53647

":‘ 7.0386. 10 1387. 13.5539 Only show spots of this callsign. Use * at the end (only) for wildcard searches
I 14.0956, 18 1046, 21 0946 i
24,9246, 28 1246, 50 293 il
70.091, 144.489, 432 300
1296 500 Only show spots reported by this call. If same as "Call*, then show spots of this call OR heard by this call. Use * at the end (only) for wildcard searches
In last

3rd Party Maps and Data 24 Hours v

Consider spots only of this recent time penod

Sort by
Timestamp v

Field to sori by

DJ21 f pot Heat Mag
\BF Maps/Graphs

Reverse

Check to reverse sort order

Unique

Check fo show only unique call/reporter combinations

Exclude S

calls starting with Q and 0, typically used for balloon telemelry

Callsigns

Excludes

Update

For issues with this site, email the



' ;g: Interpreting WSPR Data fc X

| WSPR Spots

e Propagation Map | WSPR: X
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L] wsprnet.org/drupal/wsprnet/map

WSPRnet

Weak Signal Propagation Reporter Network

Chat | Activity | Map |

Spot Count

158,966,992 total spots

164, 5202 in the |ast 24 hours

2,215 in the last hour

Frequencies

USE disl (MHz): 0.128
0.4742, 1.8368, 2.5928,
5.2872, 7.023886, 10.1387,
14.0958, 18.1046, 21.094
24,9248, 28,1246, 50.292
70.091, 144.489

KP4MD

e My account
» Creste content

e Log out

Who's online

There are currently 52 users

and 55 guestz online.

Online users

KP4MD
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- AN hA

f'b

Propagation Map
|
EEE

N North
China South Keeea Pacitic
Oceanr

h |.| - -\',lll‘l

AT Y

W
BV1TD)

TWW' Iindian

Ocean South
S Paclific 5
: Ocean r
Asgentaa

n



HF WSPR Station
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15. 17, 20, 30 & 40m WSPR:

New

i 24,772 total spot reports

317 unique stations spotted
Spotted by 450 unique stations
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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?



Q [/ copied 40 m WSPR beacons from 7pm
to 7am.

a Approximately 4,000 reports received

QI analyzed RX reports for the following

stations:

a HP2DFA (Panama @ 0.2W)
a K7FTQ (WA @ 1.0W)

a NONIC (Wl @ 0.2W)

a NSEYQ (NY @ 0.5W)
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0002 -16 1.0 7.040051 0 WWOWWYV 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 KOXG EM79 23 724
0002 -30 0.0 7.040123 0 KBOEE DN70 23 1043

0002 -26 0.2 7.040179 0 WYS8R EN82 23 955
0002 -12 0.2 7.040185 0 KX4DQ EMG66 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 WWOWWYV DN70 30 1043
0004 -21 0.2 7.040137 0 WR41 FMO08 23 896

0004 -22 -0.1 7.040156 0 NSFWG EN62 23 871
0004 -27 -0 1 7.040159 1 W4ANMGA FM17 23 954



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 GS5RV

antenna to my 20 m dipole on 17 m

. for the afternoon.



Method

. For one hour in the afternoon

- (2000 - 2100 2), transmit a 5 W beacon
on 17 m and alternate between the two
antennas. Compare signal reports from

various stations.



Antennas

GS5RV
55 ft high

Broadside east — west
- 41 SWRon17 m

20 m Dipole
70 ft high

Broadside north — south
4.6 SWRon 17 m



NA Station Reports

. WC2L (NY)
. ACOG/ND (ND)
. ACOG/B1 (MO)

- VE6PDQ

. KB7GF  (WA)
. WA7ZLNW (UT)



DX Station Reports

- ZD7GB (St. Helena)
- HB9VQQ (Switzerland)
- EA8BFK (Spain)

- ONSKQ (Belgium)

- OE9GHV (Austria)
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Conclusion

- Based on 3dB or better signal for NA

o 20 m dipole performed better to N & NE

o G5RYV performed better to NW



Conclusion continued

Comparing signals for DX stations

o 20 m dipole performed better to EU

o GSRV performed slightly better to AF

o No propagation to the Pacific



< C 0 @ shop.qrp-labs.com/U3S

Shopping Cart

Kits Components GPS Modules Firmware

Categories T P
it sets 2 Ultimate3dS QRSS/WSPR kit
Kits (17)

Product Code: U3S
Components (4) Availability: 349

GPS Modules (1)
Price: $33.00

Firmware (6)
Available Options

* LPF Band: |
— Please Select — v

Add kits:
QLG1 GPS receiver (+$23.00)




Final Thoughts

- WSPR is a powerful tool for determining
propagation to your QTH.

- You can just monitor signals or
fransmit a beacon to see how well you

are getting out.
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