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Report of WSPR testsin France from july 2008 to december 2009

F2MM, JacquesMEZAN de MALARTIC
1-Introduction :

In mid 2008 a small group of French VHF users ledah Paris area and in others places
up to about 500 km distance has pointed out a okadproving beacons analysis technique for
qualifying performances of their own installatiorSince the propagation is varying often
significantly during a single test, the traditioracons network survey was found inaccurate
and answering to only limited parts of the requieain
More often, after any antenna installation or cleasgmewhere far away from a permanent test
signal transmission, it can be frustrating to watil someone comes on the air for giving a
significant report which is often subjective. Thaimrequirement of this group was to find a
way for exchanging automatically reports with otbperators by checking reciprocal reception
guality at each end as accurately as possible uitheeding to stay near the transceiver all the
time. All these reports could be sent through Imterin an understandable format with all
necessary details stored on a dedicated websdwialj the tester to check the results in real
time or even later.

In the same field of application it was found iet&ing to understand why reports are often so
unbalanced and to find explanations or recommeniagfior improvement.

Then, considering that most of the existing VHFdoees are usually installed on dedicated sites
selected for their wide open view on high hillsgythare not fully representing a standard ham
installation in the same region and may give a wgradea of the real contact capabilities.

Allowing the use of automatic temporary “beacon®’lilow power transmissions to anyone

could help significantly.

Taking into account the existence of similar netvgoon the HF band with WSPR, it was

suggested that tests would be performed at leagHin and typically on 2m by use of the same

protocol and reporting organisation in order toleate the benefit of such a system. For that
purpose, a specific dedicated channel has beerestaglyfor approval at the last IARU region 1

convention in Cavtat

2-The choice of WSPR :

The fast world-wide deployment of the WSPR netwaifker April 2008, particularly in the 30m
band, was giving an immediate answer attractivaighdor suggesting a similar deployment on
other bands, particularly on 2m without modificatiof its existing protocol. It was found that all
important parameters needed were available andtthasmission efficiency optimized:
- Very narrow spectrum occupation allowing severahwianeous transmission in
small bandwidth around a specific channel in theecba sub-band
- Possibility of analysing signals deeply below thase floor allowing use of small
power transmissions
- Reporting network on Internet already existing anly operational.

2.1- General presentation :

WSPR (pronounced "whisper") stands for "Weak Sighadpagation Reporter." It has been
designed by Joe Taylor (K1JT) group in additiornitsovell known activity with WSJT program
and uses similar transmission process.

WSPR signals convey a callsign, Maidenhead gridtm¢ and power level using a compressed
data format with strong forward error correctiondamarrow-band 4-FSK modulation. The
protocol is effective at signal-to-noise ratios law as —28 dB in a 2500 Hz bandwidth.



Receiving stations with internet access may autmalat upload reception reports to a central
database. The WSPRnet web site provides a simpleinigrface for querying the database, a
mapping facility, and many other featur&s. comparing with traditional modulations assuming
SSB requires S/N better than 5dB or CW better th&8ndB referred to the same bandwidth, the
theoretical benefit is about 33dB above SSB andB.@bove CW

2.2-Main technical specification:

Transmit and receive sequences are organizedimes time-slots
Receive sequences start at all even-numbered UThGteni

Transmit sequences follows at a selectable Tx&Rxfrom 20% to 50%
Random organisation of sequences for avoidingtitepeof signals collisions
Frequency accuracy to be better than 10Hz forpanogriate calibration
Frequency stability to be better than 1 Hz perutan

Full power transmission in USB mode with audida®0 Hz +/-100 Hz
Clock accuracy better than 1s

Receiver analysis RF channel width is 200 Hz

Audio occupied bandwidth is about 6 Hz

Simultaneous reception possibility of about 2@edént signals in a single channel

2.3-Frequency plan:

In each of the HF bands there is only one smalhobbof 200 Hz dedicated to WSPR activity. It
seems still reasonable for most of the transcgwvesently available in the market to fulfil the
technical requirements and support a very wideviigton the air from thousands of users over
the world.

In VHF, on the 2m band, a larger portion of the d&as been required in order to insure an
appropriate tuning of existing transceiver befomadibcation to fulfil the 10Hz frequency
accuracy requirement.

It has been agreed to keep 1 kHz free for suchcgtign centred at 144.4895 MHz meaning in
USB mode with 1.5 kHz audio a dialled frequency.488 MHz.

All tests have been performed in the IARU regionltlas narrow channel.

Calibration methods for being tuned with the bexsgible accuracy are detailed on the WSPRnet
website fittp://wsprnet.org/drupglin the WSPR 2.0 User guide. However, on 2m b#&ncin

be necessary to ask for some external assistanapply this calibration when looking to be
accurately centred.

2.4-Reporting network organisation:

Information transmitted contains all details longtithe station (Callsign and Maidenhead grid
locator) and its output power (expressed in dBnjs bupposed that propagation path, antenna
gain and cable losses are the same in both wagsieeand transmit) in order to simplify
comparisons on each side.

On the receiver side S/N (SNR), frequency, driftd aming differences are measured and
recorded locally. All these data can be reportethatend of each sequence, after signals has
been received and recognized, automatically thraudledicated Internet connection to the file
concentrator of the WSPRnet. They can also be dtor@ependently and sent later to this
concentrator remotely through specific connection.

All the results are placed on a table refreshedye2e minutes. As soon as all bands are
delivering a wide amount of data it is usually resaey to select the useful information needed
band by band, date by date and call-sign by cgii-si

These selected data can be extracted in an apa®pormat in order to be analysed locally in
specific tables (i.e Excel spreadsheets) and hagial statistics of what is needed.



2.5-Typical output on PC screen:

The following pictures show typical examples of wisadisplayed during the tests and what data
are available by selection on the concentrator 8PRnet.

30m activity in a “receive-only” monitoring mode s calibrated time slots and results table
' WSPR by K1JT
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Real time spot data base on WSPRnet website didiwode activity reported (7 bands on this
sample) for only a part of a one time-slot record:

Spot Database

Specify query parameters

100 spots:

Timestamp Call MHz SNR  Drift  Grid Pwr Reporter RGrid km az
2010-01-22 16:52 WiINMMNK 14097125 -19 1 ELS7uw 5 WBIGHD D12k 3371 288
2010-01-22 16:52  MBJK 7.040107 -2 0 EmS 5 KDOAR EMS0ra 415 BB
2010-01-2216:52 MOPOQ 10140173 -13 0 1091jj 2 PAOCORE JO220w 442 B5
2010-01-22 16:52 104D 10140224 14 0 JMS4mg 1 PADJORE JO220 1023 335
2010-01-22 16:52 K7LG 10140160 -23 -1 DM04se 1 WAHBWK EmB0 2969 89
2010-01-22 16:52 M5SBFB 1014173 -2 0 EM13pa 1 WAHBK ErB0 256 105
2010-01-22 16:52 WHEIAND 10140196 -16 0 Fk19rc 1 WiAHEBK ErB0 1354 228
2010-01-22 16:52 12404 10140282 -15 0 Jh5dmg 1 DGEAYY JNEBkh 403 358
2010-01-22 16:52 DGEEYHH  7.040020 -2 -1 JO32ry 5 LABTPA JPSdr 1377 8
2010-01-22 16:52 1040y 10140234 26 0 JMS4mg 1 DGFRJ JNEBth 406 B
2010-01-22 16:52 PAIMET  7.040103 -1 -1 JO22ma o LABTPA JPOdr 1434 12
2010-01-22 16:52 WHEIAND 10140189 -12 0 Fk19rc 1 WERWYA, ErBEnd 957 253
2010-01-22 16:52 K7LG 10140158 12 -1 DM04se 1 KICOFM CMEFxp 1526 350
2010-01-22 16:52 MOFPOQ 10140120 -20 0 1021j 2 FEBEBIA JN19dy FeE 125
2010-01-22 16:52 1040y 10.140242 +1 0 JMS4mg 1 FBBIA JM19dg gE3 313
2010-01-22 16:52 MAFOQ 10140213 R3] 0 1091 2 FBEWD [MN93hh G99 180
2010-01-22 16:52 PAIGNS 10140249 -19 0 Jo21r 5 FEEWE [N93hh 1082 211
2010-01-22 16:52 DKaME  14.097040  -25 0 JMBESh 10 W3GKT FM190l  B7FE3 298
2010-01-22 16:52 WINMNK 14 097095 -4 0 ELS7uv 5 W3GKT FM190l 1384 20
2010-01-22 16:52 DKaMBE 14097042 -1 0 JMBESh 10 YEBDG DO33fn 7586 329
2010-01-22 16:52 WINMMNK 14097097 12 0 ELE7uv a5 YEBOG DO33fn 30824 327
2010-01-22 16:52 DKaME 14097047 -1B 0 JhBESh 10 DJSPC JNETIpo 152 337
2010-01-22 16:52 FBEGIG 28126062 -13 0 JM1Sf 5 Ik4AGEU JNS4pl 833 123
2010-01-22 16:52 104Dy 10140269 -12 0 JMS4mg 1 FEEWE [MN23hh 1004 266
2010-01-22 16:52 DO4ATK,  1.838020  -13 0 JOsS1gs 5 OHSHTG KP34di 1642 26

Extracted data displaying signals received by daéian (F1VL in INO3RX) on 2m only.
Distance between stations and antenna azimuthaoeikated and displayed

Spot Database

Specify query parameters
Using =spot archive (no autamatic refresh). 100 spots:

Timestamp Call IMHz SHR.  Drift  Grid Pwr Reporter RGrid km az
2008-12-1011:08 FBABJ 144489513 17 JNZ2agh 200 F1WL JMO3re 343 245
2008-12-1011:08 FEABJ 144 489493 - JNZ25gh 200 F1WL JMO3re 343 245
2008-12-1011:04 FBABJ 144 489514 -15 JNZ2agh 200 F1WL JMO3re 343 245
2003-12-1010:28 FBABJ 144489510 -13 JNZ2agh 200 F1WL JMO3re 343 246
2008-12-1010:20 FBABJ 144489505 -19 JNZ2agh 200 F1WL JMO3re 343 245
2003-12-1010:20 FBABJ 144489519 25 JNZ2agh 200 F1WL JMO3re 343 246
2008-12-09 21:02 FBABJ 144489516 -12 JNZ2agh 200 F1WL JMO3re 343 245
2003-12-09 20:20 FBABJ 1444839515 17 JNZ2agh 200 F1WL JMO3re 343 246
2008-12-09 20:08 FBABJ 144489515 -14 JNZ2agh 200 F1WL JMO3re 343 245
2008-12-09 20:02 FBABJ 144 489517 -14 JNZ2agh 200 F1WL JMO3re 343 245
2008-12-0919:02 FBABJ 144489515 -20 JNZ2agh 200 F1WL JMO3re 343 245
2008-12-0513:46 F1AF) 144489503 -20 JNOGR 10 F1wl JMO3re 322 168
2008-12-0513:14 F1AF) 1444859502 22 JNOGR 10 F1wl JMO3re 322 168
2008-12-0512:36 FEBYJ 144 489534 12 JH05fs 10 F1wl JMO3re 214 158
2008-12-0512:24 FBBYJ 144 489536 -26 JH05fs 10 F1wl JMO3re 214 158
2008-10-16 18:54 FBABJ 144 489495 -1 JNZ2agh 200 F1WL JMO3re 343 245
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Extracted data displaying signals received at osleed station (Rx of FEABJ in IN25QH)
from another one (Tx of FLOAT in JN18CP) at 442 km

Spot Database

Specify query pararmeters
Using spat archive (no autamatic refresh). 78 spots:
Timestamp Call MHz SHR Drift  Grid Pwr Reporter RGrid km az

2008-12-23 21:10 F10AT 144489510 27 0 JM15cp 4 FbABJ JM28gh 442 146
2005-12-23 18:04 F10AT 144489510 27 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-23 15:58 F10AT 144489510 27 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-23 15:48 F10AT 144489510 27 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-23 14:24 F10AT 144489510 2B 0 JM15cp 4 FbABJ JM28gh 442 146
2005-12-23 14:04 F10AT 144489511 28 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-23 13:46 F10AT 144489510 24 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-23 13:38 F10AT 144.489511 25 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-23 13:18 F10AT 144.489510 -20 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-23 12:56 F10AT 144.489511 21 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-23 12:46 F10AT 144489510 24 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-23 12:34 F10AT 144489510 25 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-2312:26 F10AT 144.489510 24 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-23 12:14 F10AT 144489510 25 0 JM15cp 4 FbABJ JM28gh 442 146
2008-12-23 11:34 F10AT 144.489511 25 0 JM15cp 4 FbABJ JM28gh 442 146

3-Performancestest applied on 2m
3.1-Local tests

At short distances (below 15 km) signal strengiterneed from a fixed transmission is stable
enough (better than 1 dB) as soon as directivenaateare used assuming that direct path widely
dominate all reflected paths. This stability allowemparisons of configurations or gain
estimations through accurate and calibrated anaysethe reception side. Similar facility exits
with WSPR through the SNR reporting with additiobahefits from reciprocal reports over a
wide dynamic range, automatically recorded andyepsbcessed.

In addition to SNR reports, the transmitted powereach end is also declared and can be
compared on reciprocal reports of adjacent timsslbhis information allows to fixing which
minimum power would be necessary for insuring sssfté communication on each mode and
in both way. In addition, it can also shows if aliference exists in the reception at each end
when referring to identical transmission by appiatercorrections of the reports on each side.

Since WSPR was basically designed for HF applioatimoise figure in these bands are more
often fixed by the environment and antenna gaifinigted. In this case there is usually no
confusion on the transmitter power definition.

On VHF many beacons usually declare their radigimder sometimes by theoretical ERP or
EIRP derived from the output power of the transenitnd an estimated antenna gain. This is not
critical as soon as they don’'t need to declarerangived SNR. With WSPR the way to declare
the power transmitted has to be clearly defined ablows additional analysis like a budget link
balance check. It was suggested to keep the sderenmee point than in HF at the transceiver
antenna plug. This is traditionally what any operadeclares when he describes his station.
However in VHF, the presence of mast head LNA ssiggéhat this point should be at the
antenna connection of the LNA. In this case the govo declare should be lowered by
application of the cable loss between the tranemattitput and this reference point.

This difficulty has been clearly pointed out thrbug comparison made between a station
installed in a noisy suburban area (F2ZMM at 5 kmitls@f Paris) and the other (FLEBN 25 km
away) in a rural and quiet area. After correctimisthe SNR received with the difference
between the powers declared, there was still ardB8unbalance on the SNR. This wide
difference have been explained by the use of alatdnequipment with no external devices on



the noisy suburban end (no need to increase RXtis@gsin such a case !) and a mast head
LNA at the other end. An appropriate power deciamatvould have shown 15 dB difference,

instead of 18dB, due to 3 dB cable loss from tledceiver to the reference point, 4 dB
difference on noise figures and 11 dB desensitisaby the man made noise of the suburban
environment, verified through local field measuraine

These local tests have confirmed the ability ofodng signals down to -28 dB SNR at 100%
and sometimes more. It has been estimated to -3 8B% and -32 dB at less than 10%

3.2-Long distance tests:

Above 50 km and even with highly directive antenrthe propagation variation affects
significantly signals strength and SNR. This cambgceable during the 2 minutes sequences
even if the short term fading can be neglectedhgydecoding averaging process. Long term
fading, tropospheric influence, reflection on maing or moving airplanes, diffractions and all
kind of masking effects are source of distortiofeeting significantly the WSPR decoding
efficiency.

As usually it is suspected that the WSPR protadeiined mainly for HF communications, may
not be fully appropriate for VHF. However, testsyéddeen made with this assumption and the
objective of fixing the application limits througippropriates statistical analysis of the recorded
data and copy of screen pictures

Typical test results are presented hereatfter.

3.3-Reciprocal propagation effect :

The following picture gives an analysis exampleelsyracting data from the WSPRnet website
and a specific processing. As soon as reciprocaleya cannot be done during the same 2
minutes time slot, propagation changes may occdrtha SNR cannot be compared on each
side. However, by averaging the results taking adoount the propagation evolution it seems
possible to estimate these differences.

SNR evolution between F10AT (JN18CP) and F6BYJ5@Spdistance 346 km on the"2af
November 2008
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00-00:glL
0o0-0sgl
00-006L
00026l
000002
00020z
00:00: 4T
0008 e

RN
b
|

- kI T =

SNR Dh
"
%
./.
1
/
Y

-20 — W

=22 =

24 S

-26

—4—0AT de BY. —m— BY.J de OAT
25 =




By taking this graph into account it is clearly smoa difference of about 8 dB between the
reported SNR. FLIOAT announced 5 W (37 dBm) and FbBihounced 10 W (40 dBm). This 3
dB difference is in opposition with the average 8tiBerences found on SNR reports meaning
that F6BYJ had a reception advantage of 11 dB wrlittk at this date.

An estimation of the power needed for allowing 8BS®ntact (5 dB/SNR) when the WSPR
SNR is -10 dB at F6BYJ or -18 dB at F1IOAT showshwitt any antenna change.

For F1OAT : 37+(10+5) = 52 dBm or 160 W

For F6BYJ : 40+(18+5)= 63 dBm or 2 kW !!

It was clear that there was a problem at F1IOAT wailleh seems to be corrected since this date
according to latest report found on the WSPR datba

3.4-Doppler on reflected signals:

Pictures of the program screen have often showsfisgnt frequency drifts varying slowly
during the analysis timeslot. There could be séveesons :

- Slow frequency drift of the transmitted signal frotimermal effects within the

transceiver

- Reflection on a moving object i.e an airplane
As it could be verified through other reports oé ttame time slot that the transmitter did not
moved the reflection hypothesis became the onlyansA typical example of such a situation
was found through a report by IK10ODO in JN35SQ (rle&ino) of F6ABJ signals in JIN25QH
(near Grenoble). Even if the distance between tisenot great (173 km) the Alps mountain of
the Mont Blanc area is fully blocking any directtpaMany stations have succeeded some
contacts in SSB or CW by taking benefit of diffiaos at the top of the Mont Blanc but they
were at a greater distance of it than F6ABJ andJBR®O who cannot find any similar path being
too close of the mountain feet.
The screen picture sent by IK1IODO is clearly shgwhe F6ABJ signal drift of 4 Hz or 2 Hz at
different time slots of the day, the last one shmgMhe weakest report at a quasi stable level
during 2 minutes

WSPR screen of IK1IODO receiving F6ABJ by refleatiomn airplane
% WSPR 2.0 by K1JT
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Knowing that F6ABJ is transmitting with 50 W on amni-directive antenna supposed to have
about 6 dB gain (he reports the ERP instead offtheutput), we can assume reasonably that
with 500 W and 10 dB more gain on a greater Yagb8 contact is possible through such a path
(20 dB improvement over the present configuratichieving sometimes -15dB SNR). By
knowing the air-traffic time table over the Alpseonan even predict the appropriate time for
such a contact !

3.5-Others effects to investigate :

Several pictures on WSPR screen have shown stedfeges needing more investigations.

On the copy presented above from F6BYJ it can lieew a duplication of the FLIOAT signal
each of the trace staying quasi parallel at a qoasstant level. Sometimes the 2 traces have
been decoded in the same time slot like on tHeD@cember 2008 at 17:42 UTC, one being
reported at -33 dB SNR with a 4 Hz drift, the otaerll dB with O Hz drift.

A first explanation could be that the weakest tigasoming by reflection over a plane but with a
constant phase difference with the strongest omuilé® cases have often been reported by
observers and would need more investigation fandelearly explained.

Other strange figures has been found with latexaiters on the main trace like t-

In this case we have yet no clear explanationsfartier investigations are needed. It was
noticed than in this case the decoding performamses with no drift have to be lowered.
Several cases even at -15 dB SNR didn’t worked.

4- Applicablelimitson 2m :

The results shown through all these analysis detrate that most of the existing
transceivers on the market are stable enoughafteeheating period of about 30 minutes before
starting the real tests. In any case, it is nobmanended to transmit at full power and more often
at less than 50% of the maximum available otherwtis&ould need an external clock for
stabilizing the internal frequency synthesizer.

However, their frequency accuracy is often far fribra 10 Hz requirement. Several corrections
have been applied up to 500 Hz to fulfil the speatfons.

Through these preliminary remarks, it seems that2im band is probably the upper limit for
recommending use of WSPR in VHF. If test are pentt above like on 70 cm UHF, it would
certainly need a very stable external clock.

In addition there is still some doubt for claimithgt the Forward error correction applied for HF
band is fully appropriate for 2m. Anyhow, resulte guite satisfactory by taking into account
the observed results of the test, considering vadability of the product and its easy MMI.

5- Conclusion :

In the beginning of the test period the activeugravas made of 5 to 6 active stations and

it has grown quickly after a few months to about Now to day and according to the WSPRnet
database, there is about 110 users in Europe and &&pan. The distribution over Europe is
approximately 35 in France, 23 in United Kingdor,id Italy, 11 in Russia, 5 in Germany, 4 in
Switzerland, 3 in Spain, 3 in Poland, 3 in AustBan Denmark, 2 in Greece, 2 in Sweden, 2 in
Netherlands and 2 in Belgium.
Even with this amount of activity the channel isywéar from being saturated and there is not
enough permanent transmission to draw any progagatap as efficiently as for HF bands even
if this can be done with the existing beaconssltaliso demonstrated that the 1 kHz channel
recommended for its application is wide enough dlbowing several hundreds of permanent
transmissions and keep enough space for thousamg®tary users.



In any case, if the WSPR protocol allows deep amlgelow the noise level, the length of the
test time slot is not appropriate for fast propegatevolution like MS or any short burst
application. It seems well matched to analysisratlitional tropo conditions and mainly for
specific point to point applications or for qualifg remotely some radio sites.

Application of WSPR in UHF and SHF looks too ciafi@ccording to the technical requirements
on the frequency accuracy already difficult on 2m.

Compared to well known applications like JT65 depeld also by K1JT and widely used for
EME contacts or even very long distance ones in VWBPR seems to have a better sensitivity
but time slots are longer and reception may oftary oo fast on 2m so that frames have a
greater probability of being lost during deep fadioles.

In general, this experimental test has been suktdessd we are convinced that this technology
should be supported as many others for improviegefficiency of all kind of traffic on the 2m
band.



