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Introduction

WSJT is a computer program for amateur VHF/UHF communication using state of
the art digital techniques. It can help you to make contacts using fraction-of-a-
second signals reflected from meteor trails, as well as steady signals more than 10
dB weaker than those needed for conventional CW.

Operating Modes

e FSK441, designed for high speed meteor scatter

e JT6M, optimized for meteor and ionospheric scatter on 6 meters
e JT65 for Earth-Moon-Earth (EME) and weak troposcatter

e CW for EME using timed, computer-generated transmissions.

System Requirements

e SSB transceiver and antenna for one or more VHF/UHF bands

e Computer running the Microsoft Windows, Linux, or FreeBSD operating
system

800 MHz or faster CPU and 128 MB of available RAM

Monitor with at least 800 x 600 resolution (more is better)

Sound card supported by your operating system

Computer-to-radio interface using a serial port to key your PTT line. Linux
and FreeBSD versions can also use a parallel port.

Audio connections between transceiver and sound card

e A means for synchronizing your computer clock to UTC

Installation and Setup

First Steps

1. Windows: download WSJT595.EXE (or a later revision number, if one exists)
from http://pulsar.princeton.edu/~joe/K1JT, the open source repository,
http://developer.berlios.de/projects/wsit/, or the European mirror site,
http://www.vhfdx.de. Execute the downloaded file to install WSJT to a directory
of your choice. The default directory is C:\Program Files\WSJT6.

2. Linux and FreeBSD: download files for installing and compiling WSJT from the
open source repository, http://developer.berlios.de/projects/wsit/. A packaged
installation may be available for your particular distribution; if not, you will need
to compile the program from source code. Instructions and help are available at
the repository.

3. Connect appropriate interface cables between your computer and radio. For
help with the hardware interface, refer to one of the many descriptions of other
sound card modes such as PSK31.

4. To start WSJT on Windows, double-click on the desktop icon. On Linux or
FreeBSD, type python -0 wsjt.py atthe command-line prompt. Three
windows should appear on your screen. For now, focus your attention on the
main window labeled “WSJT6 by K1JT".



http://pulsar.princeton.edu/%7Ejoe/K1JT
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Select Options from the Setup menu (see pictures on page 4) and enter your
callsign and grid locator. In the box labeled PTT Port, on Windows enter the
number of the serial port you will use for T/R control (for example 1 if you will
use COM1). Enter 0 if you will use VOX control (not recommended if you are
running high power). On Linux or FreeBSD enter the actual device name, for
example /dev/ttySO0.

Dismiss the Options window, hit function key F7 to choose FSK441A mode,
and select Open from the File menu. Navigate to the RxWav\Samples folder in
your WSJT home directory and open the file recorded from W8WN. When this
file has been decoded, your main screen should look something like the picture
on page 4. Try clicking with the right mouse button around the location of the
ping at t = 18 s on the graphical display, and observe the decoded text that
appears. If you click on the static crashes around t = 1 s or elsewhere on the
green line, you will see garbage text. Click Erase to clear the text and graphical
areas. You can click Decode to decode the full file again.

Take note of two numbers in the first panel of the status bar at lower left of the
main screen. After WSJT has been running for a minute or so they should
stabilize at values close to 1.0000. If both numbers are between 0.9995 and
1.0005, the input and output sampling rates of your soundcard are close to the
nominal 11025 Hz. If either number is outside this range, enter it as Rate in
(first number) or Rate out (second number) on the Options screen. WSJT will
then make necessary adjustments for the incorrect hardware sampling rate or
rates.

You will need a method of setting your computer clock to an accuracy of one
second or better, and keeping it set. Many operators use an internet-based
clock-setting program, while others use a broadcast service such as GPS or
WWVB.

Adjusting Signal Levels

1.

© N

If your computer has more than one sound card, select the desired device
numbers for Audio In and Audio Out. The Console Window (see picture on
page 17) offers a menu of choices.

Turn on your radio and tune it to a clear frequency so that only background
noise is sent to the sound card.

Click Monitor to start audio sampling.

Select Options | Rx volume control on the SpecJT screen to bring up the
sound card input mixer.

Adjust a slider on the audio mixer and/or your receiver gain control(s) to bring
the signal level close to what WSJT considers “0 dB” as indicated on the bar
graph at lower right of the SpecJT screen. The signal level is also displayed on
the status bar at bottom of the main WSJT window.

Press F7 to enter FSK441A mode.

Select Options | Tx volume control to bring up the sound card output mixer.
Click the Tx1 button to be sure that T/R switching works and that audio tones
are being sent from the computer to your radio.

Adjust the slider on the audio mixer to get the proper audio signal level for your
transmitter.



Amplifier Considerations

WSJT generates a single-frequency sine wave at any instant while transmitting.
Except during station identification, there is no “key up” time; signal amplitude is
constant, and one tone changes to the next one in a phase-continuous manner. As
a result, WSJT does not require a high degree of linearity in your power amplifier.
You can use a class C amplifier without generating unwanted sidebands or splatter.
Full amplitude transmissions lasting 30 seconds or longer will put more stress on
your final amplifier than SSB or CW operation. [f this would cause the amplifier to
overheat, you should take appropriate action: reduce power or add another cooling
fan or blower.

WSJT should now be set up and ready to operate. Be aware, however, that WSJT
is a complicated program. It has many operational nuances, especially ones having
to do with the correct decoding of received signals. If you are a new WSJT user, it
is strongly recommended that you work through the decoding tutorial in the next
section.

Step-by-Step Decoding Tutorial

A large part of the skill required for effective use of WSJT is learning to use the
decoders effectively. To use the following tutorial you must first obtain the collection
of sample wave files available at
http://pulsar.princeton.edu/~joe/K1JT/WSJT6_Samples.EXE (Windows) or
http://pulsar.princeton.edu/~joe/K1JT/WSJT6_Samples.tgz (Linux). These files
contain on-the-air recordings of meteor pings in FSK441 mode, pings and
ionospheric scatter signals in JT6M mode, and EME signals in the JT65 modes.
The package of sample files is about 22 MB in size. If you do not have a fast
internet connection, you may wish to obtain the sample wave files on CD-ROM.
Instructions may be found at http://pulsar.princeton.edu/~joe/K1JT/Download.htm.

1. If you have already installed and used a version of WSJT6, delete your WSJT.INI
file or temporarily rename it to something else. This will ensure that you start the
tutorial with everything in the default configuration.

2. Install the sample files to the RxWav subdirectory under your WSJT6 installation
directory. You can do this by executing the file WSJT6_Samples.EXE (in Windows)
or by extracting the tarfile WSJT6_Samples.tgz (in Linux or FreeBSD).

3. Double-click on the WSJT6 desktop icon to start the program in Windows. In
Linux, start the program by typing python -0 wsjt.py. Position the main
WSJT6 window conveniently on your screen. You may ignore or minimize the other
two windows for now.

4. By default WSJT starts in FSK441 mode (yellow label at bottom left of status
bar). Select menu item File | Open and navigate to subdirectory
RxWav\Samples\FSK441 under your WSJT6 installation directory. Double-click on
the first file in this directory, KSCZD 050723 _134100.WAV. The file will be opened
and a 2-dimensional spectrogram displayed in the main graphical area. The
decoder produces the following text in the main text box:

134100 27.4 220 6 26 -21 01JT 26 K5CZD 2626 K1JT 27 K5CZ #6


http://pulsar.princeton.edu/%7Ejoe/K1JT/WSJT6_Samples.EXE
http://pulsar.princeton.edu/%7Ejoe/K1JT/WSJT6_Samples.tgz
http://pulsar.princeton.edu/%7Ejoe/K1JT/Download.htm

According to the line of decoded text, this file contains a meteor “ping” att = 27.4 s,
lasting 220 ms, with (S+N)/N = 6 dB. You can see that K5CZD is sending K1JT the
signal report “26”. In FSK441 and JT6M modes it is not uncommon to see incorrect
characters near both ends of decoded sequences, where the signal is weak.
Additional details on message structure and information reported by the decoders is
presented later in this Guide.

5. Hit the F6 key (or select File | Open next in directory) to open and decode
successive files in the FSK441 directory. These files contain recordings of K8EB
calling KB4BWW, KCOHLN calling CQ and then working K1JT, KM5ES working
K1JT, KM5PO calling K1JT as a “tailender,” and finally N9EGT calling CQ. With
any of these files you should try left- and right-clicking on the pings to invoke the
decoder at a particular location in the file. You can also try clicking on pure noise,
away from any ping; you should then see only garbage as decoded text. You can
click Erase or Decode at any time to clear the display areas and decode the most
recently analyzed file again.

6. Open the first KCOHLN file again. It produces the message
001400 6.5 400 15 27 -21 2 CQ KCOHLN EN32 CQ KCOHLN E/31 GQ#GBYLE

Double-click on the callsign KCOHLN in the text window, and watch what happens
in the Tx message boxes. The program is now ready for K1JT to answer this CQ.

7. Hit Shift-F7 to switch to JT6M mode (on Linux, use the Mode menu). Select File
| Open, navigate to inside the subfolder RxWav\Samples\JT6M under your WSJT6
installation directory, and double-click on the AAOMY file. You should see a
message in which AASMY is finishing a QSO by sending “73 DE AASMY”:

142300 15.1 1.2 -2 -15 OMY 73 DE AA9MF2

The AAOMY signal is rather weaker than those in the FSK441 examples. Try
listening to any of the files using Windows Sound Recorder, to get a feeling for what
they sound like.

8. Hit F6 to read and decode successive files in the JT6M directory. You should
see AC5TM working K1SIX, AF40 working K1JT, and WASUFH working KOAWU.
In several files the signals are inaudible or barely audible, yet still decodable. The
second AF40 file produces no decoded text by default, but try right-clicking at about
t=16.6 s. (The file time corresponding to the location of the mouse pointer is
displayed in a green label at lower left of the plot area.) You should be able to find
several other examples of decodable text in flat regions on the green curve. For
example, try left-clicking att=7.4 s ort = 9.8 s in the first AF40 file, oratt=11.6s
in the second AF40 file.

9. Hit F8 to switch to mode JT65A and clear the Freeze setting. You should now
pay some attention to the SpecJT screen as well as the main WSJT6 screen.
(Select View | SpecJT if you have previously minimized or deleted it.) If the
SpecJT and WSJT6 windows overlap on your screen, you can reduce the vertical
size of the SpecJT window so that only its top half shows. Select speed 3 on the
SpecJT window and check the following items on the SpecdT Options menu: Mark
T/R boundaries, Flatten spectra, Mark JT65 tones only if Freeze is checked,
and JT65 DF axis. Select File | Open on the main screen, navigate to inside the
JT65A directory, and double-click on the FOHS file name. The SpecJT screen will
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show a messy spectrum cluttered with birdies at 100 Hz intervals and other
interfering signals. However, the red curve in the main-screen graphical area
shows a strong JT65 sync tone amongst the clutter, and the decoder produces

074800 1 -23 2.7 363 5 * K1JT F9HS JN23 1 10

10. Double-click on FOHS in the text window. You should see FOHS copied into the
To Radio box; the database will be searched and the grid locator entered, if
available; Tx messages will be generated for a QSO with FOHS, and the Tx
message pointer will be set to message number 2 so that a signal report will be
sent. During actual operation, all of this can take place in the few seconds near the
end of a reception interval, before you start transmitting again.

11. Hit F6 to open the next file. A smaller red spike appears, and you will see that
G3FPQ is calling W7GJ:

131900 1 -25 1.5 42 3 * W7GJ G3FPQ 1091 1 O

12. Hit Shift-F8 to select JT65B mode (use the Mode menu on Linux). Then select
File | Open, navigate to inside the JT65B directory, and open the DL7UAE file. The
waterfall shows a strong birdie at DF = 783 Hz and several weaker signals. The
ones at DF = 223 and DF = 244 Hz look most interesting because they show the
“speckled” QSB typical of EME libration fading at 2 meters. WSJT chooses the
signal at DF = 223 Hz as the most promising, and decodes it to reveal DL7UAE
answering a CQ from K1JT.

002400 6 -23 2.5 223 23 * K1JT DL7UAE J0O62 1 10

The red curve shows a second spike that looks almost as good as the DL7UAE
signal (see picture on page 14). Experiment to see if you can determine who else
might be calling. (The answer and how to find it are given below, in step 19.)

13. When you are ready to continue, clear Freeze and AFC (you may also want to
click Erase and ClIr Avg) and hit F6 to open the next file. The green curve shows
some nasty SSB QRM starting att = 5.3 s into the file. (Again, you might want to
listen to this file.) Some rhythmic broadband noise is also present, showing clearly
on the green line. Fortunately, the waterfall looks nearly clean in the important JT65
spectral region, and WSJT has no problem decoding the signal at DF = — 46 Hz.
EAS5SE is sending K1JT the OOO signal report.

000400 2 -25 2.9 -46 3 # K1JT EAS5SE IM98 000 1 10

Try double-clicking on the sync tone in the waterfall, or on the red spike in the main-
screen graphics area. Either action will automatically set DF to the selected
frequency, Freeze on and Tol = 50 Hz, and will then invoke the decoder. You can
see on the red curve that the sync-tone search range has been reduced to a range
+ 50 Hz around the selected frequency offset Freeze DF.

Take note of the colored tick marks on the frequency scale at the top of the SpecJT
screen. The leftmost vertical green mark shows the selected Freeze DF, and the
horizontal band below it shows the range searched for a sync tone. The other
green tick marks the upper limit of the JT65 data tones, and red ticks mark the
frequencies that would be used for shorthand messages.



14. Hit F6 to open the next file. You will see EA5SE sending K1JT the shorthand
message RRR. Magenta and orange curves in the main-screen graphics area
show the measured spectra for the two distinct phases of the shorthand message
cycle. In the waterfall display you should see the alternating tones for RRR
accurately aligned with the sync-tone marker and the second red marker. Hit the F6
key once more to decode the final transmission of this QSO, with ES5SE sending
73 to K1JT.

15. Uncheck Freeze and hit F6 again. The waterfall shows a likely sync tone with
deep libration fading at DF = —22 Hz, and the decoder shows EI4DQ sending K1JT
the OOO signal report. Double-click on the sync tone in either window to lock him
in, and hit F6 to open the next file. Evidently EI4DQ has received the OOO report
from K1JT and is now sending RO.

16. Clear the Freeze box, check AFC, and hit F6 again to open the next file. Two
birdies are in the passband, but WSJT ignores them and finds a valid sync tone at
DF = 223 Hz, decoding IK1UWL sending an OOOQO report to K1JT. Uncheck AFC
and hit Decode; you will notice that the first of two numbers near the end of the
decoded line changes from 1 to 0, indicating that without AFC the Deep Search
decoder is required to decode this file. Double-click on the sync tone to lock in
IK1TUWL, and wait for the next transmission (i.e., hit F6 to read the next file).
IK1UWL has copied my RO, so he is sending RRR. Note that this shorthand
message is barely visible on the waterfall, but it is still decoded correctly. K1JT
would now send 73 to signify that the QSO is complete.

17. Clear the Freeze and AFC boxes and hit F6 to find RU1AA calling CQ. RU1AA
has a big signal; his tones are easily audible in this file. In the next several files
K1JT works him quickly, despite two birdies that are drifting down through the JT65
signal passband. Notice that as a reminder, decoded shorthand messages are
always flagged with a “?” mark unless you have turned Freeze on and set Tol to
100 Hz or less — things that you should always do, for best results. RU1AA ends
the QSO by sending the message “TNX JOE -14 73" to tell K1JT that his signal
peaked at —14 dB. Since this message does not start with two callsigns (or CQ or
QRZ plus one callsign) it is treated as a plain text message. Such messages can
convey no more than 13 characters, so in this case the final “3” is truncated.

18. Clear the Freeze box and hit F6 to show another big Russian signal: RW1AY/1
is answering a CQ from K1JT. Double-click on the sync tone (on either window) to
lock it in, and then hit F6 to see the “RO”, “73”, and “-19TNXQSO 73” contents of the
next three transmissions.

19. Were you able to decode the second station answering my CQ in the DL7UAE
file? If so, congratulations! If not, clear Freeze and go back to File | Open and
select the first file again. Left-click on the smaller red spike, check Freeze on, and
reduce Tol to 10 Hz. Then hit Decode, and you should see SP6GWB calling K1JT
with an excellent signal. The DL7UAE and SP6GWB signals are separated by only
22 Hz, so most of their tones overlap in the 355 Hz passband of JT65B.
Nevertheless, the decoder copies perfectly through the resulting QRM with the help
of its robust error-correcting code.



20. While you have the DL7UAE file in memory, Freeze on, Tol = 10 Hz, and DF
set on the smaller red spike, hit F2 to open the Setup | Options screen and enter
your own call (or some other call) in place of K1JT in the My Call box. Then
dismiss the Options screen and try to decode the SP6GWB signal again. You will
surely fail, because for this message successful copy was obtained as a result from
the Deep Search decoder, which is described further below.

This concludes the step-by-step decoding tutorial.

Operating with WSJT

By longstanding tradition, a minimal valid QSO requires the exchange of callsigns,
a signal report or some other information, and acknowledgments. WSJT is
designed to facilitate making such minimal QSOs under difficult conditions, and the
process can be made easier if you follow standard operating practices. The
recommended procedure is as follows:

1. If you have received less than both calls from the other station, send both
calls.

If you have received both calls, send both calls and a signal report.

If you have received both calls and a report, send R plus your signal report.
If you have received R plus signal report, send RRR.

If you have received RRR — that is, a definite acknowledgment of all of your
information — the QSO is “officially” complete. However, the other station
may not know this, so it is conventional to send 73s (or some other
conversational information) to signify that you are done.

abkwd

Slightly different procedures may be used in different parts of the world, or in the
different operating modes. Typing the F5 key will cause WSJT to pop up a screen
that reminds you of the recommended procedures.

To prepare for making a QSO, enter the other station’s callsign in the To radio box
and click Lookup and GenStdMsgs to generate a sequence of the commonly used
messages. If Lookup does not find the callsign in the database file CALL3.TXT, you
may enter the grid locator manually. Decide whether you or the other station will
transmit first, and check or uncheck Tx First appropriately. Select the message for
your next transmission by clicking in the small circle to the right of the message
text. Click Auto to start an automatic sequence of transmission and reception
intervals. You can switch messages while a transmission is in progress by clicking
on one of the Tx buttons to the right of the circles.

Real-time spectral information is displayed graphically on the SpecJT screen.
Spectrograms scroll horizontally in FSK441 and JT6M and vertically in JT65. You
can select one of several scrolling speeds at the top right of the SpecJT window.

At the end of each receiving period, WSJT displays various properties of a received
signal on the main screen. An example for JT6M mode appears on the next page,
and examples for FSK441 and JT65 can be seen on pages 4 and 14. A green line
in the main graphical area illustrates signal strength vs. time, and other lines or
images display spectral information and synchronization results, depending on the
mode.
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Decoded text appears in the large box below the graphical area and is also written
to a cumulative output file, ALL.TXT. The program’s best estimate of DF, a
detected signal’s frequency offset, is included on each text line. The accuracy of
these estimates is about £25 Hz for FSK441 signals, +10 Hz for JT6M, and +3 Hz
for JT65. Within these tolerances (and subject to the stability of oscillators and the
propagation path) you should see consistent numbers in the DF column during any
QSO that produces usable signals.

Double-clicking on a callsign in either one of the decoded text windows will cause
that callsign to be copied into the To radio box. The corresponding grid locator will
be looked up in the database and the callsign inserted appropriately into the
message boxes Tx1 and Tx2. If the decoded text line includes “CQ” before the
selected callsign, message Tx1 will be selected for your next transmission.
Otherwise, Tx2 will be selected. The status of Tx First may be changed if the time-
stamp on the decoded message indicates this should be done and if “ Double-click
on callsign sets TxFirst” has been checked on the Setup menu.

JT6M Mode

% OWSJT6  byK1JT

File Setup  “iew hode Decode Save Band  Help

8.2 Time (=) L48NY_030323_142300
FilelD T widh dB DF Freq (kHz)

||1423|:u:| 15.1 1.2 -2 -1B UMY 73 DE AAGH B

FSK441 and JT6M

The FSK441 and JT6M operating modes use 30 s periods for transmission and
reception. When a reception interval has finished the program looks for signal
enhancements produced by short-lived reflections from meteor trails. You can
often hear such “pings” when they occur, and you will see them as spikes on the
green line and brighter colors in the waterfall spectrum. One or more lines of
decoded text may result from each ping. By clicking in the graphical area you can
force a decoding attempt at a particular spot in a record. You can also make the
program decode in real time, just after hearing a ping, by clicking on the ping in the
SpecJT display.

WSJT attempts to compensate for relative mistuning between transmitting and
receiving stations. By default the frequency search range is 400 Hz in FSK441
and JT6M modes. You can reduce the range by setting the value of Tol (for
“tolerance”) to a smaller value. Adjustments to the decoding parameters can be
made at any time by right- or left-clicking on the parameter labels. S sets the
minimum strength (in dB) for acceptable pings. Clip sets a parameter that
establishes the program’s immunity to broadband noise pulses. Set Clip to a value
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greater than 0 if static crashes are producing too many garbage decodes. All
parameters can be reset to their default values for the mode in use by clicking the
Defaults button.

In the FSK441 and JT6M modes, if DF lies outside the range +100 Hz it will help to
retune your receiver to compensate. Do this with your transceiver’s RIT control, or
by using split Rx/Tx VFOs. In JT6M mode you can accomplish the same thing by
checking Freeze and using the keyboard right/left arrows to move Freeze DF (as
displayed in the bottom-of-screen status bar) to the desired value. In general you
should not change your transmitting frequency during a QSO, since your partner
will be trying to tune you in at the same time.

In addition to the green line for overall signal strength, JT6M produces a yellow line
showing the detected strength of a JT6M synchronizing tone (see illustration on
page 11). JT6M attempts to decode both individual pings and an “average
message” based on the entire transmission, or selected portions thereof. An
average message is flagged with an asterisk at the right end of the decoded text
line. Clicking with the left mouse button decodes a 4 s block of data near the
mouse pointer, while the right button decodes a 10 s segment. As in FSK441, with
marginal signals you should experiment as necessary for best decoding. JT6M can
work with signals many dB weaker than those required for FSK441. You will
sometimes find that clicking on a smooth green line, even where nothing was heard
and nothing can be seen, causes callsigns or other information to pop up out of the
noise.

Standard messages in FSK441 and JT6M are generated with the aid of templates
defined on the Setup | Options screen (see page 4). Default templates are
provided conforming to standard operating practices in North America and Europe,
and you can edit the templates to suit your own requirements. Your edits will be
saved on program termination and restored when you restart WSJT. Normal
FSK441 and JT6M messages can contain any arbitrary text up to 28 characters.
The supported character setis0123456789ABCDEFGHIJKLMNOP
QRSTUVWXYZ.,/#7?$ plus the space character.

FSK441 also provides a special shorthand format to transmit a few simple
messages in a highly efficient way. Check Sh Msg to enable shorthand messages.
The supported shorthands are R26, R27, RRR, and 73, and FSK441 sends pure
tones at 882, 1323, 1764, or 2205 Hz to convey these messages. If activity levels
are high enough that there could be some doubt about who has transmitted a
shorthand message, it is better to use normal messages tagged with callsigns or
portions thereof.

A typical minimal QSO in FSK441 or JT6M modes might look something like the
following:

1. CQ K1JT

2. K1JT WSWN
3. W8WN K1JT 27

4. JT R26

5.  WN RRR

6. 73 WSWN
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Step ahead to the next message in your sequence only when you have received
your QSO partner’s information from his sequence.

JT65

JT65 has three sub-modes known as JT65A, B, and C. They are identical except
for the spacing between transmitted tone intervals; see Appendix A, page 30, for
details. At the present time JT65A is generally used on 50 MHz, JT65B on 144 and
432 MHz, and JT65C on 1296 MHz. The B and C modes are slightly less sensitive
than mode A, but progressively more tolerant of frequency drifts and rapid libration
fading.

JT65 uses 60 s transmission and reception intervals. An incoming signal is
analyzed only when the receiving sequence is complete. As shown in the picture
on the next page, the resulting graphical display includes red and blue lines along
with the green line. The additional curves summarize the program’s attempts to
synchronize with the received signal in frequency (red) and time (blue), both of
which are necessary steps in decoding the message. You can set the minimum
synchronizing threshold with the Sync parameter (default value = 1). Proper
synchronization is indicated by a sharp upward spike in the red curve and a broader
peak on the blue curve. Locations of the peaks correspond to the time and
frequency offsets, DT and DF, between transmitter and receiver. EME signals have
propagation delays of about 2.5 s and can have significant Doppler shifts. Along
with clock and frequency errors, these effects contribute to the measured values of
DT and DF.

JT65 is tolerant of frequency offsets up to 600 Hz. Unless the “red spike” is close
to the left or right edge of the plot area (see picture on page 14), retuning with RIT
is optional. However on bands above 432 MHz, where EME Doppler shifts can
amount to several kHz or more, you may need to use RIT or split VFOs in order to
acquire the desired signal. Once the program has synchronized on a JT65 signal,
it's best to click on the red spike or on the sync tone in the SpecJT waterfall, check
Freeze, and reduce Tol to 100 Hz or less. Then, in subsequent decoding attempts,
WSJT will search a range of frequencies only +Tol Hz around the selected Freeze
DF.

In JT65 mode, double-clicking on the SpecdT waterfall or on the red curve in the
main window sets Freeze DF to the selected frequency, turns Freeze on, sets Tol
to 50 Hz, and invokes the decoder. Using this handy feature, you can quickly
decode a transmission at several different values of DF. Colored vertical tick marks
on the SpecJT frequency scale indicate the current setting of Freeze DF and the
corresponding upper edge of the JT65 bandwidth (green ticks), and the frequencies
of the shorthand message tones (red ticks). A horizontal green bar indicates the
search range specified by Tol and centered on Freeze DF.

The JT65 decoder uses a multi-layered procedure. A full description of how it works
is available at http://pulsar.princeton.edu/~joe/K1JT/JT65.pdf. If the soft-decision
Reed Solomon decoder fails, a deeper search is made using a matched-filter
approach. The decoder constructs a list of hypothetical messages by pairing each
entry in the callsign database with “CQ” and with the home callsign of the user.
Each trial message is encoded as it would be done at the transmitter, including all of
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the forward error-control (FEC) symbols. The resulting patterns are then tested for
good match with the received wave file. Even a single-character mismatch will
prevent a decoding from being achieved. You can define the list of li