
PSK31 -A Different View
PSK31 is easier to visualize using pictures.
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Figure | - PSK computer and radio setup at KEl R with audio isolation added to avoid
ground loops.
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Thomas W. Brooks, KE1R
Like n.rany hams. I have been excitcd by
radios. elechonics and computers for yeus.
In the last f'ew decades computers have
become a majol part of my life and are now
integlated with my Arnatcur Radio station.
Talk to a ham anywhere in the world and
in seconds they may look up your call
letters on qrz.com.l They can find your
location. name and perhaps see youl bio-
graphy or picture, all with one click. You
might even send them an e-mail after the
contact because you fbund their e-mail
address on the site. Now, throu-9h the use of
computers with built-in sound cards. digital
modes sr"rch as PSK3l can brin-u digital
cornrnunication into real time.

PSK has both fascinated and mystificd me. I
wanted to know how an HF si_enal with a

bandwidth of 31 Hz and power of 25 W can
get arollnd the wolld and be reliably read. In
this iulicle I will focus on decodin_s PSK3I
wavefbrrrs to understand what they mean.
You will see "railroad tracks" in the watcr'-
fall displays. but no trains. Let's have a look.

ln the '80s and '90s Commodore and
RadioShack computers became available to
the ham community and computerized
radioteletype (RTTY) contacts were first
possiblc for a number of hams.2 RTTY the
classic digital mode, is typically generared
using audio fiequency shift keying (AFSK)
with tones of 2125 and 2295 Hz represcnt-
ing nnrk and space elements lespectively

[The terms ntark and sp(tce go back to the
eu'liest Morsc communicution using pupcr
tape. The condition 'lnark" refen"ed to a
mark on the tape that occun'ed during thc
interval with cunent on the line. The term
"spacc" rcferred to no current on the line and

showed up as a space between the mar"ks.

- 
Ed.l Each RTTY character is formed

with one or more stafi (space) pulscs, hve
mark or space data elements and then one or
more stop (mark) pulses.

PSK3 1, on the other hand, uses phase shilt
keying (PSK) and a variable len-eth coding
system.3 PSK is an amazing digital commu-
nication tool that was first used by Pawel
Jalocha, SP9VRC. and was called
SLOWBPSK (Binary Phasc Shift Keying).4
Peter Martinez, G3PLX, further developed

lNotes appear on page 40.

Figure 3 -This is lhe DigiPanluning indicator,
which can be turned on in the waterfall display.
The display on the lelt indicates good tuning
while the one the right indicates a signal that is
out of tune or weak.

this concept and off-ered it to the Amateur
Radio comrnunity in December 1998

1Q-IPLX was also the lather of AMTOR).5
PSK uses avuricode (variable length codc
elements) that uses variable length data
encodings to represent characters. For

Figure 2 -What does
PSK31 look like?
Here is a typical
DigiPan walerlall
display screen.

eliciency, the most common varicode
characters have the fewest zeros and ones.

This is similar to Morse code. in which the
most corrrlon characters have the smallest
nurnbcl of dots and dushes.

The PSK31 Setup
I use a dedicated computer as part o1 my
ham radio sltrlion lor lo-eging. transceiver
conffol. CW RTTY and now lbr PSK3l.
With a sound card standard in most cunent
computers and laptops, you can download
one ofseveral liee software tools such as

DigiPurt for Wittdows or CocouMoclent for
OSX and stal decoding PSK31 .6.7 The most
cornmon PSK3I frequency is 14.070 MHz
(but other bands are also used). Adjust your
sound curd MIC lN control to \tfln seeing
displays of signals from othel stations.
Figure 1 shows my basic computer and radio
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setup fol' PSK3 1 . As you can see. if you
have an HF station and a PC, you're almost
there.

DitiPan Software
For PSK3l I like to use the popular Digikut
software. For good reference material on
PSK3 1 and DigiPtut I use Nr'li1 E-Z Guitle to
PSK3I Operution and the ARRLs Get ori
the Air witlt HF Digital.ss Bcxh are filled
with interesting ideas and details. After you
have DigiPtut receivin-e and decodin-g

PSK3l exchanges you alc rcady to transntit
with the addition of a SPEAKER/LTNE oUT
connection fiom your cor-r-rputel'to )'or.lr
transceiver MIC lN and a PTT control line.
Here you want lo dlire tlrr' tlln:nritlcl no
more than about 259i of lirll output po$'er
(this is usually enou_sh. and helps ensure that
you will have lo'"r,phase distortiott). DigiPcut
featurcs an intennodulation distortion (IMD)
monitor on received PSK signals so you can
ask fellow hams to -sive 

you the IMD level
of your transmission. A good target IMD
level is -2-5 to -30 dB. A typical DigiPatt
screen is shorvn in Figure 2.

To avoid distorlion and the related splatter
(resulting trom excess bandwidth ofyour
signal), be caletul to not overdrive your'
transceiver by using the MIC GAIN control
of your transceiver. You can adjust the
SPEAKER/LINE OUT fi'on] the sound cald
window or adiust the tlansceiver MIC GAIN.
At my station the interface lines are audio
cables with no additional circuitrrr other than
a PTT foot pedal.

In the waterJall in Figule 2 there is one small
green flag at the top near the 2000 Hz audio
frequency marter. All the PSK-I I si-enals

shown in the waterfall ate displayed as

vertical traces or railroad tt'acks and are

decoded by DlgPcn simultaneously. In this
case the transceiver is tuned to 14.070 MHz.
USB (upper sideband). The top scale of the
r,vaterfall display shows 1000, 2000 and

3000 Hz. These numbers lepresent the audio

canier that is transrnitted
just as if you whistled arr

audio tone of 1000 Hz.
2000 Hz or 3000 Hz ini,.
your microphone.

Look fbr solnconc
calling CQ, then rror e
the gr-een flag to that
audio frequency and
hansmit a sholt repl\. :
find a clear spot. lno\. r
the transrnit flag and :-.: -

in CQ a t'ew time:
followed by your c.,
Notice that most tr.:: --
missions arc shon : - 

-

surc that propagr:-
maintained (see F::-
ue 3). Each PSK:
signal has t\\o r---
frequency conr:' - --
that show lrp.:. . -

tracks that u e -- -

Figure 4. Using another sofin'u..' : '

Autlctciry, the 180" phase shifts ;:. .-
seen.

Yon can see this in more detail ::: -.-
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Figure 4 -Here is a
DigiPan trace
showing two
well defined
PSK31 signals
as vertical
traces.
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Figure 5 - Looking more closely at one of the pairs of DigiPanir-,:. -

something like this display.l0The 180' phase shifts appear at the - -
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Figure 6 - lf you look closely at this
Audacity audio display you can see the 1 80'
phase reversals at the near zero amplitude
points of the signal.

or clock points with an all-zeros pattem
being transmitted.

Line 2: At each phase-shift point (minimum
signal amplitude), a 0 data bit is transmitted.

Line 3: The point at which a phase shift or
clock pulse occurs, but the amplitude is at
full value, indicates a one data bit.

Line 4: Look for oo (letter space) or oot oo
(word space) pattems (characters do not
contain 00 together). The characters that you
can decode will be found between 00s or
001 00s.

Line 5: Here you can decode two letter
spaces and the character R.

When you have learned how to decode a

random PSK3l signal into zeros and ones
you are ready to decode letters and words.
Table 2 and Figure 8 provide two views of
the decoding of my call.

I have now decoded the "da Vinci eCode"
that I spent rnany hours looking at until it all
came together. My curiosity was almost
satisfied but not quite. A lew mysteries
remained. Figure 9 uses AufurciN in audio
spectrum mode to look at a PSK31 transmit-
ter idle bit pattems, which is a string of

Character Varicode

If we look at it using 500 Hz, 1000 Hz or
2000H2 as the audio carrier we see the
Audaci4' audio tl'aces below. This is an

example of the modulation audio frequency
generated by DigiPrut (you can use any other
audio frequency in the transceiver passband)
after setting the transceiver to SSB mode.
Since we are using SSB, the carrier and
lower sideband will be filtered out by the
transmitter, leaving only the upper sideband.
The phase shift points never move regardless
of the audio modulation frequency used.

This is an important point in understanding
PSK3l . The waveforms look almost exactly
alike. and in fact could be a two tone test
pattem used to test a sideband transmitter for
linearity (see Figures l0 through l2).

The all-zeros pattem appears at a31.25 Hz
rate (phase shift to phase shift mark) regard-
less of the underlying audio modulation

frequency. Frrcm amplitude modulation
theory we know that the overall conespond-
ing bit modulation frequency is 15.625 Hz
(half the zeros' idle pattem). Hence we see

the two rails at +15.625 Hz with a band-
width of 31.25 Hz. Now decoding and
bandwidth questions have been solved, you
have leamed how to decode any PSK signal
and you understand the railroad tracks. All
pretty nifty and a great example of how
computers and ham radio have become
intertwined.

Why is the number 3l .25 Hz ct'rtical?
Typical sound cards use an 8 kHz sampling
rate with the digital telephone standard using
8 bits per sample. Therefbre.

8 kLlzl2s = 8 kllz/256 = 3 1.25 Hz.

This allows typing at up to 50 WPM, a little
less than standard RTTY (60 WPM) but

Figure 7 - Looking at the audio display in Figure 5, we can decode the phase shifts into zeros
and ones that make up the varicode characters by the rules shown below.

Figure 9 - Using the Audacity audio spectrum mode you can clearly see the railroad tracks
(horizontal) and the crossties (vertical).The crossties are where the amplitude ol the signal goes to
zero, which line up perfectly with the string of zeros phase shifts. The railroad tracks are the t J5 Hz
side frequencies that occur regardless of the sub-audio modulation frequency.
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Figure 8 - Character encoding of authols call in PSK31
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more than aclequatc fbr ruost keyboalcl to
ket'boarcl contircts. f'eu,er crlors. less power'
iutl n narrou,er spectrLlnt spacc. For those
n'ho are conccrned about the lack ofcuor
concction capabilitl' of PSK-I I you can look
at QPSK or quadratule phase shift kcyin-e in
u'hich tbr-rr cliftelent phase shilis are

cnrployccl.r' il l: !yx11 rnole speed'/ Try
PSK63 with cloublc thc spccd (-l(X) WPM)
ancl dor-rble the banclwidth.l I You will occa-
sionally scc these wider bandwiclth raih'oad
tracks whilc lookin-g rit PSK3 I watefall
displays.

Thanks b n.ry local fiiencls Claig Dcuby.
NV-5M. and Jim Gallancl. W8ZR. firl thcir
corlulents and sr.rpport in the writing ol'this
arliclc. We hopc you will join us for a
PSK3 I conlact in the near futurc. Witli a

ham laclio transceiver'. autenna and a 1'e',v

cables you should be quickly on thc air nsing
PSK3 L Good luck!
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