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Amateur Radio Modes
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What is FT8?

Released June 29, 2017

Written by
— Steven Franke (KSAN University of lllinois - UC)
— Joe Taylor (K1JT)

FT8 features:

— Very narrow bandwidth (50 Hz)
» 8tones, spaced 6.25 Hz apart

— Fast (15s transmit/receive cycle) compared to JT65

— FT8: Franke & Taylor, 8-frequency shift keying
format.



Why FT8?
Weak-Signal Signal/Noise Ratio

SSB  +10dB
CW -15dB
FT8 -21dB
JT65 -25dB
JT9 -27 dB
WSPR -31dB

* 2500 Hz bandwidth

Doubling power results in a 3 dB increase in SNR
31dB difference is about 2210 = 1,024
1W FT8 vs 1,024W SSB
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Club Log graph showing modes used by radio amateurs in 2017, and the emergence of FT8. Lines on the graph are based on 28-day moving averages.
Data were smoothed to reduce the promi e of peaks related to mode-specific contests.
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FT8 — The Math

* 15 second block supports 13 characters

e 15-12.64 =less than 2.5 seconds to decode &
respond

— Turn ON auto-sequence
* Effective data rate of 5 words per minute

Forward error correction (FEC) in FT8 uses a low-density parity check (LDPC) code
with 77 information bits, a 14-bit cyclic redundancy check (CRC), and 83 parity bits
making a 174-bit codeword. It is thus called an LDPC(174,91) code.

Modulation is 8-tone frequency-shift keying (8-FSK). The total occupied bandwidth
is 8 x6.25 =50 Hz.

Synchronization uses 7x7 Costas arrays at the beginning, middle, and end of each
transmission (7*3 = 21).

Each transmitted symbol carries three bits (8 = 273), so the total number of
channel symbolsis 174/3+ 21 =79.

Transmission duration: 79*1920/12000=12.64s



A sidetrip into the FT8 Costas Array

In addition to Forward Error Correction FT8 uses 7x7 Costas
arrays, originally developed to provide better SONAR and
RADAR pings by tagging each transmission with unambiguous
combinations of frequency hops and time intervals.

There are 200 unique frequency and time combinations in a
/x7 Costas Array.

For background visit the Ted Talk “The World’s Ugliest Music?”
created using a Costas Array, guaranteed NOT to be running
through your brain all day long once you hear it.




Let’s use WSJT-X FT8 Mode




Setup and Operating Hints

Radio w/ SSB, Sound Interface, and a PC are required
— Riginterfaceis very helpful (t/r and frequency)

Download WSJTX
— Enter your callsign, grid square, sound card, radio interface
— Select frequency / band
— Adjust AF input level —receive

Synchronize your clock!
Synchronize your clock!!
Synchronize your clock!!!

Adjust RF power output
* 100% duty cycle — full output NOT recommended

— Adjust AF output level — transmit (barely move ALC)
Enable logging & reporting to pskreporter.info
Turn on auto-sequence

Listen to familiarize yourself with the sequence



What's my Grid Square?
http://www.levinecentral.com/ham/grid square.php

Amateur Radio Ham Radio Maidenhead Grid Square Locator Map

Enter any address, city & state or zip: 53701
or Enter any call sign: Data provided by QRZ.com Submit

or Enter any a 4 or 6 character grid square: | |

2? How does this work? Why doesn't this work? 22

Latitude: 43.07 / 43° 4' 12" N Longitude: -89.38 / 89° 22' 47" W
Grid: EN53hb
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Getting Started

Adjust slider until
transmit power drops %

Set the band, tu ne Use Tune to CheCk (half your rig's power or even 25 or
10% is a good place to start)

up as normal power level

.0 1414 ~ DS4GKA NO7E -11
.1 1468 ~ YV1IGIY W2DEN 73
1

-5
5 0.1 2133 ~ BD70XR WD6DBM -19 v
ase Decode Enable Tx Halt Tx Tune Menus
' 7 073 300 [ ] Tcevenfint |; Generate Std Msags Next Now —
Tx 2011 Hz [$] | Tx—Rx |: [KEsSCS NoDL EN14 | O [m1
80
| kesscs | | DMO4 | [Rx 2010 Hz 2] | Rx—Tx [kEsSCs NoDL -14 | O [
60 Az: 247  2183km [k |KESCS NODL R-14 | O [ ™3 |
o =
Lookup Add | Report -14 2] KESSCS NODL RRR | O | s
20 2018 Mar 10 Auto Seq Call 1st | KE6SCS NODL 73 vl O [ s
0 [] NA VHF Contest
o 11:35:39 LT | © s
| eesG voo 75 ojts_woiem
\ i . ) You will probably need to adjust your sound card’s
Adjust RF gain to keep receive level audio levels to get everything to play. This can

take some time and a separate sound card is

below red, between 40 and 80 is ok highly fecommiended (set andforiet]




WSJT-X Main Screen

. y @ WsIT-X v130 byKUT - 0 X
In the recelve File  Configurations View Mode Decode Save Tods Heb
Spectrum Band Actuty Rx Frequency /
| . UTC 48 DT Fregy  Measage . UTC d8 DT Freq  Message
LIJIOU 9 U.Z 19UD ~ LU NSILL LLOT = IIZ010 IX IOUS = NSDF | LNIT =
113130 -13 -0.6 1814 ~ CQ CO3NR EL82 112630 -2 0.1 2053 W3DWJ N4BP -17
-8 0.0 2010 ~ CQ KE65CS DMO4 112645 Tx 1005 ~ N4BP NODL EN14
-18 0.2 1227 ~ COQ HKTJA FJ35 112700 -2 0.1 2054 ~ W3DWJ N4BP RRR
1 -8 -0.0 1409 ~ JALBJI KMGNAP -08 112715 Tx 1005 ~ N4BP NODL EN14
113145% -6 0.1 1792 ~ DSLARK LUSVV FE4g 112730 -2 0.2 2054 ~ W3DWJ N4BP 73
5 " 113145 2 0.1 2133 ~ BD70XR WD6DEM -1% 112730 -12 -0.6 1816 ~ CQ COSNR ELS2
Statlons Calllng 113200 -17 -0.6 1814 ~ CQ CO3NR EL82 112747 Tx 2053 ~ CO3NR NODL EN14
113200 -12 0.0 2011 ~ CQ KE63CS DMO4 112815 Tx 2053 ~ COSNR NODL EN14
”CQ" W|“ be 113230 -1€ 0.0 1469 ~ KD2DXJ YVIGIY -07 112830 -12 -0.6 1815 ~ CQ CO3NR ELS2
113230 -9 -0.6 1814 ~ CQ CO3NR ELS2 112845 Tx 1450 ~ CO3NR NODL EN14
2 s 5 113300 -10 -0.0 2010 ~ CQ KEESCS DMO4 112600 -14 -0.1 1815 ~ CQ CO3NR EL32
hlghllghted N 113300 -% -0.6 1066 ~ KBLODO CO3NR -08 112915 Tx 1450 ~ CO3NR NODL EN14
113315 -8 0.1 1363 ~ KIVNQ W2DEN 73 112930 -12 -0.6 1815 ~ CQ CO3NR ELB82
reen .1 1728 ~ BI4IGJ LUSVV FE48 113000 -13 -D.6 1815 ~ CQ CO3NR EL3Z
g 3 ¢ N4BP K4ADR ELGS 113030 -G 0.1 2054 ~ CQ N4BP EL96
113315 ‘ ED7CXR WDEDEM -19 113045 Tx 1450 ~ N$BP NODL EN14
113330 -12 -0.0 2 CQ KE6SCS DMO4 113100 -5 0.2 2054 ~ CQ N4BP EL9S
113330 -11 -0.6 1066 ~ KBLlODO CO3NR RRR 113115 Tx 1450 ~ N¢BP NODL EN14
113330 -10 0.0 1469 ~ KD2DXJ YVIGIY 73 113130 -6 D.2 2054 ~ CQ N4BP EL96
113200 -12 0.0 2011 ~ CO KEESCS DMO4
113217 Tx 2054 ~ KE€SCS NODL EN14
113430 -9 0.0 1463 ~ WZDEN YVIGIY -06 113245 Tx 2054 ~ KE65CS NODL EN14
113430 -14 -0.6 166D ~ CQ CO3NR EL82 113300 -10 -D.0 2010 ~ CQ KEESCS DMO4
113330 -12 -0.0 2011 ~ CO KE6SCS DMO4
< 113500 -11 0.0 W2DEN YVIGIY RRR 113348 Tx 2011 ~ KE6SCS NODL EN14
Your call will show 113500 -12 e 1660 ~ CQ COSNR EL82
=r=~ 0.2 1235 ~ CQ HK7JA FJ3s 113415 Tx 2011 ~ KE6SCS NODL R-09
h' hI' ht d ~ 113515 -11 0.0 1414 D54GKA NOTE -11
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-2 —_
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60 .
g= 2 1 [] Hold Tx Freg
S Lookup i [xesscs nooL rrR
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All activity shown
on the Rx
frequency

Your transmissions
are highlighted in
yellow

The message
transmissions are
generated
automatically and
sent in sequence

Your transmissions
are sentin a 50
Hz-wide slot at the
~base frequency +

~ the audio offset




WSJTX - The Waterfall
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www.PSKreporter.info

On | all bands ¥ | show |signals ¥ ||rcvd by v || the callsign ¥ | KASSWE using | FT8 ¥ |over the last| 24 hours ¥ || Go! | Display options Permalink
Automatic refresh in 5 minutes. Small markers are the 977 transmitters (show loghook) heard (distance chart) at KAJSWE (1830 reports, 68 countries last 24 hours; 12951 reports, countries last week).
There are 3405 active FT8 monitors: 819 on 40m 299 on 17m, 269 on 80m, 194 on 2m 106 on 60m. 46 on 15m, 20 on unknown, 19 on 6m 3on12m, 1 on 2200m. S all on all bands. Legend
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References

WSJT-X Homepage with downloads http://physics.princeton.edu/pulsar/K1JT/wsjtx.html

FT8 Operating Guide ZL2iFB (very good) www.g4ifb.com/FT8 Hinson_tips_for HF_DXers.pdf
FT8 DXpedition Mode JT http://physics.princeton.edu/pulsar/k1jt/FT8 DXpedition_Mode.pdf

JTAlert Helper App https://hamapps.com/

PC Time Sync Programs (Windows / PC clock usually not good enough)
—  https://www.maniaradio.it/en/bkttimesync.html (pool.ntp.org)
— http://thinkman.com/dimension4/download.htm
—  https://sourceforge.net/projects/nettime/
—  https://www.meinbergglobal.com/english/sw/ntp.htm
—  https://time.is

PSKreporter https://www.pskreporter.info

Grid Square locator http://www.levinecentral.com/ham/grid_square.php
WSJT-X FT8 Joe Taylor video presentation https://www.youtube.com/watch?v=233HQs_8JGQ
Video - FT8 Facebook Page Group https://www.youtube.com/watch?v=-dO7m4XZz0I&t=21s




Demonstration
(RealVNC - VNC Viewer)

200 by KUT o|[&][=
.} {
Band Activity Rx Frequency
Message dB DT Message V
- -8 2 - -
5 -4 0.2 ~ KCOZVN ON4EB -24
145530 -16 0.1 2625 ~ UR7ER HBICOF 73
194400 -12 0.1 400 ~ KF4BI EASACW -20 145600 -18 0.1 2625 ~ CQ HBSCOF JIN47
194400 -7 0.2 633 ~ WV4V NSEDG EM10 145630 -18 0.1 2626 ~ CQ HBSCOF JN47T
294400 & |92 700~ OHAIE KUIG CNIY 145700 4 0.3 2626 ~ LZ2RR WSIFP ELO9
154400 -11 0.1 760 ~ W7HMT KISCZO -11 145730 0 0.3 2627 ~ LZ2RR WSIFP ELO9
194400 -17 0.2 1258 ~ CQ HATIM JNS7 145800 5 0.3 2626 ~ LZ2RR WSIFP ELO9
194400 -18 0.2 1387 ~ KOFE VALUAV 73 145830 -11 0.1 2625 ~ URGISV HBOCOF -06
194400 S5 0.1 1495 ~ ZSGLKF KETPBM R-17 145000 -14 0.1 2626 ~ URGISV HBSCOF RR73
194400 -7 0.1 1814 ~ ZS6LKF K2EX ELS7 145930 -14 0.1 2626 ~ CQ HBSCOF JN47
194400 -8 0.3 1975 ~ MIOSAI NR7RR R-01 150000 -12 0.1 2625 ~ CQ HBSCOF JN47
194400 -15 0.2 2452 ~ ND20 J73WA RR73 150030 -10 0.1 2626 ~ CQ HB9COF JN47
194400 -5 0.1 2601 ~ EA1ZR W7CAI R-12 150100 -11 0.1 2626 ~ CQ HBSCOF JN47
194400 -9 0.1 690 ~ CQ VEEBTC DO33 150130 -12 0.1 2625 ~ CQ HBICOF JN47
20m 151745 -15 0.1 2639 ~ WA4MIT R7GR RR73
194415 -21 0.1 401 ~ EASACW KF4BI R-04 151815 -16 0.1 2640 ~ WA4MIT R7GR RR73
TMMIS\R22 Ol BOBNS (AZERUIT/ZYVIEYS0 153700 -23 0.5 2626 ~ EVIR KDSFHW EL29
194415 8 0.1 805 ~ ON1AEY WASLJK ENS3 154930 -17 0.2 2627 ~ LZ2RR WSIFP EL09
184415 1 0.1 975 ~ CQ N7QT CN87 155030 -8 0.3 2626 ~ LZ2RR WSIFP EL09
194415 -10 0.2 1192 ~ VE1GG AKEA -07 155030 -16 0.1 2626 ~ LZ2RR WB6RLC DM13
S9A15=1d, 01 SS12 = ADSCH Badte aue 155130 -16 0.1 2626 ~ LZ2RR WB6RLC DM13
194415 -19 0.2 1373 ~ W9IB KISDAK -15 155430 -11 0.3 2625 ~ LZ2RR WSIFP EL09
194415 3 0.3 1556 ~ IUBDSP WCSW R-09 155500 -6 0.3 2627 ~ LZ2RR WSIFP ELO9
194415 -23 0.1 1684 ~ KB7EM EASCH RRR 155530 -3 0.3 2627 ~ LZ2RR WSIFP EL09
194415 -14 -0.5 1837 ~ IWSFDD N4LDF EL9S 181215 -6 0.1 2620 ~ TCSOCK VETTOM CN79
194415 -12 0.2 1894 ~ CQ WSMEU DM81 181245 1 0.1 2620 ~ TCSOCK VE7TOM CN79 |
194415 -19 0.6 1968 ~ REXW HC2AO RR73 181315 0 0.1 2620 ~ TC50CK VE7TOM CN79 I’
194415 -18 0.1 2073 ~ VA1UAV CT1IUA IM67 181445 0 0.1 2620 ~ TCSOCK VETTOM CN79 b |
194415 O 0.1 2365 ~ VE7HBS KK4SIB ELSS | 181545 1 0.1 2620 ~ TCSOCK VETTOM CN78 |
194415 -2 0.2 2391 ~ KEOKDX DJSFI RR73 182345 -20 0.1 2630 ~ CQ W20L FM03 =

Qody [ log@so ][ swp | (HDDWGREENN) [ Eese [ Decoe | [ Enalerx | [ et [ Tune | [@mens

[] Tx even/1st
20m - 7 . = Par
CHEEIZITE C—
oxGid | & =2 & Ewsw KAISWE ENS3 ™1 e
o0 Rx 2630 Hz 1% | Ewaw KASWE -15 o [ax2
%0 Report-15 1% EWSW KASSWE R-15 ™3
=4 | Waosea 9] call 1t EWSW KASSWE RR73 5 [Lxa
2 =
EWSW KASSWE 73 - x5
: 2019 Feb 27 —

Nt 19:44:35 CQKAISWE ENS3 o (s |
[ Rewwg [ - |'siis vio:om
oV kFaBI- GA [k7zYv-ms Jwaok - wi [N7QT - B4 |” AK6A-OR | EADB | KISDAK | WC3W-FL | EASCH
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