WSJT-X

New Codes, Modes and Tools for
Weak-Signal Communication
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NJ To -Bgnal Koftware

AWSJT 1 20017 VHF-and-up (meteor
scatter, EME, ionoscatter, etcé )

AMAPG5 1 20067 Wideband EME
(multi-decode, adaptive polarization)

AWSPR 1 20087 Quasi-beacon mode
(QRP propagation probe

AWSJT-X T 20121 All bands, many modes
New VHF/UHF/SHF features
> 4000 users, world-wide




Codes ? Modes ??

Af C o d syinbols to represent information
I Character-by-character. Morse (CW), baudot,

ASCI | | - SK441, e
I Block structured: Reed-Solomon, Convolutional,
Tur bo, _  DPC, QRA, e

AR Mo di eignaling method and protocol:
coding, modul ation, s\

1 SSB, CW, FSK441, JT65,



Block-Structured Messages
Standard minimal QSO

CQ KIABC FN42

K1ABC WO9XYZ EN37Y
WOXYZ K1ABC 122

K1ABC WOXYZ R119
WIOXYZ K1ABC RRR

K1ABC WO9XYZ 73



Mi ni mal Q S O sharthandso |

CQ KIABC FN42

K1ABC WO9XYZ EN37Y
WOXYZ KI1IABC FN42 OOO

RO
RRR

/3



Relevant VHF+ Propagation Types

Fading rate, depth

A Tropospheric scatter l'
A Multi-hop (weak) sporadic-E } slow

shallow
AE ME (VHF, UHF, Jmicr

A lonospheric scatter
A Aircraft scatter J:Zt
A Meteor scatter P



Modes In WSJT-X

Scatter C i Fast EME,QRPC i S| o w¢

AISCAT AITE5 ~ i) oo
AJT9 E-H RJIT4 RRSNF “
A (JTMSK) AJTO
AMSK144 AQRAG64
AWSPR

JTMSK

Echo o




Why so many modes?

A Different propagation types

A Code design and parameter optimization
for each purpose

AA

SO

I Fading depth
—ading rate (Doppler spread)
~requency stabllity, sync requirements

mportant :

ear



Mode design: Tunable parameters

To I o T J>o I> I

Block message structure
Compression C Source encoding
Error control coding type and rate
Information transmission rate
Modulation type

Symbol rate C Bandwidth
Synchronization method



Structured Messages:
Design choice for ECC Modes

Information block size: 72 bits

Calls and locator:
KA1IABC WBO9XYZ EN37

28 + 28 + 15 +1=72

Free text:
TNX BOB 73 GL

/1 +1=72



Selected Mode Parameters

Mode

JT4
JT9
JT65
QRAG4

JT9H fast
JTMSK
JTMSK sh
MSK144
MSK144 sh

Block
Code
(k,n)

206,72
206,72
63,12
63,12

206,72
198,72
24,12
128,72
32,16

Q Modulation

2
38
64
64

N NN NN N O

4-FSK
9-FSK

65-FSK

64-FSK

9-FSK
MSK
MSK
MSK
MSK

Symbol
Rate
(Hz)

4.375
1.736
2.692
1.736

200
2000
2000
2000
2000

Sync
Fraction

0.50
0.19
0.50
0.25

0.19
0.15
0.31
0.11
0.20

Message
Length

(S)
47.1
49.0
46.8

48.4

0.425
0.117
0.018
0.072
0.020



WSJT-X: Recent Advances

A Platform independence (Windows,
i nux, OS X, &)

A Rig control for nearly all radios
A Accurate frequency calibration
A Franke-Taylor decoder for JT65
A Other decoder improvements

A Added modes: WSPR, fast/wide JT9,
JT4, (JTMSK), MSK144, QRA6G4




Franke-Taylor Decoder for JT65

A Published in QEX for May-June 2016
(link on WSJT web site)

A Soft-decision algorithm

A Performs better than Kotter-Vardy
(patented KVASD no longer used)

A As implemented in WSJT-X, includes
multi-pass decoding

A Fully open source, GPL v3 license



Franke-Taylor Decoder
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New VHF+ Features in WSJT-X

A Transverter offsets
A Automatic EME Doppler tracking

A JPL/NASA planetary ephemeris
(Moon position and Doppler tracking)

A Enhanced Echo mode
AMSK144, QRA64 modes

A Auto-sequencing for fast modes

e Brief guided tou



WSJT-X Configuration

F
) Settings l 3 EH
< General Radio Audio Tx Macros Reporting Frequencies Colors Advanced
M 8 tabs
My Call: K1IT My Grid: FM20qi

Enable VHF JUHF Microwave features

¥ | Single decode

Decode att =52 5

Rx frequency offset with "CQ nnn ..."

J| Allow Tx frequency changes while transmitting

VHF+ items
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Frequency Settings

| . Settings

| General | Radio I Audio | Tx Macros | Reporting

Colars | Advanced

Frequencies

Warking Frequendies

Mod
179

JT6ES

| IT4

10,368,000 000 MHz (3¢

10,368.100 000 MHz (3crm)

10,368.100 000 MHz (3cm)

10,368.100 000 MHz |||iI:
Fogaaag o0 MHz (] il

Station Information

Freguency Calibration

Intercept: 1.62Hz

Slope: 0.6317 ppm

-~
Band
| 14cm

Qcm

Bom

Offzet
DR 008 MHz

0,000 020 MHz
Hz

-10,318.000 000 ...

Antenna Description

Calibration
parameters

—

Frequencies
by Mode &
Band

Transverter
offsets
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Save/Restore Configurations

) WSIT-X - MSK144 v1.7.0-rcl by KUT

File [Ennﬁguraﬁnns] View Mode Decode Save Help
© Default P Switch To

UTC 48 1 -
Clone '
Rename ...
Reset

| Log QS0 | | Stop | | Monitor | | Erase

m il 50.283 000




Automatic
Doppler
tracking

) W5IT-X - Astronomical Data

Fz

2016 Apr 14

Urc: 14:27:52
Az: 45 .3
El: -21.2
SelfDop: 11181
Width: 179
Delay: 2.60
DXAZ : 2.3
DxE]L : -13.2
DxDop: 11870
DxWid.: 165
Dec: 15.4
Sunh”z: 122 .0
Sungkl: 44 .7
Fredq: 10368
Tsly: 3
MNER.: 0.0
Dgrd: -1.7

Doppler tracking

) Full Doppler to DX Grid

) Receive only

<§- Constant frequency on M@

) Mone

Sked frequency
Rx: 10,368.100 000

Tx: 10,368.100 000

Press and hold the CTRL key to
adjust the sked frequency manually
with the rig's VFO dial or enter
directly into the band edit.

Doppler tracking >
. —— — i




Echo Mode: G3WDG, 10 GHz
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Single-pulse Echo

w =136 Hz




