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WHAT’'S THE “FUSS” ALL ABOUT?

® As Joe Taylor, Ph.D. and inventor of many modern digital modes, said “just

another tool in the ham radio toolkit”

®* Adds another dimension to our abilities to communicate, besides the

“conventional” CW, SSB, FM, etc. modes

® Due to the very widespread use of DSP technologies in even basic sound

cards, it enables anyone with a basic HF/VHF rig to utilize the new

® As a note, these are not all “new” modes — RTTY, PSK, AFSK ¢

been around for decades — the technology avai



SOME ADVANTAGES OF DIGITAL

® Able to work stations you might not otherwise even hear on

“conventional” modes

® Can be used with any radio as long as appropriate interface exists

from computer

® Availability of inexpensive interfaces and many choices in software

make these ideal choices for many hams
® Very useful for antenna restricted areas
® Great way to learn about “information” theory a

WII (Except for Gerr =



SOME DISADVANTAGES OF DIGITAL MODES

® One element removed from human-to-human

contact in some modes i.e., “machine to machine”
*CW is “wrist and fist to ear and brain”
®*Radio dependent to get set-up, can be a bit
tricky

®* Many modes are either rare, or difficult to

discern on “scope” (on computer)



JUST A LITTLE MATH.....

® In 1948 “Shannon Hartley Law” which is the basis for understanding all

communications theory as:
C =B log (1+S/N)
C = Channel capacity
B = Channel Bandwidth
le, a 30 KHz B/W with S/N=1 re



LOOK AT TYPICAL SIGNAL-TO NOISE-RATIOS

SSB +10 dB
CW -15 dB
FT8 -21 dB
JT65 -25dB s
JT9 -27 dB
WSPR -31 dB Wow. - right??

Digital Modes




SO WHAT’S THE REALITY?

Assume FT8 has 2.5 Hz B/W and SNR of 6dB to properly decode with
few errors

Typical SSB receiver — over “typical SSB bandwidth” approximately 30 dB
(10 x log (2500hz/2.5hz)

So, the reality is the noise floor is 24 dB higher than the signal!!

That appears on an FT8 screen as a detection of -24 dB — seemingly
llmagicﬂ

How is it possible? Well....

 Narrowband DSP filters, are implemented in typical digital mode
software (FLDIgi and WSJT-X) which actually detect the “real” 2.5hz
signal — and can “ignore” the noise in the rest of the band




WHAT IS THE REAL SNR THAT DETERMINES JT65, JT9, FT8 MESSAGE DECODING
PERFORMANCE?

* FSK Symbol-to-Noise Power Density Ratio is = (Es/No)
(Es/No)dB can be derived mathematically from the Reported SNR

* (Es/No)dB=(SNRreported)dB +
(10 x LOG (2500 Hz/ (FSK symbol detection BW))dB

Typical Detection Bandwidths for “Digital” Modes
* JT65 FSK symbol detection BW = 2.692 Hz
. Q FSK symbol detection BW = 1.736 Hz
bol detection BW = 6.2 |




ULATIONS AND WHY IT

JTE5, IT9, and FT8 FSK Symbol-to-Noise Density Ratio (Es/No)s
derived from Reported SNR

Reported SNR (dB) e
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Figure 7 — Measured decoding probability as a function of SNR for FT8 and FT4, based on simulations for three propagation channels:
additive white Gaussian noise (AWGN), and the ITU standards for mid-latitude disturbed and high-latitude moderate conditions. No AP
information was used for these sensitivity measurements.

Table 6 - FT4 and FT8 decoding thresholds measured using simulations. In all cases, the decoder used block
detection and (BP+OSD). For each channel and mode, two decoding thresholds are given. “No AP” is the threshold
when no a priori information is available, and “max. AP” is the decoding threshold with the maximum amount of a
priori information, at the end of a QSO when receiving RRR, 73, or RR73 from a QSO partner.

Frequency Diff. Path FT4 Decoding FT4 Decoding FT8 Decoding FT8 Decoding
Spread (Hz) Delay (ms) Threshold (dB), Threshold (dB), Threshold (dB), Threshold (dB),
no AP max. AP no AP max. AP

AWGN 0.0 0.0 —-17.5 —19.5 —20.8 —22.7
Mid-latitude quiet 0.1 3 —-17.4 —19.4 —20.0 —22.4
Mid-latitude moderate 0.5 4 —15.8 —18.6 —18.8 —22.1
+.0
1

Mid-latitude disturbed . s —15.2 —18.4 —18.6 - —22.1
High-latitude moderate 0.0 : =12.2 —-17.4 —8.6 —18.9

Channel
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RADIO INTERFACE TO COMPUTER

RF to/from

For modulation /demodulation of antenna

digital signals

soundcard-rig audio
@ormer isolation recommended)
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RADIO AND COMPUTER SET-UPS (EXAMPLES)

FLDIGI Hardware Examples S

O
ICOM 7300, 7610
USB —=]
o] Audio/CAT
Cable
T ——
— Radio w/Sound Card
computer and CAT Interface
FT-857D
UsSB CAT
3 = CABLE |
usB Signalink Audio E
(=] Sound Card——— (Sound ———interface ————
Cable Card) cable T COo0OO
— Radio w/CAT interface
computer
Audio Audio Interface
Interface Cable
|
USB USB Serial EI
(] Cable interface —PTT line ——
w/ RTS =y
e
—— Radio
Computer

using Sound Card




RADIO SOUND CARD (ICOM, K3/K4)

Radio

Internal Sound
Card With Cat
Control

USB




PC SOUND CARD

PC

Com / USB

Out

NS

In

7N\

PTT




EXTERNAL SOUND CARD WITHOUT PTT CONTROL

Out > In

External Sound .
PC Card Radio

USB

In




WHAT ABOUT SOFTWARE?

®* Many to choose from!

*“Regular” (text, etc. type modes) include FLDIGI, HRD, DM
/80
® All of these encode and decode PSK31, RTTY, Olivia, Throk

and numerous others

*“Weak Signal” types, mainly suite from WSJT-)

aylor)



CONFIGURATIONS!

® Almost innumerable choices depending upon radio,

computer, sound card - if, type, etc.

®*Some experimentation will likely be necessary for eac

set-up — be patient!




A FEW "MUST DO’S”

®* Use some type of time synchronization software — do not

depend upon internet time synchronization (FT8)

®* Examples include timesynctool.net, meinberg, timeis and others

®Be careful that the audio set up (if using a sound card) is
properly adjusted in your PC/MAC — meaning the audio

channels, volumes, etc. are matched to your radio

®* Double check your RECEIVE filter bandwidth!l Must match to

mode selected via the software




EXAMPLE-WSJT-X SET-UP - OVERVIEW

@ Settings

Radio | Audio | TxMacros | Reporting ( Frequencies | Colors | Advanced

Station Details

My Call: |K3RZB M

Message generation for type 2 compound callsign ho

Display

Start new period decodes at top
Blank line between decoding periods
Display distance in miles
Tx messages to Rx frequency window

Show DXCC,grid,and worked-before status Show principal prefix instead of country name
Behavior
Monitor off at startup Enable VHF/UHF/Microwave features
Monitor returns to last used frequency Allow Tx frequency changes while transmitting
Double-click on call sets Tx enable Single decode
Disable Tx after sending 73 Decode after EME delay

Calling CQ forces Call 1st
Alternate F1-F6 bindings

CW ID after 73

AutoGrid IARU Region:  All

Font...

Decoded Text Font...

Tx watchdog: 6 minutes

Periodic CW ID Interval: 0 C

Cancel




EXAMPLE-WSJT-X SET-UP — “RADIO” SCREEN SHOT

| NON | Settings

General Audio | TxMacros | Reporting | Frequencies | Colors | Advanced

~

ig: | Elecraft KX3 Poll Interval: 1s 2

PTT Method

jal Port: /dev/cu.usbserial-AGOJFY6I ) $ DTR
Serial Port Parameters RTS
Qﬁi Rate: 38400 >

Transmit Audio Source

Data Bits

Default Seven O Eight
Stop Bits Mode

Default One O Two None UsB © Data/Pkt
Handshake

: O Default None Split Operation
XON/XOFF Hardware
O None Rig Fake It
Force Control Lines
DTR: RTS:
Test CAT

Cancel




EXAMPLE-WSJT-X SET-UP - “AUDIO” SCREEN SHOT

® + Settings

General | Radio Tx Macros | Reporting ( Frequencies | Colors | Advanced

undcard

Input: USB Audio Device Mono )

QOutput: = USB Audio Device Mono

Save Directory

Location: [Users/stus_macbook_pro/Library/Application Support/WSJT-X/save Select

AzEl Directory

Location: [Users/stus_macbook_pro/Library/Application Support/{WSJT-X Select

Remember power settings by band

Transmit Tune

Cancel




TYPICAL WSJT-X MESSAGE EXCHANGE

$52D’s Messages AAS5AU’s Messages
TX 1: CQ S52D EN53 Tx 1: S52D AA5AU EL49
Tx 2: AASAU S52D -15 Tx 2: S52D AA5AU -09

Tx 3: AASAU S52D RR73 Tx 3: S52D AASAU 73




FT-8 (rranc s tavior s rrequency) EXAMPLE

@ WSJT-X File Configuratons View Mode Decode Save Tools Help B e O o) 3 E T @ Q & © ThuJul15 10:03 AM

v Controls 400 600 BOO 1000 1200 1400 1600 1800 ey 2000 2200 2400

14:02:30  17m
14:02:00 17m

Bins/Pixel 2 O Start220Hz  Z  Palette Adjust... V| Flatten Ref Spec Spec 20 % o

N Ava R ] Nininan 2 Currant 2

WSJT-X v2.2.2 by K1JT, GAWJS, and K9AN

14UsLsv -2 —VU.l - B vLaMr WOUN KTUuu —~

158530 13 T80 1ids T S5 Hhai et ligtn a7 roe s mae wm e
140230 -14 0.0 1696 ~ CE1PTT WAFCC EM63 140130 0 1.0 1900 ~ CO W8DOL FM19
Ll Sl Wl ) = (e sbpiibilen (EG 140149 Tx 1837 ~ W8DOL K3RZB EL98
140300 -5 1.0 1897 ~ K3RZB W8DOL RR73 140200 -1 1.0 1897 ~ CQ W8DOL FM19
140300 23 -0.0 1257 ~ ES50A VE3XN EN93 140215 Tx 1837 ~ WBDOL K3RZB EL9S
140300 -4 0.1 638 ~ NA4LDF KC2RDX 73 140230 -2 1.0 1897 ~ K3RZB W8DOL —07
140300 8 -0.0 1140 ~ TIZ1JLG W4PKU -13 140245 Tx 1837 ~ WBDOL K3RZB R-02
140300 16 0.1 2217 ~ ABOGT W3PH FMO09 140300 -5 1.0 1897 ~ K3RZB WBDOL RR73
140300 13 0.1 1455 ~ CQ AASHE EM21 140315 Tx 1837 ~ W8DOL K3RZB 73

CQ only Log QSO Stop [ Monitor Erase Decode Enable Tx Halt Tx Tune Menus

17m - 18.099 990 Tx evenfist -
~ Generate Std Msgs Next Now

Tx 1837 Hz 4 Hold Tx Freq

r DX Call DX Grid a v WS8DOL K3RZB EL98 Tx1
-80

- W8DOL EM19 Rx 1897 Hz C i W8DOL K3RZB -05 Tx 2
-60
| Az: 17 825 mi Report-5 o~ W8DOL K3RZB R-05 Tx 3
_40 —

Look Add
i ookup @ Auto Seq  © Call 1t w  W8DOL K3RZB RRR Tx 4
[20 W8DOL K3RZB 73 (] Tx5
Lo 2021 Jul 15
CQ K3RZB EL98
70 dB 14:03:41

Receiving KX3 FT8 Last Tx: W8DOL K3RZB 73 10




ANOTHER...K3RZB GOT CALLED FROM WAOSTHI

v Controls 400 600 800 1000 1200 1400 1600 20 2000 2200 2400

. . 1 2 C Start200Hz T Palette Adjust... v Flatten Ref Spec Spec 20 %
Station calling me

~ ~

N Avg 2 Z  Digipan ¢ Current < I Clnswered quler

WSJT-X v2.2.2 by K1JT, GAWJS, and K9AN

1J%0VU =10 Vel 10 — ANLOAD rKiLvior bl WA - -
154300 -10 0.2 1438 ~ WO2T W4MGL FM16 igggg ,;i Sl }323 = ﬁgﬁgs"ﬁgggg R(—)SS
ig:ggg Zg -g.g ggg . §3R§EH¥39E3§6R—05 154230 -6 -0.0 1347 - K3RZB VE3VQS RR73
154330 6 -0.8 1219 ~ ‘WgDLZ N9JOD 73 okl e DAV SRRCRZERIG

-v. 154300 4 0.0 906 ~ K3RZB WA9THI EM69
154330 1 -0.2 1367 ~ WP4RJO KFOAIT EN14 154317  Tx NI
154330 -14 0.0 1903 ~ IK2HAB PT2VHF -12 154330 B —0.0 904 ~ K3RZB WAOTHT R—05
154330 -15 -0.0 2018 - CQ N7DBS DM26 154345 Tx 1769 ~ WAITHI K3RZB RRR
154400 4 0.0 903 ~ K3RZB WA9THI 73 154400 4 0.0 903 ~ K3RZB WAOTHI 73
154400 31 -0.6 974 ~ CQ N4HID EM66 .
1TEAANDND A n ke ] 12€££ _— r.'lgn'n'rf\ ONAATM TAT1 A 154415 Tx 1769 - WAQTHI K3RZB 73

CQ only Log QSO Stop [ Monitor Erase Decode Enable Tx Halt Tx Tune Menus

17m (] 18.100 000 Tx even/lst Pwr
Tx 1769 Hz 2 Generate Std Msgs Next Now

+ &4 Hold Tx Freq

r DX Call DX Grid WAOTHI K3RZB EL98 Tx 1
80 A v
. WASTHI EM69 Rx 903 Hz 2 ] WA9THI K3RZB +04 Tx 2
60
i Az:340 845 mi Report4 2 ~  |WA9THIK3RZB R+04 T 3
La0 _
Looku Add
i p @ AutoSeq 8 Call st | |WA9THI K3RZB RRR Tx 4
[20 WAQTHI K3RZB 73 (V] %5
Lo 2021 Jul 21
CQ K3RZB EL98
0dB 15:44:29 & | Tx6

| Receiving KX3 FT8 Last Tx: WAQTHI K3RZB73 7
/I  TUhhhhoammmaaeTeEEETse




FT-8 QSO CONFIRMATION SCREEN

@ WSJT-X File Configurations View Mode Decode Save Tools Help B eeel O o) B E T @® Q &8 © ThuJul15 10:45 AM

) WSJT-X v2.2.2 by K1JT, GAWJS, and K9AN - Lo...

0 1000 1200 1400 1600 1800 p2aag 2200 2400

Click OK to confirm the following QSO:
Call Start End

~

31Q]| 15/07/202114:44:00 £ 15/07/202114:45:00 3

Mode Band Rpt Sent RptRcvd Grid Name
FT8 20m -05 -21 EN9O
Tx power Retain
Comments Retain

Start 220 Hz C  Palette Adjust... v Flatten Ref Spec Spec 20 %
Operator

Al Ava 2 o NiAinan tos Currant o
Exch sent Rcvd

Cancel E 144345 -2 -0.6 1266 K5VYT W6OEM EM25
m | 144345 4 -0.8 1900 CQ W3IQ EN90

144402 Tx 1972 ~ W3IQ K3RZIB EL98
144445 -8 0.1 575 ~ 3Z9W N6NRD R-19 144415 -5 0.0 1900 -~ K3RZB W3IQ -21
144445 -12 -0.1 621 ~ <OR40NOL> W4NEG EM84 144430 Tx 1972 ~ W3IQ K3RZB R-05
144445 -10 -0.4 535 ~ K5UHF N9BPE EM59 144445 1 0.0 1901 ~ K3RZB W3IQ RR73
144445 -14 -0.1 1165 ~ CQ F4DIA JN36 144500 Tx 1972 ~ W3IQ K3RZB 73
144445 -8 0.3 713 ~ CQ KD1PV FN32
144445 -17 -0.1 1213 ~ KGOGGY KJ7TLV 73
144445 -7 0.1 1485 ~ <OR40NOL> KN4FLW EL95
CQ only Log QSO Stop Monitor Erase Decode Enable Tx Halt Tx Tune Menus

20m - @ 14.074 000 v Tx evenfist .
Tx 1972 Hz Generate Std Msgs Next Now

+~ V Hold Tx Freq

r DX Call DX Grid N v W3IQ K3RZB EL98 Tx 1
80
r w3lQ EN90 Rx 1901 Hz - W3IQ K3RZB +01 Tx 2
60
n Az:2 853 mi Report1 2 «~| W3IQ K3RZB R+01 Tx 3
40
Look Add
- ookuP v Auto Seq v Call Ist o W3IQK3RZBRRR Tx4
[ W3IQ K3RZB 73 - x5
Lo 2021 Jul 15
CQ K3RZB EL98 o
0 dB 14:45:11 Q Tx 6

Tx: W3IQ K3RZB 73 KX3 FT8 Last Tx: W3IQ K3RZB R-05 | 27 WD:6m




FLDIGI EXAMPLE (BPSK-31)

fldigi ver4.1.18.05 | RigCAT - K3 - K3RZB

File OpMode Configure View Logbook Help I ] [IRxID II’TxID II’TUNEI
1 40 14005 .000 USB [ 800
70 OOO 14070.000 USB BPSK31 1000
- B 14070.000 USB BPSK31 1000

R 4 I 4 () I o A %
[

Read macros from: /Users/stus_macbook_pro/.fldigi/macros/macros.mdi

n

#t e r t egooe

00

oo tout. i'd like to know what you find out my email is na6y34@gmail.com.e ;
ih

iaKBILBP KBSLBP de KJ4KPW KJ4KPW KJ4KPW kn
KJAKPW...KJAKPW...KJAKPW de KBY

Before RSID: <<2021-07-15T14:21Z BPSK-31 @ 14070000+0967>>
eP FB, Thnxs Fer The Contact,

NAME: Steve...Steve
QTH: Fairfield, Alabama...Fairfield, AL...15 miles Southwest of Birmingham
. GRID LOC: EM63 mj
14071.49 h anlea rmning a
RST: 599, 599 On The First Pass

So HWS Copy? BTU , KJ4KPW de KBOLBP KN

14070.97 W de KBILBP KN

RTTY Contest
2500




ENJOY AND HAVE
FUN WITH DIGITAL

MODES!




