TMJrO

T

’*Ssoci'{‘&’ . :
Beginner’s Guide to

RTTY Operation

SEMDXA Monthly Meeting
May 8, 2015




Beginner’s Guide to RTTY

» Agenda

- Digital Mode Anatomy
Compare CW to RTTY

> Preparing to Operate RTTY
Create Your Shopping List

> Connecting the RTTY Components
Insert Tab A in Slot B

- Operating RTTY Using MMTTY
Can You Hear Me Now?

- Stuff to Avoid

Learn from My Mistakes




CW: The Morse Code - 1836

» Morse Code Character Set (42)
- Upper-case characters: A - 7

> Numbers: 0 - 9
- Some punctuation:
/ , . ? - (plus newest @ for email)

> Prosigns:
- Error, Break, End-of-Transmission, End-of-QSO, Wait




CW: The Morse Code

» Morse Code Architecture

> Asynchronous transmission

- No prior agreement on speed

- CW speed is deduced from element times
- Dots = 1 timing element long
- Dashes = 3 timing elements long
- Intra-character spacing = 1 timing element long
- Inter-character spacing = 3 timing elements long
- Inter-word spacing = 6 timing elements long

- Variable character lengths
- Shortest character = E = 1 timing element long

- Longest character = @ = 19 timing elements long



CW: The Morse Code

» Speed in measured in Words Per Minute (WPM)
- Special word : Paris (50 time elements)

- At 60 WPM a dot = 20 milliseconds, a dash = 60 milliseconds
- Formula: timing element length = 1.2/words per minute

» Sample CW transmission at 60 WPM
CQ DE N8SL (8 transmitted characters, sent 3 times)

C Q D E N 8 S L




RTTY: The Baudot Code -1870

» Baudot Code Character Set (54)
- Upper-case characters: A - 7
> Numbers: 0 - 9
- More punctuation:
[, . ?2-&#! " “ () :; <space> <cr> <I> <bell>
> Control Characters:
- Shift-to-Letters, Shift-to-Figures (more on these later)




RTTY: The Baudot Code

» Baudot Code Architecture

> Pseudo-synchronous transmission
- Requires prior agreement on speed
- All characters are 5 bits long
- All characters are preceded by a start bit (usually 1x)
- All characters are succeeded by a stop bit (usually 1.5x)
- Each character is precisely 7.5 bits long

> RTTY protocol has no error correction

- Many sources of reception errors
- QRM, QRN, fading, multi-path, tropospheric distortion




RTTY: The Baudot Code

» Baudot Character Set (54) 7777

» How do you get 54 characters from 5 bits?
- Maximum from 5 bits would be 31 characters

» Use Shift-Letters and Shift-Figures commands
> Letters = A -7 and <space> <cr> <If>
> Figures = 0 - 9 and punctuation
plus <space> <cr> <If> <bell>

Strange expressions appear on your screen when the
shift commands get garbled in transmission




RTTY: The Baudot Code

» RTTY = Frequency Shift with a Constant Carrier
- Unlike CW with its intermittent carrier
> Frequency shift on Ham Bands = 170 Hz
- Defaults are Mark Hz = 2125, Space Hz = 2295
- Blank time between characters is filled with “didd/es”
- Non-printing characters that maintain synchronization
- Results in 100% duty cycle during transmit




RTTY: The Baudot Code

» RTTY Speed is Measured in Baud
> Four FCC approved amateur baud rates:
- 45.45 (60wpm), 50 (67wpm), 56 (75 wpm), 75 (100 wpm)
- Most amateur RTTY operation is 45.45 baud (60 wpm)

> At 45.45 baud, bit length is 22.002 milliseconds
> Formula: bit length in milliseconds = 1 / baud rate

» Sample RTTY transmission at 45.45 baud

CQ DE N8SL (12 transmitted characters, sent 3 times)
-01110=-10111=-00100=-01001=-00001=-00100=
C Q space D E space
-01100=-11011=-00110=-11111=-00101=-10010=
N FIGS 8 LTRS S L

10



Preparing to Operate RTTY

» What do | need to buy?

» Popular scenarios:
- RTTY-equipped transceiver
- PC with RTTY software and a transceiver
- PC with RTTY software, a TNC, and a transceiver

11



Preparing to Operate RTTY

» What do | need to buy?

- RTTY-equipped transceiver

- All you need is the radio, and maybe a keyboard
- PC with RTTY software and a transceiver

- RTTY software (most programs are free)

- Cables between PC and the radio
- Homebrew, commercial cables, commercial interfaces

- PC with RTTY software, a TNC, and a transceiver
- RTTY Software (must have drivers for your TNC)
- A TNC (Terminal Node Controller) or equivalent*
- Cables from PC-to-TNC, TNC-to-Radio
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Connecting the Components

» RTTY-equipped transceiver
- RTTY encoder and decoder are built-in
- Can be used with an optional keyboard

- Disadvantages

- Expensive radio
- Minimal functionality (*)
- No log integration
- Limited function keys
- Poor contest exchange

This is the least popular method
(easy, expensive, few features)
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Connecting the Components

» PC with RTTY software and a transceiver

- Software: MMTTY, fldigi, WinWarbler... others
- Homebrew or commercial interface and cables

This is the most popular method
(easy, cheap, full-featured)

Push to Talk (PTT)
AFSK or FSK input

Rx audio out to PC mic In
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Connecting the Components

4

» Options for connecting receive audio
> A microphone plugged into PC mic input
- Direct front/rear panel jack to PC mic/aux input
- Direct but add an audio isolation transformer
- USB cable with audio codecs

- Commercial interfaces
- microHAM, West Mountain Radio, MF]J, others...

Rx audio out to PC mic In
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Connecting the Components

4

» Options for connecting PTT for transmit
> PC serial port DTR/RTS pins to ACC jack Tx line
- Requires simple one resistor, one transistor buffer
- PC USB-to-serial adapter (FTDI chipset recommended)
- Requires simple one resistor, one transistor buffer
- Commercial interface

*YOX* - if using AFSK. No PTT circuit needea’
Push to Talk (PTT) 050 lZoop meoes B2 OO

aezz2z or e To Radio or relay
1% Cnm (+ voltage only)

ptt out

Serial port cw or ptt interface
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Connecting the Components

4

» Options for connecting AFSK transmit

- Direct front panel mic input or rear panel aux jack to
PC speaker or Aux audio output

> Direct but add an audio isolation transformer
- USB cable with audio codecs (radios with USB out)
- Commercial interfaces

AFSK input
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Connecting the Components

4

» Options for connecting FSK transmit
- PC serial port Data out pin to ACC jack FSK line
- Requires simple one resistor, one transistor buffer
- PC USB-to-serial adapter (FTDI chipset recommended)
- Commercial interface

FSK input

18



Connecting the Components

4

» Options for connecting a TNC
- Software: MMTTY, fldigi, WinWarbler... others
- Requires driver support for your model TNC
- Serial cable from PC to TNC (serial port or USB)

- Three cables between TNC and transceiver
(see previous slide)

Push to Talk (PTT) = 0:5 (s noo (HER OO
: AFSK or FSK input | B S
E Kx audio out to TNC In 26 @

The middle of the popularity ratings
(hard, expensive, full-featured)
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Connecting the Components

4

» Options for connecting ‘or Equivalent”
> TNC is replaced by Single Board Computer: Arduino
- Software: On PC, MMTTY on N1MM and 2Tone
- Software: On Arduino, tinyFSK (free) by Andy KOSM
- Serial cable from PC to SBC (serial port or USB)
- Two cables between TNC and transceiver
- One audio cable from PC to transceiver

O@ Push o Talk (PTT] S FEaRC
Serial to USB AFSK or FSK input | & 252 L

g ARDUINO

Rx audio out to PC mic In o @ O T

2Tone interface now available!
Raspberry Pi version coming soon!®
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Operating RTTY with MMTTY

» Operating RTTY Using MMTTY

Can You Hear Me Now?
- MMTTY as a stand-alone program

- But MMTTY can be used as a slave app beneath many
logging programs (NTMM, WinTest, DXLabs, HRD,
WinWarbler, DX4Win, ...)
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CfI‘ K8UT (K8UT.MDT) - MMTTY Verl.68A [based on 12000Hz]
?iﬂFv Edit(E) View(V) Option{O) Profiles(S) Programi{P) Help{H)

Control Demodulator (FIR)

FIG | |Mark [2125 | Hz AlXESbﬁi_J HAM
uos |(shif [176  <|Hz _SQ [ LMs| BPF
I'X fap I"_Z—j [—I

XOFF ||lav. [3ee ] _515J_EELJ_5EEJ

| 1x2 | 2x3 | DE3 lwwmglmg Sk M_JMMI
‘<M¢ﬂl L{Call __|I\ame’———— ’—JHlsmll4

HN ZUU W5TCX 599 WS5TCX IW WS5TCX TU K1N DN KWSSAGN AGHM
CMAGN AGNKEDCBZ

AEH CQHAGO GWLXIBXZO0 WB4M 599 WB4M CPUZUVAYUYTRWB4M TU K1N DN
POIUX:WAPKKMQ L UKTKIKVVKNT

UAGAGN AGNONMWTDWIB
XAZ OUITVKA/XVVSYA
N1UK 599 HN_

| Clear 1X1 DEAR ANS BTU ;I Edit Char. wait

I




Operating RTTY with MMTTY

» Step 1 - MMTTY Go / No-Go Test

> |s receive working?
> |s transmit working?
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4 KBUT (K8UT.MDT) - MMTTY Verl.68A [based on 12000Hz]
File(F) Edit{E) View(V) Option{O) Profiles(S) Program{P) Help(H)
| Control | Demodulator (FIR)

FIG | Mark [1445  +|Hz

uos ‘

I'XCFF

+ |200

Sh
lap
AV,

ATC | NET ﬂFC{
1X2 | 2X3 | DE3 |URS99 QANS| | M7

|Dataj Init|cCall !r\ane

ONBQN SIKFMN K

IEN

<1502086 17:21:35 TX>
<150206 17:21:48 RXNR
K MW FV GANQ E
CWINAOP;7.623--s 3FAMGFTZPOFRQOS]J

1x1 | DEAR | ANs | BTU ’ Char. wait




Operating RTTY with MMTTY

» Step 2 - Tune and Decode a RTTY Signal

p—



1684 [based on 12000Hz [=Ta] x

ControlrDemodulator (FIR)
FIG Mark |:;¢u :JH:

1r| Hz 3k

% ao 512 - = i : L : |
1X2 | 2X3 | DE3 JUR599 QANS M7 SK | EE RY '

- wr - —— ——— el ] - e

Data Lﬂit|talw Name Hy| {4599

UIOTD DCIOGVAASXYE

ICS JD TNMAWNHWO NMOZVDVRADK CL
LKK EAUNHMH

EFHUIDCNCOFP FO
T4s14: )TSK

1X1 DEAR | ANS | BTU |




Operating RTTY with MMTTY

» Step 3 - My First QSO
- BUT - before doing that...
Examine/adjust the Function Key assignments

> K8UT (KBUT.MDT) - MMTTY Ver1.68A [based on 12000Hz] o 8] X
File(F) Edit(f) View(V) Option{Q) ProfilesiS) Program{P} Help{H)
ControlDemodulator (FIR)

FIG | Mark [2125 < Hz Type|Rev.| Ham

uos Shif |[17@ v| Hz I SQ LMS | BPF

Tao
TXOFF | | AV. |3ee _JHz ATC NHA_FCJ q
| Ry [ 114 ] cod| con

1x2 | 2x3 | DE3 |urs9d gans| me | M7 | ms | sk | EE | mi1 |

050 | patal Tnit|ca11 Find| Name | My | “Jhidses  |1a ~—]

1<150206 19:10:51 TX>

1<150206 19:10:53 RX> 66 CO DE %m %m PSE K
NT_ L\

Clear | 1x1 | DEAR | ANS

ShortCut Fé v| Commands Color- TX(F9) | Clear
Name lCQl Repeat (@ v j‘x 8.1s Cancel




Operating RTTY with MMTTY

» Step 3 - My First QSO

- BUT - before doing that...
- Examine/adjust the Function Key assignments

- Call cQ

* Call CQing station
- Send signal report
« Start Tx

- End Tx

- End QSO

CQ CQ DE
%C %C DE
TU UR %r
%C DE 7m

BTU %n

%m
%m
%r

%C

%m
%m

%N
DE

PSE K \
sm K \
s»m K \

sm K \

73 %n %c DE %m SK \
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Control 7 Demodulator (FIR)
FIG Mark |2125 ~|Hz
vos || shif [176 -]z | SQ _LMS| BPF |

[ ao III.IIII.

CQ [C1 Hin| RST [StaTXEndTH 1o | - | SK M14 | €Q2 | €Q2 |Per

| ros
‘DaLa|;ﬁ1L_feII| Name | H?|

<1502087
GDCZ_

28:56:86 RX>

Clear 1X1 DEAR ! ANS BTU v| Edit Char. walt




Operating RTTY with MMTTY

» Learn from My Mistakes

> 26,551 RTTY QSOs
> 330 DXCC Countries Worked/Confirmed
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Stuff to Avoid

» Learn from My Mistakes

> Do not try to decode non-ham RTTY signals
- Non-standard baud and shift, usually encrypted
- Do not operate out-of-band for US stations
- Understand FCC Band Allocations vs ARRL Band Plans
- Post an ARRL RTTY Band Plan map in your shack
- Some WARC bands have narrow (10 kHz!) RTTY plans
- Popular RTTY frequencies - just remember #84
- 3.584, 7.0340px/7.084ws, 14.084, 21.084, 28.084
- Examine the advantages and disadvantages of
AFSK vs FSK operation

- If you choose AFSK, monitor your ALC and audio levels
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Stuff to Avoid

» Learn from My Mistakes

- Using AFC is easy, but...
- When using FSK results in RX / TX frequency skew

- With AFSK, can shift frequencies down enough for 2nd
harmonics to be in the Tx passband

- Reverse RTTY - “You're Upside Down”
- Some radios operate RTTY from USB, others from LSB
- Mark/Space = Low/Hi vs Mark/Space = Hi/Low
- Smoke test — power ratings for radio, amp, antenna
- Unlike phone or CW, RTTY is continuous duty Tx

32



Stuff to Avoid

» Learn from My Mistakes

> Avoid issues with USB-to-serial adapters
- Generally FTDI chipsets are your safest choice

- Recognize shift-LTRS and shift-FIGS problems
- Most likely replacement: adjacent row of keys

- When you see letters and expected numbers, or see
numbers and expected letters
- Most common examples
- Signal report: TOO TOO (599 599)
- Contest serial number: PPQ PPQ (001 001)
- You own callsign: K875 K875 (ksuT k8um)
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Beginner’s Guide to
RTTY Operation

The End ... almost




[T | Letters/Figs

Setup  Inteface  Help

($1713

Leftors/Figs MouseOver

EGTOD WivIs
X
YIF TU K10 ORI WSHI WS HI
WEHIE TU KN on

BXEC 599 NOSBXE SYOWMHNFLZBKDEBXE TU KIN TH KT

ERG ¢

UGX

UGYHAGH AGH!® LE
vRALR

LCKFDUL

s 10 T KIOVMEE TMIIFS

L B IMLIFS

NELFLIEG 12 HAEICTTHUSYF Q-

599 |t 1oseeL ospeL mepat )
HOE EGRIXAGH AGH

T L00% STUNGRXE TU V1N PR K DVGERG
1\ 2EPG

PUFNCFYB ALTA, WOGNFIS UNYCT

KDeRXT

VEVHATTTUS TR AQUOEG AGINIYTEM RO ETUE
&G OFDULLCD

Abgn TX KN | HAM | AFC

AEV

Tools

fn oo s Split g ‘e

F2SEPExch F3s80 Ty

F7 Ny Bxch

Exx Sy

Heading appears here when enabled.

call history

faagy? F3 Seaty ' I

UserText appears here when enabled.

Abign ™
- O7C7 | NoOTC <

MGZIUR

Conbg  Window  Help Edt  View Toob Conhy Window Help
= =

an o= Split

F258P Excty

F4 S50 CotHs FI S50 C0 FisaoTU T4 58P O
=T My Exchy Faagy FoErgy F10 Ergee
Vg Lagt £ Bt St e Lt £ vl

Heading appears here when enabled.
call history UserText appears here
=N

hen enabled.
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K8UT’s contest RTTY configuration for SO2V

VIS XOVAC: ) T8R!
PR L s 34]
o BRIAT(Pate b an g
TTUP s
1 V JusouF
P D
WMEUORIGE I mum T
WEN:2 ~~Gl AGHFO
T TVETOVTVTP/ 2962
IQOEY W

JAUTEWS S

nuI  QUIXIZX
o F D
TE LLxEN WE

35



	Slide 1: Beginner’s Guide to RTTY Operation
	Slide 2: Beginner’s Guide to RTTY
	Slide 3: CW: The Morse Code - 1836
	Slide 4: CW: The Morse Code
	Slide 5: CW: The Morse Code
	Slide 6: RTTY: The Baudot Code -1870 
	Slide 7: RTTY: The Baudot Code
	Slide 8: RTTY: The Baudot Code 
	Slide 9: RTTY: The Baudot Code
	Slide 10: RTTY: The Baudot Code
	Slide 11: Preparing to Operate RTTY
	Slide 12: Preparing to Operate RTTY
	Slide 13: Connecting the Components
	Slide 14: Connecting the Components
	Slide 15: Connecting the Components
	Slide 16: Connecting the Components
	Slide 17: Connecting the Components
	Slide 18: Connecting the Components
	Slide 19: Connecting the Components
	Slide 20: Connecting the Components
	Slide 21: Operating RTTY with MMTTY
	Slide 22: Operating RTTY with MMTTY
	Slide 23: Operating RTTY with MMTTY
	Slide 24: MMTTYLaunch.MP4
	Slide 25: Operating RTTY with MMTTY
	Slide 26: FirstRTTYrcv.mp4
	Slide 27: Operating RTTY with MMTTY
	Slide 28: Operating RTTY with MMTTY
	Slide 29: MyFirstQSO.mp4
	Slide 30: Operating RTTY with MMTTY
	Slide 31: Stuff to Avoid
	Slide 32: Stuff to Avoid
	Slide 33: Stuff to Avoid
	Slide 34: Beginner’s Guide to RTTY Operation
	Slide 35: K8UTn1mmSO2Vk1n

