Communication In, and Below the
NOISE
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Last January, Jim, WB2LKZ talked about different
types of modulation — amplitude, phase, and
frequency. Tonight we’ll explore three factors in
effective (from the weak signal point of view)
data communication. They are:

Synchrony
Coding, and

Rate (WPM, or significantly for our discussion,
the reciprocal: minutes per word)
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Sources (I’'m just a reporter.)

e QST article by Kai, KE4PT, and Bruce, NOADL

“How much “Punch” Can You Get from Different
Modes?” (December 2013)

e The Handbook

* QEX article by Joe, K1JT “The JT65
Communications Protocol” (Sep/Oct 2005)

e Other sources below



Howard S. Bradley




Howy was abundantly certificated!
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Howy earned most of his awards with
55 W (160, 80, 40) or 30 W (20, 15, 10)
using a 135" wire clipped to the tank coil.

The James Millen 6L6 — 807 Transmitter Exciter Model 90800



Just a few of over 300 awards

First “W” to earn 6-band WAS

All Africa Award

WAS-YL, DXCC-YL

5-band DXCC

6-band WAC

352 countries

105 countries on 160 (with 264" wire)
Helvetica — “H22"



The Point is:

 One can capture a lot of wallpaper with
modest antennas, and well under 100 watts.

e Of course CW and good operating technique
play a big role.

e Later in his career Howy got a TA-33 Jr,
observing the dictum: “Antennas benefit
BOTH reception and transmission.”



Speaking of CW, what’s so great about it?

Works well when SSB is impossible

With good QSK, CW is time-division duplexing or
“three quarters duplex” (Some maintain that modern
cellphones are three quarters duplex; not full
duplex.)

The standard for many contests.
Excellent for traffic

AND...



Quantitative comparisson
CW vs AM, SSB, FM, RTTY

CW 0db (reference level)
RTTY -4 db

FM -14 db
SSB  -17db

AM -27db

These comparisons take into account both average

receiver sensitivity and average transmitter power.
(See the Dec. 2013 QST article by KE4PT and NOADL)




Much more can be said...

The authors point out that the human ear has the
ability to act as a 100 Hz filter (roughly the audio
bandwidth of 20 — 25 WPM Morse)

They considered unprocessed speech, so the
figure for SSB might be a little low.

The noise environment was the convenient
AWGN (Additive White Gaussian Noise.) Reality
involves QRM, QRN, QSB, QLF, and QSM

(QSM? Are you experiencing a Senior Moment?)



Howy complained about Noise

e Local industry — he had no noise cancelling
device (and no W2JVF, Rudy -- RFI consultant)

e QRN — huge for a ham who spent so much
time on 160, 80, and 40

e Other ionospheric noise



Two attempts to advance Morse
(both synchronized by time signals)
e CCW or Coherent CW is machine generated
CW usually at 12 WPM (100 msec per dot)

e QRSS CW —very slow very narrow bandwidth
with dot durations from several seconds to
minutes



About CCW

A matched filter for 12 WPM machine Morse
may be as narrow as 9 Hz.

Hence stability requirements

Possibility of time/distance selectivity —e.g.
ignore signals that are within 10 msec (1860
miles) of one’s local dot frame.

See http://www.njgrp.org/ccw/



CCW continued...

Coherent CW
Amateur Radio’s New State of the Art?

BY RAYMOND C. PETIT.* WIGHM

QST September 1975



To quote Ray, W/GHM
(concerning use of a 10 Hz matched filter)

* |f your receiver uses a 500-Hz filter, the
improvement is 17.4 db. What does this mean in
practice, in crowded conditions on the air? The
author built an experimental matched filter for
12 wpm and a suitable Morse code generator. A
very weak signal from the generator was
combined with severe 80-meter QRM including

RTTY signals, other CW signals, and static. The

test signal was buried in the QRM. When the

matched filter was switched in, the signal stood
out distinctly.




Before we talk about QRSS,
the Black Sky thing:

Suppose you are an astronomer and you see a
small section of sky that looks like this:

What might you do?



Time exposure!

You would track that section of sky and record
the output of your Charge Coupled Device or
Photographic Plate. After a few hours you might
be able to view something like this :

The next chart shows the relative advantages
of using longer dot lengths.



Dot length advantage chart

optimum | SNR vs.
bandwidth| 12WPM

12WPM | 10Hz 0dB
8WPM | 6.67Hz +1.8dB
4WPM | 3.33Hz +4.8dB

Speed

1.:3ec/ 1Hz +10dB
dot
Isec/ | 0a3my | +14.84B
dot
Losees | .45 +20dB
dot

Source: ON7YD “Extreme narrow bandwidth techniques”



More about QRSS

* Modern QRSS is software based, using Analog
to Digital Conversion, Fast Fourier Transform,
and Digital Signal Processing.

e References:
e http://www.qgsl.net/m0Oayf/What-is-QRSS.html|

http://www.qgsl.net/on7yd/136narro.htm
http://www.arrl.org/weak-signal-modes




KE4APT — NOADL Mode Comparison
(with enhancements)

Punch Bandwidth Throughput
Mode (db) (Hz) (wpm) Comment
JT9 +27 15. 3 Strong FEC
JT65 +25 175 3 Strong FEC
Olivia +15 125 - 2000 10- 40 FEC
PSK31 +9 60 50 QBPSK for FEC
Cw 0 40 - 160 10- 40 No FEC
RTTY -4 250 60 No FEC1
FM -14 12500
SSB -17 2500
AM -27 6000




Psk31

9 db better than CW; 13 db better than RTTY
Point and click software e.g. FLDIGI

In QST May 1999, Steve, WBSIMY wrote,
“PSK31—Has RTTY’s Replacement Arrived?”

15 years later, | would say yes, but W1AW100
sometimes acts as if it’s still a newcomer.
Here’s their schedule from last Thursday:



Sample W1AW100 schedule

Oct 2 9am—10am 20m SSB
10 am — 11 am 20m SSB
11 am — 12 noon 15m CW John AC6SL
12 noon — 1 pm 15m CW
1pm—2pm 15m RTTY
2pm—3pm 15m RTTY
3pm—4pm 10m SSB
4 pm— 5 pm 10m SSB
5pm—6pm 20m CW Tuck AF6GQ
6 pm—7 pm 20m CW
7 pm— 8 pm 20m RTTY
8 pm — 9 pm 20m RTTY
9pm— 10 pm 40m SSB
10 pm — 11 pm 40m SSB |Anna WBNN




Developer of PSK31
Peter Martinez G3PLX

G3PLX R.S.G.B.
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From
http://sp9jpa.blogspot.com/p/pawe-jaocha-sp9vrc.html

e PSK31, developed by Peter Martinez G3PLX,
based on the original conception of Pawet
Jatocha SP9VRC who invented SLOWBPSK



Credit due to Pawel Jalocha, SPOVRC




More from Pawel, SPOVRC

* |nventor of MT63, Q15X25, Olivia
e Co-Inventor of BPSK

e Jalocha’s Olivia and MT63 modes have
become central to Narrow Band Emergency
Messaging Service (about which more later)



Olivia submodes

BW/Tones  |Baud WPM De‘;’;?os(é '\t‘))
500/16 31.25 20 13
500/8 62.5 30 Py
500/4 125 ~40 10
125/4 31.25 210 E

Source: WB8ROL Olivia website.




A good compromise:

More...

250/8

62.5

-14




Olivia characteristics

~orward Error Correction (inclusion of extra
0its to increase copy percentage)

nterleaving and “bit scrambling” is used in
such a way as to distribute source bits among
the channel symbols. This allows source bits

to arrive intact in the presence of noise and
error bursts.

See http://www.arrl.org/olivia
and http://www.oliviamode.com




More...

e Because of processing time, Olivia has a
turnaround time sometimes exceeding 3
seconds. Yet it gives a good ragchew
experience under conditions which would be
challenging, even impossible, for CW

e Because Olivia can operate so far under the
noise, it is possible to get solid decodes, even
when nothing is visible on the waterfall.



Gary, WB8ROL's experience:

“the auto-CQ already had finished five calls. So
far | had not heard the cacophony of tones
signifying an Olivia signal or noticed anything at
all in the waterfall window. It was at this
moment that | entered the world of the
paranormal. | chanced to glance at the text box
that displayed received (decoded) text and | saw
characters appearing. My call letters appeared
as if a ghostly presence was typing them and
answering my CQ.”



The 411 on MT63

T63 tolerates tuning errors
T63 audio levels can vary widely

T63 works well with acoustical coupling

T63-2000 audio offset fixed at 1500 Hz, not
possible to change by accident

< < < <

© 2013 Harry Bloomberg W3YJ 26 March 2013
http://wpaares.org



August 2009 QST

i PUBLIC SERVIGCE
/ EMERGENCY COMMUNICATION

NBEMS — a Digital Emcomm Tool

Dave Kleber, KB3FXI, O’Hara Twp, PA Emergency Management Agency,
kb3fxi@arrl. net and Harry Bloomberg, W3YJ, Assistant SEC, Western
Pennsylvania Section, w3yj@arrl.net

http://wlhkj.com/NBEMS/PublicService.pdf



Why Digital Emcomm?

The needs of those we serve during disasters
and emergencies have changed. We now need
to be able to send lists of evacuees in a format
compatible with a spreadsheet, inventories of
required medical supplies, phone numbers of
officials, weather information, directions to an
emergency operations center, bulletins of
critical situation updates. In other words, we
now need to be able to send data not suited to
message forms.




NBEMS/EMCOM is in the FLDIGI
wheelhouse

Utilities for message handling

Checksums assigned to blocks which are
repeated when necessary

Whole talk could be devoted to this topic

See

www.gsl.net/l/Imtdcs/NBEMS/

nbems webinar.pdf and http://
www.rarchams.org/advanced _nbems.ppt




More Fldigi — NBEMS links

wWww.pa-sitrep.com/fldigi files/
nbems webinar.ppt

http://ns81.webmasters.com/*w3hzu.org/
addon/w3hzu.com/pdfdocs/wa3wsj nbems.pdf

http://www.pa-sitrep.com/NBEMS/




NBEMS NETS
Fine print because there are so many!
All days except Friday.

Day Net Name Time (Eastern)  Frequency (Dial — Waterfall) Notes
Sunday |PA NBEMS Net 10:00 AM /3583.5 USB +1000 Hz |Olivia 8/500 for check ins. Longest running USA NBEMS net.
|PA NBEMS Net ] 11:00 AM 17073.0 USB +1000 Hz |Continuation of 80 meter PA NBEMS net.
|Midcoast Maine NBEMS VHF Net 07:00 PM 'W1EMA (Aborn Hill) Repeater |Local training net, voice and digital. 147.270 MHz, PL 136.5 Hz
Monday \Virginia Digital Net 07:15 PM 13578.5 USB +1500 Hz |Olivia 4/500 for check ins.
Tuesday  MI Traffic Net 08:00 PM  3583.0 USB +1000 Hz |Olivia 8/500 for check ins.
|Virginia Digital Net 07:15PM  3578.5 USB +1300 Hz |Olivia 4/500 for check ins.
Wednesday |US East NBEMS Net 07:00PM  7036.0 USB +1500 Hz |Olivia 8/500 for check ins.
|AR HF Digital NVIS NBEMS Net 07:00 PM :3582.0 USB +1000 Hz |Olivia 8/500 for check ins.
\xca NBEMS Net 11:30 PM /3584.0 USB +1000 Hz |PSK125. Calaveras NBEMS. 1, 2, 3 Weds. of month.
Thursday Ml Traffic Net 07:00PM  3583.0 USB +1000 Hz |Olivia 8/500 for check ins.
|Virginia Digital Net 07:15 PM 13578.5 USB +1300 Hz |Olivia 4/500 for check ins.
MO-KAN 09:00 PM 3584.5 USB + 1500 Hz |Olivia 8/500 for check ins. Message handling, Larry KBOEMB NCS.
|MN ARES Digital Net 09:00 PM 13583.5 USB +1000 Hz |Olivia 16/500 starting mode.
Friday
Saturday  NY NBEMS 1000 AM  7036.0 USB +1500 Hz |Olivia 8/500 for check ins.
|MI Traffic Net 07:00 PM 13583.0 USB +1000 Hz |Olivia 8/500 for check ins.



A plug for ARES

e The 2014 Eastern New York Simulated Emergency
Test will be held next Saturday, October 11th
starting at 9:00 am

e MT63 or MFSK64 will likely be used in this test,
which is a good opportunity for skill
development.

e This SET will use the W2IR repeater on 146.79 - pl
100.0 Hz. Be there.



FLDIGI does almost everything else
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Note the flavors...

 For instance All combinations of numbers of
tones (4, 8, 16, 32, 64, 128, 256) and bandwidths
(125, 250, 500, 1000, and 2000 Hz) i.e. 35 flavors

of Olivia

e Similarly for MFSK, DominoEx, Contestia, PSK,
RTTY.

e Reed-Solomon ID available in most modes e.g.
Before RSID: <<2012-11-01T718:04Z OL 8-500 @ 14070+1500>>
Before RSID: <<2013-10-19T714:03Z OL 8-500 @ 1526>>



Something extra: FLDIGI/PSKMAIL

North America Servers

Station Country Time (UTC) Freq. Beacon min. Mode Status QSY
VE7SUN* CANADA 00:00 - 00:00Scanning 0,2 PSK500R Active summon

K3UK# USA  00.00 - 00:00 10.148,0 0, 30 PSK250R  Offline NO QSY

ABSFT USA -WI 00:00 -00:00 Scanning0,1,2,3,4,5 Various Active NO QSY

WB5RFQ-5 USA-TX 00:00 - 00:00 10.148,0 0,15,30,45 %IT]  Offline

KB2PNM”~ USA - NC 00:00 - 00:00Scanning 0,3,10,13, etc PSK250 Offline

KC9SGV-5 USA - IL Day 7.104.0 Try all daytime PSK250 Down No QSY
Night 10.148.0 frequencies Receive RSID onUFN
14.111.0 Continuous
3.596.0

KB1NCJ USA-Florida13:00-23:00 14.111.0 0, 20,40 PSK250 Active No QSY



Dave Freese, W1HKIJ
Creator of FLDIGI




Visit this site:
Digital Modes - Sight & Sound

e http://www.wlhkj.com/FldigiHelp-3.21/
Modes/index.htm

 And click on Mode Comparison

e Let’s take a look at WSIT (Weak Signal Joe
Taylor) modes not included in FLDIGI



What is FEC?
(Forward Error Correction)

Simplest form: Throw in extra bits during
transmission, e.g. JASCCL de WOZ2V bt tnx for
call name hr is bill bill QTH schenectady

schenectady ny ny ...

This works in some poor conditions, but not
far below the noise

Advanced forms: JT65...
Has been called an “odd” mode



FEC in the General Question Pool

G8B11 (C)

How does forward error correction allow the
receiver to correct errors in received data
packets?

A. By controlling transmitter output power for
optimum signal strength

B. By using the varicode character set

C. By transmitting redundant information with
the data

D. By using a parity bit with each character



The JT65/JT9 QSO

Alternate one minute transmissions
Structured messages

Sync with UTC — AND “The synchronizing
signal is so important that (except in
shorthand messages) half of every
transmission is devoted to it.”

Within a QSO, each transmission is stored so
that “time exposure” is maximized

Copy is “all or nothing”



From Joe’s
“The JT65 Communications Protoco

I”

e JT65 does not transmit messages character by
character, as done in Morse code. Instead, whole
messages are translated into unique strings of 72
bits, and from those into sequences of 63 six-bit
symbols. These symbols are transmitted over a
radio channel; some of them may arrive intact,
while others are corrupted by noise. If enough of
the symbols are correct (in a probabilistically
defined sense), the full 72-bit compressed
message can be recovered exactly.
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g

Std Msgs example

( Cenerate Std Msgs )

C1BLO WO2V FN32

C1BLO WO2V -15

C1BLO WO2V R-15

G1BLO WO2V RRR

C1BLO WO2V 73

CQ WO2V FN32

Next

OO0 000®

Now

Tx 1

Tx 2

Tx 3

Tx 4

Tx S

Tx 6




The JT65/JT9 QSO anatomy

1. CQ MOABA JOO1

2. MOABA K2AE FN32
3. K2AE MOABA -19
4. MOABA K2AE R-17

5. K2AE MOABA RRR
6. MOABA K2AE 73



During the QSO you might check MOABA at
grz.com and see Tom’s backyard




CW “reach” X 12

e Kai and Bruce point out that for the same
transmitter power, JT65 has an RF path
“reach” that is 12 times that of CW

e The downside, which | don’t think they
mentioned, is that the QSO takes 5 or 6
minutes, whereas a comparable CW QSO
might take 10 to 30 seconds.

e A bit about how this can be...



Mode

AM
SSB
FM
RTTY
CwW
PSK31
JT65

Another Exhibit from
the “Punch” article

Noise Occupied

Bandwidth (Hz) Bandwidth (Hz)

6000 6000

2456 2500

12,500 12,500

180 250

100 100

31.25 62.5
2.692 175

(Dec. 2013 QST article by KE4PT and NOADL)

6K00 A3E
2K50 J3E
12KS5 F3E
250H F1B
100H A1A
62HS5 G1B
175H F7B



JT65 Noise Bandwidth is 2.7 Hz!

e The DSP is able to filter each tone in a JT65
transmission with a 2.7 Hz filter.

 The following slide gives an impression of why
one will probably never see a wrongly
decoded JT65 message. Consider the message

G3LTF DL9KR JO40

Suppose the 0in JO40 is changed to a 1. Then
the encoding changes in almost every instance!



G3LTF DLOKR JO40 (vs ...J0O41)

141691846041 1822634353013159 25

3550210361742 33353922253946347

3955236125584716383917236456516
15551841726511718491013 24

VS

47 27 46 50 58 26 38 24 22 31454 10 58 36 23
6335415653621149143539604044 1545
74455231249391118362617286044 37
54844184132634495557371325



e We do see the channel symbol number 13 in the next
to last location in both encodings. Homework: Is there
another channel symbol occupying the same position
in both transmissions?

e Clearly, with this sort of encoding it would be highly
unlikely that G3LTF DL9KR JO41 would ever be
mistaken for G3LTF DL9KR JO40

 Furthermore, ANY message which is not the given
G3LTF DLO9KR JO40 has as it’s encoding a sequence just
as different as the one in the above example. This is
due to the nature of the Reed-Solomon encoding.



Submodes of JT9

Longer time yields lower S/N threshold,

but the tradeoff may be painful.

Submode | nsps Symbol Tone Signal S/IN QSO
Duration | Spacing | Bandwidth | Threshold’ Time
(s) (Hz) (Hz) (dB) (minutes)
JT9-1 6912 0.58 1.736 15.6 -27 6
JT9-2 15360 1.28 0.781 7.0 -30 12
JT9-5 40960 3.41 0.293 2.6 -34 30
JT9-10 82944 6.91 0.145 1.3 -37 60
JT9-30 252000 | 21.00 0.048 0.4 -42 180

nsps = number of samples per second
* Noise power measured in 2500 Hz bandwidth.




Other “JT” modes

JTMS or FSK441 -- Meteor Scatter
JT6Mor ISCAT -- lonospheric scatter
JT4 -- Microwave EME

MAPG5 -- works together with suitable
hardware that converts RF to baseband. The
hardware/software combination implements
a wideband, highly optimized receiver for the
JT65 protocol, with matching transmitting
features using a standard SSB transceiver.



Visit this site...

e http://physics.princeton.edu/pulsar/K1JT/
index.html|

e Read this:
nttp://physics.princeton.edu/pulsar/K1JT/
JT65.pdf "The JT65 Communications
Protocol” (QEX, September-October 2005).

e And this:
http://physics.princeton.edu/pulsar/K1JT/wsjtx-
doc/wsjtx-main.html (WSJT-X User's Guide)




Standard fldigi/wsjtx station
(powered by W2Ul)




Close up of the wsjtx waterfall. The JT65 signals
are below 2400 Hz, and the JT9 signals are
above 2400 Hz. (wsjtx is bilingual)

1000 1500 2000 2500 3000

s/Pixel 7 v StartOHz v Zero0 v Palette / Fatten

52400 TS |* NAvwgS |*  Gain0  *| |digpan ¥ [Cumulstive ~



Dead band?

Suppose you see nothing on the waterfall, say
on 15 meters, and you’re sure everything is
working. Then send a couple of CQs, wait a few
minutes and go to hamspots.net. Log in and look
in the “Your call spotted” If the band is open
you’ll see a dozen or so reports from the many
reverse beacons around the globe. It’s as if your
station is a beacon AND you have nearly
immediate reports on your signal.



QRP Plug (Joe says: “Remember, this is
a weak signal mode”)

G1C04 [97.313]

Which of the following is a limitation on transmitter
power on the 14 MHz band?

A. Only the minimum power necessary to carry out the
desired communications should be used

B. Power must be limited to 200 watts when transmitting
between 14.100 MHz and 14.150 MHz

C. Power should be limited as necessary to avoid
interference to another radio service on the frequency

D. Effective radiated power cannot exceed 3000 watts



How good is WSIT?

 WSIJT gives performance very close to the
Shannon limit -- John Matz KB9lI

e What IS the Shannon* limit?

*Claude Shannon proved that information can be
conveyed over a noisy channel with arbitrarily low
error rate and a throughput that depends only on
channel bandwidth and signal-to- noise ratio. His
paper, A Mathematical Theory of Communication
(1948) is one of the most seminal works of all time.



The Shannon-Hartley Boundary

Handbook, Chapter 8 on modulation:

The best possible noisy channel capacity (in bits/
sec) is given by

C =B log,(1+S/N)
where B is the bandwidth in Hz, and S/N is the

signal to noise power ratio (not db.) Note that N
depends on B, in fact N = N B, where N, is the
noise power per Hz.



Channel capacity
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Joe Taylor, KLJT




Joseph H. Taylor
Astrophysicist

Dannie Heineman Prize for Astrophysics (1980)
Henry Draper Medal (1985)

Magellanic Premium (1990)

John J. Carty Award (1991)

Wolf Prize in Physics (1992)

Nobel Prize in Physics (1993) and my favorite:
“The JT65 Communications Protocol” (2005)
(I may have mentioned this paper previously)




End notes

JT65 and JT9 benefit from the “watering hole” effect e.g.
on 20 meters these two modes “occupy” 14.076 to
14.080 Mhz. and there are MANY signals.

Olivia, unfortunately, has single frequency hangouts, so a
CQ well down in the noise may go unnoticed. But you
can enhance your CQ with an internet posting on say,
hamspots.net or oliviadata@yahoogroups.com

e.g. 8/500 (1500hz) 3583.000 Khz de K2AE
Easiest startup on Olivia is an NBEMS net.
73 and GOTA, de WO2V



