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Link to this presentation:
http://hatunagol.org/hamradio/dcc2022

Once configured

QR codes are a digital communication!



Why digital?

The world is analog; a mix of meaning and noise.  
Analog: "It looks like about 8.8 volts".                    Digital: "8.88 volts"

Analog is simple and reliable.

Digital is more precise but that
does not always mean more
accurate.  (cmp wristwatch)

WINLINK can provide both. 



Voice over radio (analog):  Consider the Wasatch Back footrace:

Net control this is Aid One.

Go ahead Aid One.

I have runner bib number seven one three at time one three one seven. 

I copy bib number seven one three at time one three one seven. 

QSL.  

Using standard phonetic alphabet and numbers combined with 
established procedures (ARRL for example) increases readability and 
accuracy.   



Winlink (digital)

As runners arrive, their bib numbers and times are recorded on a 
spreadsheet (but also paper since computers can die suddenly).

Periodically, the spreadsheet is exported to a "CSV" Comma separated 
values text file.

The text file is attached to a WINLINK email and sent either peer-to-
peer to Net Control OR to a regular internet email address.

About 40 runners info can be sent in one minute this way with perfect 
readability and accuracy. 



What is WINLINK?

Winlink Global Radio Email®  https://www.winlink.org/

Winlink is a network of amateur radio and authorized government 
stations that provide worldwide radio email using radio pathways. The 
system is built, operated and administered entirely by licensed "Ham" 
volunteers. It supports email with attachments, position reporting, 
weather and information bulletins, and is well-known for its role in 
interoperable emergency and disaster relief communications. 

Point-to-Point operation or via Gateway to the internet.



Five minutes to an operating Winlink session:

Voice over radio is simple.  Can digital be simple?  No, but it can be 
made less complicated.  Consider laptop and ICOM IC-705: 

1.  Start the computer.  This usually takes the longest.
2.  Connect computer and radio with USB cable.
3.  Connect antenna to radio (order of 2 and 3 not important).
4.  Turn on the radio.
5.  Tune the frequency or choose it from a memory.
6.  Start Winlink Express.
7.  Start a Packet Winlink Session (or P2P Packet session)



Benefit of built-in digital audio interface "modem"

Digital modes on a conventional radio involve a computer 
connected to a Terminal Node Controller (TNC) to format 
data and then convert data to analog audio frequencies 
which are fed to the microphone (or AUX) input of a radio.

Consequently, it gets converted, mixed, attenuated, amplified, 
shaped, pre-emphasized, compressed, mixed again.

It's a wonder that it works at all.  Sometimes it doesn't.  



Software Defined Radio skips the analog audio completely!
 
A computer generates and formats data, a "software TNC" (*) converts 
formatted data into a stream of bytes sent over USB (universal serial bus) 
to the radio.  This data is combined with carrier data, amplified, filtered 
and sent to the antenna.  

No mixing, compressing, pre-emphasizing, amplifying or attenuating to 
distort the audio. 

* Software TNC:  The UZ7HO Soundmodem for this demonstration.  



Defining terms: SDR
Software defined radio basically means that some part of the radio (or 
all of it) is performed by mathematical computation in a chip rather than 
by tuned circuits and filters.  

Enormous variation exists in:

  1.  How much of a radio is traditional versus computed 

  2.  The precision or bit-depth of the digitized radio signals.  Higher bit 
depth is crucial to hear weak signals that are near a strong signal.

  3.  Sample rate or frequency of the processor.



ADC:  Analog to Digital Converter.  

All received signals arrive at the ADC.   Because of the Nyquist 
Theorem, It must sample the signal voltage at least twice the frequency of 
the highest frequency it sees.  This is its sample rate and usually stated 
in terms of megasamples per second.  This is also why you need at 
least one lowpass or bandpass filter ahead of the ADC to prevent aliasing.

The other factor is sample size; how many bits per sample?  8 bits (poor) 
14 bits (excellent).  This governs the dynamic range; how sensitive is the 
radio to a weak signal in the presence nearby strong signals. 

https://qrpblog.com/2019/09/icom-ic-705-considerations-on-rx-power-
draw-wild-guesses-ahead/  



ICOM IC-705 Digital Modes
Ultimate in portability.  Grab and go!  Laptop, USB cable, radio and 
telescoping antenna.  That's it.  Instant Winlink kit. 

Icom IC-705 is rated 10 watts output and features  HF, VHF, UHF.  Direct 
sampling (conversion of signal to digital) of RF up to 25 MHz.  Includes built-in 
"soundcard" interface for digital modes.  Built-in GPS, D-Star digital voice, 
bluetooth and wifi.  Snap-on battery.  BNC connector; can even use walkie-
talkie antenna.  Spectrum display adjustable up to +/- 500 kilohertz.

Efficient on battery; takes about 200 milliamps on receive whereas Icom IC-
7300 takes about one amp on receive.   



Other QRP radios
Lab599 "Discovery Tx500".  Russian made HF SDR. Extremely robust 
with waterproof connectors.  The lowest power consumption of any of 
them; 100 milliamps on receive.  

Elecraft KX2 and KX3:  The market leaders of HF QRP radios.  Perfect 
for CW operations where you backpack the radio.  No built-in panadapter 
(spectrum display) or built-in "soundcard".  Receive current 150-190 ma.

Xiegu G90:  Chinese made HF SDR.  Considerably less expensive.   You 
can buy three of these for the price of IC-705.   20 watts transmit.  Rated 
500 milliamps on receive.  Includes built-in tuner.  (X6100 has "modem")



IC-705:  No antenna tuner?
There’s so much stuff packed in this radio they leave it up to you whether 
you want or need a tuner.

When you have only 10 watts, you want a well-tuned antenna, a resonant 
antenna.  If the antenna is not resonant and you use a tuner, you lose a 
bit of power in the tuner and feedline.  

QRP operation often uses an end-fed antenna that needs an external 
wide-range tuner.  Xiegu radios include tuner that reportedly can match a 
barbed wire fence. 



FT8 Test using IC-705 at 10 watts, then IC-7300 at 40 watts. 

Each doubling of power is 3db. 
Consequently, 6db or 1 "S" Unit between radios.

Nearly identical coverage (distance) revealed by PSK Reporter

The 100 watt radio has more power in the landing zone, but both
radios reach the same landing zone after skip.

Comparing IC-7300 to IC-705 Distance



IC-705: Driver stage regulated at 5 volts. Final stage 
straight off the battery.  Battery voltage variation
affects only the final stage and turns out to be nearly linear 
(18% increase in voltage, 20% increase in power out)

IC-7300: Driver stage and final stage use battery voltage.
This makes it unusually sensitive to battery voltage. 
At 12.3 volts battery, 27 percent dial, measured
4 watts.  Boost to 13.8 volts, now measuring 
16 watts.  A 1.5 volt boost quadrupled the power!

Supply Voltage considerations



Final Amplifier Stage:

IC-705: Single MOSFET, Class A amplifier feeds
toroid transformer then through bandpass filters to
antenna.  Basically, it is the IC-7300 driver stage.
 
IC-7300: Dual MOSFETS, Class B, push-pull, then
bandpass filters, optionally a tuner, to antenna.

Comparing IC-7300 to IC-705



Digital Audio enables high complexity modulation
The FCC regulates symbol rate but not usually symbol complexity.

Morse code is simple on-off, data rate is less than symbol (dit) rate.  

AFSK Packet Radio uses two tones, Frequency Shift Keying, bit rate is 
the same as symbol rate and uses the entire audio bandwidth for a single 
data stream. 

PSK31 is narrow bandwidth but still bit rate is same as symbol rate.

Olivia (a digital mode) can use 16 tones, one at a time, but 1-out-of-16 
reveals 4 bits of data.  Consequently the data rate is four times the 
symbol rate (and still slow but can punch through noise). 



Highest complexity signals
Vara FM uses up to 58 audio carriers that collectively occupy a 
single voice channel bandwidth.  Each of these audio carriers 
are modulated by a thing called OFDM (Orthogonal frequency-
division multiplexing).

https://en.wikipedia.org/wiki/Orthogonal_frequency-
division_multiplexing

"Channel equalization is simplified because OFDM may be 
viewed as using many slowly modulated narrowband signals 
rather than one rapidly modulated wideband signal. "



Excess audio or RF drive 
If your audio "clips" because of excess audio drive level, it will create 
harmonics and cause digital modes to fail.  Winlink Express with Packet 
Winlink session driver adjusts itself pretty well; FLDIGI needs manual 
adjustment.

FM: Using another radio, listen to your own signal and increase audio 
drive until it is not louder but also starts to distort, then back off about 20 
percent (or get fancy with a spectrum analyzer).

SSB: Increase audio drive until the ALC starts to activate and leave it 
there (the waterfall display will reveal sidebands and splatter).
 
https://www.febo.com/packet/layer-one/transmit.html



IC-705 Screenshots



Digital Voice mode (D-Star), via NU7TS "B" port.



DSTAR transmitting; the FM
sidebands probably caused
by the data subcarrier.  Low
transmit power indicated.



Optional include GPS location
in DSTAR transmission and
thus distance and direction to
calling station.  



FM deviation about 3 Khz.
Good audio level.
Interesting audio spectrum.



Looks like excessive deviation;
audio overdrive.  Too close to
the microphone.  About 7 Khz
deviation.  



Packet Radio AFSK Baud Rate, Tones and Bandwidth

UZ7HO Soundmodem AFSK at 300, 1200 and 2400 baud

HF Frequencies below 28 MHZ are permitted 300 baud only.
From 28 MHZ through 2 meter band are permitted 1200 baud.
Above 2 meters 2400 baud operation.

BAUD is NOT data rate, it is symbol rate.

Amateur radio uses normally the Bell 202 standard 
with tone frequencies 1200 Hz and 2200 Hz
for 1200 baud. 



Simplified Installation Instruction

Download/install appropriate USB and soundcard driver for your radio.

Download UZ7HO Soundmodem113.zip (not hs-soundmodem).
Put it somewhere.  It does not "install" it simply executes.

Download PTT.ZIP to get the CAT.DLL. 
This also is not installed, just point the Soundmodem to where you put it.

Download Winlink Express.
This gets installed.

UZ7HO is Ukrainian and will likely be impacted by recent events.



UZ7HO Soundmodem AFSK 1200 Baud "Low Tone"



UZ7HO Soundmodem AFSK 1200 Baud "High Tone"



UZ7HO Soundmodem AFSK 1200 Baud "Both Tones"
Actual bandwidth is about 1.5 KHz



UZ7HO Soundmodem AFSK 300 Baud "Low Tone"



UZ7HO Soundmodem AFSK 300 Baud "High Tone"



UZ7HO Soundmodem AFSK 300 Baud "Both Tones"
Actual bandwidth is about 700 Hz



UZ7HO Soundmodem AFSK 2400 Baud "Low Tone"



UZ7HO Soundmodem AFSK 2400 Baud "High Tone"



UZ7HO Soundmodem AFSK 2400 Baud "Both Tones"
Actual bandwidth is about 2.8 KHz
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