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Getting Started in Digital
Communications

Part 1—There’s been a tremendous surge of interest in digital
communications. Find out what's going on—and how you can

get involved!

By Steve Ford, WB8IMY
Assistant Technical Editor

shall remain anonymous—who refuses

to have anything to do with digital
communications. I've tried to gently nudge
him into packet, but he dismisses my
efforts with a smile and says, ‘“‘Nah. You
know I don’t like that digital stuff.” He’ll
be an analog man to his dying day and
that’s fine. (The beauty of Amateur Radio
is that it offers something for everyone.)
I still can’t help but pity him, though. He’ll
never have the chance to experience the
magic of the digital modes!

What are the Digital Modes?

Put this question to most hams and the
first word to cross their lips will probably
be packet. After some further thought they
may add AMTOR and RTTY, but how
many will remember to include CW?

Yes, you read that last sentence correct-
ly. CW is the granddaddy of digital com-
munications! If you're skeptical, consider
the fact that CW meets all the criteria for
being classified as a digital mode. The origi-
nal information is converted to a stan-
dardized code (International Morse) for
transmission. The CW signal is then decod-
ed at the receiving end and the information
is recovered. Like many other digital
modes, CW is capable of high-speed com-
munications and makes efficient use of the
available spectrum.

I have a friend—whose name and call

Enter the Computer

With the advent of cheap personal com-
puters in the ’80s, hams suddenly dis-
covered new ways to manipulate digital
information faster and more efficiently
than ever before. Old RTTY teleprinters
were gradually replaced with monitor
screens. Some hams abandoned their
straight keys, bugs and paddles in favor of
sending consistently perfect CW from their
computer keyboards. The flexible process-
ing capability of the personal computer also
opened the door to AMTOR (an error-
correcting form of RTTY) and packet.
We’ll discuss packet, RTTY and AMTOR

A modern, fully equipped station for digital communications.

individually in future installments of this
series.

The Future Beckons

Even as you read this sentence, new digi-
tal modes are on the horizon. Someday the
transmission of speech itself will become
digitized, virtually eliminating interference
and producing clear, high-fidelity audio.
You don’t believe it? Well, keep your eyes
on digital audio broadcasting (DAB). The
technology is available now and broad-
casters are already talking to the FCC
about DAB frequency allocations. With the
trickle-down nature of technology, it’s only
a matter of time before digital speech trans-
missions become an Amateur Radio reality.

Future hams will probably look back on
the last two decades of this century as the
beginning of the Digital Era. The techno-
logical advancements in our time may seem
as monumental as the transition from the
spark gap to the vacuum tube. Like my
dyed-in-the-wool analog friend, not every-
one welcomes such radical changes. If

you’ve read this far, however, you're ob-
viously not afraid to try something new.
Let’s take a look at the components you’ll
need to get started in digital communi-
cations!
HF Gear

If you favor the HF bands, you’ll find
that most modern transceivers are very ac-
commodating to digital modes. If you’re
considering Mode-A ARQ AMTOR (that
chirp-chirp-chirp sound you hear below the
SSB subbands), check the specifications to
determine if your rig can switch from trans-
mit to receive very rapidly. (The same is
true for amplifiers.) Mode-A AMTOR re-
quires a transmit/receive turnaround time
of 20 milliseconds or less. QST Product
Reviews list these measurements.

If your interest lies in RTTY, you’ll need
a rig that can tolerate high-duty-cycle trans-
missions for extended periods of time. High
duty cycle means that the transmitter is
driven to its maximum rated output during
the entire transmission. (CW and SSB are
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low-duty-cycle modes since they cause the
transmitter to produce full output for only
brief intervals.) Many modern rigs are rated
for high-duty-cycle use, but some must be
operated at reduced output. Check the
specifications first and abide by them.

Older rigs are often less tolerant of high-
speed switching and high-duty-cycle trans-
missions. You may find, for example, that
Mode-A AMTOR is impossible on many
vintage radios. Most older SSB transmit-
ters and transceivers should be RTTY
compatible—although you’ll have to be
careful not to exceed their specifications for
continuous output power! When in doubt,
watch your output meter and reduce the
maximum reading by 50% or more. If your
rig still overheats, consider running less
power and/or installing a fan to cool the
final amplifier stage.

Received-signal filtering is another item
to consider. Once again, most modern trans-
ceivers provide adequate filters for digital
operation. Even older radios usually in-
clude fixed or variable audio filters. It isn’t
an absolute requirement, but if you’re
going to be operating in heavy QRM con-
ditions (such as contests), or if you're
chasing weak signals, audio filtering is a
definite asset!

Finally, there is the issue of frequency
stability. For HF digital communications
you need a rig that is as stable as possible.
This is particularly important for HF
packet since most digital interfaces toler-
ate only a small amount of frequency drift.
I’ve successfully operated HF packet with
my 25-year-old Drake tube transceiver, but
1 have to let it ““cook’” for about 30 minutes
before 1 begin. Even with a decent warm-
up, it still drifts slightly. I have to watch
my tuning indicator and make very care-
ful VFO adjustments to stay on the correct
frequency. RTTY is more forgiving, but a
warm-up period is still a good idea.

Here’s an easy rule of thumb for select-
ing an HF transceiver for digital applica-
tions: If you intend to operate packet or
Mode-A AMTOR, buy a rig that was
manufactured within the last five to ten
years. If your only interest is RTTY, almost
any good-quality radio made within the last
30 years will do the job.

VHF/UHF Radios

On VHF and UHF, packet is the king of
digital communications. Since packet trans-
missions are relatively brief bursts, you
generally don’t have to be concerned about
duty cycles and output-power ratings.

Although FM transceivers are designed
to transmit and receive human speech, most
models also function as packet radios
without complaint. Among those trans-
ceivers that balk at the task of transmitting
or receiving packet, the main problem in-
volves audio frequency response. They’re
either incapable of transmitting the full
range of audio frequencies that comprise
a packet burst, or they have a limited fre-
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quency response for received signals. If
you’re unfortunate enough to own one of
these rigs, the best approach is to consult
the manufacturer for possible modifica-
tions to correct the condition.

Providing the proper audio level to the
transceiver is also important for packet
communications. FM transmitters modu-
late their signals by shifting, or deviating,
their output frequency in response to
changes in audio amplitude at the input.
Perhaps you’ve heard someone on your
local repeater complain that a transmitter
is “‘over-deviating.”’ This is another way of
saying that the rig is being overmodulated,
causing its frequency to shift beyond the
passband of the repeater’s receiver. For the
sake of clarity, it’s easiest to think of devi-
ation in the same terms as audio level or
loudness.

For packet communications, you’ll want
to find a happy medium between having a
signal that’s too loud or too weak. Over-
deviation distorts your signal and causes
data loss. Under-deviation is just as bad
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Fig 2—Keying schematic for ICOM
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because the receiving stations won’t be able
to hear your packets well enough to decode
them. Most packet TNCs and multimode
communications processors offer some
form of audio-output adjustment. Borrow
another receiver and compare the loudness
of your packet bursts to others, or have
other hams listen and offer their opinions.
In most instances these simple tests will be
sufficient. If you’re concerned about
having just the right deviation level, you’ll
have to find someone who has access to the
proper test equipment to measure the exact
deviation of your transmitter during packet
operation.

The Computer

When the personal computer invasion
began, a number of low-end models battled
for market dominance. In the early '80s
you could find amateur-oriented software
and hardware for the Tandy Color Com-
puter, the Atari, the Commodore 64 and
several others. The Commodore 64s (and
the 128s that followed) finally captured the
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MacRATT is an example of an Amateur Radio digital communications software package

written for the Apple Macintosh.

If you want several digital modes at your fingertips, multimode communications processors
(MCPs) are ideal. Shown from top to bottom are the MFJ-1278, the AEA PK-232MBX and
the Kantronics KAM.

amateur spotlight by the middle of the
decade, but IBM PCs and compatibles were
gaining ground. Plummeting prices made
PCs increasingly attractive to hams who
wanted the speed, power and other features
they offered.

With all due respect to owners of Apples,
Commodores and other computer brands,
it’s fair to say that PCs have become the
de facto standard in Amateur Radio today.
This doesn’t mean that other models are
unusable for digital communications,
though. If you have (or can get) a terminal-
emulation program for your computer,
you're halfway there. The second hurdle in-
volves getting your computer to talk to
your TNC or MCP. Most manufacturers
of interfaces and communications proces-
sors provide information to assist you in
wiring your computer to their devices. Until
just a few months ago, for example, I did
all of my packet operating with a Tandy
Color Computer 3. A cheap terminal pro-
gram allowed me to communicate with my
packet TNC through the Color Computer’s
serial port.

Virtually any personal computer is suffi-
cient to get you off and running. There are
a few factors to consider before making
your choice, however:

® [/0 (input/output): Does the com-
puter have a port to allow it to easily com-
municate with the outside world? Most
digital interfaces require a standard
RS-232-C serial connection to the
computer—although some also accept a
TTL (transistor-transistor logic) con-
nection.

e Software: Is there a terminal-
emulation program available for the com-
puter? Can the computer run other types
of Amateur Radio software?

* Memory: How much random-access
memory (RAM) is available? Even though
you may have located a terminal program
and other software, you may be disappoint-
ed to find that their performance is limit-
ed by a lack of on-board RAM. When it
comes to memory, the more the better.

e Data storage: Does the computer offer
some form of reliable data storage (prefer-
ably floppy disks or a hard disk)?

e Interference: Does the computer
bombard your receiver with RF of its own
making? How does it respond to your sig-
nals? Ask any ham who’s active in digital
communications and you’ll discover that
mutual interference can be a major
headache! (One of the shortcomings of my
Color Computer was its ability to gener-
ate annoying signals on just about any
band!) Before you surrender your hard-
earned cash, ask other hams about their
experiences with the model you have in
mind. If you’ve already bought the com-
puter, you may have to acquaint yourself
with RFI-suppression techniques!!

1Notes appear on page 37.
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® Support: If your computer suddenly
becomes demented, is there anyone on the
planet who remembers how to fix it? What
about the availability of replacement parts
and accessories?

The kind of computer that’s best for you
will ultimately depend on your budget and
your goals. If you’re a little unsure about
digital communications, start smail and
work your way up. You can buy an older
low-end computer and then upgrade to a
modern model as you become more ex-
perienced. Commodores and Color Com-
puters can be had for peanuts at hamfest
flea markets. Even low-end IBM PC com-
patibles are selling for bargain prices.

If you want to jump in with both feet,
consider stretching your funds to purchase
the best computer you can afford. Your in-
vestment will pay off in convenience, speed
and reliability. Chances are good that you'll
be doing more than Amateur Radio work
with your new machine, so choose a com-
puter that’s easy to upgrade as your needs
change.

The Analog/Digital Interface

Having an affordable personal computer
is one thing. Getting it to work with
Amateur Radio equipment is another!
Many modern transceivers provide the
means for external computer control of
their functions. This control capability is
very convenient, but we need to use the

computer to communicate!

it’s important to remember that a com-
puter is strictly a digital device. It can only
understand the presence or absence of small
voltage levels at precise moments in time
{data). Strict rules govern its operation and
it’s very unforgiving when those rules are
violated. A transceiver, on the other hand,
is analog in nature. It receives and trans-
mits signals of varying amplitudes and fre-
quencies. Its rules are few and it usually
forgives all but the most abusive operators.
Despite its flexibility, however, you can’t
feed computer data directly into its micro-
phone, RTTY or CW jacks and expect to
transmit a usable signal. By the same token,
its analog audio output is totally incompre-
hensible from a computer’s point of view.

So how do we get these two incompati-
ble devices to work together in harmony?
We need something to serve as a bridge
between the digital and analog worlds—in
other words, an interface. The interface
must accept digital data from the computer
and translate it into audio signals (or
on/off keying) for the transceiver. The in-
terface must also accept audio from the
transceiver and convert it into digital data
for the computer. This two-way function
is basically an act of modulating and
demodulating. Combine' the italicized let-
ters and what do you get? MODEM!

Just as we have modems to connect com-
puters to telephone lines, we also have

modems to connect computers to Amateur
Radio equipment. The first Amateur Radio
modems were fairly simple devices dedi-
cated to one or two modes (such as RTTY
and CW). Packet modems (called Termi-
nal Node Controllers or TNCs) arrived
later. They were far more sophisticated
with built-in microprocessors, memories
and software. Although TNCs functioned
as interfaces, they were smart devices—
essentially computers themselves.

Multimode Communications Processors

As digital technology evolved, it wasn’t
long before someone said, ‘“Why should |
have to use one interface for packet and
another for RTTY? Why can’t they all be
together in one box?”’

Why not, indeed? Not only did manufac-
turers place packet and RTTY together in
the same box, they added several other
modes for good measure. The result was
the multimode communications processor
(or MCP)—probably one of the most
popular pieces of equipment for the digi-
tal ham today.?

Like packet TNCs, MCPs incorporate
microprocessor design and internal
memory. By issuing a single command
from the computer keyboard, you can
switch the MCP from packet (HF or VHE),
to AMTOR, to RTTY or even CW. Some
models also add fax, ASCII, NAVTEX
and SSTV to their list of modes.

Packet and RTTY/AMTOR/CW interfaces

are also available on plug-in cards for your
IBM PC or compatible. The models shown
are the AEA PCB-88 (right) and the HAL
Communications PCI-3000 (below).
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Multimode communications processors with DSP (digital signal processing) are already
available. The AEA model DSP-2232 is shown above.

Just about any terminal program can be
used to communicate with your MCP.
Most standard terminal programs,
however, are designed to communicate over
telephone lines and may be a bit awkward
when used for Amateur Radio applications.
If you plan to buy an MCP, consider pur-
chasing terminal software specifically
designed with hams in mind. Most MCP
manufacturers offer software packages for
their own devices, or you can buy third
party software. The fourth edition of the
ARRL Operating Manual offers a list of
popular programs for several computers.?

To Multi or Not to Multi?

Few would argue with the claim that
MCPs are versatile devices for digital com-
munications. They’ve brought a smorgas-
bord of operating modes within the reach
of average hams. I’ve spent many evenings
tuning through the bands, switching my
MCP from one digital mode to another as
the spirit moved me. The sheer convenience
of an MCP is highly addictive!

Even with all of the MCPs’ advantages,
you still need to pause and ask yourself,
“Do 1 really need a full-featured multi-
mode processor?’’ If you want the freedom
to easily explore a variety of digital modes,
the answer may be yes. On the other hand,
if your interests are more focused (RTTY
or packet only), you may be better off with
a basic packet TNC or specialized
RTTY/AMTOR equipment. As I said be-
fore, it all depends on your desires and your
budget.

Digital Signal Processing

Now that I've given you the basics on
MCPs and other digital communications
equipment, it’s time to tell you about an
exciting new technology that has just
arrived. 1t’s called digital signal processing
or DSP.

Before you throw up your hands in
despair and confusion, be assured that
today’s digital communications equipment
is perfectly useful and will remain so for
many years to come. You can still buy that
new multimode communications processor
and enjoy a long, happy relationship.

As the term implies, digital signal

processing involves an entirely digital
approach to decoding and encoding signals
for various modes. The main advantage of
DSP communications processors is their
flexibility. Standard MCPs can also achieve
a certain amount of flexibility, but they are
ultimately limited by their internal
hardware.

For example, you can add a new digital
mode to a standard MCP by substituting
an EPROM that has been programmed
with new software. This approach works
just fine as long as the hardware compo-
nents (specialized ICs and other circuitry)
can also support the new mode. But what
if you want the processor to perform a task
that’s beyond the capability of its existing
hardware?

Consider phase shift keying (PSK). It’s
the required mode for many packet satel-
lites. None of the standard multimode com-
munications processors on the market
today contain the hardware necessary to
generate a PSK signal. If you want to oper-
ate the Pacsats, you have to purchase a

separate PSK modem to convert the out-
put of your MCP to PSK format.

With a DSP processor, you can add vir-
tually any mode to the unit by simply
adding new software. Unlike standard
communications processors, DSP units use
their software to directly encode and
decode desired signals without depending
on specialized hardware. The finer details
are well beyond the scope of this article,
but you’ll be hearing a lot more about DSP
in the months and years to come.

A few DSP multimode communications
processors are already available. Buying a
DSP unit will require a substantial cash in-
vestment, but this is normal for emerging
technology. If you were around when
packet TNCs made their debut, you’ll
remember how expensive they were at the
time! DSP is more than just another clever
product feature; Digital signal processing
has the potential to revolutionize Amateur
Radio communications.*

Next Month

Next month, we’ll start talking about
specific digital communication modes. The
best place to begin is with the mode that
has captured the interest of more amateurs
than any other: packet!

Notes

1Radio Frequency interference: How to Find It and
Fix It, is a valuable new reference available from
the ARRL. See the ARRL Publications Catalog
elsewhere in this issue for ordering information.
2Multimode communications processors are also
commonly known as multimode controllers.
3The fourth edition of The ARRL Operating Manual
provides a sampler of terminal-emulation soft-
ware for a variety of computers. See page 10-2.
4B. Hale, “An Introduction to Digital Signal
Processing,” QST, Jul 1991, pp 35-37. [os% ]
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