Repeaters from Ato D
(Analog to D-STAR)

by Gary Pearce KN4AQ

[This article was originally written for the SERA Repeater Journal, and was published in the
February 2011 issue. There are several “sidebar” articles that are included at the end.]

Seems like it's time for the Repeater Journal to do a big Spectacular.... er, Exposé... er, In-
Depth Report on D-STAR here in SERA territory. The technology is now about 10 years old,
and it's been growing steadily since 2006, when ICOM migrated it from its isolated perch on
1200 MHz down to the more accessible 144 and 440 MHz bands. Some SERA states have
been in the vanguard of D-STAR implementation, and some hams in SERA territory have been
at the forefront of developing D-STAR technology.

I’'m going to start with a D-STAR primer to bring everyone up to speed. Well, it was going to
be a primer, but when | got done, it turned out to be an encyclopedia. I'll have a lot of specific
how-to stuff here, but keep in mind that this is a story, not an instruction manual, so the how-to’s
will be kind of embedded. Tell you what. You scribble a note whenever | reveal a specific
function. When you’re done, you'll have your own cheat-sheet. And | think you’ll understand it
better.

Away we go...

What is D-STAR?

We're in that awkward time when a few people are deep into it, most everyone else has
heard about it but doesn’t know much about it, and somehow, some hams have never heard of
it. And frankly there are a lot of hams who have D-STAR radios, who learned enough to get
started and use them every day, but haven’t progressed much since then to understand the
details and use the available features.

D-STAR has been both over-hyped and demonized. On one hand, it's been promised to do
things it can’t do, or isn’t ready for yet. On the other, there are some rumors and
misrepresentations spread by hams who just don't like it. And there are some hams who
represent it accurately, and still don'’t like it. Me? | like it. | use it every day.

So let me start from someplace near the beginning. I'll explain how it works, and how you
would use it. I'll debunk some rumors and confirm some others.

D-STAR is: (Part 1)

D-STAR is ham radio digital voice and data communication. For most users right now,
it's mostly voice. Just like with FM, you push the PTT, talk into the microphone, and listen to
people on the speaker. You can talk simplex or through D-STAR repeaters, so you have to dial
in a frequency and set an offset, or no offset for simplex. Once you get into it, D-STAR seems
familiar. It's not some mysterious alien thing. It's hams talking to hams on repeaters or simplex.



Because it’s all digital, though, there are some unique characteristics and a bunch of added
capabilities — especially networking. I'll get to all that over the course of this article, but first |
want to give a slightly more technical explanation of what D-STAR is.

D-STAR is: (Part 2)

e A digital voice and data system for VHF, UHF and above Amateur Radio, based on...
e A digital modulation scheme, and

e A method (or protocol) for organizing the data into some useful form.

The modulation scheme is called GMSK (Gaussian minimum-shift keying). That's what
AT&T and all of the rest of world uses for cell phones (they call it GSM). I'm not an engineer.
When I look it up on Wikipedia, it goes over my head in about 3 seconds and my eyes glaze
over. All I'll explain is that GMSK is a form of frequency shift keying in which the frequency and
phase of a carrier are manipulated to represent a lot of zeros and ones over a short amount of
time in a small amount of spectrum. For D-STAR, that’s 4800 bits per second in a signal about 7
kHz wide. For comparison, analog voice and VHF packet use up 16 kHz of spectrum — more
than double D-STAR. (That “5 kHz deviation” spec you’ve learned is misleading. The FM we
use today is 16 kHz wide.)

The D-STAR protocol organizes those bits into:

e voice, so you can talk to people using a microphone.

e control data that tells radios and repeaters what you want them to do.

e a little display data, so your call sign and a short message appear on a receiver’s

screen.

e some free-form ASCII data, so you can type to people or send other text based
information (like e-mail, and GPS location info), and even small files and images.
forward error correction, so the system works when the signal isn’t perfect, and
a little “overhead,” the bits used to tell the system what’s what.

Another form of D-STAR uses higher speed data — 128 kbps — but only on 1200 MHz.

Dipping a toe into the D-STAR Environment

Let’s get you up and running for your first D-STAR contact. Then we’ll go back and look at
those “additional capabilities.” If you’ve read my columns much, you know | ramble, but
eventually get back to the point, so expect some of that.

First, let’'s say you just got a D-STAR radio. Maybe it was a Christmas present (lucky you!).
It's going to be one of several models of ICOM radios. So far, ICOM is the only manufacturer
making off-the-shelf D-STAR radios. One of the rumors you may have heard is that D-STAR is
proprietary to ICOM. It's not true. Any manufacturer or individual can make a D-STAR radio.
That’s a big enough topic that I've written it up as a sidebar, where I'll also speculate on the
future of D-STAR and digital voice on VHF/UHF.

OK, you've got the radio, fresh out of the box. You'll need to program it, just like you'd
program an FM radio — frequency, offset, channel step, mode, etc.

Do you have a D-STAR repeater in the area? That’s not a sure thing. D-STAR repeaters
have been popping up all over, but not every urban area has one, rural coverage is hit and miss
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(more miss than hit in most states, but pretty good across South Carolina and Georgia), and
only a few cities have more than one (the Atlanta area has four). It reminds me a lot of how FM
grew back in the late 60’s. The first few FM repeaters appeared mostly in big cities, with lots of
empty space between them. Slowly (or quickly, in hindsight), more repeaters appeared, both in
the cities and the rural areas. Today it’s hard to find a patch of ground that doesn’t have
coverage from at least one FM repeater. Finding someone to talk to on that repeater is another
story.

You have two web resources to check on D-STAR repeaters:

e www.dstarusers.org
e www.dstarinfo.com

Both have lists of D-STAR repeaters worldwide. The lists are pretty accurate, but typical of
any repeater directory that relies on repeater owners to update information, there are some
machines missing, and some with inaccurate or outdated information. So don’t count on them
100%. Back it up with some local research. The Repeater Index here in the Repeater Journal
shows D-STAR repeaters, too, but they’re not identified as D-STAR. D-STAR in the ARRL
Repeater Directory is a work in progress. Things are moving too fast for an annual publication to
keep up.

Looking across the SERA states, Georgia’s got a bunch of D-STAR repeaters — looks like
about 18. And when | say D-STAR repeaters, | really mean D-STAR repeater sites. Each site
can have up to three repeaters — one on two meters, one on 440, and one on 1200. And maybe
a second 1200 system for something I'll call “relatively high-speed data.” Hey, it's hard not to
refer to some of these “extra capabilities.” Keep reading. All will be revealed.

Kentucky lists two sites. Mississippi has three. North Carolina shows eight, and South
Carolina has 11. | see six in Tennessee. There are 10 in Virginia, but most of them are in T-
MARC territory in the northern half of the state. Of all the SERA states, only West Virginia has
no D-STAR repeaters at all, so far. SERA’s neighbors, Alabama and Florida, are both home to
lots of D-STAR repeaters. Alabama was an early leader in deploying the systems.

Those numbers give you an idea of how new and fledgling D-STAR still is. While D-STAR’s
growth is impressive, each of those states has hundreds of FM repeater sites. A couple have
over a thousand.

Almost all D-STAR repeaters use ICOM equipment, and they do only D-STAR — they don’t
do analog FM. Experimenters around the world have built a few D-STAR repeaters out of FM
equipment, and some of those may be set up for dual-mode analog and digital. We'll probably
see many more of those in the future, but for now, think all digital. All of ICOM’s user radios are
dual-mode, of course. And they do FM just as well as the rest of the radios on the market.
Generally they’re high-end, feature-packed radios. It’s not weak analog tacked onto a digital
radio.

Back to that radio you got for Christmas. You checked one of the on-line directories, and
you do have a D-STAR repeater in town! You program in the frequency and offset the same
way you do it for an FM repeater. If you are really up on your band plan, you may notice that the
frequency listed is a little odd, and maybe the offset is unusual. Some D-STAR repeaters are on
routine band-plan frequencies, and some took over a channel from a little-used “legacy” FM
repeater. But SERA has squeezed in others where analog repeaters wouldn’t fit, taking
advantage of D-STAR'’s narrow RF footprint.
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On 440, many D-STAR repeaters are on 12.5 kHz channels, in between the usual 25 kHz
channels. They have the standard +5 MHz offset. On two meters, some D-STAR machines are
in between the 20 kHz channels that we use in the low end of the band, with the usual -600 kHz
offset. And there are eight unusual pairs available with outputs between 144.92 and 145.08.
These are squeezed 10 kHz between the existing packet channels. Their inputs are either 2.5
MHz or 1.4 MHz above the outputs. Those inputs fall on channels you might think of as for FM
simplex, but SERA has long listed them as dual-use. Here’s a chart from the SERA web site
(www.sera.org). To find it there, look under Coordination. Click 144-148 MHz and scroll on
down to D-STAR.

19 D-Star Only Repeater Pairs, 20 KHz spacing, 600 KHz in/out

144.520 - 145.120
144.580 - 145.180
144.640 - 145.240
144.700 - 145.300
144.760 - 145.360
144.820 - 145.420

144.540 - 145.140
144.600 - 145.200
144.660 - 145.260
144.720 - 145.320
144,780 - 145.380
144.840 - 145.440

144.560 - 145.160
144.620 - 145.220
144.680 - 145.280
144.740 - 145.340
144.800 - 145.400
144.860 - 145.460

144.880 - 145.480

These interleaved pairs are exclusively available for the coordination and assignment
of D-Star digital voice technology (DVT) repeaters, which is determined using nominal
FM coordination guidelines and other considerations relating to the narrow bandwidth

signals of DVT and those pertinent to co-channel and adjacent channel assignment.

D-Star Only Repeater Pairs (wide offsets)
4 D-Star Only Repeater Pairs, 20 KHz spacing, 2500 KHz in/out

147.420 - 144.920
147.480 - 144.980

147.440 - 144.940 147.460 - 144.960

4 D-Star Only Repeater Pairs, 20 KHz spacing, 1400 KHz in/out

146.420 - 145.020
146.480 - 145.080

146.440 - 145.040 146.460 - 145.060

IMPORTANT NOTE: Due to the prior assignment of frequencies in these ranges for alternate
FM repeater inputs, these D-Star only pairs may not initially be available in all areas.

Squeezing in repeaters on any of these channels can be a little dicey, and requires
geographic separation from adjacent-channel FM machines. Just because you see frequencies
“available” in the band plan doesn’t mean one, or any, of those channels will work in your area.

Of those that have been implemented, | haven’t heard of any problems. Well, except a
problem that | had. Another sidebar explains it.

SERA hasn’t specifically recommended any spectrum for D-STAR simplex, but 145.670 has
been promoted in some Yahoo D-STAR groups as a “national D-STAR simplex frequency”.
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SERA’s band plan calls that part of the band “FM Digital/Packet Simplex,” so it fits. You may
find some packet activity on 145.67 in your area. SERA doesn't list or coordinate packet
systems, and they can be hard to track down. But packet systems usually beacon their
presence, so a day or two of listening should reveal them. States outside of the SERA area
have various uses for this spectrum, so check with your local coordination group.

Have you got that local D-STAR repeater programmed into your radio? Or have | kept you
too busy? Hopefully it's one with a standard offset. I'd hate to have sent you scurrying for the
manual.

It’s time to talk on the local machine.

Wait, no it’s not. It’s time to learn just a little bit about those strange call signs you've heard
D-STAR users mumbling about: MYCALL, YOURCALL. REPEATER 1 and REPEATER 2. You
need to set them in your radio before your first QSO.

The Call Sign Fields

I’'m doling out information in byte-size pieces here, probably driving regular D-STAR users
nuts. But | want to provide a little context.

Think about some of the things analog FM repeaters can do, and how you tell them what to
do. The simplest thing of all is telling a repeater to
key up! How do you do that? You press your PTT
button. Carrier-access repeaters respond to that,
but tone-access repeaters need more. You need to
program in the right CTCSS tone. | know I've lost a
few of you at that step, but most of us have
mastered that procedure, and it's now considered
“pasic.”

Getting more elaborate, FM repeaters can have
an autopatch, an RF link to another repeater, or an
Internet connection (Echolink, IRLP, WIRES). A few
have voice mailboxes. Some really sophisticated
systems have a whole HF station that can be
operated from the repeater.

You usually control those functions with touch
tones from the keypad on just about every HT and
mobile microphone made in the past 20 years. You
have to know the correct sequence of digits to send
to make the repeater and the auxiliary equipment respond.

D-STAR repeaters don’t have autopatch or some of the other fancy features that have
appeared on FM systems (yet). But D-STAR systems have their own unique capabilities that |
alluded to earlier. I'll get there, | promise! Those features are controlled by DATA embedded in
your digital transmit stream. Most of that data is in the form of call signs. Good old familiar
ham radio call signs. With a few extra characters appended to tell the repeater what to do with
the call signs.
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You are going to deal with four - just four - call sign “fields” in the radio, on the previous
page:

MYCALL - some radios shorten this to MY
YOURCALL - some radios use YOUR or UR
REPEATER 1 - usually RPT1

REPEATER 2 - or RPT2

Maybe you’re guessing what those mean. You’re right about MYCALL. I'll bet | lost you at

YOURCALL. Got RPT1 right? Lucky guess. So lets drain some ink on what they are, what

they do, and how you get them into your radio.

MYCALL is the simplest to understand. That’s the call sign of the person who is doing the
transmitting on the radio. | would say that it's “your call sign,” but that really confuses the
language because YOURCALL means something else in D-STAR world. This is best done in

first-person English. | run my radio. | put in my calll sign in the MYCALL field. Headache yet?

| put my call sign in the
MYCALL field of my radio the same
way | put just about any parameter
into modern radios. | use the display,
the dials and the keypad to navigate
through some menus and enter the
digits, as seen in this image from an
ICOM IC-2820. It is fairly tedious. A
few button pushes to get to the point
where a blinking cursor waits for me
to enter the first letter, and | turn a
knob and watch ABCDEFGHIJK - up WicAL
scroll by, and | stop on K (for
KN4AQ). | press a button, and the
cursor jumps to the next position,
and | scroll ABCD....N. Press, scroll,
press, scroll, until the whole call sign
is in there. In the picture, I'm just finishing up the “Q”.

While you’re doing that, you can add four more characters at the end of the field, after a “/”
separator that you'll find built-in. There you can put in anything you want, like “GARY.” Of
course, if your name’s Bill, you won’t want to use “GARY.” You can do all your radio
programming using a computer. Lots easier and faster, but you want to know how to do it
manually because you might need to program something or make changes in the field.

Programming MYCALL is worth all the trouble because... Well, OK, | admit it's mandatory.
You have to do it or the system won’t work for you. And if you have authority issues with THE
MAN, then D-STAR may chafe a bit. But here’s what entering MYCALL does for you: oops, |
mean here’s what it does for me:

voL |COM DUAL BAND FM TRANSCEIVER

80l
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1. D-STAR repeaters require a call sign from the user. If MYCALL is empty, they won'’t key
up.

2. When | transmit, my call sign and name scroll across the display of everyone receiving
my transmission. They can see who | am. In the picture above, | have slots for
KD4ACW/CNDI, and AC4ZO/JEFF. | haven’t put GARY in yet. There is another 20-
character message field that you can put anything you want into. It scrolls across the
screen right after your call sign.

3. My call sign can be used as a unique form of squelch. | can keep my radio silent unless
other users address me directly by call sign. More on this coming up.

4. The D-STAR Network can find me. Any user, anywhere, can put my call sign in their
radio and the network will find me. More on this coming up, too. OK, | know you’re
getting antsy, so yes, they put my call sign in their YOURCALL field. Just a little nugget
there for you.

While I've got you stirred up about THE MAN, | better mention that you have to register the
call sign you'll use for MYCALL with a D-STAR repeater before you can use the networking
features I'll keep teasing for the next few paragraphs. You usually do this on the web site of your
local repeater, and it’s generally free. If you don’t have a local repeater, just find the one closest.
Most D-STAR repeaters owner will be glad to accommodate you.

Some new users find the process a little convoluted, but everyone gets through it. I'll tell
you now (and you'’ll forget) that it's a two step process. You fill out some info, your call sign is
verified, then you get an e-mail telling you how to finish the process. Many hams miss Step 2
and ask why they can’t use the network. You can talk on your local repeater without being
registered, and you can use some network functions, but you can’t control them..

YOURCALL takes a lot more explanation. You'll see in a minute that it's really the most
useful, flexible field in the system. The YOURCALL field makes D-STAR tap dance and beg for
dinner. Most of the time, it’s just going to hold the letters CQCQCQ. Don’t take that too literally.
Putting those letters in there doesn’t attract attention or bring a response the way “calling CQ”
does. You still do that the old fashioned way, by talking. And when I'm in a routine conversation,
those letters continue to fill my YOURCALL field. It’s just kind of a placeholder.

When it's doing its job, though, it's doin’ something. But I'm going to hold off explaining all
the other stuff YOURCALL does, because I'm itchin’ to key up the radio and talk.

But first, | need to populate the final two fields, REPEATER 1 and REPEATER 2. | looked
up my local repeater, and entered the frequency in my radio. Now, | enter the repeater’s call
sign. This is kind of like using CTCSS on FM. It tells the repeater, “Hey, I'm talkin’ to you.”

But remember when | said that a D-STAR site might have three repeaters, 144, 440 and
1200 MHz? They all use the same call sign, so | need to differentiate them in the REPEATER 1
field. Here’s how.

All the call sign fields except MYCALL are eight characters long. In the first six positions, |
enter the repeater’s call sign. The longest ham call is six characters long (KR4RDU), but they
can be as short as four (W4DW). So use up as many characters as you need to. The 7"and 8"
characters have special jobs.

The 8™ position is usually used for a letter that identifies the specific repeater I'm going to
talk through. Physically ICOM’s D-STAR repeaters are rack-mount boxes, a separate one for
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each band. Inside the box is a receiver and transmitter, and a little bit of interface hardware, but
not much. A site with multiple repeaters will have two or three of these boxes, and they’re often
referred to as “Ports” or “Band Modules.” | suppose “ports” really refers to the jack on the
controller — another ICOM box in the rack — that the repeater’s control cable plugs into. There
are three ports, identified by a letter.

The available letters are A, B and C. At any given site, the repeater owner chooses which
band gets which letter by how a cable is connected between the repeater module and the
controller. By informal convention, 1200 MHz is A, 440 MHz is B, and 144 MHz is C. Seems
backward to me, but D-STAR started on 1200 MHz, so the pioneers probably plugged their one
repeater module into the “A” port of the controller, and a convention was born. Maybe they
weren’t thinking ahead. It'll get messier when D-STAR migrates to 6 meters, 220 and 900 MHz.

I’'m going to talk on my local repeater, KR4RDU, on 442.5375 MHz. It's one of those 12.5
kHz squeeze-ins. So | fill RPT1 with: KR4RDU B. | leave the 7™ character blank. The radios let
you do this — you can skip right over them. The “B” goes in the 8" position. If the repeater call
sign is only four characters long, the 5™, 6™ and 7" character positions are blank, and the A, B
or C still goes in the 8" position. It can get a little confusing when you have a short repeater call,
and you have to count spaces correctly.

| put the same repeater call sign in the RPT2 field, except | change the 8" position to a “G.”
The G means Gateway, and yes, I'm putting that off ‘till later, too. | will tell you now to always
put in a Gateway call sign in RPT2. ICOM instruction manuals say that if you’re just using a
local repeater, RPT2 should be blank. But things have changed. So put the Gateway call sign in
RPT2.

That was a LOT of writing (for me) and reading (for you) for what turns out to be only a little
radio programming, except maybe for all that knob twisting to scroll through the alphabet for
each letter. Even though | mostly use the computer to program my radios, I've done way too
much knob twisting for D-STAR.

The Reward

All that work deserves a reward, and that is your first digital contact. You key up and
announce yourself, same as you would on FM. And you are greeted by RoboHam, welcoming
you to D-STAR.

RoboHam is not an automated greeting. RoboHam is a real human, any one of your fellow
D-STAR users, whose voice is being altered somewhat by a very hardworking vocoder that
digitizes his voice to fit in a pretty darn small stream of zeros and ones. And I'm exaggerating
the effect. D-STAR does have a unique timbre that colors the voices to some extent. But you
get used to it quickly. You can still recognize individuals. It's just that they’ve gone a little bit
Claymation.

Get over that and notice the noise floor. It's in the basement. FM usually has some hiss,
even on strong signals. And as the signal gets weaker the hiss gets louder. Mobiles have that
picket-fence swishing in and out. D-STAR has none of that. Most of the time the background is
dead quiet. You can'’t tell how strong a D-STAR signal is by listening. We don’t use the term “full
quieting” on D-STAR - it's meaningless.

And we don’t use “noisy,” either. We have something cuter. When a D-STAR signal gets
very weak, you can hear some burbling as the error correction can’t quite fill in all the gaps

Repeaters from A to D page 8



where data was lost. A little weaker, and you may hear all garble for a while before the signal
disappears. Early D-STAR users dubbed this garble “R2D2,” because it resembles the sound of
the little Star Wars robot who spoke in a series of whistles and clangs. Other D-STAR uses use
the expression, “You've gone digital” when someone begins to garble. Of course, they were
always digital, so the expression lacks some precision, but | suppose it gets the point across. If
you’re watching your S-meter, all this is happening with zero bars. One bar, tops.

One of the misconceptions spread about D-STAR is “the signal is either there, or it’s gone.”
That happens. You may hear a signal go from prefect copy to nothing, skipping the garble. But
there’s a lot more R2D2 than people would lead you to believe.

The rest of your contact is pretty routine. Press to talk, release to listen. Yay, you’'ve gone
digital!

How does D-STAR coverage compare to analog FM? I'd say “about the same.” The
conventional wisdom is that D-STAR coverage is a little better than FM, because the narrower
bandwidth yields a little better signal to noise ratio. | haven’t seen any controlled studies. What
I've seen are some tests where a weak station switches between analog and digital. A noisy FM
signal becomes a perfect D-STAR signal. But a very noisy FM signal was still readable (with
difficulty, and only because it was well modulated), and was gone on D-STAR. That’'s my
experience; your mileage (literally) may vary.

Gateway to Heaven

It's finally time to go deeper into the YOURCALL, RPT1 and RPT2 fields.

D-STAR is designed from the ground up to be networked. So far, that’s just the Internet,
but RF networking ought to be around the corner. Sure, you can put up a standalone D-STAR
repeater, and there are some of them around. But D-STAR comes alive when you connect it to
the Internet by adding a Gateway computer to the repeater site. Ah, I've released another
detaill

Most D-STAR repeaters are put up by individuals, clubs or groups who want to do
something new. The two or three hams directly involved are on, and maybe a few others are
attracted, but the local user group always starts small. You have to buy a new radio — a
relatively expensive one at that — to get on D-STAR, so building a base of users is a slow
process. Initially, those few users talk to each other a lot. But soon the novelty wears off, and
the repeater remains quiet (just like most analog FM repeaters do) for much of the time.

Add an Internet connection and Gateway, and you can listen and talk to hams on D-STAR
repeaters around the world. Drive down the road, or walk down the street with a handheld, and
be in a roundtable with hams in the US, Europe, Africa, Australia and Asia, all “full quieting” and
rock solid. Oops, don’t say “full quieting.”

A roundtable that diverse doesn’t happen every day, but it could. More routinely, if you
choose, your repeater can sit on a “reflector,” connected to a few other repeaters, or a few
dozen repeaters, and you hear all the traffic on all the repeaters. And you can join in. Some of
the reflectors are quite International, and you will hear “DX” all the time.

No, this isn’t unique to D-STAR. FM repeaters have been using Echolink, IRLP and WIRES
to link via the Internet for most of the past decade. But D-STAR has some differences.

First, the sound. D-STAR audio may start a bit more limited, but it stays the same from end
to end. Audio on even the best FM systems degrades as it passes from one machine to
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another, and on most systems it degrades a lot. With D-STAR, a vocoder in your radio converts
your voice into data. That data travels through the network unaltered until it's decoded at a
receiver. Everybody sounds like they’re right next door. If next door is an evil scientist’s lab.
Sorry, | exaggerate again.

Second, D-STAR networking gets used a lot. A D-STAR reflector becomes a community of
hams who talk to each other routinely as if they’re all on the same local machine.

Third, no codes to remember. The control is in the call signs, and it’s all stored in memory on
your radio. And I've got another sidebar to explain that in detail.

Using the network

How do you use this wonderful network stuff? | think this is the source of mystery in D-
STAR, the part that makes it seem alien. | hinted pretty openly that you do it by putting call signs
in one or more of those fields. Mastering this makes D-STAR fun. Prepare for some detail —
finally.

There are two fundamentally different ways to use D-STAR over the network. The
original system — I'll call it Call Sign Routing — and a newer overlay that’s called DPLUS.

Call Sign Routing. The original design for D-STAR used the Call Sign Routing system. By
putting specific call signs in the YOURCALL field of my radio (with the proper repeater call signs
in RPT1 and 2), | can cause my signal to be routed through the Internet and appear on another
D-STAR repeater anywhere in the world. This is one of the things | had to register my call sign
for — this won’t work if I'm not registered.

There are two ways | can do call sign routing.

One way is to pick a specific ham, and put that ham’s call sign in the YOURCALL field of my
radio. Since everyone is sending their call sign with every transmission, the D-STAR network
can keep track of every transmission, and which repeater it came from. The system puts this in
a database, and distributes that database to every repeater on the network. You can see this by
watching the home page of www.dstarusers.org — it lists every transmission made by hams on
every Gateway equipped D-STAR repeater on the network, in almost real time!

So | put a call sign in the YOURCALL field, and my local repeater's Gateway computer
checks that call sign against the database, associates it with the last repeater that heard that
call sign, and routes my signal to that repeater, all within a fraction of a second. If my friend is
still listening, he hears me.

The other option is to pick a specific repeater to route to, and put that repeater’s call sign in
my YOURCALL field. That method needs two additional pieces of information. The first is a “/”
slash bar in the first character position, which identifies the call sign as a repeater. The second
is the port letter, A B or C, in the 8" position. Remember that a D-STAR site may have three
repeaters sharing one call sign. So | have to pick which one | want.

Say | want to route to the Charlotte VHF repeater, | enter IKI4WXSC in the YOUR field of
my radio. Note that I've filled up all 8 characters of the field. | key up here in Raleigh, and my
voice is heard in Charlotte.

Call Sign Routing works, and it has some unique advantages, but it's never been very
popular. Most of the hams using D-STAR today have never mastered it. If | say it has some
flaws, the designers will quibble and say they are features. So I'll stick with the facts:
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e The routing is done for every individual transmission. That’s a very odd concept to hams,
so I'll explain that the system is not building a link. With each transmission, the Gateway
looks up the call sign, sees where my signal has to go, and sends it there. It does this in
a fraction of a second. That’s impressive, but it means that...

e | have to keep the correct call sign in my YOUR call field for my whole contact. It's too
easy to make the information in that field go away by bumping a knob or button. It's also
too easy to forget to clear that field when I’'m done, so my transmissions later
inadvertently keep routing to some distant repeater.

e When the station I'm calling wants to reply, they can’t just transmit back to me. They
have to enter either my call sign, or my repeater’s call sign (and the / and port letter) in
their YOUR field, so their signal is routed back to me. Some D-STAR radios have a
button to do this with one touch. Some make you go through a menu to get it. You
shouldn’t have to dial it in letter by letter, but you may have to do more radio
manipulating than is safe while driving in traffic.

e Other hams on the repeaters at either end can hear all the traffic, but they can’t join in
unless they also enter the correct call sign in their YOURCALL field.

e When a voice appears on your local repeater, there’s no way to know by listening how it
got there. Is it local, or did it arrive by Internet? That information is buried in some
menus, but it's not obvious. So hams were encouraged to verbally announce that they
were coming in via the Internet specifying which repeater and port they’re coming from.
It's like equipping a new “smart phone” with a rotary dial. Sorry, that’s part’s just my
opinion, not a fact.

e Repeaters could not be linked for all-to-all conversations, where everyone talks to
everyone without configuring their own radios.

e Multiple repeaters could not be linked together. Any conversation had to be between two
repeaters.

DPLUS. DPLUS is a Swiss Army Knife program that a SERA member in Atlanta wrote to
add several functions to D-STAR. Robin Cutshaw AA4RC was excited by D-STAR in the
system’s infancy (he probably still is), but he thought of a lot of things that could make it better.
After researching and reverse-engineering how the D-STAR protocol was assembled, he wrote
DPLUS to reside on the Gateway computer. Initially it added some user functions like voice IDs
and mailboxes. And it gave the control operators some utilities.

But Robin saw that hams wanted to be able to link D-STAR repeaters the same way we’ve
been linking FM repeaters for years, so everyone talks to everyone. And they wanted to be able
to tie multiple repeaters together. This is the way some RF networks, IRLP and Echolink work,
and it bothered many hams that the newer D-STAR system couldn’t do it. A little background
here: D-STAR was developed in Japan, and I'm told the Japanese hams don’t do repeater
linking the way we do. The D-STAR developers there didn’t understand why the American D-
STAR pioneers were asking for this capability.

So Robin added a linking capability to DPLUS. When two repeaters are linked with
DPLUS, everyone hears everyone on both repeaters. Once the link was set up, nobody has to
do anything special to their radio to communicate. Even stations who are not registered will
pass through the network (if they have the “G” in the eights position of RPT2).
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And Robin developed the software for “Reflectors” so that multiple D-STAR repeaters
could be connected in parallel via the Internet. Today there are 37 reflectors worldwide. Each
has three “ports,” labeled A, B and C, to emulate the on-air repeater port letters. These three
reflector ports work like three separate reflectors. They’re physically in one box in one place,
sharing one data stream, but the traffic on the three ports is kept separate. The reflectors are
computer servers, usually in big data centers with really high bandwidth capability. A D-STAR
reflector doesn’t use a lot of bandwidth (relatively), but it uses more than an individual cable or
DSL subscriber gets.

At about the same time Robin announced DPLUS, ICOM responded to ham’s requests
with it's own method to tie multiple repeaters together. DPLUS is easier and does more. As far
as | know, nobody is using ICOM’s system.

Can you guess how you tell your repeater to create a DPLUS link? If you said “by putting
something in the YOURCALL field of your radio,” you get a gold star on your report card. Take
this seat in the front row. And you get extra time at recess and double dessert at lunch.

Suppose | want to set up a link from here in Raleigh to the Atlanta W4DOC UHF machine.
| put this in my YOURCALL field: WADOC BL. | key up for a half second. If the Atlanta repeater
is available and not already linked somewhere, a link is established, and my repeater
announces “remote system linked.” Now I'll hear any traffic on the W4DOC machine, and they’ll
hear any traffic on the KR4RDU machine here. | set my YOURCALL field back to CQCQCQ - |
only have to issue the link command once.

Suppose instead | wanted to set up a link to a reflector. The reflectors are numbered, from
1 to 37, and there will be more as hams set them up. Reflector 30C happens to be a popular
one for repeaters in the southeast, although any repeaters can be linked in from anywhere in
the world. | enter REFO30CL in my YOURCALL field, key up, and the link is established. Now
we hear every transmission from every ham on any of the repeaters connected to the reflector,
and they all hear us.

Double recess and triple dessert if you decoded what | put in the YOURCALL field to set
up those DPLUS links. W4DOC, of course (or REF030, the reflector’s “call sign”). But note that
the port letter moved to the 7™ position, and an “L” appeared in the 8" position. It’s fair to guess
that “L” means “Link.”

In theory, linking lots of repeaters to a reflector could make things very, very busy. In
practice, it's manageable. On the busiest reflectors, groups of two to five or six hams will talk for
a few minutes, then let it go and another group forms and continues. It works just like a busy FM
repeater. Reflector traffic brings activity to D-STAR repeaters that have only a few local users.
The conversations keep you entertained, and | hold that ham radio is as much or more about
the audience listening as it is about the guy talking. You can join in if you have something to
contribute. Reflectors also host many nets for groups with regional or common activity interests,
or “just because they can.”

To knock down a link, just enter a U in the 8" position of the YOURCALL field and key up
when the repeater is clear. If DPLUS sees a U in the 8" position, it unlinks. The first 7
characters are ignored. You can leave them blank, or fill them with anything that makes that
field more readable to you. | think my radio says UNLINK U.

Most repeater owners allow users to set up and knock down DPLUS links themselves. It
can be restricted to the control operators, but most D-STAR repeaters are not so busy with local
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users that it's a problem. But I've found most users are reluctant to do it. They worry that they’ll
be getting in the way of other users. Some day, some repeaters may be busy enough that that
will be a problem. Not so today. It's a good idea to listen for a while, or ask if the repeater is in
use, before setting up a link. | hope this suggestion sounds familiar. Your local D-STAR
machine may have its own policy, so ask around. If you’re a visitor and there’s nobody to ask,
I'd say Just Do It. It's not going to hurt anything or do anything that can’t be easily undone.
There are a few issues with DPLUS linking to consider. First, if there is someone talking
on the remote repeater or reflector when you link to it, you won'’t hear them immediately.
Nothing comes through until the next transmission starts, and if your timing is just right (or just
wrong) that could be a couple of minutes away. I've heard Robin say that a future upgrade will
remedy that. Harder to fix, though is that the Internet isn’t perfect. Data can get lost. There are
several reasons why a D-STAR transmission can leave your radio OK but it doesn’t make it to
its destination, and Internet issues are among them. Any given conversation of more than a few
minutes duration can experience the “D-STAR Black Hole,” where one station just disappears
for a transmission. In practice it sounds like this: | stop transmitting, and the station | was talking
to doesn’t respond. It could be that he’s in the black hole. Or it could be that | was in the black
hole, and he’s waiting for me. It confuses the operators until they get themselves back in sync.
For the most part, though, links and reflectors work well, and they’re very popular with D-
STAR users. While any given reflector can handle Internet traffic from anywhere in the world,
the reflectors have tended to be identified with geographic regions, user groups and languages.

A few other gimmicks

I'll wrap up the voice section of this discussion with a few other gimmicks the radios can
do, but nobody seems to use.

Call sign squelch (DSQL). | think | referred to this earlier. | can monitor a D-STAR
channel but keep my radio silent until a call is directed to me specifically by turning on call sign
squelch. | just push the TONE button until DSQL appears in my display. Someone who wants
me just puts KN4AQ into their YOURCALL field, and transmits. My radio opens up and puts
them in the speaker. Extra credit if you recognize that | may be on a different repeater in a
different city, and it still works, because putting my call sign in their YOURCALL field also
activates call sign routing. Hey, somebody in the back row just woke up! (What? Oh, yeah, the
bathroom is down the hall on the right. Darn, | thought | had somebody there.) I've yet to identify
anyone actually using it, though it doesn’t make itself obvious. D-STAR hams certainly don’t
routinely put their party’s call sign in their YOURCALL field before making calls to them. I'd love
to quiet my radio down while doing things like writing articles, but | know nobody looking for me
will think of putting my call sign in their YOURCALL field. | could make a big stink about it (“If
you want me, use call sign squelch, dammit!”), but I'm afraid I'll look elitist. I'm sure I'll never get
a call.

Digital squelch (CSQL) is D-STAR’s equivalent to CTCSS. Turn it on, pick a number from
00 to 99, and only those radios set for the same number will open up and hear each other. I've
never heard anyone discuss using it.

Break-in mode. Having people talk, or even just listen, with some form of call sign or
digital squelch can be a problem if you need to rattle their cage and you don’t know their call or
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code. Put your radio in Break-in mode, and everyone will hear you if their volume is turned up.
Don'’t abuse it.

Emergency mode. Did | say “if their volume is turned up”? What if it's down? Put your
radio in Emergency mode, and it will turn that volume back up! A few more exclamation points
are in order here !l Really don’t abuse this.

DATA, and more Data

We’ve come a long way in this article, from zero to talking around the world on reflectors.
But there’s more to D-STAR than flapping your yap. There’s non-voice data. It comes in two
flavors: low speed data that’s included in every voice transmission, and (relatively) high speed
data available on the 1200 MHz ID-1 radio.

Low speed data. Each D-STAR voice signal is sending 4800 bits of data per second.
2400 bits are used for voice. 1200 bits are used for Forward Error Correction that’s applied to
the voice signal (that’s a lot of FEC, but it's needed to keep you intelligible when your signal
gets weak and what would be “fluttery” on FM). The remaining 1200 bits are available to the
user to use as ASCII data — anything you want to do with it. You can just type ASCII text into it,
and it will be readable by typical terminal programs connected to the data output of the D-STAR
receiver. But a few programs have been written to format the ASCII into something more useful.
The most popular is D-RATS (STAR spelled backward, a fun thing programming jocks like to
do). Dan Smith KK7DS wrote D-RATS as a messaging program, but he’s expanded it to handle
all kinds of traffic. It can populate forms, and put you on a map. You can send small files and
pictures in a few seconds.

But consider this: while the low speed data rides along with your voice, if you aren’t saying
anything while you send a file it ties up the voice channel anyway with a “dead carrier.” So
there’s a tiny bit of contention between hams doing data and hams who are yakking. Nobody’s
claiming one is more important than the other. Just be aware of your environment (same as
every other aspect of ham radio).

GPS. D-STAR can send location data on it’s low-
speed data channel, and a couple of radios have
dedicated GPS ports and displays. ICOM’s 2820 mobile,
and IC-80 and IC-92 handhelds, will show how far and in
what direction the station you’re receiving is. The
handhelds need a fairly expensive GPS/Spearker-Mic to
do this. Other D-STAR radios let you connect an external
GPS to send your location. They can read received
coordinates on their display. And you can program fixed
coordinates to send on any radio that’s not moving.

So D-STAR emulates APRS in that it can send
coordinate info and text messages. But it's not
“‘compatible” with APRS. D-STAR’s data signal is totally
different. You can’t put your D-STAR radio on 144.39
and expect it to work for APRS! Well, you can add an external TNC and use ordinary packet.
And there is a one-way bridge between D-STAR and the APRS network via the Internet. A
program called DPRS that runs on the Gateway will take your GPS information and forward it to
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the APRS IS network. Some APRS digipeaters will then send your location over the air (but
some won'’t). The Find-U and aprs.fi web sites will show you on their maps, along with all the
other APRS stations in your area.

High(er) speed data. On 1200 MHz, the one radio available — the ICOM IC-ID1 (the
original D-STAR radio) — will do the usual voice/data combo, and it has a separate data function
with higher bandwidth: 128 kbps. 128 kbps doesn’t really compete with the 5 Mbps or more we
now routinely see for downloads from cable and DSL. But it’s faster than dial-up, and way faster
than the Zero bps available when disaster knocks out the lines. It appears as an Ethernet port
on the back of the ID1 radio, and can talk to a computer through a browser window, telnet, or
any networking program. At the repeater site, a data module (not really a repeater) can pipe the
Internet out to the users. So you can drive around with an ID1 and a laptop, and use the Internet
mobile. You won’t be downloading YouTube videos, but web sites that aren’t too graphics
intensive work fine.

This signal uses about 150 kHz of RF bandwidth. A few spots might be found for it on our
440 MHz band, but for now the only radio that uses it is up on 1200.

Hams are debating the legality of the full Internet over ham radio. You know, business,
audio with music, etc. That’s beyond the scope of this article. | think some of the questions
aren’t that hard to answer in our current rules framework, but some stress the rules a lot.

Other ways to do D-STAR

There are a few other ways to do D-STAR
besides ICOM radios. Robin Cutshaw AA4RC,
Atlanta ham who developed DPLUS, also
collaborated on two devices for using D-STAR
without a local repeater.

The first is the DVDongle. It’s a little slab of
plastic that plugs into your computer via USB.
It contains the vocoder chip, and it lets you
use your computer’s audio system to
communicate through D-STAR repeaters and
reflectors directly via the Internet. It’s a lot like
Echolink, except the DVDongle costs about
$200 while Echolink is free software.

Next is the DVAP Dongle. It looks like
the DVDongle, but instead of a vocoder, it has a little transceiver with a 10 milliwatt transmitter,
and an antenna. You need a D-STAR radio and a computer with Internet to use it, and it makes
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a small pool of D-STAR coverage. Like the DVDongle, it uses the Internet to connect to D-STAR
repeaters and reflectors. It costs about $250. People keep asking if the DVAP Dongle will
convert an analog FM signal to D-STAR. The answer is “no.” You have to use a D-STAR radio
to talk through it.

Both the DVDongle and DVAP let you use D-STAR when there is no repeater nearby.
Even if you do have a local repeater, they let you play all you want, bouncing from repeater to
repeater, without tying up the local machine and driving the users a little nutty. They are
available from the major ham retailers. The web sites for info are www.DVDongle.com and
www.dvapdongle.com.

You can create a bigger pool of coverage by connecting an analog FM radio that has a
9600 bps packet port to a device called the D-STAR HotSpot. This isn’t quite the finished
product that the DVAP and DVDongle are, but you can find kit or finished boards, software and
firmware on the Internet (Google D-STAR HotSpot). Connect the board to a computer with
Internet, and to the radio, and you can use a D-STAR radio anywhere within simplex range of
that radio. Watch your power level — that radio can’t do 50 watts full-time without burning up, but
a busy reflector will make it try. Again, it does not convert analog FM to D-STAR

But here’s a device that does make an FM radio work on D-STAR: the DV Adapter. Think
about it. Getting on D-STAR is not just a matter of converting a signal to digital. This article has
been all about stuff you need to program into a radio. The DV Adapter is an outboard box that
has a display and buttons so you can program all that stuff. It might be a little klugey in a mobile,
but probably would work OK at home. All “wired and tested,” it costs about the same as an ID-
880 radio. You'll save a lot of money by building it from a kit. And it will let you operate D-STAR
on other bands — whatever your radio will do. You can be the first D-STAR signal in town on 6
meters or 220. Even HF. I'm told it has an adjustment to reduce the bandwidth, since 7 kHz is
too wide for HF, where an SSB signal is less than 3 kHz wide.

Check it out at for US distribution at www.dstarradioclub-international.com.

Is it ham radio?

Some hams hold that anything that uses the Internet isn’t real ham radio. Since D-STAR is
Internet based, they really don't like it. But here’s how | look at it.

The Internet is a tool that ham radio systems can take advantage of. We don’t have any
“all ham radio” system that can let us communicate worldwide with ease using VHF/UHF
equipment, and we’re not likely to have something like that in the foreseeable future. Does that
mean we shouldn’t do it? Should we deny ourselves the fun of talking to hams in Hawaii and
Australia while walking down a North Carolina street with an HT?

Sure, | feel more challenge working Australia with my HF station (especially mobile). But
that QSO | wrest from the pileup on 20 meters will last about 10 seconds. On D-STAR, an
Australian ham and | can chat as long as we want. Yes, anyone can do that on Skype any time
they want. Well, | don’t want to talk to just anyone in Australia. Couldn’t care less. But I'll chat
with an Australian ham any time.

D-STAR in EmComm
What may be oversold, though, is D-STAR’s value in emergencies. It has a lot of potential
value, but you can’t depend on the Internet to work from a disaster location, and | worry that the
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D-STAR radio in the EOC won’t do what was promised when the Internet is unavailable. And |
wonder if there will be enough hams trained and experienced in using D-STAR'’s functions. I've
seen that problem with packet back in the 90’s. It could have been extremely useful, but when
we tried it, few ARES operators had it or knew how to use it.

D-STAR needs a few hundred miles of RF linking, and a lot more hams with D-STAR
equipment and expertise, to be considered a true emergency resource. Being able to talk and
text on one radio, getting GPS location information, and a ton of utility in D-RATS will make
Amateur Radio’s contribution to emcomm shine. A reliable RF link that leads to a point where
the Internet is working, combined with D-STAR’s routing and linking capability, will be extremely
valuable.

That won’t happen by itself. It's a chicken/egg thing, and right now, there are more
chickens than eggs. If all the emcomm operators wait for D-STAR to be “complete” before they
jump in, it will never happen. There is local value in a D-STAR repeater even if the Internet goes
out — just don’t make it your only path for communication out of town.

D-STAR’s 1200 MHz “ethernet” can be especially valuable in a disaster area. Tactical
voice communication is good, but what emergency management really wants these days is to
keep their Internet and e-mail working. The low speed data and D-RATS on VHF and UHF will
get things started. Drop a 1200 MHz D-STAR data module with a satellite Internet connection
deep into the disaster area (and get the antenna up high), then spread some ID1 radios around
(and get their antennas up high) and you create a 10 to 20 mile radius pool of Internet service
quickly between the Incident Command Center, hospitals, shelters, police departments, and the
Red Cross. Is that a reasonable scenario? It will be if you build it.

Conclusion

Advantages: high signal-to-noise (and no “noise” until the signal is just about gone);
narrow RF footprint; designed for networking, including call sign routing to find hams anywhere;
voice+data on the same signal; features like call sign squelch; devices like the DVDongle,
DVAP and Hot Spot to extend the network beyond local repeaters.

Disadvantages: equipment cost; single source for radios; some complexity and learning
curve; repeater availability/coverage limited (but growing); no RF networking (yet); small user
base (so far).

A few years ago, if someone asked me if they should get D-STAR equipment I'd tell them
to consider it only if they were willing to take the risk of being out there on the edge and having
that edge break off from under them. Not any more. While it would be nice to have a second or
third source of radios, ICOM has proven its commitment to D-STAR by continuing to develop
new models and incorporating D-STAR into new radios like the IC-9100. There are enough
repeaters running that | don’t think the mode is going away any time soon. D-STAR could use
more participation just about everywhere, but the reflectors, Dongles, DVAPS and such assure
you that you won’t be alone. You'll be able to play with your D-STAR equipment as much as you
want, every day. D-RATS will give you something to experiment with.

D-STAR radios are expensive only in comparison to the really cheap analog FM radios
you can buy today. By historical prices, even D-STAR radios are cheap.

If you’re in the market for a new radio, and a new experience, consider D-STAR.
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SIDEBARS

USING MEMORIES for D-STAR

D-STAR uses a lot of information, mostly based on call signs with a few added characters,
plus all the usual stuff like frequency and offset. Where does the radio keep all that information?

The answer is memories. Your analog FM radio uses memories to store several pieces of
information — frequency, offset, mode (FM, AM, narrow FM), tone mode and frequency,
alphanumeric name, and some radios store power and other bits of data.

ICOM’'s D-STAR radios do all that, and add three of the four call sign fields to the stack
of information stored in each memory: YOURCALL, RPT1 and RPT2. You don’t want the
MYCALL field changing based on memory channels. That stays with the operator, and D-STAR
radios don’t recognize fingerprints - yet.

D-STAR radios also have additional, separate stacks of memories for the call sign fields. A
MYCALL memory area holds six call signs. If you share the radio with a family member or
friend, you can quickly switch whose call sign it will send (do you remember all the reasons the
system wants to know who you are). YOURCALL, and the repeater calls, each have dozens of
memory slots that make it easier to store and select call signs for use with programming and call
sign routing. It still takes some menu navigation to get to these call signs, but it’s lots faster than
all that alphabet-dialing that it takes to create the call sign the first time.

But here’s a concept unique to D-STAR. You’re going to use more than one memory
channel per repeater. Sometimes way more. Here’s why:

I've got a local repeater, and it's stored in memory. YOURCALL says CQCQCQ, and RPT1
and 2 have the repeater’s call sign with port letter and gateway. That's what | use for routine
conversations, either local or when my repeater is linked to another repeater or reflector using
DPLUS.

But there are a whole lot of “control” situations where | want something else in the
YOURCALL field. | want quick access to telling the repeater to link to one of several reflectors,
or several other repeaters. | want easy access to the unlink command (a “U” in the 8" position).
DPLUS offers an echo function that will play back my last transmission if | put the repeater’s call
sign plus an “E” in the 8™ position of YOURCALL, and | want quick access to that.

Each of those situations is handled by using memory channels — one for each function. The
frequency, offset, mode, and RPT1/2 call signs all stay the same. Only YOURCALL changes,
because the stuff | put in YOURCALL is what calls up the function | want to execute.

Call sign routing to specific hams and repeaters can also take up memories. There are a
couple of hams | want to be able to reach no matter where they are, so I've got a memory set up
to call them using the “old” call sign routing system.

This can chew up memories in a hurry, even if you have just a single repeater in your area.
If you have more than one area repeater, or if you're on the road a lot using a bunch of
repeaters, or if you like to reach out and touch a lot of repeaters and reflectors from your home
repeater, you're going to use a /ot of memories to keep those control functions just a knob-twist
away. Add the analog FM stuff you need memories for, and that 500 memory radio becomes a
straight jacket. At least it does for me.

ICOM’s newest D-STAR radios, the ID-880 mobile and IC-80AD handheld, have a new
memory system just for D-STAR. It's called DR Mode (Digital Repeater Mode). Switch to that,
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and you leave the conventional memory system behind. DR Mode adds several hundred more
memory slots just for D-STAR to handle frequency, offset, and all the call sign fields. The
interface is completely different than conventional memories. | had an 880 to review for QST,
and | thought of DR Mode as a slip-N-slide, the way you can mix & match RF repeaters with
YOURCALL and RPT1/2 call signs. It can be daunting to learn (and the manual isn’t a lot of
help). With perseverance and some experimentation, you can get it.

The Radios

Here’s a quick rundown of ICOM’'s D-STAR radios. Get more info from QST reviews and
user reviews on eham.net. All of the radios are full-up, high-end analog FM radios, in addition
to their D-STAR capabilities.

IC-2820. This is the “flagship” mobile. It's a dual-band TWOBAAT (two bands at a time),
with a big display that lets you see many parameters at once, making D-STAR programming
easier. 500 memories seems like a lot, but with D-STAR it’s actually limiting. It does D-STAR on
both left and right sides, but not on both at once (because it has
only one vocoder).

D-STAR is on an optional plug-in board that also includes
a GPS (and it isn’t available without the GPS). The radio alone is
in the low $600’s. Combined price is around $900.

IC-92AD. The “flagship” handheld. Also a TWOBAAT, but
does D-STAR only on the “B” side. At just under $600, D-STAR
is built-in. A speaker-mic with GPS adds about $200.

IC-91AD. ICOM’s first dual-band D-STAR handheld. Also a
TWOBAAT, with D-STAR only on the “B” side. D-STAR is
optional, and ICOM isn’t pushing the 91 for D-STAR anymore.
Base price is about $300, but the D-STAR board brings it to over
$500. No GPS mic for this model. The 92AD has lots of little
improvements that make the extra money a tough call.

ID-880/IC-80. ICOM'’s newest pair. The
880 is a dual-band OBAAT mobile (One Band
At A Time), and the 80 is an OBAAT
handheld. The 880’s display is love-hate. BIG
characters make it easier to see than the
2820, but harder to program. Both radios
introduce “DR Mode” — a special way to
program D-STAR parameters that frees up
conventional memories, but has stumped
many hams who tried to learn it.

The 880 is just under $500, so it's more
popular than the 2820. The 80 is a little below
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$450. The 92AT is arguably worth the extra money. A $200 GPS mic is available for the 80.

ID-800. ICOM'’s first dual band D-STAR mobile. It's been discontinued, replaced by the
880 (the 800 is also an OBAAT). It’s price on the used market makes it popular, but the 880 is
much easier to program and use for D-STAR. The picture on the previous page compares an
880 (top of the stack) with an 800 (on the bottom)

IC-2200. A two meter monobander. Not recommended for D-STAR! Low price may attract
you. The radio is just $160, and the D-STAR option, at $200, is more expensive than the radio.
But it's two-meters only, while more than half the D-STAR repeaters on the air are UHF. And it’s
an “early” implementation of D-STAR, so not all the features are available.

IC-V82 and IC-U82. A pair of monoband handhelds for VHF (V82) and UHF (U82). $150
each, and the D-STAR option adds $200 each. A single radio seems attractive for price, but
they have a limited D-STAR feature set, and you’re stuck on one band. Unlike the 2200, they
have a small legion of loyal users, and you can choose the band you want to use.

IC-9100. A new, mid-market HF/VHF/UHF/1200 multi-mode transciever. Not available for
sale at the time of this writing, but it probably will be as you read this. D-STAR will be an option,
but it won’t do the 128k data on 1200 MHz.

IC-ID1. The original D-STAR radio, it does analog FM, D-STAR voice, and “high-speed” D-
STAR data on 1200 MHz. At about $1000, this radio is for total D-STAR fanatics. It's the only
radio that will do 128 kbps D-STAR Data.

Is D-STAR Proprietary? What'’s the future?

One of the rumors you'’ll hear about D-STAR is that it’'s “proprietary” — that you have to buy
somebody’s radio, and you can’t “do it yourself.” Some even say that it’s proprietary to ICOM. It
isn’t. D-STAR was developed by the JARL in Japan, and the protocol is published. Anyone can
build to it.

There is one proprietary component in D-STAR — the vocoder. That’s the device that
digitizes your voice into bits, and decodes the bits you receive back into a voice. D-STAR uses
the AMBE 2000 or AMBE 2020 vocoder made by DVSI. Each D-STAR radio needs one. DVSI
will sell you one for $20.

Kenwood, Yaesu, Alinco or any other manufacturer can buy them too, of course, and market
their own D-STAR radios. Why haven't they? That's the $64 question. They all say that they
don’t intend to, but | don’t know why. | have some speculation. Kenwood and Yaesu are
backing APRS capable radios, and may see D-STAR’s GPS reporting and texting capability as
competition for APRS. We've been in a deep recession that started just after ICOM introduced
the VHF/UHF line of D-STAR radios, so it hasn’t been a good time for product development
(though ICOM introduced several new models right in the middle). Perhaps they’ve been sitting
back, watching to see how D-STAR does in the market. Many hams won’t consider D-STAR
viable until a second full-line manufacturer enters the market.

Roll your own? The D-STAR protocol itself is available — anyone can obtain and implement
it. So with the protocol, and an AMBE 2020 chip, you can design and build your own D-STAR
radio. And a few hams have done just that. Nobody’s saying it's easy.

At $20, price isn’t the issue, but some hams complain that a digital ham radio should be
totally open source, including the vocoder. When D-STAR was developed, there were no open-
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source vocoders written that could do what the AMBE 2020 could do — digitize a human voice
into something listenable at a very low bit rate like 2400 bits per second. There were open
sources codecs, but none met those specs.

One was deveoped in 2010, and is in alpha testing as | write this in December, 2010. It's
called CODEC 2. No, it won’t be compatible with the AMBE 2020 or D-STAR.

Could CODEC 2, or anything else, be used in Amateur Radio to compete with or replace D-
STAR? Actually, something is: the totally proprietary P-25, used mostly for Public Safety radio
systems. Used P-25 police and fire radios have been converted to Amateur Radio use for years,
and there are a bunch of P-25 repeaters around the country. D-STAR quickly outgrew the
number of P-25 ham repeaters because it's available in “ham” equipment, even though the used
public-safety equipment is often cheaper and generally more bullet-proof. D-STAR prevails
because ICOM’s D-STAR radios are more flexible, the D-STAR network does things nobody
using P-25 has duplicated, and probably because ICOM spent a lot money marketing D-STAR.
Other digital modes, like Motorola’s MotoTurbo and ICOM/Kenwood’s NXDN, are hitting the
commercial market, and may filter into ham radio a little.

What about the future? Technology will not stand still. Newer, better commercial vocoders
will be developed. Somebody may adopt CODEC 2 for use in a VHF/UHF radio. There may
someday be multiple digital protocols in use for voice, just as there are for text data on HF. For
now, though, D-STAR is the big dog (in a little house). And that’s probably good. D-STAR is off
to a good start, but in most areas there are only a handful of users on each repeater. For the
time being, “competition” would mean an even more diluted pool of operators.

Down the road, | foresee radios that can support multiple protocols. Probably some form of
Software Defined Radios. Then we’d pick the protocol that supports however we’re going to use
the radio. That includes analog FM. | don’t see D-STAR or any digital mode taking over for a
couple of decades. Maybe | think they should, but | sure don’t think they will.

| know what you’re asking: should | buy a D-STAR radio today? How long will it be useful?

No guarantees, but if you want to play with D-STAR, do something now. Radio, Dongle,
Adapter, HotSpot... | expect you'll get many years of use out of it at least. For better or worse,
Amateur Radio doesn’t move all that fast. D-STAR’s well enough established that | don’t think
it'’s going away anytime soon.

D-STAR Interference?

When you listen to a D-STAR signal on an analog receiver, it sounds a lot like the noise you
hear when you just open the squelch control on an empty channel — a rush of noise. 9600 bps
packet sounds similar. Most hams have no experience with that sound at all, so if and when
there is interference between D-STAR digital and analog FM users, it might be hard to
recognize. I've heard of almost no complaints about D-STAR-to-analog interference in the four
years that D-STAR repeaters have been proliferating.

But | ran into it once myself, and the experience might be instructive. | was helping with an
MS Bike Tour event. The start line was just outside Charlotte NC. The repeater used was 30
miles down the course, in Union SC, on 145.15 MHz, and the signal was not very strong at the
start line. Mobiles could use it OK, but not HTs.

Repeaters from A to D page 21



| was assigned to sweep from the start line to the first rest stop, and | was on my way back
to the start line when the repeater got very noisy in an area that | had used it OK just a few
minutes before. It was totally unreadable at the start line. My S-meter showed signal, but the
speaker just played noise.

It took me a few minutes to realize that the source of my problem was the 145.14 MHz D-
STAR repeater in Charlotte. That repeater was only 10 kHz away from the Union analog
machine, and | was within its prime coverage area, while | was on the fringe of the Union
repeater. The D-STAR machine had been quiet when the Bike Tour started, but then a couple
guys began talking on it. The result was a wash of noise on the Union repeater frequency. | got
on the D-STAR machine and asked the guys to hold off for an hour or so until we got all the
bikes a few more miles down the road, and they graciously complied.

The D-STAR repeater met coordination guidelines — it was 50 miles from the Union
machine. And its owner had discussed the coordination with the Union repeater owner. All
agreed to give it a try, and SERA issued the coordination. My circumstance was unusual, as the
Union repeater had no regular users in the area where | had trouble. The lesson for me was
recognizing what the interference sounds like — a situation others may encounter as more D-
STAR repeaters are squeezed in our busy bands.

RESOURCES
The two web sites | mentioned earlier are great places to start getting lots of D-STAR
information, including background and how-to. Again, they are:
e www.dstarusers.org
e www.dstarinfo.com. This site has a particularly useful tool, the D-STAR Calculator.
You plug in your location, and where you want to talk to. It tells you what repeaters are
available, give you the frequencies, and tells you exactly how to fill in your call sign
fields.

My video company, ARVN:Amateur Radio//Video News, produced a DVD documentary
called Digital Voice for Amateur Radio that has a long section on D-STAR. You see and hear
it in operation, and meet many of the hams who pioneered D-STAR in the US. It's a great way
to introduce D-STAR to your radio club, and as a bonus, you get a program on HF digital voice
as well.

ARVN also produced DVDs of several D-STAR Forums from the Dayton Hamvention®.
The forums ran 2 hours on Friday afternoon at the Hamvention, and another couple hours in the
evening at a hotel conference room, and were “standing room only.” The 2008 Forum
introduces you to many of the early pioneers in D-STAR in the USA. Other speakers get into
technical and operational details. And | have the free YouTube video on programming D-STAR
radios. All this at www.ARVideoNews.com.

There are several Yahoo Groups for D-STAR (www.groups.yahoo.com). The “base” group
is dstar_digital. There are one or more groups for each radio and accessory device. And there
are regional groups for users of most repeaters. They are good resources for asking and
answering questions.
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And there are hundreds, maybe thousands of other web sites with D-STAR information.
One good one for in depth technical information is hosted by the Utah VHF Society:
utahvhfs.org/dstar.

The D-RATS web page is www.d-rats.com
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