An Introductlon to AMTOR

This mode
adds space age
excitement

to RTTY!

By Paul Newland,* AD7I

On January 27, 1983, the FCC ap-
proved the error-correcting teleprinter pro-
tocol known as AMTOR for use by
American radio amateurs. What is
AMTOR, anyway?

AMTOR (Amateur Teletype Over
Radio) is an exciting new mode of
radioteletype (RTTY). It offers all the utili-
ty and enjoyment of conventional RTTY
plus one great advantage: AMTOR
removes virtually all errors caused by in-
terference, fading or other disruptions. It
also has built-in capability for selective
calling, If your station is configured for
AMTOR, it has the option of not respond-
ing to ASCII, Baudot or cw; only AMTQOR
signals will print on your teleprinter. This
new system should prove useful for avid
RTTY operators and traffic handlers as
well.

I will provide an overview of how
AMTOR operates and how amateurs can
make use of it. Those interested in more
of the technical details of AMTOR are en-

couraged to read the excellent QST article

by Peter Martinez, G3PLX."

AMTOR is a derivation of the commer-
cial teleprinter system, SITOR, which
stands for Simplex Teletype Over Radio.?
SITOR is a commercial kf RTTY error-
correction system used by many ships and
coastal marine radio stations, SITOR
allows a shipboard teleprinter to be con-
nected to the international Telex network
via hf radio so ship owners can send
messages directly to their ships in real time.
In addition to having - error-correction
capability, SITOR aiso includes selective
calling. With this feature, coastal stations
can call any ship that is monitoring, and

'Notes appear on page 1
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forward a message to it without error or
operator intervention.

AMTOR, in most respects, is the same
as SITOR. With an AMTOR code con-
verter, however, it is possible to monitor
other stations using either AMTOR or
SITOR operating in Mode A. This feature
is important for radio amateurs so they can
continue to self-police their bands, Most
SITOR code converters do not have this
capability.

Modes of Operation

AMTOR features four modes of
operation.” They are: A — Automatic Re-
quest for Retransmission (or, fills), B —
Broadcast, L. — Listen, and 5 — Selective
Broadcast. Before discussing the modes in
detail, it is useful to define some terms:

Master Station (MS) is the station that
starts the communications. It does not
show who is sending data at any one time,
but only who began the contact, All sta-
tions synchronize their transmissions to
those of the master station.

Stave Station (SS) is the station that is
called by the MS.

Information Sending Siation (155) is the
station that is generating or sending data,
I will sometimes use the term sending sta-
tion when I mean, more correctly, ISS.

Information Receiving Station (IRS) is
the station that is receiving and printing
data. | will sometimes use the term re-
ceiving station when I mean, more correct-
ly, IRS,

Of all the modes, Mode A is the most
immune to errors, but is also the most com-
plex. In Mode A, both the 1SS and IRS
send bursts of data to each other. This re-
quires both stations to operate in a VOX-
like manner, The ISS sends three AMTOR
characters in a burst, and the IRS sends one

AMTOR character in a burst. After each
station sends a burst, it switches to receive
50 it can detect and decode bursts from the
other station. This requires radios capable:
of switching from transmit to receive or
teceive to transmit in 10 to 20 ms. Most
modern ssh radios meet this requirement.
To begin a QSO in Mode A, the operator
tells the AMTOR code converter the selec-
tive calling characters of the station to be
called.* The MS code converter begins to
send the selective call characters, using
bursts of three characters and switching to
receive between the bursts. The gaps be-
tween the bursts provide time to listen for
the receiving station. The receiving station,
when correctly decoding its own selective
call characters, will respond with a special
AMTOR signal that says, I hear you and
I am ready.”” When the MS code converter
hears that signal, the MS becomes the ISS,
and it will alert the operator (usually
through the use of LEDs on the code con-
verter) that the IRS is ready to copy. The
ISS may now send data to the IRS. Dur-
ing cornmunications, the ISS (either the MS
or §5) transmits characters in groups of
three and the IRS replies with a one-
character AMTOR signal that says either,
**I received the last group of three correct-
ly; send the next three,’* or **I missed that
last group; send it again.’ Because
AMTOR enables the ISS to repeat
characters until they are received without
error, the number of errors actually printed
on the teleprinter is reduced drastically in
comparison to conventional RTTY.
When the ISS wants to et the other sta-
tions send data, it sends the three
characters, FIGS 7 B.' This sequence of
three characters is the AMTOR ‘“‘over”
signal for Mode A. Now, the IRS becomes
the ISS, and vice-versa. Similarly, when the
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new 1SS wants to convert back to an IRS,;
the operator types in the characters FIGS Z

8. In addition, the IRS station is able to

break into the 185 transmisston at any time.

To do this, the IRS operator presses the.
OVER button on the code converter. in-

stead of the iRS sending the usual “*send

it again® or ‘‘give me the next block of-
data” bursts, it responds with another’'
special one-character message that says, “]

want to send you some data; let’s exchange

places.” When the IS8 receives this

message, the exchange is made and the 185
may begin sending data.

When the ISS wants to close the QSO,
the operator presses the QRT button on the
code converter, causing both converters to:
“‘handshake’ and go off the air. If the IRS

wants to close the contact before the 1SS’

is finished, the IRS can “‘break’ into the
[SS and exchange places. The operator may
then press the QRT button to close the
contact.

Mode B

Mode B is useful for broadcasts when the
sending station wants to reach more than
one station simultaneously, or when the
IRS cannot send acknowledgements to the
1588, Examples of this type operation are
WI1AW bulletins or net operations.

in Mode B, the transmitter is on con-
tinuously, unlike Mode A, in which the
data is sent in bursts. The sending station
AMTOR converter sends each teleprinter
character twice, with the second transmis-
sion of a character delayed from the first
by 280 ms. These transmissions are made
synchronously, as opposed to conventional
RTTY, which uses start and stop signals
pefore and after each character. In syn-
chronous communications, all data
characters are sent one after the other,
without start and stop signals, and at a rate
that is controlled by an accurate time base,
such as a crystal oscilator, When there are
10 characters from the teleprinter to send,
the code converter fills this ‘*dead time™”
with AMTOR idle characters. These
characters are used to fill the periods of
time when the sending teleprinter is not
generating data, but they do not print on
the receiving teleprinter; they are like a con-
ventional RTTY “diddle.”

'The advantage of Mode B, compared
with conventional RTTY, is that the
teleprinter only receives data from the code
converter when there are valid AMTOR
signals present. Because the characters are
transmitted in pairs, AMTOR B stores the
first character in memory and waits for the
second. When it receives the second
character, it checks both in the pair for er-
rors. If one of the two characters has been
veceived correctly, it is printed. If both are
in error, a space will be printed to mark the
error. This space is easy for the operator
to spot and provides a place on the hard
copy tor a mannal fill to be made.
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Listen for AMTOR over W1AW

if you can recelve AMTOR, try listening for
W1AW AMTOR transmissions, Mode B,
following the 11 AM. ESTIEDST (presently
1500 UTC) RTTY/ASCH fransmissions Maon-
day through Thursday on 14.085 MHz,
W1AW has been transmitting AMTOR
bulleting since February 8, first under an
8TA {Speclal Temporary Authority granted

-~ by the FCC) and continuing after the Com-

mission authorized AMTOR for general use

" in the Amateur Radio Service. The W1AW

. AMTOR schedule wiil soon expard; watch
- the W{AW schedule, published in alternate
- jssues of QST, for full detalls.

W1AW has also made several two-way

- contacts using Mode A, mastly with sta-

tions In Europs, whare AMTOR has been
popuiar for some time. I's still a thrill to .
" Have a DX station say, "Please QSL -
you're my first U.8. QSO on AMTORI” ~
Chuck Bender, WIWPR, Chief Operator,

- WiAw

Mode S

Mode S is just like Mode B, except that
it includes selective calling. It is rarely used
today, although it probably will be used
often in the future. Mode S is useful if you
are unable to operate in Mode A and only
want to receive messages that are specifical-
ly intended for you. Teleprinter paper can
be used up at a fast pace if you are on a
channel that is active with Mode B traffic!

Mode L

Mode L is useful for monitoring two sta-
tions that are using Mode A to com-
municate. Of course, since the sending
station is not getting acknowledgments
from the Mode L station, but instead from
the other Mode A station, the Mode L sta-
tion will not obtain the benefits of error
correction. This is hardly a problem,
because the only purpose of this mode is
to allow for monitoring, not error-free
communications.

Which Mode?

1t is important to understand that for all
modes except L an AMTOR controler that
i3 monitoring a channel will automatically
switch to the proper mode when it is called
by an MS. When someone calls your sta-
tion, you don’t have to be concerned with
which mode is being used. The AMTOR
controfler will determine whether the call
is in Mode A, B or S, and will adapt to that
mode immediately. Only when a station
places a call does the operator choose what
mode to use.

Error Detection

AMTOR is able to process data without
error because it rejects daia that it believes
is incorrect. How does AMTOR know
when the data is wrong? It converts each
five-unit Baudot character to a seven-unit
character that always has four Is and three
(s before transmission. At the receiving sta-

tion, AMTOR checks each received
character to see if it meets the 4/3 criterion.
[f it does, the code converter assumes that
| the data is correct.® If it does not, the
character is assumed to be in error.
Even though this method of error detec-
tion may appear to be overly simplistic, it
provides adequate performance for “out-
witting’> the error-causing phenomena
found on ht radio circuits.

' How to Hook It AH Up

AMTOR equipment is available for
moderate cost and is simple to hook up.
Those totally unfamiliar with RTTY might
want to review the information on this
mode found in the ARRL Huandbook. The
basic equipment used for AMTOR is the
same as that used for normal RTTY, with
the addition of an AMTOR code converter
between the terminal unit (modem) and the
teleprinter. As an added plus, with
AMTOR yvou don’t need a terminal unit
with auto-start, mark hold, and so on. The
AMTOR code converter provides all those
features for you.

Where and When

Most AMTOR operation is centered
around 14,075 and 3637.5 kHz, These two
frequencies are typically used for calling.
After contact is established, and if both
operators are present(!), they will usually
move the QSO to another frequency.

Some stations have their radios con-
figured for scanner operation. They will tell
other AMTOR operators the frequencies
they scan and what their hours of operation
are, When someone wants to contact them,
they locate a frequency that the other sta-
tion is known to scan, make sure it is inac-
tive, and then begin a Mode A call, Usual-
ly, if the **receiving”’ station is not in a QSO
on another channel, it will respond to the
Mode A call within 40 seconds and the QSO
can proceed, 1f stations are using scanners,
there is no need to move off channel because
the QSO can begin on a working chaonel,
instead of a calling channel.

Some stations, such as G3PLX and
HBYAK, monitor 14,075 kHz continuousty
and have computers attached to their
AMTOR systems. The computers can be
used to store or retrieve messages intended
for their station or others. Some AMTOR
computer systems can also act as store-and-
forward repeaters. When you cail these
systems, yOu can request that your message
be relayed to another station on comple-
tion of your QSO.

As an example of this capability, G3PLX
and [ were trying to pass some information
on 20 meters, and the path between us was
just not there; we found that by relaying
messages from G3PLX to A4XFW in
Oman, to HBYAK, to ADT7I near New
York City and back again, we could com-
municate. It is noteworthy that there were
no operators at HBOAK or A4XFW during
these relays. [This type of unatiended



transmitting is not presently allowed under
FCC rules without special authorization.
- Ed.] Everything at these two stations
was under computer control. Now thaf has
to be a new form of long path!

Simple, But Robust

I have been involved with AMTOR for
some time now and I continue to be im-
pressed with its robust capabilities, while
maintaining simplicity. It has proved to be
a simple and inexpensive addition to any
amateur RTTY station. Finally, the most
compelling reason 1 can offer for becoming
active with AMTOR is that RTTY is more
fun without errors!

Readers’ comments and suggestions are
always welcome. I would like to hear from
anyone interested in getting involved with
AMTOR. Please include an s.a.s.e. with
your correspondence.

MNotes

‘J. Martinez, “AMTOR, an Lmproved Error-Free
RTTY System,” QST June 1931, pp. 25-27.

*The exact specifications of SITOR are outlined in
CCIR ({international Radip Consultative Com.-
mittee} Recommendation 476-2.

*Mot ali controllers include all modes. if you con-
sider building or purchasing a code converter,
you should know which capabilities you want. [n
addition, if you purchase a commercial AMTOR,
code converter, make certain the unit meets or
exceeds all specifications outlined in CCIR
Recommendation 476-2 for the modes you want
to use.

*‘AMTOR uses four-letter combinations for selective
caliing. With a 26-letter alphabet, this provides
for 456,976 unique calls, Although it might be
desirable to have more calls available, this s all
the internationally ageeed upon standard allows.
Most amateur stations use the first Jetter and last
three letters of their call sign for the selective
calling characters. Using this algorithm, the call-
ing characters for W1AW would be wwaw,

*Om CCITT no. 2 coded terminals, Fics z p will print
asx7, On terminals commonty used by
,d}?meris:an radio amateurs Fcs z 8 will print as

*This leads us to why 1 must say that AMTOR provides
virtually, rather than ebsofutely, error-free
communication, There is a chance, although smalt
under normal conditions, that some **hits’* during
transmission will result in a data error that will pass
the 4/3 test at the receiving station.
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X-PANDA-FIVE

I A new accessory for the hf mobile en-
thusiast is available from JL Industries.
The X-PANDA-FIVE is an adaptor that
permits the installation of up to five
resonators on one mobile mast,

The manufacturer claims ease of in-
stallation and convenience of operation.
The mobile operator no longer needs to
stop to change resonators — a distinct ad-
vantage, especially during bad weather. In
addition, hams who own motor homes or
RVs, or who live in modular homes,
apartments or condominiums, might find
the X-PANDA-FIVE a useful accessory
for erecting a multiband hf antenna where
limited space is available.

Complete installation and resonator
tuning instructions are furnished with the
X-PANDA-FIVE, The adaptor is ma-
chined from solid aluminum stock and in-
corporates resonator mounting studs of
high-tensile carbide steel, All threads are
3/8" ® 24 to accept either Hustler or
HyGain resonators and masts. The sug-
gested retail price is $14.95, and the unit is
available direct from the manufacturer, JL
Industries, P.O. Box 030413, Fort Lauder-
dale, FL 33303 — Sandy Gerli, ACIY

UNIMEC SWITCHES

[1A/S MEC-75 of Copenhagen,
Denmark, offers a unique modular switch
available in two forms: momentary contact
and push-push action. Both types provide
five different contact configurations. These
are determined by selecting the appropriate
switch terminals with pe-board traces or
hard wiring. Essentially, each switch is a
programmable 4pdt type.

New Procducts

In addition to the two basic switches,

MEC offers a 10-color variety of keycaps
and bezels. Bezels illuminated by LEDs are
available, too.
. MEC also provides a matrix mounting
system (UNIMEC/VARIO-SUPPORT)
for their switches. This enables a designer
to realize a custom keyboard or switch
panel almost instantly. The desired layout
and switch functions are determined simply
by inserting the appropriate switches into
the matrix. According to the manufacturer,
this makes panel mounting easy and stops
over-pressure as well as flexing of the pc
board.

Switches and pricing information are
available from Forsbert Sales, Inc., 646
Summer St., Brockton, MA 02402, tel.
617-522-6300, and Switches, Inc., 949
Stierlin Rd., P.Q. Box 4248, Mountain
View, CA 94040, tel 415-962-8649. — Paul
K. Pagel, NIFB

Strays -

QEX: THE ARRL EXPERIMENTERS’
EXCHANGE
i1 The June issue of QEX featured:
s “Many Modifications to the Ten-Tec
Omni,” by Robert E. Helms, AF5Z.
* “Lowpass Speech Filter Using Surplus
Inductors,”” by Ed Wetherhold, W3NQN.
It also reviewed the Ninth Annual
Eastern VHF/UHF Conference and carried
a request from Hank Magnuski, KA6M,
for information from potential users of the
AMSAT QSCAR Phase IIIB AMICON
Special Service Channel, which has been
designated for packet-radio operations.
This issue, the [6th, was the first one
produced at ARRL Hg. Please send all
subscription requests, manuseripts and cor-
respondence for GEX to ARRL Hg. The
domestic subscription rate for ARRL
members is $6 for [2 issues; $12 for
nonmembers. There are additional postage
charges for mailing outside the U.S.; write
to Hq for details. -

DX SERVICE AVAILABLE TO
BLIND OPS

[J The Braille DX Service promotes DXing
among blind hams by providing a monthly
cassette recording of current DX activity,
including QSL information, propagation
reports and DXpeditions. For more infor-
mation, contact Phil Scovell, AFOH, 8347
West 6th Ave., Lakewood, CO 80215, tel.
303-233-4335.
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