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sion (FCC) to explore, investigate and experiment, with wide latitude. The government wants

hamsto try new things, test new ideas and push the capabilities of two-way radio-frequency (RF)
communications. In this chapter, written by Brian Battles, WS10O, you'll learn basic information about
the most popular amateur operating modes. Y ou’ || see what each oneisused for and its advantages and
disadvantages, and you'’ Il get ageneral ideaof the resources needed to try each one. Detailsof how radio
signals are created and how those signals are made to carry information is explained in later chapters of
this book. Thisis an introduction; the other chapters of this Handbook, the ARRL Operating Manual,
QST, QEX and a whole Amateur Radio publishing industry cover the continuously evolving realm of
Amateur Radio modes. Look in the References chapter for alist of Amateur Radio publications that
describe specific practices, techniques and circuits you can use for deeper investigation.

l ' nited States Amateur Radio operators are encouraged by the Federal Communi cations Commis-

WHAT IS A MODE?

In Amateur Radio, amode is considered to be any modulation technique that permits two-way com-
munication with another station using an identical or compatible system to receive and demodulate it.
If that sounds confusing, just think of asimpleanal ogy, such astheway we use money in modern society:
A certain amount of American dollars can be used to purchase an item that may also be purchased with
an equivalent amount in Japanese yen. The dollar and the yen, however, are not directly compatible—
you can’'t simply exchange them one for one. Y et they are both
forms of payment for goods and services.

Thisistypical of most ham radio modes. Y ou can talk over an
FM repeater, but a person with a CW receiver who tunes to your
frequency won't hear athing you say. FM and CW aren’t compat-
ible. Most Amateur Radio operating modes areincompatiblewith
each other, and each has advantages and disadvantages that make
it worthwhile to select the best mode for the intended communi-
cation. Because itsinformation is transmitted by varying the car-
rier frequency substantially, an FM signal uses arelatively large
amount of RF bandwidth. On arelatively wide band such as2 m

) . Rick Castaldo, KD1BR, keeps in
(144-148 MHz, 4 MHz wide), many hams use narrow-bandwidth  5ych with his friends using 80-

FM (NBFM). NBFM requires about 15-20 kHz of spectrum for  meter SSB.
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each conversation (hams call them “QSOs”). Several such FM
signals would easily use up all of a narrow band such as 30 m
(10.1-10.15 MHz, 0.05 MHz wide), and few conversations could
take place at the sametime. Other modes, such as single-sideband
suppressed-carrier amplitude modulation (SSBSCAM, or SSB)
and continuous wave (CW), require much less bandwidth. Here’'s
thetrade-off: while FM hasenhanced audio fidelity and rel atively
little background noise, SSB and CW permit many more simulta-
neous QSOs in any given range of frequencies. CW is the perfect mode for weak-

The radio amateur has a variety of frequencies to select from  Signal work. John Shew, N4QQ,

. . .. uses CW to operate EME
when attempting to establish two-way communications. At the  moonbounce) during the 1993
low end are the mediumfrequencies (MF), specifically the160-m  AMSAT Space Symposium.
band (1.8-2.0 MHZz). Then there are the high frequency (HF) or
“shortwave” bands (80-10 m, or 3.5-29.7 MHz). The next steps up are the very high frequency (VHF)
bands (6-1.25 m, or 50-225 MHZz). Above these are the ultra high frequency (UHF) bands (70-23 cm,
or 420-2450 MHz). Aboveall thesearethe super high frequency (SHF), extremely high frequency (EHF)
and other segments, more simply referred to as microwaves (2900-250,000 MHz). The band you choose
affectsyour signal’ srange (seethe chapter on Propagation). But the mode you select isalso important,
for many reasons.

Thekey to successful Amateur Radio communicationsissignal-to-noiseratio (S/N). Thismeans
you can communicate with anyone if your signals are loud enough to be heard through any noise
present. Sometimes the noise wins; there’'s always some noise present on any radio frequency.
Similarly, there’s some propagation available to any desired location. The propagation path may
not be sufficient to help conduct aweak signal halfway around the world, but theoretically, if you
transmitted enough power, if there were absolutely no noise, you could contact almost anyonein
the world at any time propagation conditions permitted your signal to reach its destination. The
challenge in radio communications is to work within the practical constraints of your license
privileges, budget, physical capabilities and atmospheric conditions to maximize your chances of
being heard. If the S/N at the receiving end is sufficient, you will be heard. If the noise level istoo
great, you won’'t get anywhere.

Every portion of the radio-frequency spectrum exhibitsits own unique characteristics of propagation
and noise. For example, the MF or lower-frequency HF amateur bands are in arangethat is particularly
subject to noise. Frequenciesbelow 5 MHz exhibit ever-present random atmospheric noise from storms,
and the background of “hash” generated by man-made electrical gadgets, appliances and machinery is
often very loud. If you livein an urban environment, it can be difficult to hear anyone most of the time,
especially in the summer, when thunderstorms rage throughout your hemisphere. On the other hand,
radio amateurs fortunate enough to livein rural settingsfar from factories, congested housing and other
sourcesof noise can enjoy good reception on 160 m, especially inthewinter, when thunderstorm activity
is lowest.

In addition to considering the noise and propagation conditions on the various bands, an Amateur
Radio operator must intelligently select the mode of transmission most likely to succeed. The factors of
concern are (1) What modes can your transmitter produce? (2) What mode is the intended recipient
using? (3) What mode will provide the receiving station with the best S/IN?

The first is easiest to determine—just ook in the manual or at your rig’'s front panel controls. The
second may be more of amystery. Unless you have some means of predicting the mode the other station
is using, you must make an educated guess. The third requires an understanding of what each modeis
best suited to accomplish and how to take advantage of its characteristics.

Let’s examine factors (2) and (3). To make communications convenient, hams have established
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standard operating tech-
niques that make it easier to
choose amode. For example,
most amateur voice commu-
nications on the 160, 80 and
40-m bands (1.8-7.3 MHz)
are conducted vialower side-
band (LSB), while upper
sideband (USB) isthe normal
modeon 20, 17, 15,12 and 10
m (14-28 MHz). On 2 m (144-
148 MHz) and 1.25 m (222-
225 MH2z), the predominant
mode is frequency modula-
tion (FM) for voice and data
communications. Above 420

MHzthereisamixtureof FM Sounding like a broadcaster from _radio’s Go_lden Age, Pau_l

B VOi mmunica- Courson, WA3VJB, operates classic AM equipment from his well-
a.”d SfS oice co u CI:a equipped shack in West Friendship, Maryland. The setup doesn’t
tI.OI?lS, ast-scan amateur tele- just look like a broadcast station, it’s used in Paul’s work in
vision (ATV), CW and ex- commercial radio production. (photo courtesy of WA3VJB)

perimental modes.

There are exceptions to these “rules.” Data communications, such as radio-teletype (RTTY') and packet,
areoperated almost entirely on L SB at HF; D Xing (long-distancecommunication) on VHFand UHFismainly
conducted using USB and Morse code; 10-m repeaters use FM. Aside from such exceptions, however, you
cannormally assumethat stationsoperating voiceon 20 marelikely to beusing USB, a2-mrepeater isalmost
certainly using FM, and a packet station on 30 m will be running LSB. You should set your transceiver
accordingly.

Once you know what modes are used by most operators on a given frequency, what frequency and
mode should you select to have the best chance of establishing contact? Y ou won’t be heard unless your
signal significantly exceeds the noise at the receiving end.

There are five main categories of communications in Amateur Radio: Radiotelegraph (Morse code),
radiotelephone (voice), radiotel etype (Baudot and ASCII RTTY and AMTOR), digital (packet, PacTOR,
CLOVER, G-TOR) andimage (SSTV, FSTV and fax). Let’slook at the main Amateur Radio operating
modes and compare their uses and characteristics.

CW

CW (continuous wave) is the oldest mode of ham transmission in use today. It consists of a plain,
unmodulated RF signal (or “carrier”) whichistransmitted by the closure of amanual key or an electronic
keyer circuit (sometimes called “on-off keying”). CW conveys intelligence through the International
Morse code. (Thisisavariation on the American Morse code used by commercial telegrapherson wired
linesin the late 19th century.)

@ The Sounds 0f> Listen to a sample CW transmission.
Amateur Radio
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AM

Amplitude modulation was the earliest technique used to transmit the human voice over radio. It was
the dominant ‘ phone mode until the late 1940s and 1950s, when single sideband (SSB) came along. AM
uses afull carrier with two modulated sidebands, and takes up afair amount of bandwidth. In practice,
two SSB signals or eight CW signals could be transmitted within the bandwidth used by one AM signal.

Morse Code: A Language, Not a Mode

Digital signals are those that can be represented accurately in terms of integer numbers. Morse
code has been called the most basic form of digital radio communication. It involves nothing more
than three elements: a short tone, a long tone and a space. In digital perspective, these could be
represented by the numerals 0, 1 and 2. If all we can do is send separate elements, we are limited to
three possible pieces of information. (In practice, there would actually be only two definite expres-
sions, the 0 and 1, or short tone and long tone. A space by itself would be the same as no signal at
all.)

Mixing and matching the tones and spaces created a system to denote letters of the alphabet, the
digits 0-9 and a few punctuation marks. As a result, no individual character requires more than six
elements to be unique and clear.

Language expressed in nothing but long and short tones (dahs and dits) has been in use since
before Samuel F. B. Morse devised the American Morse system of telegraphy. In prehistoric
times, it was discovered that a prearranged method of sending signals could use a small set of
such symbols, yet be a potentially powerful means of conveying complex information. The
arrangement of the signals (long/short, loud/soft, bright/dim, single/double, on/off) could be used
to signify much more than just two alphabetic or numeric symbols. Morse and his colleagues
developed a standard code that took advantage of the frequency with which certain English
letters are used in language, and made efficient use of the way our ears and minds work. Learn-
ing Morse code is as easy as learning about 40 words in a foreign language. With practice, a
“speaker” of Morse code can decipher a string of long and short tones and spaces at almost half
the speed of everyday spoken English conversation.

Now that we have a language, we need a means to transmit and receive it at two separate loca-
tions. Wired telegraphy was the earliest means, but the invention of wireless radio transmissions less
than 50 years later made it a simple matter of turning the transmitter on and off in a particular se-
guence to produce a corresponding sound at the receiving end. The first equipment used to create
such radio signals were spark-gap transmitters. Spark transmitters sent an electromagnetically noisy
pulse to a resonant antenna system where the pulse essentially reverberated until its energy was
either radiated or dissipated in the resistance of the circuit. During the reverberation, the amplitude
gradually decreased, so the result is a damped wave—a wave with changing strength. The part that
was radiated became an electromagnetic field. The field was strong enough for a sensitive, specially
designed antenna and receiver to respond to the electromagnetic bursts by rendering an audible
sound in a headset or other transducer. As experiments continued, it wasn’t long before the vacuum
tube was perfected. By using a tube in a tuned electrical circuit, a transmitter could generate an
almost-pure, constant unmodulated radio signal on a specific frequency. The signal generated by the
tube was smoother and occupied much less space on the electromagnetic spectrum.

So how did the term continuous wave (CW) come about? Many beginning hams mistakenly think
that it somehow means the transmitter is emitting a constant RF signal. But how could this be?
Wouldn't this mean that each press of a code key actually breaks the circuit, rather than closes it? Of
course, that's backwards. A code key closes the circuit when it's pressed (or squeezed, in the case of
a paddle). No, the transmitted carrier is called continuous because it's not damped as were the spark
signals; it’s continuous in the sense that the RF sent when the key is pressed is transmitted as a
single radio-frequency wave of continuous strength. CW is the simplest mode to implement in a radio.
You can learn more about the principles of CW in the Modulation Sources chapter.
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Becauseit’ slessspectrum effi-
cient, it has been reduced to a
“curiosity” ontheair. Thereare
many antiquewirelessenthusi-
asts who derive great joy from
the warm, rich sound of a
strong AM signal, especially
when generated by a properly
adjusted and maintained vin-
tagetransmitter. AM operators
use specific frequencies on al-
most every amateur band, and
most polite hams respect the
rightsof AMersto operate, just
as AM fans avoid transmitting
on portions of the bands gener-
ally used for SSB, CW, ama-
teur television and digital

modes. FM offers clear, reliable voice communication. This is especially

critical during public-service activities. Using FM portable trans-
ANGLE MODULATION: ceivers and directional antennas, hams operate from the Command
EM AND PM HQ tent at the Big Sur International Marathon.

FM isby far the most popu-
lar mode of Amateur Radio communication. The majority of newcomers to the hobby use FM
transceivers to operate on VHF and UHF frequencies; the most popular activity is voice operation
via 2-m FM repeaters. In fact, many amateurs who get their start on the air using 2-m FM and
repeaters are unfortunately never exposed to other kinds of operation; they miss the pleasure of
using other modes and bands. Considering that it’s mainly limited to local contacts, the 2-m band
offersreliable communication quality over areasonably long range. Most VHF and UHF repeaters
use FM, agreat deal of direct, nonrepeater (simplex) traffic is conducted using FM, and there’s an
FM segment on the 10-m band (29.2-29.8). Above 30 MHz, virtually all amateur packet radio is
conducted using FM transmissions. Repeater operation typically permits hamsto use hand-held and
mobile transceivers to make clear contacts over ranges of 100 miles or more. FM is a quiet mode,
because the technique of angle modulation greatly minimizes the effects of static and noise. The
trade-off isthat arather strong signal is needed at the receiver to produce the “quieting” effect that
distinguishes FM communications.

Frequency modulation and its sibling, phase modulation, is accurately known as angle modulation
because the frequency or the phase of atransmitted signal’ s carrier can be shifted to providean “FM”
signal. Amateurs use aform of FM called narrowband FM, which is about 3-20 kHz wide. Thisisjust
enough to afford decent voice communication. Commercial FM broadcast stations (88-108 MHzinthe
US) usewideband FM with 75-kHz deviation and 200-kHz channel spacing, which permitstransmitted
audio frequencies in the range of 50-12,000 Hz.

Amateur Radio

@ The Sounds 0f> Listen to a sample FM transmission.
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Table

3-1

Equipment Requirements for Amateur Radio Operating Modes

Mode Typical activity Radio(s) Antenna(s) Other
CW, HF  Ragchewing, CW transmitter/ Ranges from simple  Antenna tuner (optional)
contesting, receiver, fixed wire antennas  Tower (optional)
DXing, Transceiver, single  to tower-mounted Rotator (for Yagis)
traffic handling or multiband rotatable, multi- Amplifier (optional)
element Yagis and CW key, paddles or keyer
phased arrays
Cw, Ragchewing, All-mode transceiver Omnidirectional Tower or roof-mount
VHF/UHF contesting, vertical; long, for antenna desirable,
DXing, extended Yagi Rotator (for Yagis)
satellites (“boomer”), quagi Key or paddle and keyer
or helix (depending
on the application)
SSB, HF Ragchewing, SSB Ranges from simple  Antenna tuner (optional)
contesting, transceiver wire antennas up Tower (optional)
DXing, to tower-mounted, Rotator (for beams)
traffic handling rotatable, multi- Amplifier (optional)
element Yagis and
phased arrays
SSB, Ragchewing, All-mode transceiver Omnidirectional Tower or roof-mount
VHF/UHF contesting, vertical, long, for antenna desirable
DXing extended Yagi since DX is mostly
satellites (“boomer”), quagi line of sight
or helix (depending Rotator (for Yagis)
on the application)
AM, HF Ragchewing AM or multimode Fixed wire or Antenna tuner (optional)
transceiver beam antennas Tower (optional)
Amplifier (optional)
Microphone
FM, HF Ragchewing, Multimode Omnidirectional Antenna tuner (optional)
repeaters transceiver vertical or beam Tower (optional)
Amplifier (optional)
Microphone
FM, Ragchewing, FM or multimode Omnidirectional Tower (optional)
VHF/UHF repeaters, transceiver vertical or Yagi Amplifier (optional)
contesting
Digital Ragchewing, HF or VHF/UHF Omnidirectional Amplifier (optional)
message handling, transceiver or directional TNC or multimode
data networking, processor (optional)
satellites Computer or terminal
Image Ragchewing HF SSB transceiver Omnidirectional or Amplifier (optional)
or UHF video directional TV camera or image scanner
transceiver Computer (for SSTV and fax)
Demodulator (for SSTV and fax)
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SSB

Suppressed-carrier single sideband, what we call “single sideband” isan AM signal from which the
carrier and one sideband have been removed. The receiving station picks up the SSB signal, adds a
carrier, and converts the RF signal back into voice.

Operators who enjoy making long-distance contacts on the VHF and UHF bands find that SSB
isabetter choicethan FM. Even though there are many more VHF/UHF transceivers on the market
that offer only FM, SSB is useful because it’s much easier to copy a weak sideband signal than a
weak FM transmission. The signal strength needed to quiet an FM receiver isrelatively high. With
low signal-to-noise ratios, it's nearly impossible to make out the other operator’s voice. In con-
ditionswhere weak signals are common, SSB can provide intelligible audio through a background
of considerable noise.

@ The Sounds 0f> Listen to a sample SSB transmission.
Amateur Radio

DIGITAL MODES

Technically, any means of communication based on asimple* black-and-white” value can be consid-
ered a digital mode, because it can be expressed with simple whole numbers. A CW transmission can
be viewed as a mixture of “on/off” signals, to which we could assign the values 1 and 0. Conversely, a
series of 1sand Os, in the proper order, could signify aMorse code message. In fact, many devices use
this technique to encode and decode Morse code communication automatically.

In addition to simply turning asignal on and off, there are other waysto designate thosedigital 1sand
Os, or changes in state. Frequency shift keying (FSK) uses the principle of switching between two
frequencies, which are used to designate the mark and space (on and off state, or digital 1 or 0). FSK
isachieved by using acontrol circuit to switch atransmitted carrier up and down to the mark and space
frequencies. We can achieve the same result by modulating an SSB transceiver with high- and low-
pitched audio signals producing the functional equivalent of true FSK.

The next step toward smooth, effective Amateur Radio communications makes use of machines,
specifically, electronic digital computer processing. Fortunately, the FCC permits certain kinds of
amateur digital communications because they help provide error-free communications evenin difficult
conditions.

RTTY

Before there was radio, there was teletype (abbreviated TTY), a system of sending printed text by
typing on aterminal that was connected by wires to a similar machine. The military began connecting
mechanical teletype machines to HF radios during World War I1. This was the birth of radioteletype,
or RTTY. After some experimentation with simple on-off keying, the designers switched to FSK, which
proved effective.

In the days before personal computers, enter- The Sounds of " Listen to a sample RTTY
prising hams obtained inexpensive surplus TTY @ Amateur Radio) transmission.
machinesand modified them to provide output sig-
nals that could be fed into an SSB transceiver’s microphone input. The resulting signals fit within the
bandwidth permitted for voice transmissions. A typical modern RTTY installation consists of three
parts: a computer, a communications processor and an FSK or SSB transceiver.

In basic radioteletype (RTTY, pronounced RIT-ee), the operator types a continuous string of char-
acters on the computer. A terminal program sends the characters through the serial port to the commu-
nications processor, which translates the characters into the appropriate mark/space signals as either
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control signalsfor an FSK transceiver (or audio tonesfor the audio input of an SSB transceiver). At the
receiving station, the transceiver audio is translated by the communications processor into characters,
which are sent to the computer screen viathe serial port and terminal program. Amateur Radio operators
use several kinds of RTTY.

Baudot (named after French engineer EmileBaudot [ 1845-1903], pronounced baw-DOE), isamethod
of exchanging alphanumeric characters over wires and radio links. Baudot is sometimes referred to as
International Teletype Alphabet 2 (ITA2). It produces letters, numbers and a limited number of punc-
tuation symbols with a five-bit code. Because five bits per character permit alimited number (32) of
symbols, the alphabet is sent in capital (upper-case) letters. Baudot RTTY isthe most widely used form
of amateur RTTY on the HF bands.

ASCII (an acronym for the American Standard Code for Information Interchange, and pronounced
ASK-ee) isaformof RTTY that transmits seven bits per symbol. ASCI|I isthe same code used on most
modern computers. It contains the entire upper- and lower-case al phabet, punctuation and some special
symbols.

AMTOR

In a standard RTTY transmission, only one station @ The Sounds Of> "';tc‘;r.‘ to an AMTOR
transmits, while the other receives. Characters may be Amateur Radio / @59 ' Progress.
printed incorrectly if the S/N is inadequate. Atmo-

spheric static, fading or noise bursts can garbleincoming characters. A partial solution to thischallenge
isaformof RTTY called AMTOR (Amateur Teleprinting Over Radio), which uses acomputer processor
tomaintainavirtually error-free communicationslink. I nstead of onestation transmitting whilethe other
passively receives, both stations maintain alink by exchanging transmissions. The sending station sends
short burstsof dataand thereceiving station sends shorter acknowledgment (A CK) burstsbetween them.
Characters are sent in groups of three. The receiving station checks each character, looking for a4:3 bit
ratio. If theratio is correct for each of the three characters, they are displayed on the receiving terminal
and the receiving station sends an ACK, telling the transmitting station to continue. If errors exist, the
receiving station sends a negative acknowledgment (NAK) signal, which commands the transmitting
station to resend the incorrectly received group.

Because AMTOR runsacontinuousvalidity check onthecharactersexchanged, it’ smorereliablethan
“plain” RTTY, which can produce lots of incorrect text. AMTOR iswell suited to traffic handling and
passing messages when accuracy isworth aslight trade-off in speed. A disadvantage of AMTOR isthat
both stations must “hear” each other well, or the communication is reduced to a lengthy exchange of
poorly received character groups and NAKSs.

Packet

Packet radio isan error-free mode that usesthe complete ASCI| character set and supportsthetransfer
of binary data. It iscalled “packet” because datais not sent as a single, continuous string of characters,
but rather transmitted in small bursts, or packets. Each packet containsnot only thedatato betransferred,
but al so overhead information used to route the packets and reassembl e them into their original continu-
ous whole. The overhead includes data that identifies the sending and receiving stations, enabling the
packet transmission to reach the proper destination. It also provides the FCC-required station identifi-
cation of the sender.

When two packet stations are exchanging data, they are said to be connected. One station sends a
packet and then waits a specified amount of time for a

reply. Thereceiving station checksthe packet for errors @ The Sounds of> Listen to a sample

and sends an ACK if the packet iserror-free. If not, the packet transmission.

o . ) e Amateur Radio
receiving station does nothing. When the waiting time
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PacTOR CONTROLLER

© Band ° AMTOR

PACTOR is becoming the digital HF mode of choice for many
hams. This dedicated PACTOR controller by PacComm also
supports Baudot, AMTOR and CW. Many amateurs who once used
AMTOR and packet on the bands below 30 MHz have switched to
PACTOR for its more robust capabilities.

expires, the originating station retransmitsthe packet on the assump- . .

. o . . . This suitcase houses a com-
tion that.lt did not arrive error-free: Packet stations COMMUNICale pjete portable PACTOR station:
directly in many cases. If the path is too long to support a direct transceiver, PACTOR controller,

connection, however, packet relays known as nodes or digipeaters Wire antenna and cables, all in
are used one convenient package. Its

. . . . owner, Joe Mehaffey, K4IHP, of
Packet radio stations are able to communicate with each other atjanta, Georgia, connects it to

because they conform to astandard format, or protocol, described as his laptop computer to operate
AX.25. Thisisaspecification derived from asimilar protocol, X.25, hmeOb:'eeagésfr?_'”e‘ Z‘Lrgr?itszgyi‘;"?:re
used by commercial packet netwprks. A>§.25 version 2.0 was ap- maipmain a'regular schedule with
proved by the ARRL Board of Directorsin 1984, it is the generad  ham family members and neigh-
amateur packet radio protocol currently authorized by the FCC. bors while traveling around the

Packet datarates are limited to amaximum of 300 bit/swithinthe Australian countryside. (photo
Amateur Radio bands below 28 MHz. Even at this relatively slow by K4IHP)
rate, noise and interference makes efficient packet communication
difficult on the HF bands. Unless conditions are good at both ends of the path, packets must be repeated
many times before they arrive error-free.

Above 28 MHz, datarates are not so limited. Most VHF packet users operate their systems at 1200
bit/s using 2-m FM. However, networks have been established that use much higher data rates—9600
bit/s and beyond—to link nodes and packet bulletin board systems over awide area. The most popular
networking system is NET/ROM, but there are several contenders such as TexNet, ROSE and TCP/IP.
Through these systems the packet-radio network has become accessible to amateurs throughout the
nation and the world.

PACTOR

Two German hams, Hans-Peter Helfert, DL6MAA, and Ulrich Strate, DF4KV, worked together to
find asolution to the problems of HF datacommunication. Theresult of their effort isablend of the best
parts of packet radio and AMTOR: PACTOR, and now PACTOR 11.

Helfert and Strate liked AMTOR because it's asimple system that workswell with marginal signal-
to-noise levels. However, they disliked its inadequate error-correction capabilities, its slow effective
maximum data rate (less than 35 bauds) and its use of the five-bit Baudot code character set (all upper-
caseletters). To make up for thedeficienciesof AMTOR, Helfert and Strate devised anew system based
on AMTOR that adopted some features of packet radio.
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Advantages of PACTOR include:

* Anerror-correction algorithm called Memory ARQ, a method for reconstructing an original block of
data by adding together the broken pieces of that block asit’s repeated until the block iswhole.

» Data-compression techniques (Huff man coding) that can increasethe datatransfer rate by up to 400%
over uncompressed data.

o Compatibility with ASCII and binary data transfers.

» Automatic adjustment of its data rate to compensate for changes in radio conditions.

» Mark or space polarity isinconsequential because it is frequency-shift independent.

» Tolerates interference well, while maintaining the communication link.

* It uses unique addresses (the complete call sign of a station isits PACTOR address).

» Fast, reliable changes of transmission direction and end of transmission confirmation at both ends of

a connection.

Like packet and AMTOR, PACTOR is a two-way affair: A transmitting station sends data and a
receiving station sends back electronic acknowledgment of each burst of characters. Unlike packet or
AMTOR, however, PACTOR dynamically adapts to conditions. Rather than relying on each transmis-
sionto provideasolid block of clear characters, PACTOR can accept aseries of imperfect or incomplete
datasegmentsand “intelligently” attempt to reassemble them into asolid group. In thisway, the number
of transmissionsis reduced because the receiving station may be able to “make out” enough detail from
two or three successive bursts to provide an errorless segment of data.

@ The Sounds 0f> Listen to a PACTOR QSO.
Amateur Radio

G-TOR

G-TOR was devel oped by Kantronics with twin goals: to provide greater throughput on HF channels
than AMTOR and PACTOR and to be compatible with existing multimode TNCs. To increase through-
put, G-TOR uses Huffman encoding to compress data, Golay forward error correction, acyclic redun-
dancy check to detect errors, datainterleaving and automatic repeat requests to replace datathat cannot
be corrected. Golay encoding and interleaving work together to provide forward error correction that is
effective even when long bursts of bitsare corrupted. Headquarters operators have seen G-TOR provide
twice the throughput of PACTOR and four times that of AMTOR under difficult conditions. More tests
are needed, however. We simply don’t have enough data yet to know for sure which technique is best.

@ The Sounds 0f> Listen to a G-TOR QSO.
Amateur Radio

CLOVER

No matter which digital modeyou use—packet, AMTOR, PACTOR or RTTY —datacommunications
on the low bands can be a struggl e because of the nature of HF. When HF conditions are perfect, almost
anything works, but how often are HF conditions “perfect”? Under the less-than-perfect conditions
typically encountered, digital modes begin to fail. It used to be that as conditions deteriorated, all that
was left was Morse code. But now there’'s CLOVER. It’s a rather complex system invented for the
purpose of relaying files and text on HF bands at higher speeds than packet, with faster throughput and
versatil e self-adjusting parameters. Devel oped by Ray Petit, W7GHM, and HAL Communications Corp
president Bill Henry, KOGWT, CLOVER is named for the cloverleaf waveform it produces when
displayed on a monitor scope. CLOVER offers improved data communication in the HF spectrum by
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using ahigh-speed, bandwidth-efficient modem and an error-correction protocol designed to counteract
changing propagation conditions.

HAL Communications implemented CLOVER in a hardware/software system called PCI-4000/PC-
CLOVER, for IBM-compatible computers (with 80286 CPUs or better). The user plugs a PCI-4000
board into one PC expansion slot and installs the PC-CLOVER software on the computer’ s disk drive,
connects the CLOVER card to an HF transceiver, and is ready to go on the air.

On-air experience and tests indicate that the current version of CLOVER can reliably pass error-
corrected 8-bit dataon HF at rates of 10-60 bytes/second. Under average conditions, throughput isinthe
20-40 bytes/second range—1.5-10 times faster than AMTOR, PACTOR or HF packet.

The CLOVER system includes an “AUTO-ARQ” mode that provides athree-pronged attack against
the problems caused by HF data signal distortion. Thisforward-error-correction will correct asmany as
31 bytes of erroneous data for every 188 bytes of transmitted data, without requiring repeat transmis-
sions. (AMTOR, PACTOR and packet correct errors only by retransmitting data.) When erroneous data
exceeds 31 of 188 transmitted bytes, only the damaged datablocksarerepeated. (AMTOR and PACTOR
repeat all the data of a transmitted pulse, even for one character error.)

The CLOV ER modem samples the characteristics of each received block of data (the signal-to-
noise ratio, frequency offset and phase dispersion) to determine the current operating conditions.
Withthisinformation, CLOV ER optimizesthe other station’ stransmitting parametersto match the
measured conditions. (AMTOR and packet have no adaptive capabilities, and PACTOR uses an
adaptive algorithm.)

AUTO-ARQ isavailable in three flavors, or “bias’ settings, for three types of band conditions. For
average HF conditions, the “normal” bias setting offers a good balance between error correction, data
rate and throughput. For extreme HF conditions, the “robust” or “fast” bias settings are available. The
robust bias setting provides the greatest degree of error correction, but to achieve this, throughput is
decreased. Robust biasisrecommended for fixed-frequency operation (below 7 MHz) where maintain-
ing a connection over an unstable path is more important than the amount of data throughput. For ideal
conditions (stable paths at frequencies near the MUF), the fast bias setting provides reduced error
correction, greater data rates and maximum data throughput.

The PCI-4000 board includesa D SP560001 digital signal processor and a68ECO000 control processor,

Bill Henry, K9GWT, and Ray Petit, W7GHM, are the fathers of CLOVER, an extraordinarily powerful
mode of digital communication. It’s an adaptive, error-correcting mode that can pass information
over long-distance radio links under severe conditions of poor propagation. This is the original
CLOVER adapter, the HAL PCI 4000, a one-slot add-on board for IBM-compatible personal computers.
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which perform the CLOVER modem and protocol processing. New PCI-4000 software is downloaded
to the board from your PC, making software upgrades simple, with no need to replace ROM or EPROM
chips. The PC-CLOVER software provides a menu-driven, split-screen user interface for CLOVER
communications. Third-party software writers have written CLOVER bulletin board software, and
CLOVER BBSs (CBBSs) are well established on the HF bands.

There are many advantages and unique featuresin aCL OV ER system. For example, if conditionsand
propagation permit a high-quality link between two CLOVER stations, they can automatically signal
each other to lower power and increase the data-transmi ssion speed. Under poor conditions, astation can
request the other to increase power and lower transmission speed to try to reduce errors. At thiswriting,
CLOVER isimplemented in hardware only. Thismeansthat it’ s sold as aspecial plug-in card that goes
into a standard expansion slot in an IBM-compatible personal computer.

PSK31

Despite its limited character set and lack of error correction, Baudot RTTY remains popular for
conversational QSOs, roundtables and nets. Baudot RTTY was designed to work with equipment that
does not meet today’ s standards for stability and selectivity. In the beginning, decoding and printing of
Baudot signalswas donein mechanical machines. Why do hams continueto use this second-only-to-CW
oldest digital mode in the computer age?

There’' sabig difference between digital mode userswho areinterested in moving blocks of datafrom
one point to another and those who only want to make two-way conversational contacts. If you're
sending data over anetwork, you’ |l need speed—Iots of it on the node-to-node connections. For atwo-
way contact you only need enough speed to keep up with your typing. Transferred dataneedsto beerror-
free, and if that adds some delays, no problem. By contrast, two-way contacts should have minimal
system-imposed delays so that data exchange seems conversational to the users.

The error-correcting digital modes aren’t designed for the “typical” ham QSO. They’re great for
transferring data, but not so great for conversations—especially when more than two stations are
involved.

Peter Martinez, G3PL X, who brought us AMTOR, has developed a new mode that is designed for
today’ s radio amateur using current ham gear to make QSOs with other amateurs. This mode is called
PSK31. The PSK derivesfrom thefact that signal s use phase-shift keying. The 31 comesfrom the 31.25
baud rate.

In addition to your transceiver and antenna, you only need a computer with a Windows operating
system and a 16-bit Soundblaster card (or compatible) to receive and transmit PSK31. A May 1999 QST
article by Steve Ford, WB8IMY , explainsin easy-to-understand |anguage what you need to know to get
in on the fun.

Additional information and software is available for free download over the Web. In addition to
Windows software, you’ Il find versions for DOS, Linux and Macintosh. Y ou’ll also find software that
does not rely on a particular operating system. Y ou can even join an e-mail reflector to keep up with the
latest developments. Point your Web browser to: http://aintel.bi.ehu.es/psk31.html for information
and links to downloads. Y ou may want to use a Web search engine to find other pages.

PSK31isstill initsinfancy, and support for it is still under development. For that reason, it makes
sense to watch the pages of QST, and to follow developments by visiting key Web pages.

@ The Sounds 0f> Listen to a PSK31 QSO.
Amateur Radio
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Image—FSTV, SSTV and Fax

Amateur television (ATV) comes in two main categories: fast-scan TV (FSTV) and slow-scan TV
(SSTV). ATV alows hamsto send television pictures over the airwaves. SSTV originated earlier; itis
atechnique used to send color or black-and-white still pictures over HF, using bandwidth comparable
tothat used by SSB voice. Because of thelargeamount of information required to transmit avideoimage,
the bandwidth restrictions for HF operation limit the mode to still pictures. FSTV, on the other hand,
is used on the UHF bands, where the FCC permits hams to use much broader bandwidths. Therefore, a
UHF FSTV picture can be areal-time moving picture.

Many amateur TV experimentersuse home camcordersto supply theinput totheir FSTV transmitters.
Watching areceived FSTV signal looks almost the same as a commercial TV broadcast. In fact, some
FSTV enthusiasts outfit their stations with “professional” video and processing equipment, such as
cameras, monitors, switchers, special-effects devices and computersto control and manipulate images.
There are numerous FSTV repeaters around the US.

Fax is an additional form of image communications. Fax is an
abbreviation for facsimile, aform of transmission that sendsavisual
“photocopy” of atwo-dimensional image, such as a piece of paper,
a photograph or adiagram. Thefirst fax machines were mechanical
devices with paper wrapped around a rotating drum, or scanned by
amoving light source. Thelight and dark spotson the paper (that is,
blank space and typewritten characters) were converted to el ectrical R
impulses. Theseimpul sesweresent along wiresto areceiving device
that converted the impul ses back into an image on paper.

Modern amateur faxes are sent using PCs and special software.  Hams can say “I'll fax you” with
The images may be amost any computer file format. Images are  ease, by using a home computer
often created by using adevice called ascanner to convert aprinted ~ With the right hardware and
; . z : ; software. Ralph Taggart,
image into a digital format..The softwarg converts the Image into WBSDQT, of Mason, Michigan,
audio tones that are sent via the transmitter for decoding at the  transmitted this picture of his
receiving end. Thereceiving station can display thefaxedimageon  daughter Jennifer with a system
acomputer monitor screen or printer. Fax imagescanalsobe“cap-  that doubles as a slow-scan TV
tured” asthey arereceived and savedtoadisk filefor | ater access(for adapter. (photo by WB8DQT)
example viewing, printing, resending, modification). When a fax
transmission begins, the receiving station must be tuned in and listening so that it can receive and decode
the synchronization data sent at the beginning of the fax. Without the sync data, the receiving station can’t
properly interpret the image. This presents a challenge: In voice, Morse code, RTTY, packet or ATV, the
operator may identify hisor her station using that mode. Faxingisdifferent: The FCC doesn’t accept afaxed
stationidentificationasafulfillment of thelegal requirementtoidentify atleast onceevery 10 minutesduring
atransmission, and interrupting afax transmission to send a Morse code or voice identification causes the
transmitting and receiving stationsto lose synchronization. Because faxes can take along timeto transmit,
. new operators must learn what size file can befaxed in the
( The Sounds of) tf;(e” to asample | gyan of 10 minutes before the transmission must be inter-

. transmission. . . . g .
Amateur Radio rupted to send the required station identification.

SPREAD SPECTRUM

Spread spectrum remains largely an experimental mode. It’ slimited to certain frequencies and meth-
ods of implementation, and requires equipment and designs that are on the edge of radio technology.
Advanced amateur and commercial development, however, may |ead to wider use of this technique of
conserving limited radio spectrum. Y ou can find more information in Chapter 12.
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Glossary

ACK—AnN abbreviation for “acknowledgment.” AMTOR and PACTOR stations exchange ACKs to
verify that information has been received without errors.

ACSSB—Amplitude Compandored Single Sideband. A narrow-bandwidth, low-noise AM mode de-
signed to compete with narrow-bandwidth FM in the Land Mobile Radio Service.

AM—Amplitude modulation. Full AM transmissions use afull carrier with two modulated sidebands,
however, SSB and ACSSB are both AM modes.

AMTOR—Amateur Teleprinting Over Radio. A popular method of digital communication on the HF
bands.

ASCIlI—American Standard Code for Information Interchange. A standard method of encoding data so
that it can be understood by many computers.

AX.25—The Amateur Radio version of the CCITT X.25 packet protocol (x.25 is used for computer
communications over telephone lines).

Bit—A binary digit, 0 or 1, mark or space.

Connect—To establish a data communications link between two packet stations.

CW—Continuous wave. A transmission consisting of an unmodulated carrier.

Digipeater—Digital repeater. A device that receives, temporarily stores, and then retransmits packet
radio transmission directed specifically to it.

DXing—Operation to contact far-distant stations (foreign countries on HF, beyond theradio horizon on
VHF and higher bands).

FM—Frequency modulation. A form of modulation where the RF carrier shifts frequency according to
the amplitude of the modulating audio signal.

FSK—Frequency shift keying. Modulating a transmitter by using data signals to shift the carrier fre-
guency. Commonly used for digital transmissions.

NAK—AnR abbreviation for “non-acknowledgment.” AMTOR and PACTOR stations exchange NAKs
to request retransmission of data (due to errors).

Node—A junction point in a packet network where data is relayed to other destinations. A node can
support more than one user at a time and operate on several different frequencies simultaneously.

TNC (terminal node controller)—Software or hardware that processes packets.

RTTY—Radioteletype. A method of sending text information using shifting MARK/SPACE signalsor
audio tones.

SSB—A form of amplitude modulation (AM) in which the carrier and one sideband are removed.
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