Training Topic #19a – Army MARS Digital Communications (part 1)
Lesson Intent.  This begins a four-part discussion to introduce members to the digital communications modes we use in support of our Army MARS operations, multi-mode network operations, and an opportunity to practice digital communications with a practical exercise during the final training session.

Instructor Note.  You can enhance training if you have digital modulation samples available to transmit when discussing each mode.  You can download mode sound files at:

http://www.wunclub.com/sounds/index.html

Training session #19d is a digital communications practical exercise.  You'll need to design the exercise and decide which digital mode(s) you will use.  Announce this information well ahead of time to ensure maximum participation.

References:  The ARRL HF Digital Handbook, 2001 Edition.  The ARRL Handbook, 2003 Edition, Chapter 12.  The ARRL "Your HF Digital Companion" First Edition.  Army MARS Basic Training Course Paragraph 2-10.  Army MARS SOP Chapter 17.

Digital Communications in Army MARS.  As we discussed during our Gateway operations training session, the use of digital communications modes constitutes the backbone method we use to pass record traffic quickly and efficiently.

· Most of you are probably familiar with digital communications especially today with so many computer-based systems used in the amateur service.

· For the experienced operators this will be a quick review.

· For the novice digital operator we hope these discussions will encourage you to learn more so that you can add the digital communications capability to your MARS station.

Schedule.  Here's the outline we'll follow: [Fill in dates for three follow-on sessions]

- Today we'll begin our look at the digital modes currently authorized for use in Army MARS.

- ________ Next time we'll finish our discussion of the different digital modes available to us and look at the equipment necessary to operate the different modes.

- ________ After that we'll discuss multi-mode and digital network operations.

- ________ And finally, we'll conduct a practical exercise so we can try one (some) of the different digital modes on the air.

Introduction.  With rapid advances in information technology, HF digital communication has become a constantly expanding medium.  New techniques are being developed on a regular basis as more powerful computers find their way into both amateur and MARS stations.  These training sessions are just an overview and are not meant to make you a digital expert; what we want to do is encourage your interest in exploring these modes and establishing your own digital capability to support Army MARS operations.

· It's amazing how far we've come in just a few short years.

· From the spark-gap technology of the 20's and 30's to digital signal processing in the 90's and today the growth of digital communications modes has exploded exponentially.

· From the end of World War II until the early 1980's the only HF digital mode available to both amateurs and MARS operators was radioteletype, better known to hams as "RTTY" and in military and MARS circles as "RATT".

· Since the 1980's we have seen the emergence of ASCII [Instructor note--pronounced "ass-key"] Amateur Teleprinting Over Radio, or "AMTOR" ["am-tore"], packet radio, PACTOR ["pack-tore"], Clover, G-TOR ["gee-tore"], PSK-31, and MFSK-16.

· What used to require dedicated and often complicated digital data receiving equipment has for the most part been replaced by the simple sound card found in just about all computers today.

· Software packages are available today for both PC and Macintosh computers and support both dedicated hardware and software based receiving programs.

History.  Prior to the development and implementation of advanced digital systems, RATT was the primary high-speed mode used in Army MARS for relaying volume traffic.

· In 1987, VHF packet links and networks were established in the Army MARS Eastern Area, and some state systems were established in the Western Area.  RATT was most commonly used to relay traffic to state nets, and for relay from state nets to MARS members.

· In 1988, the Army MARS Gateway stations implemented HF packet radio links between the Area Gateway stations, and to the OCONUS Gateway stations.

· RATT was no longer used for Area-to-Area traffic, but was still used for relay to state nets.

· In 1989, the APMARS (the MARS version of the amateur APLINK AMTOR/Packet program) software was introduced.  APLINK was a bulletin board system, or "BBS", and gave us a message store-and-forward capability, and provided a connection between AMTOR HF operators and the VHF packet network.

· The error-free operation of AMTOR led to its replacing in large part RATT links between Area Gateways and state nets and between state nets and members.

· As we will see, for Army MARS HF operations AMTOR has now been replaced by the newer, even more efficient modes of Clover and PACTOR. 

Digital Modes.  Let's take a look at each one of the digital modes we mentioned and see what some of their strengths and weaknesses are and how we can use them in support of our MARS mission.

RTTY.

· Even after 50 years of amateur use it still remains popular mostly because RTTY stations are easy to setup and operate.

· MARS RATT operations using mechanical teleprinters was the primary mode used to pass record traffic for many years and RATT nets are still operated in some regions and states.

· RTTY signals are transmitted using the "Baudot" five-bit code, one of the first codes used with mechanical printing machines.  Signals are commonly sent at the rate of 60 words per minute, or what you may hear referred to as "45 baud".

· RTTY signals consist of two tones with a "1" bit usually represented by a 2125-Hz tone known as the "mark tone".  A "Ø" bit is represented by a 2295-Hz tone called a "space."

· If you do a little math you'll find that the frequency shift between the two tones is 170-Hz and you'll hear operators refer to their operation as "170-Hz shift".

· The Baudot code limits the number of characters you can transmit to 64 and all letter characters are available only in upper case.

· But RTTY is not an error-correcting mode so mistakes copied at the receiving end because of band conditions or interference are not corrected automatically and the operator must request repetitions as required when handling record traffic.

· On the other hand, where error-correction is not used all stations in a net have the ability to copy all signals since no stations are "handshaking" back and forth executing any error correction activities.

ASCII.  The American National Standard Code for Information Interchange, or "ASCII", is a coded character set used for information processing systems, communications systems and related equipment.  ASCII communications are not used in MARS but it is interesting to see where it fits in the digital mode hierarchy as other digital modes actually use the ASCII character coding embedded in their modulation schemes.

· ASCII uses 7 bits to represent letters, symbols and control characters.  Unlike RTTY, ASCII with 128 available characters can represent both upper and lower case text.

· Amateurs were authorized to begin using ASCII in April 1980.

· ASCII never became as popular as RTTY for various reasons and is similar to RTTY in that there is no error-correction possible.

· Some of you may remember that in addition to RTTY the ARRL used to transmit their daily bulletins in ASCII but this has given way now to AMTOR.

AMTOR.  RTTY signals are vulnerable to the effects of fading and noise and as we have said there are no provisions for automatic error correction.  Amateur Teleprinting Over Radio, or "AMTOR", is based on the Maritime Mobile Service digital system called SITOR and was the first new mode used in MARS to try to overcome the weaknesses of RTTY.

· AMTOR is a close cousin to RTTY and enjoyed widespread popularity from 1983 through 1991.  What sets it apart is its ability to detect errors.

· AMTOR actually uses the same signal code as Baudot but converts it from a five-bit to a seven-bit code

· AMTOR, with its two modes of error correction Mode A (ARQ, automatic repeat request) and Mode B (FEC, forward error correction) was used extensively in MARS operations.

· On the air, AMTOR Mode A signals have a characteristic "chirp-chirp" sound.  Mode B FEC sounds like very fast RTTY.

· Signal interchange is very dependent on timing and synchronization between the two stations communicating with AMTOR.

· Since propagation can insert unpredictable delays based on the distance between the two stations operators must account for this by adjusting their equipment to account for these effects.

· AMTOR has been superceded by faster, more versatile modes and is rarely heard on the amateur bands today.

Packet Radio.  Data communications is telecommunications between computers.  Packet switching is a form of data communications that transfers data by subdividing it into "packets", and packet radio is packet switching using radio.

· Although packet technology had been in existence since the early 1970s, it wasn't until the middle 1980s that hams began to experiment and use it when personal computers became affordable and available.

· Packet radio allows the exchange of error-free information, including binary data for images and software applications.

· But the problem with HF packet is that it requires strong, "quiet" signals at both ends of the path and it doesn't tolerate signal fading, noise or interference.

· Packet is much more successful on VHF and UHF, bringing hams the capability of sending e-mail messages throughout the country and the world.

· But the advent of affordable Internet access in effect replaced packet as a communications means.

· VHF packet is still popular thanks to DX spotting networks (known as DX Packet Clusters) and the development of Automatic Position Reporting System (APRS), a marriage of amateur packet radio and global positioning satellite technology.

· Although the current MARS SOP says HF packet is the main communications link between the Gateway stations it has in fact been replaced by the use of Clover and PACTOR.

Questions for discussion:
· What digital modes are operational at your station?

· Do you routinely send/receive MARS traffic using digital modes?

· Ask the "old timers" if they know what you mean when you say "I'll see you on the green-keys"?  Operators who have experience with mechanical Teletype machines will understand, as the key tops of the machine's keyboard were colored green.

Questions that came up during discussion:
The way ahead: Next time we'll look at the remaining digital communications modes we use here in Army MARS and the equipment needed to communicate with each of the modes we're discussing.
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