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Since APRS was first introduced at the 1992 TAPR/ARRL Digital
Communi cations Conference it has evolved to fulfill a grow ng need for
tactical real-time digital comunications. Trying to describe its useful ness
is simlar to describing amateur radio itself. The scope is so broad and the
applications so widespread, that no single listing can be conplete. Mjor
mlestones in that evolution were the transition from hand entered maps to the
USGS CD ROMS, in 1994, the devel opment of MacAPRS in 1994 by Keith and Mark
Sproul followed by the official WnAPRS version in 1995  In 1997 Brent
H | debrand devel oped a special application called APRS+SA to take advantage of
the very popular Delornme Street Atlas CD ROM maps. This inprovenent in maps
to the street level was conpleted recently with the full integration of
Preci sion Maping systeminto the WnAPRS product in 1998. Al ong the way,
Steve Dinse's javAPRS began the great migration of APRS onto the infornation
super highway in 1996 by maki ng APRS tracking available to anyone with a WEB
browser, culmnating in his debut of APRServe at the 1997 DCC in Baltinore
Maryl and whi ch provides a worl dw de | NTERNET backbone for all APRS packets

APRS NATI ONWDE FREQUENC ES

During 1998, APRS acconplished a phenom nal natiow de QSY of thousands of
users, over 400 di gi peaters, and dozens of gateways to a new ARRL and AMSAT
sanctioned national frequency. Although there are still some minor areas
worki ng on the change, the consistent nationw de channel gives nobile users
the freedomto travel w thout concern for |loss of connectivity. Since its
introduction, APRS has nainly been used on only two bands, 2 meters VHF and 30
meters HF and nostly on only ONE frequency per band! The fact that thousands
of users are all getting so nuch fun out of just one HF frequency of 10,149.2
KHz and 144.39 Mz is a tribute to the channel efficiency of APRS. In
addition, APRS is now beginning to grow onto 6 neters in a systemcalled
PROPNET as an easy propogation display tool. Aso, APRS sees many
applications in Space. APRS has been tested experinmentally on several SAREX
m ssions since 1995, the SPRE mission in 1996 and even via Mr in March 1998.
The untapped capability on sone of the existing Amateur Satellites for
efficient APRS comunications will also be addressed in this paper.

Today, in 1998, | can say that APRS is becoming a worldw de real tine
conmuni cations system which is revolutionary in Amateur Radio that will again
pl ace amateur radio emergency response capability ahead of the |eading edge of
technol ogy available to the consumer. This paper will describe some brand new
devel opments for 1999 in Internet gateways, digipeating, satellite links and
handhel d personal APRS comunications devices in addition to what | think is
the future direction for APRS into the next century.

| NTERNET GATEWAYS

Steve Dimse's APRServe software has not only revolutionized the |ong haul
distribution of APRS packets, but tied in with Mac/ Wn/APRS+SA user software,
it has turned APRS into a worldw de 2-way nmessaging systeml  Any two APRS
users worldw de may exchange messages in real tine if they are both within a
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few di gi peaters range of an APRS internet Gateway. That is easier than you
think. ANY station that is running Mac/Wn/APRS+SA automatically serves as a
t wo-way messaging IGATE while he is logged on to the internet. My people
with full time | SP access | eave their IGATES running 24 hours a day just to
link their RF LAN into the worldwi de APRS system Right now, | just checked
and | saw 42 IGATES on line all across the USA. These IGATES |inked with over
500 APRS digipeaters provides a worldw de APRS conmuni cations system with
extroridinary reach.

| keep saying worldw de because we frequently have seen stations |ogged on
from Japan, England and the Neteherlands. It is very inpressive to be driving
along with your laptop, and comunicating across the continent. AND without
any routing effort on your part! APRSis the internet of amateur radio. Mst
APRS stations are not even aware that this worldwi de capability exists,
because they will not see any IGATEd traffic unless it is addressed to them
Simlarly, you cannot send a cross country nessage unless you know the call of
someone to send it to. During Field Day this year, we experinmented with
al lowi ng CQFD messages to traverse the sytemwith excellent results. At |east
44 stations nade nationwi de APRS contacts fromtheir FD sites.

O course, many people wll say, but you need a LAPTOP to send and receive

messages and this is cunbersome and usually only worthwhile on long trips
where it is worth lugging along the Laptop, wc, radio and antenna. g

But what if all this was conbined into a single HT? READ ON!!

APRS DI G PEATI NG

one of the key aspects to APRS that makes it so easy to use is the use of
generic digipeating. Thus new users and nobile users may transmit their
Information into the APRS system without any prior know edge of the newtwork,
paths or routes. Generic digipeating was initially possible with off-the-
shelf TNC's but fromthe beginning | proposed nore intelligent routing to
avoi d duplication and reduce packet overhead. The first new algorithmin this
trend was pioneered by PacConmin 1995 which used callsign substitution to
hel p elimnate duplications and to nake reverse tracing of paths possible. As
a footnote to history, PacComm developed this capability for tracking the
| ocation of almost 300 stations in the Bosnian conflict.

Quickly APRS digipeaters across the country began to upgrade to the PacConm
4.0 ROMS and everyone began to see a notable inprovenent in channel throughput
"because not only could multiple duplications be elimnated, but also |onger
generic paths could be used without duplication. Then in 1998, Kantronics
finally inplenented the long proposed APRS WIDEn-N algorithm  This algorithm
provides the same multi-hop long distance routing wthout duplication, but
also elimnates the lengthy explicit digi path that is included in every
packet. Wth WIDEn-N, a single WIDE5-5 digi peater specification replaces

W DE, W DE, WDE, WDE, WDE in every packet. For each explicit hop elimnated,
there is a 7 byte savings per packet. APRS builders in the state of

Washi ngton |eapfrogged all other networks and becane the first state to

impl enent a statew de WIDEn-N digipeating system Any station in the state
may conmunicate with any other station within 70,000 square miles using only
WIDE5-5 as the path and these packets are 28 bytes shorter than before for an
approxi mately 28% i nmprovenent and probably a doubling of channel capacity by
el imnating dupes!



DI Gl PEATI NG I N 1999: One of ny original APRS digipeating ideas is yet to be
i npl enent ed. This is the -Nrouting by SSID only. This routing is the sane
as the WIDEn-N except it dispenses with even the 7 bytes used with WIDEn-N!.
Since the "WIDE" in WIDEn-N IS itself generic, it can be elimnated
compeletely as long as we have sone way to indicate the -N nunmber of hops
desi red. -N routing uses the TOCALL SSID as the routing indicator. Any
TOCALL-N wi Il indicate to the network that the packet is to be digipeated N
times. Thus we have not only elimnated another 7 Bytes per packet, but
opened up even further possibilites. The SSID routing system has been built
into all APRS M c-Encoders in anticipation of the inplenmentation of SSID
routing. This algorithm was necessary to keep the Mc-E Bleep as short as
possible so that it would be tolerated on voice repeaters. Since hops beyond
7 show a denminishing probability of success, the ssiD's of 8 through 15 were
reserved for DI RECTIONAL ROUTING according to the follow ng table:

-8 Nort h -12 North DX
-9 sout h -13 south DX
-10 East -14 East DX
-11  \West -15 West DX

Directional routing is inplenented by the sysop for each digipeater who knows
the best route for packets fromhis digipeater to take in each of the general
directions. Thus, each digipeater has 4 additional UNPROTO nenories, one for

each of the cardinal directions. |If a packet is received with a -8, for
exanpl e, the digipeater would substitute the Northern route into the packet
before forwarding. The packet would travel this route to the end.

[f however, a -12 were used, then the packet would be transnitted by the digi
with only the next northern digipeater as one hop, but at that digipeater,
again, the -12 would indicate a further NORTH routing. This would be
theoretically infinite with the packet always being forwarded NORTH by each
digipeater in turn. Eventually collisions will take their toll and the packet
would die. But it would have traveled a considerable distance north! This

al gorithm assunmes the sanme dupe conparator at each hop as is used in the
WIDEn-N al gorithm so that |oops are cancel ed.
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Figure 1. With only one ground station per footprint acting as an Internet Gateway, mobiles
over half of the USA can be tracked per pass. Mobiles transmit using conventional 2 meter
FM mobile radios and standard AX.25 APRS packets. A slight ($3) mod to any TNC can
configure it for the required manchester uplink of the 1200 baud Pacsats.



APRS MBI LE SATELLITE NETWORK:

APRS has been demonstrated several tines via the Space Shuttle and SPRE
experiments as a very efficient way for many stations to share a single space-
based di gi peater. In 1998, a nationw de school test was conducted using APRS
via the Space Station MR [1]. Wth the short duration of APRS packets and
the fact that each station only needs to successfully get one packet through
to convey his position and status, APRS is ideal for allow ng the maxi num
nunber of stations to participate per satellite pass.

Fortunately, there are already a few 1200 baud AX. 25 2 meter FM
satellites in orbit! W currently have authorization to trasmt APRS packets
via AO 16 and possibly others once we denosntrate the useful ness of these
satellites to serve the nobile amateur radio operator. Al it takes is any 2m
FM mobile rig, your normal TNC (with a $3 nod) and your nornmal nobile antenna.
Wth 25 watts you can hit the bird a few tines a day while you are on |ong
di stance travels [2].

Unfortunately it is not quite as easy to hear the satellite. But ONLY a
few downlink Stations are necessary to feed the downlinked packets into
the worl dwi de internet |inked distribution systemto have your packets arrive
at their intended destination. Currenlty there are several stations working
on autonmating the downlink and Steve Bible is working on making the $3 XOR
gate nod readily available for experinenters.. For further information, see
my TRAKNET paper in the AMSAT PROCEEDI NGS [3]
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Figure 2. This is an APRS screen capture after the third pass of MIR during the special
APRS-MIR tests conducted on 11 March 1998. It demonstrated the potential of using an
amateur satellite digipeater for relaying mobile position/status/messages.



GREATER APRS CHANNEL CAPACI TY FOR 1999:

Since APRS was first introduced, we have been striving to inprove channel
efficiency where ever possible. Currently, an evening's nonitoring in the
Baltinore area will capture about 200 stations within about a 200 nile radius.
This is possible because of the great strides that have been nade with
di gipeaters that has alnmost tripled channel capacity by reducing the nunber of
bytes in each packet and by elinmnating all the redundant duplication of each
packet. However, there is still plenty of excess verbage in nmpbst packets.

The Mc-E lead the way in 1997 with the shortest possible position report
of only 8 bytes. Since then we have been wanting to introduce a conpressed
algorithm that would not only shorten the usual 26 byte position to a nuch
shorter packet, but also allow for additional precision to neet the potenti al
of DGPS systens. In 1999, you will begin to see these packets. For exanple
the followi ng packet can be conpressed to only 13 bytes:

Nor mal : WB4APR>APRS,WIDE*:=3859.11N/07629.11Wv123/045. ..

Conpr essed: WB4APR>APRS,WIDE*:=/YYYYXXXXvcsT. . .

Where the YYYYXXXX contains the LAT/LONG to the nearest foot worldw de and the
csT contains both the course and speed. The T is a TYPE byte that indicates
what format was used in the csT bytes. Notice that the 7 bytes after the
position report in an APRS packet is a field that is used for several nutually
excl usi ve purposes. These are all encoded in the csT bytes.

CSE/ SPD This is for noving stations

PHGXXXX This is for stationary stations
Dl R/ SPD This is for Weather stations
cceececce Addi ti onal coment field if needed

[ A=123456 For GGA packets the altitude can also be conpressed

Thus the conpression algorithm saves us another 13 bytes as high as 37%

O looking at it another way, this allows 37% nmore users on the channel.

Al versions of APRSdos since 820 are conpatible with this protocol.
Unfortunately all versions prior to 820 had an earlier draft conpressed
protocol that was subsequently modified. Thus we cannot begin to transmt the
new protocol until ALL APRS stations upgrade to 820 or later. The conpressed
format will be an option since it does conpromse in one area. It rounds
COURSE to +/- 2 degrees and speed to +/- 2% or so.

ON-THE- FLY DI G PEATER COWPRESSI O\:

At first it may appear that the advantages of conpression are snall since
they will only apply to stations running APRS PC software. But this is not
the case. Alnmost ALL stations may use the conpressed algorithm as follows:

DI | GPEATERS: The conpressed format is entered into the BText

DOS/Mac/Win/+SA: A selectible option for any position or object

KPC- 3 TRACKERS: Kantronics has signed up to generate the conpressed
algorithmdirectly for a 300% shortening of NVEA

OTHER TRACKERS: The NMEA is converted at the digipeater! This will
also be built into KPC 3+ digipeaters!



Notice that some of the |ongest packets on the air are the raw NVEA strings
from GPS trackers. These packets may be conpressed 300% or so using the
conpression algorithm But not only will this occur for new KPC 3+ trackers,
but also any KPC-3+ that is used as a digipeater can conpress any RAW NVEA
that it hears into the conpressed format before forwarding!

For backward conpatibility, or if you do not want your packets conpressed by
the network, sinply continue to use the default ToCALL of GPS and these
packets will not be conpressed. But trackers that use the new Gpsxyz format
for indicating their xyz 1CON will be automatically conpressed at the

di gi peater. If a station does not want to be conpressed, he should use the
equi val ent syMxyz or any other valid APRS TOCALL.

KENWOOD APRS HANDHELD COWMUNI CATOR

And now, what you have all been waiting for! Kenwood iS just now
announcing at DCC as you read this, the production of their Personal Data
Communi cator that has APRS FULLY | NTEGRATED INSIDE! Here are the features:

Dual Band 5 watt HT

Built in TNC

Built in GPS mbdes (with external GPS)

Built in APRS displays e
Built in APRS nessaging " I |
Built in APRS M c-Encoder ([§ao . Of
Built in DX cluster Spotting

Need | say nore?

Here is how you nay use your Kenwood APRS Data Communicator

1) Plug in your laptop and operate normal packet.

2) Use your laptop and the HT for fully portable APRS.

3) Plug in a GPS and operate as a stand al one tracker.

4) Plug in a GPS and operate voice with your POSIT and conment
going out in a Mc-E burst on the end of your transm ssions,

5) Operate sinultaneous voice and APRS. Voice on either band, while
your APRS packets go out on 144.39

6) Unplug everything and just use the built-in APRS displays! The
radio will capture positions, status, bulletins, WK warnings
DX cluster spots and personal nessages!

7) Unfortunately, the newHT cannot digi peat.

APRS MESSAGES: The fact that the newHT can both send and receive APRS
nessages opens up APRS to beconme a worl dwi de amateur 2-way personal nessaging
system  Althought the primary design goal of the newHT was the GPS interface
for position reporting, it was only during BETA testing that we noticed that
we were using the nessaging system ALL THE TIME to coordi nate our testing.

What we soon realized was that although the GPS interface is the pre-emminant
feature of the newHT, nost of the time, however, a HAMis not going to bother
with integrating the GPS for casual routine operations. BUT he WLL use the
messaging capability since it requires no attachnents!
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You may think that messaging is no big deal, since you can sinply talk into
the radio, but that is what is so anmazing about the APRS message capability,
To talk to soneone on voice, all of the followi ng conditions nmust be met:

You both must have an agreed fregency or repeater
you both nust be on the radio at the same tinme
The frequency or repeater nust not be in use by others
You are limted to a communi cation range of about 20 mles
(the range of one repeater. O further on some |inked systens)
You have to continuously nonitor the speaker to hear a call

Now conpare this with APRS messaging in the new handheldHT, Al'l you do is
enter the nessage! The only conditions that must be met are:

You are both within range of an APRS digi/igate ANYWHERE IN THE WORLD
Your radios are on.

Notice that no prior know dege is necessary to comunicate. Just enter the
call and the message. |F the other station is on APRS, he will get it.

Have you ever arrived in a new town and have no idea how to contact other area
HAMS because you didnt agree on a time, a frequency and a plan? Wth APRS,
just eneter the nessage, and it will get through! (nost of the tine...)

APRS WORLDWDE E-MAIL: The use of the newHTfor messaging is limted only by
the imagination of the APRS devel opers. The year 1999 will see the
introduction of APRS E-Mil engines that can convert APRS messages to and from
Email fromany user in the country.

APRS Data HT DI SPLAYS: (Qoviously the display on the newHTis quite small, so
it cannot display as nuch as a full APRS LAPTOP. But KENWOOD engi neer Shin
Aota has done an excellent job of capturing the nmpst essential infornation.
Here are some of the displays:

STATION LI ST: 11:WB4APR-15| Maintains a list of the last 40
12:WU2Z
13:K4HG-4 \

POSI TI ON COMVENT: 11:wB4APR-15| Displays 20 characters
/comment .
text 20 c

POSI TI ON GRAPHI CS:  |12:wB4APR-15f Shows ICON, Gid SQ Distance
demo rection!

10.6mi
POSI Tl ON: 13:WB4APR-15
N 39 09.48
w 076 33.23
COURSE/ SPEED: 14 :WB4APR-15| Course and speed if noving

cse000 sp000

PONER HEI GHT GAI N: 19 : WB4APR-15 O PHG if entered
pwr50w h 80'
ant3db omni




VEATHER:

19 :WB4APR-15
dir000 s000m
t 89 £ roo0"

O weather if available

Notice how the nermory |ocation of WB4APR-15 began here as |ocation 11 but
slowy got bunped down in the list as time progresses. New stations always

appear in location 1,

again, he wll

the age of the packet..

There is a separate MESSAGE |ist that

and Messages.
screen display.

characters per

protocol that can contain 67 bytes.

bel ow:

BULLETI NS

VESSAGES:

and all

ot hers nove downward. \When WB4APR transnits
go back to the top of the list. Thus you get a good idea of

Al of the above screens are extensions to the
PCSI TI ON/ STATUS nenory |ist.

captures all Bulletins, NAS warnings,
Up two 16 messages are retained and each nmessage has a two
The first

24 characters of the nessage are shown on screen
one and the remaining 20 are on screen two. Menory is limted to only 45

A<WB4APR-15
This is page
1 of two pag

A<WB4APR-15
es that can
be used.

M>WB4APR-1 1
Notice there
are 24 chars

M>WB4APR-15
on 1st page&
20 on 2.

This is in contrast to the normal APRS nessage
But this is easily handled as noted

Bulletin A from WB4APR-15
up to 45 characters

Screen two

I ncom ng nessage to WB4APR
Notice the LINE nunber 1
in the upper right corner.

Screen two holds only 20 chars

Al'though the message display is somehwhat disjoint, the other APRS authors are

integrating these linmitations into their

software. | n APRSdos, for exanple,

you Will notice two faint Gray lines in the SEND MESSAGE BOX that mark the
| ocations of the PAGE break and maxinum line length for a DataHT nessage

Thus users can easily see how their

when to stop typing at 45 characters

[imts on the | NPUT-MY-STATUS and
conment pronpts

message will appear on receipt and know
Simlar gray lines will show users the
| NPUT- MY- PCSI Tl ON

Whenever a new packet cones in that has not been heard before, a NEW PACKET

di splay pops up to show the [atest

If a packet cones in that

corner:

WB4APR-15
Text of ne
S w packet.

packet :

New Packet Display
The letter S shows it was a STATUS

is a dupe of a previously held packet it displays
only a single line and indicator of the type of packet in the Iower |eft

144.390 D

>445.925
dP WB4APR

Dual band freq showing data chn
> shows voice channe
This indicates a duplicate posit
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POSITION LIMT: Early on, it was a primary consideration how to limt the
nunber of stations captured, since the menory could only hold 40 stations.
This was easily acconplished using the range function that is displayed with
every packet. The user can set a POS LIMT in niles. Thus, any position
packet beyond this distance limt wll be ignored. The duplicate data display
will show >P WB4APR for any station that is so ignored. This is a very
powerful capability and allows the user to limt his menory and displays to
only his area of interest. Thus, stations may work a public service event and
not have their screens cluttered by other stations on frequency that are out
of areal

ALTNETS: In addition to the POS LIMT, the newHT fully inplements the APRS
ALTNET and TOCALL filters. Al stations at special events should set their
TOCALL to SPCL. Wth SPCL, they will only capture and display other stations
using the call of SPCL. But all other monitoring stations will still see
them  The ALTNET concept allows special subgroups of operators to select

uni qgue ALTNET calls and then only they will see each other. This is useful
when a small group of stations are conducting experinents on the main APRS
frequency and do not want to clutter everyone else' s displays with their

traffic.

QUERI ES: Not only does the POS LIMT establish your receive limt (0 to 5000
mles) but it is also your QUERY range. If you send a Query, the Query will
trigger a response only from stations within that range of your position.
[Queries were not in the prototype and may not make it in time

for production]

ICONS:  Although the ROM could only support 15 ICONS, these were carefully
chosen to handle the majority of cases. Any of the 350 or nmore APRS | CONS may
be transmtted and received, but only these 15 will show as actual graphics

| CONS. The rest will display only the two character equivalents.

Those nmarked with an * can display an overlay character.

Kenwood SSTV Triangl e*
Jogger Airplane*  Jeep
House Boat * RV
Portable (tent) Car* Pi ckup Truck*
Sai | boat Bi cycl e Van
Digi* Gat e* WX*
DI SCLAI MER: Since the newHT is still in beta test at the time of this

writing, nothing in this paper should be construed to describe the final
product .

Be assured, that the built-in GPS tracking and handheld two-way messaging
capability of the newHT conbined with the worldw de APRS infrastructure will

. make

1999, the YEAR OF APRS!
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