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For the last two years the Naval
Acadeny has used a packet radio network for
comuni cations with its boats during sunmmer
Cr ui ses. The packet radio systemnot only
provides the connectivity typical in AX 25
radi o networks for the exchange of nessages,
but the automatic beacons from the afloat

units provide near realtime_ position
reporting of .the units at sea. The purpose
of this article is to describe the Acadeny

system particularly the use of beacons for
position and status reporting and to suggest
the advanatages of such a system for use in
energency situations and network managenent

in other AX 25 packet systemns. Det ai | ed
formats for automatic position and status
reporting are provi ded. In any

conmuni cation network for any purpose,
station location and status reporting are at
| east the second nost inportant function, if
not the first.

PACKET RADI O TACTI CAL COVMUNI CATI ON NETWORK

The objective of the AX. 25 network at
the Naval Acadeny is to provide position and
status re ortlnfg. and to permt the exchange
of record traffic between the Acadeny and
its fleet of alnost forty Yard Patrol craft
(yp's) and sailboats. = The exchange of
nessage traffic is straight forward using
the internal PBBS of one Kantronics KAM
linked by Kantronics KA nodes to three HF
channel s, one VHF frequency for |ocal
operations, and one UHF SATCOM channel. (A
description of the satellite portion of this
network were published in the 1992 AMSAT
Techni cal Synposiumin Cctober 1992) The
innovation in the network, is the use of
peri odi ¢ packet beacons for position and
status reporting. Central to the success of
this beacon system is a special program
which nonitors the packet channels and
accumul ates the position and status beacons
and then provides a tactical color map
dlslplay of the location of all units on a

scal eable map of the East Coast.
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For reliability,
initially avoided in the system The naster
station Tirst consisted of three dual port
TNC's, one on each HF frequency. The audio
fromthe VHF ports of these three TNcC's are
all sumred together and fed to the SATCOM
transceiver and local VHF transceiver as
shown in figure 1. This sinple audio node

conputers wer e

serves as a local area network to link
everything together  without addi tional
hardware and node conplexities. The KA node
function built into the dual port TNC's

manages traffic between the TNC's. The
nmessage nmailbox system is sinply the 16K
PBBS internal to the one TNC on the 6 Mi
frequency. This PBBS can be accessed
directly fromHF on 6 MHz, from VHF, and
fromthe SATCOM SY-|St emvia the audi o node.
On the two other HF frequencies, the boats
nust first connect to the ka node TNC on
that frequency, and cross i-ink to the PBBS
(via the audio node). Kantronics KAMS were
used initially for their dual port and Ka-
node capability at the nmaster station: but
because the KAMs have no way to manual ly
initiate the forwarding of a message from
one PBBS to another, we are now buying MFJ's
and PACCOM TncC's for the remaining boats.

The master station is further available
to officers and staff via the Acadeny |ocal
area network (LAN) which provides a serial
port in every office at the Academy, Again,
without conplexity, this was acconplished
sinply by connecting the Tnc |RS-232 serial
port to the network and cI)rogranm ng the
network to recognize that address as a Host.
This LAN interface allows duty officers to
log into the TNC PBBS from anywhere in the
Acadeny as well as dial-up fromhone to |ist
and read nmessage traffic. A one-transistor
interface between the "CONNECTED" LED on the
TNC and the LAN handles the "ready" and

"busy”  handshaki ng. Three simlar TNC
interfaces permt HAMS on the Naval Acadeny
LAN to access MR DOVE and the |ocal packet

net wor k.
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Figure 1. The Academy Network consists of three HF nocdes integrated with a loval VHF freguency and

UHF SATCOM systen via dual-port KA nodes.

By August 92, !0 boats were configured with packet radio.
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POSI TI ON  REPORTI NG BEACONS

To take

) advantage of propagation
openings on HF, all

units in the network are
programmed to transmit a periodic beacon
signal once every ten mnutes. For the
boats, the beacon is loaded with position
and status. For the naster station at the
Acadeny, the beacons i ncl ude short
announcements Or lists of traffic pending.
on the boats, a casual glance at the tine of
receipt of the last beacons on the CRT
termnal indicates propagation conditions.
1f the last beacons were received in the
last 1C mirnutes, then conditions are
probably gcod for nessage traffic.

At the nmaster station during the first
summer, all position report beacons fromthe
boats were logged on a printer. The beacons
were forantted so that position, course,
speed, fuel, water, casualties, next port,
estimated time of arrival, and intentions
were all included in the single line beacon
text. By the second summer a conputer
rogramwas witten to parse and sort all
eacons and display the ©position and
novenent of the boats in full color graphics
whi ch included charts of the entire East
c_olast with user selected scales of 4 to 1024
m | es.

To be sure that beacons on all
frequencies are visible to all wusers,
particular attention was made to the setup
paraneters in each TNC. First, all TNC's on
the boats are set to beacon via the address
ECHO. Then the gatesway callsign of the
three dual port TNC's at the Acadeny are
programmed W th this callsign of ECHO ~ This
way, a beacon originating on any one HF
frequency is digipeated (ECHOed) onto the
master station audio node which in turn goes
out on VHF and SATCOM _ Any Dbeacon
originated on VHF or SATCOM is simlarl
di gl peated (ECHOed) out on all three H
frequenci es. A Beacon can be further
distributed from one HF frequency onto the
I ocal VHF node and then back out on the
other two HF frequencies by sinply beaconing
via ECHO, ECHO

POSITION and STATUS DI SPLAY SOFTWARE

The key to the success of the packet
reporting systemis the position and status
display software which provides everyone
with fresh graphic display information on
the position and status of all units. The
use of computer displays in real time is far
superior to the colored pins on a wall chart
whi ch had been used for position display in
the past. The tactical display using EGA
graphi cs shows a map of the East Coast at
any scale between 4 to 1024 nile range
centered anywhere from Nova Scotia to the
Fl orida Keys. A picture of the display
showi ng several units enroute to New York is
shown in figure 2. Using the cursor, any
unit may be selected for a detailed display
of data on that unit. Further, a single key
stroke will dead reckon all unit positions
to their estimated current positions based
on course and speed fromtheir last reported

128 Miles POSITS retrieved at: 89:53:37
239 LA
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Figure 2. The tracking and display software
can display the location of all packet units
to any scale from 1024 down to 4 nmiles.
Here, several units are enroute to New York.

WIS (7 alp) dotanac \H\

posi tion. It is this tactical display
sof tware which would be useful in other
AX. 25 packet radio networks for displaying
the location and status of all participating

stations.

REMOTE TELEMETRY VI A PACKET

An interesting sidelight to the packet
network was the wuse of a Kantronics
Telemetry Unit on one boat to nonitor seven
channel s of engine conditions renptely and
dunp these readings over the packet radio
link. Unfortunately the only way to locate
engine readings of interest was to transnit
every single data sanple (16K per day) over
acket and then search for the few high and
ow readings of interest. The result was a
t housand-to-one ineffeciency in the use of
the packet channel. W were disappointed in
the absence of any search, nax, mn, rate,
or threshol d conparison commands in the KTU
to help identify high or |ow readings of
interest prior to transm ssion. Second| E/J
there was no way to renotely select the KTU.
The KTU nust have a dedicated TNC or a human
operator to manually switch it into the
circuit. For these reasons, we found the
KTU to be of no value as a renote telenetry
unit in this application.



H STOGRAM OF BEACONS PER HOUR for
SSID shows assigned frequency of

Time(EDT) 15 14 13 12 11 10

LA'NTA-6 N . 1.2 < 2) < ? “ 'QA .
LANTA-12 . i 1 2 3 2 5 3 2
LANTA—4 3 L . - 41 4 < i 2 2
OCEAN-6 i 2 1 2 2 1 2 1 2
LANTB- 6 4 1 4 2 3 3 5 4 2
LANTB- 42 2 4 5 6 1846 .6 6 6.
BRMUDA- 6 4 6 2 2 6 3 1 2
NEVENG- 6 33 4 3 6 6 5 3 2
NOTES: LANTA arrived NY this norning.

Sai | boats enroute up Deleware coast and

Figure 3 statistics on the number

07- 26- 92.
operation for

(Usually transmtting 6 per hour)

that wunit.
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LANTB arrived Newport RI |ast night,

into Del eware Bay.

of beacons received per hour from each unit over the last 34

hours are available to system users with a single keystroke.

OPERATI ONS

Beacons from the deployed boats are
automatic as long as the packet termnal is
on and the radios are properly configured.
The crews are encouraged to update their

beacons once a watch every four hours or
whenever si gni ficant changes occur.
Simlarly, the crews are encouraged to watch

for beacons from the master station and to
check in at | east twice a day when
conditions are favorable. FEach squadron has
three boats equi pped with packet, one on
each of the three HF frequencies at 4, 6 and
12 Miz to take advantage of frequency
diversity. The system software accunul ates
statistics on the nunber of beacons received
from each unit per hour and mekes that
information available to users as shown in

figure 3. Throughout the summrer on HF, 40
percent of all beacons were received wi t hi n
the first ten mnutes, 80 percent within the

first hour, and 90 percent within 4 hours as
shown in figure 4.
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RESULTS

Al t hough the Naval Acadeny system was
only experimental the first sunmer with
three boats, nobre than 400 nessages were
exchanged over the system and 200 position
reports were |ogged. Conmuni cati on success
measured by the number of successful
conmmuni cati on events per four-hour period
with packet approached 83% conpared to about
20% for the twice per day HF voice system
used before. The success of the HF beacons
and our very low priority on gaining Nav
UHF satellite tine, showed the advantage o
having a fully integrated HF system as part
of the UHF satellite AX 115 network.

By the second year with ten boats
configured for packet, there were always
three boats per squadron able to nonitor the
three different HF frequencies for frequency
diversity. Over 600 messages and 1700
position reports were |ogged. Further, the
tactical display software transforned the
system from an Interesting experinent to a
useful and productive tool in time for most
of the summer of 1992.

AUTOVATI C NAVI GATI ON- TO- TNC | NTERFACE

A highlight of the summer was the three
week cruise of the one boat that is
configured as an oceanographic research

vessel . Wth GPS and several conputers on
board, a serial port was dedicated to send a
new GPS position report beacon text to the
TNC every ten nminutes. At a cruise speed of
10 knots, this resulted in a fresh position
report accurate to about 50 feet every two
milesduring a 300 mle cruise, A replay of

the positions of this boat are shown in
figure 5. This fall, we will be working on
a direct interface between a GPS receiver

and the TNC wi thout any
conputer.

need for the
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Figure 5 aplot of the 3 week track history of
the one unit equipped with an interface to a” GPS
receiver to provide an automatic fresh position
into the T beacon text every 10 mnutes.

The Nat i onal Mar i ne El ectronics
Associ ation (NVEA) 0183 standard defines a
4800 baud serial data position reporting
format for interfacing commercial navigation
equi pnent . By sinply programming a TNC for
4800 baud and placing it in the UNPROTO
CONVERSE node, nothing else is needed for
AX. 25 position reporting via radio as shown
in figure 6. Unfortunately, however, there
are two problens which nust be resolved
before this connection is viable.

GPS ANTENNA

GPS RCVR
. = ST,
msm—,
T
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cocoo [0 -
PACKET TNC RADIO

Figure 6. A conplete automatic position
reporting system can be assenbl ed using a
GPS receiver interfaced to a radio using an
AX. 25 packet radio TNC.
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First, the NVEA 0183 interfaces on all
GPS receivers we studied repeat a series of
over a dozen lines of navigation data at a
period of once every 2 seconds or so. W
only need the one |line which contains
LAT/LONG; and we only need it once every 10
mnutes or so. Manuf acturers need to
provide a user programable periodicity for
their existing formats. One  conpany,
MAGELLI AN, nakes a GPS receiver prototyping
kit ($550) which inplenents a user definable
periodicity from 1 second to 5 mnutes,
which is useable for AX 25 applications.

Second, the standard TAPR-2 TNC does
not include a provision for powering up in
the UNPROTO CONVERSE npde (the PK-232 does).
Wthout this power up feature, a term nal
and human operator, or PC, is also required
to place the TNC i n UNPROTO CONVERSE node
with the "conv" command. W are proposing
to the TNC manufacturers to provide a power
up UNPROTO CONVERSE node as fol | ows:

UNUP (ONV OFF) = UNPROTO CONVERSE on Power UP
ON - The TNC will power up in UNPRO CONV
nmode. From then, all operations are

normal, ie: a ctrl-Cwill return you
to command node. ‘
OFF - Default setting. Normal TNC nodes.

UNPERM (ON OFF) = UNPROTO- CONVERSE PERMANENT
ON - Sane as UNUP except that the TNC, if
left in cnd: node will always revert
back to UNPROTO CONVERSE after a set
time period. That tine period is set

usi ng the existing CHECK paraneter.

OFF - Default setting. Normal TNC nodes.

Once these two problens are resol ved,
automatic vehicle location using AX 25 can
be inplemented at a surprisingly |ow cost,
by sinply plugging in a navigation device to
your existing nobile packet system LORAN-C
devices with NVEA-0183 interfaces can be
purchased for under $400 from any Marine
El ectronics store. GPS receivers are not
far behind at around $900 and falling
rapidly! At |east one LORAN receiver, the
NORTHSTAR 800 al ready has the nods noted
above. Unfortunately, however, we cannot
use LORAN at the Naval Acadeny because we
are located only 1 mile fromthe US NAVY
Megawatt VLF transmitting station which
wi pes out LORAN for about 20 niles around
us.

Even without the two nodifications
noted above, automatic vehicle location is
still very easy to inplenment using a sinple
PC program between the navigation device and
TNC to properly configure each device at
power up, and to reduce the NMEA-0183
reportin periodicity to sonet hi ng
reasonable for the radio channel. Still,
the cost of inplementing automatic vehicle
location via AX. 25 for under $600 is far
less than the cost of conmercial systens
whi ch have been under devel opnent for over
20 years.



AUTOMATED PCSI TI ON REPORTI NG SYSTEM ( APRS) the Naval Acadeny, 1s tne mechanism.
Peri odi c beacons are not required for fixed

stations. In fact, as nore and nore
stations run this software and collect
The tactical display software used in POsition reports from cooperative stations,

i a conmunity file of station locations can be
Lg%f B'?"ai'n’*cg{jﬁg}' agglclk%%t'Pgdicgmndett\),\%rvkesr,y assenbl ed and distributed via BBS files! |f

especially in support of emergency and the idea cought on, BBS's could actually
di saster communications, or for tracking fonitor beacons and col lect and maintain the

recreational vehicles, nobile HF'ers, or position files. ~ Local stations need only
of fshore boaters.  There is even an air Update their position data when they nove or
traffic control net on 14,278 KHz which ?0 port abl e! Then, 0”'% one properly
could use it to track air contacts. A formatted ~beacon need Dbe transmtted

successfully for the commnity to grab your

single VHF frequency could be used to track change in status.

all 'local boaters in the Chesapeake Bay.

In current AX 25 packet radi o networks,

the Monitor Heard log in each TNCis the Goi ng back to the nonitor heard | ogs,
only function which provides realtime TNC firmware could be nodified to save the
i nformati on about activity on the network. text of the l|atest beacon from each station
This information only idéntifies the nost as well as the time of receipt. A new TNC

recent callsigns and when they were |ast conmand woul d give the owner the option of
heard. The APR software which evolved from collecting only beacons and beacon text in
the Acadeny network is a dramatic his Milog, or not.

i nprovenent on this concept, as it displays

all callsigns geographically when heard.

Different colors show activity on different APR SYSTEM BEACON FORVATS

frequenci es. A glance at thé screen shows ) ]

which stations are currently active. Lines _Since there are mny different
can be drawn between pairs of connected applications for this position reporti nP
stations including all intermediate |inks. system the APR software recognizes severa

In this way, geographically correct network formats of position and status reporting.
charts just appear on the screen after Table 7 shows the basic formats which
nmonitoring the channel for only a few include provisions for both automatic and
mnutes of heavy use. manual reportlnc};, in several coordinate
systens. Each field in these formats is
The key to this system of course, is fixed length except for the status and
know edge of every station's %eographi cal comment field which is used to report a
pasition. Usina beacons, as we have done at variety of status attributes.

TABLE 7. BEACON REPORTI NG FORVATS

Each field is fixed length except for the status and comments. The exanpl es
represent a beacon transmitted at 1450 on the 29th day of the nonth at a position
of 38 degrees 45.54 minutes North, 76 degrees 29.43 mnutes West, on a course of
038 degrees at 13 knots on a frequency of 145.05 MHz. The status characters
indicate that the station is an ARES nember wth energency power operating marine
nmobi | e capable of operating on all HF bands, plus node A satellite, with all node
capability on 2 meters and 70 cm FM He can al so operate RTTY, ATV and Marine
VHF. The definition of these status characters are given on the next page.

MOBI LE PLATFCRM WTH COMMENTS. Dpay,time,lat,long,course,speed,status
@291450/+3845.5/-07629. 4/038/013\SAEh*nS1U2V4W/comments to end of line

NMVEA- 0183 LORAN GPS | NTERFACE: 1dentifier,latitude,longitude
$GPGLL 3845.54,N,07629.43,W froma GPS device)
$LCGLL 3845.54,N,07629.43,W from a LORAN-C device)

FI XED STATION IN TIAL REPORT: Latitude,longitude,frequency,status,comments
#+3845.5/-07629.4/145050\SAEh*nS1U2V4W\comments to end of |ine

FI XED STATION UPDATE:. frequency,status,comments
&145050\SAEh*nS1U2V4W/comments

N S- E-W REFERENCE: Day,time,N/s8 and E/Woffsets from reference point
$M291450/+06.3/-38.7/Baltimore\SAEh*nS1U2V4W\comments (in Nautical M]es)
$K291450/+10.8/-34.2/Annapolis\SAEh*nS1U2V4W\comments (in Kiloneters)
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STATUS FORMAT DEFINITIONS

The status block is a variable length
character block which begins with a
backslash (\) and goes to the end of the
beacon. It contains a collection of alpha-
numeric characters each of which represents
a special attribute. The first character
defines which table of definitions will be
used for the attributes and the remaining
characters represent the data. The first
table that I have defined is the station (S)
table for representing station information.
Up to 60 additional status tables may be
defined using the upper and lower case
letters and numerals. Only the numerals are
position dependent and are used to amplify
other categories such as for H, h, U, V, or
s. In this table, U distinguishes all-mode
capability from V which assumes FM. General
comments may be included at the end of the
block following a slash (/) character.

Table Name: STATION ATTRIBUTES

Table identification character: S

A - ARES a - aeronautical

B - Beams b - battery pwr

C - CAP cC - Cw

D - Dx d - digipeater

E - Emer-power e - EMT trained

F - Field Portable f - foxhunter

G - Generator g - gps equip

H - HF with linear h - hf other

I - Intl Marine VHF i - inmotion

J - TBD j - TBD

K - APLINK k - TBD

L - Landline modem 1 - loran equip

M - MARS m - mobile

N - Node n - nautical/marine
0 - AMTOR o - optical

P - PBBS p - phonepatch

Q - ARRL mbr (QST) q - cq

R - Races r - repeater

S = Satellite s - sstv

T - TCP-IP t - rtty

U - USB,LSB & CW u - microcomputer
V - VHF v = ATV (FSTV)

W - Wx/Marine band w - weather equip

X - 10 GHz and up x - fax

Y - TBD Y - TBD

Z - TBD z - TBD

1 -160 meters 1 - 50 MHz 1 - Mode A
2 - 80 meters 2 - 144 2 - Mode B
3 - 40 meters 3 - 220 3 - Mode J
4 - 30 meters 4 - 440 4 - Mode L
5 20 meters 5 - 902 5 = Mode S
6 - 18 meters 6 - 1296 6 - TBD

7 - 15 meters 7 - 2250 7 - UOSAT

8 - 12 meters 8 - 3230 8 = PACSAT
9 - 11 meters 9 - 5650 9 - 9600 ax25
0 - 10 meters O - scanner 0 - 1200 ax25
* - All/most * - All/most * - All/most

A second table of definitions for
emergency and disaster communications is
suggested below: ALthough the (S)tation
table shown above is reasonably complete,
the Emergency table is only offered as an
example. I hope the experts in the field of
emergency communications such as ARES and

RACES will take it upon themselves to
establish and maintain their own
definitions.

18

Tabl e Name: Emergency operations
Table identification character: E

A - ARES a = ambulance

B - BEDS # follows b - bilogical teams
C - CAP c - city

D - Doctor d - disaster team

E - Emer-power e - EM trained

F - Fire station f - food

G - Generator g - government (fed)
H - Hospital h - helo

I - Intl Marine VHF i - inmotion

J - TBD j - TBD

X - TBD k - TBD

L - Landline modem 1 - loran

M - MARS (military) m - mobile

N - Nuclear equip n = nautical/marine
0 = AMTOR o - o0il spill equip
P - Police P - phonepatch

Q - Headquarters q - freQs #'s follow
R - Races r - RedCross

S = Shock-trauma s - state

T - TV/radio/press t - triage

U - Utility u - microcomputer

V - Video ATV v - vehicles # follow
W - Weather station w - water

X - Xray capability x - fax

Y - TBD Y - countyY

Z - TBD z - TBD

1 - 144 MHz 1 - Ladder truck

2 = 220 MHz 2 - Pumper truck

3 - Scanner 3 - Hazardous material
4 - 440 MHz 4 - Ambulance

5 = HF 5 - water truck

6 - Marine VHF 6 - bus

7 - Other govt 7 - Earth moving

8 - Cellular 8 - communications
9 - wormhole 9 - food delivery

0 - CB 0 -

SUMMARY

The purpose of this article is to use
the example of the Naval Academy AX.25
packet radio network to show the value and
capabilities of a system which includes
position and status information in packet
beacons. The extension of this capability
into other AX.25 packet radio networks could
have many benefits. A previous article on
the subject of position and status reporting
in packet radio networks appeared in the
February 1991 issue of Gateway. I intended
to evolve the APR software from the Naval
Academy software, but by the end of this
summer's intensive use, there were enough
lessons learned to require a significant re-
write before the system could be extended to
world wide use. The Latitude and Longitude
fields needed to be extended for whole Earth
coverage, and the time fields needed to be
extended beyond 24 hours to include the day
as well. Also, provision for other beacon
reporting formats including the NMEA 0183
format WaS required. Other formats tailored
to specific applications, such as emergency
operations and statute mile position
references were suggested in the earlier
Gateway article and are included here. I
must emphasize that APR software for the
general AX.25 community is NOT YET COMPLETE.
As I reorganize the formats of the Academy
System for next summer, however, the
necessary changes will be included for a
more general application. e e w wse w ==



