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APRS GENERIC DIGIPEATING SATELLITES
for HT and MOBILE Satellite Communications

Bob Bruni nga, WB4APR
115 A d Farm Court
A en Burnie, M 21060

It's tinme for mobile and handhel d amat eur
satellite comunications and we can do it
easily. Proposals for amateur satellite
constel lations have been made in the past,
but they assume a coordinated effort. Such an
effort is wunrealisticin the catch-as-catch-
can amateur environment. This paper suggests
that the future growth of amateur satellites
can in fact accommodate uncoordi nated growh
and still provide synergistic advantages
to mobile and handhel d operations. There are
several factors driving this concept naking
it easier, cheaper and nore viable:

Launches are plentiful, many free rides exist

El ectronics can be smaller than a softbal

The link froma handhel d can be done with 1 watt

Dual band HT's are plentifu

(ne HT has a built-in 1200/9600 TNC and kbrd/display
+ Mobiles are a convenient tine to operate for many
Travel ers need satellite comms in renote areas
HT/mobiles need little coax, no preanps, nor conplex
ant ennas

Mobi | es/ Handhel ds provi de a common user configuration
HT/ omi downlinks are ideal for school denonstrations
Many Schools want to build satellites for education
Amateur Satellites should not conpete with the free
bandwi dt h of the internet for fixed stations. W
shoul d concentrate sone of our satellite bandw dth
on amateur communications for nobiles and handhel ds

*

*

In the past, HAMS were the driving force
behind each of our satellites wanti ng to do
sonet hing new and different and better for
HAM radio. More bandw dth, higher speeds
new digital tecniques, Ionger ranges. The
justification for a new experi rrent I’OVI ded
the rationale for the project.
mindset, there were lots of new thl ngs to
tinker with but little support or peer
justification for flying just another one-of-
t he- sane.

The current climate is quite different.
Universities want to build satellites for the
education of their aerospace students. There
are at |east a dozen such satellites.
currently under construction. In this case
it is the "design and building" that are the
main educational drivers. This means sone

The popul arity of ao-
27 is matched only by
its own congestion.

| magi ne, however, if
there were 12 other
A0-27's on the sane
frequency giving two
passes per hour round
the clock *AND* a
change in operating
habits to |et
everyone have a
chance. Photo by
Phillip Fortenberry
NSPF at |ast years
amsat Conf erence

of these projects are actually |ooking for a
mssion, or an excuse to build a satellite.
These satellites becone "amateur" satellites
si rrply because the spectrum is easy to get.

Ve, “"the aMsaT community" shoul d provide

gui dance so that we get what we want and need
for the future of amateur radio while these
programs with deep pockets get the

educational experience they need.

THE GENERAL M SSI ON AND BUI LDERS CHANNEL:

What we need is a published General
M ssion requirenent and a Builders Channel.
This will encourage builders to consider the
i nclusion of a general purpose FMor digital
transponder on a common channel.  The
resulting sinple transponders would all be
sinmlar and provide the amateur comunity
with a fleet of general purpose relays for
mobi | e and handhel d comuni cations while
providing builders with a persistent nission
requirement. Actually there are three
m ssions and three bullders channels, one for
FM voice, one for brief 1200 baud digital
EOSItI on/ stat us/ message uplinks and one for
ulk downlink of all amateur traffic using
kt)hed very effecient PACSAT protocol at 9600
aud.

Focusi ng bui | ders-in-search-of -a-ni sson on
this CGeneral Mssion and Builders Channel
with only one power-class of users (nobiles
and HTs) wil|l nmake nuch nore effecient use of
our precious spectrumand al so keep the

remal ning spectrum avail able for other

analog, wide band and experinental nodes.

HT and MOBILE STATION CLASS:
Even though HT's and nobiles differ in

power by 10 dB (5 versus 50 watts), they are
conparable in nost respects. The downlink is

identical. Both use omni receive antennas
with no cable loss. The uplink is also quite
conparable. HT's can easily vary their

orientation and polarity and/or use snall




The nmobile is

handhel d gain antennas.
whi ch has a

usual ly stuck with a vertical

nul | overhead and a good chance of being in
the wong polarity half the time. Thus the
mobile's SO watts is., on average, quite

conparable to the handheld's 5watts., So,
for the purpose of this paper, nobiles and
handhel ds are considered in the sane power
cl ass. By having such a well defined user
station baseline, it is easy to design a
Handhel d/ Mobil e mi ssion for amateur
satellites and to make good deci si ons about
their operation on only a mnimm set of
bui | ders channel s as shown bel ow.

BUI LDERS CHANNELS:

The follow ng builders channels are
recomended for both digital and voice:

2m  FM VO CE FMdownlink to HT's and nobiles
2m 1200 Baud: U packet channel to HT's and nobiles
2m 9600 Baud: Pacsat protocol nessage server channel

70cm FM Voi ce:
70cm 1200 Baud:
70cm 9600 Baud:

FMuplink fromHr's and Mobiles
Alternate uplink from digital nobiles
uplink for 9600 baud Message Servers

These are single channels to be shared by
any number of satellites built by anyone who
wants to. The actual practical nunber is
probably about a dozen or so since orbits
with free rides will be random and we want
to mnimze overlaps. Actually, this is not
a limtation as many of these payl oads may be
| aunched by the shuttle and other missions
enroute to ISS and so will have life tines on
the order of a year or less. Brief periods
of overlapping coverage will have mni num
i mpact due to the 10 dB range variance, many
dB of antenna pattern variance of both the
satellite and users, and the 10 dB or so FM
capture effect.

PACSAT MESSAGE  CHANNEL:

Notice the provision for a 9600 baud Pacsat
protocol downlink on 2m  This single channel
with many birds has the potential to deliver
to every hamon the planet with an HT, over
300k per pass per satellite. O wth 10
satellites in orbit, over 10 negabytes of
personal messages and daily amateur radio
news to everyone! This is where everyone
monitors for their traffic. The 2 neter
downlink is 9 dB better than any of the

exi sting PACSAT 70 cm downlinks using the
sane power. Thus, easy to do with 1 watt
mcrosats to HT's with rubber ducks. The
channel also listens briefly for acks.

PACSATS with 2m downl i nT(s gain 9 dB for the sane satellite power, naking
handhel d and nobile receiption very easy to omni

The objective of this channel is not to

replace the existing PACSAT store-and-forward

nmessage/file  systens,

the downlink distribution of smaller real-

but to augment them for

time messages to all wusers usually in receive
only node. At 9600 baud, that is a

tremendous asset for amateur radio. By using
2neters, the lower path loss means that
stations need not track the satellite. Just
|eave their packet capable HT on the 9600
baud channel and it will receive the traffic

whenever a bird flies over even if they are
in receive only node.

Further, this PACSAT protocol
REG ON specific by not putting the file
system on orbit, but on the ground!
baud channel sinply operates in bent-pipe
node for mmjor internet linked file servers
on the ground. Thus when over the USA the
channel is full of traffic for USA nobiles
Wiile it is over Europe, the bird is
supplying all European traffic. Thus, the
channel can be optimzed for each region.
This greatly multiplies overall worldwide
capacity.

Since each satellite is only serving as the
on-orbit digipeater for regional nessage
servers, each satellite is generic. which
ever one is in viewat any time serves to
deliver the nessages to all nobile handhelds
within 1500 mles. The Regional Mssage
Server ground station continuously transmts
a stream of all nessage traffic. New
nessages are initially repeated nore often
than older nessages on a decaying schedule.
For exanpl e:

New nessages are repeated every 2 minutes

After 30 minutes every 3 minutes

After 60 minutes every 4 mnutes

After 2 hours every 5 minutes

After 4 hours every 6 mnutes

After 8 hours every 7 mnutes

After 16 hours every 8 mnutes

After 24 Hours every 9 minutes
Thus, at 9600 baud and an average nessage
length of 1K, over 500 nessages per pass per
satellite can be delivered. Yes, it makes
the satellite less valuable over the oceans

and nost of the 3rd world, but those areas
are aptly covered by the existing Pacsats
that cannot deliver traffic to handhelds.

Pacsat )ﬁ‘ -

2m Mobles

/

antennas. Message

delivery to/ from anyone anywhere with an HT is possible.

\ N
B Gaenm N
F—AY

downlink can be

The 9600

133



134

The Kenwood THD7 HT can be a
handhel d satellite trasnceiver
with buit-in 1200 and 9600 baud
TNC's conbined with keyboard and
di spl ays for position/status
reporting and short nessaging.

DIG TAL M SSION:

Just like the many worldw de
comercial satellite pagers
and hand- hel d phones, Amat eur
radio now has 1ts own
"satellite handheld" in the
Kenwood TH-D7.  Just one
packet can contain everything
you need to know about a
station and it takes less
than 0.3 seconds per

station. This nmeans that 10 times nore users
per pass will be able to participate on the
digital transponder as on the voice channel!
Inaddition, the digital packets containing
the stations position and status and messages
can be interlinked into the worl dwide
APRServe internet backbone al | owi ng worl dwi de
comuni cations between these handhel d users
anywhere to anywhere. -

The digital mssion using hand-held to
handhel d comuni cations was recently
denonstrated in an inpronptu test during the
first week in early June when nore than 55 Hr
users easily communi cated over 500 U packets
anong 160 stations via the MR digipeater.

{ 7 The presence of thousands of these
shirt-pocket digital satellite communicators
is an opportunity that should not be

overl ooked!  Even conventional HT's can
transmt APRS type position/status using only
the match-box sized APRS Mc-Lite M c-Encoder
plugged into the mc jack.
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The popul arity and functionality of brief
APRS U type conmuni cations has been wel |
dsnonstrated and is beyond the scope of this
article. Readers can view the worl dw de
APRServe system|live via TELNET to
199. 227.86. 221 port 23 at any time or check
station positions via ww. aprs.net. This
system provides terrestrial HT coverage to
over 90% of the US amateur population.  (But
| ess than 20% of the |and mass and none of
the oceans nor nost foreign countries and

Europe. Hence, the need to extend |inks via
the digital builders channel).
FREQUENC! ES:

One of the reasons for this builders
channel concept is to make nore effecient use
of our existing spectrumand to allow for
nmore orderly growh in the amateur satellite
realm  There are many considerations in
effectively designing a satellite link.

First, 2 meters Is, by an order of magnitude,
the easiest band for handhel ds, because the
link budget is 9 dB easier and the doppler is
negligible for existing FM radios. Conversly
70 cm has over 16 KHz of doppler and requires
9 times nore power for the sane perfornance.
Thus, 70cm up and 2m downlink has the
following advantages:

¢« 9 dB less power required on the satelite power system
« Omi spacecraft antennas require no attitude control

* No doppl er tracking of downllnk by users

+ Conpatible with all” FM amateur radi o equi pment.

o Conpatible with handheld TH D7 packet HT

The u+F di sadvantages are mitigated on the
uplink as folllows:

« Gound users can use nmore power, or gain antennas
+ User can conpensate for doppler OR

« Satelite receiver can have AFC (R

* Satellite can use a wideband |F to nininize doppler

(& ;
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Q

Figure . Thisisan APRS screen capture after the third pass of MIR during the special
APRS-MIR tests conducted on | 1 March 1998. It demonstrated the potential of using an
amateur satellite digipeater for relaying mobile position/status/messages.



The only downside of this arrangenent is the
difficulty on the Voice birds of filtering to
avoi d 3rd harmoni c desense of the satellite
UHF receiver by its 2 neter downlink. On the
2m 1200 baud digital channel, HT-to-HT
operations will usually use the satellite as
a single channel digipeater for UI frames

thus providing the 9 dB and zero-doppl er A P R S®
advantages to everyone with an HT as was
denmonstrated via MR Sinplex digipeating is
requi red since the thousands of satellite
packet capable HT's contain TNC's that can
only operate on one band at a tine. To help
spread out the uplink load, the nmobiles with
10 dB nore power can transmt on 70cm, where
the satellite can use AFC or a wideband
receiver to mitigate .problem of high
doppl er.

Directiopal

Conbi ning both uplink ard downlink for the
HT's on one channel is fortunately not a
problem for the U (APRS) application because
dozens of ground stations are all |inked by
the internet. Thus cnly one ground station
needs to receive the packet error free and it
is distributed worl dw de. Only 5 such ground
stations would have a 99.99% chance of at

| east one of them hearing each packet and
delivering it error free to the network even
if their channel was nore than 30% busy with
local traffic.

In conclusion, | believe that establishing
Buil ders Channels and, published Comon
M ssion Objectives for mobile/HT worl dwi de The MIM/Mic-
satellite communications could greatly Lite nodule can
benefit the Amateur Satellite comunity. . be built into
woul d provide a mission target for schools, a nost M crophone
much inproved use of or sparse satellite encl osures or
bandwidth on 2 neters; and a constant source installed into
of satellites for a constellation of nobile a mini box to
communi cations amateur satellites. Furt her permit APRS
it defines a consistent user station class osition/ Status
and power |evel for equal access by all, and reportin from
pronptes shorter practical protocols to allow anp HT 9
nore users brief access. Y '

APRS Engineering LLC

115 Old Farm court

Glen Bunmic, MD 21060

Ccmplete APRS Packet TNC trapsmit

. module. Transmits Position, BText
FULL SIZE! Telemetry at user specified rate, wbsapr@amsat.org
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