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AMSAT has begun the desi and devel opnent . of
a new formof Amafeur Satelli fe. The PACSAT series
of satellite S{,tems has as a design goal total
gl obal access by all hams to a store-and-forward

packet radi o mesSage handl er.
I ntroduction

. AMSAT is groix_)sm the design and
pr ot otygln . of a satellite-based experinent for
advance §| gital packet satellite communications
experinments. ~ This system cal | ed PACSAT, will
use internationally-allocated teur Radi o
Service frequencies. The PACSAT system will
connect a = grid of ground- base anat eur
radi o local area networks in _ the United
States and many other countries via a  commobn
store-and-forward acket repeater operating in
the Amateur Satellite gervice.

This paper details the reasons behind such a
satellite. Following the desjgn concepts, a
description of the entire systemis given, and a
Iist of technical paraneters for each of the

defined subsystens is shown, The  current
outline  of tasks and scheduling follows, with a
description of the efforts of gtroups al r eady
engaged in the initial design effort.

The PACSAT Concept

The Amateur Radio conmmunities in the United
States and other countries are current!z
experinmenti ngr wth digital networks on radi
channel s. . hese networks are using techniques
already in place on the national “telecommuni-
cation networks known collectively as packet
net wor ki ng.

Packet radio systems have a set of benefits
unusual in present _amat eur radio  systens.
Large nunbers of stations may share a conmon
frequency, and  use _nultlp{e access  packet
techniques to . mul ti pl ex several sets of
users 1n the time domain; very high | spectrum
utilization is acconplished %y keeping all of
these — users ~on the sane channel. A second
benefit of the single shared channel 1s the
ability to find all other users of the packet
radio ~ system No _searching of a wde
band " of _ frequencies 18 required;
connectivity isS maximized. The need of nultiple
access . techniques to  detect successf ul

tr nsB‘l ssions yields a third benefit that o
rellapl e transmissions. Anal nmessage that arrives
at destination . has had its data integrit
checked. This inherent reliabili t¥ may

open a series of possibilities or
energency traffic handl i ng,
radio s nost inportant aspects.

As  experinents
iy, " packet radio  |ocal
of _satellite 1s
handl e l'i nki ng of

. wel
improving

one of amateur

continue on  ground-
area networks, -~ a new
being considered to
bot h i'ndi vi dual round
stations and |ocal area networks. =~ The PACket
radio SATellite T ) system is designed
to. provide a store-and-forward digital repeater
which is available to all groues around the
world for fully 3' obal _network™ coverage. ~ The
satellite provides this coverage b¥‘ occupying a
| owearth orbit ( LkO ), which has several
benefits. The cl ose proxim t{ of passage,
relative to geo-synchronous sat€llite, allows easy
access, wi'th"good I'inhk margins " There are
t housands of amateur  radio earth stations
that are already configured to operate on this
cl ass of sgtellite. Addi tional ly, proper
choi ce of orbital ~— parameters allows = a
sun- synchronous orbit, where passage of the
satellite occurs at the same tines each day,
roviding an easy means of schedulin
Et)ransm ssigns. This orbit then provides bot
1004 gl obal coverage and very fair access, and
creates a powerful new use of a well-known
class of amateur satellite.
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Manager

Tnere are several purposes for providing such

a systemin the = Amateur Satellite  Service.
PACSAT W || provide a wide-availability vehicle
for advanced experimentattiiom. and a  prototype
system for a new class of satellite service
involvin reljable transmssion of data to renote
sites and. Isolated users regardless of |ocation.
Several internationally-based organizations have
expressed interest in just such cag abilitiies, and

this gives AMSAT the oppurtunity of spear-heading

a potentially major new push in |owcost satellite
Syst ens, much’ in consonance with the F.C.C
charter for the Amateur Radio Service as a

"proving-grounds"” for new
Volunteers in Technical Assistance (VITA a non-
rofit firm dedicated to advancing the level of
echnilogical expertise of less-developed
countries, is activel¥ pursuing the coordination
of such vanguard activities and is working
directly with AMSAT on the PACSAT development.

QG her benefits result fromthe use of digital

teclznolo . The

t echni ques. Consi derabl e inprovenents. nay be made
to energency communications, as reliable, hi

availabiTity links conmpatible with global mobile
and ortable radio service requirements are
rovided Additionally, a sSpin-off benefit for
MSAT itself iis the attracting of the new,
conputer-aware nenbers —of the Amateur community

into the Amateur Satellite Service.

A possible third set of benefits my be spun
of f the PACSAT systemindirectly; the opportunity
exists ~ for designing new th_es of low-cost
satellite 1launching and propul sion systens as a
part of next generation of Amat eur
spacecraft.

tnis

Such a system woul d provide a nunber of
functions. I'n” addi tion to the primary use
as a world-wide store-and-forward link, or
"flyi néq mai | box", the AT experiment could
provid rea%-tl me regional linkin fst andard LEO
amat eur node ). mentioned, both |ocal network
concentrators gateways) and individual users
coul d access the satelljte. Finally the system
would provide the mechanism for advanced tegsting
of network systenms concepts, hardware, sof twar e
andt ro%otcols to be used by packet radio networks
in the future.

O her benefits result fromthe use of digital
techniques.  Consi derabl e i nproverments mgy be made
to enmergency communications, as reliable, hi%n
availability links compatiblewith g|obal  mobile
amnd ortable radio semwiice reglirenents are
provi de, Additionally, a sg n-off benefit for
AMSAT 1tsellf 138 the attracting of the  new,
conputer-aware nenbers ~of the Amateur community
into the Amateur Satellite Service.

A possible third set of benefits may be spun
of f the PACSAT system indirectly; the opportunity
exists, for designing new types of ~ lLow-cosit
satellite launching and propul sion systems as a
part of this next generation o Amat eur
spacecraft.

Such a system would provide a number of
functions. I'n "addi tion to the primary use
as a world-wide store-and-forward =~ link, or
"flying milbox", the PACSAL experiment could
provide real-time regional linking (standard LEO
amateur node). As mentioned,  both |ocal network
confzgntrat or& (gateways) and individual users
could access the satellite. Finally, the system
woul d provide the mechanism for advanced testing
of network systenms concepts, hardware, sof twar €
andt roftotcols to be used by packet radio networks
inthe future.

PACSAT System Description

PACSAT is an. extraordi naril_¥ corplicated
system rather sinilar in conplexity to the_Phase
111 spacecrafts.

t
In addition to a.l1l1 of the




g&a es

required sat eltlrte supgort subsystens, o

spacecraft, ! experrmenta

each con81st1ng of I'tiple pllnk c ann
conmmon downlink channel s, and m)dems
coder/decoder |1 nk-access devices and control
m crcprocessors  Wth interfaces to a  common
satellite nessage Rsrocessrn unit (system control
unit, or S f that isn't bad enough, the
rigi'd packef ‘environment demands structured g pund
stations wth all of the famliar hardware Eess
the directional antennas, as we shall see),  and

€erha§ several mcroEressors for handling both
he data streamand the automatic station Control
functions. The age of the mcroprocessor is upon

Amat eur Radi o.

To ease the burden of tqélnﬁ to understand
the whol e system can be broken up into
subsections, each wrth vreII defined rnterfaces to

other sectjons. A description of eac sectron %r
interface follows. Please note that, hougn
conceptual design has been finished, many esrg]n
groups are hard at work comn u% t
specifications for their parts o he overall
system _ so that nothing bel ow can be consrued to
be the "final word".

Spacecraft

As nentioned, the orbrt of PACSAT would be
sun- synchronous hat pearing at the same
time eac dajy UoSAT/ OSCAR 8 has t |s t ge of
orbit, splays this propert Ty,
such an orbrt guarantees at least two passes per
day will be seen by ALL corners of the Earth.

The PACSAT satellite systéam may be broke

into the spacecraft itself, the ‘experiment a

packages. The interfaces are defined to bg

sgacecraft/ experi ment and  spacecraft/groun
ation.

PACSAT

Two options are availablle for placln
bi ridin

experi nent(s into s ace The possibility o
the ages de of a  spacecraft
I‘lmarll for ot her purposes exists, and allows
he PACSAT design team to avoid the additional
complexity of designing and bur I ding all of the
requrred subsyst ens. ﬁ looked 1IN
particular at tne future Iaunc opportu 1tles
avai | abl e on the Conestoga series of

vehicles to be grovr ded as a comrerci aI venture b{
Space Systens 0f Anerica, Incorporate SSI W

be [aunching payl oads ' directly into Iow-eart

orhit, roviding a nmechanismfor direct injection
of PACSAT into its final orbit without requiring
on-board propul sion systens in the satellite.

A second opportunity is more in |ine h
pp yh d i i W'tth

MSAT's  traditional net ,of desianing
sateI lite "fromthe ground up ", and will llkely
rovi de nore-_opportunities  for future
Sﬁu?ﬂtes h %e Spacet Trans;f)ortatron System Space
uttle) has e 0 ron o carr, S
sets of three L t - ecial" )canﬁzstuer.s rpa&%
cans. hough these cans ave traditionally been

reserved for I nexpensi ve access for experrnenters

who did not require thrOWI ng) their erlmfﬁnts
into space, recent dI SCUSSIONS wlth rA ave
shown pronise for using such a can as a__launch
portunlty A satellTte woul ol be ;élaced i nsi de
tg can, th a nechanismin place allow the
Shuttle crew to renotely ?ﬁen the I1d and push tne
opefully after opening

gacecraft into the vol d
e Shuttle bay doors).

This new opgortunrty has two trenendousl
seful aspects: AS can OE ortunrtres are CriL
0,000) and potential ly plentiful.
dravr/oacks are the requirenents of bu11d1n§ such
spacecraft as would verequired to fit nto the
can, providing a propul sion mechani sm for

alterlnfg the very | oworlit Into whicn the Shuttle

ce the unrt S0 that a; fr nore stable
orH b)vo Ig be “avai | abl'e rha pens there
are active rnternatronal AMbAT roups that, are
ver% excited wth the possibili fy of providing
bot h spacecraft and propul sion.

Th versity of Surre spacecraft desrgn
team ?UODAP{ has expressed an Inter in
continuin heir advanced Iowcost S acecr af t
design and construction Jgro‘]ects and vi ew PACSAT
as an excellent oppor usi ng ter

anlty OI’
integration expertise, for providing a vehicle
to carry other experrrrents of interest to the

group.
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The AI\/SAT/DL team at the University at

Marburg, West dy has been discussing the
posslblilty of prov1 Ing an i nnovat | ve spacecr af t
eal for such a craff as

engine whieh would be i
PA - a steam engi ne, not unlike_those first
designed by Hero in ancient Greece. The mechanism
for "generating steamin space is not difficult
and ‘inpinging sunlight on external water tank
coul d provide a large part of the ener requi red
to heat  the water. Heating coils electricallv
powered in the area of tne  super-heated steam
nozzles would finish tne heating job. t hough
this concept seens a little far-fetched at first,
cal cul atjons prove the am)unt of water required to
alter the orbit of SAT quite = nodest.
Further, the ever- present probI em :> safety to the
Shuttle’ crew is very nuch redaced havi n
spacecraft W th extremely non-volatile fuels suc
as water! G adual pushes fr%mthe steam nozzl es at
opposi tes  sides e PACSAT
into its final orbrt and resrduaI water coul d be
used to furtner occasionally alter the orbit to
keep it in a sun-synchronous plane.

RACSAT Conmuni cat i ons kExperiment Package

~ Each (?f two packarges will

uplink an downlink annel' s Wit associ at ed

anaI 0g and di qrtal har dwar e. Current designs are

targettedfor tygjcall{ four uplink channels, each

dynamlcall%l con rgura le with res}lcect to data
l@

conht ain a set of

rate -Sp «downlink «channe wvkllbe use
to support he uplinks, . and to_provide contro
over the srmrt ground stations. For an excellent
review of the design effort for tne nmodul ation
technioues and access nodes of these channels, see
t he paper Modu_LdtIOn and Access Techni ques’ for
PACSAT" by Phil Karn, which is included in these

proceedi ngs.

Supporting these ?opmunlcat ions channels wil |l
be a series” of , cscillators  and
anplifiers, along W th microprocssors and buffer
menory for channel control and support of |ink
access grotocols These processcrs, with ﬁverha}ps
one or two channels per processor, ~will allow t
denmodul atiors chosen to be both 'adaptive in data
rate and frequency agile.

The set of packages will have a common system
controller and main nemory unit (RAMUNIT). ~ The
software to support the hr%er Ievel prot ocol s and
apgllcatlon rograms e residen e ScU

be loadable Trom the round, a technr que now
common in tne Amateur tellite service. A nenory

package 1n  the negabyte berng

investigated.

range is

Spacecraft/sxperimentl nterface

The spacecraft will provide the envvironnent
ﬂ PACSAT, including ~ power, ant ennas and
s ielding fromthe extrenes of space. A separate
pocessor wll handl e t1le spacecraft's
ousekeepi ng functions, an separat e
communj cati ons channels will be avajlable for
satelli1te  commnd. ndard interfaces wll
efine nd statioas will be fairly

conplrcated requiring smart controllers to_ handl e
t re uirenenfs of frequenc in tne
transrm&ers and [T nki ngy networkr ng and
presentation control.

To allow users to ease into packet radio
satellites, a gradual upgrade pa%h is, to be
provr ded for PASAT use, A re ui red pi ece of
e nt will be the node will include a
dula ator, denpdulator an dass throu h path for
transnitter push-to-talk an frequency control.
This nmodem wl|l be capable of operating as a
stand-al one modem attached to one of the  current
%%%)es of packet radio terminal node controllers
NC)
Qperation of the T4C and npdempair with a
standard set of 440~z transmtter and L-neter
receiver W allow, operation at 1200 bauds.

H gher speed operation will re uire . Separate
deck, wtn direct access to L7 strrps Speeds
of wt 0 Y6000 bauds are planned.
A final touch would be a custom TN,
pecrfrcally desi gned for tnis  system and
lowng direct inferface to otnér Tics for
ground ased internetworx | I nki ng.



. It should al so oe noted that conservative
link margin calculations have shown that, with
modest  transmitter power on board the spacecraft
and standard powere available to ground “stations
é_aroun_d 27 watts,), the reguirement for having
irectional antennas is not’ nnecessary. Sinpl &
gain verticals like 5/8th whios on 440 and 2 wil |
Brobably be quite adaguate, especially at |ower
aud rates like1202 bauds.

Spacecraft/Gound Statioo Interface

 The  PACSAT  Project intends to use
omi di recti onal antennas on two of the most
gop_ul ar vhf /uhf bands, in a node which will be
amliar to Phase IlI users. Uplinks wll be
avai | abl e at ar_oun% 435 liHz, ang choice of the
wi || De nmade by the ground station

proier channel

controller, _follow ng the cormand requests of tne
satellite. The conmmon downlink will appear af the
edge of the Amateur Satellite aflocatlons,

robably around 145.806 MHz for one package and
4;.%4{%& for the other.

The nodul ation, technique s%/nchronl zation
requi rements, encodi ng node and rel afed paraneters
are to be determned,” based on experiments to be
performed by two different design teans this
spri r(]jg It “isassumedt hat either differentially-
encoded phase-shift Keying_or m ni mum shift keying
at rates in the 1200 t'o 9600 baud range, per aﬁs
adaptively  availble, are the  nost likely
candi dat es.

The link-1evel access protocols, that is, the
addressing and error detection schenes are planned
to be corp atible with the AX.25 Amateur acket

radi o rotocol standzgdb ThiF protocol  has
already been inplenented by several groups, and_Is

a de facto SAT standard for all currently-
pl anned packet satellite efforts.

~The network protocol wll probably support
AX.25 network-level protocol,  and perhaps also
less coOrplicated (and less reliable datagram-
type" protocols as well.

The nermory interface between ground stations
and the on boafd RAMUNIT Will be little nore than
a virtual disk drive. wth a very nolsy connecting
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[ink. On top of tnis protocol will lie an
a?pl ications program which will _provide a nunber
of message and file services. Experinenters w |l
be provided wth |ower-level accesses to the
system where such access does not significantly
di srupt nornmal use of tne system

PACSAT Project Status

) The final conceptual review neeting was held
in February 1983, and several of tne desi gn I(_1;rou S
attended, jnctudfng representatives from pot }fA
and _the University of Surrey Many of tne npre
sophi sticated concepts were thrown away to. provide
an easier target for scheduling. There wi 11 be a
set of su sqystem desi gn nmeetings at this
conf erence, and further nmeetings to be held |ater
this spring. Negotiations are currently underway
with ‘the candidate |aunch agencies and design
support groups.

- Systemdesign.is likely to be conpleted early
this sumrer, with deli'verable itens to bé
in_te,;.;rateg and tested this fall. Fol | owi ng
critrcalr design review neetings, spacecraft-ready
subsystens W || be prepared” and saipped to the
|nte§rat|ng ggancy by mext  spring. Such a
sched ulle woul d"al | ow AMSAT to take advantage of

ossi bl e |aunch opf'ortunltle,s as early as ™ late

1

934 Slippages will be inevitable hovever, and
more' reali Sglc times will in general coincide with
the nore likelytarget |aunch dates, early 1935 to

19386,

) The progect now has the support of twelve
di fferennt esign gr_oufs_ from four different
countries, but i's stillin need of qualified
hardware and software designers to help review all
aspects of tne current design, and provide needed
manpower with several of tne more inportant
subsystems. ~ PACSAT Is an all-volunteer effort

and W || require careful evaluation by the generai
user . community during its Initial® phases to
confirm design parameters and provide guidance in
the utilitv O ne varjous nodes. It” 1 s hoped
that  this "system wll not only provide nan

services which are forecast for the digita

fututre of ham radio, but also create a whol'e new
set of users and uses vet to be imagined.



