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Polar Bridge
Skitrek Wrapup

Three months across the
ice with Amateur Radio

— a success!

By David Adams, VEIHBF
A.A1
Sutton Wesi, ON LOE 1R0

Thus year, thineen skiers made polar his-
tnry by skiing without motorized trans-
port. dogs or sleds from the Soviet U'nion
10 Canada by way of the North Pole. a dis-

tance of some 1750 km. The four Cana--

dian and nine Soviet skiers reached Ward
Hunt Island at 1035 on the morning of
June 1, ninety days afier serting out from
Cape Arktichesky in the Severnaya Zemla
Archipelago on March 3, They siepped
ashore in line abreast so that no one could
claim 1 be first, symbolizing the team-
work and cooperation that made this
unique event successiul

This splendid lear. the Polar Bridge
Skitrek Expedition, was supporned by an
Amateur Radio communications network
that also made history, Never before had
this kind of imernational expedition re-
lied solely on Amatcur Radio for all ns
communicalions neéds.

Coordinators of the Amateur Radio cf-
for were Tom Atkins, VEICDM., Presi-
dent of the Canadian Radio Relay League.
and Leomd Labutin, UA3CR, 2 veieran
of several previous Soviet polar expedi-
tons, Leonid approached Tom in March
I987. asking for the suppornt of Canadian
amateurs. The basis for cooperation
would be a unique reciprocal operating
and third-pany tralfic agreement between
the two countrics. the Mt such agree-
ment ever for the USSR, allowing Sovier
and Canadian amaicurs 10 operate from
each other's countrics, and 1o handle mes-
sages between them, without restrictions,
through base stalions in the Arctic.

Chiel Operator Barry Garrati.,
VEICDX. recruited the team of Canadi-
an operators that would man the Canadi-
an buse sigtion ai Resolule Bay, CIBC
Both Tom, VEM DM, and Barry wen! 1o
Moscow w make final arrangements with
Leonid and the Soviel amateurs. While
visiting UKYKP, the club suton of K-

senvpolsbeiva Provda (a Soviel youth
newspaper). Tom and Barry became the
first Canadians amateurs 1o operate from
the USSR under the newly signed
reciprocal agreement, Soon afier, Rick
Burke. VOISA joined Leonid a1t EXDCR.
the main Soviel base station at Sredniv
[sland, some 200 km south of Cape Ar-
tichesky, the point from which the skiers
started their trek, Rick’s own call,
VOISA/UJAD, was often heard 59 by
scores of Canudians and others monitor-
ing further w the south, as he passed
rraffic 1 Resolute Bay, Toronto and
Ctawa

e g
Top nght: Leonid Labutin, UAICR, Soviet coor-
dinator lor Skilrek communicalions, meeis a
real Canadan on the steps ol tha Pardiament
Buldings, Oitawa. Above: C18C at Resoiule
Bay, NT Yes. d's a iy buidding  Those squares
painied on [he sade mMassura Mlb a’ by 47
VEICDOM phatas)

Parliament
Building

Visites du
P‘rllm-hl

AT
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In Ontawa. Ron Bellville, VEIAUM,
was the expedition’s tireless anchorman,
passing messages 10 and from Expedition
Manager Peter Baird and between the ski-
ers and their families. and dealing with
the government and the media. In Toron-
10. it was Tom. VEICDM. who was bhe-
sieged with phone calls and visits from
the media as he effectively dealt with
problems of logistivs, nwvenment of cquep-
ment and operators, and u seore of other
Mallers 4% new siuations arose

1COM suppiicd o lull runge cyuipment;
HF and VHF trunsceivers and amplifiers
for the base stations. 2-metre FM hand.
held transceivers and o VHF-AM trans-
ceiver that would permit communication
wilh the aircrafi bringing supplics for the
skiers. The base stutinn eguipment. in the
hands of Barry, VEICDX. and his wcam
of experienced operators, provided con-
wols between the skier (known as the
“maving group” |, and their milies. their
support groups and suppliers. and the
wurldwide Amateur Radio community
Mever before did an eapedition like thes
have communications tha functioned so
smisthly around the clock, or did more
for Rcutp up the mwosrabe ol i, pumicipants
through every kind o hardship. Much
vredit must go W the Soviet operators,
miost of whom had worked wgether for
many years in the renre and harsh cli-
mate of the polar regwns, and W the
Canadians whise eapericnce and eam-
worrk resulted in ploudits  froan  radio
ansitgurs around the world

Besades the ICOM cguipment. 1he
manving gronp carnied a Soviet-designed
nminatlure  ransgviver l'll"h_'l'..illﬂp‘ N
crystal-comntms hed Ireguencies i the 20,
40 and MO-mwetre bands, and 3 dipole an-
tenna that could be raised on g moss mesde
of 3= skor pordes compectod end tend. Al
ool this was developed over sears of Arg-

Seplember/septembre 3



tic travel and experimentation.

Garth Hamilton, VE3HO, who oper-
ated CIBC during the critical first two
weeks of the expedition, later became the
principal backup for Tom, VEICDM.
Garth maintained a constant watch on ex-
pedition frequencies and forwarded mes-
sages and technical advice, Olle Ekblom,
SMOKY, and his Swedish collegues also
maintained a daily watch throughout the
Skitrek, recorded daily satellite position
reports, checked in daily with CIEC, and
kept an eye on Soviet radio and television
reports. Active support also came from
AMSAT, through President Vern Ripor-
tella, WA2LQQ, Richard Ensign, N8TW]J,

Some ol the Skitrek communications group on
their visit o Ottawa: (kr) David Adams,
VE3HBF, Stan White, VE3FFD, Tom Atkins,
VE3CDM, Ron Belleville, VEIAUM, Loonid
Labutin, UASCR, and Tony Fegan, VE3OF
(VE3ICDM photo)

Skiers Dr Max Buxton (left) and Dr Dmitrl
Shparo, UASAIH, demonsiraie the Soviet-built
10wl transceiver usad by tha “'moving party™
during the Polar Bridge Skitrek expedition.
(VE3AND photo)

CSL cards for CISC were provided courtasy of
Frad Hammond, VEIHC, and tha Hammond
Wanufaciuring Co of Guleph, Ontario. QSL
Maneger David Adama, VE3IHEF, nas sant
mary thousands of these cands to amateurs all
ower tha workd, D confirm conlact with Skitrek's
Canadian basa ststion at Resolute Say,

4 e CANADA

and AMSAT Director John Henry,
VEVQ.

Once the skiers approached the North®

Pole, “mission coatrol” shifted from
Sredniy Island to the base station at Soviet
Ice Island NP2R, then located only 20-30
km from the pole. Here, Barry,
VE3CDX, joined Piotr, operator of
4KODC, and used his perscnal Soviet call
sign, 4KODX, for a month of intensive
traffic handling.

On April 26, when the skiers arrived
at the North Pole, they were greeted by
a gathering of almost 200 Soviet and
Canadian officials and media people. Bar-
ry was up to his ears in official and un-
official duties and was delighted when
Mike, GO/PADBHF, the UoSAT techni-
cian from the University of Surrey, UK,
offered to assist by operating CIBUA and
giving scores of amateurs their first ever
QS0 with the North Pole. Mike had been
flown in with the Soviet group, in recog-
nition of his key role in operating the
UoSAT OSCAR U digitalker that gave the
skiers their daily position reports.

Now, CIBC at Resolute Bay became the
communications hub. Just before Barry,
VE3CDX, left for Resolute, he had a
chance to experience a danger that the
Soviet team on NP28 faced daily. The ice
island split apart, breaking the runway for
supply aircraft in two and sending Bar-
ry's camera, some supplies and some
valuable ICOM equipment to the bottom
of the Arctic Ocean.

Canadlan Participants In the USSR- Cana-
da Polar Bridge Skitrek Expedition:

Expediticn Menager: Peier Balind

The Skiers: Dr Max Buxton, 32, Calabogiea,
OM: Rev Laurla Daxter, 43, Fort Smith, NT:
Chris Holloway, 31, Old Chelsea, PQ; and
Richard Weber, 29, Kingsmara, PQ
Canadian Communications Coordinator:
Tom Atkina, VE3CDM/VEBLUA

Chlel Cparator: Rarry Garrstt,
VEICOXNVEBCDX S 4KDDX

Ottaws Communications: Ron Bellvilie,
VEIALIM

Tha Oparating Team: Joe Adams, VEICPU:
Aick Burka, VO1SA; Garth Hamilon, VE3HO:
Garry Hammond, VEIXN; Blll Hardia, VE3IEFK:
Larry Herlick, VEBHL: John Hutehinason,
VESCKF, Terry Kadm, VEBTF; Dannis Lalibarty,
VEIMFP; Gany Letiord, VE3COP; Andy
Mclallan, VETAS): Wally Mansz, VETHO; Dale
Sacifia, VEILVW, Staley While, VEIFKD: Don
Whitty, VCH0F; Gian Wyant, VESICR; and Roif

: Tory Fagan, VE3QF

ciac aQsL Huugw- David Adamas, VEIHBF
Canadian Base Statlon CIEC: Resolute Bay,
NT, courtesy Transport Canada and VESMB
{(Ron Lupack, VEBAT, operaior)

Media coverage of the Skitrek expedi- |
tion was considerable. The job of keep-|
ing everyone informed was handled by Al |

-d"“Eon, VE3AND, Al issued regular news |

releases and made direct contact with key |
media people. Interviews with an|
Amateur Radio flavour appeared on The |
Journal, Midday and other television pro- |
grams across the country. Newspapers|
carried feature articles and radio stations |
carried frequent reports. Amateur Radio|
publications around the world, including |
057, gave prominent coverage i0 what|
was clearly recognized as a major mile- |
stone in Amateur Radio communications, |

Throughout Skitrek, Tomy Fegan,|
VE3QF, provided the Amateur Radio
community with OSCAR 11 orbital data
and advice for would-be monitors. Any|
radio amateur with a 2-metre handheld |
could hear the digitalker on board OS-|
CAR 11 by listening at appropriate times
on 5825 MHz. Many amateurs who|
were teachers made a strong effort to in-|
volve their students in monitoring and |
charting the progress of the skiers across|
the Arctic. The Ontario Science Centre|
in Toronto (an educational Bcility where, |
for students of any age, science becomes
fun) mounted a display that included a|
large map, recordings of the digitalker|
and a special on-the-air message from|
CIBC.

Following the completion of expedi-
tion, both the Government of Canada and|
the Soviet ambassador in Onawa gave
official receptions. Energy Minister Mar-
cel Masse presented the Skitrek team to|
the House of Commeons in session. Alll
the Soviet radio amateurs who had
provided communications for Skitrek|
were flown to Canada courtesy of Mac-|
donalds Restaurants, a major sponsor of|
the expedition. During a four-day stay in|
Toronto, the entire Soviet team, with Dr|
Max Buxton representing the four Cana-|
dian skiers, wok part in a program at the|
Ontario Science Centre, demonstrating|
equipment used during Skitrek: skis|
mounted in a circle like a **rib cage” over|
which the tent was slipped, and ski p-nh:s'
that could be joined 1o serve as a support |
for a dipole antenna,

Questioned in Otawa about “What |
next?”, the expedition’s leader Dmitri |
Shparo, UA3AJH, hinted at the possibil-|
ity of an Antarctic expedition. Now that |
the USSR-Canada Skitrek had laid the|
foundation for closer cooperation berween |
these two couniries, it might be possible |
for the USSR to achieve something simi- |
lar with the United States. Hopes were |
als0 expressed that members of the Cana- |
dien communications team might visit |
Moscow in the near future. '
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Radio provides lifeline
for polar expedition

By LARRY EMRICK

Tom Atkins of Toronto is one of a
small army of volunteers channei-
ling professional expertiss and
enthusiasm into the support role
that keeps the joint Canadian and
Soviel Polar Bridge Expedition safe,
supplied, and on route. ~een

Alkins, 62, is an amateur radio
enthusiast who is the expedition’s
Canadian communications coordin-
ator. It was Atkins, as president of
the Canadian Radio Relay League,
who recelved the request from the

U.S.S.R. to provide the Canadian

communications network for the
expedilion, '

“It's almost turned into a full-time
iob for me," the semi-retired bus-
ness consultant said in an interview
Tom Toronto,

“The thing that is exciting is that
his is a Canadlan project. We're up
0 our armpits in it and il makes you
eel greal to be g part of it. This is
mne of the last great physical chal-
enges Lo man. It is a very difficult
ind dangerous mission.”

The role of Atkins and his 40 ama-
eur radio volunteers has been more
han merely settlni up and main-
aining the radio

While the skiers push hack the
rontier of Canadian-Soviet cooper-
ition on the ice, Atkins and his radio
1als have helped blaze a new trail in
nternational communications
liplomacy.

“In order for my people to operate
o the Soviet Union and vice-versa,
/e signed a reciprocal agreement.
"he Soviets have never involved

hemselves with this kind of thing -

t's the first time that anyone in the
Vest has been able to finalize this
ind of agreement.” :
Communication is accomplished
7ith the help of SARSAT/COSPAS,
Canadian-Soviet search and
escue satellite that can locate a

& The thing that Is exciting
is that this Is a Canadian
project. We're up to our
armpits in it and it makes
you feel great to be a part

of ity :
— Tom Atkins
e e ]

plane down in northerm B.C. or

Ontario as easily as it can Mind the
trekkers on the Arctic Ocean.

. The expedition carries three radio
transmitters that send a signal to the
SARSAT satellite. SARSAT passes
the signal to ground stations at
Trenton, Ont., an air base in the
U.S., and one in the Soviet Union.
Then it is sent by radio teletype to
an amateur satellite control station
at the University of Surrey at Guild-
ford, England.

The university station’s satellite,
called OSCAR 11, was funded by
amateur radio operators around the
world to carry their signals. One of
OSCAR'’s daily jobs is to turn the

' data from the expedition's SARSAT

* beacon into a digitized computer
“voice”. and beam-the voice back to

earth where it is picked up on

-, pocket-sized receivers
the skiers, t 84 giva iy

The time of the:ftrtnsmissiun
varies but for radio fans with the
time to listen — or the luck to find it
— Atkins said it is broadeast on
148.825 m 2 FM.

For regular communications the
expedition uses a custom-built, Sc-
viet-made 10-watt, sideband trans-
ceiver transmitting on 80, 40 and 20-
metre amateur bands, Atkins said.
Sophisticated though it is, its opera-
tion remains simple.

When they stop for the night the
wire aerial is strung from the skiers’

interconnected ski poles.

In an emergency it could save a
life but it's also the means by which
the expedition sends its shopping
list for supply drops of food and
equipment.

It also is possible to patch a call
through regular phone lines to
enable the trekkers to call home.

“It's a great morale thing,™ said
Atkins. “It's possible for one of the|
Canadians to come on the phone and
talk to his wife in Ottawa.”

Not all of the messages have been
of such a happy nature. After the
expedition set out Laurie Dexter's
father died and the message had to
be relayed to him.

There are three main contro]
bases for the expedition — on Sridny
Island on the northern tip of the
Severnayay Zemlya Archipelago in
the northern U.5.5.R; at North Pole
28, a permanent Soviel base on the
Arctic ice about 110 kilometres from
the pole; and at Resolute on Corn-
wallis Island in the Northwest Terri-
tories. There also are control sta-
tions in Ottawa and Moscow.

Rick Burke, chief air traffie con-
troller at St. John's, Nfld., and one of
Atkins' band of volunteers has an.
unprecedented role iz the communi-
cations setup.

He has been at the Sridny Island
station, on a Soviet air base, for a
month.

“The presence of a Canadian
there is unprecedented because to
my knowledge no one from the West
has ever been there,"” Atkins said.

When Lhe expedition nears the
North Pole, control will pass to
North Pole 28, where Barry Garratt,
chief engineer at Hamilton’s Chan-
nel 11 television station will handle
communications with his Soviet
counterpart.

Garratt, 42, was due to leave home
today and be on the ice station in
about two weeks.




AMSAT's MICROSAT/PACSAT PROGRAM

Tom Clark, W3IWI
6388 Guilford Rd.
Clarksville, MD 21029

ABSTRACT

In 1989 AMSAT-NA plans to launch the [irst
of a series of low-earth orbit (LEO) sat-
ellites dedicated to scrving digital store-
and-forward message handling. These satcllites
are quite small cubes, approximately 230 ecm (9
inches) on a side weighing Jless than 10 kg
this small size has led to our calling the
project MICROSAT. Despite the small size, the
satellites are crammed with state-of=the-art
electronics. This paper will review the
development program leading to this design and
some of the technical details as well as
describing how the terrestrial wuser will make
use of the resource. We arc planning on the
launch of 4 satellites using MICROSAT
technology into LEO in early 1989, and several
more launches over the next 2 years.

A BIT OF HISTORY

In October 1981, the ARRL, AMRAD and AMSAT
jointly hostéed the [irst Networking Conference
when packet radio was in  its earliest period
of development. Doug Lockhart (VETAPU) and the
YVADCG group had put the first TNCs into our
hands. Hank Magnuski (KA6M) and the PPRS had
the [first digipeater on the air. In the D.C,
area o few ol uws (WAMIB, WB4JFI, K8MMO, W3lWl,
KE3Z) were on the air making funny sounds, The
seed was planted!

On a warm sunny afternoon the f(ollowing
spring, at the AMSAT lab at NASA Goddard, 1
took Jan King (WIGEY) aside and told him of an
idea | had., At the time we were building the
AQ-10 satcllite which was 1o provide global
scale communications from its wvantage point in
high ecarth orbit (HEO). My idea was to provide
similar communications coverage from LEO wusing
digital store-and-forward techniques, albein
not in real time. The basic idea was for the
sender to uplink a message o the LEO
satellite; then at a later time when it was in

view of the recipient, it would be Tlorwarded
to him automatically,
Alter some more design work, [ enlisted the

aid of Den Connors (KD25) who was then
spearheading the effort in Tucson which became
known as TAPR. Den and [ started beating the
bushes for support for the program. When the
ideas became known to AMSAT, some of the old
timers accused us of having lost our minds
with statements like "There arcn’t more than a
couple of hundred people on packel Packel
radio will mever amount t¢ amnything. elcclera
etcetera” By the fall of 1982 we ‘were
starting to sec some ground-swell of support,
so Den and | scheduled a special meeting (to
be held in conjunction with AMSAT'S annual
mecting) which was to get inputs from
packeteers in several groups on the PACSAT
conceptl. The second purpose was Lo try to &ee
if Wi couldn’t come up with a national
protocol standard; the result was the adoption
of AX.2% (for which szome people STILL blame
me!).

Soon thereafter we found a  potential
sponsor who needed PACSAT support 10 aid in

disseminating information on t::hgulug‘:u
appropriate to developing <¢ountries an thus
was formed a tie between AMSAT and the
Volunteers in Technical Assistance (VITA]) and

Gary Garriot (WASFMQ). The VITA PACSAT project

enlisted the assistance af Harold Price
(NK6K), Larry Kayser (VEIQB/WAIZIA, now
VEIPAZL) and a number of others. The
VITA/PACSAT team decided to  test their
messaging concepts on a UoSAT spacecraft
resulting in UO-11"'s Digital Communications

Experiment (DCE). The partnership between VITA
and the UoSAT roup has continued, and the
UaSAT-D spacecraft (to be flown at the same
time as our Microsats) is the culmination of
that elfort.

In the meantime 1 told the Miki Nakayama
(JRISWB) and Harry Yoneda (JAIANG) of JAMSAT
of our design concepts. The JAMSAT/JARL team
were able to implement many of these ideas in
the maode "JD" hardware m: lhcd Jup;ln:idc JJ:.S!-I

-12 satellite. The also evelope state-
Ljr?tljc-]art r:pruducnbrlc 1200 BPS PSK
demodulator designs which have become
important for future spacecrafll designs
Unfortunately the negative power budget on 10O-
12 has limited the utility of an otherwise
excellent spacecraft

the structural mode|

1., A photograph ol
Flgure urPth. T oRDEAT: EARAT A



For the mnext couple of yecars any idea of
pur building a PACSAT in the USA languished,
First we  were busy building the AO-113
satellite in  consort  with AMSAT-DL, The
American dependence on the Space Shuttle and
the lack of suitable Iaunches om which we
sould hitchhike made opportunities lew and far
between. We looked at low-thrust motors wusing
water or Freon propellants to lift us to a
juitable LEQ if wc used the Shuttle's GASCAN;g,
Two groups flew small satellites ecjected from
GASCANs on the shuitle; one was NUSAT, built
sy & of students and flaculty at Weber Siate
Tollege in Ogden, Utah. Then with the loss of
the Challenger, cvcn those hopes for our
wilding 3 PACSAT were dashed.

[HE BIRTH OF MICROSAT

The scene now shilis to November, 1987 imn a
wtel room in Detroit aflter the bangquet at
AMSAT's annual mecting. Jan King, Bob McGwier
N4HY), Phil Karn (KA9Q) and 1 are sitting
round at 1AM. Jan starts telling us of =a
ioncept that he and Gordon Hardman (KE3D) have
een thinkin pabout. It involves a very small,
imple satellite, a 9" cube. He describes how
ive B~ x B8 x 1.6 module "trays" would be
tacked to make wuwp the inner f(rame of &
atellite. Then om the small 9 x 9% solar
imnels would make up the outside skin. He told
is that he believed he had severnl different
wotential launches that could carry several of
hese cubes to LEO and asked ns what we could
lo with the limited space. By 3 AM we had a
onceptual design, we had done link margin
alculations, we had selected a candidate CPU,
nd we had estimated size, weight and power
equirements for each of the modules. The
drenalin flowing in our veins was at an all-
ime high!

By carly December we had refined the basic
esign. Dick Jansson (WD4FAB) had done a
omplete mecchanical design. We held a
reliminary design review at the AMSAT office
nd decided we were GO!

While all this was going on, contacts Wwere
ade with Junior DeCastro (PY2ZBJO) of the
razilian BRAMSAT group, Arturo Carou (LUILAHC)
F AMSAT-LU and with the NUSAT group at Weber
tate, Each agreed to join the team and we
tttled on building four satellites: The
MSAT-MA and AMSAT-LU satellites would be
lassical PACSATs. The Weber State satellite
ould be a PACSAT augmented by a TV camera
hich would send down pictures encoded in
ormal AX.25 packet (frames. The Brazilian
itellite would be the DOVE (Digital Orbiting
oice Experiment) which would “talk” voice
ulletins which could be copied on a normal

ACSAT AND ALOHA

First we need to review a little packet
1dio theory., Let us assumc that the _satclliu
perates with its transmitter and receiver on
ifferent bands so that the communications
nks are full-duplex. Let us also assumc that
iere are mMmany ugers, each with similar
spabilities, who arc spread out over the
atire spacecraflt “"footprint™. Let wus further
gsume that traffic is balanced -- whatever
pes up to the spacecralt equals what comes
gwn, so the wuplink and downlink channel
ipacity needs to be balanced.

Since the ground-based wsers arc spread

out, the cannot hear cach other. Each wi!l
transmit at randem in the hopes that his
packets make it thru, This is the
ALOHA :
terminals®™. It can be shown that collisions on
the wuplink
the channel capacity so that oaly (1/2¢) =
184% of the packets make it thru. Thus, the
downlink {(on which there are mno ::ullu:;mnﬂ
can support about 5§ times as much tralflic as
can a single, collision-limited uplink.

classic

network configuration with  “"hidden

channel will statistically reduce

There are two ways out of this dilemma.

First, the uplink wsers could use a data rate
a't!:?ul % times the downlink; _thlt approach was
taken by the AMSAT-DL designers af AD-13's

RUDAK experiment where a 2400 bit per second
(BPS) I.Iplinpk is bolanced nagainst a 400 BPS
downlink.

The second approach is te have multiple,
separate uplink receivers. The FO-12 satellite
has four 01200 HBPS uplink channcls balancing
one 1200 BPS downlink.

MODEMS AND RADIOS FOR PACSAT

For our PACSATs, we have allowed for both
solutions to the ALOHA limit. Like FO-12,
there are to beé fowur wser woplink channels;
however ecach of which can bec commanded to
support 1200, 2400, 4800 and possibly 9600 BPS
uplinks, The downlink transmitter will start
its life at 1200 BPS. but higher rates should
be possible.

Our design was heavily influenced by a
decision we made carly on: we wauld only use
standards which were supported and available
*of the shelf”. Thus when our PACSAT comes to
life, the ground wuser can wuse the identical
hardware he wuses for FO-12 today. The wuser's
uplink will be at 1200 BPS, Manchester-encoded
FSK and the downlink will be 1200 BPS binary
PSK. These standards are supported by the TAFPR
and GIRUH modems, by the myriad FO-12 modems
available on Akihabara in Japan, and by the
DSP modems that N4HY and | have been working
on.

These “"mo® modulator in these modems plugs
into the mike jack om a stock 2M FM radio,
which we assume can be tuned in 5 kHz steps.
The satellite link margins should be such that
10-25 wartts inte an omaidirectional antenna
should be adequate (providing everyone runs
similar power).

The “dem”™ demodulator plugs iato an SS5B-
capable 70 cm recelver or all-mode
transceiver, which needs to be tunable in 100

Hz (or preferably finer) steps. The PSK
downlink should be "Qs5" even with an
omnidirectional antenna, providing the local

noise level is low,

The spacecralt's receiver has 15 kHz wide
channels, regardless of the bit rate
programmed at the spacecraft, The 1200 BPS
data rate combined with an FM deviation of < 3
kHz. plus doppler shift, plus 5§ kHz steps on a
typical FM radio  just fit the 15 kHz
bandwidth. At some later date we will begin
enabling sclected wuplink receiver channels ?ur
higher data rates (like 4800 BPS), but the
user will now have to pre-steer the doppler
and seét his frequéncy moré accurately than §
kHz. Also most stock FM radios will not pass
the 4800 BPS data rates without significant
modiflications.



ONBOARD PACSAT

Let us now discuss some of the [eatures of
the satellite’s architecture, The electronics
is divided into modules, with the space inside
each module being abour 7.8 x 6.5 x  |.5
The mechanical Jayout has Ffive of these
modules stacked atop each other as shown in
E;:u:: 2, which we will deseribe from top 1o

trom.

ZN uplink sntenna
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Figure 2. PACSAT LATOUT
RECEIVER

The core of the receiver is the Motorols
MC3362 single-chip FM receiver, couple with a
stock NDK crystal filter with 15 kHz bandwidth
centered at 10.7 MHz. The filter has very good
skirts, with 80-90 dB ultimatec rejection. The
input to the 3362 is an IF in the 40-50 MH:z
range, The Ist LO im the 3362 is crystal
controlled te mix to 10.7 MHz. Following the
filter, the 3362°s sccond mixer is driven from
a crystal controlled 89 MHz 2nd LO to produce
a fnal IF of 1.8 MHz selected fror best
linearit of the MC3162%s FM
{discriminator).

detector

The MC3362's FM detector drives two matched
data (ilters, each of which wuses one scction
of a TLCIT4 CMOS op amp; the 2-pole
Butterworth [ilters are optimized lor 1200 and
4800 BPS data rates. A CD4066 analog switch
selects the output of one of the two T[lilters
to drive the data clipper section of the 3361
The appropriate Tilter is selected by the CPU.

Isn addition, one section of the TLC274
produces an analog signal in the @-2.5v range
corresponding to the uder’s f(requenéy (the
*disc meter™) and another produces a P-2.5v
analog signal corresponding to the user's
signal strength (the "5 meter™).

All this circuitry takes wup 135" =x 3 on
the receiver’s wcircuit board and draws wunder
20 mW (< 4 ma at 5¥) This ecircuit is
replicated five times to provide the 4 user
uplhink channels plus 8 command /control
channel.

The design of this portion of the receiver
was done by WIIWI with invaluable inputs from
Eric Gustavson {(NTCL).

In front of this bamnk of f(ive FM IF strips

is @ lairly conventional GaAsFET preamp with a
noise figure <« 1| dB. A narrow-ban 3-stage
helical lilter provides sclectivity between

the GaAsFET preamp and a dual-gate MOSFET
mixer which is driven by a crystal-controlled
LO at about 100 MHz The output of the MOSFET

{at 40-50 MHz) drives five emitter Tflollowers
to provide isolation between the [five FM IF
siages. The design of these stages was done by
Jim Yogler (WATCIO) and WIIWI,

The 1otal power consumption For the ecntire
receiver is about 150 mW. /

[As a side note -- the receiver modules
designed for PACSAT have been made easily
reproducable, with very f:wr'twiddlcs". All
components, including the coils and helical
Filter are of [-the-shelf items purchasable
from sources like Digi-Key. It is anticipated
that TAPR and/or AMSAT will make single-
channel receiver kits available for wse in
dedicated packet link applications il there s
enough interest]

TSFR

For PACSAT, this is a dummy module. TSFR
means “this space Ffor remt”, and is reserved
for (ulure expansion.

POWER S5YSTEM

The Battery Charge Regulator (BCR) module
containy the NiCd battery pack, the charger
that conditions solar panel power fo charge
the batteries, and the switching regulators
that produce the +5 and +10 v power needed by
each module. The BCR and regulator design was
done by Jon Bloom (KE3Z) with help from Gordon
Hardman (KE3D).

The solar panels make use of high-
efficiency silicon cells with back-surflace
reflectors (BSR)., BSR t¢nhnatus[}r is new, bul
it allows for much higher efficiency; if a
photon does not produce cleciricity as it
passes thru the silicomn on its way im, the
reflector allows a second chamce 1o “grab®™ it
The solar panel electrical and mechanical
design was done by Jan King (W3IGEY) and Dick
Jansson (WD4FAB), and the solar panels are
being produced under contract by Solarex.

The price of space qualified NICd batieriea
has become prohibitive, so0 mnew, low cost
approaches have been adopted. Larry Kayser
(YVEAFPAZ) and his group in Ottawa proved with
UO-11 that il good, commercial grade batteries
were purchased, they could be flight
qualified. The qualification procedure
involves cxtensive cycling to characterize the
charge-discharge curve and temperature
performance, X-raving the batteries to look
for internal structural flaws, then selecting
only the ©best cells, and then [finally potiing
the batteries.

While the solar panels produce about 14
watts, when averaged over a whole orbit (some
time is spent in eclipse), and after losses in
power conditioning about 7-10 watts is
available.

CrU

In many ways the flight computer is the key
to PACSAT. At the time we were selecting the
CPU, the SANDPAC group in San Dicge were
lfinishin the [irst pre-production rum of the
new P5186  network switch., Based on their
experience, we selected a similar
architecture. The flight CPU is based on the
NEC CMOS V-d0 PU (quite similar to an
BOC188). The flight CPU includes EDAC (Error
Detection and orrection) memory for storage



of eritical saftware, plus bank-switched

memory [(or data siorage (ie. "RAM Disk™). We GLUE

hope to fly wpwards of 10 Mbytes on each

PACSAT (limited only by available space and The myriad mechanical details were all

the price of memory chips). The CPU, when sorted out before we cut a single piece of

running hard draws about 2 watts of power. metal by Dick Janssen (WD4FAB), Dick made

g extensive use of modern CAD technigques and all

A companion paper by Lyle Johnson (WA7GXD) drawings were done with AutoCAD (sece Figure

and Chuck Green (NPADI) describes the CPU's 3). In Boulder, Jeff Zerr has been shepherding

architecture in much more detail. A paper by the detailed mechanical layout and find what

Bob McGwier (N4HY) and Harold Price (NK6K) pieces don't Fit. A “show and tell® model was

describes the multi-tasking software. Jim built by 7?7?77 with help from Dick Danicls, and

DeArras (WAMONG) is converting Lyle and 8 mechanical meockup flor wvibration testing has

Chuck's wire-wrapped prototype to multi-layer been built by Jeff Zerr,

circuit  board. The ROM-based bootloader to

allow recovery [rom disasters has been written When we began developing the Microsat

by Hugh Pett (VEJIFLL) whose code had concept, we took @ look at problems that had

previously saved the day on UoSAT. been major hassles om earlier satcllites. High

on the list wecrc problems in building a wiring
harness and testing individual modules. We

TRANSMITTER alse wanted a design that allowed a2 ‘“cookie
. y - cutter® approach to manufacturing since we
At the time of this  writing, the anticipate 3 number of launches in the next
transmitter is still in the design phase, 30 few vyears. We came to the conclosion that we
some of these paramelers may change. The needed to develop & bus-like wiring approach
transmitter will be BPSK modulated, and will with all modules having similar interfaces,
have its power output changeable by ground and we needed to minimize the number of wires.
command. The current plans are lor tweo power I took on the task of solving this problem and
levels, about 1.5 or 4 watts. The transmitter defining the electrical “glue® that holds the
starls out with a ocrystal oscillator ar 109 system together.
MHz, and is followed by two doublers to 436
MHz. This design is being done by Stam Sjol After exploring a naumber of options, the
(WPK D). Gordon Hardmanm (KE3}Z) is working on a d“;'n we adopted was to wuse hi-rel DB2§S 23-
power amplifier wsing a Motorola MRF750 driver pin connectors om ecach module and use a 23-
and a MRF752 output stage. The collector wire bus made like a [(lexible printed circuit.
voltage om the driver stage will be command Of the 25 wires, sbout 40% are used for power
sclected to be cither the +5 or +10v bus to distribution, about 40% to carry packet dala
provide power agility. This collector wvoltage from the receiver to the CPU and from the CPU
may be amplitude modulated te provide some to the transmitter, and the fFfinal § wires are
time-domain shaping to minimize the used to let the CPU control functions in the
transmitied bandwidth. Transmitter development individual modules and for analog telemetry.
is also being done in Canada by Bob Pepper
(VEZAD).
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In order to squeeze all these command,
control and telemetry functions into only F[ive
wircs, we have built a very small (7 inches

long!) LAN with the CPU acting as the network
master node and each module being a slave
node. Data communications from CPU io module
consist of two Tbyte packets; the first  byte
{with the MSB=1) addresses up to 128 slaves,
and the second byte (with MSB=p) is a 7-bit
received data ficld to be passed to the module
(RXD). On receipt of a wvalid address, the
module automatically sends back two  £-bit
bytcs (TXD) of data on another wire. All data
i5 s5ént with normal asynchronous protocols.

On the CPU side, this async data is
generated and received by the UART built into
the %40 chip. The protocol is easily simulated
on a PC, 350 testing ecach module does not
require a complete working spacecraft.

In each module, we wuse a ¢lever IC: the
Motorola MC4469F Addressable Asynchronous
Receiver/Transmitter (AART). The 14469 s a
44-pin surface mount part (also available as a
40-pin conventional DIP) which implements the
protocol  just described with wvery few external
parts. It has separate pins for the 7 address
bits, the 7 RXD bits and the 16 TXD bits.

The 7 RXD bits are used for a number of
functions. The MSB of this word is used to
sclect analog ws. digital functions, with the
control  data specified by the remaining &
bits, For digital functions, the & bits are
treated as two 3-bit nibbles which constitute
the address and data for three CD4099
addressable  latches, resulting in 24 bits of
digital data being available for control
functions in the module.

When the MSB selects analeg f(unctions, the
6 bits are taken as addreszses for CD4052 CMOS
analog multiplexer chips which decode 6
discrete analog telemetry samples plus four
thermistors,. When a module 15 selected im
analpg mode, the selected analog signal s
switched onto two wires (signal plus return)
in the 25-wire bus, and when the module iz de-

selected the two wires are f[loated. A single,
fast 8-bit @-2.5v A/D converter in the CPU
handles all spacecraflt analog telemetry. Each
module is responsible f[ar pre-conditioning its

analog signals to it the 0-2.5v range.

All these parts, 1ncluding some op amps to

condition the thermistor signals, plus the
DB25 spacecralt bus interface connector and
tie-points for all signals needed in the

modules are fitted onto a 7.8 x 1.5" board
which is mounted against ome wall of the
module frame. The interface boards im each of
the "slave" modules are identical except that
the AART chip i§ strapped to dillerent
addresses, This small board has been dubbed
the AART board., It was designed by W3IIWI and
Bob Stricklin {N5BRG). Each board requires 3§
mW of power (about 1 ma at 5v).

HE OTHER MICROSAT
DOVE

S50 far we have described the two Microsat
PACSATs: those sponsored by AMSAT-NA and
AMSAT-LU, The BRAMSAT DOVE spacecraflt is still
in the [inal design phases, but it will be
built from many of the samec pieces and will
have the same general mechanical layvout, DOVE

will transmit its digitized voice
the 2M band with conventional F moduiation,
Rather than designing a diflferent receiver
system, we have decided te have the command
uplinks also on 2M: the DOVE transmitter will
turm  itself off every Few minutes to listen
for commands. Only the transmitter module is
different for DOVE. As of the time of this
writing wc arc planning to wse differentially-
encoded vaice synthesis {e.g. "delta
modulation”) with up to 4-bit encoding of the
differential data. Preliminary design on  the
speech  synthesizer has beéen  done by Bob
McGwicr (N4Y) and W3IWI and is being simulated
using our DSP hardware,

gignals in

NUSAT
The Weber State NUSAT MICROSAT is different

mechanically from the PACSATs, shown in Figure
4.

ZM uplink asntenna

TV CAMERA

TRANSHNITTER

TR cm dounlink
antenna

Figure &. NUSAT LaYouUT

The major difference is that NUSAT has a
CCD TY camcra in the top module. The TV camera
is  connected to a  high-speed multi-channel
"flash"” A/D canverter which can digitize
incoming video signals gt 10 MHz sample rate.
lts data is stored in memory which can also be
accessed by the CPU. The Weber TV camera
module and CPU were placed in adjacent modules
s$¢ that the memory could be casily duoal-
poried.

The sample rate for the A/D converter amd
the input signal source cam be selected by the
CPU. The primary signal source is a CCD TV
gamera ecquipped with an clectromechanical iris
built into its lems. The iris's aperture can
alse be controlled by the CPU. The camera's
field of wicw allows a 350 km square to be
imaged from the satellite’s 800 km high orhit.

The camera nassembly occupies about 1/4 of the
space in  the module, It s planned to wuse
video data compression techniques to minimize
the downlink data requirements; Weber State
and AMSAT-NA plan to have soltware to support

these advanced videco technigques available
around launch time.
Weber State also plans to try a 1269 MHz

video uplink. Video data [lrom this uplink will
be digitized by the "flash" A/D converter and
loaded into the dual ported memory, just like
data from the CCD camera. It is also hoped
that the TY camera can be used az an wvisible
and IR spectrometer covering the 400 to 2000
micromecter wavelength band,



The other MLUSAT modules are necarly
identical to the PACSATs and NUSAT could be
also turned into 2 PACSAT merely by loading
different saltware.

The Weber State tcam consists of a number
of students, sztaff and facuwlty members (rom
the Center for Acrospace Technology (CAST)
including Bob Twiggs, Bob Summers and Chris
Williams.

IE FIRST MICROSA AUMN

AMSAT-NA and the UoSAT group have worked
with the European Space Agency and
Ariannespace Lo develop a new launch
capability for YEry small satellites. This
will be [irst tested om the launch of the
SPOT-2  Earth Resources  Satellite in  early
1989. On that f[light there will be SIX small
satellites - our Faur Microsats and two
somewhat larger UoSAT spacecraft. The orbit is
ncarly ideal - sum  synchronous at 800 km
altitude, much like the Oscar-8 orbit. At mid-
latitudes, passes will occur twice per day at
predictable times around 10:30 AM. and 10:30
P.M. local time.

1 TH | A 1

As we mentioned before, our FPACSATs and
Weber Siate's NUSAT use ordinary AX.25 packet
protocols. To receive any of the three, vyou
merely need to add a PSK demodulator to your
70 e¢m receiver., The uplink requirements are
modest and the same as FO-12. At a later time,
when transmitter technology permits and user
loading dictates, some of the receiver
channels will be reprogrammed to higher
speeds. But  imitially, if you are able to wuse
the FO-12 satellite, then you are all set.

The spacecraft software that you will see
will be designed for message handling., and the
code is being written by Bob McGwier (N4HY)
with inputs from a mnumber of wus. The initial
software will probably look wvery much like a
WORLI/WATMBL BBS system, with a few
enhancements. First of all, the prompt that
the satellite will send to wvouw will have two
telemetry numbers in it -- these are your
gignal sirength and discriminator meler
readings. The discriminator meter should be
invaluable in helping you center your signal
in the receiver's passband and its use will

become mandatory as we migrate to  higher
wplink speeds. The spacecraft software will
support multiple, simultaneous Users. There
may be commands that allow you to reguest
speciflic telemetry information from the
satellite.

I anticipate that much of the utility of
these satellites will be as an augmentation of

the terrestrial HF long-haul message
forwarding networks. If  this proves to be
true, them fully automated gateway stations
will make heavy use of the satellite

capabilities.

Therefore it 1% important that we design
both the ground-based and [light software to
work together smoothly, We have had ongoing
discussions with the writers of BBS code (like
WORLI and WATMBL) to make surc that both sides
of the link will be ready on launch dav. In
these discussions we have been devising
sichemes 40 that the burden of maintaining
routing information resides on the ground., New
I‘nrv:'nrding protocols in which the receiving
itation tells the sender what MEcssage

addresses it can handle are being defined. It
is likely that these will be coupled with
heirarchial domain-oriented addressing scheomes
like are wused by TCP/IP protoceols. A user on
the W3IWl BBS would have an address like
WIXYZ@WIIWILMD. USA and if | weéere operating as
a gateway for the MD/VA/DE/PA/N] area, I would
be able to inform the spacecraflt to send me
any messages 50 addressed.

At the same time that "connected® muode
activity is going on, the satellite will be
sending Ul “"broadcast” (i.e. UNPROTO) f(rames
with telemetry and bulletins of interest to
all. Om NUSAT, digitally encoded pictures of
the earth will be sent as Ul frames which will
be reassembled by the user on the ground.

THE FUTURE

We have reason to believe that there are a
number of launch opportunities to LEOQ for very
small satellites. We have designed aur
Microsats to be easily reproducable. As ncw
capabilities [(perhaps G600 or 19,200 HPS
modems? Experiments to fit into the TSFR
module? ) are developed, we [eel there will be
opportunities to {ly them.

We anticipate non-amateur uses of our
technology. Initial discussions with
scientists specializing in oceanography and
scismology have shown that they have a need
for low-cost data collection systems from
remote locations. We anticipate a scheme for a
commercial licensee to "sell” our technology
in these markets. Just like royalties [rom
TAPR's TNC2 project have provided resources
fer  future development activities in  packet
radio, we hope that Microsat rovalties will
provide a similar legacy for advancing amateur
satellite technology.

We also sece  that the Microsat technology
provides a perfect way for fledgling space
groups  associaled with ather AMSAT
organizations around the waorld and with
universitics to develop their own satellite
programs. Don't be surprised to see Microsats
being built by people from many nations.

The spacecraft operating software can be
uploaded from the ground. As NKG6K and N4HY
discuss in  thcir companion paper, the software
we will be flying 15 the most complex ever
attempted in the amateur satellite program. It
probably will ecrash! We have designed in
several safeguards to make this possible. With
this Fflexibility, we also have the ability to
try mew things. Perhaps we will szc new mail-
handling protocols developed which use
datagrams. Pecrhaps we will see a PACSAT
programmed to be a TCP/IF FTP [lile server. As
the old adage states:

t lid N w !
PARTING COMMENTS AND ACKNOWLEDGMENTS

The most important "glue™ that holds a
project like this together is the project
manager. We are indeed [ortunmate to have Jan
King (W3GEY), with his wecalth of experience,
hizs contacts inm the aerospace industry, his
mother-hen persistence in reminding ws of the
rigors  af gpace, and his compulsive
personality to make sure evervthing happens.

Jan's “gluc” binds together a team of high-
strung., emotional prima donnas who are equally
compulsive. Many of the team member:z have



invested a lot of 3AM mornings working on this
project! All the team members have had to
wear very thick skins to withstand the FLAME
ON! communications blasts some of us are pronc
1o emit. Bob Mecgwicr, Dick Jansson and Lyle
Johnson all deserve special eredit for service
above and beyond the call of duty.

This project has significant players spread
out all over MNorth America, with major
activities in NJ, MD, VA, FL, €O, UT, AZ, TX
and CA. Unfortunately amateur radio
communications are inadequate to keep such a
dispersed team working together. We have
relied heavily an commercial electronic
communication channels, particularly AMSAT's
network on GTE TeleMail and TAPR’s channcls on
CompuServe, plus a lot of phone calls. Every
few months we get a number of the people in
one place and lock the door to make sure
everyone REALLY understands what is happening.

We have made heavy use of various CAD tools
during the development activities. Mechanical
layout was done with AutoCAD. ORCAD was
heavily used for devecloping schematics, wiring
lists, parts lists and net lists. CAD PCB
layout used Smartwork, ORCAD PCB and Tango.
See Figure 5 (or an axample of some of this
use of CAD techniques.

We have done some cxperimentation using
higher-level networking for technical
communications to move CAD data using my
TOMCAT FTP file server which has a SLIP porl
in addition to being on the "real® network.

There are two organizations not mentioned
earlier that have contributed a lot to this
project: TAPR and the ARRL, For many of the
voluntecers working on this project, the
distinction between TAPR and AMSAT is luzzy
since they seem to wear two hats. In addition
to the TAPRites working on this project, TAPR
has made vwital contributions of f(unds and
hardware, without which we couldn't make it
Special thanks to Andy Freeborn (NOCCZ) for
helping to make the TAPR/AMSAT interface
smooth. At the ARRL labs in Newington, Paul
Rinaldo and Jon Bloom have made many vital
contributions.

From the AMSAT organization, two people
deserve a lot  of eredit. Vern Riportella
(WAZLQQ) was instrumental in arranging the
AMSAT-LU and BRAMSAT participation in the
project. Martha Saragovitz has acted as mother
conlessor, paid bills, handled meeting
logisties and kept smiling thru it all,
despite repeatedly cryimg out “"Where's  the
money coming from?",
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The DSP Project Update

by
Dr. Thomas Clark, W3IWI and Dr. Robert McGwier, NdHY

1. Introduction

TAPR and AMSAT have signed a formal agreement which
forms a joint project, The purpose is to bring the rapidly
advancing technology and techniques of digital signal pro-
cessing to bear on the communication needs of amateur ra-
dio. The AMSAT-TAPR digital signal processing project
has made steady progress over the past year on both soft-
ware and hardware. Lyle Johnson is leading the hardware
effort in Tuscon and will report on that progreas elsewhere
in these proceedings, We will report on work that is on-
going to choose what the second generation DSP unit will
look like.

The project has been very lucky to have several new
people come along and offer valuable suggestions and in a
few cases some new software. Motorola, Ine. and A.T.ET.,
Ine. have donated development systems, none of which
we have running at the time this is being written but all
within days of being handed to the project. The project
has acquired the use of complete development system and
software for the TMS320C25, T.1.'s current best that is
available for OEM's ‘over the counter.” That acquisition
is & story that will amuse you and that will be covered.
The TAPR-AMSAT project, whose current planning and
future goals you will be told about here, believes strongly
that we are leading amateur radio into new possibilities for
special purpose communications modes being ns easy as
RTTY and packet and thus invelving many more people
in these areas of our fascinating hobby. Indeed in some
cases, this could raise the involvement in many of these
speciality modes significantly.

2. Software Developments

At the last networking conference, we reported on the spec-
trum analyzers and a modem for the reception of JAS-1 or
FUJI OSCAR 12 and about ongoing software work at that
time (1)(2). The work continues to emphasize modems
and applications of fast fourier transforms which are at the
heart of our spectrum analysis tools. All software efforts
in the past year have been on either the DSP-10 boards
the project acquired from Delanco Spry (3) or on the PC-
elones in which they run, The FUJI Ogear 12 modem took
on & new guise which has been very effective in demon-
strating the functional versatility of DSP approaches to
communications systems. We decided to add a BEL-202

modulator following the 1200 bps PSK demodulator. This
enables one to copy the signals from JAS-1 with the DSP
board and an unmodified tne. We will be using this piece of

software a great deal in the coming months after it has been
modified to run on a dedicated DSP box the project will
produce for the benefit of amateur radio. In the early part
of next year, PACSAT 1,2, and 3 will be launched. PAC-
SAT 3 will have a CCD camera on board as its primary
misgion. All of these satellites use PSK on the onboard
transmitter at rates between 1200 bps and 4800 bps. The
DSP software will support these satellites as the demodu-
lators. The uplinks are Manchestered FSK with the rates
ns before. This is also easy to produce and will be part
of the software work that will be available for distribution
with the initial units.

N4HY also has working a Hilbert transform demodu-
lator, of the type mentioned in last years proceedings, in
DSP56001 “C’ code and less optimal versions in TMS32010
code (due to smaller data space) which demodulate QPSK
at rates up to 9600 BPS, BPSK to 4800 bps, coherent de-
mod for GMSK to 4800 bps all with the same earrier and
data extraction loop. The only change is the input of the
minimum allowable phase transition during bauding. The
data decision algorithms differ considerably from one type
modem to the next but the same basic element is common
to all these modems. In some cases, filter coefficients have
to be changed ( change a couple of dozen numbers in the
data) to allow for different width spectra, etc. The com-
mon thread in the demodulation of phase modulated data
signals is never more apparent than when the demodula-
tors are written in software. The DSP56001 is fully capable
of going faster than the numbers mention above, but these
are the upper limits due to the TMS32010.

N4HY and KA9Q worked on DSP and PC software
that does OSCAR 13 PSK telemetry modem functions and
also does decode of the telemetry frames from the space-
craft. This was used to monitor tank pressures, battery
voltages, and many other critical values relating to the
health and welfare of the spacecraft during the eritical en-
ginecring phase immediately following launch. The modem
works well to small signal to noise ratios now but could use
some more optimization of the parameters which control
the phase locked loop which is at the heart of the sys-
tem. Both the Oscar 12 and 13 modems are hased on the

Costas Loop demodulator (4). The work remaining to be
done is the optimization of the numbers in the program
which govern the dynamical behavior of the ‘loop filter’
which determines its response to various phase and fre-
quency error it is trying to eliminate. This should allow
the DSP modems to work down to smaller SNR in the case
of Oscar 13. The dynamical behavior of the loop needs to
be different in the case of high doppler and high SNR such



as will be the case in the PACSAT's to be launched next
vear (5)(6)(7).

Two approaches to bel202 demodulators have heen
attempted. One 15 a PLL used as an FM demodulator
and the other is a filter discriminator modem. The first
attempts to track the frequency variation as the signalling
changes from one tone to the other. The latter divides
the passhand into two parts by using a pair of filters. Bit
decisions are based upon which filter shows a higher energy
content. The former allows for much better data carrier
detect to be built and the latter is easier to modify. It can't
be too much longer that we will have to deal with these
modems as the DSP box and better hardware modems
come along to replace them. Nevertheless it is of at least
academic interest to determine which of the approaches
AFSK can be best done in an inexpensive DSP chip.

One of the most powerful tools that DSP allows us
to make is a spectrum analyzer, This has wide applica-
bility to many areas. W55XD has given us a very nice
EGA display for one of our early fast fourier transform
routines. John Connor, WDOFHG has produced a useful
DSPECOPE utility for deing an andio escilloscope func-
tion and it works nicely for examing waveforms. Franklin
Antonio, N6NKF probably takes the prize for stirring up
the troops as much as anyone. He wrote a routine, based
upon the work of Burrus and Parks that runs in the PC
along with the display routines. It did a creditable job
of running at close to the same speed as one done by the
authors of this paper and he uses the Delanco Spry board
only for sampling. It is a smaller FFT but the display was
autoselect EGA, CGA and could be mouse driven. Investi-
gation by N4HY revealed that Burrus-Parks had the faster
FFT's already dome in TMS32010 code. They needed quite
a bit of changing to run on the different architecture of the
DSP-10 but they have allowed real valued signals to be
done with one-half size complex FFT's saving time and
storage. They are also much faster as they are radix four
and radix § FFT's with three and two butterfly’s respec-
tively. Then a partial butterfly is needed to take the half
size complex FFT and get the real signal FFT output from
it. This gives us =a much more serious tool for spectrum
analysis of audio signals, (These are ‘real’ signals. Those
that come out of your speaker are real valued signals).
The code that runs on the PC is being optimized to run
in hand eoded assembler in eritical areas where the speed
hottleneck now exists. Linear and Power displays are now
working along with a variety of other functions. This is a
great deal faster than the old routines.

We are also studying in considerable detail, the opti-
mal statistics to be used in weak signal detection problems.
W3IWI did a detailed looked at the statistics of the sig-
nal returned from the moon. This study along with more
recent input from Dick Goldstein of JPL, and Vince Poor
(8) of University of Illinois also gave us some detailed in-
put about this problem. With the recent success of [2KBD,
D5P team member from Italy, in receiving his own echoes
from the moon, we are again spurred on to applying this
work to the task of truly QRP EME. This technigue will
not and should not be linited to QRP EME. Tt can and
probably will perform much better along weak signal paths
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terrestially. It should give VHF-UHF types a tool that will
allow QS0's using signals that were previously unusable,
The coherence time should be much longer than those re-
turned from the moon and the real power of the FFT will
shine in these cases. In the early experiments done by the
authors over & 150 mile path on 70 em with satellite arrays
were astounding to say the least. The power could not be
turned low enough at N4HY for W3IWT to prevent detec-
tion on the sereen using a erude display program. This can
and should be revisited soon.

Another application of the FFT based spectrum ana
lyzer has been occupying the thoughts of VE3IF, NGNKF,
W3IWIL, and N4HY. One of the great needs in packet ra-
dio and HF digital modes in general is a better modem for
HF. The general idea is to send more than one tone at a
time and encoding more than one bit of data during each
baud or signal element. This will alleviate a large part of
the damage HF propagation does to a digital signal. The
multipath problem causes each signalling element to arrive
from a randomn number of reflectors and all arnving at dif-
ferent times. This can cause destructive interference. [f
you signal at a slower rate, the likelihood of this multipath
distortion causing you to make & decision error goes down
considerably, If we encode 6 bits in each signal element
and then transmit this at 50 signal elements per second
(50 baud), we will be transmitting data at 300 bits per
second. Several studies have been done which show that
somewhere near 50 baud is nearly optimal for HF digital
transmission in the 40 meter and 20 meter bands. This
is one of the reasons AMTOR is so successful at getting
the data through (along with its relentless retransmission ).
We need to spend a great deal more time developing this
capability as it will be of great benefit to HF digital trans-
mission modes.

N4HY has considered several specialty modes over the
last year. The first to receive a concerted effort has been
WEFAX-APT. This is the Automatic Picture Transmis-
gion from the NOAA weather satellites. For several years,
many reference books {Taggart from 73 and ARRL Hand-
boaok) have claimed that a phase locked loop is not the best
way to go in copying weather picture transmissions from
the low earth orbitting weather satellites. The scheme used
by both NOAA (USA) and Meteor (USSR satellites is to
encode the picture element at the current time as the am-
plitude of a pure tone. For the NOAA birds, this is very
close to a 2400 Hz tone, sent into a wideband (7T0Khz)
FM transmitter. When the amplitude is near minimum,
the picture is black. When the amplitude is maximum the
pixel is white. The same is true for the Soviet satellites
with the exception that there is quite a variance in the
frequeney of the tone from one satellite to another. Most
PLL's uzed in the demaodulation of these satellite signals
are first order PLL's with very narrow bandwidths in or-
der that recovery of the signal may be done in noise. Tt
would appear that most of them are tuned for the nominal
frequency of 2400 Hz used by NOAA. When the Meteor
satellites, with their low modulation index for black, are
nsed with these ‘mistuned’ first order PLL"s they do not
function properly and the results are poor. Here is a strong
casc example for using DSP. Nothing had to be changed



in the program to make it work PERFECTLY with the
Meteor satellites except the frequency. Upon changing one
number in the DSP program, the demodulator worked per-
fectly and the raw pictures one gets with the Meteor satel-

lites are preferable to NOAA pictures since the dynmmic
range is smaller in the NOAA pictures. This may no longer
be true after we begin working on image enhancement for
these pictures. The conclusion is that the Meteor signals
are phase continuous during the picture even when the
modulation falls to small amplitude. A first order PLL
will just receive a small error signal during this period and
will not adjust the phase. If you have a small frequency
error the PLL will just spin through these arens of low wm-
plitude modulation and come out of them with small phase
orrors it most, This procedure yields several dB of signal
to noise ratio improvement over the product detector ap-
proach used in so many WEFAX-APT demodulators.

3. Hardware donated, Future DSP projects

The major DSP chip manufacturers have both wittingly
and unwittingly been of great aid to the DSP project.
Motorola donated two DSP56001's, a boot ROM which
includes a monitor, and bare boards for development pur-
poses to our praject. The DSP36001 executes 10.25 million
operations per second and this number is an underestimate
of its real capabilities. The reason is that Like the T.1. chip
we have been using, it does in parallel those things which
make DSI® very efficient on these chips. However, of all the
second generation chips we have evaluated to date, this is
clearly the most capable. Even without careful coding we
should be nble to run 19.2 kbps without much problem
doing both FSK and PSK modems of several different va-
reties. Lyle Johnson, WATGXD, and the authors have
considered what should be the next step after the DSP-1,
which is considered in these proceedings. We believe that
we should have a very eapable DSP hoard that will carry
the DSPS6001 at its heart, which will be available as a
replacement eard for the TMS32010 board in the DSP-1.
Steve Sagerian, KAOYRE, is building the Motorola do-
nated kits for the project. Serious coding will begin on
this card once this construction is complete. Steve was
also responsible for securing the donation for the project.

NNZZ, Dave Truly, has become well known to many
tep-ip enthusiasts ms the current author and manager of
the bm mailer progrom in KASQ s, net.exe program. Re-
cently, Dave was asked to join the DSP microprocessor
support group at ATT. Shortly after joining this group,
Dave began pushing the concept of this group donating

some hardware and software to the DSP project. The
group leader has decided to do exactly that. The DSP-
32 development engine with the support software will be
donated to the project. Dave is learning as much DSP as
he can and will also be working on code for the DSP-32
with N4HY in support of our evaluating the DSP-32. We
believe that this will be a useful product for the project to
consider constructing,

Companies ean sometimes even make unwitting con-
tributions to our eflorts. We don’t turn them down just
hecause they didn't intend for them to be of benefit! N4HY
works at IDA /CRD in Princeton, NJ. He works in the area
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of signal detection and estimation. Also working there is
Maureen Quirk, Ph. D. an engineer specializing in DSP
and signals. They are partners on many technical projects.
During the spring of this year, NAHY had to go to Eng-
land for work at the time of the largest gathering of people
specializing in signal and speech processing, the annual in-
ternational meeting sponsored by the Acoustics, Speech,
and Signal Processing section of the IEEE, Maureen de-
cided to go to all vendors and gather as much information
on DSP chips and the latest products for the benefit of
N4HY. While doing this favor, she had a card from T.L
stamped at each vendor of a T.I. DSP chip product. Re-
turning this card enabled her to participate in the drawing
for the grand prize. She won. She got the ASDS from T.L
This is the complete software development PC plug in card
for the TMS320C25. The memory chips alone, 128K of 25
nanosecond static memory, are pure gold even if they are
silicon. She doesn't own a PC. Thinking that she would
never use it, she started to give it back. Realizing that
their would be death and destruction upon her return and
her usual partoer finding out about this curious circum-
stance, she decided in favor of life. The board now has a
permanent home in the 386 machine residing at the QTH
of N4HY. But of course, Maureen may use it ANY time
she wants to!

We will be evaluating these DSP chips for the TAPR
AMSAT DSP project and studying the best way to make
use of all these resources. With all these development tools
st our disposal, we will be able to give a fair evaluation to
each of these chips and find the strength and weaknesses
of each. This will be reported in the next Networking
conference.

4. Future, Pie in the Sky, etc.

If the future of the DSP-1 is as bright as we believe it will
ke, one of the great benefits such an engine could provide
would be as an educational tool. It would be an inexpen-
sive approach to having several different DSP chips along
with & host processor to interface with it available on an
open architecture for programming. This is ideal for am-
ateur radio experimentation and {or educational purposes
which are not easily seperable in this ease. The current
costs for one of these development engines for each of the
DSP chips is several thousand dollars, For about the same
cast one could have a less capable development system but
be able to put many different chip/boards in it for eval-
uation and comparison, The obvious value to education
does not need to be belabored further., This partieular
project has an audience that greatly exceeds amateur ra-
dio as some others have in the past. We are wiser than we
have been in the past and are looking at this project as a
means to do future projects. The interest in the outcome of
this project is demonstrated by major companies donating
hardware and software valued at several thousands of dal-
lars. The applications are limited by people’s imagination
and time more than any other factors,

As evidence of growing interest, the IEEE ICASSP
meeting for the coming year is in Glasgow, Scotland. This
is the next meeting of the group where the TMS320C25
board was won. The authors of this paper have had ac-
cepted a paper on the DSP-1 and our project and we will
represent our group at this conference next May.



5. People and Conclusions

The people in this project are what it is really about. The
array of talents allied against the communications needs
of amateur radio is very impressive. We need to thank
Courtney, NSBF for beginning to try and give a responsive
central location for information on DSP. Paul, KBSMU
and Courtney have done a very mice job of producing a
schematic of the Delanco board for the internal use of the
project members. It has been invaluable aid in deciding
what was done wrong and what was done right. John,
WDOFHG deserves n great deal of thanks for his mailings
of the DSP diskettes. TAPR is also mighty lucky to have
Andy Freeborn, NOCCZ to be president. The value of his
aid in managing the DSP project administratively cannot

be overestimated, By next year, we should be here telling
about all the neat stuff that runs on the DSP-1. We hope
several of vou will have it in your shack by conference time
in 1989. For those who have despaired of progress, we hope
that this DSP year in review has enlightened you. We also
remind as often as we can, look at the people who are writ-
ing the papers on DSP and on PACSAT. The upcoming
launch date ecarly next year will not wail while DSP can,
no matter how loathsome the prospect is. Whenever you
write a report on & years activities in a group as diverse
and widespread as this is, you inevitably leave some con-
tribution out that should have been described. If we have
made such a faux pas, it was inadvertent. For those of
you with access to ARPANET, you may find the entire
contents of the DSP mail distribution available in several
diskette images. FTP to tomcat.gsfc.nasa gov with user
guest. The DSP diskette images are available in direc-
tories DSPX where x is the number of the DSP diskette
image. ENJOY and thanks for your support and continued
interest.
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TOWARD THE FUTURE IN THE AMATEUR SATELLITE PROGRAM
NEXT STERS IN THE GROUND SEGHENT
01 Cctober 88
Courtney Duncan. NSBF
AMSAT Vice President for Technical Operations

ABSTRACT

Az AMSAT leads amateur radio with new technologies and more
frequency utilization via amateur satellites. it is necessary for
the community of satellite users to make corresponding expansions
and upgrades to their ground station facilities. This allows the
amateur satellite program ground segment to more fully utilize
the facilities available on our satellites and to expand the
scope and amount of amateur operation carried via satellite.

This paper specifically overviews some of the rationale behind
upgrades to mode L, phase shift keyving modems for satellite based
packet radio, computer aids in the shack, and the AMSAT Orbital
Data Management svstem. The purpose is not particularly to tell
"how to’ implement station improvements but to tell "why  they
are needed from a broader context.

THE PRESENT IN THE SPACE SEGHENT

The wvears 1988 and 1989 promise to be two of the most productive

vears in the amateur satellite program to date. With the launch
of AMSAT-OSCAR 13, the dream of an amateur radio relay in =a
usefully high orbit has finallv been achieved. The facilities

aboard this bird offer ample room for experimentation and
development and a foretaste of the Fhase IV capabilities now on
the horizon. With thi=s new tool in place, it is now time to
begin work toward phasing in a serious amount of public service
and emergency communications preparedness via satellite.

A few months from now, AMSAT s first salvo of Microsats will b=
launehed . Two of the four new satellites will be packet radic
mailboxes. used boath to enhance the packet mail forwarding svstemn
by contact with automated ground segment bulletin bosrds and by
direct individual zsccess. The other two Microsats wili be
receive-only for most users. one a digitalker. the other a camers
which will downlink digitized pictures and telemetrv wvia packst
unproto frames.

The traditional UOSCAR operators are hereby called upon to Lesd
the wav intao thiz new sra. This is an cpportunity to be ir on
thie Eround level aof some new and 2xuciting fscets of amateur
radio and ths ground swell of others.
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WHAT DC WE HAVE Tv Du~

AmaTeur radio enterprises at all levels are rraught with the
verids of overrzeslous estimation and burnout. How many Times
faave you planned a preoject for vour sheck that was a little {(cr =3
atl) too big then ¥ind it difficult te get startbed, keep
Joing. or get finished? The same thing happens with higger
rodects undertaken by larger groups of hams. Sometimes,
projects that succeed at all do so only after passing through
siany pairs of hands.

Jlow but §teady progress made in smaller steps is an effective
way to maintain momentum among amateurs and groups For longer

periods of time. In developing the AMSAT ground segment of
zatellite operators, there are manv dream= and 1deas of what ecan
aiid should be done. Here are ocutlined some of the next steps to

Jat from where we are now to where we want to be in the next
iroade .

WHY DO WE HAVE TO DO IT?

satellite operators and satellite based or supported activities
should share in all of the types of activities that comprise
amateur radio and should lead in many of them. This ineludes DX,
ragchawing, nets, emergency drills, weak signal work, public
service events, digital, TV, special modes., and scientific
research, to name just a few.

Why is this? Because amateur radio must remain state of the art.
State of the art in the late 1980s implies greater coverage,
better guality, and greater reliability than it did even ten or
twenty wvears ago, just as it does among our commercial
counterparts in communications and broadcasting. The amateur
satellite program pushes and expands the envelope of amateur
technologies, it does not merely occupy it.

The amateur satellites of the present and immediate future
represent the beginning of a capability that can extend the ease
of use and facility of local VHF repeaters and other solid
acommunications support facilities to national and international
sCcope. Satellites are no longer the domain only of
mxperimenters, and the trend in that direction must continue if
we are to expand our support base and continue to Justify our use
of fregquencies, launches. and other precious resources.

SPECIFIC NEXT STEPS IN THE GROUND SEGMENT

In order to begin and maintain operationsal developments and
events, members of the #round segment, that is, amateur operators
with satellite stations., must start with certsin miuimum
capabilities. Today this means CW and sideband cnpabilitvy tor
modes A, B, and J. Fut another wayv., this meansg litesr
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transceivers for two meters and seventyv centimeters and a

raceiver for ten meters. Add FM reception on two meters for
UoSAT downlinks. and the operator has some capability for each of
the amateur sstellites now functioning.

These units with appropriate antennas and accessories constitute
a capability for people to talk with each other via satellite,
the baseline satellite user configuration.

COMPUTERS

Ham shacks of the future without some kind of computer will be in
the minority. Even today, it is difficult and inconvenient to do
effective satellite work without electronic computing equipment.
A station egquipped for developmental or routine satellite work
needs a computer of some kind.

The computer provides two basic functions for the satellite
operator: satellite tracking ability and a data communications
terminal.

A4 computer can do many other useful things too, some outside of
direct utility for amateur radio. This paper, for example, was
drafted and finished entirely on a computer. Many amateurs,
because of their intrinsic interest in science, electronies, and
logic, find computers interesting in themselves. It is, however,
no more of a regquirement to be interested in computers per se for
them to be useful in satellite work than it is for the cook to be
interested in the inner workings of a refrigerator in order to
need one in the kitchen. The hardware and a few programs are ths
requirement., not necessarily initiation into the mystical cult of
"hackers.’

The computer needs one or twoe communications accessories, s modem
for landline data handling and/or a terminal node controller
(TNC) for packet radio. These along with “communications
software’” will allow access to textual and tabular information of
interest to amateurs, satellite operators in particular. The THNC
is also the first building block toward the g€opal of doing digitail
communications with the satellites.

PHASE SHIFT EKEYING

A standard TNC-Z comes with a built in "'radio modem., it plugs
right into the speaker and microphone jacks of a radic and then
uges andio frequency shift keyving (AFSK) s2ither on FM or &H53B to
send data to other stations similarly egquipped. Satellite
builders have selected a different modulation technique tor
transmission from =atellites, one that =saves power on thke
satellite (always a paramount concern) bv allowing better darns

recavery with less sifFnal, This teciinigqus 18 ¢called ohase =n.ft
keving (FiK)Y. Instead of sending different tones to raprasent
dirfterent aata, PSR changes the phase of the downlink carrier to
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represent the symbols of digital datsa.

2K i1s., by the way, the way that ALL nominal communications {(data

and digitized voice) are transmitted to and trom the Space

Sauttle. both on S-Band ground station and via the TDRS system on

kn band. Use of the UHF AM transceivers is rare and is limited
special circumstances.

e signal to noise ratio difference betwesn the level required
ior an acceptable bit error rate using AFSE on FM is about 4 dB
greater than the level required for the same error rate using
oK. The decision to use FPSK for digital satellite downlinks
vfrom Oscars 10 and 13, FO-12, and the Microsats) was and is a
=oiind and proper engineering Jjudgement. The same advantage is
realized on terresterial circuits. The implications are
tantalizing but beyvond the scope of this paper.

Unfortunately., the use of PSK also makes a step away from the
popular modem technigues that allowed the use of unmodified FM
transceivers in packet radio. The PSK demodulator is something
to be added to the existing TNC and currently requires a sideband
radic. The sideband radio should not be a problem for satellite
operators with the minimum station outlined above, but is among
the major obstacles standing in the way of prospective new
satellite operators.

In terms of packet message forwarding, the Microsats will be to
the HF Skipnet what the railroads were to the Pony Express: not
the ultimate answer but a big step forward. In terms of direct
access mail handling, they will improve geographic scope and
delivery time significantly. Possibilities for meaningful public
service and emergency communications using the packet satellites
directly or indirectly will soon be available but can only be
fuliy utilized if there is significant and coordinated support in
the ground segment. Those of us who are already satellite
operators have a head start and are called upon to lead the way
in providing the facilities and organizing the services. The
First step is for each operator to get that PSK maodem on the air!

DIGITAL SIGNAL FROCESSING

Decisions concerning satellite digital modems. analog modes, and
usage are not always made with the development of a large user
base in mind, nor should they be. 1t can, however, be
frustrating as a digital user to encounter the need for a new
modem per satellite. We expect FSK modems to be standard
equipment on future THCs, particularly the "all mode wvarieties
as PSK becomes more popular in satellite., HF, and VHF
terresterial work.

A better solution for an amateur station today is to ase digital
signal processing (DSP). Basically. DSP uses computers and
software to do what circuits and hardware do in ham shack
assessories. Analog from a radin’s audio ar 1F stages is



‘'sampled’ rapidly and read into the computer as a series of
numbers. The computer can process the numbers or generate other
series of numbers to be converted back to analog to go out on the
radio in ways and for uses limited only by the imagination.

Specialized filters, modems of virtually any type, spectrum
analysis, or just plain digital recording of sounds are just
software changes to a DSP system, and software is changed just by
loading different programs.

In many instances, DSP based functions are superior to their
analog hardware counterparts since they can be made ‘'dynamically
adaptive’” in software. This means that the program can monitor
its conditions and alter itself to improve performance on a spl:it
second basis.

The thing that sells DSP to hams for their home shack is that
this is THE trulv multi mode box for digital and analog modes.
You can buy equipment today that does CW, RTTY, weather FAX,
Packet and Amtor, and you can buy SSB and CW filters for standard
transceivers, but when a different mode is invented or standards
or data rates change in the future, yvou ' re out of luck. With
DSP, new modes, standards, or speeds are ‘only software, and
nuch of that software will be publically available. You will be
able to download it from a packet or telephone bulletin board, or
from a Microsat, or acquire it on a diskette and you’'re all set.
The possibilities for real operational flexibility and
optimization are exciting.

Currently, a team of developers of DSP software is working on and
testing programs to do many basic functions: test egquipment,
satellite digital and analog operations, extremely weak signal
work, and modems. Much software has already been written and
tested and it remsains only to fit the routines inteoc user friendly
and automatic operation pachkages.

DSP hardware is now well within the amateur price range but is
still a bit expensive for casual or appliance operators.
Hardware is now under development by an AMSAT/TAPR team which
will be priced competitively with other top line digital devices

Again, as with computers. one need not be interested in or
appreciate all the intracacies of DSP hardware and software to
use DSP equipment in routine amateur operations. Indeed. one i
the aims of the DSP development projiect is to provide
experimenters with interesting work on the one hand while
providing a wvery basic tool for routine, nominal operations on
the ather. If a shack computer compares to the kitchen
refrigerator in utility, the D3P box compares tn a microwave ovel
or dishwasher.

Very little is envisinsned in the future of the amateur sstellitc=
ground zegment that cannot he done with a station consisting of
the current or some upooming g=neration of the radics., compmiters,

ancd DSP hardware available now!
4N



ORBITAL DATA MANAGEMENT

A very practical step that is being taken to streamline Lhe
aftorts required of the satellite user community is the
deveiopment of AMSAT = Orbital Data Management svetem (QDM)Y.
yridamentally, ODM provides a centralized point of colleetion and
dissemenation for orbital data. Keplerian elements and other
‘nformation are collected by AMSAT from government and other
sources and are entered into a database using software that

carefully appraises the data entered. Some but not all of the
@antrvy process is automated.

The central database is updated regularly (weeklv) and the
information is reformatted into standard tables and made
avallable to operators in the form of widely distributed packet
raiio bulletins, downloadable BBS files. and printed matter.

kna users are then provided with a utility to read the data from
these bulletins or tiles (once captured from some digital socurce,
packet. BR5, landline BBS, satellite, diskette, or wherever) and
update tracking program data files automatically. The format of
the bulletins is being updated, end user utilities for popular
tracking programs are being written and made available. and the
specifications and procedures involved in end user auto updating
are being established and documented.

For those that enter new element sets weekly, this service will
free up a half hour to hour of time every week. For those who
never update element sets in a tracking program, this provides an

extremely easy method of obtaining up-to-date and accurate
information regularly.

L BAND

The recent loss of part of our 220 MHz U. S. allocation is a
shock and cause for concern to all amatuers. One of the first
questions that arises is, "What can we do to secure our hold on
other spectrum which may be threatened similarly in the future?”
Among the many possible courses of action, one of the most
effective is to fully occupy the amateur bands and publicize that
ocoupancy as widely as possible. One of the most effective ways
to publicize utilization of an amateur band on a nationwide and
worldwide basis is to use some of it for a link to or from an

amateur satellite, thus the decision to include L band uplinks on
(Usecars 10 and 13.

A move up in frequency like this is resisted by momentum in the
user community, the momentum of a stationary mass. Nevertheless,
it must be a priority for as many satellite operators as
possible, including new ones, to make the move up and populiate
these bands. Satellites of the future will not even use
frequencies below seventy centimeters. L band equipment wiil be
among the minimum reguirements to operate these satelliteas ar
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all.

In a few more vears the necessity of similarly moving up to S
band en masse will be apparent. This is no time to fall behind.

Aside from spectrum preservation, there are other good reasons to
expand upward. The one ten meter and two two meter satellite
allorations are only 200 KHz each. Even if these allocations
were exclusive for satellite use, which they are not, they would
not support the type and level of communications required to
really begin providing amateur services that need to be supported
by satellites. The 145.8 to 146.0 HHz slot is particularly
crowded and prone to intra-service interference, containing an
uplink or downlink from every amateur satellite in operation
today.

A PEEK AT THE FUTURE

AMSAT has many future plans for the amateur satellite ground
segment. As a traditional satellite enthusiast, one or more of
the small to moderate station enhancement steps listed in this
paper help to prepare you for that future.

Improved packet forwarding., fast scan TV, “"in house” AMSAT
satellite tracking facilities (an extension of the Orbital Data
Management system now under development), analog and digital
repeater linking, communications access to the manned space
station ‘Freedom  via the "amateur TDRS," Phase IV, and more
satellites on more bands and modes are just a few of the many
bold dreams in the amateur satellite programs of the world today.
Also, traffic and emergency nets, technical contests, state of
the art experimentation, and wvastly expanded opportunities in
support of education are envisioned. We are called upon to
prepare for and support these dreams by continuing to make
incremental investments in time, money, and operating efforts.

For an active, growing program., it isnt too much to ask of the
veterans to expand operations into one or two new bands per

decade and to make upgrades to ground processing equipment, is
5§ s

21



SATELLITE ORBITAL CHARACTERISTICS DURING THE PRE RE-ENTRY FPHASE
L. C. Emerson, W4ITJ, Oak Ridge National Laboratory, Oak Ridge, TN 37831

The orbital characteristics of Earth satellites, as defined by the
Keplerian elements, undergo major changes during the days and weeks
immediately preceeding final atmospheric re-entry. These changes are
primarily due to the frictional drag of the atmosphere upon the satellite
as it passes through each perigee. This drag is responsible for the so-
called "satellite paradox"™ in that the "drag" actually causes the orbital
velocity of satellite to increase rather than decrease. Analysis of the
changes can yileld a number of interesting characteristics of the upper
atmosphere and, indeed, there are many studies currently underway by
atmospheric scientists 1in this area. Changes in both the orbital
inclination and the right ascension of the ascending node can be used to
determine the meridional wind speeds near perigee. Additionally, changes
in the argument of the perigee may be used to estimate the atmospheric
oblateness. Orbital changes can also be introduced by the pressure of
solar radiation and examples of this effect are given using data from the
1960-iota 1 and 1964-004A (Eche series) satellites. These changes in
orbital characteristies may also be used to obtain estimates of satellite
lifetimes using simple techniques developed by King-Hele. Complications
in making such estimates, caused by the increased solar activity levels,
are discussed. Examples are given using recent data from the Cosmos 1900
satellite. The orbit of this object underwent significant changes during
the latter part of September during which period perigee distances fell
by owver three km per day.
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1. Introduction

Radlo amateurs In Japan could have thelr
satellite with many cooperation and assistance
over the world. Satellite JAS-1, or FO-12 is now
working and s utllized by radio amateurs In the
world. This paper describes summary of behaviour
and operatlon of FO-12 since it was launched.

2. Configuration of JAS-1

Figure 1 shows the external view of JAS-1 of
a polyhedron with 26 faces, elmost like a sphere,
solar cells and antennas are on its surface. It
welghs about 50 kg, which means higher density
than usual satellites,

JARL planned and promoted JAS-1 project with
many cooperation of radlo amateurs and relating
organizations. The radio transponders onboard
JAS-1 were developed by the members of JAMSAT,
with International cooperatlon, end NEC Corpo-
ratlon constructed the bus by contract. JAS-1
consists of two parts; the communication subsystem
end the bus that Includes power subsystem and
works ss a satellite., Table 1 and Flgure 5 show
characteristica and block diagramme of JAS-l.

3. Launch and orblt of JAS-1

MASDA developed a new launch vehicle H-I
conslsting of two stages of rocket, which ls about
40 m long and 2.4 m in diameter and welghs 139
tons,

It I1s able to throw a satelllte of 550 kg
into a geostationary orblt. H-1 vehicle has two
stages of rocket, of which the first stage
rocket succeeds to that of N-2 vehicle and the
second one has an LE-5 engine developed by NASDA,
which employs liquid hydrogen and liquid oxygen as
its propellant. This time was the first test
flight of H-l1 vehicle, The test flight of H-I s
toe verify Its capablllty of rockets and to

Table 1,
wneh and orblt

launch at : August 12c¢h, 1986 2045 UTC.

launch by : H-I' vehicle

launch from : Tanegashima Space Centre of NASDA

orbilt ¢ circular, altitude of 1500 km

erlod : 116 min.

nclination @ 50 degrees

lifa : 3 years expected

mnstruction

welght : 50 kg

shape : polyhedron of 26 faces covered in
aulj;r cells

size : 400 mm x 400 mm x 470 mm (helght)

power generation:8 watt at the beginning of life

L ANML LHL FUIURE JAPANEDE DAITELLLIIE FRUJEL]
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a basic experlment of lsunch of multl-
payloads, Therefore, JAS-1 was launched with other
misslon payloads.

examine

At 2045, August 12th, 1986 UTC, H-1 vehicle
was launched successfully from Tanegashima Space
Centre of NASDA, and the whole launch programme,

Major specificatlon of Fujl

Communication subsystem

Analog (JA) and digital (JD)
communlcation In mode ].

Transponder

JA transponder (linear transponder)
input frequency :145.9-146.0 MHz
output frequency :435.9-435.8 MHz
required uplink elrp: 100 W

eirp of transponder: 2 W pep

JD transponder
input frequency

bandwidth 100 kHz)
spectrum Inverted)

:4 channels of 145,85, 145.87,
145|EE' 145‘191 MHZ

output frequency :435.01 MHz

required uplink elrp : 100 W

eirp of transponder : 1 W rmas

signal format :1200 baud PSK, store and forward
Beacon and telemetry

JA beacon :435.795 MHz, 100 mW, CW and PSK
JD telemetry :435.910 MHz, 1W, PSKk
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Including re-ignition of the second stage engine,
was executed as scheduled.

About 62 minutes after the launch, JAS-1 was
separated from the second stage, at the moment lts
switch was turned on, then transponder JTA started
to operate and to transmit beacon signal Including
telemetry. The signal was recelved first by CEE
of University of Chile, and twenty minutes later,
It was heard In Europe and University of Surrey
also recelved telemetry and reported data to JARL.
From 22392, JARL could catch the signsl from JAS-1
in Tokyo by themselves, on its [lrst pass,

]AS5-] was named Fujl, alter getting lis
orblt, and It may also be called Fuli-OSCAR 12
{FO-12).

MASDA provided for Fujl a very fine circular
orblt as planned, and lts latest orbltal elements
are shown In Table 2.

4, Performance of Fujl In orblt

Fujl has experlenced both of eclipse maxima
and minima since It was launched, and [t Is
verified that temperature of the storage battery
at the center of the satellite, does not exceed
limited values of between O and 40 degree.
Shading rate at the maximum eclipse becomes up to
1%, and 0% or no shade for some ten days at the
minimum. Average output of the solar cell array
was some 6W at the beginning of life.

Analog system JA
Transponder JTA in JA system started to

operate at the moment of separation from the
rocket, and has worked without any trouble,

Digital system JD

At the end of August 1986, trensponder JTD In
]D system was first activated. Strong PSK beacon
was recelved, which showed only a serles of flags
of packet.

Then a programme for acquisition of
telemetry date was loaded into the CPU of the ]D
system. This programme made telemetry trans-
mission every two seconds, which was useful for
many stations to exerclse PSK signal reception and
decoding, for several months. Next step was an
operation of JD as a diglpester. After the
preparation and verification of the programme on
the ground, the first mallbox programme was loaded
Into FO-12, In June, 1987. Capacity of mall has
increased up to 200 at present, from 350 at the
beginning.

F-12 has only one CPU, which cannot allow to
load each programmes independently. All functions
such as mallbex, telemetry and command processing,
power system management and so on, are combined
systematically. This work of construction of pro-
grammes required a large amount of time, because
it was necessary to know in-orbit parformance of
the satelllce for establishing parameters and
procedure. Software group of JAMSAT made effort
to reallze mallbox.

Atrtlitude of FO-12

JAS-1 was separated from the second stage

rocket by pushing force of spring, at 2147, 12th.
According to record of the recelved signal
strength from the satelllte, large varlations of 4
times every minute were remarkable, indicating
rotation of atcitude,

Recelving antenna is a slanted quarter wave
monopole on the top part of the satellite. Flgure
2 shows one of the pattern of directivity of this
antenna, with deep dips of sbour 25 dB.

Filgure 3 shows a time-variation of received
slgnal strength of the downlink, and Flgure 4 Is a
decay curve of attitude variation for about one
year, Small libratlon magnet attached to the
Inside of FO-12 cennot suppress these at 3

t ude
variation so quickly.

Vaorlatlon of signal strength Includes not
only dip of antenna directivity but also polari-
zation changes when recelved wlithout changing
polarizetion of receiving antenna on the ground,

JAS=1 Is not & spin-stabllized satellite, and
an exls of rotation is apt to move, because
moments of Inertla around three axes are similar
to each other.
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Attltude of the satellite Is estimated from
telemetry data of solar sensor output slgnal of
five solar panels. Solar sensor cell on one panel
provides output signal bit of 1 for sunlit
condition, and 0 for shade. Bit of | will occur
when the sun llluminates the panel with even a
very low Incldence angle, that means this sensor
has a very low angular resolution to the soler
directlon. Albedo, a reflected solar energy on
the earth, makes these data more complicated
situatien, Therafore, It is difficult to
determine Its mttitude toward the sun from the
data. More Improvement for the sensor s
required.

Ineffective_uplink

We have sometimes experienced commands and
packets belng not accepted by FO-12.

The reason why packets would not be accepted,
may be consldered as follows:

(1) Collision between packets

Ordinary collislon of packets depress throughput
down to less than 20 %, at pure ALOHA system that
requires retry of tranamission, when packets are
crowded.

(2) Instantenecus Increase of BER

Bit Error Rate of packet may Increase when uplink
glgnal encounters a dip of antenna pattern.

When FO-12 comes above Japan for instance,
what does happen?  Skles of Tokyo and Osaka are
awfully congested In 2 metre band, and these
energy will spread high above the skg.
Consequently a part of these power will be
recelved by FO-12 as undesired signal.

JA transmitter outputs 1 Wate for Input level
of =100 dBm. We sometimes recognize that JTA
cutputs around 0.5 W actlvating JTA In an Instant,
at the time of no scheduled operation. This means
undesired Input signal of -103 dBm or so.

An uplink from a typlcal earth station will
provide an input power of around -100 dBm to the
recelver. This glves enough Eb/MNo, a ratlo of
power per bit to spectral nolse density, under the
existence of natural Gaussian nolse even at the
worst directivity of receiving antenna, at which
Bit Error Rate is less than 1077, that Is required

for packet.

If before-mentloned undesired signals exiat,
siruation will change. Input power of -102 dBm of
undesired signal makeas Eb/MNo, decrease down to 29
and 20 dB for TCA and AOS/LOS, respectively, and
this 1s still good enough for packet. For the
worst directivity of entenna, however, 4 and -5 dD
of Eb/MNo correapond to BERa more than 107°, much
erronsous for packet. Around thls directlon,
therefore, packets cannot be accepted.

(3} Scintillation

If there exist Irregularity in lonosphere
through which uplink signal propagates, packet
signal can be affected to Increase BER. These
phenomena will spread over proper amount of area
and hold for a while. Strong scintiilatlon makes
amplitude swing as large es + 20 dB and more.
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Scintillation occurs more in 144 MHz band than
435MHz, But It Is difficult to detect phenomena
by link of FO-12.

Power Control Unit{PCU} and power condition

Power subsystem s controlled by PCU., Present
serting of UVC (Under Voltage Controller] is at
the lowest level, and full/trickle switching Iz at
the highest level, to cope with decrease of
capacity of battery, by wldening les working
range. For decrease of capacity of battery, it
Is sald that reconditioning procedure may be
effectlve. [t is necessary to discharge batrery
deeper than 30% of the capacity, however,the
system does not allow such an operation. It Is
better to have a simple and safe reconditloner.

The battery seems to be decreasing capsacity
gradually,
according to output power of the solar arrav,
which changes also due to the satellite attitude
to the sun. At present, a full sunlit does not
assure enough power.

Information of FO-12

At the beginning of mallbox open, Information
was distributed through W! AW by courtesy of ARRL
and alzo through mall to each IARU Member Soclety,
and RBBS of FO-12 wes of courae used. Owing to
tight power conditlon, transponder cannot be
operated contlnuously. Operating schedule 15 now
distributed through megazines, OSCAR News and so
on, Ircluding WIAW and FO-12 mallbox.

How many users are thare on FO-127 It iz easy
to know number of space packeteers from the user's
list In the mallbox. At present, !t amounts around
200 stations, which may be of about % of sll of
packeteers.

that causes wvarlatlon of charging mods

We cannot estimate users of JA, but we think

they are many, and also we are anxious lfor JA user
P-2-C may be more attractive,



5. Future Satellite Project In Japan

JARL Iz now intending to launch ancther bird
of JAS-1, a proto-flight model on the ground.

Considering the results of operation of FO=-12
obtained so far, It ls necessary to Improve some
parts. Mission subsystem will be kept unchanged,
except transmitters. Improvement will be carried
out malnly on followlng parts:

{1} power subsystem
{2) antenna subsystem
(3) sclar sensor

Average power generation of FO-12of 5 -6 W
at BOL decreased down to around 4 W, of which
solar array consists of Sillcon BSF cells. To
Increase power generation, solar cells are to be
replaced by Galllum Arsenlde cells and the outer
panels of the bird are to be slightly enlarged to
broaden surface on which solar cells are atuck.
These will effect to increase 50 % of present
power.

Orblt may be a polar one, but not elrcular,
which willl control powér conditlon. Launch 1s
not authorlzed vet.

Antennae are two sets of turnstile for uplink
and downlink respectively. Downlink antenna for
transmisslon is the same one as FO-12 in use, and
Is used commonly with both JA and JD. Recelving
antenna has changed as a turnstile shaped circular
arpund the skirt of the bird, of which a flat
directivity may be expected. Downlink antenna may
also show a better directivity by removing a slant
monopole antenna,

Solar sensor should be Improved to detect a
direction of the sun more precisely as possible,
within the limitation of telemetry ltems.

6. Concluslion

QOutline of FO-12 In orblt and Improvements aof
next blrd is described. The next JAS-1b will be
able to function as a standing meilbox, If power
could be obtained as expected. More information
will be announced, when detalls become concrete,

Tabla 2, Orbital elements
(provided by MASA)

date of lIssue :June 23, 1988

MNASA element number:99
epoch :88162.57115930
Inclination :50.0157
ascending node:0.6311

r-—-a-.--u-———.n-——_._'_._..—.—.-_—_.."_.. -

eccentricity :0.0011422

argument of perigee:119.8763

mean anomaly :240.3203
mean motion :12.44384851
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The AMSAT Phase IV Project
A Mechanical Engineering Status Report
by Dick Jansson, WDAFAB
Froject Administrator

INTRODUCTION

At this time a year ago, when we last met in Michigan in this august forum, you
heard several reports on the preliminary efforts toward designing a viable Phase IV
spacecraft, ©Since that time, we have made some very useful progress, not as much
as had been hoped, but progress mnevertheless. Some interfering elements entered
our lives following last year's Space Symposium, such as doing the entire
Mechanical Design of the Microsat satellite. The Microsat project will be reported
in great detail by others and will not be further discussed at this instant.

Those interfering problems have not dampened our drive and desires for a really
useful geostationary Amateur communications platform. In fact, the efforts on the
Microsat program have sharpened our thinking and hardware knowledge of some of the
non-mechanical aspects of Phase IV.

It is the purpose of this report to provide an update on the current status of
Phase IV and give some idea about our plans for the coming year, including starting
some of the hardware aspects of the program.

WHERE WE HAVE BEEN

#hen we last discuseed Phase IV you saw some illustrations of an overall
spacecraft, Fig. 1. We now understand, to a much higher degree of clarity, just
how Phase IV would interface with an Ariane launch vehicle, Fig. 2. While seeming
a8 bit cryptic, Fig. 2 shows us the locations in the launch wvehicle that we can use,
the areas that we have to avoid, and the stuff we have to get rid of before we are
separated from the launcher.

[t needs to be noted that most of this hardware has been previously flown. Such
items as the "Separation 1920" is the identical separation section that was severed
to expose Phase IIIC (now OSCAR 13) to space, prior to that satellite's final
separation from the launch vehicle, In the case of Phase IIIC, however, the
satellite was contained inside the 1920mm diameter cylinder, where on Phase IV that
sylinder is a portion of the spacecraft.

7ocusing on some of these large machined rings, which are inherent to the Ariane
rehicle's prime load path, has caused some degree of consternation for our Team.
lhese parts, Fig. 3, are large, complex, and quite expenszive, certainly in the
terms of component costs that we have become accustomed to seeing in AMSAT
jatellites. In the case of these flange rings, however, we have followed the
irianespace designs and cannot be too innovative, as we may never get accepted as a



passenger on the launch vehicle, since a prime payload is supported by our rings.
As we have had to slightly modify thesge rings for our own application, we
understand, very well, how much is involved in their manufacture. The Lower Flange
also has attachment points for the mounting of the skeleton of the Phase IV
spacecraft.

When it is assembled as part of the Ariane "Adaptor", the conical structure which
ig the core of the Phase IV, the Lower Flange is quite a robust piece of hardware,
and it can easily handle the loads of our spacecraft. Neither the cone nor the
upper flange of the Adaptor are shown directly in the drawings to follow, as they
have not been drawn in any detail as yet. The general space envelope for the cone
is shown in phantom line.

We then place twelve "T" shaped vertical rails around the Adaptor, needed to
support the Heat Pipe assemblies. These rails are supported by tubular struts
bolted in place, Fig. 4. These struts will be made of carbon-fiber-epoxy composite
with machined aluminum end fittings. Note that there are two type of struts,
radial and diagonal. These strut supports should provide a very stiff, but light
structure, While it appears that the tops of the T rails are just waving in the
breeze, they really are captured by another piece of structure, as you will see
presently-.

The next element to be assembled on the Phase IV spacecraft is the mounting of the
Heat Pipes, Fig. 5. These have changed somewhat in this last year, as we have been
able to find a supplier who will construct the heat pipes in continuous loops, the
degign that we have needed for the Phase IV application. We have debated
considerably in how to mount the Heat Pipes to & structure. The current
implementations is a corner bracket that is riveted to the Heat Pipe in each of the
twelve corners of each of the six Heat Pipes., We needed a cheap and easily
reproduced bracket here and have now settled on one made from aluminum extrusions
riveted together. Fig. 6 shows the Heat Pipes as they are installed onto the
spacecraft structure. The Heat Pipes are mounted using a laminated shim pad at
each corner so as to compensate for subassembly dimensional variatioms.

Just to teke this verbal spacecraft assembly a bit further, let us add some more
pieces. Fig. 7 shows one of the 72 the Solar Panels. While the panel substrate |
has not changed over this last year, the solar cells have changed. Our supplier of
solar cells identified that using conventionally sized cells was costly, and that
using rather large cells of 72.5 x 33.3 mm was the way to go. We had hoped for a
complete series string of 72 solar cells on each panel, making wiring a bit
simpler. Instead, the economics of covering over 50 square feet of Solar Panels
shall be allowed to rule our wiring plans. Mounting these 72 Solar Panels onto the
Heat Pipes will be a task that will not be quite as simple as it might seem, as
each panel is mounted to its section of Heat Pipe with 20 #4 screws, a total of
1440 guch screwz for the entire spacecraft.

The final step of this mechanical assembly, as far as we will present at this time,
ie the mounting of the Top Plate, Fig. B. This is a single twelve-sided piece of
aluminum honeycomb material that is more than 6 ft. across and is bolted to both
the Adaptor and to the tops of the twelve T rails in each corner, noted above.

We needed to get to this point in the assembly picture being presented here, as the
Top Plate is one of the keys for our efforts for this next year. The Top Plate is
the real heart of the Phase IV, as we will be mounting all of the electronic sub-



assemblies, antemnas, and many other parts to this plate. It can be seen that this
single, removable structural component can be preassembled, wired and tested before
it sees any of the remainder of the apacecraft, giving us great accessibility and
freedom in our assembly and check-out operations. As can be seen, we have a fairly
well detailed set of drawings on most of the major components of the Phase IV
gpacecraft. We even have manufacturable detail drawings on some of the more
important smaller parts, quite an improvement on the design power curve from a year
ago. Now let us discuss the next efforts.

WHERE WE ARE HEADED

One of the major happenings over the past year was the formation of an alliance
between AMSAT-NA and Weber State College (WSC), of Ogden, UT. WSC has a program
office that they call the Center for AeroSpace Technology (CAST), and this

operation is very much different from those that you might have seen in almost any
other academic imstitution. CAST is populated by both academic staff and by
volunteers, and their objective is space-related projects, such as the NUSAT I that
vas launched into orbit from a Shuttle GAS cannister., CAST gets its labor force
from the WSC requirement that each senior student complete a hands-on project that
the gtudent has applied him/herself at least 300 hours in their final year at WSC.

Weber State's CAST has proposed to perform & number of tasks on the Phase IV

project for the academic year 1988-89. The focus of this effort centers on the Top
Flate. While we are interested in learning the design and fabrication techniques
to be used on that piece of honeycomb structural plate, we are even much more
interested in seeing how all of the equipment that we want to fly on Phase IV will
integrate onto the Top Plate. To this end CAST has proposed to:

a) Create a master system diagram for Phase IV, incorporating the
efforts of the Phase IV Study Team and the desirable aspects of
the Microsat project into a single definitive package-.

b) Coordinate, examine and study the integration of various non-
Amateur experiments onto the Phase IV bus,

c) Fabricate a complete scale = 1:1 Top Plate assembly with all
equipment mounting points.

d) Model all of the system hardware and assemblies and define their
mounting to the Top Plate.

e) Model the spacecraft major structure with low-cost mock-ups to
study the interactions of the Top Plate, and its mounted equip-
ment, with the remainder of the spacecraft,

f) Design and fabricate a low-cost tooling fixture for the Phase IV
structural assembly.

g) Design assembly tooling for the struts. Fabricate sample struts
and structurally test to verify mechanical properties.

h) Initiate a Finite-Element-Analytic structural model to follow the
Phase IV design to insure structural adequacy.

i) Examine low-cost implementations of the Phase IV momentum control
sBystem.

j) Study the low-cost attitude sensor technologies needed for the
migsion,

k) Study and optimize propulsion systems for the mission.
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While the above effort avoids getting directly into a major assembly effort and
qualification tests of a full-fledged Phase IV structure, with its attendant costs,
the program does very usefully address some very important subsystem integraticn
topics., These tasks would need to be done at some time in the overall program, and
it seems appropriate to tackle them now.

CONCLUSION

Phase IV represents a sizable project, both in terms of the final hardware assembly
and in the total scope of the effort and its management. While Microsat may have
seemed to have interfered in the progress of Phase IV, many of the key elements of
cystems that we will need for Phase IV will find their roots in the Microsat
program, Microsat has not contributed anything, however, to the Phase IV

mechanical engineering effort, as the two spacecraft are go vastly different inm
size and mission.

Managing a project the size of Microsat is very well within our direct experience
in AMSAT. We need to learn how to change from the Microsat environment to one in
which we are designing and managing a physically much larger device, such as Phase
IV. Weber State's CAST brings to the program a facility and labor base that we
could not readily find elsewhere in the AMSAT sphere of influence, certainly on
this side of the Atlantic Ocean. We collectively need to work very carefully and
thoroughly to bring the Phase IV in to being.
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MANUFACTURE

LOWER STRUT
ASSEMBLY

1
1

A

PRELIMINARY NOT Fi

Fig. 4 - The Lower Flange starts to become & Phase IV with the 12 T rails and 36 struts installed.




1%L
THE

O B LESE Mad 1 fam [Bhin

Fall wiw 8-
SAALL PROWE FOR
T e >

# Fearfent 10 SPEDAED Wil ThO Dkl

HERT PPL
bl CORmER MAASKET wad B0 R TID

Y.

" 1
WhMIE PURE [0 B TTER) AMSTOROUSE Ausdis,
sl OWER TeE RuncE OF -10T 0
W AR
4!

§ D=0 ’
T | bD%n
N T

DETAIL A—&
SCALE: Full

[ucie i}

&t G2i-w0d Atal PR

AMSAT—NA

==HEAT PIPE ASSEMBLY

2=/D P788021D

Jok lanssen

MEHASE 1
=y

)2y e

PRELIMINARY
NOT FOR
MANUFACTURE

PR — B |

1t

et




*3IN19MI118 INIIS AT aseyq ayl oluo pafIelIsur sSsATa 3Ieay XIS - 9 ~3LJ

8088y d (L i e v st 2

NOILY 117 L5N| ,u.,,.:..aa..
e STEEE S

VN - LYSY & JzvFs X
TYALOVINTA H04 LON REYNITTId =

i
i

i

/ﬂﬂﬂu
/A

l“.'u
%
P %ﬂl
|

oY w00 A8 L v e0d
Taind [V ROV] @0 AWIR] LTV
MR e O vy e —dRE S o

Sl w0

A EEV] s LR B

W TEEYN i0d WINEYA LY
PETHOERTEYN 5 M3ETS O3

N
'\E‘U"’

[\

|
il
B
EL[

T FIWIE
g-a Tva3al

/::’..l"’

4

Ny

u:.‘_‘_i'
-
—
y 1
| l_ I
I
R

L,

L

-

W 3w __________

¥=¥ Wl ___,v\
F
f

TR

BRI 3D wiievde]
CREDIRYS A Luvg
CVRTRET Jel] TRANT

X

!

aR




W1 rll ;i_ -—I...Fl._x.r___ﬂ

o81088%d __ | J ==

aanassy
TINVd ¥Y10S w/ut

YN —ILVSAV [ &3
IUNLIVANNYIN
404 LON
AMYNINITIN

%E,é{%

i

-uoryearTdde styl 103 pe1salins sTT22 JIB[OS WODITIS

ag1e1 &z oyl Yirm L[quesse [aued IB[O5 Al 95844 - [ *®1a

5
2
£
:
i
i
g
433
i

A3 [WETetr] wuap0og

T T T T T

AN [ruette] weagon)

= =

i...___
|
1

TINYY W05 25006Wrd I\
il HYE SNE WA e

((
I 7N I |

L 0M u.ﬂ.\\
WU IO L4 ST E0S MOONIS




*geuuajue pur juamdinbs otuoi3dafa ayi jo (¢ A[Ieau 1ioddns TTIA 21e]q dol STyl
*ain3joniis 8Yy3l o3juo pajunow ajefg dol AT @seyy oyl - g “9ij

gocossydlq

-

z:.q.:ﬂz_
L¥d n_wh

YN ILYSHAVY]

JENLIVANNYI 804

10

N AdY

NINIT3Yd

i
1

Tt :

- — o
111
-+

= & -

1
it

A

—~
_ri

S

1
'r
i
L
==

--.!.a_'

i

—
:

I = |
i....

—— TN

I
% a1 0
-
 ne

=225

P
—

e

NF Bl
T
I§TH T
I I | |

HER ENE HE R
_. " ”.. A.T
DFII‘_Y il it
: t
“.._. s i
. AT
g M B SA 25|
....I.. | N 1 WTF
| | aN BEE g |
| 1 1l 1

38




THE ANSAT/TAPR DSP 1 PROJECT:
HARDVARE DESIGN

by

Lyle V. Johnson. WATGXD

BACKGROUND

A couple of yeare ago. Tom Clark. W3IWI
mnd Bob NMeGwier, N4HY, began invelving a
number of Amateurs in applying digital
signal processing (DSP) techniguas to
Amateur radio.

Recently. AMSAT and TAPR have combined
forces to jointly develop Aand distribute
DSP harduare and scftware for the Amateur
community. Tom and Bob have uritten
fairly extenaively about the potential
applicationa of DSPF in the Amateur

environment.

The firet harduare fruite of thie marriage
ism called DSF 1. This paper i1m intended
to provide a design overvieuw of the DSP |
harduare configuration.

HARDVARE OVERVIEW

The DSP 1 i1ie deeigned a= a wmet of PC
boarde that can be configured to indivi=
dual regqui rementa. At 3 @minimum. the
syetem con@iete of a metal cabinet. an /0
board. & DSP board: a power supply board
and = lomadar board. In place aof the
loader. a genaral purpose proceasor (GPP)
board can be inatalled for greatly en-
hanced oparation and flexibility. For all
but the simpleat applicationea the GPP will
be required.

Thie breakdoun of function to PC boards
has the advantage of allowving upgrade= at
reasonable cost. providing flexibility for
adoption of future standards or refine-
mente in interfaces, and simpler trouble-
shooting. i1t has the disadvantage of
increaaing 1initial coste momeuhat.

Cabinet

The syetem ie@ designed around a Ten Tec B-
saries enclosure. Thise i8 an all metal.
low profile box that can be shielded for
RFI/ENI . The uase of thim eanclosure in-
creapea coeta over the type of case used
by a THC 2. but i1a lesa expensive than the
*Gucci™ cabinet used with tha THC 1.

1/0 Board
The 1/0 board aounte on the back panel of
the cabinet. All connectiona to the out-

#ide world are handled through this board.
Thim allowa internal interfacem to run at

TTL levels for digital mignals and -5V to
+5V  levels for analog eignals. It also
sinplities conetruction for tha kit
builder. sliminating wiring harneanses.

By wotandardizing all interface @signal
levela. future DSP and GPP boarda may be
developed to utilize improved technology
without rendering DSP | obsolete. Future
etandards in radio and serial [/0 inter-
face levels can also be accommodated by
replacing the 1/0 board rather than a far
more axpensive DSP or GPPF board.

All connectores are well bypassed to ground
tor EMI/RFIl. Radio interfacing (PTT. CW
keying: microphone audio:. apeaker audio
up/doun control. etc.) i@ handled here.
along wvith level translation and filter-
ing. Two radio porte are provided.

Seriml 1/0 i@ handled at RS232 levela.
Agains all level translation ie handled aon
the /0 board.

A w@pecial TTL-level connector compatible
with the modem dieconnect arrangement used
in TAPR THNCa and the TAPAR PSK modem is=
almo provided for those useras wuho wish to
uge the DSP | am an external modem for an
exiating TAPR-compatible THNC.

Finally: pouer is routed inte the DSP |
through the 1/0 board for coneistent {fil-
tering.

The initial
Taxasm

DSP board im based on the
Inetrumenta THAS3IZOCILS pProcesasor.
Thia 1a a first-generation DSP chip with
sHoma enhancemants ovar the earlier
THS32010. It im run at & clock spaed of
25 HHz, and ham a full 4k worda of high—
Bpead atatic RAM for program semory.

An AD7569 eight-bit analog 1/0 port made

by Analog Devicem i1s used, and the board
has provision for two such porta. Eight
bita provide for over 49 dB of dynamic

range: more than moat radios
their auvdio outpute. Nore bits are useful
for teat equipment. but significantly
increase the coet of the device.

provide at

Anti-alias filtering ims generally required
for any analog to digital converter. Thim
filtering 18 provided in the casa of the
DSF 1 by a Gould S3528 progranmable lou

an



pasas filter. Thie tilter providea a 7Tth
order elliptic function with with stopband

attenuation bevond the dynamic range of
thae 6=-bit A/D converter. Flacing ite
frequency cutoff under direct control af

the OSP chip providea maximum
for applicetions programmera.

tlexibility

A multiple channel programmable timer
(82C54) i@ mapped in the THS320C1S [70
Bpace and may be used to generate inter—
rupte andfor control the sample rate of
the A/D and D/A. A phasa ahi fter.
designed by WBGHHV. allows the D5P chip to
lock onto the axternal signal. allowing
reduced mampling rateas for a given aignal

after acquisition. Thie is a feature not
normally found on DSP analog front ends.
and should prove very useful in many

applications.

Digital 1/0 ie handled through CHOS eight-
bit latchea. Thia sllous the DSP board to
connect to a TNC and exchange TTL level

data with the HDLC chips
external modem.

thus acting as an

The 4k word memory has two accesa patha.
An external device {(loader or GFP) san
suspend the DSP chip. access the 4k word
area as an 8k byte area. and read or write
to it. Thie is hou the 32015 programs are
loaded.

There is a seriez of single-bit latches
provided to Bynchronize information ex-
change between the DSP and GFF boards for
high—speed data transiers. Eight=bit
latches are used to store the information
byter traneferred in thia manner.

Addregs mapping and general
functions are bundled into =a reprogram-
mable logic dewvice (Lattice GAL (r}) or
equivalent) to allow reconfiguration and
reduction of parte count on this board.

purpose logic

CHOS parta are used exclusively for
mum pouwar dissipation.

mini-

A ok Ahead}

Tha
have

naxt pgeneration board (OSP 2} will

considerably more processing horese-
power (HAotorola DSPS6G@1 or THS320C25).
memory and analeg 1/0 resclution (12, 14
or 16 bitel. It will probably contzin
FiFO buffera for all 1/0. Tt will be
designed to retrofit inte the DSP 1 cabi-
net and wutilize the GPPF and other
regourcas.

Fouar Supply Board

The power supply board providas
+5, =5, +1@ to +12 and —-1@ to
from an unregulated +12 VDC
Bource. It utilizea ewvitching
for efficiency. although the initial becard
may use 8simple charge pumps. There 18
nothing particularly unusual about this
bcard.

ragulated
—12 wvolte
nominal
technigques

AN

Loader Board

The loader board ia i1ntended for low cost.
modeam-only applications. It =allows the
user to select from a number of programs
mtored in & mingle EPROA (4 programs in a
27C256. B8 (in a 27C512). A preas of a
button halte the DSF board, loade the
selected program into the DSP memory. then
restarts tha DSP engine. This board uses

only a few standard CHOS logic functions
and will ba very inexpen=ive (excluding
mamory ! ).

GPFF_Board

The GPFF board mallows the DSF 1 system to
become a highly flexible and very powerful
communicationa tool for the Amataur.

The GPF i8 based on the HEC V4@ integrated
processor and 72001 serial 1/0 chip. Thie
allows scftware to be developed and debug-

ged on a standard I1BHM PC (r) or compatible
system. This board features two =serial
channels running full duplex wundar DHA.
allowing high speeds to ba attainad for

use with sueh devices as the Heatherington
S6 kbps modemn.

Four (4} 32-pin bytewide sockets allow up
to 1/2 megabyte of memory. with Bak bytea
a typical minimum configuration. Battary-
backed RAH and a CPU watchdog are
inzluded. along with a Centronice8 compat-
ible parallel printer port.

CHOS logic and CHOS LS1 are used exclu-
sively in the GPP for reduced powar cCon-
spumption and high reliability. Program-
mable logic davices contribute to harduars
design simplification.

Bytewide 1/0 porte to and from the GFF
board allow high-apeed data tranBfer with
the DSP card. in addition. aerial |1/0
aupporting multiple protocole can be wused
to exchange data with the D5P ssction.

The net result is a truly flexible and
poweriul communicationa device. Harrow-
ehift RTTY (3@ Hz shift for 6@ WPH. tfor
example): tracking filters. efficient HF
packet, SSTV and FAX applicatione all
become pomsible without compromised modenm

periformance.
VHITHER SOFTWARE

The Dalanco-Spry Hodel 1@ ia being usaed by
a number of Amateura in the context oI the
averall DSF development project. Thise
unit ig a plug-in card for [BH FPCa and
compatibles. It allowa development and
testing of software for the TI 32@91x pro-
CeEE0rs. AB 8Such» 1t ia an eaxcellent
development tool for the DSP 1.

There are B number ot applicationa that
nave already been written and used by
sevaral Amateurs. including moonbounce
work with OSCAR-class @astationa. weather



gatellite image deccodera with soituvare
BOCEmE. FSK modulators and demodulators.
etc.

In the case of DSP 1. the softuvare i@
waiting on tha harduare!

¥RAF UP

The DSP 1| preject represents a m®major
gftort by ANSAT and TAPR to provide the
Amateur community with advenced. afford-
able techmology to enhance digital com-
punicationms. It provides & modular, flex-—
ible platform for experimentation and
continuing development in this field.

A= the technology represented by DSPF 1
bacomen commonplace in the ham shack. thea
need for new harduare to use ne’w CcommuUni=
cations modes should become weignificantly
reduced. For example. in order to uae
FUJI/OSCAR 12 or one of the new MHicroSat-
baped PACSATeE. one presently needs a PSK
sodesm acceamory for hia THC. Such a modem
coete about @100 as a kit or 202
assenbled. A DSP | should sell for leas
than the THC and PSK modem combination.
yat provide am much flexibility for the
game m@mpecific application. it w111 aleo
do numeroum other thinge wvell. such am a
nultimode digital controller (like tha AEA
FK-2732 or Kantronice KAM or MFJ-1278):. oar
a =pecial-purpoee communicationa device
imulti-leval B5STV or WEFAX or weather
satellite FAX decoder).

Digital signal procesmsing techniques pro-
sise improved reliability in communica-
tion@. The DSP | will help bring theas
techniquas to Amateur radio.



HICROSAT PROJECT - FLIGHT CPU

Charles L.

ABSTRACT

AHSAT-NA 1@ praparing a new class of sat-
ellita. Intended for low wesarth orbit
(LED): "HicroSat"” will bring a new lavel
of performance and flexibility to the
satellite uaer community.

HicroSst embodies bold advances in low-
cost satellite engineering. A ned &ap-

proach to satellite flight computer design
uae required to attain mission objectives:
lou pouUEr. low cost. 8mall volume and
mamsa. high performance. high raliability.
flexibility: mignificant mass data atorage
capability and high speed 1/0.

This paper focuses on the demign of the
flight computer harduare and outlines some
of ite capabilities.

INTRODUCTION

Tha firemt planned launch of the MHicroSat
garies im scheduled in early 1989 aboard
an ESA Ariane-4 rocket. A total of four
i4) MieroSats are scheduled ts ba aboard:
two {2) will ba PACSAT missiona (1]« one
i1 will be ma speech synthesizaer for adu-

cational usa (DOVE) and one (1) will be =

CCD camera axpariment.

ANSAT, with support from TAPR. Uebar State
Callege (Utah). ARSAT-LU (Argentinal and
BRANSAT (Brazil). im deaigning and build-
ing these esatellites on a fast-paced
echedule. First proposed in late 1987,
there will have been approximately one
year elapsmed time from concept to launch!

it i\e reminiscent of the
Digital Communicationa
gchedula. The OSCAR 11

For the authore.
UaSAT/OSCAR=11
Exparimant {DCE)

miggion waa proposed in late July. 1983,
and delivered to NASA for launch in
January. 1984 (and launched HMNarch 1.
198411 (2]

The PACSAT miesion spacecrait will have
five 2m uplink channels and one 7@ cm
downlink channel. The @modulation tech-

nigues will be fully compatible with FUJI/

OSCAR=12 == 1200 baud HManchester data fed
to a standard 2m FN radio for the wuplink
and 120@ baud PSK data returned on the
dounlink. Eighlt (B) megabytea of mnesaage
storage will be availlable on each FACGAT.
Other dats rates and modulation methods
may al@so be experimented with wia in-

flight harduare recaonfiguration.

by

Lyle V. Johneon.
and

Grean.

HARDVARE

WATGXD

NBADI

GEMERAL DESCRIPTION

A typical MicroSat occupie®m a cube about 9
inchee on a mide. The CPU module occupies
@ mlice about 1-1/2 inchem thick. The CFU
powar budget ie only 1.5 watta.

The CPU module occupies two (2) FC boards
mnd provides the following reassurces to
the satellite:

Six (6) serial |/0 portm capable of

multiple protocols.

Si1x (6) channaila of sancheater decod-
ing in the receive aignal patha (five
gtandard user and one especial pur-
poael.

to
of
ax-

One (1) sariml 1/0 port dedicated
telemetry gathering and contreol
the wvarious spacecraft modules.
pariments and aymsiLans.

Six (B) DHA channel®.

256k bytes
corract lﬁn

of error detecting =and
(EDAC) mamory.

Tuo (2) megabytes of AAN organized ae
four (4) S12k byte banke with dual-
port acceas.

Eight (8) megabytes of RAR organized
as 3 serial-access peeudo-disk.
One eight-bit A/D for analeg Bignal
measuramant.

Feference voltage for telametry
tema throughout the spacecraft.

aya-

Eight (B) /0 ports mapped for exter-—
nal experiment support.

Watchdog timer to automatically reset

the CFU wupon detection of & CFU
crash.
Ground control rasst capability 1m
cage all else taile.
SPECIAL FEATURES
The CPU module utilizee CMOS logic and
CHOS LSl chapa throughout. It employs a
true multitasking kernel and takes advan-
tage o0f a reduced pousr wail atate whan
the task s=scheduler allows. To reducs
volume requirmeente. surface mount techno-

iogy (5HT) ICe are usnd where available.



The microprocesscr selected is the NEC
78208 (V4@) CNOS integrated device. Thim
iC containe a supersat of the Intal 8088
microprocessor (including added instruc-
tiona and reduced cycle timea for a given
clock speed) along with several peripheral
functions. The on—chip peripharale
includet clock generatori: four (4) channal
DA controller (71871-compatibleli UART
{825i—-compatible subsat): thraa (B ]
sixteen-bit programmable timer/countera
(B254-compatible) i eight (B) input prior-
ity interrupt controller ({B259-compat-
ible): programmable wait-state generator
and bus interface logic/drivers.

Additionml DHMA support is provided by a
NEC 71071. a high-performance CHOS four
{4) chann@l DMA controller. In conjunc-
tion with the V4@ CPU, and allowing for
the various modee and featurea used in the
system: @& total of aix (5) wusable DHA
channalea result.

Sarial 1/0 (72001) chipe ara aleoc from
NEC. These devicea are eimilar to tha

Zilog ZIBSC3I@ SCCe used in =ome Amateur
packet applicationa. but provide a number
of intereating benefite. The moat impor-

tant onea are (a) ability to interface to
the V4@ and 7187] with a reasonable amount
of dimcrete logic glue and {(b) indapendent
programmable baud rate generators for aach
tranemit and receive channel.

A Harrim 2k byte CHOS fusible-link PROM ie
ueed for bootatrap memory. A smmaller
version of this same device was 8Buccess-—
fully employed for the same purpose in the
UoSAT DCE.

EDAC

The EDAC memory posed an interesting chal-
lenge. Thie type of memory is nhDaceasary
to stora progras code. vectorm and certain
data that cannot be allowed to become
corrupted due to radiation effecte.

The UoSAT DCE has 16k bytes of EDAC pro-
tected memory. The authorse proposed a
whopping G4k bytea of EDAC for MicroSat
based on the availability of Gak by 1| CHOS
memory chips. Surely. thia ahould ba
enough memory for such a esmall satellite)

However: the weoftuare codere had other
ideas and made it abundantly clear that at
least 128k bytes of EDAC memory was nesdsd
and aven more would be desirable.

The probles, as with most things in this
rojmct:, im that there just i1an't much PC

board arsa to cram ICs onto. and inaut-
ficient wvolume to eamily stack moré than
threa PC boards into. The EDAC memory
utilizes tuslve (12) memory chipe to Ssave
enough information te recover from a one-
bit error in emch eight-bit byta.

Fortunately. 25Bk by 1 CHOS static HRAHNe
became @vailable in very limited guanti-
ties by June of 19B8. The wmpecificationms

b LF (SN NS A RS W e G e g T -
would apparently require a tremendous
amount of power while oparmtional. The
price was only slightly more intimidating.
Heasurementa. hovever. indicated podal
conaumption would be managaabla in this
application. Succeasaful operation of the
uire wrap prototype running a8 program troe

the EDAC memory in early August of 198
confirmed the earlier pouver consusptioi
peaasureaents.

Tualve Hitachi 5207 256k x 1 ICs are am

ployed as the storage alemants in thae EDA!
memory array. with a combination of Taal
and 74HC logic to provide buffering. 8¥yn
drome encoding and decoding. and detects

error logging. Thie memory occupies t
loueat 1/4 megabyte of the V4@ addrea
sapace.

OTHER HEMORY

OSCAR 11's DCE demonstrated that conven
tional oatatic CHOS bytewide RAHs woul
perform satisfactorily in low earth orbi
[3). Such memory requires software protec
tion =chemes to detect and errors 1
atored data. They are unsuited for pro
gram storage.

In the HiocroSat CPU mddress space. th
middle 1/2 magabyte is filled with suc
memory. A total of tuo (2) megabytes ar
located on the CPFU main PC board. oargan
ized as four (4) bankm of 1/2 megabyt

each. Each bank i® under control of th
CPU and can ba independently powered on o
ntt, selected for access by the CPU o
selected for acceas by an external experi
mant. This "dual porting® AErrangeamen
allous external devices (such as the Vebe
State CCD camera) to have high-spee
mccess to memory for storsge or retriava
of data as well as communication with itk
CPU. It also protects the CPU bueses frc
any wmort of malfunction by the axterns
device.

Since the CPU controls the spacecraft a
well as @manages the expariments. CF
health is paramount to m@Sieseion Bsuccesa
Hence. the dual port arrangement rathe
than allowing experiment access directl]
to the CPU's buaea.

HASS STORAGE

1t uas detarmined that a total of two {2
megabytes of non—EDAC RAN is insufficier
te support a PACSAT miesion, especiall
uhen second-generation missions ars fioe
with higher data rate radio channals
Speeda of 56 kilobite per second are er
vimioned in tha near future for PACSAT:
and higher data rates Socon theraafte:
For this reason. additional memory 1
reguired.

On the other hand. many HicroSat missior
may not reguire large anounta of memory
in which cape the bank-switched two {2
megabytes will wesuffice. At a revis
mesting in Boulder. Colorados in June 1



288. WA40NG suggested a Sserial-access
echaniem bea employed to asllow a low-
mower. high capacity data storage device
.0 be built on a separate FC board. Thim
.dea was adopted.

'The mass storage board contains program-—
mable address counters that may be uritten
ind read by the CPU. A 24-bit addresa busa
ia employed on the unit. allowing up to
slxdtean (167 megabytas of Btorage.
*resent chipa limit thie to 6 megabytes.
3ut by mid-1989 it should ba pomsible teo
mild a 2B-bit addresa bue unit (256 mega-
wytea!) with at least 32 megabytes popu-
lated on the same =ize card!

The entire masa SBtorage unit occupies
sight (B) bytes of 1/0 apace in the V40
iddress map. The address counter ias auto-

incremanted following every memory read or
irite, =80 block move inastructions may bae
:mployed +to rapidly move chunks of data
etuween masa storage and directly addres-—
:able CPU mamory.

IHA

high-
are
and

to provide capacity for
linkae DHA technigues

gmployed in the CPU betuean the V4@
the 72001 serial [0 devicea. Under DHA.
tha CPU ha® only to met up the DHA con-
troller and eerial 1/0 chip: than go on to
sther taske. After the data ia &ent or
racaived. tha CPU will be interrupted.
Thias greatly reducese the processing power
needed to manage communications and allowus
for very rapid data link rates on multiple
zhannels.

order
ppeed data

In

SENERAL LOGIC

Finally. it should be noted that program-
mable logic devices are not wutilized in
the CPU design. Currently available CMOS
javices are sither EPRONM or EEPRON based
{and thus susceptibls to radiation damage)
ar too slow (Harria fusible 1link FPALs).
iAM based devices (Xilinx) are undar
investigation for future generations of
ficroSatse. but appear inappropriate for

the present. Bipolar devices consume far
too much power.
In order to achieve the required speeds

4ith unknown capacitive loads. AC logic ie
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generally employed. HC logic was used in
the OSCAR-11 DCE and ha® performed well,
AC logic uwill get ite shakedown with tha
firat NicroSate. The designars of the CPl
think that the ground bounce spikes made
famous by the designers of =alternative
pinout logic will not ba a problem since
guch transiente have plenty of time to
submide at the relatively slow bua spead
of the HicroSat CPU.

CONCLUS 1 ON

MicroSat provides a lovw coet ospacecraft
bus upon which various experiments may be
floun. PACSATE will occupy tuo of the
firast four MicroSate. The MHieraSat CPU is

flexible and powerful. allowing signifi-|
cant growth in future miesion capability
wvithout redesaign.

It 18 the authora® hope that. with thJ

aucceasful launch of the firet cluster of
MicroSate. Amateur packet radio networking
will take another giant step forward. [
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UNIFIED FILE MANAGEMENT SCHEME FOR MULTI-MICROSATS
BY INTER-SATELLITE DATA LINK (ISDL)

Yuu Kato (JM1MCF)
Mikiyasu Nakayama (JR1SWB)
Moriyoshi Ohara (JK1VXJ)

The Japan Amateur Satellite Association (JAMSAT)

\BSTRACT

JAMSAT proposes a new scheme for better co-ordination of LEO
store and forward communications satellites (PACSAT's). A
satellite-to—-satellite 1link between LEO satellites and Phase-3D
(and/or Phased4) is to be employed. This system enables LEO
ACSAT's to have a unified file system which gives PACSAT users a
zlear view of files in every PACSAT's. This leads to efficient
1se of users' time and effort. Employment of advanced coding
:echnology will be essential to overcome tight satellite-to-
satellite 1l1link budget. JAMSAT foresees MicroSats and a Phase3-D
(and/or Phase4) satellite as a target to implement this approach.

3ACKGROUND

fhe store-and-forward communications satellites, a.k.a. PACSAT,
>riginally proposed by Dr. Tom Clark (W3IWI), are becoming a most
opular ways of digital communications using satellites. JAS-1
(FO-12) as the initial satellite of this sort has proved the
ralidity of its concept. AMSAT-NA recently proposed a very small
and inexpensive satellite for the store-and-forward communication
cnown as MicroSat. A number of similar satellites are supposed tc
>e launched in a few years to come, which would lead to full-
>loom of PACSAT concepts.

iowever, users may find inconveniences if several PACSAT's are in
service independently: if one sends a message to his friend, the
friend have to watch all MicroSats in order to find the very
nessage. Moreover, he may not be assured if he could send a reply
to the originator using a different MicroSat from which he got
the message. The inconvenience 1in this case stems from the
>xistence of satellite-dependent file systems, or lack of =&
mmified file system for various MicroSats. Some sort of
supervisory system will enhance the utility of MicroSats.



JAMSAT therefore proposes to make Phase3-D (or Phased4) satellite
act as a 5T{{9dinator of file systems for MicroSats. This approac
is chosen because of better visibility of MicroSats by &a higl
altitude satellites than by a dozens of terrestrial station:
(i.e. why NASA is launching TDRS satellites to abolish expensive-
to-maintain terrestrial tracking stations.)

CONCEPT OF THE SYSTEM

A high altitude satellite with an onboard computer maintains :
unified file managemet system for all the MicroSats in use. The
onboard computer is called a file system manager.

There is one file directory in the whole system. All MicroSat:
and the manager have the same copy. The directory contains nof
only originator and destinator, but also identification of |
MicroSat which is in possesion of the content. Therefore, if on
connects to a MicroSat, he can see a list of files stored i
other MicroSats as well, which may include messages addressed t:
him.

The file system manager keeps the directory updated: when a £il.
is uploaded or deleted to/from a MicroSat, the directory (store:
in Phase3-D and/or Phase4) should reflect the change. A MicroSa
is therefore obliged to notify the change to the file manager
which enables the manager to relay it to all MicroSats in orde:
to update local directory copies in MicroSats.

Furthermore, an urget message could be relayed from a MicroSa
(which originally received the message) to another MicroSa
(which will be wvisible from the addressee in a minutes) througl
the system manager. In this case, the manager works as a store
and-forward system connecting two MicroSats (super PACSAT!)
Transfer of a message in this manner saves time which woul«
otherwise be spent only to wait for the very MicroSats in whicl
the message has been stored. The feasibility of this "supe
PACSAT" service depends on (a) capacity of memory in the manage!
and (b) link capacity of inter-satellite links.

This satellite~to-satellite link may be used fo
telecommand/telemetry system for MicroSats: the file syster
manager monitors telemetry frames in MicroSat's downlink, am
sends them to command stations via other MicroSats or directly
By this service, command stations can grasp conditions o:
MicroSats in charge even when they are below horizon. This schem
lessens the work load of telecommand stations which has merel:
been wasted to track satellites.
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FEASIBILITY OF INTER SATELLITE DATA LINK (ISDL)

High quality inter-satellite data link is mandatory for this
system. Nevertheless the large distance between MicroSats and
Phase3-D (and/or Phased4) satellite makes the link budget very
tight. Moreover we can not expect much output power nor high gain
antenna for MicroSats.

The result of feasibility study on the link budget is shown

below. No modification to the current MicroSat hardware design is
assumed.

(1) MICROSAT -> PHASE3-D/PHASE4

l) Transmitted Power 35.0 dBm
2) Transmitter Antenna Gain 0.0 dBi
3) Space Loss -176.1 4B *
4) Receiver Antenna Gain 15.0 dBi
5) Pointing Loss -2.0 dB
6) Polarization Loss -3.0 dB *¥
7) Noise Spectral Density -173.8 dBm/Hz **%
C/NO 42.7 dBHz
8) Data Rate 33.8 dBHz k. kol
Eb/NO 8.9 dB
9) Required Eb/NO 5.4 dB bbb
Margin 3.5 dB
* at 435 MHz, with 35000km range
k% Assuming MICROSAT's antenna is linearly polarized

"% Receiver system temperature = 300 deg. K
k%% 2400 bps
*k%*%* Viterbi Decoding, k=5, r=1/2
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(2) PHASE3-D/PHASE4 =-> MICROSAT

l) Transmitted Power 47 .0 dBm
2) Transmitter Antenna Gain 10.0 dBi
3) Space Loss -166.6 dB ®
4) Receiver Antenna Gain 0.0 dBi
5) Pointing Loss -1.0 dB
6) Polarization Loss -3.0 dB *k
7) Noise Spectral Density -173.8 dBm/Hz **
C/NO 60.2 dBHz
8) Data Rate 36.8 dBHz *%
Eb/NO 23.4 4B
9) Required Eb/NO 9.6 dB "%
Margin 13.8 dB
* 145MHz, 35000km
* & Same as (1)

*%*%* With ideal BPSK demodulator

MicroSats is assumed to have mode J transmission/reception
capability with 4800 bps modem, as is the case with planned
initial two MicroSats, designed for usual PACSAT mission. 1In
order to overcome large propagation loss, MicroSat should
implement convolutional encoding (with r = 1/2 and k = 5) by
software for decoding by Viterbi decoder to be installed in
Phase3-D/Phased4. The effective data rate from MicroSat therefore
becomes 2400 bps.

On the other hand, 4800 bps can be employed at full speed for the
link from Phase3-D/Phase4 to MicroSats because of large Tx power
available and less propagation loss at lower frequency. This link
speed configuration (4800 bps for "downlink" and 2400 bps for
"uplink") matches our scheme, for the planned file manager needs
higher data 1link for trasnmission in order to broadcast one
directory change to all MicroSats.

Conclusion

A system which integrates file systems distributed in MicroSats
by using inter-satellite data link is proposed. Although the link
budget is tight, the case study indicates this system is feasible
without making a modification to current MicroSats design by
employing coding transmission.

More studies are to be carried out, especially focusing on (1)
implementation method of efficient decoder and demodulator, and
(2) alternative cases which requires additional hardware on
MicroSats.



THE MOUNT TOXAWAY NORTH CAROLINA
MICROWAVE BEACONS AND LINEAR TRANSLATOR

by Charles Osborne, WD4MBK

INTRODUCTION:

The following paper may at first seem a bit out of place in a satellite
ivmposium, but closer inspection will reveal the beginings of a move in the
joutheastern US to more fully utilize our microwave bands. Someday perhaps we
1ill be able to use small dishes to communicate thru an amateur geosynchronus
;atellite on the above 3.4 GHz bands.

This 1is the story of a beacon that eventually grew to encompase every
mateur band from 432 MHz to 24 GHz. What's more it was retrofitted with linear
:ranslator capability on bands where to my knowledge, no other amateur
:ranslators or repeaters of any type exist. The idea is to show that operation
m such bands is possible now, with amateur techniques and equipment. Why in a
atellite Symposium 7 The Beacon /| Translator afterall resembles a ground based
satellite.

"WRPOSE:

The purposes of the beacon [ translator are of course many fold. The main
eason for its existance is of course to promote activity on the 3456, 5760,
0368, and 24192 MHz amateur bands. Propagation experimentation is the obvious
ither use for any beacon.

On some of these bands there is little if any chance of random contacts.
'he number of people on is very small and spread out, antennas are very sharp,
'F power 1is quite low, the bands are very large, and absolute frequency
eccuracy is always in question. These all present very formidable obstacles to
mccessful contacts. Just to have a test signal available 24 hours a day from a
igh mountain gives people something to work towards hearing. This eventually
milds experience with both the stability of the equipment and the wvariablity
f the paths on the band.

MPLEMENTATION:

The K4MSE Mount Toxaway Beacon began as an idea for a 432 beacon following
he 1985 September VHF contest. Ewven from our 4700' vantage point in EMB5 we
ould hear only the WA4PGI beacon in Virginia. From my home station in Atlanra
here were NO beacons to be heard on 432 and up. John, K4MSK, agreed to let me
lace a Beacon on his mountaintop at 4777'. We are fortunate that 2m and 220
ere the highest bands he was interested in being active on, as the 432 and up
eacons would make normal listening from the mountain all but impossible.

The Four Landers VHF Contest Group, of which I'm a member, already had a
epeater on rcthe mountain on 224,72 MHz, thus giving me a convenient control
ink.

At 115 miles out. my location near Atlanta Georgia is just bevond the
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radico horizon for the mountain. This further accentuates the signal strength
changes from the beacon. However it makes it very difficult to go work on the
beacon, since it becomes a whole day trip to go up and come back.

Over the winter of '85/'86 I had time to plan out many different heacon
designs on paper and then build them up as modules. Everything fell in place
with a system based on a 108.0177 MHz master reference crystal. This frequency
was chosen because it allowed me to use a x4 multiplier to hit the tiny
432.070-432.080 beacon band on 70cm. This was the lowest band I had any plans
to cover and the highest one the FCC had decided to legislate.

On the higher bands I felt any frequency within a reasonable tuning range
of the calling frequencies would be fine. 1In fact, on 432 the close proximity
to the calling frequency is a problem. The beacon , even running 800 mW to an
omni antenna, is very loud. This causes AGC pumping and keyclicks when the band
is open. Putting the 432 beacon band up 100 kHz or more higher in the band
would help this situation tremendously.

In the final implementation I was able to get all the beacons within 4 MHz
of the calling frequencies. This allows a 2meter transceiver to tune both the
calling frequency and the beacons without having to have a special local
oscillator built up just for beacon reception. 2meter transceivers are almost
the world wide standard of microwave IFs.

Part of the pressure to put beacons on the other bands came from the local
1296 ops who were having a hard time making sure their equipment was working.
Tom, W4VHH, who has been on 1296 for over a decade, offered to give me a
tripler he had long since retired from 1296 use, This gave me a couple of watts
on 1296 when driven by the 8 watts I was able to generate at 432. Gene, W4O0DW,
donated a big-wheel horizontally polarized omni antenna for 1296.

[ Refer to the block diagrams at the end of the article. This will more
clearly lead you thru the following verbal explainations. |

I realized that the 108.01775 MHz crystal would also lock a phase locked
microwave source which I had for use as a 2160 MHz LO. This plus a 144 MHz
drive signal modulated with the ID and 2304 would be operational as a beacon.

Next I found that by using a 20 dB coupler 1 could derive a low level
sample of the 1296 output, mix it with the 2160 LO and get on 3456 MHz.

5760 MHz was next and also fell right out of the available modules already
in the beacon. Since I had a 144 MHz driver all I needed was a 5616 MHz LO to
mix with it to get the 5760 signal. Again the 108.0177 MHz reference xtal was
used. I built up a distribution amplifier and power divider to split the 108
MHz reference signal to feed all the modules it was now being used by. I
fabricated a x52 phase locked multiplier by modifying a x48 microwave source 1
already had.

For 10 and 24 GHz a slightly different approach was necessary. The 108 MHz
would get me there, but not as an LO. The 108 MHz multiples fell close to the
calling frequencies themselves. I elected to use the output from the 10 GHz
source directly and drive an amplifier with it. The power to the amp would be
keyed on and off, thus identifying the beacon in CW.



A sample of the 10 GHz beacon is then mixed with the output from a 13.¢

GHz source. The resulting signal is near enough to the desired 24,192 MH:
calling frequency.

903 MHz was brought up as kind of a ..."well you did all the other bands
except this one..". So I used the 144 MHz identifier as a driver and mixed it
with a 1047.916 MHz microwave source. This is the one band that I could not
make lock to the 108.0177 MHz reference in some way or another. The reason for
the high side LO was to match a bandplan published by the Southeastern Repeater
Association. They have the Beacon frequencies above the translator outputs.
Unfortunately this inverts the sidebands as well, making USB in on 3456 come€
out on 903 as LSB. This is a familiar situation faced by satellite users on
some of the early OSCARs.

Portions of the beacon were placed into operation in June of 1986. 1L
stayed on the air for about a year and a half until an intermittent failure in
one of the microwave sources and a temperature related power supply problen

caused me to pull it off the air in February '88 for the update to translator
staus and a general tune-up.

The mountain is a very hazardous environment for anything human or
electronic. The long AC power lines tend to build up tremendous surges durind
storms. The beacon is located in a small wooden building on the very peak of
the mountain. This exposes it to 125 mph winds., 3" radial ice ,and subzero
temperatures. The beacon building is guyved to the top of the mountain and well
insulated. This allows the beacon and the other repeaters' own heat to moderate
some of the extreme temperature variations. An ovenized reference crystal is
still a necessity, particularly when multiplied as far as the beacon takes it.
500 Hz of drift at 108 MHz causes 125 kHz of wandering at 24 GHz !

[HE TRANSLATOR IDEA: ‘

Fall of '87 had brought me a few ideas to emhance the usefulness of the
eacon. For one thing. I needed more information as to what was going on up on
che mountain. The identifier was a cluge and begged for replacement. 1 saw an
.nexpensive repeater controller that finally provided the flexability I needed.
(t's made by a company called S-Comm in Denver. Their model 5K controller at‘
1180 looked as if it packed a lot of features for the money.

By using its 3 inputs and 3 outputs plus some clever use of the COR lines.
that were supposed to come from a control receiver) I was able to allow
wogramming of the microprocessor via touchtone pad remotely via the repeater.

Now that 1 had access to remote control, several features came to mind
hat would be very handy. On the microwave bands there was very little
ikelyhood of random contacts. so the difficulty in arranging SKEEDs tends to
iscourage activity. 1 noted that by reversing the signal flow in the 345&
eacon section 1 could cause that part of the system to become a receive

onverter. Cheap TVRO LNAs give a low noise high gain front end tor such a
ystem.

The first 1F in my design comes out on 1296 and thus has a good chance of
eing overloaded by leakage from the 1296 beacon. To prevent this 1 Cﬁntigured|
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tne 432 drive TO the 1ZYb Cripler could De 1nCerruprea. 10l1S Clearea tne LLyov
spectrum so that an auxiliary input on 1296 could be summed in as well.

Both 1296 spectrums are downconverted to 2meters where amplitication and
heavy filtering could be more easily done. Using three two-section helical
resonators distributed thru the gain stages I am able to bandlimit the
downconverted pieces of 3456 and 1296 to only about 500 kHz worth of each band.
So far this filtering appears adequate. If not, 1 have looped the 144 MHz
signal on the back panel of the Translator chassis. This would allow me tc
downconvert to 10.7 MHz or 21.4 MHz if needed and use a =xtal filter tc
precisely define the band. This segment would then be upconverted back to 144
with the same LO it was downconverted with cancelling any frequency error
contribution.

Once the signal is at 2m, another possibility occurred to me. By using =
stal controlled 2m receiver 1 could pick a spot in the passband on which tc
listen for signals. A local hamfest netted me a vintage Kenwood TR-7400A that
works well in this application. When the squelch opens, it triggers an input tc
the microprocessor. The processor then sends cut a message saying "Signal
heard on 1296.620 and/or 3456.97". This provides a rather clever way to finc
out if your signal is getting anywhere on these bands. The FM audio from the 2
receiver is fed into the repeater controller and decoded for any control tones.
This gives me still another pair of control channels.

The repeater controller allows one other very useful feature. By remots
programming of special command macros, 1 can cause special IDs to be sent, fm
instance, immediately following a power failure when the frequency accurrac)
may be a bit off. Or if one of the phase locked oscillators goes unlocked I car
put out an occassional message saving that a particular band is off the air.
Changes in antennas or EIRP could be folowed by similar messages to alert
frequent listeners to the potential change 1in signal strength. Current
frequencies for all the beacons can be entered as a part of the ID thus making
the outdating of frequency tables due to crystal aging a thing of the past.
This cuts down on the wasted time of listening for a beacon that is off
frequency or off the air.

The 144 MHz signal passband is routed thru a variable attenuator and ther
combined with the 144 MHz identifier signal on 144.020. The beacon level it
also variable. This allows independant level adjustment for the beacon and the
translator passband. Eventually some form of passband AGC will be necessary,
but for now I felt it was better to get the unit on the air and worry about the
overload when it became a problem.

The 144 MHz passband/beacon spectrum chunk is then fed into the existing
beacon system, upconverting the signals to 903, 2304, and 5760.

The Beacon Translator was placed on the air in May of '88 and provec
very useful. Unfortunately, in July a near hit by lightning took it off the
air. Luckily, the microprocessor and most of the key modules survived, so it

will live again soon.

All the hardware fits in a 5.25 " high x 19" x 24" rack mount chassis anc
a 3.5" x19" x24" chassis. As the pictures accompanying this article show, it is
one jam packed jig-saw puzzel of a microwave project.



The following 1is a table of the frequencies and EIRPs of the various
beacon outputs as they are presently (Aug. '88) configured:

Band (MHz) Beacon Mode, frequency [ EIRP

432 -Al BCN only 432.0705 / 1 W omni K4NHN skeleton slot

903 -BCN/Translator output 903.900 /[ &4 W omni big-wheel

1296 -Al BCN only 1296.211 | 2 W omni (off if RCV is on)
-translator input 1296.000 - 1296.500 (switchable on/off)

2304 =-BCN/Translator output 2304.370 /| 1 W omni slot

3456 ~Translator input 3456.350 - 3456.850 RCV only, southeast

5760 -BCN/Translator output 5760.930 / 1 W small horn aimed SSE.

10368 -Al BCN only 10369.716/ 100 mW (under construction)

24192 -Al BCN only 24195.976/ 7?7 (under comstruction)

CLEVER USES FOR THE BEACON/TRANSLATOR:

MASTER REFERENCES. My apparrent fixation on using as few xtals as possible
has some hidden benefits to anyone who is close enough to hear several of the
beacon output frequencies.

Example #1: Suppose you receive the 432 BCN on 432.0700 but on 1296
vou hear it on 1296,200. Since the two are direct multiples of one another they
will be x3 multiples by definition. If you are very clear in your understanding
of how vour particular 432 rig generates its offsets for the CW carrier proceed
with trying to transmit, =2zero beat on top of the received 432 BCN. This will
require a second 432 receiver or a friend close enough to hear both you and the
beacon. Once vyou are exactly on top of the BCN carrier, look for your third
harmonic on 1296. Retune the xtal in your 1152 MHz LO in the 1296 transverter
until the beacon falls on exactly x3 of the 432 frequency. This will require an
accurrate frequency reading on 432, probably from a good counter,

Since tuning in the beacon to exactly the same frequency tone each time is
neccessary, 1 use a DVM that has an audio frequency counter built in., Using
headphone jack audio I adjust the beat tone on CW to be 800 Hz on 432 and 1296.
If all the carrier oscillators in both your 1296 system IF rig and the 432 rig
are where they should be, this will result in the digital readouts now being
exact on each band. Further tests using even higher bands of the beacon's
outputs can give yvou even more reference points. This helps pinpoint which
oscillators in your system are off frequency. It becomes like solving
simultaneous equations.

One point to remember is that once you get above 903 MHz the sheer
magnitude of the multiplication numbers used to derive your local oscillators
will cause the stability of any crystals in vour system to be very very
critical. Rechecking over a period of days and weeks will likely reveal that
un-ovenized crystals are to be avoided for use in converters at 2304 and up.
[This gets into an area that is bevond the scope of this paper. crystal
parameters. Stability over time and temperature as well as initial frequency
accuracy all contribute to whether or not you'll be faced with annoving
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questions of what frequency vyou are operating on. The study of crystals is an
involved subject, vet a worthwhile one to learn about. |

Example #2 Another trick is to use 5760 and 2304 to check the accuracy
ot the 5760 and 2304 local oscillators. Take the frequencyv of the beacon on
432.0705 and divide by 4, This gives the master xtal reference frequency at
108.01775 aprox. Multiply by 20 to get the current LO frequency ( 2160.35
approx.) for the 2304 beacon.

Multiply the reference xXtal number by x52 to get the 5760 system LO (
approx 5616 MHz). Both bands use the same 144.020 approximate crystal to get
2304 and 5760 outputs. Receive the beacon on each band (actually easier than
vou might think if you are within 125 miles of the mountain) and record the
frequency you believe its on. Subtract the 5616 LO frequency and the 2160 LO
trequencies from their respective bands. This back calculates to the 144.020
crystal frequency. 1f yvou don't get the same number, re-check your LOs.

Use the 1152 LO in your 1296 receive converter to (which was accurately
set in the previous example) generate harmonics of the 1152 signal. Listen for
them on vour receivers at 2304.000 and 5760.000, If the signal is not heard on
these frequencies, record the difference. This should help to find which LO is
off frequency. Correct the LO frequency error and remeasure the 2304 and 5760
beacons. They should now be where predicted.

Again bear in mind that this use of the 1152 LO is based on the premise
that the frequency accuracy of vour 144 rig is set to within a few Hz. All
these mathematical methods get more and more messy when any correction factors
are used to compensate for crystals that can't be pulled onto the required
frequency. Forcing crystals too far in frequency causes their temperature
stability and cold start up properties to change. These methods are called " a
transfer of standards". It's a little bit like zero beating a 10 MHz ecrystal in
your own station to WWV. Within the limits of your ability to match the two,
you have transferred the WWV frequency standard into your own equipment. The
above methods work similarly, only by the time you get to the microwave bands
the transfer of standards Hz errors can really add up if care is not taken.

PROPAGATION. Using the beacon as a standard eirp transmitter, day to day
propagation variations become trackable. An added trick usable in my system is
the use of the translator to see the paths on two bands at once.

By transmitting on 3456 MHz and listening to your own signal on 2304 vou
have access to more information than might be apparent at first. By comparing
vour return signal strength to the beacon strength on 2304 for several dayvs vou
can get an idea how the path varies on 3456. The beacon strength itself shows
the path variations on 2304. 1f you just listen to your own 2304 return signal
over a period of time and ignor the fact that 2304 and 3456 propagation are
both changing, you are clouding vour data.

These tricks are a lot 1like comparing your downlink signal to the
amplitude of the beacon on 0SCAR-10 or 13. 1If you hear the 0SCAR beacon very
clearly but vyour own translated signal is weak, then the problem is vyour

Uplink. If vou hear the OSCAR beacon weakly , but vour own translated signal
is almost as loud as the beacon., then your receive system is what needs
improvement. On my beacon / translator 1 refer to the path from user to the

mountaintop as the "inbound” path. The mountaintop to the receive site is
called the "outbound" path (earthbound equivalent of uplink and downlink).
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THE IMPACT OF THE ARRL PROPOSED NEW BEACON PLAN:

In general 1'm not too ruffled about the ARRL's new beacon plan. In fact,
at least on 432, moving the beacons up a few hundred kilchertz would be good.
That would allow us to run more power. My beacon runs 800 mW to a horizontal
mni big-wheel antenna. At 115 miles out, in Atlanta, the signal never goes
below the noise. When the band is open, my FT-767GX has trouble handling the
39430 dB signal from the beacon while trying to receive a weak station 30 kHz
away on 432.100. The problem is that the AGC pumps in time to the beacon. For
that reason 1 purposefully left a fairly long dead time in the ID string so 1
could listen for other beacons and/or work people whenever the beacon was not
transmitting.

Activity on 432 is still so low in the southeast that the 200 mile radius
seacon coverage area only encompasses about 50 432 stations. With activity so
low, the beacon becomes even more important because the band may be open and
ncbody is on to even work. The beacon solves this problem of finding signals at
3 AM also, for those of us known to be curious about propagation in the off
prime time hours. 5o the higher the power the better. 1I'd love to be able to
hear the WA4PGIL beacon in Virginia more often than just during an opening.

Curt, WB2GGP, in Tampa Florida has an excellent 432 beacon on the air that
solves the power versus overload problem nicely. He uses a PROM for his ID.
gixtra bits were available., so he controls an attenuator as the ID scrolls thru.
Ihe Beacon identifies at 50 watts, 5 watts, 500 milliwatts, and 50 milliwatts
aind then starts over again. It also tells you the power at each step in CW. If
you normally only hear the 50 W signal and today you can hear the 50 mW signal
just as well as the 50 W usually is, you know that the band is open 30 dB more
than normal. Pretty clever I think.

The ARRL impact on my beacon would be to break up all the interdependancy
n the one or two oscillators. Since they have (unwisely in my opinion) stopped
1296 beacons from being %3 triples of their 432 counterparts, any attempts at
the frequency accuracy transferance games mentioned above will be impossible.
Vot that this is a prime consideration. it was just a nice added feature.

A lot of the microwave bands in my beacon would have to be locked to a
L08.000000 MHz xtal now instead of the 108.01775 xtal. The beacons suggested on
nost of the bands are at .300-.400, so by simply changing the 144,020
»scillator to 144.350 for instance, most of the beacons would then fall on the
yand plan.

10 and 24 GHz fall directly on the calling frequencies of 10,368.000 and
24,192.000 MHz when the beacon is modified as mentioned to the ARRL plan. This
is not desirable but is the best 1'1l1 likely be able to do. It's better to have
some beacon, even if its not exactly in the perfect spot, than to not have anv
Jeacon at all.

All the whining and rhetoric about wanting the beacons c¢lose to the
respective calling frequencies is just a holdover from the days of non-
synthesized radios. Today if your digital readout says 144.0000 and vour rig
really is on that fregquency, when you get to 147.550 there is little doubt that
it really is 147.550. Synthesizers multiply by integers which gives them
Jirtually perfect linearity, so long as their reference crystal is exactly



where it should be. By checking one frequency. you are verifying the accuracy
ot the radio at all frequencies within its range so long as it doesn't switch
to another reference crystal.

There are however a few pgames played in some of the cheaper
implementations that wuse digital to analog converters to drive a VCO (my FT-
767GX for instance is one of these I believe). These rigs are the ones that
have little gaps and overlap zones when vou tune across a CW signal. This is
evidenced by the musical note not smoothly progressing, but rather having
little unequal tone jumps, usually at repetative digital readout intervals of 5
or 10 kHz. This is caused by a cheap varactor diode causing a non-linear tuming
curve in a VCO that is programmed to tune only perhaps 5 or 10 kHz before the
synthesizer is incremented. If the VCO was linearized this method would be
fine. In fact it would give lower phase noise than implementing 10 Hz steps in|
a synthesizer. Again the complaints are largely a holdover from the days of
VFOs with non-linear response across a 500 kHz or 5 MHz range.

Complaints about wanting the beacons close to the calling frequency also |
don't make sense in view of the proliferation of radios with a large number of
memories and multiple VFOs. These features allow jumping from the calling
frequencies to the beacon and back in an instant.

1'll grant you, the changes proposed by the ARRL will not be incorporated |
into my beacon at EKE4MSK/BCN in the near future. With over 1000+ manhours
expended in the development of the Beacon [/ Translator as it stands today. and
a few hundred dollars out of pocket, 1 am trying to catch up on some of my own
work around the house and my own station to insure domestic tranquility etc.,.
before 1 start any major rework on something that is working out as planned. |

Many of the beacon's subsystem parts are from my own station, thus taking
me off a few of the bands until 1 can duplicate the items. It was worth it
though., There's no use being first on a band if there's nobody to talk to. I|
felt the Beacon to be the the perfect gift to activity in the south as a
necessary precursor to my own station's completion on 2304 and up. It seems to
be working out well.
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Front view of the Beacon (bottom 5-1/4" chassis)
and the controller/Translator (top 3-1/4" chassis).

Interior view of the Controller/Translator chassis showing
microprocessor, 1296 downconverter (lower right), 904 beacon
transverter (lower center), 144 MHz Translator IF (center),

and power supplies (top).




Interior view of the Beacon chassis.

5760 Power Amp (right side)
2304 Power Amp (upper right)
X20 2160 PLL (center)

432 (left center)
1296 filter (left side)

Rear view of the Beacon/Translater
installed, showing six bands of
antenna cabling converging on the unit.
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The RS 11 Ionospheric Experiment
by Mike Parker KT7D, Jeff Schoen,
and Dan Morrison KV7B

Total Electron Content (TEC) is a measure of the total
number of electrons along a path through the ionosphere. It is
important as a measure of the current state of the ionosphere,
especially for understanding propagation effects between the
ground and a satellite.

Radio waves passing through the ionosphere travel slower in
regions of the ionosphere with a high density of electrons. One
can determine the TEC by measuring the amount that the ionosphere .
delays a signal in excess of the free space propagation delay.
Such an experiment was carried out in November and December 1987
using the RS 11 satellite. During this time the satellite
cperated almost exclusively in mode KA with uplink signals
received on both 15 meters and 2 meters. In this mode the
satellite adds the two signals and retransmits them at 10 meters.
The experiment made use of the two uplink frequencies in
determining TEC. Experimental technigues used, some of the
analysis methods, and measurement results will be presented.
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PACSAT SOFTWARE

by Harold Price NKGK and Robert McGwier N4HY

Abstract

The evelving structure of the Microsat system soft-
ware is discussed, With a launch services agreement in
hand, several “Pacsats” should be in orbit in 1989; they
will have more memory and a more complex suite of sys-
tem and application programs than any amateur spacecraft
launched to date.

Background

“Pacsat”, a dedicated packet radio satellite, is a con-
cept that has been floating around in the amateur digital
and space communities for more than six years. The ba-
sic concept is simple, using a low orbit satellite to “carry”
messages from party to party rather than doing a real-time
transfer though a high orbit satellite that both parties can
see at the same time. Microsat is a specific AMSAT-NA
satellite system that hosts a Pacsat mission,

A paper in these proceedings by Tom Clark gives an
overview of the current Microsat design. Another paper
by Lyle Johnson describes the hardware that supports the
software described in this paper.

One of the large benefits of the amateur radio “Pac-
sat” concept has always been low cost. Not that hams are
necessarily frugal, we'd spend it if we had it. If fact, it has
been said that a ham will spare no expense in buying other
parts to go with something he got for free. But we haven't
got it, so we're forced to be smart. There are several cost
reducing concepts in Microsat. One is small size. This
reduces building costs (we're talking small, not miniatur-
ized, which drives costs up). It also reduces launch costs,
which are typically pegged to launch weight. Another cost
reducer is dependence on off-the-shelf commereial grade
parts. We're using extended temperature range parts, for
the most part, but avoiding the much more expensive space
rated parts. A combination of knowing the limitations, o
fairly benign low orbit, and paying attention to the fine
details of thermal control, allows us to get away less ex-
pensive electronies.

Another cost reducing element is the use of off-the-
shelf software, and a low cost software development en-
vironment. As anyone who uses computers knows, a low

cost software development environment has two compo-
nents, the actual cost of the software itself, and the cost
of the labor required to use the software to do something
useful. With Microsat, a serendipitous turmn of events has
led to a development environment which should be both.

Off the Shelf

Microsat is o very low cost spacecraft. One reason

is that it uses off-the-shelf parts and the simplest possi-
ble hardware design. The spacecraft itsell is minimal, it
is “stabilized” only by a bar magnet, which locks with
the Earth's magnetic field and keeps the spacecraft from
presenting the same face to the sun all the time. The in-
tereonnecting wiring harness is minimal, using a mere 25
wires and depending on serial bus controllers in each mod-
ule to multiplex several control and sensor signals on a few
wires. The CPU hardware uses standard commercial parts,
such as a V40 CPU, closely related to the CPU found in
IBM PCs, rather than some exotic, rad hard bit shicng wiz
bang.

We'd also like the software to be off the shelf and
straight-forward, able to take advantage of standard de-
velopment tools and languages, and to use large blocks of
existing protocal and bulletin board code.

With these goals in mind, Microsat will be the first
amateur spacecraft to use an off-the-shell high level lan-
guage as its major implementation standard, Microsoft
C. Tt will also use an off-the-shelf multi-tasking operat-
ing system from Quadron Service Corporation ealled qCF,
It should be pointed out that the University of Surrey's
UoSat-D, to be launched on the same mission, will also use
some of the same software, so the distinction is a shared

One.

Why C?

Why, in fact, a high level language? The purpose of
the Microsat spacecraft is to support a 16 bit, 5 MHz com-
puter with 10 Mb of memory. In addition to controlling the
spacecraft, the computer will support one or more complex
data communication protocols, a file system, memory er-
ror detection and correction, and data compression. It will
compute its sub-satellite point (the point on the ground
immediately below the satellite) so that it can switch the
downlink transmitter to low power while over dead zones,
or determine when to grab an image from the CCD cam-
era. This will require floating point math. Last but not
least, the software must be written in time to support a
possible January 1989 launch. Doing all this in assembler
would be a daunting task.

C, while not a perfect language, is at least ubiquitous.
This means that many people wrile in it, ineluding many
hams. Micro=oft C is well known, has copious documen-
tation, has many debugging tools, and is easily available.
While it has some bugs, they are well documented, and are
in areas we are unlikely to use, such as graphics. It will
generate code that is small enough to fit in the available
space, and will run fast enough to support any modem
technology we are likely to fly for some time to come.



For another advantage, implementations of the ama-
teur radio packet protocols are available in C, including
the KA9Q AX.25 and TCP/IP.

C is even nicer though when a support library of in-
terface routines are available to support inter-task commu-
nication in a real-time system such as Microsat

Why Multi-tasking?

Figure 1 shows a number of the tasks that the Mi-
erosat CPU will have to support, organized by major fune-
tion. These tasks will be described in detail later. The
chart is greatly simplhified, as it leaves out such things as
the software (o mampulate the 10 Mb of memory, 2 Mb
bank switched and 8 Mb as a randomly addressable se-
vinl buffer. Many non-related tasks must be casried on
concurrently, such as searching the BBS message base for
all messages to W1AW while monitoring battery voltage.
Some things oceur on demand, such as downloading a file,
others happen based on time, such as including a telemetry
frame in the downlink stream once every n seconds.

One way in which this can be done is to write each
function as a subroutine to a single large program and
link them all together. The main program would contnin
a table of subroutines to call when a timer it maintains
expires, [t would also contain what is commonly called
a “commutator loop™; a set of subroutines representing
major functions which are called in turn, each does some
processing and retums to the main loop. A good example
of this type of program is the TCP/IP package by Phil
Karn, KASQ), and others. FO-12 also uses a commutator
loap.

Commutator loops have several disndvantages, how-
ever. The program is linked into one big unit, meaning that
all parts of the program have to be aware of globals and
subroutine nunes, even parts who's only point in common
is that they are both called by the same main program,
Because the program is one linked unit, individual parts
can't be easily replaced or reloaded. While commutator-
loop programs are effective in the right circumstances, in
general the larger they get or the more disparate the parts,
the harder they are to develop and maintain. KA9Q) is also
leaving the commutator behind for a home grown kernal
for net.exe for rensons like those given here,

Another alternative to true multi-tasking is a multi-
threaded FORTH. The Phase 3 satellites Oscar 10 and
13 use IPS, a FORTH-like system. Much has been said
about FORTH and its applicability to real-time control
programming, it was originally developed to control large
telescopes. With FORTH you either love it or hate it,
and most of the prospective programmers for the Microsal
project were in the latter eategory. FORTH is not particu
larly optimized for things like AX.25 protocols and BBSes,
and there are no existing amateur packet radio applications
in this language. If FORTH were chosen, we'd be starting
far down on the power curve.

A true multi-tasking system would have the following
ndvantages:

1) All programs (tasks) could be written as separate
entities. This eliminates global name and other problems,
nnd makes it casier for severnl widely separated program-
ming groups to contribute for the effort.

2) Since tasks nre separate programs, they are easier
to generate and test.

3) Tasks can be easily removed and reloaded.

4) The multi-tasking scheduler ensures that all tasks
get a chance to use the CPU. More types of programming
errors or failures are survivable, a glitch in one task will
not necessarily halt processing in other tasks,

A true multi-tasking system seems more desirable, the
problem is finding one for a particular hardware system.
Fortunately, serendipity smiled on us. Early this year the
generic Pacsat CPU design was upgraded from the 1984
style NSC800 Z-80 8 bit class to the 16 bit 8080 class. The
serial communications chip was an 8030/8530 surrogate.
It just so happens that someone with a long-time inter-
est in PACSAT software (NKEK) was one of the foundees
of a company that has been marketing a real-time multi-
tasking communieation package for an 80186/8030 copro-
cessor card sinee 1986, One of the other founders, Wally
Linstruth, WABJPR was a charter member of the ARRL
Digital Committee and was one of the first packet users in
southern California. In short order, the company, Quadron
Service Corporation, agreed to port its software to Mi-
crosat, and to give AMSAT free development software and
no-cost license agreements for the use of the system on
amateur radio spacecraft.

Attributes of the Quadron Multi-tasking system

1) Pre-emptive scheduler. This is a buzeword that
means o task 1s given a certain amount of time to run, and
is then placed at the end of a list of tasks waiting to run.

2) Sleep. Tasks ean put themselves to sleep, meaning
that they have nothing to do at the moment, and don’t
need to be scheduled on the CPU. Going to sleep is not
something that a normal, single task program such as any
standnrd PC-DOS program needs to do. Since there is
only one task in such a system, if it has nothing to do it
might as well loop. In a multi-tasking system, other tasks
may have something to do, and it is more efficient if an
idle task is simply not run rather than have it loop until
it gets pre-empted. Tasks are automatically put to slecp
if they start an operation that can't yet be completed, for
example reading an input packet when one hasn't been
recieved. The scheduler will start running the task again
when inpui is available.

3) Timers. A sleeping task can also be awoken when
a timer it has started goes off.

4) Inter-task messaging. Many of the tasks in M-
crosal will want to exchange data with other tasks. for
example, the BBS will want to send data to the ANX.25
output task. This is handled through a mechanism called
strenms.

A stream 18 like & little Loeal Area Network (LAN)
connecting tasks together. A task opens to a stream which
establishes a name on the "LAN". Other tasks can send
messnges to that name. Messages are quened. A sleeping
taxk will wake up when a message is sent to it, For ex-
ample, the AX.25 task sleeps until a task writes n message
containing outbound data to it. The AX 25 task processes
this data into an AX.25 frame and then writes that frame
in a message to the HDLC Driver. The AX.25 handler
is also awoken when the HDLC driver sends it a received
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frame through a stream. Flow control limits may be set on File Support

streams, & task can be pul to sleep if it writes too many
messages; it is awoken when the target task reads the mes-
sages. This keeps one task from using all the buffers hy
flooding a second task with messages.

The inter-task messaging is implemented with ealls
similar to the standard C open, close, rend, and write sub-
routines. Aside from using these calls to send data to other
tasks, and the desire to find good places to go to slecp,
writing a Microsat application program such as the BBS
is pretty much like writing any other C program. Large
portions of these programs can be tested on a regular IBM
PC using Codeview, which should considerably speed de
velopment,

Specifics

Now that we've discussed some of the major design
decisions, let's review the major tasks, as shown in figure
onc. Most of the fine details are still being worked out, the
following discussions hit the high points.

Kernal

Not shown in figure one, the kernal supplies the basie
multitasking services. It manages the hardware timers,
sels up memory, loads and unloads tasks,

Not shown in figure one, the file support is imple
mented as a task. The low level C read and write sub-
routines in the standard C library are replaced by routines
that format an 1/0 request and send it through a stream
to the file support task. Acting much like an IBM PC ram
disk driver, the file support task uses the 10 Mb of mem-
ory to emulate a disk. File support provides blocking and
deblocking services ns well as providing error correction for
single bit errors (see the Mem Wash description).

BEBS

This will be the most visible program to users on the
ground. The major goal of the two PACSAT Microsats
is to provide a bulletin board and file service, There will
probably be twe distinet interfaces. One will be an inter-
face familiar to most packet users, the standard RLI/MBL
BBS. This is for casual or occasional users who just want
to see what's going on or forward an occasional message.

A second interface will be optimized for computer to
computer transfers, While the RLI/MBL interfuce is cur-
rently used for this as well, Microsat will be in a differ-
ent environment, The current auto-forwarding software is



used a network where several hundred stations bang away
at ench other 24 hours a day, or at least several hours, HF
econditions permitting. In the lower latitudes, a Microsat
will be visible about 10 minutes at a time, four or fve
times a day. We'll want to take advantage of every sec-
ond of that time. We won't want to wait while messages
are sent one at a time, reprompting for each new message.
We won't want to discard a long message just because the
satellite went out of range before the last packet was sent,
We'll probably want to block a large number of messages
in a single file and send full speed, letting Microsat unblock
them later. If n file is partially received, we'd like to be
able to eontinue from the last byte received on the next
pass,

The second access method could be used by o smaller
number of backbone forwarding stations. The Microsats
will be nn experimental platform for testing various ways of
simultaneously maximizing message throughput and max-
imizing the number of users who directly interact with the
spacecraft. On the surface these items appear to be mutu-
ally exclusive,

AX.25 handler

If launch occurs as scheduled, the only protocol sup-
ported will be AX.25. The software will be a derivative of
the KA9Q AX.25 code. It will support a large number of
simultaneous connections through all of the uplink chan-
nels. When no frames are queued for the downlink, the
AX.25 handler will send a message to the Telemetry task
asking it to downlink a telemetry record. The telemetry
task will also periodically send data based on o timer,

Sometime after launch, (time permitting before), we
should also be able to test TCP/IP as an access method
in addition to AX.256. AX.25 will at all times remain avail-
able.

HDLC driver

The HDLC driver passes frames between other tasks
and the uplinks and downlink. The driver is non-trivial.
The hardware design supplies several DMA channels, but
even so there are more 1/O channels than DMA, so the
driver must do both DMA and straight imterrupt driven
I/0O. To get the most out of the available processor power,
and to enable later Microsat missions to use even higher
baud rates, the HDLC driver is written in assembler code,
Skip Hansen, WB6YMH, is a real wizard at this sort of
thing, and will be porting the HDLC drivers he wrote for
Quadron to the Microsat environment.

Although the HDLC driver will probably just be feed-
ing the AX.25 handler at launch, it will later also be the
front end for the 1P module.

Housekeeping

For all these features to be usable, the spacecraft must
be maintained in good operating condition. For example, if
the battery voltage goes below a certain preset threshold,
low power only should be allowed from the transmitter
until recharge. Command stations must be able lo talk
to the algorithms that monitor optimal settings for power,
solar panel operating points, and upload targets for these
control algorithms, The command must also be able to
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manually intervene when the automatic algorithms don't l
do all that we have asked them to. [t might be best to a |
only allow low power mode over sparesely populated areas
on the globe unless a valid packet is heard. These and |
other spacecraft maintenance functions are handled by the
housekeeping modules,

Telemetry

The Telemetry module periodically gathers telemetry
data by using the AART driver to collect data from other
modules. The data is both sent to the downlink as a Ul
frame for real-time monitoring, and is also stored in a vir-
tual disk file in memory. The “whole orbit data” format,
where the values for telemetry channels are store over sev-
eral hours and are later downlinked has been proved pop-
ular with users by the U0-9 and UO-11 spacecraft. This
data would be available in a file and could be downloaded
by command stations and users.

The Telemetry module would be addressable via the
AX.25 uplink by command stations for the purpose of mod-
ifying the interval used for dumping Ul telemetry frames
and for storing whole orbit data. When diagnosing a prob-
lem, the sample rate would be increased, as would the tolal”
memory to be dedicated to storing data. For example, the
battery voltage can be sampled once every two millisec-
onds for a 24 hour period, and the data stored in 8 Mb of
n;m;:l}r 1t would, of course, take a long time to download
that file.

Memory Wash

Some of the memory on the spacecraft is protected
with hardware Error Detection and Correction (EDAC)
circuitry. When an error is induced in memory by an ener-
getic particle normally filtered out by the atmosphere, the
EDAC will correct the error on a read and place the proper
data on the bus. The corrected byte is not written back
into memory automatically by the hardware. If an error is
allowed to linger, there is a chanee that a second bit in the
same byte will get flipped. Sinece the hardware can only
properly fix single bit errors, you'd like to fix all single bit
errors before they become multi-bit. In a process called
“washing memory”, a task periodically runs through the
EDAC memory, reading and writing every byte, causing
the corrected byte to be written back into memory over a
damaged one.

Most of the memory is not protected by hardware.
The reason is economics, 12 bits are used to store each §
bit byte in hardware protected memory, Hardware EDAC
is used for memory that programs run out of, since a pro-
gram byte in error will usually lead to no good. Software
algorithms must be used to protect the remaining memory.
This memory is used to store data files and messages. The
ramdisk routines will use software EDAC to correct errors,
but if a "disk sector™ goes unread for too long, multiple bit
errors may occur. To reduce this chance, the memory wash
task periodically reads all "disk sectors” and writes them
out.

The Memory Wash program responds to queries from
the Telemetry task and reports the numbers of errors cor-
rected and the current position in the wash cyele. This
information then is incorporated into the standard teleme-




try frame.
AART Driver

This module reads AART commands from other tasks
out of the message steeam, and sends them to the AART
serial control channel. If required, it uses the CPU boards

A to D converter to rend a data value and return it to the
requesting task.

Camera Control

In the CAST Microsat, the primary mission is the
CCD camera. In this spaceeraft, the BBS will only be
used for messages about stored images, and to store the
unages themselves. Weber State will write this application
program.

IP and TCP

As an experiment, the TCP/IP suite of protocols will
be ported to the Microsat CPU. This will allow proces-
sors such as FTP to be used in lieu of the BBS for file
downloading.

FTP

File Transfer Protocol, part of the TCP/IP suite. It
will have access to the various datn files,

TELNET

The telnet protocol can be used in the TCP/IP suite
to pass a stream of characters between n keyboard user

and a program, and would thus serve as an alternate path
to the BBS.

Implementation Schedule

The software group is aware of the tight schedule for
the Spot 2 launch, and the need to balance the desire to
do all of the above but be ready for Lesting in a few weeks.
Therefore, we've separated tasks into several groups.

The highest priority group contains those things which
must be present if anything useful is to be done with the
spacecraft. This group includes the kernal, the HDLC
driver, the AX.25 handler, the AART driver. To allow any
reasonable development of the applications, these tasks
must be present in their near-final form for testing and
launch. This group also includes the bootstrap ROM code,
which is being implemented by Hugh Pett in Canada, and
is beyond the scope of this paper.

The next priority group are the applications which
are required to run the spacecraft. Here, very simple tem-
porary modules will do with the fancy ones coming later.
The simple ones will be done ASAP: the fancier ones will

be done before launch, time permitting. This group in-
cludes telemetry and housekeeping and memory wash. It
also contains a very mudimentary BBS, with put-message,
read-message, and list-message commands. The fimt BBS
will also place its messages in linear memory, not in files,

Next are those things which are required before the
final, fancy applications can be written. This is prioar-
ily the virtual ramdisk task. Finally comes the additional
access methods such as TCP/IP,

Wrap up

This paper has discussed the current thinking in the
area of Microsat operating software. Work to implement
these plans is underway, some C code has already been
run on the wire-wrap CPU prototype. Our choiees of high
level language, multi-tasking operating system, and im-
plementation methodology have changed the project from
impossible to merely difficult.
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ABSTRACT
Stan Sjol, WOKP
Center for Aerospace Technology
Weber State College
Dgden,. UT B84408-1703

Weber State College 1s a public four-year baccalaureate degree

granting college. It is located at the base of the beautiful Wasatch
mountain range In Ogden, Utah. In 1989, Weber State College celebrates
it's centennial year as an institution of higher education. ' In 1985,

the Center for Aerospace Technology (CAST) at Weber State College
became the first college to successfully launch a satellite from the
epace shuttle. NUSAT | was launched utilizing the shuttle's Getaway
Special cannister.

This year Weber State's CAST has teamed up with AMSAT to build four
emall satellites called microsats because of their small si:ze. Three
of these, AMSAT North America's Pacsat, AMSAT Argentina®s Pacsat snd
AMSAT Brazil’s Project DOVE are covered elswhere. The Weber-Sat will
carry experimental payloads to test several concepts. The primary
payload on Weber-Sat will be a color CCD camera which can be activated
on command and the video image digitized and stored into memory. There
it can be compressed and transmitted to the ground as digital data.
Once at the ground station the data can be un-compressed, enhanced and
displayed on the computer monitor in shades of gray or generated as
composite video and displayed in color. A software package which will
allow amateur users to manipulate and display the downloaded pictures
will be available through AMSAT. In econjunction with the CCD camera.
there will be a 1289 MHZ receiver on board which will have the
capability of receiving amplitude modulated television signals from the
ground and providing composite video to the flash converter syvstem.
The flash converter can digitize the video and store (t to be digitally
transmitted to the ground later. [t is estimated that with the amount
of memory on board, eight to ten different pictures c¢an be stored for
later downloading.

Also on board will be a mass spectrometer system whose optical
data can be stored digitally and also transmitted to the ground station
for examination. The mass spectrometer experiment is in conjunction

with the physics department at Weber State.
The <college campus in Utah is mlgso haome to the AMSAT Neorth

American ground station. Located in one cormer of the CAST office
sulte the futuristic consocle features the newest In satellite
communications equipment. From the computer controlled azimuth and

elevation rotors cn the antenna system to the automated telemetrv
gathering and archiving, the station 1s the latest in state-of-the-art
equipment.

AMSAT and CAST are planning future ventures Iin satellites such as
the Microsat project where mechanical and manufacturing students can
get involved in the engineering and fabrication of the structure and
launch, system and electronices students can get hands on experience in
engineering, testing and bullding the electronic medules. The programs
give the students a chance to be part of an engineering team and follow

the projects from conception through operation. The goal of Weber
State College s to provide the best possible education for the
students as well as an enjoyable experience.
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RADIO AMATEUR SATELLITE CORPORATION
(AMSAT)
6TH SPACE SYMPOSIUM
NOVEMBER 11-13, 1988
AIRPORT MARRIOTT HOTEL
COLLEGE PARK, GA

SPACE STATION AMATEUR RADIO STATION
(SPACE STARS)

by
Edward F. Stluka, W4QAU

For the first time, planning for an Amateur Radioc Station is being
conducted during the preliminary design of a space facility system.

Earlier space Amateur Radio Stations have been realized, in the
case of Spacelab, after Spacelab was operational and implementation was
completed by selecting portable equipment, designing the antenna for
available window space, at minimum cost to NASA.

Planning is under way, during the Space Station preliminary design,
to include a Space Station Amateur Radio Station as an integral part of
the Space Station design and not as an after thought. For the purposes
of this paper, the Space Station Amateur Radio Station will be referred
to as Space STARS. This paper describes the idea of including amateur
radio clubs, schools and amateur radio enthusiasts to recommend their
concepts and ideas for the Space STARS design and implementation.

BACKGROUND

The concept for operation of the first in-space Amateur Radio
Station two-way, 2 meter voice communications, was demonstrated by Dr.
Owen f. Garriott, W5LFL, on Spacelab-1, August 30-September 5,

1983. During the July 29-August 6, 1985 Spacelab-2 flight, Dr. Tony
England, WOORE and Dr. John Bartoe, W4NYZ, demonstrated a more complex
system, the first two-way Slow Scan ﬂmate&r TV (SSTV) in addition to
the 2 meter two-way voice communications. On October 30-November 6,
1985, the Germany and European Space Agency (ESA) Spacelab-D1,
Astronauts Dr. Reinhard Furrer, DD6CF, and Dr. Ernst Messerschmidt,
DG2KM, demonstrated the first Mode B, 70 cm up and 2 mtr down two-way
communications. The D1 Amateur Radio Station demonstrated the use of a
single 50 cm 1/4 wave VHF, 5/8 wave UHF 2 mtr -70 cm vertical whip
antenna mounted on the outside of the Spacelab module wall, as shown in
Figure 1.

A summary of the previously flown and near term planned amateur
radio space operations is shown in Figure 2. It is evident that the
sequence of increasingly more complex amateur radio space operations
forms a solid base for the step to the Space STARS. Roy Neal, W6DUE,
of NBC, Bernie Glassmeyer, W9KDR, American Radio Relay League (ARRL),
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former astronauts Dr. Owen Garriott, WSLFL, and Dr. Tony England,
WOORE, and Dick Fenner, WSAVI and Lou Mc Fadin, WS5DID of the Johnson
Space Center (JSC) were instrumental in planning, coordinating and
finalizing the approval for making the Spacelab amateur radio
operations happen.

SPACE _STARS PLANNING

Roy Neal, W6DUE, of NBC, is Chairman of the Shuttle Amateur Radio
Experiment (SAREX) Working Group. John Blum,KE3Z, ARRL Senior
Laboratory Engineer and the ARRL Headquarters Staff member for SAREX;
Bill Tynan, W3X0, AMSAT Vice President for Manned Space Flight Projects
and QST Contributing Editor; and Louis Mc Fadin, W5DID of the JSC are
the Working Group members. This working group is now tasked with
planning for the ASTRO-1 SAREX.

The next Amateur Radio Operations in space is planned for the Space
Shuttle ASTRO-1 mission, with Dr. Ron Parise, WA4SIR operating 2 mtr
two-way, SSTV two-way, up-link fast scan ATV and two-way packet radio
as shown in Figure 3. Figure 4 is the two band window antenna planned
for the ASTRO-1 Aft Flight Deck Window.

The SAREX Working Group is expected to be the nucleus of planners,
designers and architects on the Space STARS. A Space STARS committee
should be formed to support this core group. This committee should be
charged with the planning and coordinating the activities, procedures,
approvals for assuring that an amateur radio station system is
installed on Space Station. A part of this effort must consider
amateur radio astronauts availability, licensing details, including
trusteeship, training, etc..

For long duration operations in space, astronauts require time for
relaxation and free time activities. For the ham astronauts,
communicating with school groups, clubs or the average ham around the
world, with word or ATV descriptions of experiments, the environment in|
the work or living quarters of the space module/station and the view of|
the outside, has been exciting but short lived for Spacelab. Long
duration space operations provides much more recreation time, where
more school groups, clubs and the average ham would be involved. Space|
and earth sciences, including remote sensing benefits for student
involvement, space experimentation and educational opportunities are
extremely important for the competitive posture of present and future
science and technology in the United States and the free world.

HAM TNVOLVEMENT

Since hams, world wide, would have the opportunity to work the
Space STARS, why not give them a chance to submit their ideas for
consideration on the make-up of the Space STARS. The Space STARS
equipment capabilities, operational modes, frequency bands, antenna
locations, operational features and other gualities are in the
definition stage. Safety, frequency compatibility, antenna
configurations, interfaces and power limitations are other
considerations.
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APPROACH

The Space STARS Committee should inaugurate a project, in 1989, to
receive proposals by the amateur radio clubs, school groups, and
individual hams around the world. The propcsals would be sent to both
the ARRL and AMSAT for review, selection and negotiations with the
Space STARS committee.

The proposal suspense date could be by the end of 1991 or defined
by ARRL, AMSAT and the Space STARS committee. ARRL and AMSAT should
define their individual guidelines and ground rules such as space
operational modes with earth stations and satellite relay capabilities

Amateur radio clubs, school groups, and individual hams could be
allowed to contribute funds or equipment (meeting appropriate
specifications). This would make those contributing ideas, funds
and/or equipment special members of the Space STARS, would provide
incentives for developing improved communications and space
experimentation and motivate amateur radio enthusiasts, student groups
clubs and individuals to participate in space activities. The unique
role of Space STARS may stimulate more astronauts to become hams and
could have a similar incentive on the earth-bound individuals to becom
hams.

Questions and resulting recommendations that could evolve out of
the thought process of developing the requirements for the Space STARS

1. Should there be a Space STARS in each of the four pressurized
modules? ESA and Japan will each have a laboratory module. USA
will have two modules, one laboratory and cne habitation. Each
country has strong amateur radio activities as well as space launc
facilities. The habitation module appears to be the best choice
for a Space STARS, however, more than one module station may be
justifiable. Canada is expected to provide a Mobile Servicing
System. Their participation in the Space STARS should be
encouraged.

2. If more than one Space STARS, for instance Space STARS-J (Japan),
Space STARS-E (ESA), and Space STARS-U (USA) evolves as a reality,
what operational constraints, on each module, would be required, i
any.

3. If more than one Space STARS becomes a reality, what type of
antenna farm should be proposed? Should there be a combination of
certain antennas to be shared (selected) by each of the Space STAR
and other antennas dedicated to each module? Low frequency bands
could require long wire antennas. What bands should be shared or
be dedicated, regarding antennas, if any?

4. Should each module have dedicated solar cell panels for power or
should the Space STARS be allocated module power? Trade-off
recommendations could evolve such as scheduling each modules
operations, in sequence, to preclude inter-mod interference. Powe
usage and other considerations would like wise benefit. Certain
modules could be in a listening mode, at specified times.
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3. What amateur radio bands, operational modes, features (for
instance, Packet Radio bulletin boards) should the Space STARS
contain? Since the Space Station is international, each country |
could conduct their own project, with their respective ARRL and
AMSAT organizations and coordinate the results with the USA ARRL
and AMSAT organizations. This approach would be much more involve
and the schedule would be determined by the coordination approach
and management process. I

BENEFITS

Amateur radio has played a unique roll in communications research
by individuals quest for diverse and un-proven techniques. Their
creativity, dexterity and ability to construct and operate state of th
art technology has been demonstrated by hams for decades. Radio and
video communications and data transmission is the life line between
earth and the space vehicles and ground to ground. Space science
experiment projects, similar to the Get Away Special canisters on Spad
Shuttle, but now with much longer experiment time on the Space Statior
are expected to be common place. Will the experiment results be
delayed until the experiment package is returned to earth, in 3 to 6
months? Amateur radio down-links would allow near real-time data
transfer for experiment health, status and results, depending on the
nature of the experiments.

SUMMARY CONCLUSIONS

This paper was written without knowing the details of planning by'
the Space STARS committee. Therefore, the approach presented
represents one hams thought process, who would want the dream of ham
space operations to continue and that Space ham radio research and
technology contributions would likewise continue. |

1. QST, August 1983, pages 50-51.
2. QST, October 1985, pages 47-49.
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SL

SKYLAB SL-3
7/28 - 9/25, 1973

STS-9 COLUMBIA
SPACELAB SL~1
11/28 - 12/3, 1983

5TS5-51F CHALLENGER

SPACELAB SI~2
7/29 - 8/6, 1985

STS-61A CHALLENGER
SPACELAB D-1
10/30 - 11/6, 1985

EOM-1,-2, -3
NOW ATLAS-1

STS~-35 COLUMBIA

SCHEDULED: 11/89

EVOLUTION OF THE SPACE SHUTTLE AMATEUR RADIO EXPERIMENT

(SAREX)

DR. OWEN K. GARRIOTT, WSLFL
1427hr 09mn 04sc

DR. OWEN K. GARRIOTT, W5SLFL
223hr 47mn 24sc
(QST - AUG 1983, Pgs 50-51

DR. TONY ENGLAND, WOORE
DR. JOHN-DAVID BARTOE, WANYZ
MISSION CMDR. GORDON FULLERTON,
ONCE HELD WN7RQR, 190hr 45mn 26sc
(QST - OCT 1985, Pgs 47-49)

DR. REINHARD FURRER, DD6CF
DR. ERNST MESSERSCHMIDT, DG2KM
DEUTSCHER ARC

FEDERAL REPUBLIC OF GERMANY
168hr 44mn 51sc

AMATEUR RADIO ON SKYLAB
DISAPPROVED BY NASA

AMATEUR RADIO (AMRAD) 2 MTR TWO WAY
FIRST ASTRONAUT HAM "IN SPACE"™ OPERATIONS
DEMONSTRATED SUCCESSFULLY.

SHUTTLE AMATEUR RADIO EXPERIMENT (SAREX)
2 TR TWO WAY AND THE FIRST AMATEUR

TV (ATV) SLOW SCAN UPLINK & DOWNLINK
IMAGES DEMONSTRATED SUCCESSFULLY

GERMAN SPACELAB AR EXP., D-1 CALL: DPOSL
2 MTR DL (1 WATT), 70 CM UL

BOSCH UHF/VHF TRANSCIEVER WITH BUILT IN
MICRO-CASSETTE RECORDER; ANTENNA: WHIP,
50 cm 1/4 VHF, 5/8 UHF, MOUNTED ON
THE OUTSIDE OF THE SPACELAB MODULE

ankkt DLANNED *a#tn

DR. OWEN K. GARRIOTT, WSLFL

DR. RON PARISE, WAASIR
(Next Astronaut Ham in space)

Figure 2

SAREX-A COMPREHENSIVE PROPOSAL
DROPPED AFTER CHALLENGER ACCIDENT

SAREX-II, 2 MTR TWO WAY + SLOW SCAN ATV
TWO WAY FAST SCAN ATV UPLINK. (FIRST)
PACKET RADIO (FIRST)
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AMATEUR RADIC SATELLITES - AN EDUCATIONAL EXPERIENCE.

Hane van de Groenmendaal ZS6AKV
President of SA AMSAT

Director South African Amateur Radio Development Trust

L

SUMMARY

The successful Amateur Radio Communications support of the Ski-trek project
focused on the usefulness of Amateur Radio Satellites as an educational tool. The
paper examines the opportunities that Amateur Radio Satellites offer in the
introduction of young people to Amateur Radio and concludes with an educational
project designed for the Brazilian Peace Talker's digital voice encoder.

INTRODUCTION

At the recently held International Amateur Radio Satellite Conference, hosted
by the RSGB, delegates from over 27 countries agreed that Amateur Radio Satellites
could be used to attract young pecple . The sucessful Ski-trek schools project
devised by AMSAT NA's E ducational Advisor ,Richard Ensign" was cited as a typical
example of how to involve the youth.

At the same conference Geoff Perry of the world famous Kettering Group
appealed to the satellite builders to keep producing and launching simple phase two
type satellites.

Dr Carl Meinzer DJ4ZC , President of AMSAT DL teld the International conference
that OSCAR 13'e RTTY and CW beacon bulletin facility could be employed in an
educational programme, and Dr Martin Sweeting G3YJO explained the tremendous
potentials of UOSAT OSCAR 9 and 11,

ATTRACTING YOUNG PEOPLE TO AMATEUR RADIO

For many decades radio captured the interest of people, but this all changed
with the advent of the home computer. Fortunately for Amateur Radio, Satellites and
Packet Radio came along and created new interest in the hobby.

Attracting young people through the educational route has already proved
successful as we have learned from the various University of Surrey and ski-trek

projects.

These projects should be used as guidelines for the creation of new
eduacational projects.
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ELEMENTS OF A SUCCESFUL PROJECT
The following elements are essential for a project to succeed:

- A detailed information kit should be available well ahead the start of a
project.

—= A Teachers' Guide should be available complete with tutorials covering all
aspects of the project. Many Teachers will only tackle a project if they are
supplied with the correct back-ground and tutorial material.

The information kit prepared by Richard Ensign was a major factor in the
success of the Skitrek project in schoolss

Availability of low cost equipment such as receivers, decoders and recording
equipment .

Student work bocks

A reward programme , e.g+ a8 certificate

Regular newsletters, radio talks and programming on Amplitude Modulation
Amateur Radio Networks

Inter-school contact wvia Amateur Radio Packet and Voice networks.

- Involvement of the local Amateur Radio Community in the project.

TYPES OF PROJECTS

A large number of projects have already been identified by various interest
groups: The National Resources Centre for Satellites in Education at the University
of Surrey has listed the following:

- Measurement of the changes in Earth magnetic field

- Monitoring satellite spin rate by measurement of solar derived power.

- Study of auroral radiation in polar regions

— Solar wind experiments

— Observation of orbital period

- Reception of synthesized speech such as digitalker and the proposed Bramsat
Peace talker

- Study of climatology wusing weather satellite pictures.

These are just a few of the many opportunities that are available.
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AMSAT RESOURCE CENTRES

To sucessfully expand the Satellites in Education concept Resource Centres
need to be established in as many participating countries as possible. These
centers should co-operate with each other and exchange ideas and material on an
ongoing basis. By mutual agreeme nt each participating centre should develop
material for an agreed project so that within a short space of time a number of
programm es will become aveilable on a world-wide basis.

As a starting point SA AMSAT has agreed with the University of Surrey to work
on & number of projects. Jeff Ward has for some time now been involved in the
National Resource Centre for Satellites in Education at the University of Surrey
and has made valuable inpu ts to the concept.

To establish a world-wide network of these centres I propose that an
International conference be arranged in conjunction with the U niversity of Surrej
the day before the AMSAT UK Satellite Symposium i.e; 28th July, 1989. I believe
that various AMSAT groups, The A RRL and the RSGB could make wvaluable
contributionsy

The suggestion that the conference be held in the UK stems from the experience
that the UK is the crossroad of airtravel from many parts of the world.

BRAMSAT PEACE TALKER
PROJECT: "AMATEUR RADIO SATELLITE SAFARI™ (ARSS)
OBJECTIVES:

— To Introduce Amateur Radio to a large number of school pupils

- To introduce the concepts of Space and Space Communication

— To provide interesting curricular and extra-curricular projects for use in

schools, and youth groups such as Scouts,etc.
OUTLINE OF THE PROJECT:

For a 13 week period Peace talker will be programmed on a weekly basis and
focus on a region or a particular country. This informati on is then used to
complete a project work book. At the end of the project the Teacher in Charge

awards a certificate of participation.

The first three weeks will be used to introduce the project with peacetalker
providing additional tutorial material suchs as

- What is Amateur Radio
- The Amateur Radio Satellite Serwvice

= AMSAT



Weeks & t0 13 will visit a different country each week starting with Brazil
and including countries where AMSAT is most active: USA, Argentina, England,
Germany, Japan, Australia, New Zealand, Southern Africa and others.

The information used in the project will include: Geography, Climatology,
Agriculture, Industry, Amateur Radio activity etc.

During the 13 weeks a number of scientific projects will be included such as
the observation of the orbit, determination of orbital period etc.

The success of this project will largely be determined by the
comprehensiveness of the tutorial material and workbook.

This project could be repeated annually for some years or even be adapted for
sarious language groups.

IQUIPMENT

Peace talker will be an ideal satellite for this as the ground station
iqquipment required will be minimal. Dr Junior De Castro of Br amsat has already
xperimented with a low cost receiver costing in the region of §25:

‘ONCLUSION

The future of Amateur Radio is in Amateur Radio Satellites and in our youth.

'e can make a valuable contribution by getting the yout h involved and thus
ecuring the future of our hobby.
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PROJECT BACAR (BALLOON CARRYING AMATEUR RADIO)

HANS VAN DE GROENENDAAL ZS6AKV
PRESIDENT
SA AMSAT
PO BOX 13273 NORTHMEAD 1511 SOUTH AFRICA

0.0 SYNOPSIS

At one time or another every Amateur Radio Satellite Enthusiast dreams about
building a satellite, but usually because of the lack of any promise of a launch,
the dream never materializes. OSCAR 7 and OSCAR 8, then UoSAT 1 fired the
imagination of Dave Woodhall ZS6BNT and Project BACAR (Balloon Carrying Amateur
Radio) was born.

The project offered challenges of design, development, construction and
testing of satellite type equipment. Added to this, the excitement of launch,
tracking and working through the transponder attracted many people to the project.

To date 25 BACAR projects have been undertaken. The paper reviews the various
aspects of the project and focuses in detail on Mission 21.

1.0 INTRODUCTION

At one time or another every Amateur Radio Satellite Enthusiast dreams about
building a satellite, but usually because of the lack of any promise of a launch,
the dream never materializes.

OSCAR 7 and OSCAR 8, then UoSAT 1 fired the imagination of Dave Woodhall
ZS6BNT and Project BACAR (Balloon Carrying Amateur Radio) was born.

Towards the end of 1981, one evening after a boring club meeting, a few of the
members stopped off at a local pub for a beer. The group was discussing ways and
means of creating more interest at meetings when Dave came up with the suggestion
"Let's launch our own satellite"™. Stunned silence followed at first, but many beers
later the date was set for the first launch of BACAR - Balloon Carrying Amateur
Radio, It was to be in January 1982.
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At one of the first follow-up meetings the objectives were discussed and agreec
upon. In broad terms the objectives of Project BACAR are:

- To experiment with radio equipment, electronics, test
equipment and systems in a space-like environment.

- To provide a wide range of activities for as many
radio amateurs as possible :

1) Design, development, construction and testing
2) Satellite type tracking

3) Mapping

4) Direction finding

5) Telemetry encoding and decoding
6) FUN

3.0 TECHNICAL COMMITTEES

A number of technical committees were set up to handle the various aspects of

the project. Table 1 shows a diagrammatical representation of the Project BACAR
gtructure today.

| SARL | | SAAMSAT |
| ~—===~ PROJECT |
| | | MANAGER |

I I | | I I
DESIGN CONSTRUCTION LAUNCH LOGISTICS TRACKING  FIELD
TEAM TEAM TEAM TEAM TEAM TEAM

TABLE 1 -BACAR MANAGEMENT STRUCTURE

.0 GETTING STARTED - MISSION ONE

BACAR Mission One has gone down in history as "The Coke special". It consisted
f a beacon transmitter in & 2 litre plastic coke bottle. The beacon transmitted a
one which was varied under the control of a temperature sensor mounted on the
utside of the bottle. The frequency of 145.550 MHz was chosen because of its
opularity as a local simplex chat frequency which was, at the time, common in most
rystallized transceivers. (Synthesized Transceivers were still new at the time).

From information received from the local Weather Bureau a temperature versus
eight above sea level was compiled.
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4.1 LICENSING

An application to the Postmaster General for a special licence resulted in
many queries. Armed with documentation about Amateur Radio Satellites licensed

internationally, a visit to the PMG was arranged. The licence was granted under the
call ZS6EXP.

4.2 AIR TRAFFIC CONTROL

We soon learned that special permission was necessary from the Department of
Civil Aviation. Armed with more documents we returned to Pretoria. Permission was
granted with the provision that permission for take off is requested from local ai;
traffic control before each launch.

4.3 LAUNCH INFORMATION NETWORK AND MISSION CONTROL

As one of the objectives was to involve as many radio amateurs as possible, a
special launch information network was arranged. A commentator from the launch sit
gives voice reporte of the launch countdown and the launch itself. From there the
commentary moves to the Mission Control Centre at the Johannesburg Amateur Radio
Centre where the flight is recorded and mapped. Mission Control is set up to
receive bearings from stations situated in a 100 Km radius. This information
provides continual updates of where BACAR is moving.

4_4 TRACKING TEAM

A number of teams stand by with direction finding equipment to track BACAR on
its decent and to recover the equipment. Of 25 missions, 22 have been recovered,
which is a very good record.

Mission One -"Coke Special" was a great success. Everyone was enthused.

5.0 BACAR MISSION 21

Many interesting missions followed with varying degrees of success. For the
purpose of this paper, Mission 21 will be reviewed in detail.
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5.1 SPECIFICATIONS

- Linear transponder:

1

Uplink:
Downlink:

28.390 - 28.410 MH=z
144,430 - 144_.450 MH=z

Frequency Stability: +- 2 kHz

Mode:
Sensitivity:
AGC range:

Power Amplifier:
Power Budget

Command Receiver:

Mode:

Input sensitivity:
Input selectivity:
Power:

Telemetry

Frequency:
Stability:
Mode:

Power Output:
Baud Rate:

Linear transponder with
passband reversed

=90 dBm input delivers an
output of 32 dBm (1.5W)
50 dB

class AB

12v at 500 mA

Single tone
-90 dBm

+- 5 kHz
Sv

145.800 MHz

+- 2 kHz

AFSK audio tones for FM
250 mW

50

Number of channels: 8, analogue Ov to +5v

Power Budget:

= Recovery Beacon

Frequency:
Stability:
Mode:

Power:switched low:
high:

Power Budget:

8ix metre Beacon

Frequency:
Mode:
Power:

6.0 DESIGN AND CONSTRUCTION

S5v at 200 mA

145.500 MH=z

+- 2 kHz

FM with 1 kHz modulation

1l oW

350 oW

12v self=contained,
minimum lifetime 36 hours.

51.384 MHz
CW on/off keying
4x%3,3v Lithium batteries.

A number of teams were assembled to construct the various sub-modules.
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6.1 TECHNICAL CONSIDERATIONS

Path losses were calculated at an assumed height of 100 000 feet above sea
level with loock angles of between 0.5 and 45 degrees.

| PATH DISTANCE |LOOK ANGLES |LOSS AT 28MHz |LOSS AT 144MHz |

| (miles) | (degrees) | (dB) I (dB) |
| 600 I 0=5 | 122 | 135 |
| 500 I 0.6 | 121 | 134 |
| 400 I 0.7 | 118 | 132 |
| 300 I 0.9 | 115 | 130 |
| 200 | 1.4 | 112 | 126 |
| 100 | 2.8 | 106 | 121 |
| 50 I 557 | 106 | 114 |
| 25 1 1150 | a5 | 108 I
| 10 |  26.5 | 86 | 101 I
| 5 | 450 | 83 | 96 |

Table 2 -Path loss vs Look angle

Taking the worst case of a station at a distance of 600 miles having an ERP of
100 W, the power at the input of the receiver would be -72 dBm. The return link
would yield approximately 100 dBm at the distant receiver antenna, This is 2.2
microvelt, well within the capabilities of a normal VHF receiving set up. However
in practice other losses such as polarization, angle radiation etc must be
considered.

6.2 FREQUENCY SELECTION CONSIDERATIONS

With three transmitters in close proximity on the package, the possibility of
interference is real., Given the selection of crystals available, one of the working
groups used the computer software designed by G3DU and G4BXZ to calculate
intermodulation products.

6.3 TARGET DATES

A number of target dates had to be met for a launch on the 19th October 1985.
Needless to say there were last minute panics and modifications, but all was ready
for launch on the due date,

Despite careful checking of all variables it was discovered that the 19th

Octcber was also the date of a local airshow. Fear of causing an accident BACAR
Mission 21 was delayed till 16th November.



7.0 MISSION 21 A SUCCESS

BACAR Mission 21 was launched at 05h04 UTC and flew for two hours. The package
travelled 130 km and achieved a rate of climb of 300 metres/minute. During its
flight BACAR handled 456 contacts.

It is considered that this was one of the more successful flights to date.
However no experiment can be without its problems, and the following points were
noted on this mission:

1) The power supply voltage came down rapidly when at an altitude of 33 000
ft. This affected the telemetry. The battery problem started at launch when it
started dropping from 15v nominal until it reached 10v. This value was maintained
throughout the flight. The drop was most likely due to a faulty cell.

2) The telemetry transmitter antenna was horizontally polarized. Much fading
was experienced contrary to previous flights were vertically polarized antennas
were used.

3) The release mechaniem failed and the package could not be released. This
wvas a problem. With multi-balloon flights, not all the balloons burst at the same
time which caused the package to hover.

4) Recovery was extremely difficult, but was successfully achieved by sunset.

3.0 GENERAL COMMENTS

Generally weather balloons are used which are filled with hydrogen. The use of
aydrogen requires special precautions during filling. No one is allowed within one
tilometre radius with any RF or fire source. The person filling the balloons wears
a special asbestos suit and helmet. Fire fighting equipment is kept ready.

For a few missions large low pressure balloons were constructed, very much on
the Zeppelin principle. However handling was difficult and well near impossible
7ith even a slight breeze. The high altitude flight around the world dream was soon
shattered!

Types of equipment flown to date:

- Mode A transponder
— Reversze Mode A transponder

- Mode B transponder

— Parrat Repeater (Voice store and forward system
handling 20 seconds.)

- Various types of beacons and telemetry systems.



8.1 THE FUTURE

The next flight will carry a digipeater.: Other systems to be used in BACAR
missions include:

- SSTV System
- Mode L transponder

- Application experiments such as a small science
projects by a high school science club, etc

Development never stops! The main development impetus is on improvement on
weight and reduction in power consumption. Research into alternative power sources,
like alkaline dry cell batteries, is also receiving high priority attention.

9.0 FUN

Fun is not an acronym; it is a plain old fashioned English word that takes
preference in all BACAR project considerations. Each mission must have a large FUN
component; it ensures continued interest and support from the Amateur Radio

fraternity at large.



THE LAUNCH OF NOAA-H WEATHER SATELLITE:
A MISSION PROFILE

Jeff wWallach, N5ITU

Chairman
Dallas Remote Imaging Group

The Dallas Remote Imaging Group has as it's primary mission
the design, development, and evaluation of hardware/software
systems that may be used to receive both low resolution (4 km.)
Automatic Picture Transmission (APT) and high resclution (1 km.)
High Resoclution Picture Transmission (HRPT) imagery from the U.S.
NOAA and Soviet Meteor series weather satellites. Another
primary interest of the Dallas Remote Imaging Group (DRIG) is to
assist local secondary school districts with setting up weather
satellite groundstations to be used as an educational tool for the
student's science and mathematics curriculum. Jeff Wallach,
N5ITU, Chairman of DRIG was recently invited by N.A.S.A. and the
Department of Commerce (NOAA/NESDIS) to attend the launch of
NOAA-H polar orbiting weather satellite at Vandenberg Air Force
Base. This presentation is an account of the launch sequence,
orbit stabilization, and reception reports of imagery from NOAA-H.
Videotapes of the launch and actual real-time imagery from the
satellite received at the N5ITU groundstation will be presented.

INTRODUCTION

The Advanced TIROS-N (ATN) program is an extension of the
older TIROS program, and significant upgrades to the onboard
sensors have been initiated. The polar orbiting weather satellite
program is a cooperative effort of the National Aerconautics and
Space Administration (NASA) and the Natiocnal Oceanic and Atmo-
spheric Administration (NOAA), the United Kingdom, and France for
providing day and night global environmental and associated data
for operational purposes on a regular basis. The Soviet Union
also operates a similar weather satellite program, the Meteor
series of polar orbiting satellites. Elements of the Search and
Rescue (SAR) system are provided by Canada and France. The U.S.
Air Force provides launch support at Vandenberg Air Force Base,
California. General Dynamics Convair (GDC) provides the Atlas
launch wvehicle.

The Advanced TIROS-N weather satellites provide scientists
#ith the most comprehensive meteorological and environmental
information since the start of the nation's space program. The
TIROS-N/NOAA systems collect meteorological readings from several
hundred data collection locations on land, in the air and at sea.
[t takes vertical measurements of the temperature and moisture



distribution in the atmosphere. In addition, the satellites
measure energy particles for solar research and radiation warning.

In additicn to the normal complement of meteorological and
climatological sensors, these advanced satellites are equipped
with instrumentation for global search and rescue missions that
local downed aircraft and ships in distress. ATN also carries
instrumentation for ozone mapping and for monitoring the radiation
gains and losses to and from the earth.

Of primary importance to the Dallas Remote Imaging Group, and
other satellite imagery enthusiast around the world is the capa-
bility to receive weather observations, including wvisible and
infrared pictures, real-time, from the direct readout capabilities
of the spacecraft. It is these direct readout sensors for global
weather imagery that will be the focus cf this presentation.

MISSION SEQUENCE

NASA and NOAA held an educator's conference the evening prior
to the launch, on September 23, 1988. Jeff Wallach of the Dallas
Remote Imaging Group was invited to give a keynote address on the
use of weather satellite groundstations in the educational envi-
ronment. Over three hundred educators from around the country
attended this conference. The use of amateur radio satellite
communications, AMSAT, and requirements for building a weather
satellite groundstation to receive real-time imagery were all
discussed.

At 2:00 AM local time, all attendees boarded a bus for the
launch site. The observation point was 3.2 miles from the
Western Space and Missile Center at Vandenberg Air Force base.
Visibility was minimal due to fog rolling in off the Pacific. The
cloud ceiling was around four hundred feet. At 10:02 GMT, on
September 24, 1988, NOAA-H was launched atop the twenty-five year
old Atlas E booster inte a perfect orbit. It was a beautiful
nighttime launch that 1lit up the sky. Although there was only
around eight seconds of visibility, it was truly spectacular to
view. The videotape of the Atlas launch (to be presented) cannot
convey the excitement and splendor of a nighttime launch from
beautiful Southern California.

ATLAS LAUNCH VEHICLE

The spacecraft was launched by the Atlas E vehicle. This is
a standard Atlas launch wvehicle that consists of the E-series
Atlas ballistic missile that has been refurbished and modified to
a standard configuration for use as a launch vehicle for orbital
missions. The vehicle stands 28.7 meters tall and is 3.05 meters
in diameter. The fairing is 7.42 meters long and 2.13 meters in
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diameter. At liftoff, it carried 69 kiloliters of liquid oxygen
and 43 kiloliters of RP-1 fuel, a highly refined kerosene.

ORBITAL PARAMETERS

The NOAA-H satellite (re-designated NOAA 11 following
orbital insertion) is a three-axis stabilized spacecraft that was
launched into a 870 km circular, near-polar orbit with an inclina-
tion angle of 98.86 degrees (retrograde) to the Eguator. Total
orbital period is approximately 102 minutes. The sunlight period
will average 72 minutes and 30 minutes in the Earth shadow.
Because the Earth rotates beneath the orbkit 25.59 degree during
each orbit, the satellite observes a different portion of the
Earth's surface each orbit.

The nominal orbit is Sun-synchronous and precesses (rotates)
eastward about the Earth's polar axis 0.986 degrees per day. This
precession keeps the satellite in a constant position with refer-
ence to the Sun for consistent illumination throughout the year.
NOAA-H was launched so that it always crosses the Equator at about
1:40 PM northbound and 1:40 AM southbound local solar time.

The circular orbit of NOAA-H permits uniform data acquisition
by the satellite and efficient command control of the satellite by
the NOAA Control Data Acquisition ground stations located at
Fairbanks, Alaska and Wallops Island, Virginia.

Figure 1 represents schematically the orbital characteristics
of NOAA-H (1l1).

Figure 2 shows the Launch-to-Orbit Injection sequence and the
major launch events of the mission for the NOAA-1l spacecraft as
provided by NASA, NOAA, and the U.S. Air Force.

NOAA-H INSTRUMENTATION

NOAA-H carries instrument systems that provide both direct
readout (real time) and onboard recording (playback) of environ-
mental data during day and night operations. The primary instru-
ments carried by the NOAA-H spacecraft are as follows:

o Advanced Very High Resolution Radiometer/2 (APT, HRPT)
o High Resolution Infrared Radiation Sounder/2
o Search and Rescue

© Solar Backscatter Ultraviolet Spectral Radiometer

© Microwave Sounding Unit
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o ARGOS Data Collection

o Stratospheric Sound Unit
Figure 3 is a artist's conception of NOAA-H in earth orbit.

The Advanced Very High Resolution Radiometer/2 is the primary
instrument amateurs are interested 1in to receive the weather
satellite imagery. AVHRR is a radiation-detection instrument used
to remotely determine cloud cover and the surface temperature.
The scanning radiometer uses five detectors that collect different
bands of radiation wavelengths. Measuring the same view, this
array of diverse wavelengths, after processing, will permit
multispectral analysis for more precisely defining meteorological,
oceanographic, and hydrological parameters. One channel will
monitor energy in visible band and another in the near-infrared
portion of the electromagnetic spectrum to observe clouds, lakes,
shorelines, snow, ice, and vegetation. The types o©of imagery the
amateur can receive with very modest receiving and display systems
are outstanding!

Figure 4 is an example of the HRPT imagery from NOAA-10 on May 9,
1987, Channel 2 InfraRed, at 12:57 GMT. The entire northeastern
coast of the United States is clearly visible, along with small
lakes, mountains, rivers, etc.

COMMUNICATIONS AND DATA HANDLING

NOAA-H has onboard a communications subsystem that uses ten
separate transmission links to handle communications between the
satellite and the ground stations. Table 5 summarizes the commu-
nications links.

Of primary interest for APT reception is the 137.62 Mhz wideband
FM signal. The nominal IF frequency of the receiver should be
about 50 khz. Although there are number of commercial receivers
in the amateur marketplace that are designed specifically for
weather satellite reception of the APT imagery, simple police
scanners that cover the 137 Mhz band will do an adeguate job.

For the HRPT high resolution imagery, receivers at 1698 MHZ and
1707 MHZ will be required.
WEATHER SATELLITE IMAGERY RECEPTION

The construction of a weather satellite groundstation, and

reception of real-time imagery from the spacecraft was the topic
of last vear's presentation at the 1987 AMSAT Forum. However, let
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me provide a brief summary of how the amateur may get started ir
this fascinating hobby!

If you have a groundstation that is already configured for
reception of telemetry from the OSCAR series of satellites, then
you are more the 50% on your way to receiving weather satellite
imagery. Essentially, what 1is required is a two meter band
antenna, a good preamp, a receiver capable of 137 Mhz wideband FM
modulation, with an IF frequency of around 50 Khz. To actually
display the imagery, some type of hard copy facsimile machine, or
a personal computer with appropriate demodulator and software is
required. (Pictures of the groundstation and development lab at
the N5ITU station will be presented during the forum).

To assist educators and other amateurs interested in designing
a weather satellite groundstation, the Dallas Remote Imaging Group
has developed a three page primer on this subject. This primer
may be obtained, free of charge, by logging into the Datalink
Remote Bulletin Board system (RBBS) at 214-394-7438. It is listed
as BULLET17 in the Bulletin section on the system.

The Datalink RBBS i1s an open system that carries the most
current NASA/NORAD satellite keplerian elements, intelligence
reports on Soviet military and civilian space activities, updates
on NOAA weather satellites, satellite tracking programs, and
real-time imagery from U.S. and Soviet satellites along with
display programs for a variety of personal computers and graphics
displays. This system also serves as a worldwide messaging system
to keep the APT direct readout user community informed of current
events in weather satellite imagery. The Dallas Remote Imaging
Group encourages all users to log on to the system and use it for
their educational enjoyment.

Users requiring further information on weather satellite
groundstations may write to the following address:

Jeff wallach, Ph.D. (N5ITU)
Chairman

Dallas Remote Imaging Group
PO BOX 118053

Carrollton, Texas 75011-8053
U.S.A.

Voice phone 214-394-7325
Data phone 214-394-7438
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30 MINUTES
DARKMNESS

@ ——— CDA STATIONS

FAIRBANKS, v
ALASKA @

WALLOPS
ISLAND,
VIRGINLA

TERMINATOR ) :

"'-...__‘

ORBIT PATH

72 MINUTES 25.,69°
SUNLIGHT EARTH ROTATION
PER ORBIT

ORBIT PLANE
ROTATES EASTWARD
= 1" PER DAY

ORBITAL CHARACTERISTICS

Apogee — B70 km (470 nmi)
Perigee — 870 km (470 nmi}
Minutes per orbit — 102.12
Degrees inclination — 98.86

NOAA-H Orbit

Fie. 1
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Table 5

Communications and Data Handling

Carrier Information Baseband Subcarrier
Link Frequency Signal Bit Rata Modulation Fraguancy
Command * 148.56 MHz Dsgetal commands 1 kbps Ternary 8, 10, and
frequancy- 12 kHz
shift keyed
(FSI/AM)
Baacon 137.77 and HIRS, 55U, MSU, SBUV/2 | 8,320 bps Spirt-phase
136.77 Miz SEM, DCS data, phase-ghift
spacecraft attrtuds dats, keyed PSK
tumey coda, housskeepeng
talomatry, memory
1 ol from TP
WHF real time 137.50 and Medium-resclution video 2 kHz AMFM 2.4 WMz
137.62 MHz data from AVHRR
S-band 1,698 or High-resolution AVHRR 665.4 kbps Spiit-phase PSK
real time 1,707 MHz and TIP data
S:-band 1,698, 1,702.5, | High-resclution 2.6616 Mbps | Randomized
playback or 1,707 MHz AVHARA data from MIRP, nanraturn-io-
madium-rasolution reralPSK
AVHAR data from MIRP;
all TIP outputa
Data 401.65 MHz Earth-baned platforms 400 bps Spiit-phase PSK
collecthon and balloons
{uplink)
S-hand 1,688, 1.702.5, | TP datas recoversd from 332.7 kbps Spirt-phass PSK
playback o or 1,707 MHz NEpy recorden
Ewropean
ground
staton
S-band 2.247.5 MHz Boost durng ascent and Boost Split phase 1.024 MHz
contingancy real-tima TIP in orbit 16.64 kbps PCMIBPSK
and lsunch TIP in orbit
8.32 kbps
SAR L-band 1.544.5 MHz Data trangmission from 300 kHz M
downlink SARR and SARP 1o |videa) 2 rad peak
ground LUT s
SAR uplinks SARR From ground ELT/EPIRB's [widma) AM for
121.5 MHz 1o spacecraft 25 Mz for 121.5/243 MHz
243 MH: 121.5 MHr PM for 406
406.05 MHz 45 kHy for MHz
SARP 243 MHz
406.025 MHz 400 bps
for 406 MHz

*Uplink to the satsiiits

Fre. 5




