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ABSTRACT

I n  1 9 8 9  AMSAT-NA  p l a n s  t o  l a u n c h  t h e  f i r s t
of a s e r i e s  o f low-earth
elli tes d e d i c a t e d  t o

o r b i t  ( L E O )  s a t -
store-

and-forward
serving digital

m e s s a g e  h a n d l i n g .  T h e s e  s a t e l l i t e s
a r e  q u i t e  s m a l l  c u b e s , ,
i n c h e s )  o n  a side

a p p r o x i m a t e l y  2 3 0  c m  ( 9

this small
w e i g h i n g  l e s s  t h a n  1 0  k g ;

size has led to our call ing the
p r o j e c t  M I C R O S A T .  D e s p i t e  t h e  s m a l l  s i z e ,  t h e
satell i tes are crammed with state-of -the-art
electronics. This paper will review the
d e v e l o p m e n t  p r o g r a m  l e a d i n g  t o  t h i s  d e s i g n  and
s o m e  o f the technical d e t a i l s  a s well
describing h o w  t h e  t e r r e s t r i a l  u s e r  will mai:
u s e  o f  t h e  r e s o u r c e .
launch of 4

W e  a r e  p l a n n i n g  o n  t h e
satell i tes using MICROSAT

t e c h n o l o g y  i n t o  L E O  i n  e a r l y  1 9 8 9 ,  a n d  s e v e r a l
more launches over the next 2 years.

A BIT OF HISTORY

In October 1981, the ARRL, AMRAD and AMSAT
j o i n t l y  h o s t e d  t h e  f i r s t  N e t w o r k i n g  C o n f e r e n c e
w h e n  p a c k e t  r a d i o  w a s  i n  i t s  e a r l i e s t  p e r i o d
of  development .  Doug Lockhart  (VE7APU)  and the
VADCG g r o u p  h a d  p u t  t h e  f i r s t  TNCs i n t o  o u r
h a n d s .  H a n k  M a g n u s k i  (KA6M) and the P P R S  had
the first digipeater on the air. In the D.C.
a r e a  a  f e w  o f  u s  (W4MIB,  WB4JF1, K8MM0,  W3IW1,
KE3Z) w e r e  o n  t h e  a i r  m a k i n g  f u n n y  s o u n d s .  T h e
seed was planted!

O n  a  w a r m  s u n n y  a f t e r n o o n  t h e  f o l l o w i n g
s p r i n g ,  a t  t h e  AMSAT l a b  a t  N A S A  G o d d a r d ,  I
t o o k  J a n  K i n g  (W3GEY)  a s i d e  a n d  t o l d  h i m  o f  a n
idea I had. At the time we were building the
AO-la s a t e l l i t e  w h i c h was to provide global
s c a l e  c o m m u n i c a t i o n s  f r o m  i t s  v a n t a g e  point i n
h i g h  e a r t h  o r b i t  ( H E O ) .  M y  idea  was  t o  p rov ide
s imi l a r  commun ica t i ons  cove rage  f r o m  L E O  using
digital s tore-and-forward techniques, albeit
n o t  i n  r e a l  t i m e . The basic idea was for the
s e n d e r  t o uplink  a m e s s a g e  t o the LEO
satellite; then at a later time when it was in
view o f  t h e  r e c i p i e n t , i t  w o u l d  b e  f o r w a r d e d
to him automatically.

Af t e r  some  more  des ign  work ,  I  en l i s t ed  tit;
aid of D e n  C o n n o r s (KD2S)  w h o  w a s
spearheading  t h e  e f f o r t  i n  T u c s o n  w h i c h  b e c a m e
known  as T A P R .  D e n  a n d  I  s t a r t e d  b e a t i n g  t h e
b u s h e s  f o r  s u p p o r t  f o r  t h e  p r o g r a m .  W h e n  t h e
i d e a s  b e c a m e  k n o w n  t o  AMSAT, s o m e  o f  t h e  o l d
timers a c c u s e d  u s o f  h a v i n g  l o s t  o u r  m i n d s
w i t h  s t a t e m e n t s  l i k e  “ T h e r e  a r e n ’ t  m o r e  ti;fke:
couple o f  h u n d r e d p e o p l e  o n packet.
radio w i l l  n e v e r amount t o  a n y t h i n g . etcetera
e t c e t e r a ” .  B y the fall of 1982 we were
star t ing to see s o m e  g r o u n d - s w e l l  o f  s u p p o r t ,
s o  D e n  a n d  I  s c h e d u l e d  a  s p e c i a l  m e e t i n g  ( t o
b e  h e l d  i n  c o n j u n c t i o n  w i t h  AMSAT’s  a n n u a l
meeting) which was to get inputs from
packeteers i n s e v e r a l  g r o u p s  o n t h e  P A C S A T
c o n c e p t .  T h e  s e c o n d  p u r p o s e  w;gthto  try to. s e e
if we couldn’t c o m e  u p a nat ional
p r o t o c o l  s t a n d a r d ;  t h e  r e s u l t  w a s t h e  a d o p t i o n
of AX.25 (for which some people STILL blame
me!).

Soon t h e r e a f t e r  w e fcllund a potential
sponsor w h o  n e e d e d  P A C S A T  s u p p o r t  t o  a i d  i n
disseminating information technologies
a p p r o p r i a t e  t o d e v e l o p i n g  cou?tries and thus
was formed a tie between AMSAT and the
V o l u n t e e r s  i n T e c h n i c a l  A s s i s t a n c e  ( V I T A )  a n d
Gary Garriot  (WA9FMQ). The VITA PACSAT project
enlisted the assistance o f Harold Price
(NK6K),  L a r r y K a y s e r  (VE3QB/WA3ZIA,  n o w
VE3PAZ) and a n u m b e r  o f others. The
VITA/PACSAT team d e c i d e d  t o test their
messaging concepts on a UoSAT spacecraft
r e s u l t i n g  i n uo-1 l’s Digital Communications
Experiment  (DCE).  The par tnership  between VITA
a n d  t h e  U o S A T  g r o u p  h a s  c o n t i n u e d ,  a n d  t h e
UoSAT-D  s p a c e c r a f t  ( t o  b e  f l o w n  a t  t h e  s a m e
t i m e  a s  o u r  M i c r o s a t s )  i s t h e  c u l m i n a t i o n  o f
that effort.

I n  t h e  m e a n t i m e  I  t o l d  t h e  M i k i  N a k a y a m a
(JRISWB)  a n d  H a r r y  Y o n e d a  (JAIANG) o f  JAMSAT
of our  design concepts . The JAMSAT/JARL team
w e r e  a b l e  t o  i m p l e m e n t  m a n y  o f  t h e s e  i d e a s  i n
t h e  m o d e  “JD”  h a r d w a r e  o n  t h e  J a p a n e s e  J A S - 1
( J O -  1 2 )  s a t e l l i t e .  T h e y  a l s o  d e v e l o p e d  state-
of-the-art reproducable 1200 BPS PSK
demodulator designs which have become
important fo r f u t u r e spacecraft designs.
U n f o r t u n a t e l y  t h e  n e g a t i v e  p o w e r  b u d g e t  o n  JO-
12 has limited the utility, of an otherwise
excellent spacecraft.

F i g u r e  I. A  p h o t o g r a p h o f  t h e  s t r u c t u r a l  mode

o f  t h e  MICROSAT  s a t e l l i t e .
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For the next couple of years any idea of
o u r  b u i l d i n g  a  P A C S A T  i n  t h e  U S A  l a n g u i s h e d .
F i r s t  w e were busy building the AO-13
s a t e l l i t e  l consort wi th AMSAT-DL The
A m e r i c a n  d:pendence  o n  t h e  S p a c e  S h u t t l e  a n d
t h e  l a c k  o f  s u i t a b l e l a u n c h e s  o n  w h i c h  w e
c o u l d  h i t c h h i k e  m a d e  o p p o r t u n i t i e s  f e w  a n d  f a r
between. W e  l o o k e d  a t  l o w - t h r u s t  m o t o r s  u s i n g
w a t e r  o r F r e o n  p r o p e l l a n t s  t o  l i f t  u s to a
s u i t a b l e  L E O  i f  w e  u s e d  t h e  S h u t t l e ’ s  GASCANs.
T w o  g r o u p s f l e w  s m a l l  s a t e l l i t e s  e j e c t e d  f r o m
GASCANs  o n  t h e  s h u t t l e ;  o n e  w a s  N U S A T ,  b u i l t
by a of students and faculty at Weber State
Co l l ege  i n  Ogden , U t a h .  T h e n  w i t h  t h e  l o s s  o f
the Challenger, even those hopes fo r our
building a PACSAT were dashed.

THE BIRTH OF MICROSAT

T h e  s c e n e  n o w  s h i f t s  t o  N o v e m b e r ,  1 9 8 7  i n  a
hotel room in Detroit after the banquet at
AMSAT’s  a n n u a l  m e e t i n g .  J a n  K i n g ,  B o b  McGwier
(N4HY),  P h i l  K a r n  (KA9Q)  a n d  I  a r e  s i t t i n g
a r o u n d  a t 1AM. Jan starts telling us of a
concept  that  he  and Gordon Hardman  (KE3D)  have
b e e n  t h i n k i n g  a b o u t .  I t  i n v o l v e s  a  v e r y  s m a l l ,
simple s a t e l l i t e ,  a  9’ cube. H e  d e s c r i b e s  h o w
f i v e  8” x 8” x 1.6” module “trays” would be
s t a c k e d  t o m a k e  u p the inner frame of a
satellite. T h e n  o n the small 9” x 9” solar
p a n e l s  w o u l d  m a k e  u p  t h e  o u t s i d e  s k i n .  H e  t o l d
u s  t h a t  h e  b e l i e v e d  h e  h a d  s e v e r a l  d i f f e r e n t
potential l a u n c h e s  t h a t  c o u l d  c a r r y  s e v e r a l  o f
t h e s e  c u b e s  t o  L E O  a n d  a s k e d  u s  w h a t  w e  c o u l d
do with the limited space. By 3 AM we had a
conceptual
calculations,

d e s i g n ,  w e  h a d  d o n e  l i n k  m a r g i n
w e  h a d  s e l e c t e d  a  c a n d i d a t e  C P U ,

a n d  w e  h a d  e s t i m a t e d  s i z e , w e i g h t  a n d  p o w e r
requirements fo r e a c h  o f the modules. The
a d r e n a l i n  f l o w i n g  i n  o u r  v e i n s  w a s  a t  a n  all-
time high!

B y  e a r l y  D e c e m b e r  w e  h a d  r e f i n e d  t h e  b a s i c
design. D i c k  J a n s s o n (WD4FAB) h a d  d o n e  a
complete mechanical d e s i g n .  W e held
p r e l i m i n a r y  d e s i g n  r e v i e w  a t  t h e  AMSAT offici
and decided we were GO!

W h i l e  a l l  t h i s  w a s  g o i n g  o n ,  c o n t a c t s  w e r e
made w i t h  J u n i o r  DeCastro  (PY2BJO)  o f  t h e
Brazilian BRAMSAT group, Arturo Carou (LUl AHC)
of AMSAT-LU and with the NUSAT group at Weber
State. Each agreed to join the team and we
settled building four satellites:
AMSAT-Nr and  AMSAT-LU sa te l l i t e s

The
w o u l d  b e

classical PACSATs. The W e b e r  S t a t e  s a t e l l i t e
w o u l d  b e  a  P A C S A T  a u g m e n t e d  b y  a  T V  c a m e r a
which w o u l d  s e n d down pictures encoded i n
normal AX.25 packet frames. The Brazil ian
s a t e l l i t e  w o u l d  b e  t h e  D O V E  ( D i g i t a l  O r b i t i n g
Voice Experiment) which would “talk” voice
b u l l e t i n s  w h i c h could be copied on a normal
HT.

PACSAT AND ALOHA

First we need to review a little packet
r ad io  t heo ry . L e t  u s  a s s u m e t h a t  t h e  s a t e l l i t e
operates with its t ransmit ter and r e c e i v e r  o n
d i f f e r en t b a n d s  s o that the communications
l i n k s  a r e  f u l l - d u p l e x .  L e t  u s  a l s o  a s s u m e  t h a t
there are many users, each with similar
capabili t ies, who are spread out over the
ent ire spacecraft “footprint”. Let us f u r t h e r
assume t h a t t r a f f i c  i s b a l a n c e d  - - whatever
g o e s  u p t o  t h e  s p a c e c r a f t  e q u a l s  w h a t comes
d o w n ,  s o the uplink and downlink channel
capacity needs to be balanced.

Since the ground-based users are spread
out, t h e  c a n n o t h e a r  e a c h  o t h e r .  E a c h  w i l l
t r a n s m i t  a t r a n d o m  i n the hopes t h a t his
packets m a k e  i t thru. This is the classic
ALOHA network configurat ion with “hidden
terminals”. It can be shown t h a t  c o l l i s i o n s  o n
the uplink channel will statistically reduce
the channel c a p a c i t y  s o that only (1/2e)  =
1 8 . 4 %  o f  t h e  p a c k e t s  m a k e  i t  t h r u .  T h u s ,  t h e
downlink  ( o n w h i c h  t h e r e  a r e  n o  c o l l i s i o n s )
c a n  s u p p o r t a b o u t  5  t i m e s  a s  m u c h  t r a f f i c  a s
can a single, collision-limited uplink.

T h e r e  a r e  t w o  w a y s  o u t  o f  t h i s  d i l e m m a .
First , t h e  uplink  u s e r s could use a data rate
a b o u t  5  t i m e s  t h e  d o w n l i n k ;  t h i s  a p p r o a c h  w a s
t a k e n  b y  t h e  A M S A T - D L  d e s i g n e r s  o f  A O - 1 3 ’ s
RUDAK experiment w h e r e  a  2 4 0 0  b i t  p e r  s e c o n d
( B P S )  uplink  i s b a l a n c e d  a g a i n s t  a  4 0 0  B P S
downlink.

T h e  s e c o n d  a p p r o a c h  i s  t o  h a v e  m u l t i p l e ,
separate uplink receivers. T h e  F O - 1 2  s a t e l l i t e
h a s  f o u r 1 2 0 0  B P S  uplink c h a n n e l s  b a l a n c i n g
one 1200 BPS downlink.

MODEMS  AND RADIOS FOR PACSAT

For  ou r  PACSATs ,
s o l u t i o n s  t o

w e  h a v e  a l l o w e d  f o r  b o t h
the A L O H A  l i m i t . Like

there
FO-12,

are to be four user uplink channels
h o w e v e r  e a c h  o f  w h i c h  c a n  b e  c o m m a n d e d  to
suppor t  1200,  2400,  4800 and poss ib ly  9600 BPS
uplinks. T h e  downlink transmit ter will s tar t
i t s  l i f e  a t  1 2 0 0  B P S ,  b u t  h i g h e r  r a t e s  s h o u l d
be possible.

O u r  d e s i g n  w a s  h e a v i l y  i n f l u e n c e d  b y  a
d e c i s i o n  w e  m a d e  e a r l y  o n :  w e  w o u l d  o n l y  u s e
s t a n d a r d s  w h i c h  w e r e
“off  the  shelf” .

supported a n d  a v a i l a b l e

life,
Thus  when our  PACSAT comes to

t h e  g r o u n d user can use t h e  i d e n t i c a l
h a r d w a r e  h e  u s e s  f o r  F O - 1 2  t o d a y .  T h e  u s e r ’ s
uplink w i l l  b e  a t  1 2 0 0  B P S ,  M a n c h e s t e r - e n c o d e d
F S K  a n d  t h e  downlink  w i l l  b e  1 2 0 0  B P S  b i n a r y
PSK. These s tandards  are  supported by the TAPR
a n d  G3RUH  mod‘i=ms,  by  t he  myr i ad  FO-12  modems
a v a i l a b l e  o n  A k i h a b a r a  i n  J a p a n , and by the
D S P  m o d e m s  t h a t  N4HY a n d  I  h a v e  b e e n  w o r k i n g
on.

T h e s e  “mo” m o d u l a t o r  i n  t h e s e  m o d e m s  p l u g s
into the mike jack on a stock 2M FM radio,
w h i c h  w e  a s s u m e  c a n  b e  t u n e d  i n  5  kHz s t e p s .
T h e  s a t e l l i t e  l i n k  m a r g i n s  s h o u l d  b e  s u c h  t h a t
lo-25 w a t t s i n t o  a n omnidirect ional antenna
s h o u l d  b e  a d e q u a t e  ( p r o v i d i n g  e v e r y o n e  r u n s
similar power).

The “dem”
capable 70

d e m o d u l a t o r  p l u g s  i n t o  a n  SSB-
receiver all-mode

transceiver , whichCmneeds  t o  b e  tu:ble i n  1 0 0
Hz (or
downlink

ps=;;;;b’y finer) steps. The PSK

omnidirect ional
be “Q5” even with

antenna , providing the locaa?
noise level is low.

T h e  s p a c e c r a f t ’ s  r e c e i v e r  h a s  1 5  kHz w i d e
channels, regardless o f the bit rate
p r o g r a m m e d  a t  t h e  s p a c e c r a f t . T h e  1 2 0 0  B P S
da t a  r a t e  combined  w i th  an  FM dev i a t i on  o f  < 3
kHz,  p l u s  d o p p l e r  s h i f t ,  p l u s  5  kHz s t e p s  o n  a
t y p i c a l  F M radio just f i t the 15 kHz
bandwidth.
enabling

At some later date we will begin
s e l e c t e d  uplink receiver c h a n n e l s  f o r

higher data rates (like 4800 BPS), but the
user w i l l  n o w  h a v e  t o  p r e - s t e e r  t h e  d o p p l e r
a n d  s e t  h i s  f r e q u e n c y m o r e  a c c u r a t e l y  t h a n  5
kHz. A l s o  m o s t  s t o c k  F M  r a d i o s  w i l l  n o t  p a s s
the 4800 BPS data rates without
modifications.

signif icant
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ONBOARD  PACSAT

L e t  u s  n o w  d i s c u s s  s o m e  o f t h e  f e a t u r e s  o f
the satellite’s archi tecture . The electronics
i s  d i v i d e d  i n t o  m o d u l e s , with t h e  s p a c e  i n s i d e
e a c h  m o d u l e  b e i n g a b o u t  7 . 8 ” x 6.5” x 1.5”.
The mechanical layout has five of these
modu le s  s t a cked  atop each 0ther as s h o w n  i n
F igu re  2 , w h i c h  w e  w i l l  describe from top to
bottom.

2M uplink a n t e n n a

R E C E I V E R

---a-----------

TSFR

---------------
B A T T E R I E S + B C R

---------------
C P U

---------------
T R A N S M I T T E R

7 0 c m  downlink
a n t e n n a

F i g u r e  2 . P A C S A T  L A Y O U T

RECEIVER

The core of the receiver is the Motorola
M C 3 3 6 2  s i n g l e - c h i p  F M  r e c e i v e r ,  c o u p l e  w i t h  a
s tock  NDK c rys t a l  f i l t e r  w i th  15  kHz b a n d w i d t h
c e n t e r e d  a t  1 0 . 7  M H z .  T h e  f i l t e r  h a s  v e r y  g o o d
skirts, w i t h  8 0 - 9 0  dB u l t i m a t e  r e j e c t i o n .  T h e
input to the 3362 is an IF in the 40-50 MHz
range. The 1st LO in the 3 3 6 2  i s  c r y s t a l
c o n t r o l l e d  t o  m i x  t o lo.‘7 M H z .  F o l l o w i n g  t h e
fi l ter , t h e  3 3 6 2 ’ s  s e c o n d  m i x e r  i s  d r i v e n  f r o m
a  c r y s t a l  c o n t r o l l e d  8 . 9  M H z  2 n d  L O  t o  p r o d u c e

f ina l IF of 1.8
rinearity o f

MHz selected fo r best
the MC3362’s  F M detector

(discriminator).

T h e  MC3362’s  FM de t ec to r  d r i ve s  two  ma tched
d a t a  f i l t e r s ,  e a c h  o f  w h i c h  u s e s  o n e  s e c t i o n
of a TLC274 C M O S  o p amp; the 2-pole
B u t t e r w o r t h  f i l t e r s  a r e  o p t i m i z e d  f o r  1 2 0 0  a n d
4 8 0 0  B P S  d a t a  r a t e s . A C D 4 0 6 6  a n a l o g  s w i t c h
s e l e c t s  t h e  o u t p u t o f  o n e of the two filters
t o  d r i v e  t h e  d a t a  c l i p p e r  s e c t i o n  o f  t h e  3 3 6 2 .
The appropriate filter is selected by the CPU.

In addit ion, one s e c t i o n  o f the TLC274
p r o d u c e s  a n a n a l o g  s i g n a l  i n  t h e p)-2.5~  r a n g e
c o r r e s p o n d i n g  t o the user’s frequency (the
“disc meter”) and another p r o d u c e s  a $3-2.5v
analog signal c o r r e s p o n d i n g  t o the user’s
signal strength (the “S meter”).

All this circuitry takes up 1.5” x 3” on
t h e  r e c e i v e r ’ s  c i r c u i t  b o a r d  a n d  d r a w s under
20 mW (< 4 ma at SV). This c i r c u i t  i s
replicated f ive t i m e s  t o provide the 4 user
uplink channels plus a command/control
channel.

T h e  d e s i g n o f  t h i s  p o r t i o n o f  t h e  r e c e i v e r
w a s  d o n e  b y  W3IWI w i t h  i n v a l u a b l e  i n p u t s  f r o m
Eric Gustavson (N7CL).

In front of this bank of five FM IF strips
i s  a  f a i r l y  conven t iona l  GaAsFET p reamp  wi th  a
noise figure < 1 dB. A narrow-band 3-stage
h e l i c a l  - f i l t e r provides
t h e  G a A s F E T  p r e a m p  a n d

selec t iv i ty
a du al-gate

between
MOSFET

mixer which i s  d r i v e n b y  a  c r y s t a l - c o n t r o l l e d
LO at  about  100 MHz.  The output  of  the  MOSFET

( a t  40-50  M H z )  d r i v e s  f i v e  e m i t t e r  f o l l o w e r s
t o  p r o v i d e  i s o l a t i o n between the five FM IF
s t a g e s .  T h e  d e s i g n  o f  t h e s e  s t a g e s  w a s  d o n e  b y
Jim Vogler (WA7CJO)  and W3IWI.

The t o t a l  p o w e r  c o n s u m p t i o n
receiver is about 150 mW..

for the ent ire

[As a side note -- the receiver modules
d e s i g n e d  f o r  P A C S A T  h a v e  b e e n  m a d e  e a s i l y
reproducable, with very few “twiddles”. All
components, including the coils and helical
f i l t e r are off-the-shelf’ items purchasable
f r o m  s o u r c e s l i k e  D i g i - K e y .  I t  i s  a n t i c i p a t e d
t h a t  T A P R  a n d / o r AMSAT w i l l make single-
channel receiver kits available fo r use in
ded ica t ed  packe t l i n k  a p p l i c a t i o n s  i f  t h e r e  i s
enough interest].

TSFR

For  PACSAT,  t h i s  i s  a .  dummy modu le .  TSFR
means “this s p a c e  f o r  r e n t ” ,  a n d  i s  r e s e r v e d
for future expansion.

POWER SYSTEM

T h e  B a t t e r y  C h a r g e R.egulator ( B C R )  m o d u l e
contains t h e  NiCd batte:ry pack, the charger
that conditions solar panel p o w e r  t o charge
the batteries, and the switching regulators
t h a t  p r o d u c e  t h e  +5 a n d  +lO v  p o w e r  n e e d e d  b y
e a c h  m o d u l e .  T h e  B C R  a n d  r e g u l a t o r  d e s i g n  w a s
done by Jon Bloom (KE3Z)  with help from Gordon
Hardman  (KE3D).

The solar panels make use of high-
efficiency silicon cells with back-surface
reflectors ( B S R ) .  B S R  t e c h n o l o g y  i s  n e w ,  b u t
it a l l o w s  f o r  m u c h higher e f f i c i e n c y ;  i f  a
photon does not produce e l e c t r i c i t y  a s  i t
passes thru the s i l i c o n  o n its w a y  i n , the
r e f l e c t o r  a l l o w s  a s e c o n d  c h a n c e  t o “g rab”  i t .
The solar panel electrical and mechanical
d e s i g n  w a s  d o n e  b y  J a n  K i n g  (W3GEY)  a n d  D i c k
J a n s s o n  (WD4FAB), a n d  t h e  s o l a r  p a n e l s  a r e
being produced under contract by Solarex.

T h e  p r i c e  o f  s p a c e  q u a l i f i e d  NiCd b a t t e r i e s
has become proh ib i t i ve , ,  so new, low cost
approaches have been adopted. Larry Kayser
(VE3PAZ)  a n d  h i s  g r o u p  i n  O t t a w a  p r o v e d  w i t h
U O - 1 1  t h a t  i f  g o o d ,  c o m m e r c i a l  g r a d e  b a t t e r i e s
were purchased, they could be fl ight
qualif ied. The qualif icat ion procedure
involves extensive c y c l i n g  t o character ize the
charge-discharge curve and temperature
performance, X-raying the b a t t e r i e s  t o look
for internal s t ructural flaws, then selecting
only t h e  b e s t  c e l l s , and t h e n  f i n a l l y  p o t t i n g
the batteries.

While the solar panels produce a b o u t  1 4
watts, w h e n  a v e r a g e d  o v e r  a who le  o rb i t  ( some
t i m e  i s  s p e n t  i n  e c l i p s e ) ,  a n d  a f t e r  l o s s e s in
power condit ioning about 7-10 watts is
available.

CPU

I n  m a n y  w a y s  t h e  flig,ht  c o m p u t e r  i s  t h e  k e y
t o  P A C S A T .  A t  t h e  t i m e  w e  w e r e  s e l e c t i n g  t h e
C P U ,  t h e  S A N D P A C  g r o u p  i n  S a n  D i e g o  w e r e
finishing t h e  f i r s t  p r e - p r o d u c t i o n run of the
new PS186 network switch. B a s e d  o n their
experience, selected

ThIe  f l i g h t  C P U  i s
similar

archi tecture . baased o n  t h e
N E C  C M O S  V - 4 0  C P U  ( q u i t e similar to an
8OCl88).  T h e  f l i g h t  C P U  i n c l u d e s  E D A C  ( E r r o r
D e t e c t i o n  a n d  C o r r e c t i o n )  m e m o r y  f o r  s t o r a g e
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of crit ical sof tware, plus bank-switched
memory  fo r  da t a  s t o r age  ( i . e .  “RAM Disk” ) .  We
hope to fly upwards of 10 Mbytes on each
P A C S A T  ( l i m i t e d  o n l y  b y  a v a i l a b l e  s p a c e  a n d
t h e  p r i c e  o f  m e m o r y chips). T h e  C P U ,  w h e n
running hard draws about 2 watts of power.

A companion paper  by Lyle Johnson (WA7GXD)
a n d  C h u c k  G r e e n  (NBADI)  d e s c r i b e s  t h e  C P U ’ s
a r c h i t e c t u r e  i n m u c h  m o r e  d e t a i l .  A  p a p e r  b y
B o b  McGwier (N4HY)  a n d  H a r o l d  P r i c e  (NK6K)
describes the mult i- tasking software. J im
DeArras (WAIQONG)  i s  c o n v e r t i n g  L y l e  a n d
C h u c k ’ s  w i r e - w r a p p e d  p r o t o t y p e  t o  m u l t i - l a y e r
c i r c u i t  b o a r d .  T h e  R O M - b a s e d  b o o t l o a d e r  t o
a l l o w  r e c o v e r y  f r o m  d i s a s t e r s  h a s  b e e n  w r i t t e n
bY Hugh P e t t  (VE3FLL)  w h o s e  c o d e  h a d
previously saved the day on UoSAT.

TRANSMITTER

A t the time of this wri t ing, the
t r a n s m i t t e r  i s still in t h e  d e s i g n  p h a s e ,  s o
s o m e  o f these parameters may change. The
t r a n s m i t t e r  w i l l  b e  B P S K  m o d u l a t e d ,  a n d  w i l l
h a v e  i t s  p o w e r  o u t p u t  c h a n g e a b l e  b y  g r o u n d
c o m m a n d .  T h e  c u r r e n t  p l a n s  a r e  f o r  t w o  p o w e r
l eve l s ,  abou t I . 5  o r  4  w a t t s .  T h e  t r a n s m i t t e r
s tar ts out with a crystal o s c i l l a t o r  a t 109
M H z ,  a n d  i s  f o l l o w e d  b y  t w o  d o u b l e r s  t o  4 3 6
M H z .  T h i s  d e s i g n  i s  b e i n g  d o n e  b y  S t a n  S j o l
(WP)KD).  G o r d o n  Hardman  (KE32)  i s  w o r k i n g  o n  a
power  amp l i f i e r  u s ing  a  Moto ro l a  MRF750 d r ive r
and a M R F 7 5 2  o u t p u t stage. The collector
v o l t a g e  o n t h e  d r i v e r  s t a g e w i l l  b e  c o m m a n d
selected to be either the +5 or +lOv b u s  t o
provide power agility. This collector voltage
m a y  b e  a m p l i t u d e m o d u l a t e d  t o  p r o v i d e some
time-domain shaping to minimize the
t r a n s m i t t e d  b a n d w i d t h .  T r a n s m i t t e r  d e v e l o p m e n t
is also being done in C a n a d a  b y  B o b  P e p p e r
(VE2AO).

GLUE

The myr iad mechanical details were all
s o r t e d  o u t  b e f o r e  w e cut a s i n g l e  p i e c e  o f
m e t a l  b y  D i c k  J a n s s e n  (WD4FAB); D i c k  m a d e
e x t e n s i v e  u s e  o f  m o d e r n  C A D  t e c h n i q u e s  a n d  a l l
d r a w i n g s  w e r e d o n e  w i t h  AutoCAD  ( s e e  F i g u r e
3 ) .  I n  B o u l d e r , J e f f  Z e r r  h a s  b e e n  s h e p h e r d i n g
t h e  d e t a i l e d  m e c h a n i c a l  l a y o u t  a n d  f i n d  w h a t
p i ece s  don ’ t  f i t . A  “ s h o w  a n d  t e l l ”  m o d e l  w a s
b u i l t  b y  3131 w i t h  h e l p  f r o m  D i c k  D a n i e l s ,  a n d
a  m e c h a n i c a l  m o c k u p  f o r  v i b r a t i o n  t e s t i n g  h a s
been built by Jeff Zerr.

W h e n  w e began developing the Microsat
concept, w e  t o o k  a  l o o k  a t  p r o b l e m s  t h a t  h a d
b e e n  m a j o r  h a s s l e s  o n  e a r l i e r  s a t e l l i t e s .  H i g h
o n  t h e  l i s t  w e r e  p r o b l e m s  i n  b u i l d i n g  a  w i r i n g
harness and test ing individual m o d u l e s .  We
also w a n t e d  a  d e s i g n  t h a t  a l l o w e d  a  “ c o o k i e
cutter” a p p r o a c h  t o manufactur ing since
a n t i c i p a t e  a n u m b e r  o f  l a u n c h e s  i n t h e  ne:f
f e w  y e a r s .  W e  c a m e  t o  t h e  c o n c l u s i o n  t h a t  w e
n e e d e d  t o  d e v e l o p  a b u s - l i k e  w i r i n g  a p p r o a c h
with all modules having similar interfaces,
a n d  w e  n e e d e d  t o  m i n i m i z e  t h e  n u m b e r  o f  w i r e s .
I  t o o k  o n  t h e  t a s k  o f  s o l v i n g  t h i s  p r o b l e m  a n d
defining t h e  e l e c t r i c a l “glue” t h a t  h o l d s  t h e
system together.

A f t e r  e x p l o r i n g  a  n u m b e r  o f  o p t i o n s ,  t h e
d e s i g n  w e  a d o p t e d  w a s  t o  u s e  h i - r e l  D B 2 5  25-
p i n  c o n n e c t o r s on each module and use a 250
w i r e  b u s  m a d e  l i k e  a  f l e x i b l e  p r i n t e d  c i r c u i t .
O f  t h e  2 5  w i r e s ,  a b o u t  4 0 %  a r e  u s e d  f o r  p o w e r
d i s t r i bu t i on ,  abou t 4 0 %  t o  c a r r y  p a c k e t  d a t a
f r o m  t h e  r e c e i v e r  t o  t h e  C P U  a n d  f r o m  t h e  C P U
t o  t h e  t r a n s m i t t e r , and the tinal 5 wires are
u s e d  t o  l e t  t h e  C P U  c o n t r o l  f u n c t i o n s  i n the
individual modules and for analog telemetry.
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AART

In o r d e r  t o squeeze all these command,
c o n t r o l  a n d  t e l e m e t r y f u n c t i o n s  i n t o  o n l y  f i v e
w i r e s ,  w e h a v e  b u i l t  a v e r y  s m a l l  ( 7  i n c h e s
long! )  LAN w i t h  t h e  C P U  a c t i n g  a s  t h e  n e t w o r k
master node and each m o d u l e  b e i n g  a  s l a v e
n o d e .  D a t a  c o m m u n i c a t i o n s  f r o m  C P U  t o  m o d u l e
consist of t w o  b y t e  p a c k e t s ;  t h e f i r s t  b y t e
( w i t h  t h e  M S B = l )  a d d r e s s e s  u p  t o  1 2 8  s l a v e s ,
a n d  t h e  s e c o n d byte (with MSB=p) is a 7-bit
r e c e i v e d  d a t a  f i e l d  t o  b e  p a s s e d  t o  t h e  m o d u l e
(RXD). On receipt of a valid address, the
module automatically sends back two 8-bit
b y t e s  ( T X D )  o f  d a t a  o n  a n o t h e r  w i r e .  A l l  d a t a
is sent with normal asynchronous protocols.

On the CPU side, this async da t a is
g e n e r a t e d  a n d  r e c e i v e d  b y  t h e  U A R T  b u i l t  i n t o
t h e  V40 c h i p . T h e  p r o t o c o l  i s  e a s i l y  s i m u l a t e d
on a PC, so testing each m o d u l e  d o e s  n o t
require a complete working spacecraft.

In each module, we use a clever IC: the
Motorola MC14469F Addressable Asynchronous
R e c e i v e r / T r a n s m i t t e r  (AART). T h e 14469 is a
4 4 - p i n  s u r f a c e m o u n t  p a r t  ( a l s o  a v a i l a b l e  a s  a
40-pin c o n v e n t i o n a l  D I P )  w h i c h  i m p l e m e n t s  t h e
p ro toco l  j u s t d e s c r i b e d  w i t h  v e r y  f e w  e x t e r n a l
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
select a n a l o g  v s . digital f u n c t i o n s ,  w i t h the
control da t a s p e c i f i e d  b y the r e m a i n i n g  6
bits. For digital functions, the 6 bits are
t r e a t e d  a s t w o  3-bit n i b b l e s  w h i c h  c o n s t i t u t e
the address and data fo r three CD4099
addressable latches, r e s u l t i n g  i n 24 bits of
digital da t a being available fo r control
functions in the module.

W h e n  t h e  M S B  s e l e c t s  a n a l o g  f u n c t i o n s ,  t h e
6  b i t s  a r e  t a k e n  a s  a d d r e s s e s  f o r  C D 4 0 5 2  C M O S
analog mult iplexer chips which d e c o d e  6
discrete analog telemetry samples plus four
thermistors. When a m o d u l e  i s s e l e c t e d  i n
analog mode, the selected analog s i g n a l  i s
switched onto two wires ( s i g n a l  p l u s  r e t u r n )
i n  t h e  25wire  b u s , a n d  w h e n  t h e  m o d u l e  i s  d e -
s e l e c t e d  t h e  t w o wires a r e  f l o a t e d .  A  s i n g l e ,
fast 8-bit 0-2.5~  A/D converter in the CPU
h a n d l e s  a l l  s p a c e c r a f t  a n a l o g  t e l e m e t r y . Each
m o d u l e  i s responsible f o r  p r e c o n d i t i o n i n g  i t s
analog signals to fit the 0-2.5~  range.

All t h e s e  p a r t s ,  i n c l u d i n g  s o m e  o p  a m p s  t o
condit ion the thermistor signals, plus the
D B 2 5  s p a c e c r a f t bus interface connector and
tie-points fo r all signals needed in the
m o d u l e s  a r e fitted onto a 7.8” x 1.5” board
w h i c h  i s mounted against one w a l l  o f the
m o d u l e  f r a m e . T h e  i n t e r f a c e  b o a r d s  i n  e a c h  o f
the “slave” modules are identical except that
the AART chip y s t r a p p e d  t o d i f f e r en t
addresses. T h i s  smal? b o a r d  h a s  b e e n  d u b b e d
t h e  AART b o a r d .  I t  w a s  d e s i g n e d  b y  W3IWI a n d
B o b  S t r i c k l i n  (NSBRG).  E a c h  b o a r d  r e q u i r e s  5
mW of power (about 1 ma at 5~).

J-HE  OTHER MICROSATS

DOVE

S o  f a r  w e  h a v e  d e s c r i b e d  t h e  t w o  Microsat
PACSATs: t h o s e  s p o n s o r e d  b y  A M S A T - N A  a n d
AMSAT-LU.  The BRAMSAT DOVE spacecraft is still
in the final design phases, but it will be
b u i l t  f r o m  m a n y o f  t h e  s a m e  p i e c e s and will
h a v e  t h e  s a m e  g e n e r a l  m e c h a n i c a l  l a y o u t .  D O V E

will t ransmit i ts digitized voice s i g n a l s  i n
t h e  2 M  b a n d  w i t h  c o n v e n t i o n a l  F M  m o d u l a t i o n .
Rather than d e s i g n i n g  a d i f f e r en t receiver
system, we h a v e  d e c i d e d  t o  h a v e  t h e  c o m m a n d
uplinks a l s o  o n 2 M ;  t h e  D O V E  t r a n s m i t t e r  w i l l
tu rn itself o f f  e v e r y  f e w m i n u t e s  t o listen
f o r  c o m m a n d s . O n l y  t h e  t r a n s m i t t e r  m o d u l e  i s
d i f f e r e n t  f o r  D O V E . As of the time of this
wri t ing w e  a r e  p l a n n i n g  t o u s e  differentially-
encoded voice synthesis ( 8e. . “delta
m o d u l a t i o n ’ * )  w i t h  u p  t o  4-bit e n c o d i n g  o f  t h e
d i f f e ren t i a l data . Prel iminary d e s i g n  o n the
speech synthesizer has been d o n e  b y Bob
McGwier (N4Y) a n d  W3IWI a n d  i s  b e i n g  s i m u l a t e d
using our DSP hardware.

NUSAT

The Weber  State  NUSAT MICROSAT  is  different
mechan i ca l l y  f rom the  PACSA.Ts,  s h o w n  i n  F i g u r e
4.
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T R A N S M I T T E R
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78 c m  downlink
a n t e n n a

F i g u r e  4 . N U S A T  L A Y O U T

T h e  m a j o r  d i f f e r e n c e  i s  t h a t  N U S A T  h a s  a
CCD TV camera in the top module. The TV camera
is connected to a high-speed multi-channel
“flash” A/D converter w,hich can digitize
incoming v i d e o  s i g n a l s  a t 1 0  M H z  s a m p l e  r a t e .
I t s  d a t a  i s  s t o r e d  i n  m e m o r y  w h i c h  c a n  a l s o  b e
a c c e s s e d  b y  t h e C P U .  T h e  W e b e r  T V  c a m e r a
module and CPU were placed in  adjacent  modules
so that the memory c o u l d  b e easily dual-
ported.

T h e  s a m p l e  r a t e  f o r  t h e  A / D  c o n v e r t e r  a n d
t h e  i n p u t  s i g n a l  s o u r c e c a n  b e  s e l e c t e d  b y  t h e
C P U .  T h e  p r i m a r y  s i g n a l  s o u r c e  i s  a  C C D  T V
c a m e r a  e q u i p p e d w i t h  a n  e l e c t r o m e c h a n i c a l  i r i s
buil t into its lens. The iris’s aper ture can
a l s o  b e  c o n t r o l l e d  b y  t h e  C P U .  T h e  c a m e r a ’ s
field of view allows a 350 km square to be
imaged from the satellite’s 800 km high orbit.
T h e  c a m e r a  a s s e m b l y  o c c u p i e s  a b o u t  l/4 o f  t h e
s p a c e  i n the module. It is p l a n n e d  t o use
v i d e o  d a t a  c o m p r e s s i o n  teclhniques  t o  m i n i m i z e
the downlink data requiremments; W e b e r  S t a t e
a n d  AMSAT-NA p l an  t o  have  so f twa re  t o  suppo r t
these advanced video techniques available
around launch time.

Weber State also plans to try a 1269 MHz
v i d e o  uplink. V i d e o  d a t a  f r o m  t h i s  uplink w i l l
b e  d i g i t i z e d  b y  t h e  “ f l a s h ”  A / D  c o n v e r t e r  a n d
l o a d e d  i n t o  t h e  d u a l  p o r t e d  m e m o r y ,  j u s t  l i k e
data from the CCD camera. It is also hoped
that the TV camera can be used as an visible
a n d  I R spec t rome te r  cove r ing  t h e  4 0 0  t o  2 0 0 0
micrometer wavelength band.
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The other NUSAT modules are nearly
iden t i ca l  t o  t he  PACSATs  and  NUSAT cou ld  be
a l s o  t u r n e d  i n t o  a  P A C S A T  m e r e l y  b y  l o a d i n g
different software.

T h e  W e b e r  S t a t e  t e a m  c o n s i s t s  o f  a  n u m b e r
o f  s t u d e n t s , s t a f f  a n d  f a c u l t y m e m b e r s  f r o m
t h e  C e n t e r f o r  A e r o s p a c e T e c h n o l o g y  ( C A S T )
i n c l u d i n g  B o b  T w i g g s , B o b  S u m m e r s  a n d  C h r i s
Williams.

THE FIRST MICROSAT  LAUNCH

AMSAT-NA  and the UoSAT group have worked
with the European Space Agency and
A r i a n n e s p a c e  t o d e v e l o p  a new launch
capability fo r very small satellites. This
will be first tested on the launch of the
SPOT-2 Ear th Resources S a t e l l i t e  i n early
1 9 8 9 .  O n  t h a t
satell i tes

larger

flightfo;!ere w i l l  b e  S I X  s m a l l
our Microsats and two

somewhat UoSAT spacecraft . T h e  o r b i t  i s
nearly i d e a l  - - sun s y n c h r o n o u s  a t 8 0 0  k m
alt i tude, m u c h  l i k e  t h e  O s c a r - 8  o r b i t .  A t  mid-
l a t i t u d e s ,  p a s s e s  w i l l  o c c u r  t w i c e  p e r  d a y  a t
p red ic t ab le  t imes a r o u n d  lo:30 A . M .  a n d  lo:30
P.M. local time.

USING THE MICROSAT  SATELLITES

A s  w e  m e n t i o n e d  b e f o r e ,  o u r  P A C S A T s  a n d
W e b e r  S t a t e ’ s  N U S A T  u s e  o r d i n a r y  A X . 2 5  p a c k e t
protocols. To receive any of the three, you
m e r e l y  n e e d  t o  a d d  a  P S K  d e m o d u l a t o r  t o  y o u r
7 0  c m  r e c e i v e r .  T h e  uplink  r e q u i r e m e n t s  a r e
m o d e s t  a n d  t h e  s a m e  a s  F O - 1 2 .  A t  a  l a t e r  t i m e ,
when transmit ter t echno logy  pe rmi t s and user
loading dictates, some of the receiver
channels will be r e p r o g r a m m e d  t o higher
speeds. But initially, if you are able to use
the FO-12 satellite, then you are all set.

T h e  s p a c e c r a f t  s o f t w a r e  t h a t  y o u  w i l l  s e e
w i l l  b e  d e s i g n e d  f o r  m e s s a g e  h a n d l i n g ,  a n d  t h e
c o d e  i s  b e i n g  w r i t t e n  b y  B o b  McGwier (N4HY)
w i t h  i n p u t s  f r o m  a  n u m b e r  o f  u s .  T h e  i n i t i a l
s o f t w a r e  w i l l  p r o b a b l y  l o o k  v e r y  m u c h  l i k e  a
WORLI/WA7MBL BBS system, with a few
enhancements. First of all, t h e  p r o m p t t h a t
the satellite will send to you will have two
telemetry numbers in it -- these are your
signal s t rength and discriminator meter
readings. T h e  d i s c r i m i n a t o r meter s h o u l d  b e
i n v a l u a b l e  i n h e l p i n g  y o u  c e n t e r  y o u r  s i g n a l.

the
k&ome

receiver’s passband a n d  i t s  u s e will
m a n d a t o r y  a s  w e m i g r a t e  t o higher

uplink speeds. The spacecraft sof tware will
support mult iple, simultaneous users. There
m a y  b e  c o m m a n d s  t h a t  a l l o w  y o u  t o  r e q u e s t
specific telemetry information from the
satellite.

I  a n t i c i p a t e that much of the utility of
t h e s e  s a t e l l i t e s  w i l l  b e  a s  a n  a u g m e n t a t i o n  o f
the terrestr ial H F long-haul message
forwarding networks. If this proves to be
t rue , then fu l ly automated gateway stations
will make heavy use of the satell i te
capabilities.

T h e r e f o r e  i t  i s  i m p o r t a n t  t h a t  w e  d e s i g n
b o t h  t h e  g r o u n d - b a s e d  a n d  f l i g h t  s o f t w a r e  t o
w o r k  t o g e t h e r smoothly. W e  h a v e  h a d  o n g o i n g
d i s c u s s i o n s  w i t h  t h e  w r i t e r s  o f  B B S  c o d e  ( l i k e
WORLI and WA7MBL)  to  make sure  that  both s ides
of the link will be ready on launch day. In
these - discussions have been devising
s c h e m e s  s o t h a t thWee  b u r d e n  o f  m a i n t a i n i n g
r o u t i n g  i n f o r m a t i o n  r e s i d e s  o n  t h e  g r o u n d .  N e w
f o r w a r d i n g  p r o t o c o l s  i n  w h i c h  t h e  r e c e i v i n g
stat ion tells the sender what message

a d d r e s s e s  i t  c a n  h a n d l e  a r e  b e i n g  d e f i n e d .  I t
l

likely
reirarchial

that these will b e  c o u p l e d with
domain-oriented addressing schemes

l i k e  a r e  u s e d  b y  T C P / I P  p r o t o c o l s .  A  u s e r  o n
the W3IWI BBS would have an a d d r e s s  l i k e
W3XYZ@W3IWI.MD.USA  and if  I  were operat ing as
a gateway for  the MD/VA/DE/PA/NJ area,  I  would
b e  a b l e  t o  i n f o r m  t h e  s p a c e c r a f t  t o  s e n d  m e
any messages so addressed.

At the same time that “connected” mode
a c t i v i t y  i s g o i n g  o n , the satell i te will be
s e n d i n g  U I  “ b r o a d c a s t ”  ( i . e .  U N P R O T O )  f r a m e s
with telemetry a n d  b u l l e t i n s  o f  i n t e r e s t  t o
a l l .  O n  N U S A T ,  d i g i t a l l y  e n c o d e d  p i c t u r e s  o f
t h e  e a r t h  w i l l  b e  s e n t  a s  U I  f r a m e s  w h i c h  w i l l
be reassembled by the user on the ground.

THE FUTURE

W e  h a v e  r e a s o n  t o  b e l i e v e  t h a t  t h e r e  a r e  a
n u m b e r  o f  l a u n c h  o p p o r t u n i t i e s  t o  L E O  f o r  v e r y
small s a t e l l i t e s .  W e have designed our
Microsats t o  b e  e a s i l y  reproducable.  A s  n e w
capabili t ies (perhaps 9600
m o d e m s ?  E x p e r i m e n t s  t o  f i t  Ofnto

19,200 BPS
the TSFR

m o d u l e ?  )  a r e  d e v e l o p e d ,  w e  f e e l  t h e r e  w i l l  b e
opportunities to fly them.

We anticipate non-amateur uses of our
technology. In i t i a l discussions with
scientists s p e c i a l i z i n g  i n oceanography and
s e i s m o l o g y  h a v e  s h o w n that they have a need
fo r low-cost da t a collection systems from
remote locat ions. W e  a n t i c i p a t e  a  s c h e m e  f o r  a
commercial l i c e n s e e  t o “sell” our technology.

these markets. Just
;?APRb T N C 2  p r o j e c t

like royalties from
h a v e  p r o v i d e d  r e s o u r c e s

fo r f u t u r e development a c t i v i t i e s  i n packet
radio, w e  h o p e t h a t Microsa t royal ties will
p r o v i d e  a  s i m i l a r l e g a c y  f o r  a d v a n c i n g  a m a t e u r
satellite technology.

We also see t h a t  t h e  Microsat
p r o v i d e s  a perfect

technology
w a y  f o r  f l e d g l i n g  s p a c e

groups associated with other AMSAT
organizat ions around the world a n d with
u n i v e r s i t i e s  t o develop their own satell i te
programs. D o n ’ t  b e  s u r p r i s e d  t o  s e e  M i c r o s a t s
being built by people from many nations.

T h e  s p a c e c r a f t  o p e r a t i n g  s o f t w a r e  c a n  b e
u p l o a d e d  f r o m  t h e  g r o u n d .  A s  NK6K  a n d  N4HY
d i s c u s s  i n  t h e i r  c o m p a n i o n  p a p e r ,  t h e  s o f t w a r e
w e  w i l l  b e  f l y i n g i s  t h e  m o s t  c o m p l e x  e v e r
a t t e m p t e d  i n  t h e  a m a t e u r
probably will c r a s h !  W e

s a t e l l i t e  p r o g r a m .  I t
have

s e v e r a l  s a f e g u a r d s  t o
d e s i g n e d  i n

m a k e  t h i s  p o s s i b l e .  W i t h
t h i s  f l e x i b i l i t y ,  w e  a l s o  h a v e  t h e  a b i l i t y  t o
t r y  n e w  t h i n g s . P e r h a p s  w e  w i l l  s e e  n e w  mail-
handl ing protocols developed which use
datagrams. P e r h a p s  w e will see a PACSAT
p r o g r a m m e d  t o  b e  a  T C P / I P  F T P  f i l e  s e r v e r .  As
the old adage states:

IT’S ONLY SOFTWARE !

PARTING COMMENTS AND ACKNOWLEDGMENTS

The most important
project like this

“glue”.  that h o l d s  a
together the project

m a n a g e r .  W e  a r e  i n d e e d  fortunife  t o  h a v e  J a n
K i n g  (W3GEY), w i t h  h i s  w e a l t h  o f  e x p e r i e n c e ,
his c o n t a c t s  i n the aerospace industry, his
m o t h e r - h e n  p e r s i s t e n c e  i n
rigors o f

r e m i n d i n g  u s  o f  t h e
space, a n d his compulsive

personality to make sure everything happens.

Jan’s “ g l u e ”  b i n d s  t o g e t h e r  a  t e a m  o f  high-
s t r u n g ,  e m o t i o n a l  p r i m a  d o n n a s  w h o  a r e  e q u a l l y
compulsive. Many of the team m e m b e r s  have
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i n v e s t e d  a  l o t  o f  3 A M  m o r n i n g s  w o r k i n g  o n  t h i s
project! A l l  t h e  t e a m m e m b e r s  h a v e  h a d  t o
w e a r  v e r y  t h i c k  s k i n s  t o  w i t h s t a n d  t h e  F L A M E
ON! c o m m u n i c a t i o n s  b l a s t s  s o m e  o f  u s  a r e  p r o n e
to ‘emit. B o b  M c g w i e r ,  D i c k  J a n s s o n  a n d  Lyle
J o h n s o n  a l l  d e s e r v e  s p e c i a l  c r e d i t  f o r  s e r v i c e
above and beyond the call of duty.

T h i s  p r o j e c t
out all over

h a s  s i g n i f i c a n t  pla;;;; s p r e a d
North America, major

ac t i v i t i e s  i n  NJ , M D ,  V A ,  F L ,  C O ,  U T ,  A Z ,  T X
and CA. Unfortunately amateur radio
communications are inadequate to keep such a
dispersed team working t o g e t h e r .  W e have
relied h e a v i l y  o n commercial electronic
communication channels, part icularly AMSAT’s
network on GTE TeleMail  and TAPR’s  channels  on
C o m p u S e r v e ,  p l u s  a  l o t  o f  p h o n e  c a l l s .  Evefy
f e w  m o n t h s  w e  g e t  a  n u m b e r  o f  t h e  p e o p l e  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
l a y o u t  w a s  d o n e  w i t h  AutoCAD. OFCAD .  yas
heav i ly  u sed f o r  d e v e l o p i n g  s c h e m a t i c s ,  wiring
lists, parts lists and net lists. CAD PCB
layout  used Smartwork, ORCAD P C B  a n d  T a n g o .
See  F igu re 5 for an axample  of some of this
use of CAD techniques.

We have done some experimentat ion using
higher-level networking fo r technical
c o m m u n i c a t i o n s  t o m o v e  C A D  d a t a  u s i n g  m y
T O M C A T  F T P  f i l e  s e r v e r  w h i c h  h a s  a  SLIP  po r t
in addition to being on the “real” network.

T h e r e  a r e  t w o  organiszations  n o t  m e n t i o n e d
earlier that have c o n t r i b u t e d  a lot to this
p r o j e c t :  T A P R  a n d  t h e  AFLRL. F o r  m a n y  o f  t h e
volunteers working
d i s t i n c t i o n  b e t w e e n  TAii

this project the
a n d  AMSAT i s ’  f u z z y

s i n c e  t h e y  s e e m t o  w e a r  t w o  h a t s .  I n  a d d i t i o n
t o  t h e  TAPRites  w o r k i n g  o n  t h i s  p r o j e c t ,  T A P R
has made vital c o n t r i b u t i o n s  o f funds and
h a r d w a r e ,  w i t h o u t  w h i c h  w e  c o u l d n ’ t  m a k e  i t .
Special t h a n k s  t o  A n d y F r e e b o r n  ( N O C C Z )  f o r
h e l p i n g  t o make the TAPR/AMSAT interface
smooth. A t  t h e  A R R L  l a b s  i n  N e w i n g t o n ,  P a u l
Rinaldo a n d  J o n  B l o o m  h a v e  m a d e  m a n y  v i t a l
contributions.

From t h e  AMSAT o r g a n i z a t i o n , two people
d e s e r v e  a lot of credit. Vern Riportella
(WA2LQQ) w a s  i n s t r u m e n t a l  i n  a r r a n g i n g  t h e
AMSAT-LU  a n d  B R A M S A T  p a r t i c i p a t i o n  i n  t h e
project. Mar tha  Sa ragov i t z h a s  a c t e d  a s  m o t h e r
confessor, paid bills, handled meeting
logistics and kept smiling thru it all ,
despite repeatedly crying out “Where’s the
money coming from?“.
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F i g u r e  5 . One o f  W3IUI's ORCAD s c h e m a t i c s o f  t h e  MICROSAT recesiver I F  s t r i p .
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