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********** 

1986 Annual Meeting Prize List 

Prize Donor 
=========================================================================== 

Grand Prize 
Banquet Digital 
Banquet Deluxe 
Early Registrant 
Banquet Dish 
Banquet GaAs 
Banquet GaAs 
Banquet GaAs 
Banquet GaAs 
Banquet Alum 
Banquet Alum 
Banquet Alum 
Banquet Alum 

Banquet Special 
Banquet Special 
Banquet Special 
Banquet Special 
Banquet Special 
Banquet Special 
Banquet Software 

lCOM lC-1271A 1.3 GHz Xcvr 
AEA Model AMT-l AMTOR/ RTTY 
Yaesu FT-727R 2m/ 70cm HT 
ALlNCO ALM-203T 2 meter HT 
continental Satellite 10 ' Dish 
Landwehr 2 m mastmount GaAsFET 
THL HRA-2 2 m mID GaAsFET 
ARR SP432VDG 2 m mm GaAsFET 
Lunar PAG432 GaAsFET 
Cushcraft 416-TB 70 cm X-yagi 
F9FT 1.3 GHz X-y agi 
KLM 1.2-44LBX 1. 3 GHz yagi 
23-45LY 1.3 GHz loop yagi 

Daiwa NS-663A/ N SWR/ PWR meter 
Pair of 3CXIOOA5 tubes 
Welz SP-15M SWR/PWR meter 
100 ' Belden 9913 w/ connect. 
$50 gift certificate 
Free room for 2 nights 
GRAFTRAK and Silicon Ephemeris 

lCOM America, Bellevue, W 
AEA, Lynwood, WA 
Yaesu USA, Cerritos, CA 
Alinco, Reno, NV 
Cont. Sat., Clackamas, OR 
Henry Radio, Los Angeles 
EncomID, Plano, TX 
ARR, Burlington, CT 
Lunar, San Diego , CA 
Cushcraft, Manchester , NH 
PX Shack , Bellemead, NJ 
KLM/ Mirage,Morgan Hill,CA 
Downeast Microwave, ME 

Hardin Elect, Ft Worth, T 
Eimac, Dallas, TX 
ECl , Dallas, TX 
ECl, Dallas, TX 
Nortex, Ft Worth, TX 
DFW Hilton Hotel 
silicon Solution, Houston 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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1200 BAUD PSK MODEMS FOR USE WITH FO-12 

Dr. Thomas A. Clark, W3IWI 

This paper will report on activities to develop reliable 1200 baud PSK 
moderns for use with the FO-12 satellite. In particular, we will 
discuss a practical implementation of the JARL/JAMSAT Costas Loop 
design (see F. Yamashita, "A PSK Demodulator for the JAS-l Satellite", 
QEX, August 1986, pp 3-6). To the basic design described in QEX have 
been added modulators optimized for the 'Manchester FM' FO-12 uplink 
and for terrestrial PSK use. Also added to the basic design has been a 
digital AFC circuit for automatically tracking Doppler shifts with 
unmodified commercial 'all-mode' VHF/UHF radios. 

In addition to the design published in QEX, a simpler modern has been 
made available by James Miller, G3RUH. This design has similar 
features to those described above. A comparison between the two 
designs will be discussed. 

The modem-to-radio interface will be discussed, with particular 
emphasis given towards 'eye-pattern' testing. Preliminary results on 
tests with several commercial radios _to evaluate performance 
degradation arising from assyrnetric receiver IF bandpass filters will 
be presented. We plan to show the QEX-style modern in operation and 
will demonstrate many of these points with actual hardware. 
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Controlling ICOM Radios with an IBM-PC 

By Phil Karn KA9Q 

This article consists of two parts. Part 1 documents how I connected my 
ICOM IC-271A and IC- 47 1A radios to the parallel printer port on my MIT 
(Made-in-Taiwan) PC clone. Part 2 consists of C source to subroutines that 
can be called by programs running on the PC. 

Before you warm up your soldering iron, I highly recommend that you get and 
read a copy of the article "Computer Control of Icom R71, 271, 471 and 751 
Radios" by Richard Bisbey, NG6Q, that appeared in the April 1986 Ham Radio 
on page 47. In it he describes how to install the EX-309 computer interface 
and how it operates. Richard has clearly been probing around the innards of 
ICOM radios for some time and has discovered some useful "tricks" that 
circumvent various misfeatures in the radio. I found the article to be 
extremely useful; the skimpy documentation provided by ICOM would have 
required much more trial-and-error experimentation . 

Reading the Printer 

Just about everybody with an IBM-PC has more parallel printer ports than 
they need. They're simple, so manufacturers of add-on multifunction cards 
like to toss them in "for free". Since the ICOM EX-309 computer interface 
requires a parallel connection, it seems like those extra printer ports 
ought to be useful for something. They are, but there's a glitch. 

A PC printer port is output only (who needs to read data from a printer?) 
You *can* control an ICOM radio with an output-only port, but you can't 
read information back from the radio. 

Fortunately, it is very easy to modify a garden-variety PC printer port 
(both clones and Real IBM) to allow both input and output, and the 
modification shouldn't even affect normal operation. You only need to cut 
one trace and to add one jumper. The secret to this easy mod is that 1) the 
standard printer interface uses a 74LS374 to drive the output connector, 
and 2) an input buffer to read back the state of the output pins is already 
provided. (Why the designer thought a programmer would want to read back 
the state of a write-only printer data port is beyond me, but I'm happy 
just the same that they put it in. Perhaps it was only meant for testing 
purposes) . 

According to the IBM Options and Adapters Technical Reference, the '374 is 
U41 on the monochrome/printer adapter, U18 on the AT Serial/ Parallel 
adapter and U4 on the plain Printer Adapter. (Check your schematics if you 
have a clone). It's an 8-bit latch with tri-state outputs . In the original 
design, OE/ (pin 1) is grounded, always enabling the outputs . If you 
liberate this pin from ground and connect it instead to a spare output bit 
that just happens to be available on the 74LS174 hex D latch that drives 
the miscellaneous printer control lines, you can disable the '374 by 
setting this bit. This keeps it from interfering when you read data back 
from the radio. The '174 is U39 on the monochrome board, U4 on the AT 
Serial/Parallel card, and U7 on the plain Printer Adapter. Note that the 
'174 pin numbering may be different from board to board, but the pin you 
want is the one that latches BD5 from the data bus. On the monochrome card 
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and "plain" printer adapter this is pin 15, while it's pin 10 on the AT 
Serial/ Parallel card. Note also that while on the IBM cards the input to 
this unused latch is already connected, it is left unconnected on some 
clone cards (such as mine). It must be jumpered to BD5 on the data bus. 

As long as software leaves this control bit alone, the printer port will 
still function normally. I.e., the default power-up state of the data port 
is "output" mode . 

Once you've modified your printer port (and verified that it still works) 
the more tedious part of the job must be done. The problem is that there's 
no standard connector pinout for parallel ports (analogous to RS-232 for 
serial ports), so you need to build an adapter plug that shuffles the pins 
between the IcaM and the PC. The connector on the PC is a DB-25, the same 
plug used for RS-232. Various computer accessory suppliers (such as Inmac) 
supply solderless "wire-your-own-null-modem" RS232 adapter kits that make 
this very convenient. You get male and female DB25 connector shells, a 
plastic case that snaps together, and a supply of wires with male and 
female pins that snap into the connector shells. You can thus easily 
permute the pins any way you want. There's only one proper way to connect 
the 8 data bits (unless you like shuffl ing bits around in software) but the 
connections fo r the various strobe and ack s ignals are somewhat arbitrary. 
However , you're probably best off using the ass i gnment I chose, since that 
will allow you to run my software without having to modi fy it . 

Adapt er Wir ing 

Her e's the wiring I used in my adapter. I assume that you'll use a male DB-
25 on the computer end of the 24-pin ribbon cable go ing to the EX-309 
connectors . Note that the EX-309 uses a 24-pin GPIB-style connector, so 
make sure you install the DB-25 on the IcaM bus cable correctly; pin 1 of 
t he DB-25 should connect to pin 1 on the EX-309's connector. Note also that 
because of the different pin layouts on the two connectors, pins 1-12 on 
the DB- 25 correspond to pins 1-12 on the EX-309, BUT pins 14 - 25 on the DB-
25 correspond to pins 13-24 on the EX-309. Pin 13 on the DB-25 is unused. 

Printer Pin Printer Function I c om DB25 p in Icom Function 
2 Data bit 0 1 Data bit 0 
3 Dat a bit 1 2 Data bit 1 
4 Data b it 2 3 Data bit 2 
5 Data bit 3 4 Data bit 3 
6 Data bit 4 5 Data bit 4 
7 Data bit 5 6 Data bit 5 
8 Data bit 6 7 Data bit 6 
9 Data bit 7 8 Data bit 7 
17 SLCTIN 9 RP 
1 STROBE 10 SRQ/ 
14 AUTO FDXT 22 ( 21 at radio) WP 
10 ACK 23 ( 22 at radio) DAV/ 
lB-25(any) GND 25 ( 24 at radio) GND 

Programming Info 

Once you've wired the adapter, the various ICOM signals appear as follows. 

lO 
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(This assumes the base addressing used for the monochrome adapter/printer 
port; adjust if your port is at a different address). Note that some of the 
rCOM bus lines are negative true, and others are positive true. Some (but 
not all) of the printer port's control and status lines are inverted as 
well. This has already been taken into account here. (The choice of bit 
assignments was in part made so that the radios would see an idle interface 
when the printer port is left in its uninitialized, power-up state). 

3BCH (read/write): the 8-bit data bus . The direction of data flow is 
controlled by bit 5 in port 3BEH. 

3BDH (read only) : 
Bit 6 (i.e., mask 40h) is the DAV bit, active low (a zero bit corresponds 
to the rCOM saying that Data is AVailable) . 

3BEH (write only): 

Bit 0 (OIH) controls the SRQ line to the radio, active high (setting this 
bit to a one tells the radio that Service is ReQuested). 

Bit I (02H) is the WP (Write Pulse), active low . Note that this bit should 
be kept high when the interface is idle, although it will not have any 
effect as long as SRQ is inactive. 

Bit 3 (08H) is the RP (Read Pulse), active low. This bit should also be 
kept high when the interface is idle. 

Bit 4 (lOH) is the IRQ (Interrupt ReQuest enable) bit that allows the ACK 
input pin to cause an interrupt. Since DAV is connected to the ACK input, 
this makes it possible to make the computer-to-radio protocol interrupt 
driven. This isn't usually worth it, though. 

Bit 5 (20H) controls the direction (input/output) of the 8-bit data port. 
(This -was the bit we had to wire up on the interface card). Clearing this 
bit puts the data port in output (computer -> radio) mode; setting it 
allows the computer to read data from the radio. 

Here's the source code I wrote for controlling the ICOM radios through my 
PC clone's printer port. Note that all frequencies are represented ~n 
hertz, using longs; this makes things more consistent since different radio 
functions require different precision. 

/* icom.c 
* Library functions for driving the ICOM computer interface 
* Copyright 1986 by Phil Karn, KA9Q 
* Permission granted for free noncommercial copying and use by 
* licensed radio amateurs. 
*/ 

'include "icom.h" 

char *modes[] = { 
"LSB", / * 0 */ 
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"USB", /* 1 *1 
"AM", /* 2 *1 
"ew" , 1* 3 *1 
"RTTY", 1* 4 *1 
"FM", 1* 5 */ 
"cw Narrow" I 
"RTTY Narrow", 
"Isb ll

, 1* 8 */ 
"usb ll 

I 1* 9 *1 
"am", /* a */ 
lIew narrow", 
"rtty narrow", 
"fm", /* d */ 
"Oxe" , /* e */ 
"Oxf" 1* f *1 
} ; 

/* Read band */ 
int 

/* 6 */ 
1* 7 */ 

1* b */ 
/* c *1 

read band(freq,lower,upper) 
long-freq; /* Used just to select the radio *1 
long *lower,*upper; 1* Band limits returned through here */ 
( 

} 

register int i; 

start cmd(); 
if(send byte(BAND I band(freq» < O){ 

-end cmd(); 
return -1; 

} 
*upper = 0 ; 
read_byte () ; 
for(i=0;i<6;i++) 

*upper = 
read_byte () ; 
*upper *= 10000; 

*lower = 0 ; 
read byte(); 
for(I=0;i<6;i++) 

*lower = 
read byte() ; 
*lower *= 10000; 
end cmd(); 
return 0; 

*upper 

1* Toss opening delim *1 

* 10 + (read byte() & Oxf); 
1* Toss closIng delim *1 
1* convert to hertz *1 

1* Tos s second opening delim *1 

*lower * 10 + (read byte() & Oxf); 
1* Toss second closing delim *1 
1* Convert to hertz *1 

1* Set frequency; the proper radio is automatically selected *1 
int 
set freq(freq) 
long freq; /* Frequency, hertz */ 
( 

register int i; 
char fstr(15); 

start_cmd() ; 
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} 

if(send_byte(FREQ I band(freg» < O){ 
end cmd() ; 
return -1; 

} 
send byte(FREQ I Oxd); 
sprintf(fstr, "%091d", freqjlO) ; 
for(i=0;i<9;i++) 

send byte(FREQ I (fstr[i] - '0'»; 
send byte(FREQ I oxe); 
end cmd() ; 
return 0; 

/* Read frequency */ 
long 
read freg (freg) 
long-freg; /* For band selection only */ 
( 

} 

register int i; 

start cmd () ; 
if(send byte(FREQ I band(freg» < O){ 

-end_cmd() ; 
return -1; 

} 
if(read byte() < 0) /* Discard opening delimiter */ 

-return -1 ; 
freg = 0 ; 
for(i=0;i<9;i++){ 

freg = freq * 10 + (read_byte() & Oxf); 
} 
read byte(); /* Discard closing delimiter */ 
freq-*= 10; 
end cmd(); 
return freq; 

/* set mode */ 
int 
set mode(freg,mode) 
long freg; /* For radio selection */ 
int mode; /* Desired operating mode */ 
{ 

} 

start cmd () ; 
if (send_byte (MODE land(freg» < O){ 

end emd() ; 
return -1; 

} 
send byte(MODE 
send-byte (MODE 
send-byte (MODE 
end cmd(); 
return 0; 

Oxd) ; 
mode) ; 
oxe) ; 

/* Return current mode */ 
int 
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read mode(freq) 
long-freq; /* For radio selection */ 
( 

} 

int c; 

start cmd () ; 
if(send byte(MODE I band(freq» < 0)( 

-end cmd(); 
return -1; 

} 
read byte(); 
c = read byte() ; 
read byte(); 
end cmd(); 
return c & Oxf ; 

/* Set offset */ 
int 
set offset(freq, offset) 
long freq; /* For radio selection */ 
long offset; /* Offset, hertz */ 
( 

} 

register int i; 
char fstr(15): 

start cmd () ; 
if(send byte(OFFSET I band(freq» < 0) { 

- end_cmd () ; 
return -1; 

} 
send byte(OFFSET I Oxd) ; 
sprintf(fstr,I%091d", freqjlOOO) ; 
for(i=0;i<9;i++) 

send byte(OFFSET I (fstr[i) - '0'»; 
send byte(OFFSET I axe); 
end_cmd () ; 
return 0; 

1* Read offset */ 
long 
read offset(freq) 
long-freq; /* For radio selection *1 
( 

register int i; 
long offset; 

start cmd () ; 
if(send byte(OFFSET I band(freq» < O){ 

- end_cmd () ; 
return -1; 

} 
read byte() ; 1* Discard opening delimiter */ 
offset = 0; 
for(i=0;i<9;i++) 
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} 

offset = offset * 10 + (read b y te() & Oxf); 
read_ byte(); / * Discard closing del imiter */ 
offset *= 1000; 
end cmd(); 
return offset; 

/ * Select memory channel 
i n t 

or vfo */ 

set mem(freq,val) 
long freq; /* For radio selection */ 
int v al; 
{ 

} 

/ * Desired VFO/ channel number */ 

start cmd(); 
if(send byte(MEMVFO I band(freq» < 0) { 

- end cmd(); 
return -1 ; 

) 
send byte(MEMVFO 
send-byte (MEMVFO 
send-byte (MEMVFO 
send-byte (MEMVFO 
end emd(); 
return 0 ; 

Oxd) ; 
«val » 4) & 
(v al & Oxf»; 
Oxe) ; 

Oxf»; / * tens digit */ 
/ * units digit */ 

/* Transfer between 
i nt 
transfer(freq,dir) 
long freq; 

VFO and memory */ 

/ * For radio selection */ 
int dir; 
{ 

) 

/* Desired direction of transfer */ 

start cmd () ; 
if (send_byte (MEMRW 

end cmd() ; 
return - 1; 

I band(freq» < O){ 

} 
send b y te(MEMRW 
send-by te (MEMRW 
send-byte (MEMRW 
end emd() ; 
return 0 ; 

Oxd) ; 
dir) ; 
Oxe) ; 

/ * Set band 
* Uses the hack by NG6Q in April 1986 Ham Radio 
* warning: untested (I don't have a 751). 
*/ 

int 
set band(freq,b) 
long freq; 
int b; 

/ * For radio selection */ 
/ * Desired band */ 

{ 
long funny; 

set mem(freq,3 8 ); 
funny = (freqjlOOOOOO) 
funny += 10000 0 * b; 

/ * Sel ect channel 38 */ 
* 1000000; / * Truncate to Mhz */ 

/ * Desired band goes in 100khz digi 
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} 

set freq(funny); 
transfer (freq,WRITE) ; 
set mem(freq,O) ; 
transfer (freq, READ) ; 
set_freq(freq) ; 
return 0; 

/ * store in memory */ 
/* Go back to VFO */ 
/* Get the funny value */ 
/* Put in the one we r eally want */ 

/* The following are internal subroutines that perform the low- level 
* parts of the host/radio protocol. These can be "static" if you wish. 
*/ 

/* Send individual byte of a message */ 
int 
send byte(c) 
char-c; 
( 

} 

register int i; 

outportb(I DATA,c); 

/* Turn on WP and output mode in addition to SRQ */ 
outportb(I_CTL , CTL_POL~( SRQ_CMDIWP_CMD IOUTPUT_MODE» ; 

/* wai t for DAV to go active low */ 
for( i=TIMEOUT ; i != O;i--){ 

} 
if(i 

} 

if «inportb(I DAV) & DAV_STAT) -- 0) 
break; 

O){ 
outportb(I CTL,CTL POL) ; 
printf("sendbyte fail\nll); 
return -1; 

/* Drop WP and output mode, keeping SRQ active */ 
outportb(I_CTL,CTL_POL~SRQ_CMD ) ; 

/* Wait for DAV to go inactive high */ 
for(i=TIMEOUT;i != O;i-- ){ 

} 
if(i 

} 

if«(inportb(I DAV) & DAV_STAT) != 0) 
break; 

O){ 
outportb(I CTL,CTL POL) ; 
printf("sendbyte fail 2\n"); 
return - 2 ; 

return 0 ; 

1* Read individual byte within a message */ 
int 
read_byte ( ) 
{ 

register int i; 
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} 

register int c; 

/* Configure for input */ 
outportb(I_CTL,CTL_POLA(RP_CMDISRQ_CMD» ; 

/* Wait for DAV to go active low */ 
for(i=TIMEOUT;i != O;i--){ 

} 

if«inportb(I DAV) & DAV_STAT) -- 0) 
break; 

if(i -- 0) ( 

} 

outportb(I CTL,CTL POL); 
printf ("read fail \n") ; 
return -1; 

/* Read data byte from bus */ 
c = inportb(I_DATA); 

/* Drop RP, keeping SRQ active */ 
outportb(I_CTL,CTL_POLASRQ_CMD) ; 

/* wait for DAV to go inactive high */ 
for(i=TIMEOUT;i != O;i--){ 

} 

if«inportb(I DAV) & DAV_STAT) != 0) 
break; 

if(i == O){ 
outportb(I CTL,CTL POL) ; 
printf(nrreturn MHZ 144; 

} else if(freq >= 50000000){ 
return MHZ_50; 

} else 
return HF; 

/* Begin a message */ 
start _ cmd () 
( 

} 

/* Assert SRQ */ 
outportb(I_CTL,CTL_POLASRQ CMD) ; 

/* End a message */ 
end_cmd() 
( 

register int i, 

/* wait a little bit */ 
for(i=WAIT,i != O;i--) 

, 
/* Deactivate SRQ */ 
outportb(I_CTL,CTL_POL) ; 

/* icom.h 
* Definitions for the ICOM library functions 
* 21 Aug 1986 
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* Phil Karn, KA9Q 
*/ 

/* System-dependent constants; edit to taste */ 

/* Port addresses */ 
#define I DATA 
#define I CTL 
#define I-DAV 

/* Bits within I DAV */ 
#define DAV STAT 
#define DAV POL 

/* Bits within I CTL */ 
#define OUTPUT MODE 
#define RP CMD 
#define WP CMD 
#define SRQ CMD 
/* Specify any bits in 
* Output mode, RP and 
*/ 

Ox3bc 
Ox3be 
Ox3bd 

ox40 
Ox40 

Ox20 
Ox8 
Ox2 
Ox1 

/* Data I/O port */ 
/* Control port (output) */ 
/* Data available port (input) 

/* DAV is negative polarity */ 

I CTL which are 
wEi are negative 

negative logic. 
logic; SRQ is positive 

#define CTL_POL (OUTPUT_MODE I RP_CMD I WP_CMD) 

*/ 

/* These two values were found experimentally 
* Increase WAIT if you get frequent timeouts 

t o work on an 8-MHz 8088 
or protocol lockups 

*/ 
#define TIMEOUT 65535 
#define WAIT 1100 

/* Timeout on a read/write operation */ 
/* Delay at end of sequence */ 

/* The following definitions are fixed by the ICOM design; they should not 
* have to be changed. 
*/ 

/* Commands */ 
#define BAND 
#define FREQ 
#define MODE 
#define OFFSET 
#define MEMVFO 
#define MEMRW 

/* Addresses */ 
#define HF 
#define MHZ 50 
#define MHZ 144 
#define MHZ 220 
#define MHZ 430 
#define MHZ 1200 

/* Modes */ 
#define LSB 0 
#define USB 1 
#define AM 2 
#define CW 3 

OxlO 
Ox20 
Ox30 
Ox40 
Ox50 
ox60 

Oxl 
ox2 
Ox3 
Ox4 
ox5 
ox6 

/* IC-7l or IC-75l */ 

/* IC-271 */ 

/* IC-471 */ 
/ * IC-1271 */ 
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#define RTTY 4 
#define FM 5 
#define CWN 6 
#define RTTYN 7 

#define WRITE 1 /* VFO to memory */ 
#define READ :2 /* Memory to VFO */ 

long read_freq() ; 
--------------
End of code 
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OSCAR-10 ATTITUDE DETERMINATION 

by James Miller G3RUH 

Introduction 

Oscar-10 attitude has to be actively controlled for two reasons. Firstly, 
to ensure that the solar panels always receive sUfficient sunlight to 
maintain a healthy battery charge as well as operate transponders, computer 
etc. Second, for sensible communications, the antennas need to point 
earthwards as much as possible. 

Solar illumination is always changing because the Sun moves steadily about 
1 degree/day across the heavens. And the satellite orientation appears to 
change about 1 degree a week because the orbit plane drifts - witness 
steady changes in Argument of Perigee and Right Ascension of Ascending 
Node, RAAN. 

However, before you try to change a satellite's attitude first you have to 
measure it! In addition you need to know what values change it to for best 
results. I have developed several attitude finding methods and planning 
tools for Oscar-10, which are in regular use by the active AO-10 Ground 
Control Stations, and this paper outlines some of them. 

Attitude Definition 

Oscar-10 is spin stabilised; this means that it spins about the 
motor/antenna axis of symmetry, at a rate of some 30 r.p.m. Most 
importantly, the spin axis points to a fixed point in space, called "the 
attitude" - unless the spacecraft is deliberately moved by ground station 
command. 

The spin axis direction is specified by two numbers called attitude 
longitude (ALON) and attitude latitude (ALAT), and they are measured in the 
orbit plane. Longitude is measured round from perigee, in degrees 0-360, in 
the same sense as the satellite's motion. Latitude is specified up (+) or 
down (-) from the orbit plane. 

The nominal attitude for Oscar-10 is ALON = 180 degrees, ALAT = 0 degrees, 
(conventionally written 180/0) when the antennas would be pointing at the 
Earth's centre with the spacecraft at apogee. Attitude 190/ 0 gives Earth 
centre pointing just after apogee, 170/0 just before. A positive value for 
ALAT means the antennas are pointing down towards the Southern hemisphere. 

ALON typically ranges from 140 to 220 degrees, and ALAT between -30 and +30 
degrees. 

The value of ALON slowly reduces at a rate of 1 degree/ week because the 
orbit plane is moving at that rate. Nonetheless, the attitude IS fixed 
with respect to the stars: the attitude's celestial coordinates, Right 
Ascension (RA) and declination (DEC) are invariant - but are not very 
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convenient for popular use. 

Finding the Attitude 

The art of position finding is centuries old. The principles are much the 
same whether you are surveying the backyard or aiming a satellite. All 
you need is two or three objects whose position IS known. You make an 
observation about each of them. Then you calculate or plot your position -
it being the only place on the map that could give rise to those 
observations. 

A simple anal ogy. You have a map of a room; you a r e somewhere in the 
middle, and want to plot your position on the map. You measure the 
distance to one corner (RA), and then the distance to another (RB). Draw 
in two arcs of the measured radii from each corner - and your position must 
lie at the intersection - see Fig 1. Of course, two circles intersect i n 
two places, and you must resolve this. Possibly the second intersection 
lies outside the room, which is absurd; if not, then you could measure the 
distance to a third corner. 

POSITIOJ FINOlMli 
PRIMUPL£S 

Oh.rv.r IWIfur'H 

!:d d~1 a:. br:"":dy 8. 

Fit.!. 

R~ ____ ~ ____________ ID 

ROO M 

B I,---'f---------' c 

Figure 1 

Its just the same with a satellite . You have a map of the sky; you are on 
board the satellite and want to plot the spin axis direction on the map. 
You measure the angle between the spin axis and a couple of known points, 
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such as a star, or 
attitude direction 
resolved with a the 

Implementation 

There are several 
is available, and 
the spectrum, a 
anyone can use. 

the Sun, draw in the stars and then two arcs, and the 
must lie at their intersection. The ambiguity is 

help of a third body or some reasonableness criterion. 

ways of mechanising this process, depending on what data 
how accurate you want the answers to be. At one end of 
simple look-up table method is available (ref 2) that 

However the job is more powerfully handled by computer and there are 
graphical methods and numerical methods. The simplest numerical methods 
take just 2 measurements (observations) and compute the 2 attitude 
coordinates, ALON and ALAT. These are fast and easy to use, but of course 
any small error (noise) on an observation leads directly to undetectable 
small errors in the solution. 

So for added security, one "overdetermines" the problem by making as many 
observations as possible, and computing the attitude which is in some sense 
the best given those observations. This gives increased confidence in the 
answer, and also allows you to weed out defective observations. 

Some idea of the range of tools used can be gathered from a brief list of 
the software developed: 

Program outline Description 
----------------------------------------------------------------- EASIFIX 
Attitude from 1 Sun, and two equal Earth sensor observations (ref2) SENSOLV 
Attitude from one Sun and one Earth Sensor 

SUNFIT Attitude from multiple Sun observations 

ESSFIT Attitude from multiple Sun and multiple Earth obseravations 

ATTPLOT Graphical suite; draws Sun measurements, Earth, eclipses and 
related phenomena on celestial sphere. 

ILLPLAN Solar panel illumination and Sun Angle chart generator 

ATTHIST Predicts future attitude given present position 

A010NOW Real time AO-10 antenna tracking for automatic data capture 

TLMlO-3 PSK Telemetry full engineering display 

KlOFIT Smoothed Keplerian elements generator from 1 year's keps 

ECLIPSE AO-lO Eclipse prediction 
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Choice of Bodies 

What objects are available for AO-lO to measure? For a near Earth 
satellite the obvious choices are the Sun, which is an extremely bright 
approximately point source of light, and the Earth which is very big and 
appears to move about as the satellite moves round the orbit. The Moon 
could be used too, but with simple sensors would too easily be confused 
with the Ear th. The stars are abundant but f aint , and suitable sensors a r e 
of a complexity beyond that which Oscar-lO needs . 

So, AO-lO carries a Sun Sensor and an Earth sensor. They are mounted in 
the end of arm 2, and look out radi ally onto what is called t h e 
spacecraft's equator. So the sensors scan the equatorial belt once per 
revoluti on, about 3 0 times a minute. 
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Figure 2 is an end view of sensors , reproduced from PHASE IIIb drawing 
number 3076A . The circular Earth s ensor has a l ens and a project ing shade . 
The Sun sensor actually comprises two identi cal units mounted as shown. 

Oscar-lO carries two other sensors, solar cells 20rom x 20mm facing top and 
bottom. These give instant qualitative indications as to whether the Sun 
is above, below or on the spacecraft equator. Their main function is as a 
safety stop; the on board computer will automatically turn off the 
t r ansponders and magnetorquers if for any reason the Sun comes too far (50 
degrees) above the SI C equator. 

Sun Sensors 

The Sun sensor is a most elegant yet simple optical instrument . It 
consists of nothing more than a slit, behind which is a photo-diode . 

On Oscar- l O this slit is 33 rom x 0.6 rom, with the BPX48 diode 5 rom behind. 
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Allowing for obstructions, this gives the diode a field of view of about +-
50 degrees up and down the slit. 

As the satellite spins the Sun flashes past the slit 
giving a 'pip' or pulse from the photodiode electronics 
moment the Sun passes through the field of view. 

From 'Pips' to Angles 

each revolution , 
at the precise 

Both Sun sensors give pips, but you can see from figure 2 that each is 
inclined 30 degrees to the spin axis. So the pulses occur at slightly 
different times. It is this difference which provides the measurement of 
'Sun Angle', defined as the angle between the Sun and the satellite's 
equatorial plane. Figure 3 shows how. 

OKCA~-19 Sun Sensbrs 

Fi~lJ ~f view, 
at ~i"t' T2 

SR=RTN(Tan(68).Sin(PO/2» 

Rxis Fig.3 

Equato!' 

Illustrating Sun Angle 
= 27.S degrees 

Fig. 3 is the local view from Oscar-10. You must imagi ne the satellite is 
a the sphere's centre, the spin axis runs from top to bottom, the 
spacecraft equator runs around the middle and in this diagram the sensors 
scan from left to right . The point marked S marks the Sun's (fixed) 
position, and we want to find SA, the Sun Angle. 

Suppose at instant Tl the upper sensor SSl pips; its field of view must be 
arc SP. Moments later at T2 the lower sensor pips, and its arc is SQ. We 
know the baseline angle PQ = (T2-Tl) x spinrate. As each arc is inclined 
at 60 degrees, we can solve for the triangle for Sun Angle SA, viz: 
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SA = ATN(Tan(60) X Sin(PQ/ 2) ) 

Sun Sensor Electronics 

I 've j u s t d e scribed the method, but to implement it we need a mechanism for 
dete rmining Tl and T2 - a nd hence the ba seline arc PQ. In Oscar-10 the 
sens or e l ect ronics unit (SEU) takes care o f this function . 

In outl ine it consists of an oscillator which is phase l ocked to the upper 
beam (SSl) pips. The oscillator runs at 256x the pip rate and drives an 8-
bit counter such that the counter reads 0 when SS l pips. When the lower 
beam (SS2) pips the counter state is read into the on-board computer's 
t elemetr y buffer . 

In this way the equator is divided into 256 parts and the arc PQ is now 
360 x SS2Countj 256 degrees, making the Sun Angle conversion equation: 

SA = ATN (Tan(60) X Sin(180 x SS2count/256 ) ), all in degrees . 

c ounts e xceedi ng 127 represent a negative v a l u e of PQ, i . e. use SS 2count-
256 . 1 c ount is equiv a l ent to about 1.2 degrees. The spin counter is also 
read when SSl pips; if the s ystem is properly synchronized, SSl will read 0 
or 255, because the PLL dithers. 

Att i tude Determination by Sun Angles 

Figure 3 i llustrated one measurement of Sun angle (SA). Now we need to 
derive spacecraft atti tude from t his, which i s i l lustrated graphically, Fig 
4. 

If the Sun i s angle SA up from spacecraf t equator, then it means t h e 
satell i te spin a x is must be lie somewhere along a c ircle radius 90-SA 
centred on the Sun's position; the latter ' s position is found from the 
Astronomical Almanac (ref 3) or as described in reference 1). 

However one observation will not give us a 2-D attitude fix; we ne ed t wo or 
more . Well, the second object could just as well be the Sun again, but 
sev eral day s day s later. This is because it will have moved a little, and 
in this context is another object. So here for example are 3 sample 
me asurements made at 14 day intervals: 

Sun Sens or 2 Sun Angle 
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OSCAR-18 
Att i tude 
Plotter 

ATTITUDE 
DETERMINRTION 
by SUN ANGLES 
ORBIT PLANE 

Vl!ar 1984 
Day 1 

Date Counts Deg 
--------------------------------------

1984 Jan 01 
1984 Jan 15 
1984 Jan 29 

46 
47 
42 

42 . 8 
43.4 
40.5 

--------------------------------------

FIG 4 

Fig 4 

ORBIT PLRNE 

ECLIPTC 
(Sun's 
Orbit ) 

CENTRE 
DEC= 18 
RA = 298 

Fig 4 represents the Oscar-10 ' s view of the celestial sphere, and was 
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created using program ATTPLOT . The grid though is in orbit plane 
coordinates, with the orbit plane passing though apogee direct i on marked 
"Ap " , at coordinates ALON = 180, ALAT = o. In the illustration longitude 
increases rightwards, latitude increases upwards . Oscar- 10 is i n t he 
centre of the globe; its antenna axis points roughly at perigee, t he spin 
(motor) axis generally towards the apogee direction shown. 

Measurement Arcs 

The f i rst Sun angle measurement illustrated i s drawn as a n a rc of 90-42 . 8 
degrees centred on the Sun for J an 01, a nd the second arc of 90 -43 . 4 
degrees is centred on Jan 15, and t h e third on the Sun f or Jan 29 . 

The arc s intersect at two potential attitude solutions , equispaced across 
the Sun's plane or Ecliptic. Th e intersection a t ALON=190 ALAT=O is 
c l early the most likely one ; the other obscured at the pole is almost 
normal to the plane . Though possible , it would indicate some fairly heroic 
att i t ude mi smanagement! 

Sun Sensor Fix - Numerical Method 

The three observations can also be processed numerically; t hey a r e simply 
e nt ered into program SUNFIT , which has a t ypical output like this : 

OSCAR-10 ATTITUDE DETERMINATION by SUN ANGLES 

Initia l ising constants . . Reading Data .. Starting solution at 180/0 .. 

pass : 1 . 00 LON = 191 . 18 LAT = 2 . 96 

pass : 2 . 00 LON = 189 . 44 LAT = -0.08 

converged . . results: 

So lut ion Date : 1984 Jan 1 [Sunday] 

Solution 

Soln . 1 
Soln. 2 

Orbit Coor dinates 
ALON ALAT 

189.44 
53. 78 

-0 . 08 
-85.76 

AMSAT DAY 2191 

Celest ial Coords 
DEC RA 

23.95 
-67.60 

284.05 
305 . 62 

95 % Confidence Ellipse : MAJOR = 1.23 deg MINOR = 0 . 01 deg 

Potential Accuracy Limitations - SUNFIT 
--------------------------- -------------
Th is method has one slight drawback. The angl e of intersection of the 

arc s is oft en very fine, so a ny s l ight mea surement errors a r e grossly 
magni fied by the "scissors" effect , g iving quite a large fix u nce r tainty i n 
one direction . In prac t ice you have to t ake many more than 2 measurements, 
a nd validate them carefully. The intersec tion angle is also increased by 
taking data over a longer interval - BUT it means you cannot get an instant 
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attitude solution when you need one quickly, particularly when reorienting 
the spacecraft. 

sometimes the Sun arcs 
position lies on the 
other, which causes 
graphical run of 

ATTPLOT. 

don't actually intersect at all. When the attitude 
Ecliptic (Sun's orbit), the arcs all "kiss" each 
SUNFIT numerical difficulties best studied with a 

However, the proper solution to this is to use another body altogether 
the Earth. 

Earth Sensors 

The Sun sensor is simple - two slits and two photodiodes - because the Sun 
is extremely bright, and virtually a point source of light. On the other 
hand the Earth is rather dim, and its size seen from Oscar-lO ranges from 
17 degrees diameter seen from apogee to 75 degrees at perigee. So the 
instrument needs a lens to gather light and to focus an image of the 
Earth onto a liqht detector. 

/ 

Tejl1 

\ 
\ 

TeilS 

FIGURE 5 is a cross section of OSCAR-IO's Earth sensor optics, and is 
reprodu7ed from AMSAT Phase 3b drawing number 6003. Light enters from the 
left v~a an anti-glare shield (1) and the radiation-resistant lens (4), 
which has a focal length of about 65mm. Two photodiodes are mounted at the 
focus on plate (8), and just in front of the diodes is a disc (6) with two 
2mm holes in front of the diodes, Smm above and below the centre. This 
creates two Earth sensors, in one package. Each has a beamwidth of 2 
degrees, and they look 4.4 degrees above and below the main axis. The 
field of view is limited by the shield, and is about +-13 degrees. 

The instrument, like the Sun sensor is mounted looking out of arm 2. As 
Oscar-lO moves around its orbit, shortly before perigee Earth will come 
into the sensors' view, and an image of the Earth sweeps across the 
photodiodes. One or both photodiodes will give out a signal, commencing at 
horizon-in, and ceasing at horizon-out. The time of start (or finish) of 
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this signal gives us the measurement we need. Gradually the Earth comes 
into full view, then leaves . Shortly after perigee, depending on the exact 
orientation of the spacecraft, Earth once more comes into view, giving a 
second series of measurements. 

~ __ ;z .~:=-;: __ _ 
..,..-''/ ..... -..-.... ... " ----...... I OSCAR-18 

EARTH SENSOR GEOMETRY . /" ~~-~ -...... ~ 
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Either Hin '~- i" -~_./ _---•• - I Upper Scan 
or Hout ilia., b.I', s-- 'I tn-~--- /~! seJechd for \ ....... , __ ... , / 
triggering: \ .,---__ ___---- ./ 
HorIZon-in is \ ------- / 

I ,.st usual. \ /' , / 

I IIinitllUlII Earth radius " /' 
is , degrffs, lIIaxitllUlII "'" ,./ 
38 degrees, at per i gee; """_ .. / 
figure sholOS 15 degrees. .-~ _----........ . (C >1985 G3RUH 

Fi gure 6 shows the various angular relationships. Oscar-IO is at the 
centr e of this sphere, i ts spin axis verti cal , wi th the motor pointing out 
at 'A' . Both Sun and Earth sensors look out onto the equatorial belt , 
scanning round from left to r ight as Oscar-IO spins. Th e Earth's disc is 
shown centred at 'E', and the lower (motor) Earth sensor beam is shown 
intercepting the horizon at Hin, leaving at Hout. The upper sensor 
(antenna side) will not be triggering. Also shown is the position of the 
Sun, at'S'. During an encounter the Earth moves essentially up or down 
this figure. 

Earth Sensor Measurements 

The Earth sensor signal is also processed by the Sensor Electronic Unit 
(SEU). Recall the Sun sensor system contains an oscillator phased-locked to 
the Sun puls7s, in such a way that a datum is established corresponding to 
point 'B' 1n figure 6, and providing a clock at 256x the spin rate, 
effectively dividing the spacecraft's equator into 256 parts. 
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The same clock is used by the Earth sensor electronics; a register is 
clocked with the instantaneous spin count at either Hin or Hout, depending 
on the setting of the ground-controlled Edge Select Flag (usualy Hin) . So 
the Earth sensor measurement is simply the angle 'BH', expressed in 256ths 
of a revolution. In the jargon this is known as a 'rotation angle' 
measurement; while the Sun sensor provides an 'arc-length' measure. (Ref 
5) • 

As there are two Earth sensors, so two values are telemetered; a flag also 
says whether the ES measurement has just been updated or not. The flag is 
reset as the spin counter goes through zero on each revolution. Also 
telemetred are the mean anomalies (Z count) corresponding to each 
measurement. This effectively time-tags the data. 

In summary, the Earth sensor sUb-system provides ESL, MAL, FLL and ESU, MAU 
and FLU (sensor count, mean anomaly, flags; lower/ upper) . 

Attitude Fixing With the Earth Sensors 

We start off with two measurements (observations) S-B and B-H in figure 6, 
and we have also four known constants, 's' the Sun's position, 'E' the 
Earth's location, Earth's radius angle rho (f) or E-Hin, and the Earth 
sensor alignment angle gamma (Y) or 90- (Hin-H) • We need to compute the 
location of 'A' from this data. 

Lets work backwards from the solution. 'A' is at the intersection of two 
arcs of known length, beta (f3) and gamma ('0), though we don't yet know 
where point Hin, the end of gamma (l) is. Hin lies at the intersection 
of two known arcs rho (~) and psi ('-V), but we first need to know the 
length of psi ('¥). 

However, 
already 
the same 

the latter is the third side of triangle S-A-Hin, for 
know angles S-A, A-Hin and the included angle phi (]E), 
as B-H, the Earth sensor measurement. 

which we 
which is 

This is a purely geometric problem, and takes no account of whether the 
Earth was actually illuminated at the time, or whether the sensor trigger 
could have been a terminator crossing, so additional checks are applied to 
the potential solution to ensure that the answer is reasonable. In fact 
geometrically there are two solutions per sensor, one usually an 
unreasonable value that can be discarded. 

Program SENSOLV - Example of Earth-Sun Solution 
-----------------------------------------------
On 1985 Sep 12 Oscar-10 popped up briefly 

sensor values were entered into program 
geometry just described, with the following 

during a 
SENSOLV 
results: 

OSCAR-IO ATTITUDE DETERMINATION - EARTH/SUN 
--------------------------------------------
Which Earth Sensor; [U/L] ? LOWER 
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YEAR 
SSl 
ESL 
MAL 

1985 
o 
158 
253 

DAY 
SS2 
ESU 
MAU 

Soln 

1 
2 

255 
217 
169 
250 

ORBIT 1691 

Dec 

-55.4 
1.0 

Earth's appearance - Full 
Solution condition - OK. Horizon wholly lit 

RA 

355.4 
41.7 

ALAT 

-32.0 
26.7 

ALON Horiz 

203.2 Hin 
238.8 Hout 

Which Earth Sensor; [U/L] ? UPPER 

YEAR 
SSl 
ESL 
MAL 

1985 DAY 
0 SS2 
158 ESU 
253 MAU 

Soln 

1 
2 

255 ORBIT 1691 
217 
169 
250 

Dec 

- 55.5 
- 29.9 

Earth's appearance 
Solution 

RA 

347.1 
37.6 

condition 

ALAT 

-33.6 
-3.8 

- Gibbous 
- OK. Horizon crossing 

ALON Horiz 

197.9 Hin 
232.3 Hout 

lit 

We would deduce that Oscar-10's attitude was ALON 200, ALAT -33 degrees, 
since the two solutions No. 2 both disagree, and would corrspond to an 
horizon out trigger. 

Ultimate Weapon - Program ESSFIT 

This program processes 
upper and lower sensors, 
measurements as desired, 

a whole series of Earth measurements, from both 
from any number of days, plus as many Sun sensor 

and calculates an unambiguous attitude fix. 

The super-abundance of data makes it very accurate - so accurate that it is 
also able to calculate the mounting angles of the Earth sensor. 

As with the other numerical methods, it seeks the "least squares" solution 
which is the one that minimises the sum of the squares of the difference 
between the actual observations and their expected values given that 
potential solution. 

Support Programs 

Attitude determination is but one aspect of satellite management. 
questions to be answered are typically: 

Other 

* Given the present attitude, what will it appear like in the coming 
months? 

* What is the optimum attitude profile for the next 2 years? 
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* When do eclipses occur, and for how long? 

* NASA keplerian elements are notoriously "noisy" - not at all what is 
needed for precision calculations: what's the cure? 

Solutions to 
as ATTHIST, 
commander is 

these kind of questions are provided by support programs such 
ILLPLAN, ECLIPSE and KIOFIT without which no modern Phase 3 

properly equipped! 

Program ATTHIST 

Lets follow the very first example (ALON=190, ALAT=O) through 
months using program ATTHIST: 

OSCAR-IO ATTITUDE FUTURE BEHAVIOUR DUE TO PRECESSION 

Please enter initial attitude (in-plane, deg) and year/day 
ALON ,ALAT, YEAR, DAY? 190, 0, 1984, 1 

DATE 

1984 Jan 
1984 Jan 
1984 Feb 
1984 Mar 
1984 Apr 
1984 May 
etc 

01 [sun ] 
29 [Sun] 
26 [ Sun] 
25 [Sun] 
22 [Sun] 
20 [Sun] 

SUN ANGLE 
deg 

42.6 
40.6 
28.0 
10.3 
-8.5 

-26.0 

ALON 
deg 

190.0 
186.5 
183.0 
179.6 
176.1 
172. 7 

ALAT 
deg 

0.0 
-0.7 
-1. 3 
-1. 7 
-2.0 
-2.1 

SS2 
counts 

47 
42 
25 

9 
249 
233 

a few 

Notice the effect of orbit plane prescession on the attitude coordinates. 
In the example, no attitude change would be required for many months to 
come because of the favourabl e Sun angle and good attitude prospect. 

Program ILLPLAN 

This program generates a chart every week of Sun Angl e achieved for all 
attitude choices around the nominal 180/0. Longitude decreases from right 
to left and Latitude is shown increasing downwards. Thus, if the 
satellite is at APOGEE, the Earth may be visualised as being at the centre 
of the numbers, so movement around the table is in the same sense as 
antenna aim . The "***" indicates the no- go zone near the Sun, where the 
Sun angle exceeds 45 degrees . This particular chart can be studied in 
conjunction with figure 4 . 

198 4 Jan 1 [Sun) AMSAT DAY 2191 
LA\ LO I 240 230 220 210 200 

Sun Elev = - 45.2 
190 180 170 160 

Sun AZ = 173 . 5 
150 140 130 12 0 

-------------------------------------------------------------------------
-40 42 *** *** *** *** *** *** *** *** *** *** *** *** 
-30 37 44 *** *** *** *** *** *** *** *** *** *** ** * 
-20 30 37 44 *** *** *** *** *** *** *** *** *** 40 
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1. 

-10 24 30 37 43 *** *** *** *** *** *** 45 39 32 
0 16 23 29 35 39 43 45 45 43 40 36 31 25 

10 9 15 21 26 30 33 35 35 34 31 27 22 17 
20 1 7 12 17 21 23 25 25 24 22 18 14 9 
30 -6 -1 4 8 11 13 15 15 14 12 9 5 1 
40 -14 -9 -5 -1 2 4 5 5 4 2 0 -4 -8 

-------------------------------------------------------------------------

OSCAR-IO SUN ANGLE ANALYSIS CHART - Example 

This is only one chart of a continuous series, and allows the Ground 
stations to look forward for the optimum attitude strategy, one that avoids 
the *** areas, keeps ALAT as near to zero as possible, and avoids the need 
for too much attitude changing. Manouevres are both disruptive for the 
transponder users and time consuming to effect. 

During Oscar-lO's early life its RAAN was around 180 degrees, which meant 
that AO-IO's orbit plane and the Sun's orbit plane (the Ecliptic, which has 
an RAAN = 0 by definition) were maximally different . So the Sun Angle was 
almost always favourable, and few attitude changes were needed. As we 
approach 1987 the t wo planes align, differing in inclination by only 3 
degrees. Frequent attitude changes will be needed to maintain a favourable 
Sun angle, and as there will be an Eclipse every orbit, expect regular 
t ransponder schedule changes. Analysis of these problems is made simple 
with ILLPLAN charts. 

Program KIOFIT 

It's unwise to rely on an isolated NASA keplerian element set; all those 
decimal places may look reassuring, but in fact Argument of Perigee, RAAN 
and Mean Anomaly precision is rarely better than 0.3 degrees! Program 
KIOFIT generates a smoothed kepler ian ephemeris from a year's worth of 
individual sets . When it runs the "noisy" data is very apparent, and poor 
values can be quickly eliminated. The ephemerides generated are then used 
for six months or so both in the attitude determination programs, as well 
as in the Ground Control station computers, and the spacecraft on-board 
computer. They are also distributed to all AMSAT groups via the usual 
channels. 
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ABSTRACT: 

HOUSTON SATELLITE PLANS 
A PROPOSED SERIES OF 

SATELLITES FOR DIGITAL MESSAGING 
By G. Creager 

Explosive growth in Amateur Radio's use of digital communications has 
occurred since the implementation of AX.25, an adaptation of the CCITT 
X.25 switched packet network protocol. We propose a series of orbiting 
satellites dedicated to digital communications. Central to our concept are 
the following: To maximize the user base by designing the system for use 
by a prototypical Mode B station; and minimize the amount of modification 
expected on otherwise usable Packet radio equipment by adhering to the 
existing AX.25 protocol implementations regarding data encoding, data 
rates and modem access. A minimum of two satellites are planned. The first 
phase of the experiment proposes launch of a subset of the final system 
hardware and software from a Shuttle (STS) Getaway special into a low
earth orbit, with f i nal orbital insertion accomplished using a thermal
expansion (Freon 114) based perigee kick motor. The second phase of the 
experiment proposes one or more satellites in a higher orbit, with the 
advantages of longer window, more access area and less doppler. Both 
phases will share some commonality: an orbiting digital packet repeater, a 
single channel device, with input and output on the chosen satellite 
beacon frequency; and a store-and-forward messaging system. The digital 
hardware will be designed by the Houston group. Space frame design and 
fabrication will be undertaken by the Phase 111- C group in Boulder, CO . 
Radio frequency components will be designed and fabricated by the Motorola 
Amateur Radio Club in Fort Lauderdale Florida. Design and implementation 
of the Packet Technology Satellite Experiment is expected to require at 
least three years. 

Packet Radio (Packet) has enjoyed a marked enthusiasm since it was 
introduced several years ago. Packet arose as an outgrowth of the computer 
communications revolution. An adaptation of the CCITT X.25 switched packet 
network protocol, known in the Packet world as AX.25, allowed 
incorporation of entire Amateur Radio callsigns as well as intermediate 
path information (digital repeaters or "digipeaters") in the address 
field. Initially, the Tuscon Amateur Packet Radio Corporation (TAPR) 
designed the first commercially available terminal node controllers (TNC). 
Several manufacturers offered equipment including licensed TAPR designs, 
and alternativ es. An entire redesign effort by TAPR resulted in enhanced 
operation using the newer TNC-2. Recent additions to the state of the art 
include IBM-PC plug-in TNC's, controllers specifically for the Apple 
MacIntosh, hardware-software combinations for the Commodore 64 and 128, 
and specialty devices which allow use of several of the digital modes 
including Packet, AMTOR, RTTY, and CWo One manufacturer estimates over 
20,000 TNC's have been sold to date overall. 

Several groups have proposed and implemented digital communications 
experiments for orbiting Amateur satellites. These include the digital 
communications experiment on UoSAT OSCAR-ll, the Phase III-B (OSCAR- 10) 
message system, the RUDAK store and forward system for Phase III-C and the 
digital transponder and messaging system on JAS-l. The Houston-based 
Packet Technology satellite Experiment (PTSE) has proposed a series of 
orbiting satellites designed for Amateur Packet communications. The 
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considerations which led to this proposal are discussed below. 

Of primary concern in the design of the PTSE was maximization of the 
user base and minimization of modifications to standard Packet hardware. 
Therefore, we decided that a narrow-band frequency modulated signal, 
utilizing audio frequency shift keying (AFSK) would be employed for both 
uplink and downlink. Standard TNC modem tones will be used to allow use of 
the TNC in non-satellite applications. The system is being designed to 
serve the typical Mode B station for Phase 1 implementation (100 watts 
EIRP, 14 dBi transmitter antenna gain). 

Two hardware objectives were considered in development of the Packet 
Technology Satellite Experiment. These i ncluded an orbiting digipeater , 
and a store-and-forward message system. Both of these concepts have been 
adequately proven in terrestrial applications. The orbiting digipeater 
will function similarly to a terrestrial digipeater: If a station chooses 
to include the orbiting digipeater in its connect or unprotocol 
communications path, it will receive and subsequently retransmit the 
digital signal on the same frequency that it received it. In addition, the 
digipeater output will serve as a beacon output, transmitting information 
related to spacecraft status and condition. The store-and-forward, or 
messaging, system will perform a function similar to a t errestrial Packet 
Bulletin Board System (PBBS). The user will have the opt ion of sending a 
message, reading one left for him, and killing any messages where he was 
either the sender or addressee . The messaging system will allow run-string 
input of information, or else will prompt the user for required 
information. Messages will be constrained to one 80 by 25 screen of data, 
or approximately 2000 bytes. 

Hardware specifications are currently being developed . Current 
requirements include the use of complementary metal oxide-silicon (CMOS) 
technology for all integrated circuits to reduce power requirements, 
static random access memory (RAM) to eliminate the requirement for 
periodic memory refresh, a large, addressable memory space to accommodate 
store-and-forward user messages, and error detection and correction 
hardware and a lgorithms to detect and correct single bit errors and simply 
detect and flag multiple, sequential bit errors. Additionally, a large 
array of memory allows removal of a block in the event of hard failure. 

Software specifications are under development, pending final ization of 
the hardware design. Software requirements, to include user interface, 
store-and-forward functionality, spacecraft housekeeping functions and 
digipeater operations are being included in the specifications design. In 
brief, . the spacecraft software is expected to provide as user simple (not 
necessarily friendly) an interface to the messaging system as possible. 
Commands common to the WORLI system will be incorporated, if feasible, to 
allow the user a comfortable mode to operate in. However, the satellite is 
NOT a bulletin board; it merely provides one of the functions thereof. 

Testing of the Phase 2 spacecraft systems wi l l begin with the Phase 1 
deployment. Phase 1 will be a scal ed version of hardware and software 
scheduled for Phase 2. In Phase 2, the basic craft is planned to include a 
145 MHz digipeater and 5 Mode B-type (435 MHz upl ink , 145 MHz downlink) or 
Mode L-type (1.2 GHZ uplink, 435 MHz downlink) store and forward channels. 
The messaging system channels will be segregated by functionality. Two 
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uplink channels will be dedicated to uplinking of messages; three uplink 
channels will be dedicated to message retrieval. Two downlink channels 
will be used: Both will be controlled by the onboard computer to promote 
better channel utilization; one will be dedicated to message uploading, 
and one to retrieval. The digipeater transmitter channel will function as 
the spacecraft telemetry beacon. Detection of a known command station call 
sign will result in a dump of current spacecraft status data. We 
anticipate developing software to promote distributed command stations 
transmitting telemetry back to Houston for archiving and analysis. Phase 1 
will incorporate a smaller model of the Phase 2 computer system, and 
program code will be commented out to accommodate the fact that only two 
store-and-forward channels will fly on it. The digipeater is common to 
both spacecraft. 

The orbit proposed for Phase 1 is approximately 800 kilometers (500 
statute miles), circular. We propose to utilize the Freon-l14 perigee kick 
technology developed for UoSAT/PAKSAT to propel the PTSE satellite from a 
300 kID Shuttle Transportation System (Shuttle) orbit to 800 kID. To date, 
no Shuttle Getaway Special has been approved for launch with a propulsion 
system in place. A stable circular orbit of this altitude will have an 
orbital period of approximately 95 minutes and an overhead pass 
acquisition window of over 10 minutes. The orbits being discussed for the 
second phase of the project will require a different propulsion system 
because of the increased mass, and the higher velocity vector required to 
place an object in a higher orbit. NASA is currently investigating the 
possibility of a low-cost, small payload package, in the "scout-class" 
range capable of lifting a 200- 400 kg payload to geosynchronous orbit. It 
is our considered opinion that the benefits of a high orbit realized in 
long acquisition window, ease of tracking and small doppler shift will 
adequately counter the problems of deployment and power considerations. 

Several groups have expressed an interest in working with the Houston 
group, or have been actively solicited. The Motorola Amateur Radio Club, 
Fort Lauderdale, Florida, who provided the communications handitalkies for 
W5LFL and WOORE has expressed and interest in designing and qualifying the 
spacecraft RF components. The Phase' III-C group from Boulder Colorado has 
been recruited to provide their expertise in space frame design and power 
buss design to our effort. Rick Fleeter, designer of the PAKSAT propulsion 
system, has been approached to act as propulsion engineer and consultant 
for the PTSE. In general, an outpouring of support has indicated that all 
pertinent areas for design consideration have been addressed either within 
the Houston group or by outside experience. 

Funding for the Packet Technology Satellite experiment has not been 
resolved. Initial plas call for submission of an unsolicited grant request 
to NASA for a Young Investigators' Award, to provide funding and a 
laboratory on site at the Johnson Space Center for project work. We 
further intend to solicit funds from major aerospace manufacturers, in 
conjunction with AMSAT, in an attempt to gain renewed support from the 
private sector for Amateur Radio satellite projects. 

We anticipate a minimum of three years will be required 
two phase project to a conclusion. Much of the reason for 
time line is due to the grounding of the Shuttle fleet 
Challenger accident. Additionally, the need to develop 
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designs specific for this project as well as mating software, may prove 
time intensive. Component selection, subsystem assembly and 
troubleshooting, and extensive ground testing will also impose extensive 
time requirements. The current short term goal, nonetheless, is to 
complete a prototype hardware system within six months to allow software 
implementation and realtime testing of the hardware and software. 

CONCLUSION: 

We have proposed the design, development, fabrication and deployment 
of a series of satellites designed for digital communications relay. 
Specific design criteria include planning for use by a standard OS CAR 
earth-station and utilization of current AX.25 technology (to preclude the 
modificat i on of otherwise useful packet equipment) . The spacecraft will 
provide message forwarding functions as well as a digipeater to relay 
Packet radio signals. The first phase of our project proposes deployment 
of a subset of the Phase 2 spacecraft into an 800 kID circular orbit to 
provide an early implementation of the satellite for general use as well 
as to provide a test system for continues Phase 2 development . We 
anticipate the project will require significant effort on the order of 
three years to complete. 
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ABSTRACT 

This article describes two microcomputer systems used for low-earth
orbit satellite tracking and data acquisition. The systems were developed 
for use with UoSAT spacecraft operated in the Amateur Satellite Service . 
One of the systems uses a single computer while the other is a two
computer system. The article concludes with the plans for continued 
development of the systems to perform new functions such as a gateway to 
the FO-12 store-and-forward packet radio satellite. The details of the 
single-computer system were given at the 1984 AMSAT Space symposium but 
since no proceedings were published they are repeated in this paper. The 
details of the two-computer system have not previously been presented or 
published in an Amateur Radio publication. 

INTRODUCTION 

In 1981, UoSAT-OSCAR-9, designed and constructed by the University of 
Surrey (England) Electrical Engineering Department, was launched. UoSAT
OSCAR-9 was the first amateur radio spacecraft to be dedicated to applied 
research in cost-effective spacecraft engineering and scientific 
experiments. It was also the first amateur radio spacecraft to carry 
onboard microprocessors as part of its command, control, and telemetry 
systems. Data is telemetered to the ground in ASCII at 1200 bauds and is 
thus easily processable by a microcomputer system with the proper 
software. UoSAT- OSCAR-9 carries no communications transponder. The 
University of Surrey's second satellite, UoSAT-OSCAR-ll, was launched in 
March, 1984. UoSAT-OSCAR-9 and UoSAT-OSCAR-ll have come to be called 
UoSAT-l and UoSAT-2 and will be referred to as such in this article. 

After some additional background information, this article will 
describe two microcomputer systems designed to automatically track and 
collect data from amateur radio spacecraft, particularly the UoSATs. The 
additional background is needed to provide insight into the motivation 
for the development of the systems. The article will conclude with an 
evaluation of the systems and the plans for changing and expanding the 
functions of the systems. Since this article is intended to present the 
hardware-related aspects of the systems, software will not be discussed in 
great detail. 
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BACKGROUND 

Spacecraft In Operation 

UoSAT-l and UoSAT-2---These spacecraft have already been mentioned. 
They are both in polar, sun-synchronous orbits. UoSAT-l has an apogee of 
approximately 500 km. and is usually accessable during t wo orbits 
occurring in the early morning hours (3:00 to 6:00 A.M . ) and two orbits 
occurr~ng in the middle afternoon hours (3:00 to 6:00 P . M.). UoSAT-2 has 
an apogee of approximately 700 km . and has r oughly t he same number of 
accessable orbits per day except that they occur during t he late evening 
(8:00 t o 11:00 P.M.) and late morning (9 : 00 A. M. to 12 : 00 noon) hours. The 
access time will vary up to a maximum of about 18 minutes. Local times are 
given in Central Standard Time. The obvi ous inconvenience of some of 
these times is one motivation for the development of an automated system. 

The operating system software in these spacecraft is now quite 
sophisticated and various types of data will be captured even within a 
single access period. A typical combination might be plain text bulletins, 
telemetered data from spacecraft systems and experiments, whole-orbit 
telemetry surveys, onboard computer status, and for UoSAT-2, the message 
headers resul ting from messages stored in the Data Communications 
Experiment, DCE. Examples of these five data types can be found in Figures 
lA through lE o 

FO-12---The first amateur radio satellite with a free access store
and-forward digital communications transponder is called FO-12 for Fuji
OSCAR-12. It is a product of Japanese origin where the transponders were 
built by Japanese radio amateurs and th,~ space frame was built by NEC. It 
was sucessfully launched in August, 1986 by NASDA (the Japanese 
equivalent of NASA). A properly equipped automated ground station could 
serve as a gateway to/from terrestrial packet radio networks and FO-12. 

Orbit Prediction 

The prediction of the satellite access times for a given point on the 
earth is a computation-intensiv e task. Yet , an automated s y stem must have 
this data fo r every satellite it is to t rack. The algorithms used to 
generate this data for the systems described here were developed by Dr. 
Thomas A. Clark, W3IWI, and were first published in 1980 (1 ] . 

Hardware Selection 

The final topic before presenting the two hardware configurations is 
that of hardware selection. The reader may wondE,r why the s y stems have 
b~en implemented on 5-100 bus Z- 80 computers. There are several reasons. 
First, amateur radio operators are always at the forefront of 
experimentation . For this reason many started the,ir e xperimentation with 
microprocessors at a time when the 5-100 bus was much more popular. Second, 
in any amateur radio project there is the very practical tendency to use 
the equipment one has available to minimize costs. Final ly, it is now 
easy and inexpensive to acquire 8-bit microcomputers which are adequate 
for dedicated systems such as described here due to the trend to upgrade 
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to newer 16- and 32-bit systems. 

SINGLE-COMPUTER CONTROL SYSTEM 
The first automated system developed is shown in Figures 2 and 3. 

Figure 2 concentrates on equipment external to the computer while Figure 3 
provides additional detail about the internal computer system components. 
As can be seen, the system provides for control of antenna position during 
satellite access times, control of antenna circularity (polarization), 
control of radio receiver frequency to compensate for Doppler effect, and 
control of the tape recorder for both data capture and recording of the 
satellite/orbit/date/time stamp from the speech synthesizer. All of the 
above items were conceived in the initial system design with the exception 
of the speech synthesizer for voice identification of the recorded tapes. 
This was added as an afterthought. The pertinent details of the method of 
implementation of these features follow. 

Antenna positioning 

The antenna position is updated during a satellite pass at a time 
interval corresponding to the one used when the orbital predictions were 
made . Several system components are involved. 

First, a new set of azimuth and elevation headings are acquired at the 
start of a new time step. Next, from parameters known by the program, 
these headings are converted to the corresponding position indicating 
voltages to be read from the rotator control boxes by the analog-to
digital converter channels. Third, the current position voltages are 
read. By comparing the current and target voltages the required direction 
of movement is found. Fourth, movement in the proper direction is 
initiated by setting the proper bit of the latched parallel output port 
going to the rotator control interface. Finally, the motion is stopped when 
the position voltage read from the A-to-D, which is being read 
continuously, matches the target voltage. 

Depending on the A-to-D used, rescaling of the input may be required 
so that the input range of the A-to-D is consistent with that produced by 
the rotator position indicator. Also, in some cases additional voltage 
regulation may be required for the power supply providing the position 
indication voltage. with a little work a combination can been found that 
allows the antennas to be positioned to within one unit on the analog 
position indicator. This is usually 5 degrees for typical azimuth rotators 
and 3 degrees for elevation rotators. This level of accuracy is adequate 
for most antennas found at amateur radio stations. 

Antenna Polarization Switching 

The signal as originated from the satellite is either right- or left
circular polarized. However, due to spacecraft orientation, spacecraft 
motion, propagation effects, and other factors, the signal-to-noise ratio 
may sometimes be improved by switching to the opposite polarization 
sense. This is especially true when the fade is deep and prolonged and not 
caused by local man-made noise. 
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To attempt to accomodate these fades, the ciruclarity switch mounted 
at the antenna is wired to one of the relays on the 4PIO isolated 
interface. When there is no other function to perform the system 
constantly monitors the signal strength as indicated by the receiver S
meter. As long as the level stays above some threshold set in software 
nothing is changed. If the level does fall below the cutoff point nothing 
is done immediately but the system continues mon- itoring to see if the 
trend is either consistently downward or prolonged according to other 
s oftware counters. If it is a consistent downward trend a switch is made 
to the opposite polarization. 

Frequency Correction For Doppler Shift 

As is the case with any transmitting source in motion with respect to 
the observer, there is Doppler shift observed when receiving the signal 
from the satellite . Although it is not considerable at the usual receiving 
frequency of 145 .825 MHz . , the ability to automatically compensate for it 
was thought to be a desirable feature. 

The implementation of this feature requires a custom- built interface 
between the 5-100 bus and the microprocessor in the ICOM IC-251A receiver . 
The requirement is to decode a Z-80 port address and provide the data to 
the microprocessor in the radio at CMOS levels over a 4-bit data bus. 
There are also control signals for data transfer and other status 
indications such as signal/no signal being received. Thus, data must also 
be read from the receiver through a Z-80 port. The interface in use was 
designed by Kurt Terwilliger, KI6J, of Cromemco Inc. [4J . 

During a satellite pass , the receiver frequency is updated at each 
time step after antenna positioning. The frequency is first s et using the 
Doppler computed during the orbit prediction phase. This is used as an 
initial guess after which the frequency is moved in the required direction 
in 100 Hz. steps while monitoring the center frequency (discriminator) 
meter output. Before the zeroing process is started, the metering circuit 
must be switched from signal strength to center frequency. It is returned 
to signal strength monitoring after the frequency is set. 

Tape Logging and Control 

The audio tape recorder used to capture the data is turned on and off 
by a relay on the 4PIO interface. It was soon learned that it would be 
much better if there was some sort of marker recorded on the tape between 
each data set. 

The solution to this problem 
interfacing the National Semiconductor 
set to the system . The circuit was 
documented in [3J. 

was another custom-built board 
Digitalker speech synthesizer chip 
designed by Dr. Aaron Brown and is 

The control scheme was modified sl ightly such that at the beginning 
of a satellite pass the audio input to the tape recorder is switched to 
the Digitalker interface. Then, a voice label is placed on the tape 
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consisting of the satellite identifier, orbit number, date, and time under 
program control. After the label has been generated, the input to the 
tape recorder is switched back to the receiver audio. 

Software Issues 

All of the previously described functions are controlled by a single 
computer program written in BASIC. The version of BASIC used was Cromemco 
32K Structured BASIC. This dialect of BASIC is particularly powerful in 
that it provides all of the necessary structured programming features 
including procedures. This allowed easy development of a fairly 
complicated control system. There were no time- critical functions beyond 
the capabilities of an interpretive language. 

Results of Actual System operation 

The single-computer control system has been in operation since october 
of 1983. As might be expected, various deficiencies were found and other 
desirable features were conceived. Some of these items would require 
software solutions while others would require a different hardware 
configuratiuon. 

The most serious deficiency of the system was choosing to tape record 
the data rather than capturing it directly on disk. Soon, large stacks of 
tapes accumulated which still had to be demodulated before the data could 
be inspected and processed. with two spacecraft operational providing, on 
the average, eight visible passes per day it is easy to see that one 
could spend days processing an accumulation of tapes. Clearly, this had to 
be changed. 

Another problem was the inability to prioritize the tracking function 
among satellites. The desirability of this feature is best illustrated by 
an example. AMSAT-OSCAR-10 in its elliptical orbit may have a visibility 
time as long as 12 hours. In the mean time, one or more shorter duration 
passes of polar, sun-synchronous satellites such as UoSAT-l and UoSAT-2 
may have occurred and their data will have been lost. Even though OSCAR-10 
does not carry scientific experiments, it is desirable to monitor its 
telemetry from time to time to see the status of the various spacecraft 
systems. 

A minor fault of the system was noticed during the Space Shuttle 
missions which included amateur radio operations. The first of these was 
by Dr. Owen Garriot from Columbia in 1983. The problem arose due to the 
azimuth and elevation positioning being done serially rather than in 
parallel. The low altitude of the space Shuttle orbit causes it to be 
moving very fast with respect to the ground station. On high-elevat ion 
passes the system had a hard time keeping up w'i th the space Shuttle. 

Finally, some of the functions implemented could have been omitted 
without serious consequences. One of these was the Doppler shift 
correction function. Although it is still th.ought desirable it could be 
limited to using only the computed value to se,t the receive frequency. The 
zeroing to the on-the-air signal could be eliminated. This is 
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satisfactory on the two meter downlink frequency which is used the 
majority of the time. It would probably not be satisfactory when 
monitoring higher frequency downlinks. Another justification for the 
elimination of this feature is a present trend in modem design to allow 
the modem to control the receiver frequency directly . This is possible 
because almost all digital frequency control receivers have facilities 
for controlling the VFO from an external source. 

Another feature that did not work well was the antenna polarization 
switching. Using the software approach described earlier, it was very 
difficult to decide when a switch would be beneficial. Frequently the 
switch would be made just when it would have been better to leave things 
as they were. The solution to this problem used by the university of 
Surrey groundstation (at least at one point in time) was have two 
identical receiving systems with one connected to an antenna of RHCP and 
the other connected to an antenna of LHCP. The error rate is then 
monitored on both receive channels simultaneously and the system producing 
the lowest error rate is selected for data capture. For the systems 
described here, this approach would have been cost- prohibitive due to the 
duplication of equipment required. 

This section has described the shortcomings of the single-computer 
system as observed through two years of actual operation. The exper~ence 
gained provided the basis for development of the dual-computer system 
described next . 

DUAL-COMPUTER CONTROL SYSTEM 

The author is employed at Corpus Christi State University and due to 
the phase-out of Z-80 single-user systems , several donations of such 
equipment were made to the university. This turn of events coupled with the 
desire to remove the deficiencies of the original system and also have a 
station in operation at the university caused the construction of a new 
system to begin in late 1985. The configuration to be described next was 
placed online on February I, 1986 and has been in continuous operation 
since that time. 

Two computers are employed in the new configuration . One of them is 
used for station control functions such as antenna positioning, radio 
control, and so forth while the other is used for data capture. All data 
is held in memory until the satellite is no longer visible after which it 
is saved on disk. The station control computer sends commands to the data 
capture computer. Figure 4 shows equipment external to the two computers 
while Figure 5 provides additional detail about the internal computer 
system components. 

station Control System 

The major changes in the station control system are software changes 
and will be discussed later. The antenna positioning function is handled 
in the same manner as the single-computer system. The system 
clock/calendar is an external rather than internal device. Frequency 
control of the radio receiver, a Yaseu FRG-9600, is accomplished through a 
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serial port provided on the receiver as standard equipment. However, this 
port operates at TTL rather than RS-232 levels. There is no attempt to 
zero the radio frequency to the actual received signal and there is no 
switching of antenna polarization. Finally, the two systems are connected 
via an 8-bit bi-directional parallel port for communication purposes. 

Data capture System 

The major changes to the overall system come as a result of the 
addition of the second computer. As mentioned earlier, all of the captured 
data is held in memory until the spacecraft is no longer visible and then 
it is stored on disk. Since the Z-80 can only accomodate a 16-bit address 
bus and it is likely that more data than this will be captured on a single 
pass, bank switched memory is used. 

Bank-Switched Memory---The data capture system has 3 banks of 32K 
bytes each for data storage. The bank switching is done by assigning one of 
the Z-80 I/O ports (40h) for this purpose. When a bank of memory fills the 
program can issue an OUT instruction to the bank-select port with the 
desired new bank number specified in the accumulator. The memory boards 
then decode this I/O instruction and those with a bank number matching the 
one specified are connected to the bus while all others are disconnected . 
If a memory board should remain connected to the bus at all times, it is 
wired to appear in all eight possible banks. 

In the data capture system, addresses 0000 to 3FFFh 
since the data capture program resides there. Likewise, 
FFFFh are not switched because the operating system 
memory. It is the 32K bytes occupying addresses 4000 to 
switched during data capture operations. 

are not switched 
addresses COOO to 
resides in high 

BFFFh that is bank 

While, bank switching could be eliminated entirely by using a newer 
microprocessor with a larger linear address space, one must consider the 
cost of the computer system in this case--zero. The bank-switched memory 
carried a similar price tag. 

Multiple Modems---Since the data is now being demod- ulated in real 
time, there is a requirement to switch modems according to the modulation 
scheme used in the received data. This turns out to be one of the major 
assets of the new system both now and in the future. All satellites now 
being tracked use different modulation schemes. Furthermore, those 
already built and awaiting launch also use varying schemes. In some cases, 
the modulation scheme used on the uplink is different than the modulation 
used on the downlink. 

Any required modems can be connected to the data capture computer 
subject only to the availability of serial interface cards. The proper 
modem is selected at data capture time by command sent from the station 
control computer according to specifications made by the operator for the 
particular satellite. 

Software Support---Software running in the data capture computer is 
written in Z-80 assembly language. The program is one that evolved from 
one used previously for the separate demodulation and storage of the 
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recorded data tapes. The program was modified so that it can be operated 
in both local and remote command mode. Remote command being the mode in 
which it will accept commands from the station control computer. The 
station control computer can issue commands to select the desired receive 
port, and thus the correct modem, to start and stop data capture, and 
write the captured data to disk with the proper file name. 

There are also several other new software features. One of them 
allows threshold values to be set for starting and suspending dat a 
capture. The start threshold requi res that a certain number of consecutiv e 
error-free characters be rece ived before data capt u r e is started . The 
suspend threshold causes a certain number of consecutiv e character errors 
to stop data capture. Capture is resumed again when the start threshold 
criteria is fulfilled. This feature has the effect of eliminating the 
capture of many erroneous characters particularly when signal strength is 
poor such as when the satellite is near the horizon at the beginning and 
end of a pass. Finally, the operator may specify the memory bank numbers 
and addresses to be used in the banked-memory capture process. 

EXTENSIONS TO CURRENT SYSTEMS 

Both of the systems described in this a r ticle are operational. The 
dual-computer system has proven entirely satisfactory from a hardware 
viewpoint. The single-computer system is used mostly for backup and 
experimentation. This is primarily due to the university location of the 
dual- computer system being a much more RF-noise-free environment. Also, 
the operation of the university system as the primary system serves to 
expose students to computer applications in the space sciences . This 
section briefl y detai l s some changes and extensions planned for both 
systems. 

Single-Computer System 

The hardware will be expanded to support the two antenna systems 
already in place. This will allow the tracking function for some 
satellites to be assigned to one antenna system and other satellites to a 
different antenna system. The control system software will be converted 
from BASIC to a compiled language, probabl y PL/I. In the diagram shown in 
Figure 3, the SDI graphics interface can be seen. This is not currently 
used but the plan is to utilize the graphics system to provide a real-time 
ground track display for the satellites being tracked. 

Dual-computer system 

This system may also be expanded to support control of dual antenna 
systems but since the antenna systems are not already in place this has 
not been decided. However, the control program will be converted to a 
compiled language as well. At the same time a few minor problems will be 
fixed. The most significant change to this system will involve the 
integration of additional hardware and software so that it can serve as a 
gateway to the FO-12 satellite. 
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The FO-12 satellite was mentioned in the background section and was 
successfully launched during preparation of this article. For a description 

, of the FO-12 satellite systems see [:5). Complete details of the issues 
involved in integrating the gateway function are beyond the scope of this 
article. Briefly, though, the work will involve the integration of a 
typical terrestrial packet radio mailbox system such that it can 
communicate with the data-capture system . Messages from terrestrial packet 
radio system that are marked for uploading to the spacecraft would hav e to 
be fetched by the data capture computer and transmitted during a FO-12 
pass. The reverse process would also have to be done-- retrieving data from 
FO-12 destined for the local area network. 

CONCLUSION 

The design, development, and implementation of the systems described 
here has shown that it is indeed possible to construct a sophisticat ed 
microcomputer-based system for low-earth -orbi t satellite tracking and da t a 
collection. It remains to be seen if system functions can be expanded t o 
include that of a packet radio satellite gateway for use with the JAS- l 
satellite. The outcome of that endeav or will be reported in a futur e 
article. 
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0001510lS1511121!7 
0009520l94S221219C 
001151452552212100 
001950458952212161 
00214'651452212180 
002949638552212116 
003149935052212140 
003949945152212136 
0041(925695221211c 
00~9'8357552212117 
0051'7946252212120 
0059'123535221212c 
0061'8637052212103 
0069(.3(9452212109 
0079'6355752212125 
0081460(2552212153 
0089"133052212140 
0091(60385522121e4 
0099'S15325221213C 
00A14366115231216E 
00A9(2153'52312159 
00B14133765231211P 
008940931152312186 
ooe140042152312170 
ooe93805835231218e 
00013576015231212£ 
0009338462523121£6 
00£132833052312121 

;£ OOPl296510521121C2 
00,927058052312170 
010124850452312108 
0109237394500121A9 
0111228395)4412160 
0119214418438121AO 
012119950852212198 
012919045852112148 
013118843251912179 
01191864e12221211f 
01411805173371216' 
014917845252212148 
015118737052112115 
015919741552112157 
016120155311412186 
016919757724Z121C6 
Ol11202419521121CP 

figure lA - -- A sample of whole-orbit tele~etry data. 
This sa$ple contains four channels. For UoSAT-2 the 
usual number of channels in the woo survey is four 
but it CAn vary fro~ one to eight . Similar surveys 
are also tran~mitted by UoSAT-l . 

Dce HeasAge syetea V2 . 5 
EDAC-S8 PREE BLOCKS-04A4 NeXT HSC-14H CHD NUH-4E7D LAST ERR-OS BANK DF 

TOIN5BRC , WDOET% DelNK6l Rei Congratal 
TOIALL De l HK6K Rel"e 
TOI WoOETt De, WA9rHO ReI Welcome 
To, NSBRG Del WA9FHO Rei CongrAtulations I 
TOINX6l DEIGO/l8lA REIUoSAT 1 and 2 bulletins 
TOINK6l DE,C3YJO RE,updates DE G3~JO 
TOINK6~ DEIG3~JO RE1UOSAT Bulletins 240786 
TO,NSBRG DE,C3YJO RE,AHSAT Space Symposium Papers 
To : All Det WA9PHQ Rei VAcation sked 
T01ALL DEIGO/t8KA REICONTACT POINTS 
TO I G3~JO, GO/~8KA Del WA9PHQ Rei portable Station 
TOI All De l WA9PHO ReI Packet Radio Experiment in Ethiopia 

-----------------------------------------------------------
figure IB --- A sample of the DCE subsystem status trans
mitted by UoSAT-2. The DeE status is transmitted for a 
duration controlled by the spacecraft aBC . This type of 
data will not be transmitted by UoSAT-l since it has no DCE. 



OOSAT-2 86080'3171422 
002 1 21 0 1568~02238B03469804054S050401060262070S46080484090310 
10505111345212000311063114122C15448C163BjP17S3111B522C19547E 
20470121185r22659A230001Z4001725000126097A2752152854SE295187 
305134310367322860335746340001352646363161374462384861395168 
401641411217426347430623441652450001460002475053485150494823 
505563511115526610536734546616550000560003575124585080595108 
60B2A66 15P00621P4E633341644402651Eoc6647E061700668000E69000P 

DOSAT·2 8608063111437 
OQ267301SS9802243703512504054S0S04010602620105460B0484090370 
l0507)11145212000)13062614121715448C16383PI7S32218S24A195472 
20508P21185p22659A23000124001725000726097 ... 275264285438295181 
30475531036732286033517534000735263136315231446238486139516B 
40765041121742634743060144165245000146000 24 150534B515D49482) 
505624511115526661536725546623550000560003515117585080595108 
60B2A661SP00621P4E633341644402651EOC665AB767700668000E69000P 

UOSAT-2 8608063171441 
002 79C01S 5230224510352510405450 SO 401 0 6 026 2070'5460804840903 7D 
10507311345212000313063714101515449D16383P17532218524A19547£ 
20508p21185P22659A2)00012400172S000726097A275264285429295187 
30429C31036732286D33S746340007352646363161374462384861395168 
4076504 11217426347430654441652450001460002475053485150494823 

~ 505716511115526670536734546676550000560003575117585080595108 
~ 6082A66L5F00621P4E633341644402651£OC66544567700668000E69000P 

UOSAT-2 8608063171446 
a0297C0154220224730353630405450S040106026207054608048409037D 
10508CI1J4S212000313063714104015448C16383P1753221852SB19547E 
20S07021189322659A2300012400172S000726097A275264285429295187 
30387P310367322860335798340001352657363170374462384861395168 
407650~112174263474306 4S44165 24500014600024750S3485150494823 
50576151111552669£5367525466765500 0056000357512 458508059510B 
6082A6615Fo0621r4E63J341644402651EOc66520767700668000E69000Y 

.------.--.-.. --- .. - ----.-~-.- ... ------.------------.------
Figure Ie .-- Standard telemetry data as tranSMitted 
by UoSAT-2. The duration o f t ransmission is controlled 
by the OBC. Uo SA1-1 transmits sta ndard telemetry in a 
similar format. 

···UOSAT 2 COMPUTER STATUS INPORMATION •• ' 
COMMAND DIARY Vl.2 IN OPER4TION 
UNIVERSAL TIMB IS 17118tl1 
D~T! 06/08/86 
AUTO MODE IS SELECTED 
SPACECRAFT SPIN PERIOD IS -00958 SECONDS 
L4ST CHD SENT 8Y COHPUTER WAS 408 TO 1 
LAST CHD RECD ay COMPUTER WAS 48H TO 1 WITH DAT~ OOH 
COR RENT WOO COMMENCED AT 00, 00.00 
D~TE 06/08/86 
SORVEY INCLUDES CHANS 02,03,3 0,41, 

···UOSAT 2 COMPUTER STATOS INPORH~TION ••• 
COMMAND DIARY Vl. 2 IN OPER4TION 
UNIVERSAL TIME I S 17,18.15 
DATE 06/08/86 
AUTO HaDe IS SELECTED 
SPACECRAPT SPIN PERIOD IS -00958 seCONDS 
LAST CMD SENT 8Y COMPUTER WAS 40K TO 1 
LAST eHO RECD ay COMPUTER WAS 488 TO 1 WITH DATA aOR 
CDRRENT WOO COMMENCED AT 00.00.00 
DATE 06/08/86 
SURVEY INCLUDES CHANS 02,0),30,41, 

·· .·UOSAT 2 COMPUTER STATUS INPORHATION". 
COMMAND DIARY Vl.2 IN OPERATIO~ 
UNIVERSAL TIM£ IS 17,18119 
DATE 06/08/86 
AUTO HOOE IS SELECTED 
SPACECRAPT SPIN PERIOD IS -0095H SECONDS 
LAST CHO SENT a Y COMPUTER WAS 40H TO 1 
LAST CHO ReCD BY COHPUTER WAS 4BR TO 1 WITR DATA ODH 
CORRENT WOO COHMENCED AT 00,00100 
DATE 06/0B/86 
SURVEY INCLUDES CHANS 02,03,30,41 , 

._------------------_._------_._-----------------_ .. _._._--
Pigure ID --- OoS~T-2 OBC status 1s trans.itted 
per iodi cally . The OoSAT-1 OBC produces a simi1~r 
status .e88age. Note that the OBC status shows which 
channels are included in the Whole orbit te1e~etry 
survey and the date and tine of the survey. The 
Channels included in the survey can be retrieved from 
the actual data but the date and time can only be 
found in the aBC status message. 



CoSAT-oSCAR-ll Bulletin-O" 31 July 1986 .. , .. ,., ..... . •••••••••••• •••••••••••• 
UoSAT Spacecraft Control Centr e, 
Oniveraity of Surrey, England . 

•• UO-9 OPERATIONS •• 

A Spacecr.ft Operationa Review was hedd at OoS laat week to plan 
UO-9 , 11 orbital operation. for the next three ~onth.. In view 
of tbe difficulties generally experienced whil.t 10edin9 the 
weekly Bulletin and DIARY .cbedule into DO-9 cau.inq the ./e to 
be a~itch.d orr at lelat one day per week, lt i. propoaed to 
re load the DIARY 8chedule once per .ooth and to retain only a 
abort Bullet i n on 00-9 for operation. 8chedulea and 
non-tiae-celtic.l infor.ation only . Thu8 the weekly loewa' 
ite.a will be carried only by 00-11, which i. far e •• ie, to 
reload and po ••• aaea iufficient on-board a'Dory to aupport both 
• 10n9 8urvey. 8i.ultaneoualy. The con.equent 
reduction of workload on the ~roundatation , ataff will allow ua 
t o aaintain a DOre up-to-date newa aervice on 00-11 and devote 
aore time to other underdeveloped experlments. 

A more detalled description of the planned operationa will be 
carried in a future Bulletin, however if any OoSAT experi~enters 
have any suggestions that they wish to 6ub~it or feel that the 
above operationa plaQ would seriously jeopard!se their 
activities - please write to OoS immediately .so that views may 

~ be conaideeed. 

•• UO-ll OPERATIONS •• 

•• WaD CHECKSUM CHANGE •• 

As .entioned in previous bulletins, the UO-2 WOO checksum is 
chang ing froa the current value of AA hex to the new aua of 
B8 hel. This change will be effective from 07/08/86. 

• OoSAT SLIDES/BOOKLETS • 

Thanks for the many requests for the above and the acco~panying 
donations to cover costs - these are most we l comel Please, 
however, do not send cheques in non-UK currency as these 
generally cost more than their face value to process I 'foreign' 
currency notes are OK, 

We atill have over 50 sets of (0 slides left for those who would 
like to "see' the design, construction, test' launch of UO-ll. 

•• JAS-l LAUNCH •• 

The launch of the Japanese Amateur Radio Satellite JAS-l ia 
atill scheduled for 7 August at 2030 UTC. Amateur Satellite 
Report indicatee that daily advisor is. will be filed by Haruo 
Yon ida (JAIANG) beginning on 5 Auguat. These adviaories should 
be available at UoS for inclu.ion in UO-ll newalla.hea. In 
North America, a apecial 75-meter (3857 kHz) A"SAT net cycle 
will be held on Wedneaday , Auguat. 

The AHSAT Launch Information Service will provide realtime 
coverage on launch day atarting at 1930 UTe. Teleconference 
linkingof all net atationa ~ill begin at 2000 UTe. Nets will 
be active on 20 and 40 metera. Prequencie. planned for use 
include It282, 14295, 7185 and , if 15 metees ia open, 21390 kHz. 
JAIANG in Japan will be included in the teleconference to 
provide a flrat-hand de8cription of launch and booat phaaea. 
Thi. net will continue with ,epa ration and firat beacon reporta 
from South America at 2132 UTC . These report. and a wrap-up of 
evente will conclude the realtlae coverage at 2200 UTC. 

Prle3 will be genreated by JAIANG on 8 and 9 
Auguat, and A"SAT-HA will hold special 75 meter AHSAT net 
sessions on Thursday and friday eveninqa to distribute Keplerian 
elementa and other up-to-date information. 

•• RS SATELLITE TRANSPONDER SCHEDULE •• 

A new operating schedule for the RS aatellites is in effect. 
Rs-5 will be on frOM 0900 to 1'00 UTC daily except Wednesdays 
Moscow time (2100 to 2100 Tuesday UTC). RS-7 ~ill be turned on 
from 1400 to 2100 UTC daily except Wednesdays Mosco~ time. 
Since the satellites don't have working batteries, they tur. off 
~hen entering eclipse . Thus, fo r this shcedule to be 
implemented, the satellites must be turned on on each orbit by 
the Moscow control station. The cycle of eclipses ends on 10 
August, and the satell ites may then be found on for l onger 
periods, 

( Via ASR) 

figure IE --- A sa~ple of the general news bulletin 
messages transmitted by bo th UoSAT-l and UoS~T-2. 
This is a very up-to-date news soucce in which 
information may appear well before it is publiShed 
in other forms. 
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ABSTRACT 

This article will familiarize the reader with the whole- orbit 
telemetry data surveys currently being transmitted by both UoSAT-l and 
UoSAT-2 and the requirements for processing this data type. An overview of 
both standard and whole-orbit telemetry data transmissions will be given . 
This will be followed by a detailed description of the whole-orbit 
surveys . Considerations for the development of a comprehensive set of 
computer programs for processing WOD are included. The article concludes 
with a description of an actual WOD processing system, operational 
expe rience with that system, and a brief presentation of the hardware 
environment in which it is used. 

INTRODUCTION 

The transmission of whole-orbit telemetry surveys began quite some 
time ago with UoSAT-l (UoSAT-OSCAR-9). At that time t wo different formats 
were used on two different days of the week. One form consisted of a 
transmission of seven telemetry channel readings that were stored in the 
onboard computer (OBC) memory at fixed time intervals for the duration of 
one orbit . The other form consisted of eight telemetry channel readings 
with radiation counter data interspersed in the transmitted data stream. 
Whole-orbit tel emetry was also transmitted by UoSAT-2 (UOSAT-OSCAR-ll) 
a fter its recovery in May, 1984. The format was s i milar to that used with 
UoSAT-l. 

Toward the end of 1985 and beginning of 1986, both spacecraft began 
to operate under the control of a diary progr am stored in the OBC. This 
control program allowed much more flexibility in scheduling the activities 
of the aBC and data types transmitted on the downl inks. Consequently, 
whole-orbit telemetry surveys are transmitted very frequently from both 
spacecraft. The increased fr equency of transmissions of WaD make it more 
desirable to be able to decode and analyze this data. The amateur 
satellite enthusiast can thus observe the measurements made by onboard 

sensors when the spacecraft is not within range of the groundstation. 

Little has been published on the subject of whole-orbit telemetry data 
process i ng in the United states . Information is available from the 
University of Surrey in the form of t h e UoSAT Spacecraft Data Booklet [4 ] . 
There have also been a number of articles written by Harold Meerza carried 
in the AMSAT-UK OSCAR News. This paper will serve to consol idate the 
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available information while presenting 
processing of woo. Even though a number 
will be included, no time will be spent 
will be left for another paper. 

additional details about the 
of actual examples of WOO plots 
here on analyzing the data. That 

The remainder of this paper contains three major parts. The first wi l l 
present a brief overview of the standard and whole- orbit telemetry 
transmitted by both UoSAT-l and UoSAT- 2. This has been done so that 
readers who have not monitored these spacecraft will be familiar wi th the 
telemetry system in general. A more detailed study of the woo survey s wil l 
be done in the second part. This will include such things as the method 
for validating the received data, interleaved transmission scheme, and 
procedures for combining data from several successive orbits to form a 
completely error-free data file. The third part will describe the programs 
used to process the woo files from which the sample plots included wi th 
this article were made. 

Two shorter sections have also been included . One of them descr ibes 
the operat i onal experience gained from the system and the plans for future 
changes to the system . The other provides a brief description of the 
hardwar e and software used for woo processing. 

OVERVIEW OF STANDARD AND WHOLE-ORBIT TELEMETRY 

This section contains a brief description of the standard and whole
orbit telemetry formats. It is important to understand the standard format 
since the whole-orbit data is merely an extraction from the standard 
telemetry channels that has been stored in the OBC memory. The data is 
later transmitted on the downlink at time intervals determined by the 
OBC . 

The UoSAT spacecraft transmits telemetry data in ASCII, usually at 
1200 bauds, but other rates may be used. The data describes the status of 
the spacecraft systems and also contains telemetered values from t h e 
spacecraft housekeeping systems and onboard experiments. Typical standa rd 
telemetry frames from UoSAT-l and UoSAT-2 follow. 

UOSAT-l 8 60907011523 4 COMPUTER GENERATED TELEMETRY 
00 090901030202708D03 0003 04 00040 5401 006 33 8E072 720 08 414909 49 04 
10120211230112308813000214028F15337 316 588217387A18397419289B 
2 01506210407226 633230054240116254102 26419 8273071284259295 00E 
303202310301326698332435347198 353612 36 376737327238 427A393678 
401005411602427331430016440110450001 46004647384C48451C494339 
50120651090D52277553255454 492E55330056450257395D584108594091 

UOSAT-2 8609070175304 
00465701566402267103320204053205040106025107053108047B090370 
10507311344312000313064014183F15 462416259917500318 4850195386 
20357321186C22660 0 230 0 01240017250007;~6096B2 7 496E285087295178 

30510731036732286D33573134000735268A36319E37439A384825395130 
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40767241121742638B43061044166145000146000247502448513B494832 
50536551107252673553281D54652055000056000357508F58504C595108 
608284615FD0621F4E63330564840E651EOC6647ED67700668000E69000F 

The two previous examples are actual telemetry frames captured while 
this article was being prepared. For both UoSAT-l and UoSAT-2, the lines 
meginning with 00 through 50 contain the actual measurements being 
~elemetered. Each of these lines consists of ten sets . of a two-digi t 
~hannel number followed by a three-digit value fo l lowed by a check digit . 
The check digit validation scheme is the same for both UoSAT-l and UoSAT
Z. However, this validation scheme will not be covered here since we are 
primarily interested in whole-orbit data. 

The header l ine is similar in both frames and contains the date, day 
cf week, and UTe time of transmission. In the UoSAT-2 frame, the last line 
~ntains the status of all of the onboard systems . For example, which 
s¥stems are active and which are inactive, downlink data rate, downlink 
modulation type and so forth . currently, there is no similar indication of 
systems status in the UoSAT-l frame. 

No matter which data format is being processed, the values from the 
channels of interest must be converted to engineering units. This is done 
my substituting the value from the telemetry into a calibration equation . 
Some channels use the same equations while others are different. For the 
s¥stem described in this article the conversion to engineering units is 
~one by program WODPLOT to be discussed later. A few examples of 
conversions of telemetered values to engineering units for UoSAT-l follow. 

consider one of the least complicated equations . 

Channel Number Telemetered Value 

50120 

I = 3 * N rnA = +10 V Line Current 

I = 3 * 120 = 360 rnA 

Some equations are more complicated. 

Channel No. 27 = I of Telecommand Receiver 

27307 

I = 0 . 125 * (N - 16) * 0.952 rnA 

I = 0 . 125 * (307 - 16) * 0.952 = 34.629 rnA 
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other equations may require values from two channels. 

These 
complexity 
equations 

Channel No. 05 = Magnetometer Experiment HXC 
Channel No. 15 = Magnetometer Experiment HXF 

05401 15337 

Bx = (129 * NXC - 64324) - 18.05 * (NXF - 511) nT 
Bx = (129 * 401 - 64324) - 18.05 * (337 - 511) nT 

Bx = -9454 nT 

are merely a few examples, 
that will be encountered. 

for both satellites can be 

but they do represent 
A complete list of 

found in [4]. 

the range of 
calibration 

As has already been mentioned, the WOD surveys are done by saving the 
values from certain selected channels in the the OBC memory for a 
period of time. The amount of OBC memory available for data storage i s 
about 8K for UoSAT-l and 32K for UoSAT-2. The duration of the survey is 
under control of the OBC as loaded by the UoS command station. If 
whole-orbit data is being transmitted, the status message 
transmitted by the command diary will give the date and time of collection 
and the channels that are included in the survey. samples of the 
status message and WOD surveys from both spacecraft follow. 

***UOSATl COMPUTER STATUS INFORMATION*** 

COMMAND DIARY VO . 4 IN OPERATION 
UNIVERSAL TIME IS 11:49:24 
DATE 07/09/86 
AUTO MODE IS SELECTED 
LAST CMD SENT BY COMPUTER WAS XXH TO 0 
LAST CMD RECD BY COMPUTER WAS 7DH TO 0 WITH DATA 34H 
CURRENT WOD COMMENCED AT 00:00:00 
DATE 06/09/86 
SURVEY INCLUDES CRANS 53,54,55, 

0000053054055AE 
000808677637626 
001008678038307 
00180867854027A 
002008679140761 
002808679741446 
0030086803427BE 
00380868094399E 

...... 
04C022061063573 
04C823560563561 

***UOSAT 2 COMPUTER STATUS INFORMATION*** 
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detail . 

COMMAND DIARY V3.4 IN OPERATION 
UNIVERSAL TIME IS 17:52:51 
DATE 07/09/86 
AUTO MODE IS SELECTED 
SPACECRAFT SPIN PERIOD IS -00D2H SECONDS 
LAST CMD SENT BY COMPUTER WAS 40H TO 1 
LAST CMD RECD BY COMPUTER WAS 6DH TO 0 WITH DATA OOH 
CURRENT WOD COMMENCED AT 00:00:00 
DATE 07/09/86 
SURVEY INCLUDES CHANS 11,37,38 , 39, 

000001103703803902 
000834543948151391 
00103444394815l38A 
001834443948151382 
00203444394815137A 
002834443948151372 
00303434394805136C 
003834343948051364 

OFD0332440474510D6 
OFD8332440474510CE 

We will now look at the WOD telemetry format 

A CLOSER LOOK AT WHOLE-ORBIT TELEMETRY 

Header Lines and Line Serial Numbers 

in more 

There are some important observations to be made about the sample WOD 
surveys in the previous section. First, each line consists of a four-digit 
line serial number followed by from one to eight three-digit telemetry 
channel values followed by a two-digit checksum. The only exception is the 
first line, serial number OOOOh. In this line the telemetry channel value 
positions contain the channel numbers of the channels included in the 
survey. An inspection of the UoSAT- 2 sample will verify this. Spaces have 
been inserted for readability. 

0000 011 037 038 039 02 

It should be noted that this is consistent with the information 
contained in the status message. It is also important to note that the 
date and time of collection can only be obtained from the status message 
and is not contained in the survey data itself. 

The time span between successive lines is determined by multiplying 
the line serial number increment by the time required to digitize and 
transmit a standard telemetry frame at the current downlink data rate. 
Considering a downlink data rate of 1200 bauds, t h e digitize-and-transmit 
time for UoSAT-l is 5.28 seconds and for UoSAT-2 it is 4.84 seconds. 
Thus, the time between lines 0008h and OOlOh in the UoSAT-l example is 
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(OOlOh - 0008h) * 5.28 and (0010h-0008h) * 4.84 for the same lines in the 
UoSAT-2 example. The duration of a WOD survey can thus be determined by 
multiplying the highest line serial number by the same factors of 5 . 28 a nd 
4 . 84. Various maximum line serial numbers that have been observed 
recently are shown in the table below. Both the time between measurement s 
(lines) and the duration must, of course, be considered by the plotting 
program WODPLOT. 

OBSERVED HIGHEST LINE SERIAL NUMBERS IN WOD SURVEYS 

Number of WOD 
Channels 

1 
2 
3 
4 
8 

UoSAT-l 
High Serial 

OE48 
0720 
04CO 

Interleaved Transmission Scheme 

UoSAT-2 
High Serial 

07E8 
OFD8 

The previous examples were only short extractions from an 
actual WOD survey. Their intent was to show the general format for WOD 
and that a typical survey from UoSAT-l might consist of lines OOOOh 
through 04C8h while one from UoSAT-2 could have lines OOOOh through OFD8h. 
The larger number of lines from UoSAT-2 is a result of the larger amount 
of memory available in which to store the survey. In actual practice , 
however, multiple sets of lines are transmitted as shown in the following 
example from UoSAT-2. 

000001103703803902 
000834543948151391 
00103444394815138A 
001834443948151382 
00203444394815137A 
002834443948151372 
00303434394805136C 
003834343948051364 

OFD0332440474510D6 
OFD8332 440474510CE 

0001345439 48151398 
000934543948151390 
001134443948151389 
002934443948151371 
00313434394805136B 
003934343948051363 
004l3434394805135B 
004934243948051354 

OFD1332440474510D6 
OFD9332440474510CE 
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The data set with serial numbers OOOlh through OFD9h is transmitted 
following the data set with serial numbers OOOOh through OFD8h. There may 
also be a 0002h through OFDAh set. The previous discussion of time between 
measurements still holds. That is the time between lines 0008h and 0009h 
is 4.84 seconds since the difference between serial numbers is one. The 
data is downlinked in this interleaved fashion so that burst errors during 
downlink reception can be repaired with the following set of "nearby" data 
points. Although the system described in this article does not make use of 
this feat ure it is particularly useful when observing the WOD in real 
time as is done at the UoS command station. 

Checksum Validation 

In order to verify the checksum, each pair of ASCII characters is 
taken as a hex byte value and summed. Using modulus 256 arithmetic, the 
summation should produce a constant result. In the case of UoSAT-l whole 
orbit telemetry, the constant value is AAh, which is 170 decimal. For 
UoSAT-2 the value is BBh, which is 187 decimal. The validation scheme is 
the same for both UoSAT-l and UoSAT-2 except for the production of a 
different constant result. An example of the checksum validation procedure 
follows. It was taken from the UoSAT Spacecraft Data Booklet [4). 

Consider the WOD telemetry line: 

008851144962l693FF 

Take this line and add a zero ('0') in front of each three-digit telemetry 
val ue to get: 

00 88 05 11 04 49 06 21 06 93 FF 

Add together the first digit from each pair (remembering A=lO,B=ll, etc . ) 
and multiply by 16 : 

16* (0+8+0+1+0+4+0+2+0+9+F) = 624 

Add together the second digit f r om each pair: 

0+8+5+l+4+9+6+l+6+3+F = 58 

Add these two previous results together, divide by 256, and note the 
remainder. 

(624+58)/256 = 2 with remainder 170 

Lines producing 
procedure should 
produce a remainder 
program TLMEDIT. 

the correct result 
represent correct 

of 187 (BBh). This 

Merging Data from Multiple Orbits 
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If data from the UoSATs is collected often, it will be noted that rarely 
can a complete WOO survey be captured in a single pass. This is usually 
due to a combination of two factors. The first is marginal 
reception due to low elevation passes and/or local interference with 
the downlink signal. -The second is the switching of the woo on and off 
the downlink by the OBC resulting in insufficient data being captured. 

The solution to this problem lies in the merging of data from orbits 
where the same WOO survey has been transmitted. Care must be taken that the 
WOD is from the same survey as indicated by the OBC status message. 
The following table shows a group of orbits collected at the author's 
station location. 

UoSAT-l and UoSAT-2 DATA COLLECTED AT 27.48N, 97.24W 

UoSAT-l Data UoSAT-2 Data 
Orbit No . Date High Serial Orbit No. Date High Serial 

27162 
27163 
27170 
27171 

08/25/86 
08/26/86 
08/26/86 
08/26/86 

049A 
0242 
0722 
0722 

12089 
12090 
12096 
12097 
12098 

06/07/86 
06/07/86 
06/07/86 
06/07/86 
06/07/86 

090A 
OD99 
OFDO 
OFD9 
OFD8 

UoSAT-2---For the author's station location, a new WOD collection has 
already begun for the UTC day prior to the first visible pass. This can be 
seen by referring to the UoSAT-2 data in the preceding table. Note that 
the highest line serial number for orbit no. 12089 is 090Ah and for orbit 
no. 12090 it is OD99h. This is because WOD collection was in progress when 
the data was captured. When monitoring the downlink in real time, "WHOLE 
ORBIT DATA COLLECTION IN PROGRESS" will be seen in the OBC status messages 
until the survey has been completed. For listeners in the united states, 
the best orbits for WOD collection will be the morning passes since the 
survey will have been completed by then. Occasionally, a new WOD survey 
will be stated around noon UTC but this is not common. 

UoSAT-l---The same comments apply to UoSAT-l as given for UoSAT-2 
with one notable exception. The difference is that frequently, a new WOO 
survey is initiated between passes visible in the u.S. since this is when 
UTC midnight occurs. This can be seen in the preceding table since orbit 
no. 27162 occurs on 08/25/86 while orbit no. 27163 occurs on 08/26/86. The 
highest line serial number is again lower on orbit no. 27163 indicating a 
WOD survey is in progress. 

AN OPERATIONAL SOFTWARE SYSTEM 

Overview of Processing Programs and Examples 

This section describes an operational software system for processing 
WOD surveys from the UoSATs. The system consists of six programs--TLMEDIT, 
TLMWHOLE, ORBITSOO, ORBITS01, WODIPLOT, and WOD2PLOT. TLMEDIT does the 
first phase editing for all types of UoSAT data. TLMWHOLE performs 
completeness checks on edited WOD files and merges WOD from different 
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orbits to produce complete WOD files for plotting. ORBITSOl is used to 
generate subsatellite point data for use by the plotting program. ORBITS OO 
maintains the element set data base used by ORBITS01. WOD1PLOT and 
WOD2PLOT are used to plot the WOD surveys from UoSAT-l and UoSAT-2 
respectively. 

Video display output and operator responses for each of the programs 
follow . The use of TLMWHOLE for WOD completeness checking and fi l e merging 
will be shown by using two different groups of orb i ts from UoSAT-2 . These 
groups are shown in the table below and represent two extremes one can 

' encounter when process ing WOD with respect to processing steps required. 
Figure lA shows a processing flowchart for the worst-case e xample and 
Figure lB depicts the best-case example. Most cases in actual practice l i e 
somewhere in between these two extremes. I t is often possible to 
construct a complete WOD survey from data from two orbits. 

UoSAT-2 WOD FILES USED IN PROCESSING EXAMPLES 

Orbits from 06/07/86 Orbits from 06/21/86 
File Name File Size File Name File Size 

U2Wl208 9 .DAT 
U2W12090. DAT 
U2W12096.DAT 
U2W12097.DAT 
U2W1209 8 .DAT 

Phase 1 Editing --- TLMEDIT 

20 ,75 8 
16,758 

8,958 
36,998 
10,718 

U2W12294.DAT 
U2W12 295.DAT 
U2W1230 l. DAT 
U2W12302.DAT 

16,138 
17,618 
25,038 
24,418 

All types of telemetry data transmitted by the UoSATs are processed 
by TLMEDIT. In this case it is used to extract WOD from a raw data file as 
captured from the satellite. It is this program that performs the checksum 
computations that were described earlier. TLMEDIT will also process all of 
the older type UoSAT formats. This is necessary because there is a 
backlog of raw data that has yet to be processed. 

Terse prompts desired? (Y,[N]) 
Display output file while processing? (Y,[N]) 
Enter input telemetry file name U2T1344l.RAW 
Enter output telemetry file name U2W1344l.DAT 

Telemetry formats that can be processed . 
1 = Standard UoSAT-1, old style 
2 = Standard UoSAT-l, new style 
3 = Checksummed UoSAT-l, old style 
4 = Checksummed UoSAT-l, new style 
5 = Whole orbit type 1 UoSAT-l, old style 
6 = Whole orbit type 2 UoSAT-l, old style 
7 = Standard UoSAT-2 
8 = Checksummed UoSAT-2 
9 = Whole orbit UoSAT-2 and UoSAT-l new style 
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Enter telemetry type code 9 

Enter number of channels in line [4] 
Enter checksum for line in decimal [170] 187 

Processing U2W13441.RAW, please wait ..................•..... . 

1886 Records in input file. 
610 Records in output file. 

The input file was 44.8% WOO. 
OFD8 was the high serial number. 
000001103703803902 was the channel ID line. 

Phase 2 Editing and File Merge --- TLMWHOLE 

TLMWHOLE has two functions--it can check a WOO file for completeness 
and it can merge WOO files from different orbits together in an attempt to 
produce a 100% complete WaD survey. The two e xamples below depict the 
complete range of possible cases for completeness of WOO survey files . 

The first example shows the complete run for checking file 
U2W12089.DAT and producing a file that can be later merged with WOD from 
the same survey but collected on different orbits. only the file status 
output from the next four runs are shown. These runs show U2W12090.DAT, 
U2W12096.DAT, U2W12097.DAT, and U2W12098.DAT to be 67.7, 7.1, 99.4, and 
28.9 percent complete respectively. This example represents one of the 
worst possible cases that could happen. U2W12097.DAT is 99.4% complete and 
only needs lines 0378h, ODB8h, and OE80h. However, a quick inspection of 
the status of the other files shows that neither ODB8h nor OE80h is in 
any of the other four files. Thus, with WaD from the same survey available 
from five different orbits, a complete file cannot be constructed. 

Only one example of operation of TLMWHOI,E 
Multiple merge runs would be required as shown 
merges are complete the file is 99.6% complete:. 
included in the plotting examples as if it were 

in merge mode 
in Figure lAo 
Nevertheless, 

100% complete. 

is shown. 
After all 

it has been 

Contrast this example with that of U2W12301.DAT. Here the best 
possible outcome is realized--a 100% complete file in a single run. 
Probably one rule of thumb should be to try the largest U2W*.DAT file 
first. This would be especially true if the orbit was a morning (local 
U.S. time) pass since a WOD survey would have been completed by that time. 

Terse prompts desired? (Y,[N]) 
Telemetry formats that can be processed: 

1 = Whole orbit type 1 UoSAT-l (old style) 
2 = Whole orbit type 2 UoSAT-l (old style) 

W2 = Whole orbit UoSAT-2 and UoSAT-l (new style) 
Enter telemetry type code W2 

processing options: 
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C = Check status 
M = Merge files 

Enter processing type C 

Enter input telemetry file name U2W12089.DAT 
Enter UoSAT WOD first line serial 0000 
Enter UoSAT WOD last line serial OFD8 
Enter UoSAT WOD line serial increment 8 
Enter number of channels in line 4 
Di splay file contents during status check? (Y,[N]l 
Produce sorted output file for merge? (Y,[N]l Y 

Generating serial number list ..• 
Checking U2W12089.DAT ............ . . . . . ... . . . . . ........ . . . .. . 

status of file U2W12089 .DAT 
0000 Missing 02FO - 0508 Missing 
0018 Missing 0520 - 0570 Missing 
0050 Missing 05AO Missing 
0070 Missing 05CO - 05D8 Missing 
00D8 Missing 0688 - 06AO Missing 
00F8 Missing 06DO - 06E8 Missing 
0128 - 0130 Missing 072 0 - 0728 Missing 
0150 Missing 07 C8 Missing 
0168 Missing 0810 Missing 
OlAO Missing 0840 - 0850 Missing 
OlCO Missing 0898 Missing 
0298 Missing 08BO Missing 
02DO - 02D8 Missing 08F8 - OFD8 Missing 

The output file is 33. 7% complete. 

Reading input file U2W12089. WRK . .••.... .. •............•• . •. . 
sorting input file U2W12089.WRK. 
Writing output file U2W12089.SRT •.••.•.••••••..........•.. 

End of job. 

Status of file U2W12090.DAT status of file U2W12096.DAT 
0400 Missing 0000 - OA58 Missing 
07C8 - 07DO Missing OA68 - OAA8 Missing 
0870 - 0888 Missing OAB8 - OC40 Missing 
08BO - 08CO Missing OC50 - OD20 Missing 
08 DO Missing OD38 - OD68 Missing 
08EO - 0908 Missing ODA8 - OE30 Missing 
0920 - 0928 Missing OE40 - OE58 Missing 
0948 Missing OE70 - OE80 Missing 
0960 - 0980 Missing OEAO - OEA8 Missing 
0990 Missing OEFO - OEFB Missing 
09AO - 09B8 Missing OF18 - OF60 Missing 
09C8 - 09D8 Missing OF80 - OF88 Missing 
09FO - 09F8 Missing OFA8 - OFC8 Missing 
OA08 Missing OFD8 Missing 
OA30 - OA38 Missing The output file is 7.1% complete. 
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OA68 Missing 
OA78 - OA88 Missing 
OAC8 Missing status of file U2W12097 . DAT 
OAEO - OAE8 Missing 0378 Missing 
OB18 - OB28 Missing ODB8 Missing 
OC30 Missing OE80 Missing 
OC40 Missing The output file is 
OC50 - OFD8 Missing 
The output file is 67.7% complete. 

status of file U2W12098.DAT 
0108 - 0110 Missing 
0130 Missing 
0140 - 0190 Missing 
OIAO - 0200 Missing 
0218 Missing 
0238 - 02C8 Missing 
0208 - 0388 Missing 
0398 - 03A8 Missing 
03B8 - 0428 Missing 
0448 - 0490 Missing 
04AO - 0508 Missing 
0570 - 0580 Missing 
0590 Missing 
05AO - 05CO Missing 
05FO Missing 
0608 - 0610 Missing 
0650 Missing 
0668 Missing 
0678 - 0688 Missing 
06C8 Missing 

Enter telemetry type code W2 
Enter processing type code M 

0710 Missing 
0728 Missing 
0768 - 0790 Missing 
07AO - 07A8 Missing 
07B8 - 07CO Missing 
07D8 Missing 
07FO - 0828 Missing 
0838 - 0878 Missing 
0888 - 0898 Missing 
08A8 - OC60 Missing 
OC78 - OC88 Missing 
OC98 Missing 
occo Missing 
OCDO - OE08 Missing 
OE18 - DEAD Missing 
OEBO - OED8 Missing 
OFOO - OFIO Missing 
OF28 - OF38 Missing 
OF58 Missing 
OF78 - OF80 Missing 
The output file is 

Enter input telemetry file name U2W12089.SRT 

99.4% 

28.9% 

Enter telemetry file name to be merged U2W12090.SRT 
Enter merged output file name U2W12090.MRG 

Merge of UoSAT WOO files in progress, please wait ... 
Merge of UoSAT WOD files complete. 
513 records read from input files. 
355 records written to output file. 

status 
ODB8 
OE80 

of file U2W12089.000 
Missing 
Missing 

The output file is 99.6% complete. 

complete . 

complete . 

------------------------------------------------------------

Enter telemetry type code W2 

66 



Enter processing type code C 
Enter input telemetry file name U2W12301.DAT 
Enter UoSAT WOD first line serial 0000 
Enter UoSAT WOD last line serial OFD8 
Enter UoSAT WOD line serial increment 8 
Enter number of channels in line 4 
Produce sorted output file for merge? (Y,[N]) Y 

Generating serial number list ..• 
Checking U2W12 3 0 1. DAT •.....•.............. . ..... . ........... 

status of file U2W12301 . DAT 
The output file is 100.0% complete. 

Reading input file U2W12301.WRK ........... . ............. ... . 
sorting input file U2W12301.WRK ............................ . 
Writing output file U2W12301 . SRT . • .... • ... .. ............. .. . 
End of job . 

Subsatellite Point c omputations --- ORBITSOO and ORBITSOl 

A s lightly modified version of the W3IWI orbit prediction program [1] 
is used to produce a file of sub-satellite points that can be read by the 
plotting program WODPLOT. This file is used to provide information about 
the position of the spacecraft during the WOD survey. Since it is 
sometimes desirable to plot old data, a program was written to maint ain a 
data base of element sets. ORBITSOI can then select the element set 
nearest to the time for which SS P data is needed. 

Typical displays f r om both ORBITSOO a nd ORBITSOI follow. First, two 
displays from ORBITSOO are shown. The remainder of this section shows 
output and operator replies associated with ORBITS01. 

KEY SATELLITE IDENTIFIER YEAR DAY to YEAR DAY COUNT 
1 UO-9 81-100B 84 352.4230 86 247.4544 107 
2 AO-IO 83-058B 84 365.9529 86 35.6826 46 
3 UO-ll 84-021B 84 355.2174 86 237.6459 62 

SATELLITE HEADER RECORD DISPLAY 
Satellite Name: UO-9 

Object Number: 12888 
Identifier: 81-100B 

Beacon Frequency No. 1: 145.825 
Beacon Frequency No. 2 : 435.025 
Beacon Frequency No. 3 : 2401. 5 
Beacon Frequency No. 4 : 0 . 0 

First Year: 84 
Fi rst Day: 352.4 2296325 
Last Year: 86 
Last Day: 247.45443268 

Element Set Count: 107 
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Record Key: 1 

Enter prediction output device. 
V=video, P=printer, N=none ([V],P,N) 
Do you wish to create SSP file? (Y,[N]) Y 
Enter SSP file name UOIISSP.013 

Number 

1 
2 
3 

Number 

1 
2 
3 

station 

N5AHD 
N5AHD 
G3YJO 

STATION SELECTION MENU 
Longitude Latitude Height 

97.24 
97.24 

0 . 20 
Enter station 

27.48 
27.48 
51.10 
number 2 

SATELLITE SELECTION MENU 

o 
o 
o 

Satellite Object Identifier 

UO-9 
AO-I0 
UO-ll 

12888 
14129 
14781 

Enter Satellite 

81-100B 
83-0S8B 
84-021B 
number 3 

Min Elev 

-3.0 
-90.0 

- 3.0 

Element Sets 

107 
46 
62 

ENTER START DATE/TIME, DURATION, AND TIME STEP 
Start: Year = 86 

Month = 1 
Day = 20 

Day Number = 20 
Start: UTC Hours = 0 

Duration: 

Step: 

Minutes = 0 
Hours = 24 

Minutes = 0 
Minutes = 1 

Calculation will 
Is above 

be from 20.000000 to 21.000000 
data correct? ([Y],N) 

station = N5AHD located at 27.48N, 97.24W 
Orbital elements for UO-ll 
Element set no. 112 issued 01/2 1/86 in use. 
Element set age in days = 2 
Reference epoch = 86 + 17 .2069 
Starting epoch = 86 + 20.0000 = 86/ 01/20 at 00:00 

PARAMETER 
Orbit number 
Mean anomaly 
Inclination 
Eccentricity 
Mean motion 
Mean motion rate 
Semi-major axis 
Arg of perigee 
R.A.A.N. 

68 

REFERENCE 
10 030 

80.0770 
98.1689 

0.00122450 
14.6202 

0.00000073 
7064.7450 

279.9044 
86.1471 

STARTING 
10071 

20.7 422 

271.1695 
88.9081 



Beacon freq. in MHz. 145.825 
When ready to begin calculations press RETURN 

CALCULATIONS IN PROGRESS, PLEASE WAIT . . . 

-------------------------------------------------------------
Plotting --- WOD1PLOT and WOD2PLOT 

Progr ams WOD1PLOT and WOD2PLOT are used for plotting data from UoSAT-
1 and UoSAT-2 respectively. Program prompts and operator responses for one 
plott ing run are s h own below. The program allows multiple channel s to b e 
plotted in the same run if the y-axis units are the same for the c hannel s 
requested. The maximum number of plots allowed in one run is four. The 
program allows WOO input files containing any number of surveyed channels 
up to a maximum of ten. 

Figure 2 shows the four plots from U2W12089.000 used in the previous 
example of TLMWHOLE operation. Figure 3 shows the plot from U2W12301 . 000 
also from the previous discussion. The other figures contain plots from 
UoSAT-2 WOO surveys of other telemetry channels and have been included for 
reader interest . 

Ent e r tel emetry fil e name U2W1230l. 000 
Enter WOO survey orbit number 12 301 
Enter WOO survey date 06/ 21/ 86 
Enter WOO survey time 00:00:00 
Enter number of channels 4 
Enter t i me incr ement for X-axis i n seconds 1800 
Enter SSP f i le name U2SSP . 06l 

Select channel numbers to be plotted. 
Channel no. 1 is 002 = Nav Magnetometer Y-axis 
Channel no. 2 is 003 = Nav Magnetometer Z-axis 
Channel no. 3 is 010 = Solar Array Current +Y 
Channel no. 4 is 020 = Solar Array Current -x 

Processing WOO fi l e, p l ease wait .. . 
I nsert BLUE pen. Press RETURN/ ENTER whe n ready . 

Plot? 
Plot? 
Plot? 
Plot? 

Insert BLACK pen. Press RETURN/ ENTER when ready. 
Processing complete. Plot again from same file? (Y,[N]l N 

RESULTS OF ACTUAL OPERATION 

Y 
N 
N 
N 

The reader can easily see that even though the system described here 
accomplishes the desired result, there can be an excessive number of 
processing steps with a correspondingly large amount of operator 
interaction. This has been caused by the continued modification of a s ys t em 
t hat was ori ginally used to process, at most , around four orbits per week 
of WOD from a single spacecraft, UoSAT-l. In add i t i on to the fewer 
transmissions of WOO by UoSAT-l, the entire downlink time was dedicated to 
WOO on the designated days. Thus, there were fewer merges required to 
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obtain a complete survey. with the development of the diary software 
aboard both UoSATS, much more woo is generated than can be conveniently 
handled. Another factor that influenced the system development was the 
CP/M-80 operating system operating on a computer with a 64K address space. 

Work has already begun to improve the system. Some of the 
improvements will be realized by consolidating the functions of TLMEDIT 
and TLMWHOLE into a single program. Since all processing of woo is now 
done on systems with UNIX- like operating systems, it is possible to make 
use of shell scripts and other operating system features such as built-in 
sort routines and redirection of program input and output to assist in 
processing the woo. The result of these changes will be a less operator
intensive system. 

HARDWARE AND SOFTWARE ENVIRONMENT 

The data to be processed by the programs described here is 
automatically captured by a two-computer system. One system does station 
control functions such as antenna positioning while the other does the 
actual data capture. For a complete description of this system see [2]. 
Intermediate storage and processing of the data takes place on one or both 
of t wo Cromemco CS-2H computers running 68000 Cromix or 68000 cromix-Plus. 
The CS-2Hs are also used to store the element set data base and generate 
the subsatellite point data files. The plots were done on a Radio Shack FP-
215 flatbed plotter. The programs described here are written in PL/I-80 
supplied by Digital Research. 

CONCLUSION 

One purpose of this paper has been to describe the whole-orbit 
telemetry data surveys transmitted by UoSAT-1 and UoSAT-2 as well as some 
of the considerations for processing that data. The details of an 
operational software system for processing WOO surveys have been included. 
The major purpose of the paper, however, is to create some curiosity and 
interest in UoSAT-1 and UoSAT-2 operations among amateur radio satellite 
enthusiasts. It is the opinion of this author that this can best be 
accomplished by providing a more complete description of data available 
and the requirements for its processing than has been widely available in 
the past. 
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FIGURE lA-WORST-CASE EXAMPLE OF 
PROCESSING STEPS REQUIRED m PRODl.CE CCMPLETE WOO 
SURVEY. 

FIGURE lB-BEST-CASE EXAMPLE OF 
PROCESSiNG STt:'PS REQUIRED 
TO PRODUCE C~MPL~TE WOO 
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THE RECENT PAST 

HAMS IN SPACE 
THE RECENT PAST AND FUTURE PLANS 

L. McFadden W5DID 
R. Fenner W5AVI 

W. Tynan W3XO 

STS-9 Owen Garriott W5LFL 

Almost everyone has heard of the first ham in space involving Owen Garriott 
aboard Columbia on Shuttle Mission STS-9. Objectives of the Amateur Radio 
participation in this mission were quite limited but included: 

~ 1. Demonstrate that Amateur Radio can operate on manned space missions 
without interference to primary mission tasks. 

2. Directly involve the general public in the U. S . manned space 
program . 

3. Demonstrate Amateur Radio's capability as a potential backup 
means of communication . 

All of these objectiv es were met with W5LFL's historic amateur 
operation on this mission. The amateur installation was kept simple with 
as few interfaces to the Shuttle as possible . 

Motorola MX 2 meter FM hand held transceiver. 

Simple interface box that connected transceiv er to astronaut 
headset and tape recorder. 

Window mounted antenna. 

Self contained batteries (No spacecraft power used) . 

Resu lts : 

Many contacts made with hams in U.S. and countries around the 
world. 

Good PR for Amateur Radio and the U.S. space program . 

No phys ical, electric al or functional interfe r e nce with other 
spacecraft activ ities. 

Potential for back )up communication shown. 

It was a start! 

STS)51F Tony England W50RE ) SAREX 

This mission flown on Challenger in July 
extension to the initial effort and success of STS-9. 
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more ambitious than was the Amateur Radio participation on the earlier 
mission in several ways: 

Addition of slow scan TV uplink and downlink capability. 

Use of spacecraft power. 

Once again, 2 meter FM was employed with the same t ype of Motorola 
hand held transceiver as was used on STS-9. Because of the difficulty of 
obtaining an antenna connection to the payload bay, the same window mounted 
antenna as use on STS-9 was pressed into service. 

The impact of Amateur Radio participation on STS)51F was enhanced 
by the inclusion of slow scan TV. Demonstrations for schools and other 
public groups were able to inclUde the visual dimension as well as hear a 
voice. Also, for the first time ever, pictures were transmitted from the 
ground to the spacecraft. The first picture sent up was that of Tony's 
wife! Once again , Amateur Radio showed that it could be included on manned 
space missions without impacting other experiments and activities and that 
it could enhance public awareness of the U. s . space program. 

THE FUTURE 

SAREX A 

In connection with a future 
STS)61E scheduled for March 1986.), 
being assembled. Included are: 

Packet capability 
Beacon Mode . 

Shuttle mission (It was to have been on 
a very ambitious array of equipment is 

Keyboard to keyboard communication. 
store and forward message delivery. 
Real time relay (digipeater). 

Fast scan TV uplink. 

Slow scan TV up and down. 

Two)way 2 meter FM voice. 

Two)way 10 meter FM voice. 
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SPACE STATION 

AMSAT and ARRL are embarking on the most ambitious program attempted to 
date in Amateur Radio's Hams in Space Program. It intent is to make Amateur 
Radio a part of the Space station Experiment suite, rather than a "if space 
is available" addition. This includes an agreement before hand as to space 
weight, space station power, antenna mounting points and electrical 
connections. To accomplish this we must come up with a very strong and 
convincing proposal, setting forth what Amateur Radio can do to enhance the 
Space station mission and the u.S. manned space program in general. 
Emphasis will be placed on the facility that Amateur Radio can provide to 
enable direct access between the station crew and civic groups, classrooms, 
youth camps etc. In order to have the desired impact with young audiences, 
will require fast scan TV, at least for the downlink. Since the Space 
Station is to be in a low altitude 28.5 degree inclination orbit, relay 
through a high altitude satellite will be necessary. with Space station 
due to go up in about 1994, this requirement matches well with AMSAT's 
Phase 4 plans. According the Phase 4 proposal generated by Jan King W3GEY, 
the geostationary amateur satellite is likely to include a wide band 
digital transponder which will be able to accommodate fast scan TV with 
quality approaching that broadcast by the networks. Thus, it is planned to 
include on Space station equipment capable of communicating through the 
Phase 4 satellite in this wide band digital mode. Of course, other modes 
will be supported as well including direct voice and digital communication 
between the Space station amateur equipment and amateurs on the ground. 
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COORDINATED WITH VOICE ON 2m 

2 2 WAY V.OICE ON 2m 

3 SSTV AUTOMATIC DOWNLINK ON 10m AND 2m 

4' PACKET 2 WAY ON 2m 

~-------------------------------------------------
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CONSTRAINTS 
• lOW GAIN, WIDE BANDWIDTH ANTENNA ON SHUTTLE 

(GAIN S 3 dB) 

• LOW TRANSMITTER POWER ON SHUTTLE (10 W MAXIMUM) 

• MINIMUM ACCEPTABLE VIDEO SNR ON GROUND IS 
APPROXIMATEL Y 35 dB 

• HIGH GAIN, NARROW BEAMWIDTH UPLINK ANTENNA 
REQUIRED (POSSIBLY STACKED ARRAY) 

• GROUND TERMINAL ANTENNA TRACKING REQUIRED 

• NO GROUND ANTENNA POINTING ERROR, RAIN LOSS OR 
OTHER DEGRADATIONS CONSIDERED 

• AM-VSB MODULATION ONLY ON 70 eM BAND 

• AM-VSB AND FM MODULATION CONSIDERED ON 23 eM BAND 

5A-S-B6·00906 

LINK BUDGET CALCULATIONS 
• THE FOLLOWING LINK CALCULATIONS WERE MADE 

UPLINK 
DOWNLINK 

TOCM BAND 
AM·VSB 

X 
X 

23 CM BAND 
AM-VSB FM 

X x 
x x 

• GROUND TO SHUTTlE OISTANCES USED WERE 200 MI 
(OVERHEAD), 500 MI AND 1200 MILES (HORIZON) 

• FM VIDEO TRANSMISSIONS ON 70 CM BAND ARE 
NOT POSSIBLE 

• FM VIDEO TRANSMISSIONS ON 23 eM BAND MAY ReaUIRE FCC 
WAIVER (BANDWIDTH OF FM SIGNAL IS APPROXIMATEl Y 
14 101Hz) 

LINK PARAMETERS 
70 eM BAND 23 eM BAND 
(AM-VSB) (AM-VSB 

UPLINK (GROUND TERMINAL) 
RF POWER 100W 'OW 
ANTENNA GAIN 17 dB 20 dB 
PROPAGATION LOSS 135·151 dB 145-160 dB 
RECEIVER NF 2 dB • dB 
SIGNAL BANDWIDTH 5 MHz SMHz 
MODULATION INDEX 
VIDEO SNR ON SHUTTLE USABLE NOT USABLE 

DOWNLINK (SHUTTLE) 
RF POWER lOW 30W 
ANTENNA GAIN < 3dB < 3dS 
VIDEO SNA ON GROUND NOT USABLE NOT USABLE 

NASA-5 -86-00908 

MODULATION: AM· VSB 

LINK BUDGET 
UPLINK 

FREQUENCY: 70 CM BAND 

~ 
TERMINAL OUTPUT POWER, dBW 2D 
TERMINAL FEED LOSS, dB -1.0 
TERMINAL ANTENNA GAIN, dB 17 
TERMINAL EIRP, dBW 38 
PROPAGATION lOSS, dB -135 
SPACECRAFT ANTENNA GAIN, dB 3 .• 
SPACECRAFT ANT, FEED lOSS, dB -O. !! 
SPCFT nCVD CARRIER PWR. dBW -98.5 

K (BOlTZMAN'S CONSTANT). dBW/dev·I< /Hz -228.6 

T (160°1<; NF =: 2 dB) dB/ deg.1< " BANDWIDTH (5 MH!) dB/ Hz 67.0 
SPACECRAFT RCVR NOISE PWR, dBW -139.6 

CARRIER TO NOISE POWER. dB 43. 1 
FM IMPROVEMENT, dB 
NOISE WEIGHTING (CCIR) dB 
VIDEO SNA, dB 43.1 

DISTANCE 
SOD MI 

2D 
-to 
11 

" -143 
3 .• 

-0.5 
·104.5 

-228.6 

" 67.0 
- 139.6 

35. 1 

35. 1 

(FM) 

'OW 
20 dB 

145-160 dB 
• dB 

14 MHz 
1 

USABLE 

'OW 
< :IdS 

NOT USABLE 

1200 MI 
2D 

-1 .0 

11 

38 
- lSI 
3 .• 
-0.5 

-112.2 

-228.6 

" 67.0 
-139.6 

21.4 

27.4 

GOOD QUALITY VIDEO 
CONCLUSION! APPROXIMATELY 500 MILESI 
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MODUlATIO N: AM-VSB 

LINK BUDGET 
UPLINK 

FREQUENCY: 23 eM BAND 

200 MI 

TERMINAL OUTPUT POWER, dOW 15 

TERMINAL fEED LOSS, dO -1 .5 

TERMINAL ANTENNA GAIN, dO 20 

TERMINAL EIRP, dOW 33.5 

PROPAGATION LOSS, dO -145 

SPACECRAFT ANTENNA GAIN, dO , .. 
SPACE CRAFT ANT. FEED LOSS, dO -1.0 

SPCFT RCVD CARRIER PWR, dOW -109.5 

K (BO LTZMAN'S CONSTANT), dBW/d'g.K/HI ·228.8 

T (300oK; Nf = 3 dB) dB/d'g.K 24.8 

BANDWIDTH (5 MHz) dB 1Hz 6T 

SPACECRAFT RCVR .NOISE PWR, dBW ·136.7 

CARR I ER TO NOISE POWER, dB 27.2 

FM IMPRovEMENT, dB 
NOISE WEIGHTING (eC IR) dB 
VIDEO SNR, dB 27.2 

DISTANCE 
500 MI -,.-

-1 ,5 

•• 
33.5 
-152 , .. 
-1.0 

- 11t1.5 

- 221.6 

24.8 

" -136.7 

20.2 

20.2 

CONCLUSION! NOT USABLEI 

'" o 

S A-S·86-00911 

LINK BUDGET 
UPLINK 

MODULATION: FM (m; 1) 
FREQUENCY: 23 eM BAND 

200 MI 

TERMINAL OUTPUT POWER, dBW " TERMINAL FEED LOSS. dB -1 .5 

TERMINAL ANTENNA GAIN, dB 20 

TERPliINAL E1RP, dBW 33.5 

PROPAGATION lOS S. dB ·145 

SPACECRAFT ANTENNA GAIN, dB ., 
SPACECRAFT ANT. FEED lOSS. dB ., 
SPCFT RCVO CARRIER PWR, dBW ·109.5 

K (BOLTZMAN'S CONSTAtH). d8W/deg.K/Hz ·228.6 

T t300oK: NF = 3 dB) dB/d 'g.K 24.8 

BANDWIDTH (U MHz) dBIHz 11 .5 

SPACECRAFT RCVR NO ISE PWR, dBW · 132.3 

CARRIER TO NO ISE POWER, dB n' 
FM IMPROVEMENT, dB 13.8 

NOISE WEIGHTING (eCIR) dB 10.2 

VIDEO SNR, dB -46.11 

NOTE: 1m = 3.6 MHz 
NO AUDIO SUB CARRIER 
FM THRE SHOLD FOR VIDEO APPROX . 12 dB 

DISTANCE 
500 MI 

15 
-1 .5 

•• 
33.5 
-152 ., ., 

·116.5 

-228.& 

24. 11 
71. 5 

·132.3 

15. 11 
13. 11 
10.2 
39.8 

1200 MI -,-.-
-1.S 

20 
33.5 
- 160 

" ·1. 0 
·124.5 

·228.8 

24.8 

" -136.7 

,~. 

'u 

1200 MI 
15 

".5 

•• 
33.5 
·160 ., ., 

- 124.5 

· 228. 11 

24.8 
71.5 

· 132.3 

7.' 

BELOW 
THRESH· 
OLD 

LINK BUDGET RESULTS 
~ 500 MI 1200 MI 

70 CM BAND 23 eM BAND 70 eM BAND 23 eM BAND 70 eM BAND 23 eM SA 

UPLINK 
SNA (AM) 
SNR (FM) 

DOWNLINK 
SNR (AM) 
SNR (FM) 

43 dB 
47 dB 

33 dB 

' VIDEO SIGNAL QUALITY NOT USABLE 

3S dB 

NOTE: MINIMUM SNR OF 35 dB REQUIRED FOR VIDEO: 

40 dB 

RESULTS ARE FOR EIRP'S STATED IN LINK BUDGETS: 
NO FM OPERATION ON 70 CM BAND POSSIBLE 

NA$A-S·86·Q0917 

VIDEO SNR VS SHUTTLE DISTANCE 
(OVERHEAD PASS) 

UPLINK ONLY 
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CONCLUSIONS 
• DOWNLINK VIDEO FROM SHUTTLE NOT PRACTICAL DUE TO 

RF POWER AND ANTENNA CONSTRAINTS ON SPACECRAFT 

• VIDEO UPLINKS TO SHUTTLE ARE PRACTICAL IN BOTH 
70 eM (AM-YSB) AND 23 eM (FM) BANOS 

• NO AUDIO SUB CARRIER WAS USED WITH VIDEO SIGNALS; ALL 
AUDIO COMMUNICATIONS SHOULD BE ON 2M FM 

• STRONG CONSIDERATION SHOULD BE GIVEN TO USE THE 
23 eM BAND FM VIDEO UPLINK . 

• 23 eM BAND FM UPLINK VIDEO PROVIDES BETTER TV PICTURE 
QUALITIES FOR LONGER PORTIONS OF OABIT WITH 
APPROXIMATELY 3 dB lESS (HALF POWER) OF UPLINK EIRP 

• FINAL OPERATIONAL fREQUENCIES SHOULD BE 
COORDINATED WITH ARRLAND AMSAT 

1 



ABSTRACT 

SATELLITE DIGITAL COMHUNICATIONS 

Paul L. Rinaldo, WCRI 
American Radio Relay League 

225 Main Street 
Newington, CT 06111 

At launch time, the Phase 4 digital transponder will find itself 
in a world with many more packeteers and a greater appetite for 
transmission of anything that can be digitized. This paper 
provides some philosophical basis for sizing the phase 4 packet 
resource. It also discusses the types of information that it may 
handle and the role that teleports could play. 

INTRODUCTION 

There has been a strong affinity between packet radio and 
the amateur satellites. In part, this is because the hi-tech 
experimenters are never satisfied to work on one thing at a time. 
Also, packeteers are eyeing satellites as pipelines for their 
long-haul traffic. Conversely, birdmen regard packet as users of 
transponders in their new satellites. Both groups are looking to 
public service, particularly disaster communications, as partial 
justification for their future projects. It is now clear that 
packet and satellite developers must work as a team if either is 
to reach their separate and joint goals. If there was any doubt 
of this in the past, there can't be now as we begin serious Phase 
4 satellite s ystem definition. 

A Phase 4 geostationary satellite offers real-time relay of 
digital communications over one third of the earth's surface. 
The two satellites proposed would cover two thirds, with one 
third (much of Asia and the Indian Ocean area) unserved. Central 
Asia area has the smallest number of amateurs but has the largest 
general population and has had more than its share of disasters. 
The smal l number of amateurs makes it difficult to find the 
resources needed to build, launch and operate a third Phase 4 
satellite over the Indian Ocean. Yet there are amateurs there 
who will need to take part in worldwide packet and satellite 
communications . We need to find an economical way. 

Low-earth-orbit (LEO) satellites are needed to complement 
the coverage provided by geostationary satellites. LEOs have 
limited use for real-time relay because of their s mall footprints 
and short periods of mutual visibility. That fault becomes a 
virtue for digital store-and-forward (SAF) co mmunicat ions. At 
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least LEO digital SAP satellites in the right orbit will provide 
service in fewer than 12 hours between nearly any two points on 
earth. So in our eagerness to launch Phase 4, let's not forget 
that we'll need to keep Phase 2 around for digital SAP 
communications. 

Phase 4 and Phase 2 satellites won't satisfy all of our DX 
packet pipline needs by a long shot. The packeteers in Perth, 
Australia are to be in the area unserved by Phase 4, according to 
current planning. They coul d wait for the next LEO to pass, but 
likely will want to send packets sooner and use the worldwide 
packet network that will involve phase 4 real-time relay. HP 
circuits within Australia could feed into the east coast which is 
to be within the Phase 4 service area. So, while planning Phase 
4 satellites, we need to have HP feeders. 

HF packet operation is well underway, thanks largely to Hank 
Oredson, W~RLI, who authored message-forwarding bulletin-board 
software. The ARRL Ad Hoc Committee on Amateur Radio Digital 
Communications is working with about 35 HF packet operators to 
improve the efficiency of the HF packet net. We are developing a 
network plan based on IONCAP propagation predictions . Also, we 
will shortly ask the FCC to grant a Special Temporary Authority 
(STA) for automatic operation of some key stations below 30 MHz. 
The STA is intended to demonstrate that HF packet stations can 
be operated under automatic control without transmitter 
malfunction and improper traffic being introduced. You can 
expect the HF packet network to be more effective in 1987 and for 
it to be fine-tuned well before Phase 4 satellites are launched. 

Store-and-forward packet development is occuring mostly in 
the United States. There are some sticky third-party and other 
regulatory problems in many other countries, and they affect 
satellites as well as HP. The International Amateur Radio Union 
(IARU) is trying to clear the way. Papers on packet radio have 
been introduced at the IARU regional conferences.lL1/ A number 
of national societies have shown interest in packet radio because 
a growing number of their constituents have become active on the 
mode. Overseas counterparts of OST regularly carry packet 
articles. The Radio Society of Great Britain has recently 
introduced a monthly packet newsletter called Connect 
International . .3./ 

PHASE 4 DIGITAL COMMUNICATIONS PLANNING 

Dr Robert Kahn of ARPANET fame told us that we need to use 
top-down planning in a network. That would have been nice from 
the outset, but we didn't have his underwriter--the Federal 
Budget. Amateur packet radio has developed largely on a bottom
up basis out of the pockets of the participants. After all, 
wasn't that how 2-meter FM repeaters were funded? That 
developmental technique has worked pretty well to date. But 
we're in trouble if we plan a synchronous-satellite system that 
way. 

93 



One thing to consider is that the signal will have to travel 
22,300 miles. That translates to a certain effective isotropic 
radiated power (EIRP) considerably above what the HT and rubber 
ducky can produce. Only better-equipped stations would be able to 
work the satellite directly. This strongly suggests having 
teleports to access the satellite and connect to the terrestrial 
packet network which can accommodate the most modest apartment
dweller packet station. 

Channel access poses some problems. One consideration is 
that signals take over 10 ms to get from earth to the satellite, 
some delay processing within the satellite depending on its 
design, and another 10 ms or so back to earth for near-real-time 
relay. From this, it is easy to see that a listen-before
transmit channel-access scheme would be no better than a pure
ALOHA system which allows stations to transmit at any time. 
ALOHA lets a maximum of only 18% of the peak offered load get 
through without collisions. A satellite transmitter that can be 
used only 18% of the time would be a wasted resource. Precision 
time slotting could increase the throughput, but that might be 
difficult to coordinate and police. Another technique is to have 
5 receivers, each capable of 18% throughput, feed into one 
transmitter. Such a scheme would permit 90% transmitter 
utilization during busiest periods. But that would involve the 
cost and complexity of 5 receivers and a multiplexer capable of 
reorganizing 5 digital streams into one. 

Another problem is traffic volume. There is an adage in 
the telecommunications profession to the effect that it is 
impossible to manage a good network. If it's good, people will 
leave the bad ones, and the good one will become hopelessly 
congested, so the saying goes. Let's see, there were 7000 
packeteers a year ago and 20,000 now. If the number continu]Os to 
treble each year, that would extrapolate to 300,000 by the time 
Phase 4's candle is lit. Maybe 300,000 is unrealistically high. 
But the worldwide Amateur Radio population is about 1,635,000. 
Just two countries, the United States (with 421,000) and Japan 
(with 653,000), amount to 66% of the world amateur population. 
Even if you scale down the 300,000 to something that engenders 
more confidence, it's still going to make 20,000 pale by 
comparison. The problem is that we'll have to make a five-year 
prognostication and either guess accurately or have some ways to 
control the floodgates. Teleports can serve a vital function as 
traffic-flow controllers to make sure that the load offered to 
the satellite does not exceed a critical point after which its 
throughput decl ines. 

High traffic capacity translates to high signaling speeds. 
By 1990, a 9600-bit/s packet link will not handle the traffic 
between two neighboring cities, not to mention a satellite 
covering one-third of the globe. what speed is needed? As fast 
as possible, certainly 56 kbit/s or faster . Right now, we don't 
have a production-model 9600-bit/s modem, let alone 56 kbit/ s or 
higher. We have 5 years to work on it, don't we? Ye s for ground 
stations, no for the satellite. The satellite needs to have its 
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parameters defined in the next year in order to have a launch in 
5 years. Unless we want to go out on a limb and risk failure, we 
have to base the parameters on space and ground modems that can 
be prototyped in 1987. Flight hardware development must follow 
shortly. However, there will be time for several generations of 
fine-tuning of ground modems, but then they need to get produced 
in quant i ty and in the hands the ground stations by launch time. 

Maybe you were not convinced by the sheer number of 
packeteers that might be around in 1990. What happens to the 
number of packeteers over the lifetime of the satellite if we 
have a "good" network? What happens when the amateur television 
guys learn about the image-transmission capability that a high
speed digital transponder would offer? Do they know that a 56-
kbit/s channel would do a fair job of (almost-full-but-jerky
motion) television? "Hey, packeteers, would it be okay for us 
ATVers to use the digital .transponder for television dur ing quiet 
hours?" We can't just wait for the camel to slip its nose into 
the tent because, metaphorically speaking of course, the rest of 
the beast will inch itself inside. 

Packet data and image communications are not naturally 
compat i ble but can be made so by proper planning. One 
dissimilarity is in their duty-cycle profiles. Packet keyboard 
traffic means a line of text sent every few seconds at high 
speed with lots of room in between for other people to get a 
packet in edgewise. Keyboarded and buffered messages take only a 
few seconds or minutes to transmit. Single-frame television or 
facsimile would be about the same. But motion ATV could mean 
many minutes of transmission at 56 kbit/s. There are problems to 
be solved in multiplexing data and image communications, but they 
are not so formidable as to justify separate transponders. 

At speeds of 9. 6 kbit/ s and above, packetized voice becomes 
quite practical. However, a higher transmission rate will be 
needed for other users. As with ATV, we can find ways to 
accommodate voice in a high-speed digital transponder. 

Add all this up, and what do you have? An Integrated 
Services Digital Network (ISDN) in the sky ! A high-speed packet 
transponder can handle anything that can be digitized. This 
basic resource can be used in different ways, dependent only on 
ground-station equipment. An early and firm definition of the 
Phase 4 digital transponder will serve as a call for 
experimenters to forge their ideas in silicon well before the 
time phase 4 becomes a reality. 

It would be a shame if we repeated history and developed the 
ground-station equipment after phase 4 is launched. If we want 
Phase 4 to be used, we will need commercially made Amateur 
Radio equipment in sufficient quantity. Manufacturers' lead 
times must be taken into consideration. First, however, we need 
to convince them that (a) Phase 4 is a certainty, (b) parameters 
are firm, and (c) there will be a market large enough to justify 
their investment of resources. 

95 



CONCLUSION 

If Phase 4 is to be launched in 5 years, we need to define 
the digital-transponder subsystem in the near future. It must 
accommodate voice and image communications as well as data 
communications. Accordingly, we should shoot for the highest 
practical throughput. Prototype development must proceed 
rapidly, and we need to work with manufacturers to ensure that 
ground-station equipment is available in quantity at launch time. 
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ACSB and CASROS 
by 

James Eagleson WB6JNN 
President, project OSCAR 

15 Valdez Lane 
Watsonville, CA 95a76 

Since UHF / L-band satellites are firmly part of the 
Amateur Satellite program's future, some would rightly ask 
"Why bother with ACSB or SSB on these 1 MHz or wider 
satellites when FM can provide better quality and has been 
proven by its extensive use on commercial satellite links?" 

It is certainly true that FM is the mode of choice for 
many services on current commercial satellites, but this is 
not universal. California Microwave, and others, have 
converted much of their operations to ACSB-like modes to 
provide up to 6aaa links where only 2aaa or less were 
previously available. 

Actually these systems use a mix of ACSB, FM, and 
various data transmission techniques, depending on customer 
requirements. 

Amateur requirements are much less critical in terms of 
numbers of users. 

My observations of western and midwestern passes of 
OSCAR la over the past two years show typical useage to be 
about la-12 SSB QSO's in the upper half of the passband at 
any given moment. Thus we have slightly over one QSO per 5 
KHz, typical. It was also noted that the density was 
slightly higher in the l45.9a~-93~ region than in the 
93a-95a region so that 3-4 KHz spacing was common in the 
more crowded parts of the passband. 

I have been able to observe only a few European-US 
passes since these have not usually been at a convenient 
time or elevation angle at my location. Useage on these 
passes has been much higher... perhaps approaching 2.5 KHz 
per QSO over about 6~ KHz of the passband. Thus we 
sometimes see 20-25 QSO's at any given moment during peak 
useage times for a total of 40-60 users. 

The CW portion of the satellite is not used nearly as 
extensively as the Voice portion on most Western passes 
(only 4-5 QSO's) and most Mid-USA passes show only slightly 
more activity. Admitedly, I have not spent a great deal of 
time looking for CW stations in my studies, however. 
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There are typically one or two SSTV QSO's evident on 
null-free passes and some RTTY and Packet activity when 
signal levels are high enough. However, it is probable 
that more than two users are represented by each QSO since 
RTTY and Packet users tend to flock to one or two 
frequencies. 

Even with I MHz or even l~ MHz wide satellites on the 
horizon we can expect that the usage level of such 
satellites for DX activity will not increase significantly. 
Most such activity will probably center around a small 
portion of the total passband and take up less than 1~~-2~~ 
KHz. Let's face it, DX tends to be a herd activity where 
2~ or 3~ bulls all fight over the same poor cow! 

Ragchewing and Technical Discussions have been much 
more evident on OSCAR l~ than on earlier satellites because 
of the much longer access time available. Technical 
discussions and liaison activities seem to occur higher in 
the passband around 145.84~-145.85~ MHz where the 
concentration of other users tends to thin out. 

These activitiei will probably take up only 2~~-4~~ KHz 
of the passband on a I MHz wide satellite and the same 
spectrum will also support the more casual DX contacts. 

Specialized modes such 
most likely require only 
activity able to operate in 
segment. 

as SSTV and RTTY/Packet will 
l~~ KHz or so with most cw 
a similar but seperate l~~ KHz 

Thus we have 7~~-8~~ KHz committed for activities 
already existing on OSCAR l~ with the remaining 2~~-3~~ KHz 
available for other possible activities. Please keep in 
mind that these figures are estimations of requirements on 
my part based on current activities. I project that these 
will be the likely spectrum requirements. The actual 
AMSAT recommended band plan could be some other mixture, 
however. 

FUTURE ADDITIONAL USES 

If my projections hold true, we should have about 
3~~-4~~ KHz left to be used in some other fashion not 
currently being exploited on our satellites. 

Some of these uses could be interlinking activities, 
teleconferencing networks, traffic handling networks, 
bulletin services, emergency communications, and a variety 
of other things left to the imagination of the Amateur 
Radio Community. 

How can best implement these new services with m1n1mum 
impact to current services? with the wider available pass 
band should we look at alternative modes other than SSB? 
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POWER REQUIREMENTS 

A second consideration, and by no means insignificant, 
is the average power consumed by stations using the 
satellite. 

FM has a peak-to-average power ratio of ~ dB. That is, 
the average and peak power of FM is the same. 

Standard speech 
identical in nature) 
of about 12-18 dB ••• 

and SSB (since they are nearly 
have a typical peak-to-average ratio 
depending on whose data one chooses. 

ACSB of the STI/SEA variety has a peak-to-average 
ratio of 6 dB •• largely due to the use of a Pilot Carrier. 

Level One ACSB without pilot tone and using 2:1 
compandoring has a peak to average ratio about 1.8-2 . ~ dB 
higher than speech •• about 10-16 dB during speech but 
better when pauses are averaged into the formula. 

The 
which 
Jose 
below 

proposed Project OSCAR Level Two ACSB technique 
was outlined at the ARRL PACCOMM Convention in San 

places the normal zero-beat carrier about 7-1~ dB 
peak speech yielding 6-9 dB peak to average power. 

Outlined briefly, Level Two uses the normal SSB carrier 
by "leaking" it around the crystal filter so that an SSB 
Reduced Carrier (SSBRC) signal is transmitted. This seems 
to be the best system to exploit existing circuitry for 
ACSB transmission. 

The only additions to transmit circuitry will then be 
the pre-emphasis, 2:1 compressor circuits, and whatever 
circuit is required to "leak" and control the level of the 
partially re-inserted carrier. 

Reception is a bit more complicated but uses Phase Lock 
Loop circuitry which is totally independant of the 
transmission path variations and interferences and can use 
readily available PLL-synthesizer chips. 

Either a seperate IF and Crystal Filter is used for AGC 
and carrier reception or a 2nd IF in the Audio spectrum so 
that Op Amp filters can be used. I will be publishing 
further details within the normal magazine lead times, 
probably in QEX. 

Those truly interested in pursuing experimentation 
along these lines further can write to me through Project 
OSCAR, 15 Valdez Lane, Watsonville, CA 95~76. 

Any way we look at it, FM has a significantly higher 
power penalty when used on solar powered satellites than 
any form of SSB would have. 
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BUT FM SOUNDS BETTER! 

It is hard to argue against anyone who suggests that FM 
provides better fidelity and less no i se than standard SSB 
g iven a signal level at least 12 dB above the noise level. 

Having grant ed that, i t is a l s o ha r d to argue 
anyone who points o ut that SSB sounds better and 
clearer than FM when the signal level falls below 
dB above the noise . 

against 
is much 
about 8 

In fact, FM typi cally becomes unusable at 6-8 dB input 
SNR! 

Conside r also that when an FM a rriv es at 8 dB abov e the 
noise in a r eceiver hav i ng the minimum useable bandwidth of 
15 KHz, an SSB signal wi ll be a rr iving at 7.8 dB better SNR 
(l~ Log 15/2.5) in its 2.5KH z wide receiver . In other 
wor ds SSB would produce 15 . 8 dB SNR at the same power level 
FM woul d achieve only 8 dB SNR because of the difference in 
IF bandwidth required to rece ive each mode. 

FM, on the other hand, would rapidly e xceed SSB SNR 
once either e xceeded about 1 0- 12 dB incoming SNR. At 6dB 
above our 8dB SNR example, or at 14 dB above the receiver 
noise, the FM signal would be close to "full quieting". 

SSB, on the other hand, would have only gone from the 
15.8 dB SNR level to 21 . 8 dB SNR in a linear fashion. 

Pre - emphasis and de-emphasis of the SSB signal 
improve its recovered SNR by 2-3 dB by reducing 
detection noise. Thus we would have 23 . 8-24 . 8 dB SNR. 

would 
post 

By using ACSB there would be an appa r e n t 20-25 dB SNR 
impr ov ement due to 1: 2 aud i o e xpansion. Thus ou r Level One 
ACSB or Level Two signal would provide a recovered SNR of 
4~-5~ dB at the same signal level at which FM is also just 
achiev ing "full quieting" 

SOUNDS TOO GOOD TO BE TRUE 

It is! 
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In reality, 2:1 ACSB has no better SNR than standard 
SSB. 

Well, it is about 2-3 dB better due to the de-emphasis 
noise bandwidth reduction, perhaps. 

However, since the 1:2 expandor follows the dynamics of 
the audio, an "apparent" improvement (subjective) will be 
heard since noise is reduced during non-speech periods and 
during weaker syllables. During strong syllables the 
speech itself covers the noise adequately. 

2 : 1 CMP @ 20J8 RE- EXPANDED AF FM AT 20& CNR 

" if; :.-::!ln~w[ !± 
- :J.l> -h-f1 -H+ -, H-

:HH :LJ .. ~::!: I~ ~fJ: 
-l7-h- -l~l+r:t tot 

-20 1$1 ·.;1$';~f-b~;~;(+I:rJ~ 
" .. :t , r1:):.L +- _ "'W1 -30 ." ,"I, too 

• 'fO 

!-t'l1-r-i!-,-11 t , LI:: : "I:!' N:5Il 1.or=f-t· l- -I . for! iF .. - -- FM 

r/> · 2 .'t- '. 6 .5's 

To the average ear, the "apparent" SNR will seem to be 
between 3~-5~ dB somewhere depending on the type of 
background noise, the listeners sensitivity to noise, and 
the nature of the voice and speech being received. 

Apparent distortion, on the other hand, will be higher 
than FM would be at the same SNR. The typical FM 
transmitter has distortion products falling at or below -3~ 
dB.. roughly 2-3% THD. At an SNR of 30 dB, therefore, we 
would have possible addition of noise and these distortion 
products yielding a slight (3 dB) increase in the apparent 
distortion but still falling below 3-4% THD. Thus would 
would not hear any distortion on a weaker FM signal since 
it would be masked by the background noise. 

ACSB, however, really has only about 18 dB SNR when its 
apparent SNR is 30-36 dB. Thus the "distortion" levels, in 
reality noise, would be at 18 dB.. approximately 
equivalent to l~% THD. 

This is most apparent on the sillibant "s·, "ch", and 
similar sounds and is not unlike the distortion heard on 
weak FM signals when multipath is present. It is often 
described as "puffiness", "roughness" or "muddiness". 

Put into HI FI terms, at low SNR conditions ACSB 
doesn't have the "transparency" that PM does. It "colors" 
the sound more and sounds less like the speaker is in the 
same room as the listener. 

Then again, ACSB is generally considered to have more 
"punch" under weak signal conditions. This is particularly 
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true under mobile conditions. 

While FM signals often "picket fence", "kerchunk", or 
have large noise bursts when signals are weak, ACSB under 
the same conditions will have little "picket fencing" and 
will have a better SNR than the FM signal. Having said 
that, the ACSB signal will have some distortion and 
"quaver" or "uneasiness" caused by slight level variations 
and selective fading of the signal. There will be no noise 
bursts such as FM would have. 

THE BOTTOM LINE 

Given FM or SSB and all the required bandwidth for 
either mode, lee FM stations require more peak transponder 
power than 100 ACSB stations for a given downlink quality. 

SSB or 2:1 ACSB have lower average power drain but 
about the same peak power requirements. FM has better 
quality at a given SNR, but ACSB yields this SNR at a lower 
power level. 

FM sounds somewhat better at expected downlink SNR 
levels but ACSB would provide better clarity and more fade 
margin (FM SNR fades much faster than ACSB) • 

If care was taken to balance the tonal response of an 
ACSB and an FM signal arriving at a level which would give 
25 dB SNR at the input to the ACSB radio (17 dB CNR in the 
FM radio), most of us would have a hard time judging which 
sounded "better". They would sound "different". 

ACSB 
therefore 
implement. 

requires newer, different technology and is 
somewhat more complex for the average station to 

This is only a short term objection, however. 

It is 
utilization 
primary mode 

likely that both FM 
on Phase IV Satellites, 
for most utility users. 

and ACSB will find 
but ACSB should be the 

CAS SYSTEMS 

What kind of utility use is likely on a Phase IV 
satellite? 

The Geosynchronous 
makes an excellent relay 
zero and many thousands 
point of the transponder. 

satellite proposed for Phase IV 
system for users located between 
of miles from the sub-satellite 

It is, in fact, much better than HF in this regard in 
that all pOints visible to the satellite can communicate 
with each other. There is no "skip zone". Stations inches 
apart to thousands of miles apart can communicate with each 
other with the same ease. 
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A 
signal 
night, 
remain 

synchronous satellite has 
path conditions so that 
any weather conditions, 

the same at all times. 

no 
any 
and 

serious variations in 
time of the day or 

any blockages will 

Once adequate access to the transponder has been 
established, little variation should be experienced except 
that due to deterioration of the Ground Station's equipment 
or satellite transponder loading. 

Thus a geosynchronous satellite is excellent for uses 
requiring long communications periods with no inter
ruptions, coverage of large regions while maintaining local 
coverage, or "broadcast" activities where information must 
be deciminated over a large region. 

Examples of such uses include emergency communications, 
public service communications, traffic handling, networks, 
teleconferences, liaison activities, bulletins, and 
informational networks such as Westlink. 

Other possible uses include remote sensing of widely 
scattered scientific experiments via communication links 
through the satellite, expedition communications and 
telemetry, and teleconferencing for educational or scien
tific programs. While FCC approval and guidelines must be 
obtained for these latter activities, there are many 
potential non-commercial users whose needs cannot be met 
through commercial satellites both due to the expense of 
uplink/downlink equipment and/or cost to operate through 
such transponders. 

And, of course, interlinking of repeaters or trans
lators in the Amateur Service could be a major use of a 
Phase IV transponder. 

GETTING THERE 

Unlike the movie "Being There" where a complete idiot 
turned the world of business upside down by just being "in 
the right place at the right time", Public Service through 
Amateur Satellites is going to take some dedicated effort. 

It won't just "happen"! 

First, most 
acquainted with 
Their emphasis is 

public service people I know are more 
the hand-held than with an AZ-EL rotor. 
communications, not hardware . 

Second, the number of us who are technically inclined 
in the hobby has been, and still is, a minority. In 
natural disasters one must be able to draw from the 
majority in order for there to be much likelihood that 
someone is going to be "in the right place at the right 
time". 
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Third, it takes more than a hand-held 
satellite! You can't totally ignore hardware 
to communicate most effectively. 

to access a 
if you wish 

My observation with OSCAR 10 is that the minimum 
requirements for even receiving adequate downlink signals 
is beyond the capability of the hardware available to the 
t y p i cal VHF user. There is NO way that the y can receiv e 
Pha se III or Phase IV satell i tes from thei r ca r s using the 
typi cal SIB-wave mag-mount whip! 

Let's face it, ours is a mobile society where our spare 
time is largely spent on the road ••• whether commuting or 
vacationing. 

Thus any Phase IV or advanced Phase III program must 
recognize this factor. 

Furthermore the single family dwell i ng is rapidly 
becoming a n extinct entity. Perhaps some of us who are 
senior engineers or who live in the countr y can afford a 
house, but the average person in the USA today is living in 
shared housing of one kind or another. This is especially 
true in urban centers like the Santa Clara Valley, New 
York, L.A., or Chicago. 

I know of ve ry few Bay Area DX ' ers who have not had 
some kind of run around wi th neighbors, city, or both about 
antennas • • • even OSCAR antennas! 

In a word, we will not attract the numbers of Radio 
Amateurs required to fund a major Phase III or Phase IV 
project unless we provide some means of satellite access 
for those whose operations are either predominately mobile 
or are limited by their housing situation. 

COMMUNITY ACCESS STATIONS 

I have proposed Community Access Stations as one way of 
providing better satellite utility for those not able to 
directly access geosynchronous systems. While some of my 
QEX article this subject was changed in emphasis by their 
editing process, it represents a set of possible methods of 
accessing OSCAR satellites by indirect means. 

What was not clearly presented due to the editing is 
that I feel that ce r tain safeguards should be built in to 
such systems so that there is no negative impact on current 
amateur satellite supporter/users . 

This is one reason why I am firmly promoting use of 
ACSB techniques for linking rather than FM. FM links can 
provide better quality with less complexity but only with 
unacceptable power and bandwidth penalties. 
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Summed up, there are three kinds of CAS possible • • • 
CASROS , or Community Access Receive Only System; CAS-LT, 
or CAS Linear Translators; and CAS-MST, CAS Multiple 
Source Translators . 

The CASROS provides a good downlink to stations in a 
given area so that demonstrations can be given wi thout the 
hassle dragging a r ound a la r ge Two Meter antenna and so 
t hat apartment dwellers, fo r example, can concent rate on 
prov i ding a good 435 Uplink signal usi ng the relatively 
small antenna required rather than putting up the more 
complex and obvious AZ-EL TWo Mete r Circular as well . 

For the more 
provides a usable 
small antenna he 
Phase III or Phase 

creative mobile operator, 
downlink so that with a l~~ W 
could actually operate mobile 
IV bird . 

the CASROS 
amp and a 
through a 

The CAS LT has proven to work well enough through OSCAR 
I e so that indirect operation can be obtained either mobile 
or from a base station . It's limitations, of course, 
cente r around control of uplink powe r a nd noise , disparity 
between c l ose in, strong stations and outly i ng, weaker 
stations, and the need for a set aside continuous spectrum 
of whatever bandwidth one wants to cover out of the 
satellites passband . 

None of these are insurmountable problems but there is 
a better way. 

CAS-MST combines the best features of Remote Base, 
Repeater, and Linear Translator techniques. In 
g1ven source station can tune in and work 
destination station through the CAS-MST system. 

essence, a 
a given 

The source station could be AM, FM, SSB, ACSB or a 
Repeater, Remote Base, Simplex Access channel (from any 
mode) , a portion of a Linear Translator or even a phone 
patch set up for this purpose. 

The essential element is that the 
controllable either by Touch-Tone (TM) or 
of controlling the tuning and functions of 

source must be 
some other means 
the CAS-MST. 

If I 
either a 
Base, or a 

wanted to use a CAS-MST I would first 
repeater with CAS capability, a Simplex 
def i ned portion of a Linear Translator. 

access 
Remote 

I would then use Touch Tones (TM) or some other control 
means to access the CAS system. 

At this point I would begin to hear a portion of the 
satellite downlink signal. Probably the default condition 
would be that the system would come up tuned to the beacon. 
That way the I can go through a brief process of ·zero 
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Fig 3-A block diagram of the CAS uplink transmitting .t.tlon. 
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beating" the beacon by hitting "t" for "up" and "*" for 
down, for example, then I would key in a sequence, say 
"5-50" or "5-70" to tune the CAS-MST IF Subsystem 50 or 70 
KHz up from the beacon to the area of activity I am 
interested in tuning. 

Now all I need to do is to use the "up"/"down" 
"t" or "*" keys to tune in a station I wish to talk to then 
key in the appropriate access code to initiate transceive 
operation. That code could be, say, 7-1-1. 

The CAS-MST is designed to automatically 
Doppler Shift (for Phase II or III satellites) 
for uplink and downlink system drifts. 

track any 
and adjust 

This is not as difficult to achieve as one might think. 
If everything is synthesized and/or digitally adjustable 
and all operations are referenced to the beacon frequency, 
the ACTUAL uplink and downlink frequencies will not matter. 
Even though they will be different for stations located in 
New York City and San Francisco, their relationship to the 
beacon will always be the same. 

The technique DOES require that a beacon carrier be 
present at all times, however, slightly impacting the 
satellite design. This is not that difficult to provide, 
however. 

Using beacon reference provides one other kind of 
operation that is challenging. If a set of "channels" are 
set aside at beacon + 750KHz, 752.5KHz ••• 760KHz (5 chan
nels), partiCipating repeaters, remote bases, or linear 
translators could access each other by dialing up an 
interconnect and destination code (say, 825 #25) to bring 
up any desired machine on the system. The CAS-MST would 
then check the other fou r "working channels" to see which 
one was available then both machines would switch to that 
"channel" to complete the QSO and leave the calling channel 
free. 

Obviously some means of access control between machines 
would need to be established and the CAS-MST 
instance would need to be able to ensure proper 
of its linked system. 

in each 
operation 

Project OSCAR has set aside significant funding to 
develop the various modules required to accomplish this 
kind of system. We will use whatever commercial eqUipment 
that can easily be applied to the problem and develop the 
specialized hardware. 

Obviously 
terrestrial 
evaluations. 

in the absence of OSCAR 10 we will 
linking and, possibly, FO-12 for 
We will publish results as time goes on. 

use 
our 

If you have experience in synthesizer design in the 50 
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MHz region, in Touch Tone (TM) control circuitry, or other 
areas you think might be of use to us, please feel free to 
contact me at the address given earlier . 
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AVANTEK 
MONOLITHIC MICROWAVE INTEGRATED CIRCUITS 

(MMIC) 

c 

• SO OHM GAIN BLOCK 

* BROADBAND DC TO 4GHZ. 

• DARLINGTON CONNECTED TRANSISTOR PAIR 

• INTERNAL BIASING 

• INTERNAL FEEDBACK ENSURES STABILITY 

• EASY TO CASCADE 

R. ~ V 
r>o 

R, 

COMMON 

RB - Shunt Fee<bad< Resistor 
RE - Series Feedlack Resistor 

OTHER ADVANTAGES 

• LOW COST 

• SMALL SIZE 

• REPRODUCIBLE PERFORMANCE 

* HIGH RELIABILITY 

* EASY TO USE 
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MMIC 
APPLICATIONS 

* RECEIVERS RF/IF 
TV 
TVRO 
DBS 
COMMUNICATIONS 

* RF POWER AMPLIFIERS 

* TEST EQuiPMENT 

* ELECTRONIC DEFENSE SYSTEMS 

• COMMERCIAL MARKET 

MANUFACTURERS 

• AVANTEK 

* ALPHA 

• TEXAS INSTRUMENTS 

* SIEMANS 

• CALIFORNIA EASTERN LABORATORIES 

* PLESSEY 

• PLUS OTHERS 
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MMIC 
MANUFACTURING PROCESSES 

• MMIC CHIP MANUFACTURING SIMILAR TO TRANSISTORS 

• NITRIDE SELF-ALIGNMENT ION IMPLANTATION TECHNIQUES ARE USED 
FOR PRECISE CONTROL OF DOPING AND NITRIDE PASSIVATION 

• RESISTORS ARE FABRICATED DIRECTLY ON SUBSTRATE 

• DESIGNING MASKS IS EXPENSIVE 

• DESIGN ITERATIONS REQUIRED BUT COSTLY 

• DEVELOPING A FACILITY IS EXPENSIVE 

• NEED A HIGH VOLUME MARKET TO MAKE PRODUCTION COST EFFECTIVE 

MMIC 
PACKAGING 

• 100 MIL METAL/CERAMIC "MICRO-X" PACKAGE 

• 70 MIL CERAMIC PACKAGE 

• 200 MIL CERAMIC PACKAGE 

• TO-8 AND TO-12 PACKAGE 

• PLASTIC PACKAGE 
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AVANTEK MONOLITHIC AMPLIFIER PERFORMANCE SUMMARY 

TYPICAL GAIN/COMPRESSION VERSUS FREQUENCY 

MSA-

30 50 144 220 432 902 1296 2304 3300 MHz . 

0104 19 19 19 18 17 14 12 9 6 dB 

+8 +8 +7 +6 +4 ** ** ** * - dBm 

0204 13 13 13 13 12 1 1 10 8 6 dB 

>+7 >+7 >+7 >+7 +7 +5 +4 +2 * • d8m 

0304 13 13 13 13 12 1 1 10 8 E dB 

>+13 >+ 13 >+13 >+13 +13 + I 1 +10 +5 *- dBm 

0404 8 8 8 8 8 8 7 6 5 dB 

>+13 >+13 >+ 13 >+13 >+13 +13 +13 +13 -* dBm 

4-
04 0 4 >+19 >+19 >+19 >+19 >+ 19 +19 +19 +19 ** dBm 

02/03 26 26 26 26 24 22 20 16 12 dB 
* 

>+ 13 >+ 13 >+13 >+ 13 +13 + 1 1 +10 +5 ** d8m 

02/03/04 34 34 34 34 32 30 28 x 17 dB 
* 

>+ 13 >+13 >+13 >+13 +13 +13 +13 x ** dBm 

03 / 04 / 04 - 22 16 dB 
* 

+13 ** dBm 

* Devices are rrom the __ 04 rami ly 
** Not speciried 
x Combination not desired ror 2304 MHz. due 

to compression or 03 stage 
Not analyzed 

Data obtained rrom Avantek data sheets 

A . ..J . WARD 
WBSLUA 
..JULY 18 . 1985 
REV.B. 9-9-85 
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~AVANTEK 

FEATURES 

• Low Cost Plastic Packaging 

• Cascadable (VSWR<2:1) 
• Smooth Single-Pole Gain Rollof! 

• Unconditionally Stable 

DESCRIPTION 

Avantek's MSA'()l85, MSA.Q285, MSA-03B5 and MSA.0485 are 
a new series of silicon bipolar Monolithic Microwave Integrated 
Circuits, MODAMPs~, manufactured in a low cost, high 
performance plastic package. These MODAMPsTl. are 
designed for use as general pupose 50 ohm gain blocks. Typical 
applications include narrow and broad band IF and RF amplifiers 
in commercial and industnal applications. 

All Avantek MODAMPs' · use nitride self-alignment, ion 
implantation for precise doping control, and both gold metal
ization and nitride passivation for high reliability. 

Typical S:u Gain vs. Frequency 

20 
MS"'-41'5 

I---

M$A-0385 ~ 
" 

MSA-Dj5 ~ ~ 1).. 

MSA-04i'S - -, '<: 
" t\, , , 

.. .2 .3 .• .5 , , 
fREQU£NCV . CHz 

TYPICAL ELECTRICAL SPECIFICATIONS; T A = 25°C 

Typical 

DEVICE 
Vee Rbias 

V. (V) (n) I. 
(mAl (V) 

MSA-0185 12 410 17 5 

MSA-0285 '2 280 25 5 

M$A-038S 12 200 35 5 

MSA-0485 12 140 SO 5 

f'IICTE 1 Fre(juerq at wrllch gain 1$ 1 dB less than at tOO MHz 

preliminary data sheet 

MOOAMP'· 
MSA-0185, MSA-0285, MSA-0385, MSA-0485 
Cascadable Monolithic Silicon 
Integrated Circuit Amplifiers 
Advanced Product Information 
January, 1986 

I 1~'~L1~;; 
JJ~ 2 T GROUND GROUND 

, 
.020 AF INPUT 

.020 ~I t-. 

OIMENSIONS ARE 

IN INCHES 

L ~ So MAX, 2 PLCS ! 
==~~ t ·06' 

L .006 - 1 .... 1--
.02' J t 

Avantek 85 Plastic Package 

Typical Blasing Configuration 

'"<>0---< 1-----00 OUT 

Typical @ 500 MHz Typical 

152,12 
t, dB' 

P, dB NFsou (MHz) (dB) 

17.4 1.0 5.0 550 

12.8 4 .0 6 .0 1150 

1"2.8 10.0 5.5 1150 

8.2 13.0 6.3 2100 

122 
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TYPICAL SCATTERING PARAMETERS, MSA-0185 

5 " 50, 
F .... 
IIH. M~ Ang dB Ang 

'00 
500 

'000 
'500 
2000 

2500 
3000 
3500 

""'" """ SOOO 

'500 
6000 

.068 

.062 

.08' 

.036 

.os. 

.096 .,,, 

.205 

.279 

.33' 

.390 

'33 
.m 

163.11 
105.8 

71 .5 
59.0 

148.9 
1~2. 0 

139.3 
129.0 
120.0 
110.3 ... , 
9t .l 

83. ' 

18 .~ 

17 ,~ 

15.81 
1l.re 
12.30 
10.62 

' .30 
7.89 
8.82 
5 .41 

' .26 
3.2" 
2.2S 

TYPICAL SCATTERING PARAMETERS, MSA-0285 

Freq . 
$ " $" 

170.7 
140.6 
, 10.7 

" .6 
87.1 

48 .' 
33.6 
18.6 

3. ' 
-9,1 

- 20.7 
- 31 .0 
-41 ,. 

$ " 

lIag .lng 

.077 

.084 

.102 

.127 

.157 

. ' 80 

.202 

.2 18 

.246 

.250 

.251 

. 256 

.25' 

$" 

•. , 
15.2 
24.3 

26.3 

20.' 
17.7 
12.0 

' .3 
4.2 
- 9.9 

-17 .• 
_2'2.3 
-29.6 

50, 
IIog .lng 

.068 

.072 

.067 

.' 04 

.157 

. '56 

. '45 

.157 

.'os 

.159 

.1.9 

.155 

.174 

$ " 

-13.8 
-87.7 

-123.8 
- 181.2 
-In.2 

1&<&.9 

14.3.9 
135.3 
127.3 

122.5 
124.2 

131.0 
136.1 

MH •. ________ _CM~ag~ ____ ~A~n~g<_ ___________ ___ =d8=_ ____ ~.l~n~g<_ ____________ ~M~.~g<_ __ _c.l~n~gc_ ____________ ~II~.~gc_ __ _c.l~ng~ __ ___ 

'00 
500 

'000 
'500 
2000 
2500 
JOOO 

3500 
4000 

'500 
SOOO 

'500 
6000 

, 121 

.113 

.'00 

.077 

.062 

.08' 

.'.0 

.207 

273 

."" 
Ala 

470 
.5115 

173.5 

"41 
' 30 , 
120.2 
126.2 
'41.5 
'466 
136," 
123.5 
11 1 .8 

101 ,9 

92 .• 

" .2 

12.88 
12.75 
1247 
11 .75 
10.99 
10.35 

' .35 
8.23 
7.26 
6 .17 

' ." 
3.91 
277 

174 .2 

156.0 

130.5 
109.1 

90.0 
67.1 

.5.7 
29.6 
13.6 
-2.3 

-1 6.5 
- 28.9 
-'<l.' 

TYPICAL SCATTERING PARAMETERS, MSA-0385 

Freq. 
MH. 

'00 
soc 

'000 
'500 
2000 

2500 
JOOO 
3SOC 

'000 
.. 00 
SOOO 

'500 
5000 

$" 

Mag Any 

.068 

.os. 

."7 ... , 

.058 

.170 

.243 

.319 

.386 

'56 
.508 
SS7 
.'96 

172.1 
156.0 
145.8 
172.2 
173.0 
174.6 
157.3 .. ," 
1243 
1107 .... 
88.7 
80.9 

s" 
dB Ang 

12.97 
12.78 
12.40 
11 .75 
10.80 
10.25 

9.10 
777 
6.41 , ... 
l .OO 
272 
1.70 

174 .3 
152.5 
128 .0 
103.3 
83.0 
59.5 
38.2 
2 1.4 

2.9 
-9.4 

- 235 
- 34 .0 

4' , 
TYPICAL SCATTERING PARAMETERS, MSA-0485 

Freq . 
MH, 

'00 
500 

'000 
,soc 
2000 
2SOO 
3000 
3500 

""'" . soc 
SOOO 

'SOC 
6000 

s" 
Mag Ang 

.185 

. '80 

.173 

. 174 

.190 

.240 

.313 

.391 ... , 

.524 

.57' 

. 611 

.643 

116 9 
168.6 
159.1 
156.8 

151 1 
159 .5 
150.6 
139 a 
126 4 
11~ . 6 

IOS.S ... 
892 

o AVANTEK 

;':15-1.:78/1 ·86 

8.23 
8 .22 

8 .16 

' .08 
7.73 
7.61 
6.93 
5.97 
4.93 
3.57 
2.39 

' .30 
.20 

s " 

\75.3 
IS6.S 

135.1 
111.7 

89.6 
" .7 
45.9 
27.3 

7.' 
-<. 

-21 .5 
- 32 3 
- 43.7 

3175 Bowers Avenue 
Sonia Claro, CA 9505A-3292 
General Offices: 
(408) 727-0700 123 

."6 

. '20 

.127 

. 141 

.155 

. IN 

. '88 

.19' 

.207 

.21 4 

.210 

.222 

.216 

$ " 

1.' 
' .7 
6 .7 

••• ••• ,.7 
- .S 

_5.5 

- 10.4 
-16.9 
-22.4 
_27.1 

-32.5 

.' 26 

. ' 23 

.123 

'23 
.127 

.'29 

.'29 

.127 

.125 

.123 

'22 
.132 
.,os 

$" 

-7.9 
-37.5 
-75.4 

- 112.2 
-121.0 
-165.5 

171 .2 
1.54.8 

"" .7 
135.1 
135.9 
139.7 
1 .... . 1 

Mag Ang Mag Ang 

.118 

", 
13' 

.145 

.116 

.187 
.204 
.21 4 
.219 
.222 
.219 
.225 
227 

s" 

' .2 
' .l 
•• 

11 .1 
10.7 ,., 

- .3 
... , 

-13.1 
·18.4 
-23-7 
- 26.0 
- 31.2 

. '54 

.'64 

.185 

.214 

.253 

.256 
.251 

.252 

.254 

.237 

.235 

.24' 

.265 

-10.6 
..... 5.5 
-87.9 

- 120.4 
-142.3 
-172.6 

, .. 0 

152 .: 
138.4 

130.3 

125.6 
123.7 
122.9 

Vee = 12V, Jd =50 mA 

$" 

Mag Ang Mag Ang 

'55 
.'56 
.161 
.170 ., .. 
.204 

.2" 

.226 

.2SO , .. 

.243 

.242 

.242 

., 
" 3.2 
36 

2.' 

-.' 
_5.6 

· '0.9 
- 229 
-26.1 
- 30.6 
-32.6 
· 35.0 

.'03 

.127 

.118 

.239 

.285 

.338 

.35' 

.370 

.383 

.38' 

.373 

.391 

.415 

- 13.6 
-54 .4 
-93.9 

_12 1.4 

·1 44.8 

·165.2 
176.2 
160.5 
146 .9 
137.4 
129.8 
12S.1 
120.8 

Customer Service &. Component 
Soles (A081 496·6710 
TWX 310-371-8717 
Talax 3A-6337 

P rintad in U .S .A. 
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W31WI 
JAS-t PSK MODEM 

1otT." 

The following is a c.oileetion or notea to I (rom W3IWI concerning PSK 
modem developments. Thea\! have been circulated on AMSA T TeleMail 
ORNET. and on many packet radio bulletin board.. ' 

W3IWI FILE PSK.ANN 

PSK MODEMS FOR FO-12 

This is a brief report on FO-12 PSK modemprogreaa . The TAPRitea 
(N1ADI, W A7GXD ,&: W3IWl)h.v,be,nworkingon.n.daptationofth. 
JARL j J~SATPSKdemodulatordescrilH:dinAugust 1986 QEX. (The 
QEX artlC::le on ly covers the 'dem' part of the required modem) . 

Our plan is (or TAPR to make this deaign available a.. a reprodudble 
package -- it haa no t yet been decided whether this will be II. (ull kit 
or a semi-kit; if it i. the latter, then all part. not supplied will be 
available from Radio Shack , JAMECO, or similar suppliers. 

»> Detail. will be announced jUllt as .oon as they are decided.«< 
»> Please don 't; bug us about availability yeti «< 

There are several d iffe rences (all additions) (rom the QEX de.ign . 
The modem is designed to work with a TNCI {including Heath HO.CWO 
and AEA PK-l}or TNC2 (including MFJ, Paccomm, AEA PK-80 &; 
GLB T NC2 clones) and connects thruthe 20-pin 'modem disconnect' 
header plusthe normalradioI /Ojack. ThemodemhuanlN/OUTswitch 
so that you can change between FO-12 and normal terrestrial operation 
without swapping any cables. If you try to use this design with 
another type oCTNC, you will h ave to insure that you have accesa to the 
RX data input to the TNC at TTL level bypas.ing the normal FSK demod. 
You will also have to provide the ' raw' TTL level TX data and TX clock 
(either 16x or 32x baud rate) and you should also provide a 'carrier 
detect' input to the TNC (active low) so tha t the TNC will know when 
the modem is locked up . 

The modem has been delligned with digitalAFC to interface to any oCthe 
more modern all -mode radios. This involves having the radio ma ke 10 Hz 
(e.g. with TSBll) or 20 Hz (e.g. with FT726) .teps using the input. 
that allow to to step up/down from button. on the microphone. 

Our design includes two modulators : Manchester FSK as required Cor the 
FO- 12 FM uplink and 1200 baud PSK. The PSK modulator has been 
incl ud ed Cor two reasons -- it let. you run loop-back tests with the 
PSKdemod ,andmoreimportantlyitallowsamateurexperimentation with 
PSK packets. PSK should be 10-20 dB .uperior to the 'Bell 202' 
AFSK-FM incommonuseon VHF. Thecomposite PSK signal generated 
by the modulator is your normal digital data exclusive~or'd with an 
audio carrier in the 104.00 to 1800 Hz range (exact frequency chosen to 
match your SSB radio's filters) . 

The design also includes LED 'bar graph' indicatol'l Cor both received 
signal level and tuning. T he interlace to the uplink radio are the 
normal TX audio and PTTlines. Your tra nlmitter must operate in FM 
(or the Manchester FSK FO-12 uplink or sse (o r PSK use . On the 
receive side, your SSB receiver supplies RX audio to the demodulator 
and preferably should support digital frequency 8tepping Cor the AYe 
ci rcuit desc:ribed earlier. 

Here at W3IWI , I now have a Cull functional prototype running. I 
want to t hank Tak Okamoto (JA2PKI) Cor providing me with a JA- Iand 
circuit board which made my liCe a lot easierl I have been runn ing local 
loop back testa and am co nvinced. that the basic design is sound . 'Eye
patterns' on the PSK demod show that data filtens are nearly 
optimal, and lock-up time is quite acceptable. 

The nex t step in my testing will invo lve c ramm ing 1200 baud PSK thru 
ordinary commercial radial to characterize their performance. I have 
some concern about the filters in commonly used rad ios since I found a 
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couple of years ago that a stoc k FT726 was unsuitable for 1200 baud 
FSK work . Initial testing will be done on the Kenwood TS711 / 811 pair 
and an FT726. J(someone want to loan an IC-271/ IC471 pair we will 
gl.ad~y test t~ em too. I am very anxious to find .ome othe r packeteer 
wlthm 150 mlle8 whohaa an FO-12 modem running so thatIcan make real 
'on-the-air' tests. 

The other 'next step' is to final ize the circuit board layout and test 
that implement ation . We will keep you posted as this work proceeds . 

73 de Tom, W31WI 
10 October 1986 

W3IWI FILE PSK.OOI 

Just a brief update on the FO-12 PSK modem activity here at WSIWI. 
As I reported earlier I h ave been working on the pro totype TAPR unit, 
and t he demod port ion is virtually identical to that published in t he 
August issue of QEX. 

(1) An annoying problem ofRFI sUlcept ability that caused the TNC2 to 
'croak ' spontaneously h as been fixed by better shielding. The problem 
waa pickup on the ribbon cable connecting the TNC2 'modem d isconnect' 
header to the PSK modem. 

(2) We have been runn ing local loop-back testa involv ing FT726 (on 2M 
o r 10cm) and TS711 / 811 radios . A few pieces of good news (in the 
Collowingremember that it makes no difference iCyou use USB or LSB on 
either end oC the link . The NRZI encoding in packet data involvea only 
data transitions and does not depend on the absolute polarity of the 
data) : 

a ). The digital AFe works fine on the 711 / 811 r ad ios. There is no 
t endency to drop loc k or data when .tepping. This is very good 
news since I waa concerned about phase discont inuities when 
stepping. I t is a real ball to crank the xmtr t o simulate doppler 
and watch the receiver follow it . The 811, with its 10 H& .teps 
seems very well suited to use on PSK. 

b) . The bandpass filters in the TS811 seem quit e good Cor 1200 baud 
PSK. No a8symetrycan becound and eye pat terns look equally good 
running the radio on USB o r LSB. 

c). My FT726 was modified a coupleoCyura ago when we found that a 
stock 726 had bad group delay distortion on 1200 baud FSK 
packets . The mod involved putting in a diCCerent ceramic filter, 
but even with that filter the delay distortion was pretty bad if 
the rad io was on USB, but acceptable on LSB . The old finding on 
FSKsee m to be borne out on PSK -- perlormaneeon LSB is superior 
to USB on my unit. 

d). Haven't tried other common radios yet. If anyone ..... ou ld like to 
offer a truly 'stock ' FT726 or an IC271 / 471 Co r the 'Consumers 
Repor" activities. pleaae let me know. Either 2M or 70 cm is 
OK. 

(3) It isn 't easy to calibrate weak signal performance of these modemA. 
The scheme which I have been using for evaluation is to compare the 
Noise voltage (sans data) with the signal+nois'l! voltage at the output of 
the coherent detector when the signal is very weak. With a (S+N)/N 
voltage ratio just over 3 (i.e. S+N/ N = 9-10 dB) I see a Bit Error 
Rat e (BER) of better than 1:10e-3 . 

The eye patterns indicate that the data filter we are using is close to 
optimum (or the 1200 baud rate (filters throughout demod a re 2nd order 
with cu toff at 900 H~) . The inference is that we are within a couple 
of dB of the theoret ical optimum performance Cor cohe ren t PSK with the 
QEX design . A more detailed Mseaament o f these parameters will 
require considerably more accurate testing procedures . 



C4.) Oemod. lockup performance I .. nw quite ,ood. l.am able to "nd 
narmalon / oCfpackeh thN the uni.t with a TXD parameter on a TNC2 
a( SO (i.e. 1/2 second) even when lienala are weak alter the lIienal 
h .. been been tuned to the center o( the demod p .. aband by the diltital 
ArC. However thia did require two minor modifieationa to the QEX 
circuit to prevent the PLL error intecrator (U3a) from nI~lftine away. 
Fint, 1 replaced U3 with a low oCftet quad op amp chip (I uaed a 
TLC274 Quad CMOS part, Radio Shack *276-1750). Then Hound It 
d.airable to add DC Itability by .hunting the integrator (u •• the Wl 
jumper) with a 30·50 Mec r .. iltor. 

(5) The QEX arttcle did not describe the Manchaler modulator n..ded. 
To .ee what i. required. you might r .. d the article by Lyle John'OD 
(W A1GXD) on page lOaf the SeptemheriuueoCPacket Radio Maeuine. 

. The de.ign we are workin, on allowa both PSK and Maneh .. t ... FSK. I( 
you re(er to the schematic on pace 11 of Lyle'a anicle, To generate 
PSK you di.eonnect the upper input to the XOR. pte (labelled '2') and 
Ceed in a 1600 Hs aquare-wave lienal (we u .. a NE566 at 3200 Hs and .. 
divider to inlure .. 50% duty cycle) . 

(6) Here in. the Balta / Wuh aNal have a FO-12 limulator .beacon o.n 
the air. just waitinc (or .omebody el .. to cet .. demod "Workmc. Thie. 
weekend it h .. bMn on 1«6.800 .. ndine .. PSK 'SR..A.AA.AAP' ..,ery 
minute. A couple oC the local. have been puttinc toC.thu P9K 
modulatOrllO that they ean Mnd me .icnala from outside the .hack, but 
we have no lucee .. to report yet. For thi.a tatinc WsIWI ia QRV on 
either 1M or 10em. 

(7) For tholl. o( you who will be in Dallu for the AMSAT Annual 
Meetingon Nov.8th, you can aee thia haniware workine. I plan to lI.t up 
a (ull workin, one-way demo, complete with a ahoW' In tell on the dicital 
AFC, eye.pattem meaaurementa, etc. Thanu to the programcha.innan. 
N5BRG (or &dding thia pruentation at thelut minute and helpine to 
Icrounge aome of the itema we will need. (01' the demo. 

If anybody ell. hu a PSK modem working by tben, brine it: along and •• 
can give a full demo. [have been offered the loan oC a lIet of the 
G 3R UH modem board., and with .omeluek wemighthavethemtheretoo. 
I am moat anxioua to compare the two detiena. 

More on the project aa it proceeds -- 73 d. Tom, WSIWI 
14 October 1986 

W3IWI FILE PSK.002 

Here are lome more comment. about the PSK modem activity. Jam_ 
Miller, G3RUH posted a not. that seemed to indicate that he wu a bit 
miffed that I was deacribing 'blow by blow' the activity here. If I 
offended J amea, then I offer my moat aincere apologies. Let me atrea 
again ._ James' modem i. available NOW and "praenia the only lI.t o( 
boards that you can purch .... today. The other two option. that an 
av .il able to you today are to build the JARL I JAMSA T modemdescribe<l 
inthe Auguat QEX, ortomakethemodifieationatothe G3RUH Phue-
3 modem [available from Radiokit in the USI u detcribed by the VK 
(oU( •. There have aI.o been a limited number of board. oC the JARL / 
J AMSA T / QEX deaign that were made in Japan and offered by JA2NYK 
laJ l of my teltingto date h .. been on a JA2NYK board hand delivend 
to me by JA2PKI in Auguatl. 

TAPR i. working on an adaptation I enhancement of the JARL I 
JAMSAT / QEX delign (for which I currently have 'he only workinc 
prototype) but there will be IInOW on the ground before it ia available. 
I( the collective wildom of latellite Ulen i. that the delign' now 
available meet all your requirementa , then tell me quickly 110 that we 
can abor-t theTAPR eff"ort. If you want lornething NOW then exercise 
one o( the option. in the previoul paragraph. 

It you don't want to .a. the 'blow by blow' account o( what ia being 
done, then let me know ASAP ._- preparinc thele reports takes & (air 
&mount o( time (or me. The re .. ona (or puttinC out theae reporta i. 
thatTAPRandAMSAThavebothbe.naccu.edo(workinginavaceuum,aD 
that other intereated partie. were excluded (rom participating. I had 
hoped that th ... report. would help get lOme adrenalin nowinC. 

So (ar I have not done any .ide-bY-lid. teat. oCthe G3RUH v • . JARL / 
JAMSAT / QEXdeailIl. I w .. ocr.red the loan ora G3RUH board, but 10 

Car it h .. not arrived. I have reviewed the tchematic o( tbe 'RUH 
d.lign .. publiahed in OSCAR NEWS. Jamea' design ia much aimpler 
and involves lesa aa many .ICa u tbe design we are working on. Th. 
de.im pubHahed in QEX u ... a Coatae loop which involv .. a lot oC 
analog .i(l1al proc ... in,. Th. G3RUH dHi(l1 immediately (onyane the 
lIimal Crom analoC to digital beCore enterinc the PLL (Which runl at: 
2x tbe audio 'IF' frequency). Around 1944, Van Vleck. ahowed. that the 
SIN 10 .. (or uaing an infinitely dipped representation of a stationary, 
Mro·m.an noi.y ligna! in a correlation procel. i. (pi/%) or 
approximately 2dB. Since the SER VI. SIN measurement. are touch to 
make, it would be very illuminac:inc toeompan actual perfonnanceo(the 
two designa with identical input lil(naJa. :.!-. 

Jamee al.o took. me to t .. k (or a certain imprec.iln ... in my diacuuion 
oC the modulator aide. He pointed. out quite correctly that PSK and 
Manchester were the lam. thine. I had. reuoltl (or makinC the 
distinction which may a1ao .. rve to educate you on the modulat:ion 
proce..... Fint let u. look at a gen.ric block diagram of the 
modulators in u .. : 

CLOCK, 

TXDATA FROM TNC 
(HDLC NRZI) 

XOR 
RADIO 
Mltc.£ 
INPU'r 

Your uplink t~ the FO-12 'pacecraR requirea thra. thinp (rom you: 
(1) Your xmtr mUlt oparate on FM, and 
(2) the clock in the above block diagram muat be 1200 Hs. and 
(3) the 1200 Hs dock muat b. Iynehroni&ed with the TXDATA bita. 

The G3RUH modem and the mode I had been ealline 'Mancheatar' are 
daimed to meet all thrH criteria. 

On the other hand. if you want to generate .ignall like the apacec:rtft 
downlink, theft the requirement il that you need. to renerate a carrier 
_hoae ph ... can be inverted depending on the polMi.ty o(the TXDATA. 
Since a tone pauine thru an SSB radio trenerat .. a carrier, th.n it i.a 
only nece .. ary to apply a ph .... hin to the tone which can again be 
accompliahed by ~he circuit above. However in thia case, the corn~it. 
data you generate muat be well matched to the bandpaaa filten in the 
SSB radio. 

Experience with both AO·lO PSK uplinka and on the bench with the 
modem I have b.en evaluating ahow. that a typical SSB radio wanta the 
pilot tone to be around 1600 Hz. Further,. it mu .. absolutely no 
dif(erence iC it il aynchronoua with the data; it only needs to exhibit 
,ood ph ... e at ability. Thua in our deaign we offer the uaer the choice 
of either th.locked 1200 He dock derived (rom the TNC'a TXCLOCK 
lIigna! (the mode we eall'Manehe.ter' lince that i. what the builde" oC 
FO-12 called it), or a aecond stable, {ree-running VFO at about 1600 
Hz (the mode we call PSK lIine. that i. how it il to be uaed) (or 
lIimulatinc the downlink or (or terreatrial weak·aignal packet 
experimentation. Th.latieria implement.d using an NE555 running at 
3200 +/_ .. 00 Hs and a divide-by-2 flip·flop to inaure a 50% d uty eyde 
dock. 

Jamel reported that hi, on-the·a.ir ?SK tel" thru the FO-12 u.ed hil 
1200 HI 'Manchester' modulator thN hi. SSB radio. When I have 
tell ted that scheme here I have (ound that perfonnance ia aeverely 
degraded lince do<:k radio_ .imply do not properly p ... the P9K data 
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thru their .tock SSB filtera. Perhaps Jame, haa been lucky in that hia 
FT -726 may have different filters than mine. I would auggeat that he 
would achieve ~tter performance in the 'PSK' mode i{ he were to rai.e 
the tone {requency. 

Whilat commenting on this need {or centering the PSK data in the 
pall band, le t me make a couple o( additional comment.. I aee from 
Jamea' OSCAR NEWS article that hecenten the receive dataat 1600 He 
in the passband. Part o{ the optimization neceau.ry to match your 
modem to your radio il to fine-tune this center frequency -- I have 
tended to come out cloaer to 1600 Hz every time I have tried this with 
the TS811 whether 1 receive on USB or LSB. With PSK data (plu. 
NRZI encoding) it makea no difference i{you uae USB or LSB providin& 
the receiver'. filtera are .ymmetric:. 

On the FT-726 I have here, I lind the re.ulb more apotty. I note 
differencel on USB vs. LSB which indicate that the receiver'. filter 
i. a.a.ymetric. When tranamitting thru a 726, you u.e the receiver'. 
filter when you are in the 'normal' (.ingle-band) mode, but the 
tran.mitter ules a .eparate aet of filten in the SAT (split-band) mode. 
Of the .( po .. ibilitiel ( USB VI. LSB, normal VI. SAT) on xmit , no 
two are .imilar in the required equt.liution on my radio. 

Now let me di.cua. the FM 'Manchester' uplink mode. In my local telb, 
I have leen that it i. rather critical to let the xmit audio level 
correctly. 2-3 kHz deviation i. t.ll you need. 

» It is very easy to over-deviate! Don't do it. « 

Ir you liaten on a separate FM radio while you tran.mit and brin& the 
audio gain up from Eero, the recovered audio will get louder for a 
while, and then decreaae aa you pa .. thru the lirat null of the B .... l 
function, and then increase again. Under no circumatancu should you 
.et the audio level paat the tint maximuml I{ you go too high, the 
.ignal ~comes 10 distorted that it cannot be correctly demodulated 
(al.o .hown by the eye-pattern.) . In planning for the SAREX2 miNion, 
I made a. numberorlimilar teab on the AFSK-FM aignals which indicated. 
that a typical FM receiver was much more tolerant of(requency errora if 
the deviation wa.a kept below about 3 kHE and recommended that people 
crank theirTX audio gain down to have lell problem with uplink doppler 
.hift . I would luggest that the .ame advice applie. on the FO-12 FM 
uplink. 

Finally - congratu lation. to Jame. {or lending PSK signals thru FO-U. 
So far I have not had the time to try such tests here and have bun 
content to do bench te.ting. I know that our colleagues in JA-Iand 
have been exercising their PSK hardwareduring the limitedFO-12 digital 
testa while the .atellite ia in view of the JARL telecommand station. 
I wonder if anybody el.e ia actually on the air yet? 

13 de Tom, W3IWI 
26 October 1986 

W3IWI FILE PSK.003 

Po.ted: Mon Oet 27. 1986 10:53 AM GMT 
From: MSWEETING 
To: TCLARK/AMSATI 
Subj : ON PSK and FO-12 Modem 

Dumped on 27 Oct 86 02:44:28 Monday by ELE093 

From: JAMES MILLER G3RUH vi. MSWEETING 
Date: 1986 Oct 26 0 22:00 
Subj: PSK and FO.12 etc 

Tom Clark .. y. that "preparing these report. takes a fair 
amount of time", which must rate aa one of the understatement. 
of the year. I alao .pend more than a fair amount of time 
.cribbling for what .ometimes leem. like little reward, and 
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appreciate hi. {eeling.1 I Thi. memo haa taken 3.S hours I 

Through hi. recent note. he i. (among other things) providing 
• valuable "education .ervice" in matter. PSK, a .ubject which 
i. not yet aa common knowledge u FSK or SSB. 

Below are .ome note. to augment the debate. First a couple of 
comments on Tom', comment.. After that a bit called "The 
Theory" about PSK demodulation , and requirements in re.pect of 
JAS-ljFO-12 as brier aa I could make it . Finally "The 
Practice" leta it all hang out. 

TRANSMITTING PSK 
I agree with everything Tom haa written about transmitting PSK 
through typical tranlceiven. The only ju.tilication I make 
for u.ing a "carner" o( 1200 Hz at the Mic input i. that it 
works· ju.t. It work. a LOT better if you experiment to find 
the belt for your particular equipment, and 1500-1700 HI. i. 
likely to be optimum. You MUST u.e a dable o.cillator, i.e. 
particularly one that doe.n't wobble when there i.lotl of RF 

/ 

about . One day perhap. YAESU/ICOMjKENWOOD etc will provide 
another bell and whi.t1e on their boxes, labelled PSKI 

RECEIVE AUDIO CARRIER FREQUENCY 
On the receive .ide, I expect uaera to experiment and find out 
the optimum audio frequency for their .et-up. There i. 
nothing aacronnel about the 1500 Hz on my modem drawine. In 
fact with the FT726, on OSCAR-I0 telemetry I often use(d) ax 
bandwidth and Shift control. fully anticlockwiae, (or which 
2200 Hz il be.tl 

PSK - THE THEORY 

PSK DEMODULATION. Demodulating a Phue modulated lirnt.l caUa 
(in principle) (or two things; a pha.ae reference signal, and a 
phaae detector where the inpu' .igna! ia compared with that 
reference. 

Sometime. the implementation of these requirement. lead to a 
circuit in which ita hard to spot that they are separate 
requirement. - but they are. 

PHASE REFERENCE. This hRi to be extracted {rom the input 
signal, and i. u. ually called "Camel' recovery" . There are 
two common circuit. which do thi" the "Costas Loop" and the 
"Squaring Loop"; there are al.o hybrid.. For practical 
purpo.e. their performance i. the .ame. 

PHASE DETECTOR. Ita {unction is to compare the local 
recovered Camel' phase with the incoming .ignal'. pha.ae, and 
output some measure o{ their di{rerence. There are quite a 
number of way. of implementing thia fundion, and the choice 
ha.a to ~ baaed on diverse criteria such as outright 
performance on the one hand, and say economy on the other. 

Three typical kind. can be in.tanced, in deacending order or 
circuit complexity; the analogue multiplier, the modulus or 
commutator, and the digital EXOR gate. The apread in .ignal 
procesaing performance of these is about 2 dbi in complexity 
as much a.a 10:1 

FO-12 MODE JD DOWNLINK LIKELY SNR. Asau me the following. 
Satellite TX power 1 watt eirp, range 4600 km, f:;:; 435 MHz, RX 
antenna gain 18 db, RX noise temperature 1000K, RX bandwidth 
2400 Hr;. 

Theae figures give a probable received SNR of 24.3 db. For 
the satellite overhead (R=IS00 km), the SNR ri.e. to 3 .. db . 
there will be nuctuation. due to tumbling. 



REQUIRED SNR bued on BIT ERROR RATE. A .. ume packet. oC 
1000 bits, and repe.t. oC 1 in 10 packet.. Then the Bit Error Rat. 
nud. to b. no won. than 1 in 10000. Thi. require. a 
th.oretica1 E/No ( enera Ibit to Noi .. power/Hs) ot 9 db. 

Allow .3 db deCoding 10 .. (no receiver/decoder ie .ver 
perfect). thi. E/No need riUI to 12 db, or 16:1. Given the 
bit rat. of 1200 bit./.ee, and a ax bandwidth oC 2400 Ha 
(I.y), the channel SNR need. to be bett.r t.han 16-1200/2400 = 
8: 1 in power- (3:1 in volta,.). Le .. minimum of 9 db. 

THE PRACTICE 

For my JAS-I/FO-12 modem d .. ien ·1 had to choo •• 1. a carrier 
recovery circuit, and 2. a ph ... det.ector. 

The Carrier Recovery circuit had t.o be .imple, robult and 
repe&t.&ble. I .&w no need. for analogue proce •• inl her. - a 
digital .quaring loop i •• imple IUld &dequat.e, and caten 
automatically for. wide ran" oC input .ignu levele. 

I tried out MveraJ circuit. Cor the aquarer; the .impleat 
con.i.ting oC an RC network and an EXOR gate. It worked 
b.auti(ully - but waa ju.t not repeat.ble. · In the end I 
retumed to my AO .. I0 duign ba.aed a 1/" cycle delay line
tried , tru.ty, robu.t. 

In choo.ing the Ph .... D.tector, I looked at the . ignal- to-
noi.e expectation. (or thi. application. A minimum received 
SNR oC 9 db i. needed (see above). yel: the likely received 
SNR wu going to be + 15 db up on thi., ri.ing +10 db more a.a 
the satellite approached, Ie" any tumbling erce~b. 

Weighing thil up I ca.me to the conc!u.ion that Cor pn.ct.ical 
purpo.ea the .ateUite'. signal would appear to be pretty well 
noise!eSl mo.t o( the time for :II mode.&1y equipped dation. 

Waa there any point therefore, in trying to drag the Jut 
couple of db out oC the aether. I (elt not - hence the choice 
o( a simple EXOR gate phue detector. 

(Perhap' I should add that anyone .ending me an SAE or 4 IRC 
can have the circuit diagram oC a cheap, aperiodic, ana.logue 
multiplier ph",e detector; it u.e. " CMOS chip. and two doun 
di.cret •• , and can be wired up to my FO-l:: modem delign - 6 
.i,nal., 2 power.) 

fINAL FINAL 

To promote the now o( acirenaJin _ hu anyone any thought. on 
the poat-detector low pan filter? 

Be.t wi.hel 

hmu Miller 

W3IWI FILE PSK.004 

I appreciate G3RUH'. reply on the PSK ITlodeITl. At le_t we aren't in 
majordi.agreeITlent about any point •. I would like to comment about on 
the SIN and BER itema. Jame. indicated that the effective bandwidth 
(which determine. the 'N' in the SIN ratio) for his design is determined 
by the SSB receiver filtera and hence i. 2-2.5 kHr;. He then IIhowed 
that h •• hould achieve SIN oC 2"-3" dB on FO-l2. even with a rather 

'punk' 1000K noi •• temperature. 

However, theeCfectivenoi.ebandwidthCortheJARLl JAMSAT / QEX 
Co.tuJoop demod i. not ddennineci by the receiver bandwidth. The 
COltutoop h.terodynet the incominc audio .iilla.l (which really Ihould 
be thoua:ht oC u a beine a vary low IF) one more time to an final IF 
centered on "to Crequency u.ing the ph .. e coherent carTier derived from 
the ph ... lock loop. Thi, baaeband .ignal then p ..... thru a 2nd 
order Be .. el low-paa. filter with a 900 Ha cutoff yieldin, an effect ive 
noi.e bandwidth do •• to the 900 H. value (v • • the 2400 H. in Jam.' 
example). thu. yielding an SIN (or E/No) difference oC a Ca.c::tor of 
about 2.5 = 4dB (al1 other conditione being equal) . 

Thi. ditrerence i. over and above the. pi/2 = 2dB 'van Vleck' SIN 
differenc. (due to pr.-detection VI. po,t-detection dipping) I 
report.d on • ..nin. J.m .. i. quite right that the 'ypical downlink 
.ienal Crom FO-12 .hould be ao cood that the .. difference. are probablY 
in.ignificant (except under very marginal c::ircurnatance,) . I alao" w~t 
to .tre .. that my analy.i. i. bNCd only on a theoretical compariaon oC 
the two impl.m.ntation.; a true comparison require. a tHt with both 
moderna operatinC ,id.-by-.id •. 

In &ddilion to the SIN requirement. on the data channel, a.econd SIN 
con,ideration need. to be reckoned. with -- the PLL u.ed to extract t he 
phuecoherent carrier. In DJ"ZC', Ph ... · 3 'AFOEM', ~arl uMd a 
very narrow bandwidth (a Cew Ha) loop '0 extract the carner . . It w ... 
demon'tra&.a time attar tim. that the AFD EM would grovel Into the 
noi .. and ,et locked well beCot"e data could be copied. However thil 
wu a& the expInae ohery lone lockup tim .. andlOphi.ticated automatic 
tuning logic. I notic. t hat Jam .. ' de.ien h .. .. . witch that allowe two 
din. rent carrier o::tradion loop bandwidthl -- loop time conatanta 
appear to b. about 2 and 50 MMe. 

TheJARL I JAMSAT I QEX d •• ign aa curnntiy implemented here hu 
only a .ingl. uaer ,.lectable time con.tant in the PLL -- about 5 nwec. 
Thi.l.ad. to a lockup time that i. fut enough to ua. a TNC2 TXD oC 40 
(400 maec, induding radio keyup plu. demod lockup, not much slower 
thanrequiredby the.am.radioa runnincconventional 'Be11202' MSK .. 
FM). I hav .... n no problem .t!oyin, in lock at an SIN (meuured in the 
900 Hs bueband p&Aband) in the in the 4-8 dB rattle. I would be ~t 
interuted in hearing a report Crom Jamea on the PLL capture SIN 
requirement. for hi, de.ifPl. I plan to do IIOme experimentinc to try to 
aee if the PLL time conatant can be optimized further . 
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Jame. alia .. ked about po.t-detedion low-pua filter. . The design we 

are uaine here h .. the baaeband 'IF' pretty weU opt imir;ed for 1200 baud 
data with the 900 H& 2nd order low-pan filter de.cribed above. There 
il no need (or poat-detection filtering . ince the matched filter is 
integral to the detection procna. t hay. convinced my.elf th&t the 
Japane .. de.ignen cam. clos. to optimizing the.e litter. (or u_ .in 
combination with· radios lik. the TS811 . The eye pattema look qUIte 

dean. 

For tho .. of you who aren't familiar with eye patterna.J. I will 
demon.trat. them at Dallu. BuicaJly you .ynchroni&e a .copo'. 
horirontalaweep with the digital data and lid 'he .weep r:lte ao you can 
aee a. few recovered data bit.. Then u.e the .cope'. vertical input to 
examine the low-pus filtered baseband .i~aJ ju.t before it is dippMi 
(at TP1 in the QEX .chematic). tc the data i. alternatine 1/0, then 
the ICOpe would di.play a 600 Hz (nearly .inu.oidai) aign&ture. Sinee 
the data hal 'run.' oC O. and 11, then the scope trace may go MYerU 
bit .ample. beCon it changes polarity (i.e. there are frequency 
componenb in the da.ta at .ub .. multiple. of 600 Hz) . Th. viaual 
appearance i. not unlike a set oC 600 Hz 'beads' on a dring encued 
within a 'saulag •• kin' envelope. Each o( the ' bea.d.~ baa the 
appearance o( an eyeball with an open iris -- thu. the name eye.pattern. 
The beat performance occur. when the 'ran.ition. thru the rmddle are 
repeatable, with no traJlIition. half-way. thru a bi.t -- i.e. tbe 
eyeball being wide open. A bleary eyeball i. either a Itgn that demod 
performance hu degraded or that too much liquid re(reahment hal been 
conaumedl 

J 

J 



Since James' implementation converts from analog to digital before the 
coherent detection processing, it is not clear how eye pattern 
meaaurements would be made on his demod. 

One more point James and I agree on -- writing up report! like this is a 
lot of work I I was pleasantly surprised at how many of you responded to 
my earlier note by saying that you were actually reading this diatribe. 
A few folks indicated that they had learned something too. Therefore 
if James is willing (and if Martin and the UoS crew continue to relay 
the commentary back and forth acrosa the pond), I would suggest that we 
ule this forum to continue this discussion in 'publick'. Or, to quote 
0310R, "I used to be a masochiat until I found out I enjoyed it ao much 
that I had to give it up'" 

73 de Tom, W3lWI 
29 October 1986 
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G3RUH 
HELIX 

ANTENNAS 
Puzzled by indillelent 0 5C8(- 10 per
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passbiilnd f u ter ttlan others . The result Is. UJat "collisions" 
be tween Q50, He more U kel y than on olher current sat ellites. 
[OeQ,JenUy, 1L I s recom-ended that the same pr oceG .. J[e used on 
AI1- 8, Mode J be used on JO- 12. P'lode J. That Is, cree you ha ve 
(o\..l""\d a clear spo t ln the dOolOlink passband, try to remain there 
by adjusUrg your lJlL. JNK trl!QUercy only . 
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JAS-l/JO-12 HOOf" PAINTED CIRCUIT 80ARD 

by J •••• Mill.r GlRUH 

To u.. the JAS-I COSCAR-12' •• teillt. ' . dlett.l "ailboN you n •• d .n 
AX . 2~ T.r.l n~ l ~od. Controll.r eTNCI sy.t.. .tth .n Ext.rn.l "od.~ 
r'plac i n9 the .t.ndard TNt', S.ll 2~2 lnt.rn.1 .ad •• , '5 •• Osc.r N.w. No 
60. Ju ly 1'04. p,30' , Auto.atic dOppl.r ,hlft tra,klnQ I. al.o virtually 
e.senti,l. 

The co_p l et t c ircuit 0' I suit.bl. _ode_ , . s hown on the newt two p.Qe •• 
Full 1nt tru,tl onl C8 pp,' ar. IV.tllbl ••• p. r at . ly n~ - t •• b.l~ . W. 
~jl1 luto. at ac.lly r.I.~ •• the PCB when live t •• t. yl. QSCAR-I2 con' i ,. 
th.t _od. JD ,. op.,.tl on.l. But ••• 

Pr.1ent ly w. h.ve over 50 eonfir.ed adv.nce order. for ba,rd.. When this 
figure tops 100 w. will •• k •• nd desp. tch the ba.rd. ' •• edl.t.ly .nYMay , 
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lev.l (.bout 30.V pk-pk' TX audio. ftX c.rr i .r LOCK LED indtc.tlon. 
Sel.ctable loop blndHldt~, nors. code regen.r.tor. 

, CONNECT. to AX . 2~ TNt -.ode. di.connect- Jack. Sult.bl. f or TNC-l or 
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centre-zero .eter. 

• SET-UP Thr ee pr eset pots 
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for fLL frequency, lcc.l 6v supply, And 

• POWER, At •• lni P5U built-In OR 12v AC input OR 12 to 14v DC, 40 ~a . 

, fC8 . Ht Qh quality IbO k 100 •• (.lnQle euroc.rd ) double 
throuQh, l eQended . Mlth full a l Jgn.ent Ind in.t. ll .tlon 
St~nd.rd enos .nd LSTTl u,ed . No h.rd-lo-get p.rts. 

.1 d8, pht , d 
In.tructlo'u. 

, feB Obt.in~ble fro_ AMSAT- UK t LONDON [12 5EQ, En~l.nd . PCB price 
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Optimal Two-Impulse Orbital Transfer between Inclined Elliptical Orbits 

with Applications to Phase IIIC and Phase IV. 

by Bob McGwier, N4HY 

Success of most if not all of the missions being planned by AMSAT-NA in conjunction 

with it's mission partners requires the use of complex maneuvers to place the satellite 

of interest into the final orbit needed to meet our primary mission objectives. These 

maneuvers are required because we simply cannot afford a launch where the delivery 

system (the rocket) places us in the proper orbit without our "active" participation in 

the propulsion of our satellite. We also carry about several very real constraints. We have 

a tank on board our spacecraft and these tanks do not have an unlimited capacity for us to 

muck about the earth in orbit. We must make "OPTIMAL USE" of that fuel so that we 

may achieve our goals. In the Phase III program it is to go from a geostationary transfer 

ellipse given by the Ariane vehicle to a Molniya type orbit , one which is highly inclined, 

highly eccentric, with inclination chosen so as to zero out the first order perturbat ions on 

the argument of perigee. It should be clear that these are complex calculations, requiring 

carefully designed models, and full understanding of the sensor apparatus on board the 

spacecraft for determining spacecraft attitude so that we may use the thrust to give us the 

correct change of orbit at the time it is needed. We wish to describe here the derivation of a 

model under which we will study the orbital transfer maneuver facing us in our continuing 

satellite program. This paper details a study of a two· impulse process between an initial 

orbit with known orbital elements, and a final orbit with elements given by design of 

the mission. We will do this by first deriving some analytical results and then doing an 

exhaustive search over the possible parameters of the problem given the constraints placed 

on the parameter set derived from our analytical investigation. 
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GLOSSARY OF SYMBOLS 

a = semimajor axis 

e = eccentricity 

,= inclination 

p = semiparameter 

r = magnitude of satellites position vector 

t = time 

t..B = transfer angle (true anomaly angle in transfer orbit) 

JL = gravitation constant 

<PI = angle from reference axis to departure point in initial orbit 

<P2 = angle from reference axis to arrival point in initial orbit 

w = argument of perigee 

n = right ascension of ascending node 

a = angle between T2 and T2 - TI 

{J = angle between TI and Tl - T2 

WI = functional form of 1st orbit changing velocity increment 

W2 = functional form of 2nd orbit changing velocity increment 

I = functional representation of impulse 

ej = orbit shape and orientation vector 

TI = vector from reference pos to point of departure initial orbit 

T2 = vector from reference pos to point of arrival on final orbit 

W = unit vector directed along orbits's angular momentum vector 

V'j = velocity vectors in transfer orbit 

Vj = velocity vectors in initial and final orbit 

Uj = unit vectors in dirction of radius vectors Tj 

N, M, W2 = unit vectors in Cartesian coordinates defining the ref. plane 
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A technique originally developed by Stark! does some preliminary development of a geo

metrical method for analyzing the two-impulse orbital transfer problem. The first paper 

to use this technique was one by McCue2 , (the notation used above and throughout this 

paper are identical to the paper by McCue) but it does not take the analysis far enough 

for our purposes and makes simplifying assumptions that are not true in all of our trans-

fer problems. My favorite celestial mechanic Pedro Escoba13 uses this technique on 

problems of optimal two impulse transfer between non coplanar circular orbits. Here we 

generalize this work and apply the technique to noncoplanar elliptic orbits. Normally we 

need a, e, i, 0, and, w to describe the geometry of an orbit. Here we may make several sim

plifying assumptions and have no loss of generality in our idealized model. That is, we can 

safely assume that line of intersection is a common reference point on the two orbits and 

thus RAAN (0), is not needed in our set, and we assume that one has inclination zero. We 

need only correct the latter for non-sphericity perturbations after the burn, since before 

and after the burn the integrator used will take into full account zonal,tesseral,drag,Lunar, 

Solar and major planetary perturbations for the longer term stability studies. It is very 

easy to carry all these perturbations when you have the best possible integrator algorithm 

for this problem and the computational complexity which would normally make this pro-

cedure 

Cray 

prohibitively expensive is mollified by the speed of a 

he round off problem is minimized by being able to do 128 bit floating point 

arithmetic. For shorter range studies, where the total input of the minor perturbations is 

insignificant, we do the work on our AT at home and leave off those perturbations which 

are overwhelmed by round off error in the paltry 80 bit arithmetic in Microsoft MS_Ctm 

and Microsoft MS-Fortran tm for intermediate results and 64 bits used to store the results 

of arithmetic operations. We make another simplifying assumption which will almost cer

tainly be true, and that is we will only make "short" transfers. That is we will always 

take the "short path" rather than the "long path" onto an orbital plane as the latter is an 

ostentatious usurper of propellant. Thanks to Phil Kam's efforts we have a suite of pro

grams used by the government in producing ephemeris and will be testing it for long term 

accuracy as it also attempts to do a perturbation analysis , but it is a general perturbation 

technique, i.e. it models the secular changes in the orbital elements rather than integrates 
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the gradient of the potential as we are doing for this study. This is technique used in the 

now famous W3IWI tracking program and it's derivatives such as ORBITS and QUIK

TRAK. The integrator we use here is based on a technique known as Burlisch-Stoer and 

uses Richardson's extrapolation and is the premier ordinary differential equation technique 

in terms of speed/accuracy when the vector field is very smooth as it is in gravitational 

field problems for earth satellites. 

Let Wi be a unit vector along the initial orbits angular momentum vector; WI, and 

WI will be the same quantity for the transfer or intermediate orbit and the final orbit 

respectively. Whenever you do a burn, if this were the ideal case of an impulse as in our 

model, the orbit before the burn lies in a plane, and the orbit after the burn lies in another 

plane which intersects the initial orbital plane in a line. This line is a simple geometric 

object to derive mathematically it has a natural unit vector associated with it given by 

(1) 

Wi, WI, and, WI are unit vectors normal to initial, transfer, and final orbital planes and 

will prove useful in our analysis. Let ej, el, and, e, be vectors whose lengths are the 

eccentricities of the respective orbits, and who point at the perigee of the orbit from which 

it is derived. Let the interval (mod 211") traversed in the transfer orbit in true anomaly be 

t.e. This interval is easy to determine from 

(2) 

No ambiguity arises here as we have restricted ourselves to short transfers so we may hold 

the angle here to be in the first two quadrants. 

For any two elliptical orbits, let r, and r2 be the vectors from the reference position 

on the line of intersection to the departure and arrival points, respectively. The angle as 

we have already said is t.O. By forming r2 - rl, a triangle is made of the three vectors in 

the transfer orbit plane. 

Let 

(3) 
arcsin I r2 I sin( t.1I) 

f3 = , I r2 - rl I 
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(4) ex = 11" - (jJ + ~/1) . 

Consider the collection of all possible velocity vectors that can act upon the point defined 

rl , and trace a conical orbit path that goes through the point defined by r2' This ensemble 

defines all possible conic transfer orbits between the two points, since a particular orbit 

is uniquely determined by its velocity vector at a given position. For our problems, these 

collect ions will consist only of elliptical (or circular) orbits as we have not enough fuel on 

board to take a hyperbolic trajectory between orbits. They are conical in nature because 

we suppose an ideal impulsive velocity change then the vehicle goes back to it 's "free fall" 

orbit shape determined by the new velocity. 

The velocity vector of any transfer orbit at the particular point rl is given by (see 

Escobal3
) 

(5) 

where 

(6) 

(7) 

V= 
(JLp)!h - r2) 

I rl X r2 I 

where p is the semiparameter of the transfer orbit. Then as a function of p 

(8) ( JL)t[p l r2-rl l (M)] 
V,I(P) = P I rl x r21 m+tan 2 U1 

where m is a unit vector in the direction of rl - r2. Every value of p great than zero defines 

a transfer orbit whose velocity vec tor at TI has components in the direction m and U1 • 

The set of points in a Cartesian coordinate system such that the product of the 

coordinates is a constant forms a hyperboloid with the axes as the asymptotes. Since the 

product of the magnitudes of the components in the m direction and the U1 direct ion is 

independent of P, we arrive at the following equation 

(9) [
(JLP)t I rl - r21 ] [(I!:.) t tan (M)] = JL tan{M/ 2) I r2 - TI I 

I T2 X rl I P 2 I TI X T2 I 
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gives a hyperbola from the formulation of Vtl with oblique axes m and UI as aymptotes. 

The collection of all possible velocity vectors leaving rl and arriving at r2 on a conic path 

forms a hyperbola. Likewise at r2, the velocity vector for any transfer orbit (depending 

upon the semiparameter) is given by 

(10) 

This is another hyperbola that represents the collection of all possible transfer orbits 

leaving rl and arriving at r2. The drawing included here is taken from McCue's2 paper. 

Note there is one point on on each of these hyperbolae for each p that represents the 

transfer orbit. In this figure VI and V2 are vectors defining the initial and final orbits and 

this is a coplanar transfer. VI and V2 are defined by 

(11) 

(12) 

which must have magnitudes less than 

( 13) ( 2Jl.)~ 
Vpar = -;: 

From geometrical considerations it is clear that the vectors VI and V2 emanate from rl 

and r2 and must lie within a certain radius containing all elliptical orbits or defined by the 

maximum possible impulse given your system. 

In finding the minimum velocity increment solution for this two-impulse case, the 

function to be mini zed is 

(14) 

where 

( 15) 
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(16) 

Once again these equations are valid ONLY for short transfers there are sign changes if 

you take the long transfer. In the diagram, our optimization code requires that the sum 

of the distances from V1 and V2 to the respective transfer loci be minimized. For every 

semiparameter, there is ONE AND ONLY ONE point on each hyperbola corresponding 

to the transfer orbit. The distances marked l1p and l2p represent simply a particular 

transfer orbit chosen for illustrative purposes. Our search technique is a combination of 

both finesse and brute force. Given this geometric technique we can find the minima 

GIVEN "1 and "2' We must then search exhaustively over the ensemble of possible values 

for departure and arrival points. This is not strictly true, but close, some economies may 

be taken but it is still exhaustive search. For this problem, we would not want to use 

adhoc or gross approximations as we need to be absolutely certain of our calculations. Let 

us solve the analytic problem from the geometry in "Escobal style" (indeed he did this for 

circular orbits , i.e. Hohmann transfers, Bielliptic transfers). We will find an eigth degree 

polynomial whose zero's will contain the solution GIVEN the terminal points. We wish 

to minimize the function given in equation (14). This is a function of the semiparameter 

(among other things). As every student of calculus knows to minimize the function you 

take it's first derivative and set it equal to zero. 

(17) 

(18) 

where 

( 19) 

1. 
= [(v(p) + z(p) U. - V.)· (v(p) + z(p)UI - V.)], 

1. == [f(p)] 2 

f(p) = v(p) . v(p) + z2(p) + VI . VI -

2z(p)VI . U1 - 2V1 . v(p) + 2z(p)v(p) . UI 

= Ap + 2Bpt + G - ZCp- lj2 - Dp-I. 
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Similarly, 

(20) 

where 

(21) 

The coefficients A-H are given in table I. For the impulse to be an extremum, 

(22) 

Cross multiplying gives 

(23) 

8w, 8W2 1 8f 1 8g 
--+-= --+ - - =0. 
8p 8p 2W I 8p 2w2 8p 

8flap 

8g18p 

Since W1(p) and W2(P) are always positive (otherwise it is a one impulse maneuver and 

negative impulses are not allowed) it easy to see from this equation that 8flap and 8g18p 

must be of opposite sign for an extremum. This crucial observation allows us to do our 

Escobalesque and easily identify the extraneous in the polynomial we are about to derive_ 

Taking derivatives of (19) and (2) we get 

(24) 

(25) 

Before we can get a meaningful expression we must square (23). Upon doing so and using 

(19) and (20) we get 

(26) 
I(p) (al/8p)Z 
g(p) = (8g/ap)2· 

and 

(27) (
8 )2 (a f )2 f(p) a; -g(p) ap = 0 

157 



Multiplying out this equation and using the identities derived above and substituting 

(28) 1. 
S = P' 

we get an eigth degree polynomial in s 

as the necessary condition for an extremum (and therefore for a minimum). The coefficients 

. are in table 2. We have introduced possible extraneous roots by the squaring we did to get 

equation (26). These are easily discarded by factoring (27) into the sum time the difference 

of two quantities. Using (19) and (20) these factors are 

(30) 

The roots of (29) which are real and satisfy (30) with the plus sign are extrema and the 

roots of (29) that satisfy (30) with the negative sign are extraneous. We have another 

necessary condition that we have not made use of and that is the partials of f and g with 

respect to p must be of opposite sign. The boundary values of these partials are -00 

limiting on zero from the right and A (see the coefficient table 1) for the limiting as p goes 

to 00. Therfore since these are continuous functions by the intermediate value theorem 

there must be a zero for each of them. Further the region where they are not both negative 

or both positive is bounded. Therefore the boundaries in which all minima in the impulse 

function must lie for our problem are given by the least positive value of p and the greatest 

positive of p for which either 

(31) af/ap = 0 or agjap = 0 

If s = pl/2 as we have stated then a/jap = 0 where 

(32) As4 + B s3 + Cs + D = 0 

and ogjap = 0 where 

(33) AS4 + E S3 + Fs + D = o. 
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These two quartics may be easily solved using formulas like the old quadratic formula 

many of you may know (a great deal more complicated). 

In numerical practice, we solve these these equations by standard numerical factor

ization routines. These values of the semiparameter for the transfer orbit which in the 

case of two impulse maneuver determines all the other parameters in the transfer between 

two known orbits are then stored for the YI and r2 pair. The process is then repeated. 

In actual implementation, we solve the equations the painful way ONLY when necessary. 

That is when we start up and when a root dissappears. That is a bifurcation point in 

the dynamical picture. The rest of the time we use the old values and Newton's method 

for the finding the zeros of nonlinear functions. We will give the coefficients in the tables 

that follow . Look for the results of the numerical runs to appear in some print media that 

AMSAT is associated with in the near future. I would like to thank Phil Karn for allowing 

me to rip off some of his routines he used for sun angle calculations to take into account 

solar perturbations in the dynamical model used here. This model is over kill for this local 

short time burn scenario bu t will be very useful when studying long term stability of orbits 

to predict necessary propellant for station keeping. I would like to thank the members of 
~ 

the Phase IV study team and the management of AMSAT for askin'fto work so hard and 

for paying me so well. 73 de BOB. 
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Table 1. Coefficients in f and g. 

A 

B 

C 

D 

E 

F 

G 

H 

1 rz - rl 12 
= p. 

1 rl X rz 12 
J1-

( )
I!Z 1 1 [h - r,) . (WI x (el + U,)) ] PI rl x r. 

= p.tan(M/2) [U . (W )] 
(PI)I!. I I X el 

= - p.tan2 (~e) 
J.I. 

- ( )I/Z 1 1 [(rz - r,) . (Wz x (e2 + Uz))] 
PZ rl x rz 

_ - J.l.tan(l::.B/2) [U . (W )] 
(pZ)I/Z Z Z x ez 

J.I. Z 2J.1.tan(l::.8/2) 
=-[Wlx(el+UIl] + 1 1 [UI ' (rz-rIl] 

PI rl x rz 
J.I. 2 2J.1.tan(t:>.8/2) 

= - [Wz x (ez + U2 ) ] - 1 1 [Uz· (rz - rIll 
pz rl x rz 

Table 2 Coefficients in eigth degree polynomial 

q. 1 - AZ (G - H) + A(ez - BZ) 

~2 - AZ(4F - 4C) + A(2EG - 2BH) + 2E2 B - 2EB2 

<113 - A(8BF - 8EC + 2EF - 2BC) + ezG - H B Z 

<114 - A( 4BD - 4ED + 2FG - 2CH) + 4BEF - 2CBz - 4BCE + 2F B Z 

~5 = D(2AG - 2HA - E Z + B2) + A (Fz - C 2
) - 2BCH + 2GEF 

<1>6 = D(4FA - 4AC + 2BG - 2BH) + 4FBC - 4CBF + 2BF2 - 2Bc2 

<117 = D(8BF - BEC + 2BC - 2EF) + F 2G - C Z H 

<11. - D2 ( 4B - 4B) + D(2F B - 2IfC) + 2FC2 
- 2CF2 

q,g = D Z(G _ H) + d(C2 _ F2) 
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S-BAND ANTENNA DESIGN AND CONSTRUCTION 

FOR AMSAT PHASE 3C 

Han~ van de G~oenendaat ZS6AKV' 
Henn~e Rheed e~ ZS6ALN" 

SUMMARY 

In 1981, SA AMSAT took the decision to become involved in 
satellite construction. Various projects were considered and 
practical experiments were carried out using balloon flights. 

When Phase 3C projects were discussed , SA AMSAT was 
the design and construction of the S-band antenna. 
designs were considered, built and tested: 

1. Planar antenna. 

2 . Combination helix with S-band helix inside 
L-band helix. 

3. Broad-band helix for both Sand L-band . 

4. Single S-band helix. 

allocated 
Severa l 

The paper discusses each design, construction and test results. 

INTRODUCTION 

At the Annual General Meeting of SA AMSAT held in Cape Town in 
October 1981, it was decided that SA AMSAT s hould get involved in 
the development of amateur satellites. The then President, Greg 
Roberts ZS1BI, approached various universities and industry for 
support of the idea. The main interest in the project came from 
members of the Amateur Radio Club at the University of Pretoria, 
ZS6TUK, and the Head of the Department of Electronic Engineering, 
Prof. Louis van Biljon. 

In July 1984, Gordon Hardman ZS1FE /KE3D produced a memorandum 
setting out proposals for SA AMSAT's involvement in the PACSAT 
project. He proposed that SA AMSAT be responsible for the 
development of the ground station. 

After some initial ground work, VITA, the sponsors of the project 
decided that, for control purposes, it would be better i f the pro
ject was contained within the confines of North America. 

SA AMSAT was without a satellite project! 

'P~e~~den~ SA AMSAT, P.O. Box 13273, No~~hmead 1511, South AOhiea. 
"SQ~eLL~~e P~ojec~ Eng~nee~, SA AMSA T, P.O. SOE 1 3213 , N04~me&d 1511, 
Sou~h A6~~eQ. 
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To keep enthusiasts occupied and involved, the BACAR project was 
developed by Dave Woodhall ZS6BNT. BACAR is the acronym for BALLOON 
CARRYING AMATEUR RADIO. Radio amateurs from allover Southern 
Africa were and still are involved in the BACAR project. Various 
transponders were developed and tested at 70 to 80 thousand feet 
above sea level . Mode A, reverse Mode A, Mode B and a Store and 
Forward Mode (Parrot - 2 metre FM) units were built and tested. 
The major effort with these launches is in the recovery of the 
equipment. We a re not always lucky! 

BACAR is an ongoing project, the current plan i s to fly Packet Radio. 

CHELTENHAM, ENGLAND 1984 

In J une, 1983, a meeting of various satellite groups was held 
in Cheltenham, England. 

At the meeting it was agreed that Sou th Africa would contribute 
the S-band an t enna a nd the electronics for the control of the 
pro puls i on motor. 

Once a full analysis was carried out, it turned out to be im
practical to develop electronics 10 000 km from where the motor is 
manufactured. Finally, it was agreed that SA AMSAT would be re
sponsible for the S- band antenna. 

SPECIFICATIONS 

At first little speCifications were available, so the design 
team under the leadership of Hennie Rheeder ZS6ALN agreed to work 
to the following spec ification: 

S- band Antenna Specification 

Centre frequency 

Gain 

Size 

Position on SC 

THE PLANAR ANTENNA 

2,4 GHz 

To match an 8 turn helix. 

As small as possible. 

Around the 145 and 435 MHz omni 
antennas in the centre of the 
spacecraft. 

The design team discussed several ideas . The helix was reviewed 
in detail, but as it is a standard antenna, the team decided to 
look for something more unusual. 
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The planar antenna was agreed on. The planar antenna is a 
microstrip constructed from high quality printed circuit board. 
By mounting two to four antennas flat on the satellite surface 
and interconnecting them with a suitable matching harness, the 
required gain and a circular polarization pattern could be 
achieved. 

The first planar antenna built measured 280 x 100 rnrn. A second 
model measured 205 x 100 rnrn. 

Fig. 1 shows the design. 

1 ) L = 

l 

;"0 
-2-

W 

J 
j 

Where ;.. 0 = wavelength taking velocity factor 

2) 

into account. 

Gain 0,9 x 8w 
;"0 

for 1 

Where the 0,9 factor represents 90 % efficiency. 

Gain dB = 10 Log 10 (Gain) 

Fig. 1 - Planar Antenna 
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TEST RESULTS 

Max . gain 10,2 dBi at 2 ; 33 GHz 

VSWR 1,42:1 at 2,32 GHz 

-3dB bandwidth 60 MHz 
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The antenna performed well.. We were not concerned with the 
slightly higher resonant frequency, as with experimentation the 
design parameters would be mOdified" to meet the correct specifi-
cation. ' 

The S-band team in Boulder reviewed the concept and tabled one 
major area of concern: Would the micro-strips adversely affect 
the spacecraft's thermal constraints? 

An extensive search was instituted for materials with high heat 
transfer conductivity. No suitable material was found; generally 
no test results to determine the PC board's influence on temperature 
control were available. 

It was agreed to shelve the idea and to change direction. Work 
on the planar antenna will, howe"ver, continue as part of the BACAR 
project. 

DESIGN OPTION 2 

S-band helix inside a L-Band helix 

After careful discussion and consideration of the various factors 
involved, it was decided to design a combination S-band and L-band 
antenna, two helices, one inside the other. 

The idea sounded simpl.e and logical. Despite an extensive litera
ture search, no reference to two helices, one inside the other, 
could be found. The team set to work and produced a design. From 
a theoretical point of view the antennas should meet the required 
specifications. The construction of this configuration was further 
cOmplicated by the omni-directional antenna, which is mounted in 
the centre of the two helices. It was decided to first build a 
model of the two helices. 

A test model was made using the following materials: 

Two rectangular pieces of fibreglas 's material 80 rom 
in width and 500 rom in length 2 rom thick with slots 
cut lengthWise, epoxied together, offering a figure x 
coil-former with diameter of 80 mm. 

Two rectangular pieces of polycarbonate 15 rom by 6 rom 
by 10 rom thick epoxied to the x coil-former as base. 

10 turns of copper wire with diameter of 1 mm to form two 
helices with diameters of 40 mrn and 75 mrn and elngths of 
250 mm and 480 mm respectively, wound through pre
drilled holes . 

Two SMA connectors offer separate feedpoints for the 
exponential pitch matching sections of the first copper 
wire turns respectively. 

300 mm square sheet aluminium offers the ground p lane attached 
to the polycarbonate base tapped for 3 rom diameter bol ts. 
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Fig. 2 shows the design formulae: 

r-D-j 

r---AO--
Exponential taper 

Ground plane . 

1 ) Input impedance = 150 ohm 

2) Tapered line is used for matching to 50 ohm 
on first turn length of f... o. 

3) TID = ,,0. 
4 ) 

5) 

Gain = 15 C"',lo) 2 

6°LoGL12° 

Axial ratio = 
2N+1 
2N 

Half - power beam width 

N. S 
t::O 

= 

N = Number of turns 

1 for ciruclar polarisation 

Where 0 = wavelength taking velocity factor into 
account. 
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TEST RESULTS 

L-Band 

Max. gain 

Gain 

VSWR 

-3dB 'bandwidth 

S-Band 

Gain 

Relative gain 

VSWR 

-3 dB bandwidth 

-7-

14 dBic at 1,18 GHz 
(.::.. 1dB ripple with antenna checked 
against a rotating linearly polarised 
antenna) 

12,3 dBic at 1,27 GHz 

1 , 37 : 1 at 1, 26 9 GH z 

:;:> 300 MHz 

The gain measurement was interrupted 
by unexpected rain and prevented 
readings. 

Frequency 

2,45 
2,4 
2,34 

GHz 
GHz 
GHz 

Vertical 
Polarisation 

." 8,3 dB 
o dB 

+ 9,5 dB 

1,66:1 at 2~4 GHz 

Not definable. 

Horizontal 
Polarisation 

+ 9,6 dB 
o dB 

+ 8,9 dB 

The antenna gain at frequencies representing best performance 
appears to be adequate, as does the majority of sidelobe levels, 
which are generally suppressed 10 dB or more. The proQlem, however, 
is the vast fluctuation found mainly on the S-band helix. It is 
suspected that this is due to interaction between the two antennas 
at resonant and near resonant frequencies. The effect is like that 
of a transformer. 

The fact that the two helices were wound in the opposite directio n, 
did not seem to make any difference. 

The coupling between the two helices was less than 20 dB, as 
measured with a network analyser. 

DESIGN OPTION 3 

At this stage, time became a major factor. After reviewing the 
option, it was agreed to tackle the project on a parallel basis: 

(a) Continue with experiments to construct a combination 
antenna. 

(b) Construct a single S-band antenna. 
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S-Band -Helix 

As this is our first attempt at building an antenna to fly 
in space (BACAR 60 000 feet flights cannot be regarded as space), 
extensive investigations were carried out to select the core 
material. For the main core Tufnol (whale brand) was selected. 
A solid block of material was machined. The grooves were accurate
l y determined to a close tolerance of 10 micron. The base was 
machined from B51S aluminium and treated with an alodyne finishing 
process. Bolts and nuts were used to attach the base to the core 
and the final turn of the winding are stainles s steel . The windin g 
was done with 1 mm diametre copper wire. 

The connectors are gold-plated SMA, forced crimped and soldered . 

TEST RESULTS 

S-Band only Hel ix 

Gain 11,3 dB ic at 2,41 GHz 

VSWR 1,3:1 at 2,4 GHz 

Frequency/gain 
variation: 10 dBic for both 2,31 GHz and 2,45 GHz 

See attached polar diagram. 

Although the S-band antenna performed well, it was felt that 
optimum results were not achieved. The antenna was shipped to 
the Boulder team for evaluation and as a possible standby, should 
an urgent requirement arise. 

Favourable comments were received and suggestions noted for 
consideration in the construction of the final S-band antenna. 

The Boulder team 's main concern was the weight and suggested that 
the core be constructed in a honeycomb fashion. This could be 
achieved by drilling a series of holes in the structure. 

L-Band and S-Band Single helix 

Because of the tremendous bandwidth of a helix antenna, it was 
decided to design and build one helix capable of resonating at 
both S-band and L-band. 

The practical results were disastrous. 
totally useless. 

VSWR 1,7:1 at 1,269 GHz 

1,3:1 at 2,4 GHz 

The radiation pattern was 
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CONCLUSION 

Although the S-band antenna project was a relatively small 
one, it has created new enthusiasm and has led to the establish
ment of committees of excellence. Meetings will primarily be 
arranged on the air. 

Some of these committees of e xcellence will be dedicated to 
the Phase 4 projects. 
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AM SAT MODE-S TRANSPONDER 
by 

WILLIAM D. McCAA Jr., K0RZ 
October 11 , 1986 

Background 

I t is hoped t hat the add ition of an S-band transponder on Phase-
3C will help the transition of the a verage amateur satellite 
user into the microwave frequencies. The ready availability of 
good low cost crystal controlled receiving equipment in the MDS 
(21S6-216g MHz.) service can find immediate applie~tion in 
receiving a Phase-3C transponder in the 2400-2450 MHz. band. 

Introduction 

The S band output, Mode-S, transponder described herein has been 
developed for flight in the AMSAT Phase-3C satellite which is 
scheduled for launch in Mid 1987, on the first flight of the 
Arienne 4 launcher. Since this transponder is an add on to a 
Phase-3 type satellite, the power consumption and physical size 
had t6 be h eld to the constraints of the satellite's origional 
design. Thus power efficiency a nd size became major design 
considerations. The transponder's current drain from the 
satellite's 14.0 VDC buss is 0.54 Amps . 

The transponder will operate eit her in the PSK (400 baud) beacon 
mode or transponder mode, 30 kHz. bandwidth, usable for both NBFM 
and SSB and have an EIRP of +17 dBW . The spacecraft S band 
antenna is a l eft hand circular 15 turn helix. 

The Mode-S transponder uses a portion of the Mode-B transponders 
receiver . A buffered output at 53 MHz. is taken from the Mode-B 
rec eivers first IF after AGC. The Mode-S transponder thus can be 
operated only when the mode-B recei ver is active, while the Mode
S beacon can be operated at any time. The uplink power at 435 
MHz. required for access will be the same as that required for 
mode-B (about 1000 Watts EIRP max.). 

Transponder Construction Status 

The Mode-S transponder is completed. It has undergone Thermal
vacuum testing in the Phase-3C spacecraft in May~ 1986 , a nd has 
completed over 1000 hours operation and burn-in. 

Path Calculations at 2.4 GHz. 

Transmitter output power at antenna 
Spacecraft antenna gain ( 15 turn heli x) 
Spacecraft EIRP 
Free space path loss (40~000 ~(m @ 2.4 8Hz.) 
Signal level at receive antenna 
Receive antenna gain (1 meter dish @ 50%) 
Signal level at receiver 
Receiver sensit ivi t y (75k ~ 20 ~(Hz.BW) 
Received signal to noiSE ratio 
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+0 dBW 
+17 dBie 
+1 7 dBW 
-192 dB 
-1 75 dB W 
+ 25 dBie 
-150 dBW 
-1 60 dBW 
+·10 dB 



INPUT AND OUTPUT FREQUENCIES 

Th e f ollowing d etai l s t he frequencies us ed in the Mode-S 
transponder-~ 

INPUT FREQUENCY TO THE S BAND TRANSPONDER (Fi n ) 
Input frequen cy from Mode-B tr a nsponde r 
Local crysta l controlled oscill ator ( LOI ) 
Local crystal controlled oscillator (L02) 
IF frequency including filt er (IF=Fin-LOI-382.32) 

IF FILTER BANDWIDTH 
Beacon in jection oscillator (SO) 
3X L02 in jection frequency 
1st upcon ver sion frequency (FI=3XL02+IF) 
18X3X L02 injection frequency 
2 nd upcon version f requenc y (Fout =54X L02+F I ) 

OUTPUT FREQUENCY FROM THE S BAND TRANSPONDER 
(Fout=Fin+56XL02-382.32=57XL02+IF) 

BEACON OUTPUT FREQUENCY (FB=57XL02+BO ) 

Modu l ation 

435.625 
53.305 
42.6 Q1 5 
4 1. 931,1 
11,1.700 

3Ql 
l !2L 6 3,,) 

125 .. 79Q) 
136.49111 

2264. 22!!1 
240QI . 7HI 
241110 . 71J!1 

240QI . 640 

MHz. 
MHz. 
MHz. 
MHz. 
I'IHz . 
KHz. 
MHz. 
MHz. 
MHz. 
MHz. 
MHz. 
MHz. 

MHz. 

The transponder i s a soft limiting t y pe th a t will be s uit ab le for 
use b y one or two NBF M signal or four simult a neous SSB signal s . 
The nonlinearity in troduced b y the amplifier and limiter d oes not 
limit i ts usefulnes s to CW or FM onl y. Since the recei v ed sign al 
to noise r atio will be less than 20 dB, SSB can be used thru the 
transponder as the intermod product s are generall y below 20 dB 
and thus below the recei ved noise level . This technique is being 
used sucessfully in the Mode-L transponder on OSCAR-10. 

General Comments On The Tran spon der Use 

It is n ecessar y to poi nt out that this transponder is i ntended 
for pure l y exper imental and educational purposes. Through us in g 
it, it is hoped that the satell ite users will gai n o perational 
and t echni cal experience in receiving microwave frequencies from 
an a mateur radio satellite. 

Th e transponder can be used for normal vo ice a nd data 
communications v ia narrow band FM~ CW or SSB modulation. Doppler" 
shifts can be quite significant, up to 50 KHz. depending whe r e 
the sate l lite is in its orbit. Doppler should be a minimun at 
apogee, and it is planned that the transpond er or beacon will 
operate only at apogee. 

Receiving sse and CW requires less recei ver band width than NBFM. 
With reduced bandwidth, the required receiver sensitivit y or 
antenna size d e creases for a given sign al to noise ratio. 
However, SSB and CW recept i on at 2401 MHz. requires e xcellent 
r ece i v er freque n cy contro l via a crysta l controlled converter. 
With NBFM modul a ti on~ the ground station receiVer c ould use AFC 
to overcome r eceiver dri ft and doppler. 
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Mechanical Pac~,aging 

The transponder is packaged in two separate housings . 

F'ACKAGE 1 S- TX 

This module contains the following: 
S-Band mi xer, S-Band amplifier, and 18X multiplier. It is mounted 
at the arm end next to Mode-8 receiver. Package size i s 10.0 11 X 
2.23" X 3.QiQt " . 

PACI<AGE ~ S- I F 

This module contains the following: 
VHF stages, lIijVDC converter , Beacon generator, 4 2 MHz. 
oscillators, 3X multiplier, a nd I HU interface. It is mounted on 
top of the Mode-B transmitter. Package size is 13.85 X 4.12" X 
1. 5 11 

• 

Dev elopment Te am 

The development of this Mode-S transponder has been shared among 
many amateurs. The specific task leaders are listed below : 

TASK AREA 

Project Coordination, Construction 
S-Band Hous ing 
S-Ban d Miltiplier , and Mixer 
Loca l Oscillators and 3X Mulitplier 
VHF Mi xers, IF Amp, Control, 
Pl acement, Spacecraft Interface 
S-Band RF Power Amplifier 
S--Band Antenna 
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CHAR ACTE R 1ST ICS 

POLARIZATION 

TYPICA L HA LF -POWER 
BEAMWIDTH 
:'"lU O v. 36( 1

) 

TYPICAL GA IN 
:; ·18 
BANDWIDTH 

POLARIZATION 

TYPICA L HA LF -POWER 
BEAMWIOTH 
2'0'" )( ;;.:~ ,") 

TYPICA L GAIN 
2 dB 
BANDWIDTH 
10% 

POLARIZA TI ON 
Linear 

SYMMETRIC TYPICAL 
HALF-POWER BEAMWIOTH 
40 °.lt 40° 

ASYMMETRIC BEAMWIDTH 
20° x 60° 
TYPICAL GA IN 
5 I v 20"8 
BAN DWI DTH .. 

PO LARIZATI ON 
Clrr:u lar 

TYP ICAL HALF -POWER 
BE AMWIDTH 
li OO x tl Or) 

TYPICAL GAIN 
5 ;0 10 rl 8 

BANDWIDTH 
2 1 

PO LAR IZAT ION 
Circular 

TYPICAL HA LF-POWER 
BEAMWIDTH 
80° 
TYPICA L GAIN 
·3 10 +4 dB 

BANDWIDTH 
11 0 I 
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CHARACTE R IST ICS 

POLARIZATION 
L ln~;)r 

TYPICAL HALF - POWER 
BEAMWIDTH 

TYP ICAL GA IN 
.: r::, 

BANDWID TH 

POLARIZATiON 

TYPICAL HALF -POWER 
BEA M WIDTH 
;.;,:.~' _ ; ;y,/ ,( '))(, (1 

TYPICA L GAIN 

BANDWIDTH 
3 ; 

POLARIZATION 
C,, (.:..;l ar 

TYP ICA L HALF- POWER 
BEAMWIDTH 
60Q x 60° 

TYPICAL GAIN 
51')808 

BANDWIDTH 
; .• , 

PO LAR IZATION 
c." _,:;' 
TYPICAL HALF - POWER 
BEAMWIDTH 
~(p ~ ~j60'~' 

TYPICAL GAIN 
o (J8 

BANDWIDTH 
4 I 

POLAR I ZATION 
L ,rlf-ilt 

T YP I CAL HALF-POWE R 
BEAMWI D TH 
2~/() ~ i,On 

T YPICAL GAIN 
12 n8 

BANDWIDTH 
20'~· 
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TYPE 

PARABOLOID 

CASSEGRA IN 

GREGORIAN 

NEWTONIAN 

HERSCHEl1AN 

FRESNEL 

LENS 

MANG IN 

MIRR OR 

Quasi ·Optical Apertures 

RAY OIAGRAM 

, Mp 

M ---Mirror ' 0--<=::: 
-- -~ axis 

, 
, Mp 

M, 
Mirror'L 
--E -------aXIs • 

---------- I 

_____ _____ ~~Mp 

Mirror M, ~ 
- --- -:~- ---
";, ~~ 

Mirror 
ax is 

.!--

, Mp 

/ \ 
~\ 

M 
p 

• 

O PTI CAL 
ELEM ENTS 

Refle-ctive 

MO '" Par~bo lo jda l 
mir ror 

Reflective 

M p '" Par~boloida l 
mirror 

Ms" Hy~rboleidel 
mirror 

Refle-ctive 

Mp = P~fr~~Oidal 

~.\ '" Ellipsoidal 
mir ror 

Reflective 

Mo'" Paraboloidal 
m ir ro r 

M,'" Reflecting prism 
o r plane miffOf"' 

Reflective 

M "Paraooloidal 
o mirror inclined 

ax IS 

Refractive 

L:> " Specia l 
frC"Vlel lens 

Re1ractive· 
re flect ive 

Mp ~ Spher ica l 
ref ractor 

Ms ' Spn.eflcal 
reflt."Ctor 
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PERTIN ENT DESIGN CHA R AC T ER ISTI CS 

I . F ree from spher ical aberration . 

2. Suffers fro m off ·ax is coma. 

3. Available in small and large diameters 
and f/numbers . 

4. Low IR loss {Reflective!. 

5. Detector must be located in front of oPlics. 

1. Free trom spherical aberration. 

2. Shorter than Gregori an . 

3. Permits location of detector 
behind optical sy st em. 

4 . Quite extensively used. 

1. Free fr om spherical aberration. 

2. Longer than cas~rain. 

3. Permits location of detector 
beh ind optical system. 

4 . Gregorian less common than cassegrain . 

1. Suffers from off·axi s coma. 

2. Central obstruction by prism or m irror. 

1. Not widely used now. 

2. No centra l o bstruct io n by aux iliary 
lens . 

3. Simple construc tion . 

4 . Sutters from some coma. 

1. Free o f spherical aberration 

2. Inhere ntly lighter weight. 

3. S mall 3)(ial space . 

4 . Small thickness reduced infrared 
absorption . 

5. Difficult to produce ...... ith pres.ent 
infrared transmitting materials. 

1. Suitable to r 1 R Source systems. 

7. FrE'(' 01 s[)n/:rlcal Jt>'~tratll)n 

3 Mon SUi t.lblc f Of small aperture~. 

4. Cover s ~all angular held . 

S. Us.cs ~t>hcrical surfac~. 
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PARABOLIC ANTENNA 

FEED DESIGN 

SPACE A TTENUA TlON VS. FEED ANGLE 
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TO USE, 

I. Stort with aperture edge illuminat ion & f l O. 

2 . Find feed ongl. l"'ing fl O. 
l . Find space attenuation u sing f..o ongle . 
4 . Subtract lpoe. oftenuation from desir.d 

edge- illumination to get f •• d to~r. 

S. Find fe.d 10 db b.amwidth usini f..-d taper. 
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