










































































































































































































































































































The Design Review was held at the fac ilities of the 
Philipps Uni versity of Marburg, Germany, 1997 December 
12-15. This was the only time the team was physically 
together. During these inten se four days, the initial design 
was reviewed and substantially al tered. It was at this 
meeting that the IQ modem was added, thc single-wire 
expansion interface conceptually designed, and a FLASH 
memory chip included. 

QuickLogic tool chain [10.6) (and drew a lot of stares from 
other patrons at the downtown branch of the Christchurch 
Public Libraryl). 

During the design process, the Internet proved to be 
invaluable in fetch ing the latest data sheets and 
spcci ficalion of the parts to be used, and sorting through 
candidate parts in the search for the best available 
components . 

Hardware Development 
Hardware Description 

The initial hardware design was accomplished during a 3-
week holiday in New Zealand! In fact, in order to meet the 
aggressive development schedule, this respite from normal 
work duties was necessary. The design was done on a 
laptop computer using the OrCAD Capture tools. 
Programmable logic was done on (he same laptop using the 

The block diagram figure 2 shows the overall hardware 
architecture of the IHU-2. The fo llowing narrative 
describes the function of each block in limited detail, and 
their interactions. Internet site references for the principal 
les are given at the end of th is paper. 
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The Power Supply operates from the 
spacecraft + tOV buses. After combining, the 
merged + IOV is run through a FET power 
swi tch under direct control of the P3D IHU. 
When commanded on, independent switching 
power supplies provide the necessary +5V, 
+3.3V and +1.5V outputs needed by IHU-2. 
There is also a low duty-cycle + 12V supply 
activated only when erasi ng and programming 
the FLASH memory. 

The CPU consists of the SA- II OO chip and 
associated crystals. The part is so highly 
integrated that little else is needed. 

The Protected Memory is composed of three 
(3) physical banks of 128K x 32-bit fast static 
RAM with error detection and correction 
(EDAC) logic implemented in a pair of 
QuickLogic field programmable gate arrays 
(FPGAs). A 2-out-of-3 majority vote system 
is employed, so that a bit may be corrupted in 
every memory bit location and the processor 
will sti ll get accurate data. When an error is 
detected, the output from each memory bank 
is saved (96 bits total) as well as the address 
at which the error occurred. The processor 
may fe tch this record for analysis or 
downlinking. In addition, the fam iliar 8-bit 
error counter is incremented, so that error 
rates as well as locations may be easily 
detected. Including correction delays, the 
memory system is designed for a nominal 
70 ns access time. 

Mass Memory consists of 8 megabytes of 
SRAM organized as 2M x 32-bit. This uses 
standard 4-megabit (5 12K x 8-bit) SRAM 
chips. Finally, there is a 128K x 8-bit Flash 
memory device using a 12-volt external 
power supply for erase and write. This type 
of memory was selected to avoid on-chip 
charge pumps, which are notoriously easily 

L-_________________________ -.l damaged by radiation. 

Figure 2. IHU-2 Block Diagram. Almost aU "glue" logic is subsumed into 
three QuickLogic 2005 gate arrays, saving space and substantially 
reducing developmelll time. Complex signal processing ICs are llsed as 
indicated. Most blocks are managed via interrupts (15 :ww'ces) marked 
Sync, Error, Ovflow alld 1111. The IHU-2 cOllswnesjust 1.2 watts at 10 volts. 
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Engineering Beacon data (for monitoring) 
passed from the IHU- I is translated to 3.3V 
logic levels and passed into the FPGAs. Here, 
the sync vector is recognized, clock extracted, 
and differential decoding accomplished. The 



resulting data is presented to the CPU as 32-bit words , 
interrupt driven . 

Uplink 400 bit/sec data is isolated by an op-amp, then 
sliced. The slicer output is fed into the FPGAs, where a 
digital phase-locked-loop (DPLL) recovers the clock. The 
recovered clock then operates an integrate-and-dump filter, 
and the output from this is passed back into the FPGAs for 
extraction of the data stream, differential decoding of the 
same, and block sync detection. A lock detector is also 
incorporated. 

If the unit has just been powered up or commanded to 
"reset and load" then the recovered data is passed through 
the FPGAs di rectly to the protected memory array. After 
the upload ing of the requisite number of words, the CPU is 
given access to the memory and begins executing 
instructions. If the CPU is already running, the FPGAs 
then assemble each 32-bit word and interrupt the CPU so 
that it can fetch the word and process it. 

Downlink 400 bit/sec data is presented to the FPGAs as 
32-bit words. The FPGAs convert the data to serial format, 
differentially encode it , multiply it by the 400 Hz clock, 
and shift the data out. This da ta is then changed to 10-volt 
logic levels for use by P3D. The FPGAs pace the data 
from the processor by means of interrupts. If data is not 
presented by the processor, thc output of the uplink lock 
detector is used to change the downlink from a nominal 
400 Hz square wave (un locked) to a 200 Hz square wave 
(l ocked) . This he lps the command stations assure that the 
IH U-2 has acquired their command signal prior to 
commencement of upl oading. 

The CAN hilelface uscs the same Intel 82527 CAN 
controller and peripheral components that are used in 
RUDAK, the IHU and other CAN-equipped P3D systems. 

A Grollnd Serial Port, modeled after the system developed 
for RUDAK, is provided for engineering unit development 
and testing. It is not powered or otherwise enabled in the 
fli ght unit. Likewise, a pair of HP 5082-7340 hex numeric 
LEDs arc socketed on the board for debug purposes. These 
indicators are not filled to the flight unit s ince they 
consume more power than the entire IHU-2, and no-one 
would see them anyway. They proved to be indispensable 
during testing. 

Thc Camera Intelface comprises 3V/5V CMOS translating 
buffers and a simple power switch. This allows the 
camera(s) to be switched on or off, and provides all needed 
signaling to control them ~ nct retrieve the image data. 

An output from the Separation circuitry is scaled and fed to 
the processor so that it can determine jf P3D is still 
attached to the launcher. 

An IQ (I n-phase and Quadrature) modem operates at the 
spacecraft IF of I I MHz. The IQ Downlink uses an Analog 
Devices AD7011 IQ modu lator operated in analog mode 
and fed a quadrature signal sample under interrupt control 
by the SA- t 100. The SA- t 100 parallel bus to AD701 t 
serial bus transformati on and pacing logic is implemented 
in an FPGA. The output signal is filtered and scaled, then 
presented to a MAX2452 IQ modulator chip, driven by an 
external oscillator. The MAX2452 provides over 40 dB of 
carrier suppression, and the whole system draws only a few 
milliwatts. Output from the modulator is amplified by an 

AD803 1 op-amp, fil tered and matched to 50 ohms at an 
output level of -20 dBm. The downlink frequency is fixed . 

The IQ Uplink signal is presented to a 50 ohm matched 
load, filtered, and amplified by an AD607 IQ receiver chip. 
The IQ output is fi ltered and matched to an AD7013 IQ 
demodulator, whose samples are de-serialized and 
synchronized, then presented to the SA-IIOO as 32-bit 
words, interrupt driven. A DAC output from the AD70 13 
is used to provide gain control for the AD607 under control 
of the SA- li ~O. The chip lineup used is designed for low 
power portable devices such as cell-phones and draws little 
power. 

The local oscillator for the uplink needs to be variable and 
controlled by the SA- I 100. The means to do th is in a low 
power fashi on is to use an AD983 1 direct digital 
synthesizer (DDS) chip driving the reference input of an 
MC145l51-2 PLL. A VCO made fTom discrete 
components is used as the variable oscillator. The SA- I 100 
can command the DDS chip over a wide range of 
frequencies with very good resolution. In this way, the 
SA- II OO can compensate for dopplcr shift variations on the 
uplink as well as any other reasonable frequency drift, and 
close the loop for proper demodulation of the uplink signal 
using DSP techniques. 

The IHU-2 includes an 8-channe1, 12-bit AID Converter. It 
is wired to monitor the +5, +3.3 and +1.5 volt power 
supplies as well as three temperature sensors (CPU, EDAC 
memory and unprotected memory). Additional inputs are 
provided to allow monitoring off-module parameters, none 
of which are currently defined for this mission. 

Lastly, the one-wire Serial Expal1sion Interface is 
implemented in an FPGA with external level shifting. The 
external interface is designed as an open-collector of fairly 
low impedance to allow for a fairly fast transfer rate (4 jJs/ 
bit). Even with low impedance, because the duty cycle is 
very low, power dissipation is only a few milliwatts. 

It is interesting to note that IHU-2 uses about hal f the 
number of ICs as thc P3D IHU, has 130 times the memory 
eapac iLy, operates 1,500 times faster, uses the same 
physical PCB size (200mm x 270mm), and consumes half 
the power - 1.5 watts! 

Comparison with lHU 

The following table compares and contras ts the old IHU 
and new IHU-2 system: 

cro 
Bl.Iewidth 
Native MI PS 
Protected Mem 
BOAC 
Unprotec t Hemory 
Nonvol a t ile Memory 
AID 
£xpanl;ion 
Corrmand Upl ink 
Telemetry Downlink 
Ot.her UpfDown 
P30 CAN Bus 
EnQ'ineering Beacon 

Si%e 
Power 
Technology 
Rad Herd I Cs 

1HU 

CDP1 802 
8 bits 
o . l 
6 4K byt.es 
I-bit. 
none 
none 
a -bit. 
Parallel 
400 bps DPSK 
400 bps DPSK 
None ,., 
Genet"a tes 

200m:n x 210 ...... 
2-3 · ... atts 
St.atic CMOS 
CPU, SRAM 

lHU- 2 

S1\- 11 00-M 
32 b i t.s 
133 ...ax 
S12 K byt.es 
32-bit 
8H bytes 
128K bytes 
12-bit 
One-wire 32-bit serial 
400 bps DPSK 
400 bps DPSK 
10 Modem 20 Kbp$ max ,., 
Generates or Mon itors 

Eng ineering Beacon 
200 ....... x 210fm'l 
1. 5 watts 
Stat i c CMOS 
None 

• IHU EDAC cen correct. any sing l e bit per 8 - bit byt.e. 
l HU-2 EDAC cen b i t-wise COrl'ect is .inole bit error 
per bit l OCAtion , or 32 bi t S pel' 32-bit word. 
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HARDWARE DEVELOPMENT [eG] 

Electronic design matured over the period up to the 
end of January 1998. During this time it was 
reviewed and revised many limes, until commitment 
to a PCB layout could be made (and time ran out). 

The physical size of the PCB was fixed from the 
beginning. It would be a P3D standard 200mm by 
270mm board. We did have an option to use mUltiple 
PCBs if needed but this would have added 
significantly to the cost. It would have also required 
wires between the PCBs. Wires are undesirable. 
Space on the board was at a premium [rom the 
beginning. So here is how it was used. 

POlVer supplies: 20 percent. There are fi ve different 
voltages used by various ICs in the design. Four of 
them required on-board power supplies. This does not 
count the RS-232 voltages generated by the ground 
support serial port (not used on the flight unit). There 
are also fi lters on the suppl ied lOY. 

EDAC memory: 20 percent. The EDAC memory 
scheme used requires the actual memory to be three 
times as large as the processor actually sees. This is 
necessary to allow a two-of-three vote for each bit. 
This scheme results in a much faster memory system 
than the EDAC system used on previous designs, in 
order to support the much faster processor. 

Unprotected menwry: 20 percent. There are e ight 
megabytes of memory here. Any data placed here wi ll 
have to be protected by software EDAe. 

Voltage level cOllverters/buffers: 20 percent. 
Generally speaking, the lower voltage an IC is 
designed to operate at, the less power it will consume 
(it's a square law too). And power is obviously very 
important in any satellite design. Unfortunately, not 
all functions are avai lable in low voltage ICs. And the 
satell ite interfaces between modules are typically 10v. 
Therefore quite a few voltage level converters are 
needed. This isn't as big a hit on space as you might 
think since these voltage level converters also function 
as buffers which, in most cases, would have been 
needed anyway. 

Connectors: 10 percent. There are six connectors, 
digital and analog, along a 200mm edge. There are 
also two additional connectOrs along a 270mm edge 
which are not used on the fl ight unit (such as the 
ground support serial port). 

Modems: 20 percent. This board wouldn' t be much 
good without some way to communicate with it. 

Miscellaneous: 20 percent. This includes things like 
telemetry gathering, CAN bus, and a cute little device 
called the SA-lIDO. The CPU is a 208 pin surface 
mount device with lead pitch of 0.5mm, more than 
five times closer together than a standard DIP Ie. 

Similarly the three FPGAs have 144 pins with leads 
on O.Smm pitch. The FPGAs are mounted on 
daughter boards to Facil itate logic analyzer connection 
and device removal. On the engineering units, 
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Figure 3. IflU-2 Photograph. Engineering model #3; six-layer 
board measures 270mm x 200ml11. 341 sluface mOllnt resistors, 
capacitors, diodes. and transistors are underside. For flight. the 
board is surrounded by an aluminum frame/wall to which the 
COllnectors and PSU devices bolt. For thermal safety, CPU and 
both memory systems have heat shunts to the nearest wall. Lower 
connectors and LEDs are for test purposes only and do not fly, 
whilst the 3 FPGA daughter boards, presently socketed, are 
soldered dowlI. The board is thell conformally coated. 

[ Power Supplies 

Uplink and 
I Downlink 

128Kb x 32 x 3 EDAC RAM 

Cam- I ' :A II 'PGA I'IX~~~ I I F~:A I era 
I/O 

C Demodulator 
10 5A· 1100 

C 1/0 

100 
[I Modulato r LEDs 

CAN Bus I 
[F[FI 

Memory buffers 

[ 2Mb x 32 Unprotected RAM I test test 

LJ LJ t.E:\ 
";:I AMSAT IHU-2 PCB Functions 

Figure 4. IHU-2 FUllctiolls Overlay. This diagram complements 
fhe photograph. Connectors from top-left are Spacecraft 
ItUeiface, Camera Intelface. IIQ Demodulator IF lip, IIQ 
Modulator IF Olp, CAN bus ill, CAN bus out, 110 expansioll 
(single wire), and Ground Test serial port (RS232). 



daughter boards are socketed. Due to the tight board 
layout, it was essential to pre-define the three FPGA 
pinouts for PCB routing. The rich on-chip rou ting 
resources of the QuickLogic anti -fuse FPGAs allowed this 
pre-definition with no significant impact on perfonnance. 
In the end, the FPGA utilisations were 99% of pins, 75% of 
logic and only 25% of routing resources consumed. 

As usual, the IOtal of used PCB space comes out at 130%. 
Nothing new here, mosl of our projects are like this. But 
somehow it always seems to fit. 

The board is conservati vely laid out using 10/9 rules 
(minimum trace width of 0.0 J 0 inches and minimum space 
between traces of 0.009 inches). The smallest dri ll size is 
0.0 15 inches for vias. The board ended up being six layers 
(four signal, one ground and one power). The power plane 
was di vided up to accommodate the various voltages used. 

All of the ICs are surface mount devices. Most of the 
resistors, capacitors. diodes, and transistors are also surface 
mount. There are, however, quite a few thru-hole devices 
such as large capaciwfs. large diodes, inductors, voltage 
regulators and connectors. There arc over 500 pans and 
almost 4000 soldered connections. The four PCBs (3 
engineering, I flight) were entirely hand soldered. 

IHU-2 device stati s tics : 

Component Surface-mount Thru-hole 

Capac itors 175 
Resistors 149 
Resistor packs 29 
res 77 
Tr ansistors 13 
Diodes 6 
Inductors 4 
Misc 

3769 solder joints 
519 electronic parts 

31 
4 

3 
7 

13 
8 

A photograph of engineering model #3 is shown in figure 
3, and a key to func tional placements is fi gure 4. 

DEBUGGING THE IHU-2 [JM) 

Bringing up a new computer from scratch is a fascinat ing 
experience. It begins with the application of power and 
literally checking for smoke (done Orlando, 1998 Mar II ). 
This is then followed by voltage measurements throughout. 
Essential services such as clocks are checked, and 
gradually static reasonableness checks are made to a li sub­
sys tems. 

Next, since this is a spacecrafr computer, one first 
in vestigates the command input hardware (uplink) 
bootloading system . Once this works, simple tes t programs 
can be uploaded. 

The very firSl program is typically minimal; drive the 

numeric LEOs at a rate of one count/second timed by delay 
loop. That's hardly a dozen instructions, but a successful 
outcome implies the satisfactory functioning of a 
considerable amount of circuitry, FPGA logic and CPU set­
up. See figure 5. The IHU-2 ran this , its first program on 
1998 Mar 27. 

; lHU-2·s tirst test pr09'ram. Drive numeric: Ll!':Os at rate ot l Is 
; ------------------_ ._ ... _. ------_.- ----- -------------- --------
init CDR r12,PPC.»ase ; ." PPC Base address 

HOV rO, t OxFF ,.t pins LooP-O] to be outputs 
STR rO, ( r 12, 10] wr i te FPDR (Di recti on Register) 
MOV rCl, .£1 st~r t display counter at 0 

main_loop STR rO, [r12,14] write PPSR [LEOs) 
AOO rO, r G, U increment display counter 

LOR rl.count i n itialise delay loop counter 
l~p SUBS rl. r1. n decrement counter, setting flags 

IlGT l oop loop " <1 > 0 

8 l1\lIin_loop repeat forever 

count EQVD 248"122 a r ound about 1 sec? 
PPC_base £QUO £1><;9£1£160£100 Pin Controller BlOSe add!: ... .. 

Figllre 5. The fi rst IHU-2 debug program. This aile lVas 
written on Christmas Day 1997, 2-3 mOll/hs before 
hardware existed. It worked first time. More demanding 
tests did not, and required regular software and hardware 
revision (coding and FPGAs), accomplished via the 
Internet. Later in the project (April 1998) the UK-AZ 
8-hour time lone shift problem required a 5-day nOll-stop 
meeting in Tucson to complete the work efficiently. 

The next program does something simi lar, but uses the 
external 20 ms interrupt to do the I second timing. This 
verifies that we can handle simple interrupts properly. 
Since there are] 5 possible interrupt sources in the IHV-2, 
this is a useful exercise to get right. 

The IHU-2 "talks" to the ground station via a beacon. so 
the next stage is a program that wi ll drive the downlink 
system, also by intenrupts. Its output is shown in fi gure 6. 
Data in the block is snatched from an SA- li DO 3.68 MHz 
internal clock, and gives a clue to processor speed. 

To conclude the 110 test phase, we check that there is input 
capability beyond the boot system. So the next test 
program is one that simply repealS any subsequent uplink 
straight back down on the beacon. This exercises two 
interrupt systems, and also requires circular buffer 
management to prevent input and output pointers from 
tripping over each other. 

At this point we have verified that we have a computer 
system with the fundamental s, boa tload, input and output 
functioning, In other wordS, a basically usable computer. 

All subsequent work is checking that the CPU can 
communicate with the hardware sub-systems, and that 
those systems themselves work properly. In the order that 
we tested them; the unprotected 8 MB RAM, IHU- I 
Engineering beacon monitor, IIQ modulator, IIQ 
demodulator, flash ROM read/write/erase, CAN bus, 
Camera interface, 1 wire serial interface, ground test 
UART. The memory E DAC system was checked by the 
simple expedient of omitt ing 1/3rd o f the memory ICs (one 
bank) during PCB assembly. These ICs were installed 
later. 

In a ll some 40 programs were needed. Most of the systems 
worked immediately. A rew did n Ol , particularly the 
specialised ICs used in the JJQ mod/demod circuits. 
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20ms, uplink and 
downlink handlers of Ihe 
IHU-2. When eventually 
uploaded 10 Ihe lHU-2 (i n 
lale May '98), IPS came 
up working immediately. 

Once an OS is running, 
programs can then be 
wriHen in the nati ve high­
level language, IPS itself. 
Many IPS programs and 

Figure 6. Downlink Screenshot. The first telemetry downlink block from IHU-2, 1998 Mar 29. library sub-routines. exist 
The data lVas time snatched from the SA-IIOO illlemal 3.684 MHz timet; giving an indication of already and run WIthout 
instruction speed (0.6 MIPS at that moment). Telemetry aficionados will notice the downlink problems. 
eRe errOl: This was traced to having !orgottelllO enable byte accesses to memory. This simple 
oversight was the cause of early debug frustration, and shows why trivial clues cannot be The version ported to 
ignored. IHU-2 is called IPS-EM, 
-=---------------------------------- and is 16-bit oriented, 
However. manufacturers' support was willingly given. and 
all systems were eventually brought up to specification. 

Software Development 

Writing the tes t software began as the railway train pulled 
out of Marburg after the December '97 review meeting. 
with a read-through of the amusingly entitled SA- I \00 
Data Sheet; th is "sheet" is 350 pages long. [41 In keeping 
wi th the spirit of our project, ac tual coding started whilst 
on fam ily vacation in Sweden over Christmas, using my 
host's computer. It continued for a month or so. 
Throughout all this, the IHU-2 ex isted only as drawings. 
Hardware appeared much later, in the middle of March '98. 

[n addi tion to the tes t sui te, two more important programs 
were written in this period. These were the Self-Checking 
Loader, and Ihe AMSAT P3 Operating System IPS. 

Self-Checking Loader 

A Self-Checking Loader is essential for loading long 
programs (i.e. longer than one boot block) into a spacecraft 
computer. This is because radio links are noisy. and 
therefore uplinked data sometimes gets corrupted. So, long 
programs have to be protected by a loader system that first 
checks itself for integrity, and then checks each larget 
chunk on receipt at the spacecraft, requesting a re­
transmission if errors are detected. 

IPS Operating System 

The AMSAT IPS operating system has been spectacularly 
success ful in AO-I O, AO- 13 and AO-21's RUDAK system, 
as well as in a variety of early computers, notably the Atari 
800 which was used fo r many years by P3 command 
slati ons. This author (JRM) has ported IPS twice to run on 
the Acorn R[SC Computer famil y. The first used BASIC to 
emulate a fi ctitious 64Kb computer called the M-9096. 
"C" would have been a better choice (for portability). The 
second port was written directly in assembler and is, 
unsurprisi ngly, about lOOx faster. Its designation is IPS-M. 

Acorn RISC Compulers use ARM architecture processors, 
so the port of IPS to the IHU-2 was remarkably 
straightforward. It was simply stripped of an host 
computer specifics until just three "hooks" remained; 20ms 
interrupt , keyboard and screen. Conversion to the IHU-2 
then only required substitution of these three elements by 
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reflecting its pedigree. Much of an IPS implementation is 
written in IPS itself, and a substantial proportion of 
IPS-EM high-level code is therefore identical to that of 
IPS-c/D (AO- I 31P3D), both I 6-bit environments. 

The 32-bit version of IPS, caned IPS-E, is presently being 
designed , and will be coded in the near future . It win be 
tested on an Acorn RISC Computer, and then ported to the 
IHU-2 in a manner similar to that described. IPS-EM is 
already blisteringly fast; IPS-E will improve on it by a 
factor of 2-3 , as well as properly embracing the native 
ARM 32-bit architecture. This topic is dealt with by KM 
I aler in our paper. 

About ARM Architecture 

Many readers of this paper will be unfamiliar with ARM 
culture. The name originates from the "Acorn RISC 
Machine" , but is now owned and marketed by Advanced 
RISC Machines Ltd. The ARM RISC instruction set was 
devised by Sophie Wilson in 1983 and survives, extended 
but largely unscathed, to this day. [2] The ARM 
architecture is formally defined in reference [3]. 

The first processor using these principles, called ARM- I, 
was fabricated by VLSI in April 1985, and gave startling 
performance for the time, whilst using barely 25,000 
transistors. [I]. Building on that success, the ARM-2 was 
developed, and appeared first in a desktop computer in 
1987, complete with a multi-tasking, mouse and window 
environment, drag n' drop, discless as and much else. It 
was years ahead of its time, and whilst its prized successors 
continue in production, Acorn RISC Computers [10.2) , 
along with many equally worthy platforms, have been 
eclipsed in popularity by global monopoly pressures in a 
largely naive marketplace. 

ARM implementations continued to improve as 
microprocessor concepts and fabrication techniques 
advanced, finding wider application in high performance, 
low-power embedded systems. In 1990 ARM Ltd. was set 
up, with partners Apple and VLSI with the mi ssion "To be 
the global volume RISC standard in the emerging markets 
where computing, communications and consumer 
electronics converge." 

This has certainly been achieved. ARM based processors 
are in fabrication by a large number of partners, using 
ARM-617/8/9 and SA-I macrocelis. ,see [10.1] for a long 



list that includes VLSI, CPS, TI, DEC, Sharp and 
Samsung. 

The embedded processor market is a quiet revolution; but 
the chances are that you used an ARM processor within the 
last hour; perhaps in your cell-phone; maybe at a "hole-in­
the-wall" cash dispenser linked by ISDN hal f way across 
the planet. Who knows? Who cares! 

ARM-60 processors are aboard TMSAT, TiungSAT and 
UoSAT- 12 as part of their CPS experiments. 

The SA-II 00 part adopted for the IHU-2 is an embodiment 
of the ARM architecture undertaken by Digital Equipment 
Corporation over the period 1995-7. Costing around $30 in 
quantity, it offers some 200 MIPS of performance for a 
fraction of a watt of power. The SA- ll OO process has 
recently been transferred to Intel Corporation. 

About RISC 

RISC stands for Reduced Instruction Set Computer, an idea 
proposed by researchers at Stanford and Berkeley 
universi ties around 1980. As related to the ARM 
architecture it means: 

a) Fixed length instructions; 32-bits 
b) All inSlructions can be conditionally executed 
c) Lots of registers 
d) Data processing is register to register on ly 
e) 3 classes of instruction: 

Data processing 16 ADD SUB etc., 6 MULTs and 
a few processor internal 
management 

Memory access 6 Load/store register(s) 
to/from memory 

Program fl ow 2 Jump. jump subroutine 

Olher features of the programmcr's model, deah with fully 
in [3], support a range of interrupts, traps and supervisor 
calls, all grouped under the general heading of Exceptions. 

The ARM handles [fO as memory-mapped devices with 
interrupt support. That is, devices such as discs, parallel 
and serial ports, etc. appear as addressable locations within 
the ARM's memory map. 

To support rapid context swi tching in multi -processing 
environments, the mapping between virtual addresscs 
generated by the processor, and the physical addresses 
wired to the memory chips is definable in chunks from 
I Mb to as small as I Kb. ARM architecture handles this 
through a Memory Management Unit (MMU). Also 
supported are instruction and/or data caches. MMU and 
caches are on-chip in the SA-I 100; the instruction pipeline 
is 5 tier. See [2] page 329. 

Development tools (hardware and software) are available 
for many platforms, including the IBM-PC under W3.1, 
W95 and W-NT, various Uni x systems, and Acorn RISC 
Computers. These tools use C, C++, JAVA and Assembler. 

Programming in ARM assembler is bes[ described as 
exqui site. 

ARM - Further Reading 

Furber's ARM System Architecture [2] is an excellent 
discussion of the ARM design in particular, as well as 
contemporary microprocessor issues in general. Written by 
one of the original 1980's ARM- I designers, now a 
professor researching (and making) asynchronous. i.e. 
unclocked, processors, this is the book for anyone 
interested in the subject at a serious level. 

The ARM RISC Chip [I], also written by an ARM pioneer, 
takes a programmer's approach. and is weighted more 
toward the instruction set than the silicon. As does Furber, 
this book also contains fascinating historical material 
nowhere else recorded. 

ARM Architecture Reference Manual [3] is the authoritative 
guide, and defines exactly what an ARM processor is. All 
ARM processors must conform to this text. 

Data sheets for individual processors and core macrocells 
are available from their manufacturers, ei ther on paper or 
via the Internet. 

CMOS CAMERA [PG] 

The IHU-2 wi ll have its own "eye." Recently (1997) there 
have been interesting new developments in the area of 
camera and CCD chips. A new technology, the so-called 
CMOS APS (Active Pixel Sensors) can be very simply 
integrated into digital circuitry. 

In contrast to the previous CCD sensors, these picture 
sensors can be read out like an EPROM. After applying an 
X and a Y address, the B-bit value of the picture 
information is available for the selected pixel. The 
complicated timing and digitizing of picture data become 
totally unnecessary due to an on-chip flash AnaloglDigital 
converter. There are no requirements regarding the 
read-out speed as with normal CCD camera chips. Pixels 
can be randomly read in any fashion , i.e. the same pixel 
can be read at high speed or sub windows of the pixel 
matrix can be accessed. The pixe l address can be 
calculated "on the fly." 

This is indeed a very important advantage compared to the 
standard CCD sensors with the more complex timing. 
Pixels can be read by an interleaving scheme, and thus the 
raw image resolution will improve when more pixels are 
downloaded, etc. The maximum pixel rate of the CMOS 
Active Pixel Sensor is about 4 MHz. The user has full 
control over the number of pixels to read out and can 
exchange image resolution for fTame rate. 

In addition the CMOS APS exhibi ts superb picture 
characteristics, such as a very large logarithmic dynamic 
range of nearly 120 dB (6 light decades) in comparison to a 
normal CCD sensor with only 60 to 70 dB. The camera 
can see very bright and very dark parts in the same image. 
The well -known "blooming" effects of overloaded CCD 
sensors also disappear. Pixels are non-integrating; after 
being activated they measure throughput, not volume. A 
saturated pixel will never overflow and influence a 
neighbour pixel. The dark limit is typical I lux (0.001 
possible) compared to 0.1 lux «0.0001 possible) of a 
normal CCD sensor. 
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Figure 7. CMOS Camera. 512 x 512 imager shown in 
evaluation board configuration. From [10.3 J. See text. 

The camera used has a resolution of 5 12 x 512 pixels with 
an 8-bit resolut ion for the brightness information (black! 
white). [10.3] The hardware effort is minimal , as is the 
interface to the IHU-2. The radiati on hardness of CMOS 
APS sensors is exceptionally good at nearly 1 Mrad. 
Typical CCD sensors have a comparatively low radiation 
hardness of approximately 10 Krad. 

The diameter of the earth is J 6' at a distance of 47,000 km 
and 20' at a distance of 36,000 km. We decided to use a 
focal length of I7mm. With the optical sensitive area of 
6.4mm x 6.4mm from our image sensor, this gives a Field 
of Yiew (FOY) of about 21 ' . In comparison, the SCOPE 
cameras have a FOY of 16' for the Camera-A (narrow) and 
32' for the Camera-B (wide). The precision optic for our 
camera is produced by Schneider Kreuznach. Because of 
the optical correction for the wavelength of 400 to 1000 
nm, it gives very sharp images without focal difference for 
the whole visible spectra to the near infrared. Further, no 
additional IR blocking fil ter is needed, which will also 
improve the overall sensitivity. The APS sensor has a large 
spectral response from 400 to 1050 nm and fits perfectly 
with the above optics. 

Originally it was planned to mount two of these cameras on 
the satellite. One camera On the upper side and the other 
on the lower side. The idea was to fi lm and thus document 
the separation of P3D after launch. Comparably 
spectacular pictures have already been provided by 
TEAMSAT [10.4] , launched with Ariane-502, which, as it 
turns out, employed the same camera technology. 

Due to space lim itations we decided to mount only a single 
camera on the upper side. Following separation it will still 
provide pictures of Earth. Later it can be used by IHU-2 as 
a navigation instrument in order to detennine the 
spacecraft's orientation towards the Earth, and so enable 
attitude adj ustment by the momentum wheels. [t would be 
also possible to measure and track the daylight border line 
on the earth and re-orient the solar panels to the sun. 

A subsequent job could be as star sensor for determining 
flight orientation, a task that the StrongARM SA-IIOO 
could eas ily handle. The pictures from the camera will 
initially be stored in the 8 MB memory of the IHU-2. 
Without compression 32 pictures could be so stored. 
Appropriate JPEG compression would allow many more 
pictures. even a motion sequence to be stored. Pictures and 
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motion sequences can be transmitted either through the 
THU-2's own high speed DSP downlink or through the 
RUDAK experiment. In the second case, images will be 
transferred over the CAN network into the RUDA K 
Mailbox. 

The CMOS APS camera is not intended to, nor can it, 
compete with the SCOPE experiment. It wi ll be a 
technology demonstrator for future experiments. 

AMSAT P3 FLIGHT COMPUTERS - PAST, 

PRESENT AND FUTURE [KM] 

Communication Constraints 

The P3-IHU was conceived in the mid-70s as a concept to 
run a spacecraft autonomously without conti nuous ground 
intervention. After thinking through and analysi ng this 
concept, it quickly became clear that project success would 
hinge on a sufficiently comfortable mode of programming 
and interacting with the computer. 

An important limitation is the speed by which da ta can be 
transmitted between the satelli te and the ground stations. 
The link performance, with distances up to 40,000 km, 
does not allow more than about 500 bitls under worst·case 
conditions, and this only if better than the usual digital 
transmission techniques are used. For this reason, a format 
of 400 bitls employing synchronous PSK was chosen [5]. 

Synchronous transmission formats arc naturally block­
oriented. so the adoption of PSK also suggested interacti ng 
with the computer in fixed length blocks - 512 byte blocks 
were chosen (with text this gives 8 lines with 64 
characters). 

In order to interact with the ground station computers, the 
same format was chosen. At the time this was a major 
departure from the "normal " way. because the typical 
computer of the time used character oriented teletype- like 
interfaces. Today it is nonnal to have a desktop with 
windows - but at the time the available video-units could 
barely support 16 lines by 64 characters. 

Over thc last 25 years the concept has proved its va lue. so 
there is no motivation to change it. It would be desirable to 
have higher interaction speeds with the spacecraft , but the 
link performance cannot be improved signi ficantly. On the 
other hand the communication formats provide some 
margin by exploiting high-perform ance codes. This would 
in principle aHow increasing the link-speed by a factor of 
5 - 8. Presently we have provided a coded format for the 
uplink of the regular P3D THU, not to increase speed, but to 
have error tolerance in case of interfcrence. With the 
IHU-2, the hardware allows experimenting wi th speed­
increasing codes. 

Program Performance and Interaction 
Constraints 

Also early on it was recognized that the on-board computer 
would have to support many programs "running at the 
same time." Thus a multiprogramming concept was 



necessary, and using today's parlance, a cooperative 
multitaski ng system was chosen. The system is in practice 
a single-user mul ti -tasking computer. In this environment 
a preemptive multitasking environment has more 
disadvantages than advantages; this was strikingly 
demonstrated by the nature of the problems encountered 
with the Sojourner-Rover on Mars (1997). 

Furthennore, it was required that at any time it would be 
possible to interact with the program on a ll levels. Thus 
the language handler was made in teractive; just another 
task running along with the other tasks. 

For the programming language itself, Forth was found to 
provide a good starting point, because this language is 
nearly syntax-free and naturally extendible. In fact the 
application-programs differ in no way from the original 
language-constructs. A major advantage was the fact that 
the system is extremely small compared to any other 
language handler. 

But it also soon became clear that Forth was in many ways 
too limited for our purposes. In particular: 

• Its user interaction was te letype-oriented and not 
transparent enough. 

The language constructs were very rough and "human 
engineeri ng" of the language had not really been a 
considermion in its design. 

The multitasking capabili ty had to become an integral 
part of the language. 

IPS - The Language of P3 Spacecraft 

With the abovc requirements, a language system was 
designed called IPS. Its basic structu re is simi lar to Forth, 
i.e. a virtual 16-bit stack-computer emulated on the 8-bit 
processors of the time. For most control purposes 16-bit 
words are sufficjent; for the few instances where 32-bit 
words were required, the language could be eas ily extended 
to provide the necessary operators for mathematical 
constructs. The language handler compiles addresses with 
two- level indirection. The resulting pseudocode allows 
very fast interpretation (emulation of the virtual 16-bit 
stack-machine). In addition, an interpretive mode is 
provided to allow interaction with the system - both 
programming and debugging. T he language handler itself 
is written in IPS - thus the total system needs only about 
8 Kbyte (correct, no mistake!) [6] 

T he in teraction interface was designed from the start to use 
Sl2-byte blocks; thus many of the character-handling 
complications did not have to be addressed in the 
spacecraft. For the ground-station computers the same 
in terface was adopted in various IPS-versions - early 
realizations of the windows concept. 

The language itself was be ta-tested in the University o f 
Marburg keepi ng track of the typical errors during 
programm ing. This allowed identi fication of those areas 
wh ich were particularly error-prone. As a result the 
language IPS was "cleaned up" and a couple of changes 
were implemented before freezing the design. Just to 
mention a few: name-redefinition was prohibited, names of 
Objects can have any length using a hashi ng teChnique to 
encode them (all characters significant). Also a number of 
compi ler checks were added to cateh the more common 

blunders. For this reason four distinct classes of code were 
created. 

For multi-tasking a three-level approach was chosen. 
Routines of moderate time sensitivity can be placed into a 
"chain" - all the operators in the chain are executed in a 
round-robin fashion. It is the programmer's responsibility 
to make sure that no task grabs the processor excessively. 
Some special routines have been provided to relinquish and 
recapture control when waiting for external events. 

Tasks requiring quicker service, say every 20ms, have a 
way of interrupting the high-level address interpreter (the 
so called emulator pseudo- interrupt). Practically no 
overhead results from this approach when a stack-machine 
is interrupted. The interrupting routines can be either IPS 
or assembler. This approach guarantees the atomicity of 
IPS-instructions. The pseudo~ interrupt turned out to be a 
very powerful concept and greatly helped to overcome the 
limitat ions resu lt ing from the relati vely small speed of the 
IHU. 

For extremely time critical tasks, real interrupt and even 
DMA is inc luded in this concept. 

IPS Performance on the IHU 

We have now about 15 years of in orbit experience wi th the 
IHU and IPS. We have learned that the processing 
perfonnance is quite adequate for the typical control tasks 
of a spacecraft using the COS MAC 8-bit processor running 
with a 1.6 MHz clock (0.1 MIPS of 8 bit). Also there have 
been no problems resul ting from the atti tude control and 
orbital mechanics mathematical requi rements which need 
to be performed in real time. But complex 
communications code-proccssing or real time image 
handling (e.g. as sensor complements) are beyond the 
capabil ity of the old IHU. 

An unexpected side effect of the IPS stack architecture is 
the property of the language to turn most programming 
mistakes in to errors resulting in the wrong number of items 
on the stack. This is immediately visible and thus a llows 
error detection very early on. Thus IPS-programs, once 
thcy run, probably have less hidden errors than programs 
written in syntax controlled languages. The net effect of 
this is that IPS has turned out to be a very usefu l tool to 
create ultra-re liable programs - for satelli tes definitely a 
welcome bon us. 

IPS-32 for the IHU-2 

With the IHU-2 we have jumped immediately from 8-bit 
machines to 32-bit machines. But IPS was only intended 
to emulate a virtual 16 bit machine. Thus the hardware has 
overtaken the software, and to continue with a 16-bit IPS 
would unnecessari ly tie down the performance of the new 
IHU-2; it takes more overhead (2-3x more) to emulate the 
16 bit architecture of IPS than just passing through the 
32-bit perfonnance of the StrongARM. 

Fortunately to redefine the word-structure to be 32-bit does 
not significantly impact the language itself. In fact mOSl 

programs would run without any changes. Only programs 
which explicitly exploit the wrap-around properties of 16-
bi t words (like our angle representation used in the 
spacecraft) would need some modifications. 

151 



Basically the implementation also 
becomes simpler using the 32-bit 
words of the processor for the kernel­
prim iti ves. But there is a down-side; 
because now the addresses compiled by 
the system are 32 bit instead of 16 bit, 
the memory requirement about 
doubles. In practice, this is no 
problem, because duri ng the last 25 
years, computer memories have 
increased about 1000-fold. So a factor 
of two can easily be absorbed today -
the system will be about 16 Kbyte 
large. Also this allows eliminating 
some of the specialised memory saving 
constructs of the old IPS (like I byte 
literals), making the system simpler. 

10. Internet References: 
I . ARM Lid . http://www.arm.coml 
2. Acorn RiscPC http://www.aeorn.comlacornfproducts/strongarml 
3. CMOS Camera http://www.imee.be/fugalfugaldatasheets.html 
4. TEAMSAT pholos http://www.imee.be/fugalemos/vts.html 

5. SA· I IOO 
6. FPGAs 
7. AD7013 
8. AD607 
9. AD9831 

10. M C I 45 151 
II. Max2452 
12. AD70 11 

13. IPS Book 
14. »3 Demod PCB 
15. IH U-2 Article 

(in English) 

The only remaining obstacle at this time (May '98) is that a 
different pseudo-code structure needs a new compiler. 
Previous versions of IPS have been compiled using a 
special meta-compiler (IPS-X) which creates the specific 
16-bit pseudo code. Using this tool , the first 16-bit IPS for 
the IHU-2 (IPS-EM) was created [7]. 

For IPS-32, the meta-compiler must first be modified in 
order to compile the new larget pseudo-code. All other 
tools have been built during the last 12 monlhs on Acorn 
StrongARM RiscPCs, in particular an assembler for the 
StrongARM, written in IPS [8]. 

So it is probably only a malter of a fair ly short time, until 
IPS-32 becomes available for both the IHU-2 and the 
RiscPC. Then the about 5000-times larger power of the 
StrongA RM will be available from the very convenienllPS 
interface giving us unprecedented processing power to 
explore new software communication technologies both for 
space and for the ground-segment. 

THE PLAYERS AND 

ACKNOWLEDGEMENTS [LJ] 

The projec t leader is Lyle Johnson, WA 7GXD. He also did 
most of the hardware and logic des ign, and some 
debugging codc. 

Chuck Green, NOA DI, did the PCB layout and constructed 
all engineering and flight units, as well as participated in 
the dehugging process. 

James Mi ller, G3RUH, ported the IPS operating system to 
the ARM and the IHU-2, wrole the vast amount of 
debugging code, assisted in the debug process in sunny 
Tucson and edi ted Ihis manuscript. 

Karl Mei nzer, DJ4ZC, provided mueh of the stimulus for 
the project, embarked on the design of IPS-32, held out for 
the si ngle-wire seri al interface and IQ modem functions of 
the system, as well as hosted the design review less than 
two weeks before Christmas. 

Peler GOlzow, DB20S, initiated the discussions that 
launched the project, found the camera technology and 
researched and located much of lhe infonnation needed in 
the early design discussions. Peter's more general IHU-2 
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article, suitable for magazines, is available from [10.15]. 

All the players participated in the intense design review 
meeting, evaluation and critiques of the evolving design. 

Others who have made technical and logistic contributions 
include, with thanks, Werner Haas DJ5KQ (AMSAT-DL), 
Matjaz Vidmar S53MV (high speed data), Larry Brown 
NW7N (tantalum IC shields), Dick Jansson WD4FAB 
(heatsi nk metalwork), MMSI Tucson (test equipment), 
Slacey Mills W4SM (proof-reading) and our families 
(understanding). Personnel may be contacted via 
calfsign@amsat.org 

AMSAT-DL agreed to fund the project, which almost 
immediately exceeded budget. 
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Antarctica and Amateur Satellite Radio. 

By Ronald Ross, KE6JAB . 

The idea for a trip to Antarctica began 10 years before. I had wanted to travel to the North Pole in 
1987, but for the usual everyday reasons I did not do this. I regretted this for many years after, 
therefore when the opportunity to go to the South Pole arose in early 1997 I vowed I would not let 
this chance go by for any reason. Travel to Antarctica and the South Pole was arranged for De­
cember 1997, and a return in January 1998. 

Early in 1997, I had read an account of an attempt to fly to the North Pole by Scott Hamilton, 
N l VFW. He had sent back messages through the PACSAT's, while onboard a plane going to the 
North Pole. This intrigued me. 1 thought while at the South Pole I could send text and images back 
to my friends and family via amateur satellite. Therefore, the quest to put together a lightweight 
portable system began. It should draw as little current as possible, yet provide reasonable through­
put. 

I had been planning on setting-up a PAC SAT station for a year or so, but hadn' t got round to it, 
mostly because of the practical, domestic implications of the antennas. I had always been interested 
in satellite communications, and had worked the MIR and the Space Shuttle in the past while 
camping in the Nevada desert. These contacts I had done with a fairly basic setup. 

In early September 1997, I put a message on the AMSAT-BB, asking what people thought might be 
the most compact and portable PACSAT station suitable for an Antarctic expedition. I received 
many messages and many recommendations, the consensus being an ICOM IC821H, a PACOMM 
modem, a combination of antennas were suggested. 1 had been using a FT530 HT and a linear amp 
with a Ringo Ranger up till this time, mostly for voic.e and packet communications while camping 
in the deserts of Nevada and California. I had also been doing some ATV experimentation using a 
70cm eggbeater, therefore I decided to go with the 2m Ringo for uplink and the 70cm eggbeater for 
downlink, and purchase an IC821H. While debating over which PAC SAT to use, the 1200B or the 
9600B, I came across an article written by Steve Ford, WB8IMY, on 9600B modems for PACSAT 
use. The article compared the performance of the Kantronics KPC9612 modem with several others. 
I had a KPC9612, but was unaware that it was compatible with PACSAT usage. A quick message 
on the AMSAT-BB let me know that quite a few hams were using this modem with good results. 

For camping and cold weather preparation, we went many times over the course of 1997 to the de­
serts of Northern Nevada, 350 miles from our home in San Francisco. We tested the PACSAT sta­
tion mostly in the desert, trying to emulate the conditions and in particular trying to make things 
work in an environment with only what we had brought with us. Our home environment was not 
practical for getting antennas on and off the roof, therefore we kept things as simple as possible, 
when testing at home. After much experimentation, with a very minimal system, a pre-amp was 
added at the antenna for the down-link and a 2m eggbeater antenna was added for the up-link. This 
resulted in the bare minimum I thought I could afford in weight and portability, and still provide a 
reasonable performance. 

When I tried to connect with the satellites, UO-22 or KO-25, the competition in and around San 
Francisco left me somewhat at a disadvantage with no directional antenna for the up-link. Before 
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we headed South I still had only uploaded and downloaded messages of less than 2K, not any im­
ages. I had concerns about the setup, especially the modem transmit side. Sending and receiving 
messages would be OK, sending images would be a bonus. The major benefits I would enjoy while 
in Antarctica were, at such southerly latitude, there would be no competition for the up-link chan­
nel, and a large number of good passes over the day every 90 minutes. I was counting on those two 
advantages to pull me through. 

The only way to get to the interior of Antarctica and to the South Pole privately is with an expedi­
tion company called ANI. They have been providing logistical support for private, polar expedi­
tions for a number of years. They have a basecamp 600 miles from the Pole at Patriot Hills, and use 
a nearby blue ice runway for wheeled aircraft to land. About 100+ adventurers and tourists travel 
with ANI each year. 

During the course of my preparing the PACAST station, I had asked Jerry, N8ULU and Roy, 
WOSL if they would receive my messages and images from Antarctica. In turn they would forward 
those via the Internet to my longtime friend and fellow camper Ed, KE6IZN, to post the images on 
my web site. For text messages, I had set up an Internet mailing list for all interested persons to 
subscribe and receive those messages from Antarctica. 

The weight allowance for the Antarctic flight was 50Ibs/person, over that the charge was $30/lb. 
The radio, laptop, antennas, feedline,battery and all the peripherals easily took up a big part of that 
allowance, and did not include my clothing and other personal items. I had a 10Ahr and a 18Ahr 
Gel-Cel battery. The 10Ahr was fine but I decided to go with the 18Ahr just to have a bit more 
margin, though it would cost in weight, 121bs. 

I packed most ofthe equipment into two soft travelling bags, the antennas, the radials and fragile 
stuff was wrapped with heavy woolen socks, thermal underwear and fleece sweaters. The feedline, 
Belden 9913 and LMR 400, was coiled up with the preamps secured inside the coils, somewhere in 
between all this was the battery wrapped inside two plastic zip locks. The radio I carried in a pho­
tography shoulder bag, along with the laptop and modem in my rucksack. 

We had planned to take images from our camcorder using a frame grabber and send those images 
over the satellite. My wife, a photographer, had managed to persuade Olympus into lending us a 
D500-L Digital Camera for the trip, this was a big bonus and enabled us to send excellent JPEG 
images of typically 70kb or less. 

Our route to Antarctica would be from San Francisco to Miami, to Santiago, Chile, to Punta Are­
nas, which was at the southernmost part of South America, just across from Tierra del Fuego. 
There, we would meet up with others at the ANI office and fly onward to Antarctica aboard a 
chartered LC-130 Hercules transport plane. 

After waiting 2 days for clear weather, we left Punta Arenas, just days before Xmas, for Patriot 
Hills, Antarctica. The cloud cover was not too bad and we were able to see our first icebergs, pan­
cake ice and pack ice and then the vast snow landscape that is the Antarctic continent. After 6 hours 
flying we landed at the base-camp. We settled in to our tent, enjoying everything new, and espe­
cially the 24hr sunlight, the temperature was around + 15F. We remained on Chilean time for prac­
tical reasons, though we were now at 80S, 81 W, a few more hours eastward 

The next morning it was clear and windy. I got two 8 foot bamboo poles from the camp supplies 
and secured an eggbeater antenna and it's radials on each one, put the preamp on the downlink 
pole, and placed each pole on either side of the tent. The tent had a snow wall on each side in order 
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to let the wind blow over the tent and not against it. The poles were driven into the accumulated 
snow and ice that had built up around the wall. A feedline to each antenna was laid out and fed 
through a pocket in the side of the tent. The radio, modem and battery were unpacked and carefully 
setup on my sleeping bag; everything seemed to have survived the journey. The next step was to 
get the local and UTC time set correctly for pass prediction. We were 3 hours behind UTC, a sat 
pass ofUO-22 was coming up soon. I was ready to monitor the radio receive signal for this pass, I 
had thought about this moment many times over the months, wondering if everything would work 
the same down here. Sure enough, as predicted by STSPLUS as the elevation ofUO-22 increased 
the needle started to flicker right and a strong signal Vias observed, test one was over. Another good 
pass was due in 90 minutes. As I waited for the next pass I fired up WISP and prepared a short 
message to be sent to N8ULU, the subject line was "we're here", the message was "Hello Jerry, we 
made it! pIs rply. RR." I had a follow up message much longer in the buffer describing our flight 
from Punta Arenas. 

The pass came, it was one with a high maximum elevation, the strength needle flickered into the 
red zone on the IC821H, right on cue. WISP responded with an upload request, the request was 
granted and the file was uploaded then the next one. I was shocked it had worked so easily and I 
had no other messages to send, nobody else was logged in, and at least five more minutes of the 
pass was left. WISP began to update my directory, which was seven days out of date. I was elated, I 
shook my wife awake to tell her the news, this was the first of a few "middle of the night" waken­
ings she had to endure. The rest of that day I had a permanent grin on my face, all those months of 
testing, frustration, worrying if! would get everything transported, and whether it would work, had 
finally paid off big. It felt very satisfying indeed. 

The others at the camp were happy at my success, though a little confused by what it all meant, at 
first. The next big thrill was getting a message back from N8ULU, a day later. I can't say how 
strange this seemed, having the message pop open on my laptop screen was a surprise when it hap­
pened. The strangeness was not the virtual communication which I was used to, but then going out 
of our tent, realizing how physically remote we were. I could see mountain ranges on one side then 
just snow stretching for thousands of miles on the other side with nothingness till the coastline. 

After this I began to get messages from other hams around the world who had been downloading 
my reports to N8ULU, and WOSL, those messages were warmly received. The best passes for my 
setup happened to start after midnight local time and continued till roughly 9am. Each night I 
would get 5-6 good passes on UO-22. Each morning the other people in camp would quiz me, 
wondering what new messages had arrived from the world outside. My intention had been to send 
text on UO-22 and images on KO-25, but I could not make a link with KO-25 to begin with, for the 
first week I stuck to UO-22. 

The next test was to upload an image. We had been having problems with the digital camera, the 
batteries would run down very soon after powering it up. We thought it might be the cold, but I 
think the NiMh batteries had not been charged for a while, each subsequent charge appeared to 
make them last longer. A photo of a penguin from the rookery back near Punta Arenas was se­
lected for the first image upload, and after two passes we got it uploaded completely. 

I still had not seen anyone else logged onto UO-22; I also noticed how I experienced less fading 
than I was used to in SF. A strong signal was gotten right after rising above the horizon then a deep 
fade, then a strong signal till the end of the pass, with little fading. Later I noticed how strong the 
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signal from the satellite could be, without turning on the preamp I would see the QST message 
from UO-22 on the WISP screen. 

A few days later and always on the early morning passes, as the satellites worked their way down 
S. America I could see other hams logged into both UO-22 and KO-25. Further tweaking of my 
setup allowed me to send images on both KO-25 and UO-22. At times, I was sending two to three 
images a night. The best I could achieve being a 70Kb image in one pass. I found that KO-25 was a 
better "listener" than "talker" and the opposite for UO-22. However this difference was quite mar­
ginal. My main problem when operating was tuning the Doppler shift, not that I couldn't do it, but 
that I got distracted by things on the laptop screen and was quite far off when I looked back at the 
radio receive signal. 

The PACSAT station drew quite an interest in camp, and often I would have a few other people 
sitting in our tent watching messages get uploaded and downloaded. We all eagerly awaited that 
screen to pop up with personal messages. Some of those were from my family, via AOL, via WOSL 
and some from other people on the mailing list. 

We flew from the base-camp to the South Pole in a Twin Otter aircraft, I did not take the P ACSA T 
station to the Pole, mainly because of the antennas, having to dig them out ofthe snow, and the 
space limitation on the plane. In retrospect I wish I had. Yet, I did send a report and an image taken 
at the Pole, several hours after we returned to the base-camp. Those appeared on my web site a few 
hours later. 

The 18Ahr battery lasted for about one week before needing charged. The wind generator in camp 
was working again after being damaged in a blizzard, but I was able to borrow a solar panel that 
normally lived on board the Cessna plane used at Canlp. That allowed me to be independent but I 
had not brought an inverter, and had to rely on AC power from the official radio tent to recharge 
the laptop, camcorder and digital camera. 

My operating routine for the first week was to just stay up till whenever I got my messages and im­
ages uploaded. This often meant sitting in the coldness of the tent for several hours till around three 
or four am, then turning in for the rest of the night. Once the initial excitement died down, I placed 
the radio and modem on a box beside the sleeping bag and would have my watch alarm set for each 
upcoming pass throughout night. I would wake up five minutes before the pass, get the laptop run­
ning, tum on the radio and modem, upload a message:, and then shut down everything, all without 
getting out of my sleeping bag. The only time this routine failed was when the wind was blowing 
so hard enough that I never heard my alaml over the sound of the tent being buffeted. Towards the 
end of the trip I had enough uplink bandwidth that missing good passes didn't matter so much 
anyway, I could get an image uploaded, with relative ease. 

In camp each day we would take short trips to the sWTounding hills and glaciers by skidoo or ski, 
and if extended good weather permitted we would talee a tent and food supplies for a few days 
camping. Each night I would send back a report of the things we had done and seen, and sometimes 
send an image of the local terrain. 

We had one other ham in camp Art Mortvedt, KL7RL, he was from Alaska, and would often get a 
phone patch on 20m through Bob Hines, K4MZU in Atlanta to his wife, back in Alaska. In the 
early hours 151 Jan, I talked to Bob, K4MZU. The sigtlal was strong and clear. We were in Art's 
tiny Kelty tent while outside a blizzard raged on, it was quite a thrill. 
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Our return date from the basecamp to Punta Arenas was set for 5th January; this was more of a tar­
get than a reality. In fact we never returned because of poor weather for almost another week. Just 
prior to this a Twin Otter had been sent to the South Pole Station to pick up two expedition groups. 
The first group were 3 Icelanders a father, son and friend. They had left Patriot Hills 2 months be­
fore. Each pulled a sledge all the way to the Pole. The second group was three Australians, who 
also pulled sledges from Birkner Island, much further Eastward, beginning two months before and 
they also made a successful trip to the Pole. When they arrived back at the basecamp we were 
treated to a first hand account of their experience, which was truly· fascinating. We took pictures of 
both groups and sent images back on the P ACSAT station. Ed, KE6IZN, who was managing my 
web site back in San Francisco, sent a copy of the Icelanders picture to their expedition web site in 
Iceland for their fami lies to see. 

A day later, Olafur the father on the Icelandic expedition told me he had just talked to his wife in 
Iceland, using the Satphone in camp. His wife and family were so relieved to see how healthy they 
all looked in the picture they had received; it was all possible by amateur radio. Olafur was so 
happy, and I felt glad I had brought this P ACSAT station, and proud of all the amateurs who had 
made such a system possible. This single event made it worthwhile for me. 

The weather cleared, and on Sunday morning the II t1> January I filed my last report to Roy, WOSL 
from Patriot Hills. I then spent the next few hours dismantling the P ACSAT station. I had sent over 
70 messages, 11 of them were images, it had been a great success, and things had turned out even 
better than I had hoped. Almost six hours later the HERC landed on the blue ice runway, to take us 
back to Punta Arenas. We took one last look at the camp then departed, four hours later we saw our 
first sunset in three weeks, and three hours after that had our first shower! 

Back in Punta Arenas at an Internet cafe I was able to look at my web site and see all the messages 
and images posted. Ed, my friend who had moderated the mailing list summed it up for me in one 
message, and I quote. 

"It 's been fun living this vicarious adventure. It all seems to have happened so fast, and I 
don't want to go home yet . .. 

It was a great adventure; the radio part was a super experience. We hope to go back to Antarctica 
one day, soon. I'm very grateful to all the people in and out of AMSA T who helped me, especially 
Roy, WOSL and Jerry, N8ULU, and Ed, KE6IZN. 

The complete text will also appear on my web site, www.thistle.org. with links to some of the pictures we took using 
the digital camera. 

Ronald Ross, KE6JAB. 

Equipment used. 

ICOM 821 Radio. 
Kantronics KPC9612 Modem. 
Toshiba 486 Laptop, running Windows 3.1 with WISP and STSPLUS. 
ARR and SSB 70cm GasFet Preamps. 
2m and 70cm eggbeater antenna's with radials from M2. 
LMR400 and Belden 9913 Feedline. 
Olympus D500-L Digital Camera. 
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KE6JAB/Ke4 
~ANTARCTrCA 

Taken at Patriot Hills Basecamp, 
showing my radio tent, antennas and radio/laptop. 


