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Abstract

PCsat was designed and built as a student project at the US Naval
Acadeny and | aunched on 29 Sept 2001 on the Kodiak Star m ssion as an
experimental comunications payload to not only introduce students to
space systens engineering, but also to begin a series of experinents in
| ow cost spacecraft telenmetry system and data comruni cations for nobile
satellite wusers. An additional unique feature of PCsat was the
integration of nultiple worldwide Internet |linked ground stations
allowing around the world access to satellite telenetry and
conmuni cations live from anywhere.

PCsat was a conpl ete success and it has been used by thousands of users
inits first 9 nonths of flight. It has validated the viability of our
using off-the-shelf AX. 25 for all Telenetry Conmand and Control as well
as supporting a bent-pipe nission. As our first satellite, we have a
ot of lessons |earned and experiences with spacecraft operations and
many ideas for the future. This paper sumarizes the design details for
PCsat and highlights of the first year in space including what we have
| earned and what new experinments we want to do on our next
conmuni cati ons mi ssion.

exi sting APRS terrestrial
THE PCsat APRS M SSI ON tracki ng network.

The APRS M ssion as inplenented The satellite downlink from such
in PCsat is a generic mission travelers or renote sites are fed
(supported by any AX. 25 TNC in into t he exi sting wor | dwi de
orbit) to provi de real -tinme Internet |inked ground system by
nmessage, posi tion, and status a few permanent ground stations.
rel ay vi a satellite to a These APRS satellites would join
wor | dwi de I nternet |inked amateur our own PCsat , and ot her
radio tracking system Any University built small satellites
amat eur or university payl oad can to provi de connectivity to
support this mnmission by sinply everyone involved in this m ssion
enabl i ng the DI G PEAT-ON function providing connectivity to their
in any AX. 25 conpati bl e birds while not locally in view
transponder (TNC). The users of
such a relay system can be for
Boat s at Sea, renot e
envi ronnent al sensors, Cross

country travelers, expeditions,
school projects, or any other
travelers which are far from any
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PACE SHST3HS LABORATORY

Photo 1. Prototype Communi cati ons
Satellite (PCsat) wi th Antennas

The Space segnent of PCsat/APRS
had been tenporarily denonstrated
a nunber of tinmes in space via
MR School tests, the Shuttle
SAREX, the SPRE m ssion, AO 16,
UO-22 and nore recently via
SUNSAT and | SS. PCsat operated
under the rules of the Amateur
Satellite Service and the rules
of the FCC. Full details of the
PCsat mi ssion can be found at:

http://ww. ew. usna. edu/ pcsat

http://ww. ew. usna. edu/ ~br uni nga/
astars. htnm

Photo 2. Prototype Conmuni cati ons
Satellite, PCsat and Design Team

PCsat M ssion Acconpli shnents
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Once in orbit, PCsat operated
flaw essly except for a failed -2
sol ar panel on launch. During the
first 6 months of operations, it
| ogged over 1100 users all around
the world and the worldwi de
amat eur tracking network fed al
dat a live to t he
http://pcsat.aprs.org web page so
that it was available to everyone
participating live.

Furt her PCsat conmuni cati ons were

used in a nunber of
denpnstrations such as t he
Nat i onal Space Cent er in

Lei cester England on 13 Cct 2001
and the Marconi 100'" Anniversary
cel ebration in St Johns
Newf oundl and on 12 Decenber 2001.
On 25 Cct, the first trans
Atl antic contact was nade between
the USA and England and in New
Zeal and PCsat was wused to relay
the status and position of a
group of elderly Walkers on a
1200 mile odessy across the
i sl and. During the cold Arctic
wi nter and into spring, PCsat was
used by VEADS near the Arctic
Circle to report his position and
status on frequent 300km 18 hour
trips across Northern Canada i ce.

On 31 Cctober the onboard GPS was
activated and achi eved | ock on 11
satellites proving the success of
the on board DLR GPS experinment.
On 17 Jan 2002 the first nessage
was automatically relayed from a
renote user on the internet via
t he terrestrial system and
delivered by satellite to an end
user.

Al so in Mar ch 2002, PCsat
comuni cations were denonstrated
on the Submarine USS Parche by a
graduated nenber of the design
team ENS Scrabek and the Sub’s
commandi ng of ficer CDR  Chas
Ri chards. O her DOD test
partici pants were Reserve units
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in New York and Maryland, the
Arny Command and GCeneral Staff
Col | ege Space Operations Course
in May and the Air Force Research
Lab in Ronme, NY during exercise
Team Patriot in June 2002.

The popularity of PCsat was
evi denced by coverage on Nationa

Public Radio on 13 Nov, Online-
Tonight and CNN on 27 Jan 2002

Stories wer e al so wi del y
publ i shed by the Associ ated Press
Air and Space nmagazi nes as well

as all of the Amateur Satelliite
literature giving great exposure
to the Amateur Satellite Service
and student devel opnents.

During a Full Load test at the
end of June 2002, over 56
stations were able to use PCsat
on a single afternoon series of
three passes. Although PCsat can
support many tinmes this nunber,
it was the largest number of
users we were able to gather up
in only a one day short fuzed
denonstration bef ore PCsat
entered deep eclipses.

LESSONS LEARNED

The foll owing el ements of PCsat’s
desi gn wer e val i dat ed and
performed flaw essly:

Dual Redundant payl oads/systens
Conmands and Har dwar e redundancy
Conmrer ci al Teflon coated solar
panel s

Ther mal desi gn wi thin a few
degrees

Orbit tenps within 10 deg vari ance
Thermal design balanced within 5
deg

Radi oneter spin between .5 and 1
RPM

Magnetic Stabalization

Good |ink budgets

Doppl er UHF wi deband conpensati on

Ground station I nt er net Li nked
system
Fai |l -safe circuits and SEU

recovery
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Di sci pline of User Servi ce

Agr eenent

The only failure was the -Z sol ar
panel which was anticipated as it
had had two problens during
manuf acture but was flown anyway
because we had no backup. Al so,
it was the only solar panel that
was not wired redundantly.

The main | esson | earned was that
average sol ar power is not always
average! Failure of the —-Z pane
only inpacted the power budget
about 18 percent on average, but
during certain phases of the
orbi t and PCsat’'s magneti c
stabilization, this inpact was
much higher for a substantia
portion of sone orhbits leading to
a negative power budget. After 9
nont hs, the deep cycling of the
batteries during these eclipse
ti mes makes PCsat now only usabl e
in the sun side of an orbit.

A second | esson |earned was that
spare receivers shoul d be
desi gned to save power by
hardware sleep-circuits keeping
them “on call” but at only about
10% of the current drain. After
the solar panel anomaly, we had
to keep both UHF receivers off

all the time to save power. But
the fail-safe reset algorithm
al ways turns t hese backup

receivers back ON thus adding to
the negative power budget during
hi gh eclipse seasons.

FUTURE PCsat Fol |l ow-on M ssi ons

PCsat’s comm system was based on
the AX 25 packet radio protocol
that is inplemented in a nunber
of off-the-shelf nodens (called

Ter m nal Node Controllers or
TNC s). This type of sinple
approach to satellite Telenetry
Command and Control wll |Ilikely

be part of our future student
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satellite projects. Al t hough
PCsat wused the Kantronics KPC
9612+ TNC to be described later,
there are two other |ow cost
alternatives that can also be
used for the design of sinple
practical satellites.

An advant age of the AX25 protocol

is that any node in the system
can be used for relaying data
bet ween any other nodes. Thus,

the TNC can not only provide the
dedi cated up and downlinks and
conmand/ cont r ol channel s, but
al so serve as a generic relay for
ot her applications on a secondary
basi s. Exanples of TNC s on
orbit are SAREX, SPRE, MR, ISS,

SUNSAT, OPAL, PCsat, SAPPH RE and
STARSHI NE- 3. But PCsat was the

Photo 3. The M M nodul e desi ghed
by the author and now in
production at Stanford Univ.

1200 Baud KPC- 3+

The second and nore capable
telenmetry is the use of a
Kantroni cs KPC-3+ TNC which has
the advantage of an AX. 25 data
receiver and thus the ability to
do command and control. It can
even be carved down to fit within
a four inch cubesat.
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first to use the TNC as the
conpl ete Spacecraft system
controller with no other CPU s on
boar d. Here are our choices for
si npl e AX. 25 hardware:

The M M Modul e

The sinplest Telenmetry module is
the one cubic inch MM nodule
whi ch provi des for nmul tiple
periodic AX 25 packets at 1200
baud AFSK with up to 5 analog
channels and 8 on/off bits.
Different rates can be set for
t he BEACOQON, Tel enetry, GPS
position and CWID s. The nodul e

has no conmand and control
capability, but that is easily
added with CTCsSsS or DTMF
decoders.

Photo 4. The KPC-3+ TNC system

This gives the same Telenetry,

Beacon, GPS and CW ID capability
as with the MM nodule, but
includes a full TNC DI G PEATER
and 4 channel COMVAND/ CONTROL
channel as well.

The PCsat 9600 Baud KPC-9612+

The Kantronics 9612+ TNC as used
on PCsat adds a second comm port
to the TNC offering one port at
1200 and the other at 9.6 to 38.8
Kbaud. The 9612+ offers the sane
5 analog telenmetry channels of
the MM nodule and serial port
comrmuni cati ons of other TNCs, but
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al so gai ns a t ot al of 8
configurable command or 1/0O bits,
four ON OFF conmand bits and one
input bit. These were sufficient
to handle all of the Telenetry
Conmand and Control for PCsat.

The PCsat M SSI ON DESI GN DETAI LS

The PCsat APRS mi ssion objectives
wer e:

Handhel d/ Mobi | e live digital
tracking and communications in
footprint

Wor | dwi de handhel d & nobi | e

position and status reporting (via
internet)

Handhel d and Mobil e nmessage uplink
to satellite (then to Internet)
Handhel d and Mobi | e message
downl i nk/ delivery from Internet
Nati onwi de Bull etin delivery

Low Power GPS tracking of buoys,
telemetry devices, wildlife, etc

Ot her Ul digipeating applications
Wor | dwi de one-line Emailing

School denos/satellite | ab
activities

All of these mission objectives
were net with just the sinple
hardware TNC on orbit acting as a
U digipeater. Also, the TNC
itself was the only command and
control systemon the spacecraft.
Not only was this satellite
hardware sinple, but it can be
reproduced by other satellite
bui | ders to hel p form a
constellation of these relay
satellites, all operating on the
same frequency to give nobile
users extended access beyond what
is possible with one satellite
al one. This concept of a
Bui | ders  Channel for simlar-
m ssion spacecraft was presented
at the year 2000 AMSAT Synposi um

[1].

PCsat ASTARS BACKGROUND
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ASTARS (for APRS Satellite
Tracki ng and Reporting Systen) is
the space segnent of the APRS
system whi ch has evol ved through
a nunber of existing and previous
satellite experinents. First was
1200 Baud PSK ASTARS (called
TRAKNET [2] at the 1998/ 99 AMSAT
conferences) using AO 16, LO 19
and | O 26. It is a very viable
capability for stations with PSK
TNC s or using nore recent sound-
card modem uplink capability[3].

But it was not popular due to the
rarity of PSK nodenms anopbngst nost
amat eur satellite operators.

Satellite packet experiments
using 1200 Baud AFSK ASTARS,
however, which any TNC can do,
were denonstrated nany tines
during experinments with the Space
Station MR 4] packet system and
SAREX[ 5] . These experinents
culminated in the June 1999 week
long experinment via MR which
used the new kKenwood TH-D7 with
built in 1200 and 9600 baud TNC s
to demonstrate two-way self-
cont ai ned Handhel d APRS
conmuni cations via MR at 1200
baud. During this test[6], over
55 stations conducted 2 way hand-
hel d message conmuni cati ons.

In the vyear 2000, experinents
were conducted with 9600 BAUD
ASTARS using UO 22 and SUNSAT and
the new Kenwood 1200/9600 baud
APRS data mobile radio, the TM
D700A [7]. This dual band data
radio with built-in TNC s and
front panel APRS displays nmade it
possi bl e to send and receive the
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Photo 5. Chas Richard, WIHFZ' s
mobil e APRS Satellite capability
(including HF.
very short APRS style
communi cations via any 9600 Baud
PACSAT wi th digi peat enabled (UG

22).

Thus, the TMD700 radio is an
of f-the-shel f satellite dat a
term nal ready for ASTARS and it
needed NO PC or other accessory.
Kenwood also followed suit with
9600 baud upgrades to the TH
D7(GQ HT with its internal front
panel di spl ays. Alinco also
sells an integrated TNC/ Radio
called the DR-135 which can al so
do both 1200 and 9600 baud built-
in, though it needs an external

Laptop to display the APRS dat a.

THE | NTERNET

Unli ke previous Amateur Satellite
design, PCsat capitalized on the
connectivity of the Internet by
l'inking t oget her nmul tiple
di sparate downl i nk sites to
provide a trenmendous gain in
reliability through space and
tinme diversity reception.
I nstead of each station requiring
their own downlink receiver and
then only being able to hear
packets within his own footprint,
the I nt er net al | ows a few
stati ons, called SAT- Gat es
(Satellite | GATES) to conbine all
packets heard into the existing
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wor | dwi de APRS infrastructure
(APRServe)[8] for delivery to any
APRS oper at or anywhere.

APRS MESSACES

An APRS nessage is a single LINE
of text. Most nessages stand
al one, but are occasional |y
strung together if it wll not
fit on one Iine. Photo 6 shows a
very brief 15 byte nessage

received on the TMD700 radio.
Messages from nobiles are usually
quite brief as they nust be
entered on the Touch-Tone pad.
But |onger nessages up to 64
bytes are routinely displayed.

Photo 6. The front panel of the
TM D700 showi ng an incom ng 15
byte nessage (Messages can be

| onger up to 64 bytes).

APRS MESSACGE EMAI L

Simlarly, APRS can send and
receive standard EMAIL nessages
via the worldwi de internet |inked
APRServe system This capability
is limted, but very useful. The
first limtation is that nmessages
are only ONE LINE and the one
line includes the full emai |
addr ess. This forces BREVITY!
Secondly, although EMAIL can be
ori ginated wnder the control of
the HAM sending it, EMAIL replies
back fromthe Internet to RF are
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only allowed via special Igates traffic for 3’ party legality
with operators t hat have prior to being returned to RF.
vol unt eer ed to screen such

Here is how APRS Enmil is delivered after being SAT-Gated to the APRS
Internet system and fromthere, picked up by the EMAIL Engine at WJ2Z's
and shi pped out as regular Enmil:

Date: Mon, 7 Feb 2000 07:58:09 -0500 (EST)
From WB4APR- 9@nknown. net

To: wb4apr @nsat.org

Subj ect: APRS Message from WB4APR-9

Message recei ved by MacAPRS | Gate station WJR2Z
Located i n NO BRUNSW CK, NJ
APRS path = WB4APR- 9>APK101, PCSAT- 1*:

wer e a nunber of boundary

USER GROUND STATI ON EQUI PMENT conditions or assunptions:
To design an APRS satellite the 1) Optinum ALOHA channel efficiency
link budget and capabilities of i s about 20%due to collisions
the users mobile stations had to 2) VHF links have a 9 dB advantage
b l d d over UHF links (omi to omi)

e well understood.  For PGCsat 3) 1200 baud AFSK has a 7 dB
this was easy since the target advantage (Kenwoods) over 9600
mobile and handheld satellite baud FSK
transcei vers al | used ommi 4) T/ R delays render 9600 only twice
antennas and operated at either 5 as fast as 1200 for APRS bursts
or 50 Watts.[9] The over head 5) UHF uplinks require w deband Sat

Rcvrs to avoid Doppler (- 4 dB)
6) UHF downlinks require user tuning
during pass (not desired)

gain of an ommi vertical antenna
al so drops off approximtely the
same as the range gain of a LEO

satellite so the link signals Wth these design drivers as a
remain relatively consi st ent guide, the follow ng were sone of
i ndependent of the users relative the first-order alignments of
position to the satellite pass. requi renents to hardware. From

these, then, the optinmm trade-
offs were made to arrive at the

REQUI REMENTS/ CONSTRAI NTS DESI GN final PCsat design.
DRI VERS
1) MSG delivery to HT in Standby
To design PCsat to neet the HT/ requires best possible downlink
Mobi |l e communi cations objective 5;22& Vbec: yV':'r:]z:'onst'rg?thd uplink is
and the internet links as well, 2) MSG receipt from HT requires best
there were a number of factors possibl e uplink (1200 baud VHF).
i nvol ved in sel ecting the 3) Downlink to internet is relatively
frequency band, antenna types, unconstrai ned.
and baud rates for each of the 4) Continent wide Paging requires
m ssion objectives. First there existing 144.39 over USA and 1200
bd. The sane for Europe would
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require a common Eur opean
frequency.

5) HT/ Mobile real -time messagi ng
requires same up/ downl i nk &
baudr at es

6) GPS HT/ Mobi | e tracki ng is
relatively unconstrained.

7) Low power GPS tracking devices
requi re best uplink (1200 bd VHF)
and the uplink nust be exclusive
to avoi d uni ntentional
interference to other systens.

8) Other Ul digipeating applications
should be crossband full duplex
and should use sanme up/downlink
baud rates

9) Miltiple upl i nk receivers to
mnimze collisions is desired.

10) Synchroni zi ng of sane- band
downlink transm ssions is desired
to maximze the available half-
dupl ex satellite receive tine.

11) Redundancy and Backups are
desired.

12) Bundling of packets in bursts
anortizes individual TXDel ays

13) UHF downlinks are of little value
due to poor link budget and
Doppl er.

14) KISS Principle shoul d reign.
(Keep it Sinple, Stupid)

HARDWARE ALI GNMENT TO
REQUI REMENTS

Using the above criteria, PCsat
was designed around two KPC-9612+
Dual Port TNC s. These TNC s
have all the | atest APRS generic
di gi peati ng advant ages as well as
telemetry, command and contro

and can even cross route packets
bet ween ports. By using standard
of f-the-shelf TNC hardware and
FI MRWARE, on orbit risk was
m nim zed due to the track record
of t housands of i denti cal
hardware in use all across the
country for terrestrial APRS

Thus, the firmwvare is proven.

Each dual port KPC-9612+ can
cross relay from either of its
two inputs to its two outputs.
Wth only two transmtters on VHF
for best downlink budget, PCsat
combi ned both the 1200 and 9600
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baud channel s to t he same
transmitter, one for each TNC as
shown bel ow. PCsat used a single
VHF hal f-dupl ex channel in the
ITU Satellite Subband for its
primary uplink and downlink, and
one ot her unpublished VHF uplink.
Simlarly there are one published
and one unpublished UHF uplink.

For the unique APRS paging
downl i nk over North America PCsat
uses t he dedi cat ed 144. 39
assignment to be able to send
ur gent nessages from t he
satellite to travelers at any
time who may only be nonitoring
the terrestrial APRS channel

KPC- 9612 #1

VHF-1 --->| 1200 Baud |--*----- >
VHF- 1

| \ [

I /A [
UHF-1 --->| 9600 Baud |--*

VHF-2 --->| 1200 Baud |--*----- >
144. 39

I \ [

I I\ [
UHF-2 --->| 9600 Baud |--*

FAlI LSAFE RESET

To recover from a SEU or other
| ockup condi tion in t hese
comer ci al of f-the-shel f TNCs,
PCsat used 3 nethods of hardware
resets back to |aunch defaults.

First, each TNC has a failsafe
RESET circuit that nonitored the
PTT of each TNC and as long as a
transition occured at |east once
a nmnute, then the TNC was
assunmed to be operating correctly
and the TNC remai ned powered up.
If there were no transm ssions
for over 1 nminute, then a one-
shot timer renoved power fromthe
TNC for 1 second to allow for a
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conplete power up reset of the
TNC.

Second, there was a 72 hour fai

safe reset «circuit that would
reset both TNC s unless the
counter was cleared by commnd
from the ground at |east once
every 3 days. Third, a conmmand
bi t in each TNC could be
commanded to reset the other TNC.

TELEMETRY

We defined the APRS 5 channe
TELEMETRY format in 1995 that
Kantroni cs subsequently added to
their “plus” TNC's. To nmke this
usable on PCsat, we added a 16-
to-four hardware nultiplexer to
allow telenmetry to read as nmany
as 16 values transmitted in four
consecutive telenmetry packets.

LI NK BUDGET

The primary driver of this APRS
Satellite design was to deliver
nmessages to handhel ds and nobil es
with only whip antennas. For
this, the downlink needed to be
at least 12 dB stronger than nost
exi sting digi tal satellites.
PCsat acconplishes this by taking
advantage of the 9 dB link
i mprovenent of 2 neters conpared
to 70 cm and by using a 3 watt
transmitter. Furt her, PCsat
operated at a low transnit duty
cycle unl i ke nost exi sting
PACSATS, because the  Anmateur
Satellite population only covers
10% of the earths surface and
with the low duty cycle of the
ALOHA style of APRS operations,
Il ess than 4% of PCsat’s average
transmt power budget was
required for users.

Simlarly, to conserve power and

bandwi dth, the 2 nmeter uplinks
were reserved for only the |ow
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power handhel d stations, or
stand-al one tracking devices or
data collection buoys or renote
WX stations such as the one built
by Ronal d Ross, KE6JAB in
Antarctica [10]. The nobiles and
SATgat es whi ch have 35 to 50 watt
transmitters wer e asked to
operate only on the UHF uplink
frequenci es where they can afford
the nore difficult |ink budget

The result is t he further
advantage of having spread out
the wuser base over 4 uplink
channels to mninize collisions.

CHANNEL USAGE - M SSI ON SCENARI O

The following table nmaps the

nm ssi on obj ectives into t he
various uplinks and downlinks on
the satellite. It mat ches

strengths and weaknesses of each
mssion area to the available
i nk budgets and hardware:

M SSI ON ELEMENT: UPLI NK PATH

Downl i nks on 145. 825

HT-t o- I nt er net 145. 825@2
APRSAT

HT-t o- HT QSO s 145. 825@2
APRSAT

HT-t o- Mobi | es 145.825@2
XBAUD

Mobi | es-t o- HTs 435. 25 @6
XBAUD

Mobi | es-to-Internet 435.25 @6
APRSAT

Mobi | e-to- nobi |l e 435.25 @6
APRSAT

Command/ Contr ol ALL
MYRenot e

Ot her Ul Apps TBD
APRSAT

Downl i nks to 144. 39:
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Low power devices VHF2
APRSAT

Nat i onwi de Pagi ng UHF2 @600
Mygat e

Notice that the North Anerican
Conti nent-wi de APRS frequency was
added into the downlink frequency
pl an. This frequency is in use
by thousands of wusers fulltine
including over 600 wde area
di gi peaters, it is a wel |
established wuniversal frequency
where ALL APRS operators can be
found (and paged) whether they
are aware of a satellite pass or
not .

Due to the |ow duty cycl e channel
statistics of an ALOHA TDMA

channel 1like APRS, even though
the channel is in full wuse by
t housands of wusers, still nore

t han 50% of the tinme, the channel
is “clear” as heard by any single
nmobi | e anywhere at any instant.

Thus it can be used as a
uni ver sal | ow usage pagi ng
channel .

SAT- GATE OPERATI ONS

The Mobil e-to-nobile and HT-to-HT
conmuni cati on m ssions wor k
Wi t hout any speci al
considerations on the satellite
or on the ground. But the nore
useful application is sending and
recei ving nessages to any other
APRS station worldw de by having
the packets received by the SAT-
Gates that are nonitoring the
satellite downlink and feeding
every packet heard into the
APRServe system These SAT-Gates
performthe follow ng functions:

1) Monitor both downlinks and feed
ALL packets into the Internet

2) Maintain a track on all Calls
heard via satellite

3) Monitor the Internet and capture
MESSAGES for these Calls
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4) Deliver these nmessages at a "fair"
rate under these conditions:

a. The satellite is wthin
1400 km (above 30 deg) to
mobi | e

b. It sees " QRZ" in t he
Mobile's  STATUS text or
CUSTOM 3

C. Deliver t hese messages
until seen in the downlink
3 tines

OWNI NO- TRACK SAT- GATES

Setting up a SATgate is trivial
requiring nothing nore than a
normal packet station and omi
antenna. Any APRS station can do
it with existing software which
contain t he built-in | gate
capabilities. Even wi t hout
hori zon-to- hori zon coverage, each
such station sinply contributes
their packets to t he sanme
wor | dwi de stream as all the other
I gate receivers. The conbination
results in over a 99.96% chance
of capturing every packet over
t he USA! Just 4 such stations
even if they only have a 60%
chance of decoding each packet,
conbine to a probability of 98%

| f t he ori gi nal packet is
replicated TWCE, then this
probability becones 99.96% A
Certainty!

SATELLI TE TRACKI NG AND PASS
PREDI CTI ONS

To help with satellite tracking
for the casual and nobile user,
Satellite tracking was added to
APRSdos in t he form of
APRSt k. exe. When run within an
exi sting APRSdos file structure,
it presents t he satellite
predictions on the APRS map and
wi || auto-tune the Kenwood radios
i ncl uding Doppl er. Even when
used with just an omi whip
ant enna, when conmbined with the
Kenwood radi o and any old PC, the
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result is a fully automated
station that will auto track and
tune greatly facilitating the
casual nmonitoring of the nmany
satellites in t he Amat eur
Satellite servi ce. It is
avail abl e zi pped up as a conplete
systemfor downl oad from

ftp://tapr.org/ aprssig/dosstuff/A
PRSdos/ apr stk. zi p

al¥d JToGo %" 3 Fim
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K22 A27

km orkit

All satellites are shown on the map as moving ohjects. Across the bottorn of the screen the next 2.5 hours of
satellite passes are shown in & graphic showing the maximum elewvation of the pass.

DI STRI BUTI NG LIVE SAT TRACKI NG
DATA TO MOBI LES

Anot her APRSdos derivative is
APRSdat a. exe which can distribute
via the terrestrial APRS network
tracking info to all nobiles or
handhel ds when ever a satellite
is in view or a schedule of all
satellites that will be in view
in the next 80 mnutes. Thus,
mobile satellite users can get

écren shot of the TH-

Phot 0] 7

the PASS info they need without
[ uggi ng al ong a | apt op.

R. Bruninga

D7 showing the next 80 ninute
satellite schedul e.
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Photo 8. Showi ng the range and

downl i nk frequency of UO 14.

KEN\VWVOOD

-} P . :
Photo 9. Showi ng the directi
and distance to the Satellite.

on

The screen shots show what the
TH- D7 HT will capture and displ ay

about t he satellites whi | e
noni toring t he terrestria

net wor k i f an APRSdat a. EXE
station is in range. First is

the DX-SPOT |ist showi ng that
there are three satellites UQ22,
AO27 and UOL4 conming up in the
next 80 m nutes and when.

The next two screens show up when
the satellite is in view They

show t he Range, Azi mut h
Frequency, Doppler and distance
to the satellite. For nore

details on this resource for non-
PC distribution of satellite info
and other real-tine information
to the"Tiny-Wb-Pages” in the
Kenwoods, see the WEB site [11]:

R. Bruninga
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http://web. usna. navy. m |/ ~bruni ng
a/ satinfo. htm

CONCLUSI ON

Modern Technol ogy is on the nove.
Satellite Wreless is the | eading
edge of technology and in the
Amateur Satellite Service, it
should be a mmjor driver for
future anmateur satellite and
educational nissions. PCsat has
fulfilled this m ssion objective.
In the first six nmonths, over
1100 users were |logged by the
system f eedi ng t he
http://pcsat.aprs.org web page
and browsers scored over 1000
hits a week from users checking
on the status of PCsat or other
users.

The time is ripe for extending
Amat eur Satellite digita
communi cations services to nobile
and handhel d users because of the
availability of not only the off-
the-shelf end wuser nmobile and
handheld fully integrated data
radi os but also the off-the-shelf
spacecraft design denonstrated by
PCsat . This conmbined with the
recent maturity of the Internet
as a gl obal resource for
exchangi ng dat a wor | dwi de
suggests that there is a unique
opportunity to join the Internet
and Anateur Satellites as a neans
of tying t oget her Sat Gat es
t hroughout the world where the
infrastructure exists to extend
wor | dwi de amat eur comruni cati ons
to nobiles in areas where it
doesn’t exist.

By encouraging U digipeating as
auxiliary payloads on nobst snall
satellites the Amateur Satellite
Service can bring all of these
pi eces together into the nost
power ful and far reaching Amateur
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Satellite proj ect to dat e. while also serving their own
Student projects and educational needs of viable payloads and
i nstitutions can easily ongoi ng operations training.

contribute to this capability
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