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Chapter 3

File transfer with PB and FTL0

3.1 Introduction

Theuniquefile transferprotocolsusedby microsatellitesareanattemptto make optimaluseof an

expensive resource:thesatellitedownlink.

The first digital amateursatellitesusedan adaptationof a terrestrialfile transferprotocol. The

key adaptationwasadditionof facilitiesto permitfiles to betransferred—ineitherdirection—over

severalpassesof thesatellite.While this worked, it only allowedonegroundstationto accessthe

satelliteatonetime. Othergroundstationscouldhearthedownlink transmissionsfrom thesatellite,

but couldnotmakeuseof them.

The solution wasa broadcastprotocol. The assumption,basedon experiencewith early digital

satellitesandterrestrialnetworks,wasthatfiles wereof generalinterest.By broadcastinga single

copy of afile to all interestedgroundstations,systemthroughputandefficiency couldbedrastically

increased.

Thebroadcastprotocolmaybecharacterizedasaselectiverequestrepeatprotocol.Thisisaprotocol

wheregroundstationsinitiateafile transfer, andthenrequestretransmissionof neededportionsuntil

the file is complete.The broadcastprotocolalsopermitsreceive-only operation,wherea passive

stationmayreceive filesby merelylisteningto broadcastsinitiatedby others.

The satelliteenvironmentfacilitatesusingdifferent frequencies,in differentamateurradio bands,

for communicationsbetweengroundstationsandthesatellites.Thiseliminateschannelcontention,
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amajorconsumerof channelcapacityin terrestrialnetworks: terrestrialstationsthatwishto transfer

filesmustsharethechannelwith thefiles themselves.

Thischapterwill discussthebroadcastprotocolsin detail,examiningtheinteractionbetweenground

stationsandsatellites.

3.2 Terminology

ThePACSAT BroadcastProtocol,PB, is theprotocolusedfor downloadsoncurrentsatellites.File

TransferLevel 0, FTL0, wasoncetheprotocolfor uploadsanddownloads,but is now only usedfor

uploads.

In all discussionsof the PACSAT broadcastprotocol times are storedas 32 bit Unix times, the

numberof secondssince0000 UTC 1 January1970. All multi-byte quantitiesarestoredleast-

significantbytefirst, “little-endian” byteorder, asusedby Intel microprocessors.

3.3 Downloading files with PB

The PACSAT Broadcastprotocol is the protocolcurrently in usefor file transferon the amateur

satelliteslistedin Table3.1(1).

Table3.1: AmateursatellitesusingPB

Satellite Downlink

AO–16 1200baudBPSK

UO–22 9600baudMSK

KO–23 9600baudMSK

KO–25 9600baudMSK

TO–31 9600baudMSK

UO–36 9600and38400baudMSK
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3.3.1 PACSAT File system

In ordertosupportalargenumberof userswith potentiallydisparatecomputersystems,thesatellites

usetheir own PACSAT file system. This is a very simple flat numberedfile system. Thereis a

singledirectoryandthefiles areidentifiedby aserialnumber, assignedby thefile server at upload.

This hasproven adequatein experience,and is simple to implementwith the limited computer

resourcesavailableonthesatellites.By addingadditionalinformationto files(PACSAT file headers,

Section3.3.2)it is possiblefor groundstationsto selectfiles of interestfor download.

3.3.2 PACSAT file headers

To facilitateprocessingby both thesatelliteandgroundstations,files have additionalinformation

addedatcreationtime: thePACSAT file header.

The PACSAT file headerprovides information aboutthe file: when it was uploaded,by whom,

the type of datait contains,when it shouldbe automaticallydeleted,and so forth. The header

information is storedas a seriesof keys andvaluesat the beginning of the file, beforethe user

information. Whena file is uploadedthis informationis addedby theuploadingsoftware. When

thefile is downloadedthis informationis removedbeforemakingthefile availableto theuser.

ThePACSAT file headerbeginswith aspecialmarker0xaa55. It endswith anitem whoseheader

ID andlengthare0,producingthebit pattern0x000000. In all headeritemstheidentificationcode

is a 16 bit integer, andthe lengthis an8 bit unsignedinteger. Theheaderitemslisted in Table3.2

aremandatory(2).

A samplePACSAT file headerwasobtainedfrom AO–16,illustratedin Figure3.1 anddecodedin

Table3.3. The file is a satellitecallsign log file generatedon 8 December1999. Note that this

PACSAT file headerdoesnot conformto thePACSAT file headerdocumentation(3), which states

thatheaderitemsmustbeprovidedin ascendingnumericorder. Thepositionof item0x12, Upload

Time(originally optional,now mandatory),violatesthisaspectof thestandard.
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Table3.2: MandatoryPACSAT file headeritems

Code Length Description

0x01 4 File number

0x02 8 Text file name

0x03 3 Text file extension

0x04 4 File sizein bytes

0x05 4 File creationtime

0x06 4 Lastmodificationtime

0x07 1 Setif a Single-EventUpsethasoccurredin thefile

0x08 1 Typeof datastoredin thefile

0x09 2 Bodychecksum:16-bitXOR of all bytesin thefile body

0x0a 2 Headerchecksum:16-bitXOR of all bytesin thefile header

0x0b 2 Locationof userdatain thefile

aa 55 01 00 04 e0 21 00 00 02 00 08 43 4c 39 39
31 32 30 38 03 00 03 20 20 20 04 00 04 4e 0b 00
00 05 00 04 d5 b0 4d 38 06 00 04 d6 b0 4d 38 12
00 04 d6 b0 4d 38 07 00 01 00 08 00 01 d9 09 00
02 d4 99 0a 00 02 b6 0d 0b 00 02 50 00 00 00 00
23 30 54 4d 53 41 54 2d 31 00 20 20 20 20 50 59
33 50 51 00 00 4b 42 32 57 51 4d 00 56 45 32 4c
41 00 00 56 41 33 53 46 4c 00 4e 33 45 56 51 00
00 4b 38 54 4c 00 00 00 4e 56 38 46 00 00 00 4a
4a 33 59 55 4a 00 56 4b 33 4b 4f 53 00 56 4b 33
4a 44 47 00 4c 57 31 44 58 50 00 58 51 35 42 52
43 00 43 45 33 53 53 42 00 43 45 35 4e 47 00 00
41 44 34 45 42 00 00 4b 45 34 5a 58 57 00 4b 45
34 4b 4f 4c 00 4b 4e 34 57 5a 00 00 56 45 33 46
52 48 00 4e 38 58 4b 5a 00 00 56 45 33 42 43 47
00 57 42 38 48 52 4f 00 57 30 53 4c 00 00 00 4b

Figure3.1: SamplePACSAT file header
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Table3.3: DecodedPACSAT file header

Raw value Description Engineering units

0xaa55 Headermarker

0x0001 04 000021e0 File number

0x0002 08 434c393931323038 File name “CL991208”

0x0003 03 202020 File extension “ ”

0x0004 04 00000be4 File size 3028bytes

0x0005 04 384db0d5 Creationtime 031357UTC 8 December1999

0x0006 04 384db0d6 Lastmodificationtime 031358UTC 8 December1999

0x0012 04 384db0d5 Uploadtime 031358UTC 8 December1999

0x0007 01 00 SEUflag Nonedetected

0x0008 01 d9 File type 217(callsignlog)

0x0009 02 99d4 Bodychecksum

0x000a 02 0db6 Headerchecksum

0x000b 02 0050 Bodyoffset 80bytes

0x000000 Endmarker
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Table3.4: PACSAT broadcastprotocolframeheader

Item Length Description

Flags 1 SeeTable3.5.

File number 4 PACSAT file number

Offset 4 Locationof first informationbyte

Timeold 4 Seetext

Timenew 4 Seetext

3.3.3 Broadcasts

Thebasicunit of communicationbetweenthesatelliteandgroundstationsis thebroadcastframe.

The satellitebroadcaststo all groundstationswithin its footprint, andstationsmay useor ignore

whatthey hearat theirdiscretion.Theinformationthesatellitebroadcastsis in responseto requests

transmittedby groundstations.Thesatellitebroadcastsseveralkindsof information,which will be

examinedin turn.

3.3.4 Directory broadcasts

Thefirst kind of broadcastfrom thesatelliteis a directorybroadcast. This informsgroundstations

whatfilesareavailablefor download.A directorybroadcast(4) consistsof a frameheaderfollowed

by aPACSAT file header(Section3.3.2).It is transmittedasanAX.25 UI frame(Section2.2)with

aprotocolid of 0xbd andadestinationaddressof QST-1.1

Theframeheadercontainsthe informationdescribedin Table3.4. Theflagsfield containsseveral

bit fields, asdescribedin Table3.5. The time old and time new fields identify possibledifferent

versionsof the file. Given the uploadtime for the file, thereareno otherfiles otherthanthe one

specifiedby thisparticularfile numberwith timeold
�

uploadtime
�

timenew.

Theoffsetfield maynothavebeenimplementedin theimplementationsstudied:thisvaluewaszero

in every directorybroadcastreceived.

A sampledirectorybroadcastwasrecordedfrom AO–16.Theraw dataarepresentedin Figure3.2,

andaredecodedin Table3.6.After theheaderinformationwenotethe0xaa55 bit patterndenoting

thebeginningof aPACSAT file header.
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Table3.5: PACSAT broadcastflagsfield

Bits Description

0–1 Frametype.00 is aPFHbroadcastframe.All othersreserved.

2–3 Versionidentifier. Currentlyalways00.

4 Alwayszero:server generatedframe.

5 Setif thelastbyteof theframeis thelastbyteof thePFH.

6 Setif this is thenewestfile on theserver.

7 Reserved.

20 67 AE 00 00 00 00 00 00 E0 7E 3C 38 EE CF 3D
38 AA 55 01 00 04 67 AE 00 00 02 00 08 42 4C 39
39 31 31 32 34 03 00 03 20 20 20 04 00 04 E0 06
00 00 05 00 04 49 2D 3B 38 06 00 04 E1 7E 3C 38
12 00 04 E0 7E 3C 38 07 00 01 00 08 00 01 CA 09
00 02 FB 44 0A 00 02 84 0C 0B 00 02 50 00 00 00
00 9D 3D

Figure3.2: SamplePACSAT directorybroadcast

Table3.6: DecodedPACSAT directorybroadcast

Item Raw value Engineering units

Flags 0x20 SeeTable3.7

File number 0x0000ae67

Offset 0x00000000 Not implemented?

Timeold 0x383c7ee0 001216UTC 25November1999

Timenew 0x383dcfee 001022UTC 26November1999
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Table3.7: DecodedPACSAT broadcastflagsfield

Bits Description Engineering units

00 Frametype PFHbroadcastframe

00 Versionidentifier 0

0 Frameorigin Server generatedframe

1 Lastbytein PFH? Yes

0 Newestfile on server? No

0 Reserved

Theflagsvaluein Table3.6decodesto theinformationshown in Table3.7.

3.3.5 File broadcasts

Whena groundstationrequestsa file for downloadit is transmittedin a seriesof file broadcasts.

Theseconsistof a seriesof piecesof thefile, with control informationsothatgroundstationsmay

reassemblethem. Like all broadcastsin theprotocol,thesetransmissionsmaybereceived by any

interestedgroundstation—evenapassive onethatmakesnorequestsatall.

File broadcastsareaddressedto QST-1, anduseAX.25 protocol0xbb.

A file broadcastpacket hasminimal controlinformation,followedby thefile data.Theelementsof

a file broadcastpacket arelisted in Table3.8. A numberof optionsaredefinedfor theFlagsfield,

but theonly oneusedin presentimplementationsis thebit specifyingthepiecelocationwithin the

file by bytecount,ratherthanby blockcount.TheFlagsfield wasthusalways0x02 in all received

packets.

Samplepacketswereobtainedfrom AO–16broadcasts.Figure3.3 illustratesthebroadcastof the

first pieceof a file, andit is decodedin Table3.9. Notethat thefirst bytesfollowing thebroadcast

headerare0xaa55, thePACSAT file header. Figure3.4 illustratesthebroadcastof a piecefrom

theinteriorof afile, andit is decodedin Table3.10.

1QSTis asignalusedin theamateurradioservicefor informationof interestto all radioamateurs.
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Table3.8: Dataelementsin afile broadcastpacket

Item Length Description

Flags 1 Bit field. Always0x02.

File id 4 PACSAT file number

File type 1 PACSAT file type

Offset 2 Offsetof thispiecein thefile: low-order16 bits

OffsetMSB 1 High-order8 bitsof offset

02 7E AE 00 00 C9 00 00 00 AA 55 01 00 04 7E AE
00 00 02 00 08 41 4C 39 39 31 31 32 39 03 00 03
20 20 20 04 00 04 C1 03 00 00 05 00 04 64 C5 41
38 06 00 04 5B FC 41 38 12 00 04 5A FC 41 38 07
00 01 00 08 00 01 C9 09 00 02 EB AD 0A 00 02 88
0D 0B 00 02 50 00 00 00 00 12 19 5F C5 41 38 00
00 00 A0 67 00 00 31 00 00 00 1C 17 00 00 EE 9D
29 2F 12 19 6E C5 41 38 00 00 00 CF 9F 00 00 30
00 00 00 1B 17 00 00 C2 C0 D3 34 12 19 72 C5 41
38 00 00 00 A6 A1 00 00 30 00 00 00 1B 17 00 00
04 AB 2B 35 12 19 75 C5 41 38 00 00 00 CF A2 00
00 30 00 00 00 1B 17 00 00 69 6F 63 35 12 19 79
C5 41 38 00 00 00 68 A6 00 00 30 00 00 00 1B 17
00 00 C3 B4 37 36 11 19 7F C5 41 38 00 00 00 5A
AB 00 00 30 00 00 00 1B 17 00 00 B6 02 7C 37 11
19 84 C5 41 38 00 00 00 5B AB 00 00 31 EE 27

Figure3.3: SamplePACSAT file broadcast:beginningof file

Table3.9: Decodedfile broadcastpacket: beginningof file

Item Raw data Engineering units

Flags 0x02

File id 0x0000ae7e

File type 0xc9 201(activity log)

Offset 0x0000 File offset0

OffsetMSB 0x00 (first piece)
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02 7E AE 00 00 C9 E8 01 00 19 FF DF 41 38 C1 8E
00 8A AC 00 00 00 00 00 00 0C 00 00 00 62 0A 00
00 04 15 05 E0 41 38 C1 8E 03 04 00 00 00 00 00
00 00 00 00 00 00 03 10 1B E0 41 38 C2 8E 03 43
58 36 44 44 00 00 0C 19 22 E0 41 38 C2 8E 00 8A
AC 00 00 00 00 00 00 0C 00 00 00 62 0A 00 00 04
15 23 E0 41 38 C2 8E 03 04 00 00 00 00 00 00 00
00 00 00 00 03 10 3C E0 41 38 C3 8E 03 43 58 36
44 44 00 00 0C 19 59 E0 41 38 C3 8E 00 8A AC 00
00 00 00 00 00 0C 00 00 00 62 0A 00 00 04 15 5C
E0 41 38 C3 8E 03 04 00 00 00 00 00 00 00 00 00
00 00 03 10 77 E0 41 38 C4 8E 03 43 58 36 44 44
00 00 0C 19 78 E0 41 38 C4 8E 00 8A AC 00 00 00
00 00 00 0C 00 00 00 62 0A 00 00 04 15 81 E0 41
38 C4 8E 03 04 00 00 00 00 00 00 00 00 00 00 00
09 11 7B E4 41 38 00 00 00 2E 17 00 00 9C 48

Figure3.4: SamplePACSAT file broadcast:file interior

Table3.10:Decodedfile broadcastpacket: file interior

Item Raw data Engineering units

Flags 0x02

File id 0x0000ae7e

File type 0xc9 201(activity log)

Offset 0x01e8 File offset488

OffsetMSB 0x00
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Table3.11:Destinationcallsignusagein PB

Callsign Meaning

BBSTAT Generalstatusinformation.

PBLIST Unlistedcallsareinvited to make requests.

PBFULL Queuefull: do not transmit.

PBSHUT Satelliteclosed.

3.3.6 Status transmissions

Satellitesbroadcaststatusinformationsothatgroundstationsmaydecidewhento downloadfiles.

Thecontentandmeaningof statusmessagesis documentedaspartof thebroadcastprotocol.

Statusbroadcastsadviseif thesatelliteis availablefor file transfers.They adviseif the broadcast

queueis full or empty, andif it is not full, who is in it. They alsoadvisewho is usingthesatellite

uplink frequencies,particularly importantif the satellitehasmore thanoneuplink receiver. All

thesetransmissionsareAX.25 UI frames,addressedto differentdestinationcallsignsfor different

broadcastfunctions,assummarizedin Table3.11. Thestatusbroadcastsarehuman-readable,but

aretypically interpretedby groundstationsoftware.

Thefirst statusmessagea groundstationmustreceive is thesatellitestatus.This advisesthat the

satelliteis openfor business:

Open ABCD:

ThecodeABCD shows that thesatellite2 hasfour uplink frequencies,andthatnoneof themarein

use.To assistgroundstationsin selectinguplink frequencies,thesatelliteadviseswhich frequency

agroundstationis usingfor FTL0 file transfers:

Open A CD: N0ALJ

OncetheOpen messagehasbeenreceiveda groundstationmaytransmita requestto thesatellite.

Thesatelliteacknowledgestherequestwith theonly non-broadcastmessagein theprotocol:

2Theexampleis basedon datareceivedfrom AO–16.



CHAPTER3. FILE TRANSFERWITH PB AND FTL0 39

OK VA3SFL

If thesatellitecannotfulfil therequestit issuesanerrormessageinstead:

NO -2 VA3SFL

A commonerroris a requestfor anon-existentfile. Thebroadcastqueuemaybefull.

While file transfersare in progressthe satelliteadvisesgroundstationsof the broadcastsit has

prepared.The format is a list of the callsignsfor which a broadcastis queued.The\D notation

indicatesadirectorybroadcastfor thestation:

PB: N0ALJ N5ZNL VA3SFL\D W4SM\D

PB: W4SM N5ZNL VA3SFL

If thebroadcastqueueis emptythesatelliteadvisesgroundstationsof thefact:

PB: Empty

Thesatellitemaybeclosedfor uploads:

Shut: ABCD

An additionalusefultransmissionis theB: message:

B: 1691718618

This is a runningcountof bytestransmittedby the spacecraftfile server. While it is not possible

to evaluatebit error rateunderAX.25, it is still possibleto comparethevaluesin theB: message

to thebytecountreceivedby thegroundstationandthusevaluatelink quality. WiSPpresentsthis

informationasa percentageefficiency.
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Table3.12:File fill requestformat

Component Item Size

Header flags 1 byte

file id 4 bytes

block size 2 bytes

Hole list offset 2 bytes

(repeatedasnecessary) offsetmsb 1 byte

length 2 bytes

Table3.13:File fill requestflags format

Bit number Item

0–1 00: startsendingfile

01: framecontainsaholelist

2–3 Version,currently00

4 Reserved,mustbe1

5–7 Reserved,mustbe000

3.3.7 Fill requests

Groundstationstransmitfill requeststo advisethesatelliteof their wishes.A groundstationmay

requestafile fill or adirectoryfill. Theformatsfor bothrequestsarethesame.

A stationthatwishesto make a requestof theserver transmitsthe requestasanAX.25 UI frame,

usingprotocolid 0xbb for file requestsand0xbd for directoryrequests,thesameasthebroadcast

messagesfrom thesatellite.Theformatof a file fill requestis illustratedin Table3.12.Theformat

of a directoryfill requestis illustratedin Table3.14.Notethesimilarity of thetwo formats.

Theblocksizeparameteris fixedat244bytes,resultingin a totalAX.25 framelengthof 255bytes,

themaximumlengththat currentsatelliteAX.25 implementationscanhandle.Thehole list is the

gapsin thefile thatthegroundstationwishesto fill.

Theflagsfield in a file fill requestframeis definedin Table3.13.
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Table3.14:Directoryfill requestformat

Component Item Size

Header flags 1 byte

file id 4 bytes

block size 2 bytes

Hole list starttime 4 bytes

(repeatedasnecessary) endtime 4 bytes

Table3.15:Directoryfill requestflagsformat

Bit number Item

0–1 00: Directoryfill request

2–3 Version,currently00

4 always1 indicatingaclient-generatedframe

5–7 Reserved,mustbe000

In the caseof a directory fill the “holes” are time intervals in which the groundstationhasno

informationon files.

Theflagsfield in a directoryfill requestframeis definedin Table3.15.

3.3.8 An example download sequence

To illustratehow the different componentsof the PACSAT broadcastprotocol interact,hereis a

sampledownloadsequence,from initial acquisitionof thesatelliteto thefile beingcompleteat the

groundstation.

In this samplethe groundstationusesthe callsignVA3SFL, while the satellitecallsign is MST-

SAT. Thesatellitebroadcastcallsignis by conventionMSTSAT-11, while theBBS(Bulletin Board

System—aholdover from earlysatellites)callsignis thenMSTSAT-12. By convention,theground

stationSSIDis 0, resultingin VA3SFL-0 asthecompletegroundstationcallsign.
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Thegroundstationis initially idle. It waitsfor astatusindicationfrom thesatellite.

Thegroundstationreceivesa message:

FromMSTSAT-12 to BBSTAT-0, “Open: AB:”

Thesatelliteis now available,andthegroundstationwill now typically requestadirectoryfill. The

satelliteacknowledgestherequest:

FromMSTSAT-11 to VA3SFL-0, “OK VA3SFL”.

Thefile server addsa directorybroadcastto thebroadcastqueue,andaddsthe informationto the

broadcastmessage:

FromMSTSAT-11 to PBLIST-0, “PB: VA3SFL\D”.

ThePB messageis likely to containthecallsignsof otherstationsaccessingthesatellite.

Thegroundstationreceivesthedirectoryupdate,appliesdownloadrules(or actsonhumaninstruc-

tions)andstartsto downloadfile A123. It issuesa requestfor thesatelliteto starttransmittingthe

file, whichcausesthesatelliteto issueanacknowledgement:

FromMSTSAT-11 to VA3SFL-0, “OK: VA3SFL”.

Thesatellitethenqueuesthebroadcastof thefirst pieceof thefile andupdatesthebroadcastmes-

sage:

FromMSTSAT-11 to PBLIST-0, “PB: VA3SFL”.

Again,otherstationsmaybein thebroadcastqueue.Thesatellitewill proceedto broadcastinforma-

tion queuedin responseto requestsby othergroundstations.Thegroundstationwill receive these

transmissionsandaddthemto its own files.

Whenthebroadcastrequestis at theheadof thequeuethesatellitetransmitsa pieceof thefile as

severalframes,eachfrom MSTSAT-11 to QST-0. Othergroundstationsin thesatellite’s footprint

receive thepiecesof thefile.

The groundstationnotesfrom the PACSAT file headerthat the file is of length2048 bytesand

reservesstorageaccordingly. After its turn in the broadcastqueuehasexpired it notesthat it has

received bytes1 to 512 and1024to 1512. The groundstationissuesa fill requestfor file A123,

bytes513 to 1023,and1513to 2048. Thesatellitedoesn’t hearthe requestdueto anotherstation
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issuingarequestatthesametime. Thegroundstationtimesoutandrepeatstherequest.Thesatellite

responds:

FromMSTSAT-11 to VA3SFL-0, “OK: VA3SFL”.

Thesatellitethenaddsa broadcastof thepiecesof file A123 to thebroadcastqueue,andupdates

thebroadcastqueuemessage:

FromMSTSAT-11 to PBLIST-0, “PB: VA3SFL”.

Whenthebroadcastreachestheheadof thequeuethesatellitebroadcaststherequestedpieces.The

groundstationnotesthat thefile is now complete,savesit for furtherprocessing,andmoveson to

thenext file of interest.

Notethatthisexchangeis public. A receive-onlystationcouldhave learnedof thefile andreceived

it by merelylisteningto themessagesfrom MSTSAT-11 to QST-0.

3.4 Uploading files with FTL0

While FTL0 is obsoletefor downloadingfiles,it is still thecurrentprotocolfor uploadingfiles. This

sectionwill thusonly discusstheuseof FTL0 for uploads.

Unlike PB, which usesAX.25 UI packets,FTL0 usesAX.25 in connectedmode. Therearethus

proceduresfor loggingin, loggingout,andthenotionof asession.FTL0 itself is simple,but it uses

thefacilitiesof a complex underlyingprotocol.This is conceptuallysimilar to theFTPprotocolin

theTCP/IPprotocolsuite.

3.4.1 Packet format

FTL0 definesa standardformat for packets. They consistof a commandcode,a datalength,and

data,asapplicable,in theformatdescribedin Tables3.16and3.17.TheoriginalFTL0 specification

documentspacket typesrelatingto downloadingfiles,but theseareobsoleteandarenotdocumented

here.



CHAPTER3. FILE TRANSFERWITH PB AND FTL0 47

3.6 Notes and references

1. Source:AMSAT News Service.List currentasof December1999. UO–36wasstill under-
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Internet: http://www.amsat.org/amsat/news/ans.html

2. J.WardandH. Price,“PACSAT File HeaderDefinition”, paperpresentedatARRL 9thCom-

puterNetworkingConference1990.

Internet: ftp://ftp.amsat.org/amsat/satinfo/pacsat/pacdoc.zip

3. J. Ward and H. Price, “Regular Broadcastingof PACSAT File Headers”,presentedat the

ARRL 9th ComputerNetworking Conference1990.Despitethetitle, this is thedocumenta-

tion for thebroadcastprotocolin its presentform.

Internet: ftp://ftp.amsat.org/amsat/satinfo/pacsat/pacdoc.zip


