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Table4.7: UoSAT-3whole-orbitdataformatheadeitems

Item Length Interpretation

Starttime 4 bytes 32bit Unix time

Endtime 4 bytes 32bit Unix time
Sampleperiod 2 bytes sampleperiodin seconds

Numberof channels 1byte 0to 255

4.3 Whole orbit data

While telemetrybeacongantransmita greatdealof information,they mayonly bereceved while
thesatelliteis within radiorangeof agroundstation.Whendetailsof satellitefunctionsarerequired
for anextendedperiodthe satellitegatherdts measuremenisto wholeorbit data

In this sectionwe will examineseveral formatsfor whole orbit data: UoSAT-3 format, extended
UoSAT-3format,PACSAT format,andUO-11format. All will beillustratedwith sample®btained
from satellites.

4.3.1 UoSAT-3 whole-orbit data format

The whole-orbit dataformat usedby mary microsatellitestoday originatedwith the UoSAT-3
project, launchedas UOSAT-OSCAR-14on 22 February1990. The systemgatheredelemetry
obserationsandsaved themin files for later dowvnload. The format of the files is straightforvard
andconsistof threesectiong8):

 File headerincludingstartandendtimesandsampleperiod.

« List of telemetrychannels.

» Thetelemetryobserationsthemseles.
Thefile headerconsistof theitemsin Table4.7. Like all itemsin the UoSAT telemetrysystems,

multi-byte quantitiesare storedleast-significanbyte first. “32 bit Unix time” is the numberof
secondsince0000UTC 1 Januaryl970.

Theheadeiis thenfollowed by thelist of channehumbersgachstoredasanunsignecdoyte.
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Table4.8: Decodecheadelinformationin a sampleUO-22whole-orbitdatafile

Parameter Raw value Engineering units

Starttime 0x383dcd85  000005UTC 26 November1999
Endtime 0x383e7622  115930UTC 26 Novemberl999
Sampleperiod 0x001le 30seconds

Numberof channels 0x13 19channels

The datasamplesfollow the headerinformation. Eachis storedas an unsigned16-bit integer.

The underlyingdatatypeis actuallyan unsignedl2-bit quantity; the remainingfour bits areused
for control functionsin the telemetrybeacon but are unusedn whole orbit data. The valuesare
recordedn the sameorderthatwasstatedn thefile header

4.3.2 Sample UoSAT-3 format whole orbit data file

A samplewhole-orbitdatafile wasdowvnloadedirom UO-22.We mayreadoff the headeinforma-
tion in from thefirst few bytesof thefile in Figure4.5to produceTable4.8.

85 cd 3d 382276 3e 38 1e 00 13 00 08 10 1a 01
Ob 03 06 21 31 11 3¢ 27 2f 37 15 22 2a 2b 04 00
07 07 0500 05 00 ad Ob 92 06 aa 02 b8 02 98 03

80 00 a2 Oc c4 04 7b 06 Oc 09 c0 06 d7 02 75 06
50 07 90 09 04 00 fc 06 05 00 05 00 b7 Ob 95 06
aa 02 b7 02 98 03 80 00 a2 Oc ¢9 04 ¢5 06 61 09
d4 06 d7 02 71 06 36 07 c3 09 04 00 f2 06 05 00

05 00 a7 Ob 95 06 aa 02 b7 02 98 03 80 00 a2 Oc

Figure4.5: Headelinformationin a UO—-22whole-orbitdatafile

Thelist of channeldollows, asillustratedin Figure4.6 andaslistedin Table4.9.

85 cd 3d 3822 76 3e 38 1e 00 13 0008 10 1a 01
Ob 03 06 21 31 11 3¢ 27 2f 37 1522 2a 2b 04 00
07 07 0500 05 00 ad Ob 92 06 aa 02 b8 02 98 03

80 00 a2 Oc c4 04 7b 06 Oc 09 c0 06 d7 02 75 06
50 07 90 09 04 00 fc 06 05 00 05 00 b7 Ob 95 06
aa 02 b7 02 98 03 80 00 a2 Oc ¢9 04 ¢c5 06 61 09
d4 06 d7 02 71 06 36 07 c3 09 04 00 f2 06 05 00

0500 a7 0b 95 06 aa 02 b7 02 98 03 80 00 a2 Oc

Figure4.6: Channelist in a sampleUO-22whole-orbitdatafile
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Table4.9: Decodecchannelist in a UO-22wholeorbit datafile

Raw value Decimal Channel Description

0x00 0 Array current+X

0x08 8 Array current-X

0x10 16 Array current+Y

Oxla 26 Array current-Y

0x01 1 Array voltage

0x0b 11 Batterycurrent

0x03 3 14 volt buscurrent

0x06 6 Batterytemperature

0x21 33 TransmittelO forward power

0x31 49 TransmittelO reversepower

Ox11 17 Batteryvoltage

0x3c 60 OBC186CPUcurrent

0ox27 39 Magnetometef X value

Ox2f 47 Magnetometef Y value

0x37 55 Magnetometel Z value

0x15 21 Transmitterl temperature

0x22 34 Recever 0 recevedsignalstrength
Ox2a 42 Recever 1 recevedsignalstrength

0x2b 43 Recever 1 discriminatorvoltage
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We may thenreadoff thefirst telemetrysamplein thefile, asshavn in Figure4.7 anddecodedn
Table4.10. Notethatnot all valuesdecodeo “natural” units: some like the magnetometevalues
andrecevedsignalstrengthmerelydecodeo the voltagemeasuredy a sensar

85 cd 3d 38 22 76 3e 38 1e 00 1300 08 10 1a 01

0b 0306 21 3111 3c 27 2f 37 1522 2a 2b 04 00

07 07 0500 05 00 ad Ob 92 06 aa 02 b8 02 98 03

80 00 a2 Oc ¢4 04 7b 06 Oc 09 c0 06 d7 02 75 06

50 07 90 09 04 00 fc 06 0500 0500 b7 0b 95 06

aa 02 b7 02 98 03 80 00 a2 Oc c9 04 c5 06 61 09
d4 06 d7 02 71 06 36 07 c3 09 04 00 f2 06 05 00

05 00 a7 Ob 95 06 aa 02 b7 02 98 03 80 00 a2 Oc

Figure4.7: Firstsamplein a UO-22whole-orbitdatafile

4.3.3 Extended UoSAT whole orbit data format

The extendedwhole orbit dataformatis derived from the UoSAT-3 format. Like the UoSAT-3
format, the extendedformat (currentlyusedon TO-31)consistof a headeral list of channelsand
thetelemetryobsenations. Thedifferenceis the expansionof seseralvaluesto 16 bit quantitieso
allow for morethan256channel®f telemetry Additionally, eachtelemetryobserationis explicitly
timestampedynlike the olderformatthatrequiresobserationtimesto beinferred.

Attemptsto obtaindocumentatiomntheformatfailed,sotheinformationthatfollows wasobtained
by reverse-engineerintglemetryfiles dovnloadedfrom TO-31.

Analysisshavedthatthefile headeicontainsthefollowing information:

7 bytesof unknavn function. Thevaluewas0x8134010001be0 0 in all availablefiles.

Thesatellitename a null-terminatedASCII string paddedwith 0x00 to 12 bytes.

A constanbyte 0x01 .

Thefile descriptiona null-terminatedASCII string paddedwith 0x00 to 30 bytes.

Thetime of the beginning of the datacollection.

A 16 bit constan®x0000 .

Thetime of theendof thedatacollection.
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Table4.10: Decodedelemetryobserationin a UO-22whole orbit datafile

Channel Description Raw value Engineering units
Array current+X 0x0004 7.630487mA
Array current-X 0x0707 532.8304mA
Array current+Y 0x0005 0.5139264nA
Array current-Y 0x0005 7.293801ImA
Array voltage OxObad 40.62266V
Batterycurrent 0x0692 682.3492mA
14 volt buscurrent 0x02aa 558.8579mA
Batterytemperature 0x02b8 45.61132C
TransmittelO forward power 0x0398 1.899261W
TransmittelO reversepower 0x0080 0.15648W
Batteryvoltage 0x0ca2 13.60162/
OBC186CPUcurrent 0x04c4 117.6798nA
Magnetometef X value 0x067b 2.02812°
Magnetometef Y value 0x090c 2.83131V
Magnetometel Z value 0x06c0 2.11248Vv
Transmitterl temperature 0x02d7 43.37684C

Recever 0 recevedsignalstrength  0x0675 2.020792/
Recever 1 recevedsignalstrength  0x0750 2.28852v
Recever 1 discriminatorvoltage 0x0990 2.99268Vv
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Table4.11: Decodecheadeinformationin a TO-31whole-orbitdatafile

Parameter Value Engineering units
Satellitename 0x544d5341... “TMSAT-1"

File description 0x486f7573... “HouseleepingWWOD”

Starttime 0x38411942 120002UTC 28 Novemberl1999
Endtime 0x3841cle2 235930UTC 28 November1999
Samplingintenal 0x001e 30seconds

Numberof channels 0x0014 20channels

A 16 bit constan®x0000 .

Thesamplinginterval, a 16 bit integer, in seconds.

A 32bit constantx00000000 .

Thenumberof telemetrychannelsa 16 bit integer.

The large numberof constantsn the file headersuggestshatthe formathasmary otherpossible
functionsandparametersvhich arenot currentlybeingused.

A sampletelemetryfile wasdownloadedfrom TO-31. We may readoff the headealuesfrom
Figure4.8to produceTable4.11.

81 34 01 00 01 be 00 54 4d 53 41 54 2d 31 00 00
00 00 00 01 48 6f 75 73 65 6b 65 65 70 69 6e 67

20 57 4f 44 00 00 00 00 OO OO 00 00 OO OO 00 00
00 004219413800 00e2cl1413800 00 1e 00
00 00 00 001400 02001100 0002 0200 0b 00
0002 0200 0d 00 0002 02000100 0002 0200
1300 0002 0200 0e 00 0002 0200 26 00 00 02
02 00 04 00 0002 02001400 0002 02000800
0002 0200 1a00 0002 02002900 0002 0200
3800 0002 02002200 0002 0200 2a 00 00 02
02 00 32 00 0002 0200 1c00 00 02 02 00 Of 00
0002 02001700 0002 020007 00 000243 19
413800 00010d 8f07 2c 04 13 0c 2e 05 23 00

Ob 06 11 05 2d 05 1d 00 94 01 02 02 6e 00 9a 05

d7 07 49 07 e6 03 bd 08 19 07 2d 06 61 19 41 38

00 00 ffOc 9b 07 2a 04 a4 Ob 1c 05 2a 00 c8 04

Figure4.8: Headelinformationin a TO—31whole-orbitdatafile
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We may thenreadoff thelist of channeldrom Figure4.9to producethelist in Table4.12. Each
entryin thelist is accompaniedy two setsof flags,0x0200 and0x0002 , whosefunctionwasnot
determined.

81 34 01 00 01 be 00 54 4d 53 41 54 2d 31 00 00
00 00 0001 48 6f 7573 65 6b 65 65 70 69 6e 67

20 57 4f 44 00 00 00 00 00 00 00 OO OO 00 00 00
00 004219413800 00 e2 c1 413800 00 1e 00
00 00 00 001400 02001100 00 02 0200 0b 00
00 02 0200 0d 00 0002 02000100 0002 0200
1300 0002 0200 0e00 0002 0200 26 00 00 02
02 00 04 00 0002 0200 14 00 0002 02 00 08 00
0002 0200 1a00 0002 0200 29 00 0002 0200
3800 0002 02002200 0002 0200 2a 00 00 02
02 00 32 00 0002 0200 1c00 00 02 0200 of 00
0002 02001700 0002 020007 00 0002 4319
413800 00010d8f072c 0413 0c 2e 052300

Ob 06 11 05 2d 05 1d 00 94 01 02 02 6e 00 9a 05

d7 07 49 07 e6 03 bd 08 19 07 2d 06 61 19 41 38

00 00 ffOc 9b 07 2a 04 a4 Ob 1c 05 2a 00 c8 04

Figure4.9: List of channelsn a TO-31whole-orbitdatafile

Thefirst samplefrom Figure4.10is thendecodedo produceTable4.13.

81 34 01 00 01 be 00 54 4d 53 41 54 2d 31 00 00
00 00 0001 48 6f 75 73 65 6b 65 65 70 69 6e 67

20 57 4f 44 00 00 00 00 00 00 00O OO OO 00 00 00
00 004219413800 00 e2c1413800 00 1e 00
00 00 00 00140002001100 00 02 0200 0b 00
00 02 0200 0d 00 0002 02000100 0002 0200
1300 0002 0200 0Oe 00 0002 0200 26 00 00 02
02 00 04 00 0002 02001400 0002 02000800
0002 0200 1a00 0002 02002900 0002 0200
3800 0002 02002200 0002 0200 2a 00 00 02
02 00 32 00 0002 0200 1c 00 00 02 0200 0f 00
0002 02001700 0002 02000700 0002 4319
413800 00010d8f07 2c 04 13 Oc 2e 05 23 00

Ob 06 11 05 2d 05 1d 00 94 01 02 02 6e 00 9a 05

d7 07 49 07 e6 03 bd 08 19 07 2d 06 611941 38
00 00 ffOc 9b 07 2a 04 a4 Ob 1c 05 2a 00 c8 04

Figure4.10: Firsttelemetrysamplein a TO-31whole-orbitdatafile
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Table4.12: Decodecchannelist in a TO-31whole orbit datafile

Raw value Decimal Channel Description
0x0200 1100 0002 17 BatteryVoltage
0x0200 0ObOO 0002 11 BatteryCurrent
0x0200 0dOO 0002 13 BatteryTemp
0x0200 0100 0002 1 Array Voltage
0x0200 1300 0002 19 PCM Input Curr
0x0200 0e00 0002 14 +14V Line Curr
0x0200 2600 0002 38 +5V Line Curr
0x0200 0400 0002 4 -X PanelTemp
0x0200 1400 0002 20 -Y PanelTemp
0x0200 0800 0002 8 Array Curr-X
0x0200 1a00 0002 26 Array Curr-Y
0x0200 2900 0002 41 Tx0 Forward (W)
0x0200 3800 0002 56 Tx0 Reverse(V)
0x0200 2200 0002 34 Rx0RRSI(dBm)
0x0200 2a00 0002 42 Rx1RRSI(dBm)
0x0200 3200 0002 50 Rx2 RRSI(dBm)
0x0200 1cO00 0002 28 Tx0 Temp
0x0200 0f00 0002 15 NavMagO0 Xdir
0x0200 1700 0002 23 NavMagOYdir

0x0200 0700 0002 7 NavMagOZdir
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Table4.13: Decodedelemetryobserationin a TO-31whole orbit datafile

Channel Description Raw value

Engineering units

Timestamp 0x38411943
Filler 0x0000
BatteryVoltage 0x0do1
BatteryCurrent 0x078f
BatteryTemperature 0x042c
Array Voltage 0x0c13

PCMInputCurrrent  0x052e
+14V Line Current 0x0023
+5V Line Current 0x060b
-X PanelTemperature 0x0511
-Y PanelTemperature 0x052d
Array Current-X 0x001d
Array Current-Y 0x0194
Tx0 ForwardPaver ~ 0x0202
Tx0 ReversePaver 0x006e

Rx0RRSI 0x059a
Rx1RRSI 0x07d7
Rx2 RRSI 0x0749
Tx0 Temperature 0x03e6
NavMagO0 Xdir 0x08bd
NavMagOYdir 0x0719

NavMagO0 zdir 0x062d

120003UTC 28 November1999

13.95365v
232.0696mA
16.43892C
41.82845v
423.6486mA
14.21373mA
955.6439mMA
-0.5762487C
-2.656706C
12.9023mA
110.4042mA
2.0042wW
0.134376W
-97.08976dBm
-110.8361dBm
-116.52490Bm
21.64006C
6.758615v
8.391602v
15.95264v

72
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Table4.14: Channehumberdn AO-16WOD surney

Channd number Channel description

0x26 -X arraycurrent
0ox27 +X arraycurrent
0x28 -Y arraycurrent
0x29 +Y arraycurrent
0x2B +Z arraycurrent
0x2D BCR (BatteryChaige Regulator)input current

4.3.4 AO-16/PACSAT whole orbit data

AO-165 on-boardsystemgpredatethe nov commonlyusedUoSAT telemetryformats. Sincethe
satellitehasworkedvery well (it ran1910days—aer 5 yeais—until the onboardcomputersystem
wentinto safemodeon 12 Decembel999),the commandeamhave optedto leave it asis andnot
updatethetelemetrysystem(9).

AO-16usesa uniquesystentor gatheringanddisseminatingvhole-orbitdata.Unlike never satel-
lites that gatherwhole-orbitdatacontinuously AO-16 only gathersdatawheninstructedto do so
by a commandstation,andthenonly doesit for oneorbit. It doesnt placethe datain the satellite
file system but insteadbroadcastshe dataon the downlink in a seriesof specialmessagesThe
formatof thedownlink messagewaseasilydeterminedy inspection.

Therearetwo kindsof downlink messagemvolvedin thedisseminatiomf whole-orbitdataon AO—
16. Thefirst messagés a simpletext listing of telemetrychannelsan AX.25 Ul frameaddressed
to WODCH-0

WOD:262728292B2D

This messagestateghatawhole-orbitdatasuney is beingbroadcason thedownlink, andthatthe
suney includesthetelemetrychannelslecodedn Table4.14.

The secondmessagdransmitsthe actualtelemetrydatain AX.25 Ul framesaddressedo WOD-
0. Obsenationsare sentin orderwith a timestampfor eachobseration. Eachtimestampis a
32 bit Unix time andis storedleast-significanbyte first. A sampleWOD paclet is illustratedin

Figure4.11.
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AC AE 02 38 01 6C 01 00 15 66 B6 AE 02 38 00 64
14 00 18 72 CO AE 02 38 04 5B 34 00 16 7B CA AE
02 38 0541 50 01 14 84 D4 AE 02 38 03 OD 6B 04
15 6E DE AE 02 38 1F 01 6B 02 16 80 E8 AE 02 38
5501510116 8B F2 AE 02 38 6C 00 26 04 16 7B
FC AE 02 38 6D 00 01 00 19 77 06 AF 02 38 6E 04
00 1B 17 81 10 AF 02 38 5E 03 05 50 19 8B 1A AF
02 38 30 03 02 78 18 85 24 AF 02 38 01 00 01 84
1C 73 2E AF 02 38 02 36 04 6E 1D 8C 38 AF 02 38
005A 0247 1C 89 42 AF 02 38 03 6D 04 21 1E 85
4C AF 02 38 02 7B 06 00 1C 7556 AF 02 38 07 72
36 00 1C 90 60 AF 02 38 06 46 5E 02 1C 90 6A AF
023801117302 1D 7574 AF 02 38 11 00 74 00
1E 77 7E AF 02 38 49 01 60 01 1D 8C 88 AF 02 38
6A 01 410219 8E 92 AF 02388101 16 01 1C 7E

9C AF0238840201151A 7B

Figure4.11: AO-16whole-orbitdatatransmission

Table4.15: DecodedAO-16WOD sample

Channel description Raw value Engineering units
Timestamp 0x3802AEAC 0344444UTC 12 Octoberl999
-X arraycurrent 0x01 -7.5mA

+X arraycurrent Ox6¢c 217.6mA

-Y arraycurrent 0x01 -1.7mA

+Y arraycurrent 0x00 129.5mA

+Z arraycurrent 0x15 26.4mA

BCRinputcurrent 0x66 438.1mA

Eachpacletin this suney consistsof a sequencef 15 obserationsof 10 byteseach,4 bytesfor
thetimestampfollowed by 6 bytesof telemetrydata. Thefirst telemetryobserationin thesample
pacletis:

AC AE 02 38 01 6C 01 00 15 66

We may decodehis obseration, producingthevaluesin Table4.15.
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4.5
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