1957
(Sputnik) 40

( (amateur satellite)

(store & forward) (e-mail)
(audio)
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@)

station)

center)

TT&C
TT&C

(constellation system)

2

(telemetry tracking & command
TT&C
(mission operations control
MOCC
(gateway processor)

¥

A 4

F 3

F 3

E

TT&C

TT&C
( )
TT&C
(MOCCQ)
(TT&C )
TT&C
(telemetry)
(tracking) (command)
TT&C
(remote control)
TT&C
TT&C 2
1
) 3
1.
2

(receiving RF equipment)
(data recovery equipment)
(telemetry decommutation process)

(gateway)
)
(carrier)

(demodulation)
(Doppler frequency shift)
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.

Transmit Command Command
RF Modulation  fagei Data ||
. Equipment Equipment Processor
_ 3
IR 3 ®
= % %
Antenna = S
System Receive Data TLM Data ;
L% FRF Recovery —J»! Dec%rganuta- —> =
Telemetry | Equipment Equipment Processor 8
t e}
Antenna Tracking
Dri And
2 Sygt\(le?‘n > Cor?trol >
TT& C
(polarizer) (diplexer) (front
(low noise amplifier) end processor)
(multi-coupler)
(receiver/demodulator) (diversity 2.
combiner) TT&C
(RF subassembly)
@)
(bit stream)
(virtual channel data unit, TT&C
VCDU) 2
(frame) (D) (command data
(pseudo random coding) Reed processor) (2) (command modulation
Solomon VCDU equipment) (3) (transmit RF
(bit equipment)
synchronizer) (frame (1) MOCC
synchronizer)
(baseband subassembly) (command link transmission
(©)] unit, CLTU) (serid
interface)
(FEP)
(decommutation) (engineering 2

unit conversion)
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(command modulator)

(range tones)
(combiner)
©)
(power amplifier)
(exciter)
3.
GIT EIRP
( 3
4 ) (elevation angle)
(azimuth angle)
(autotrack) (program track)

(NORAD two-line

""" On-Line

Lost N ! Acquisition
of Signal '/- e ‘\ of Signal

Pre-Pass
t‘.w )
- Off-Line .

3TT&C

elements)

(MOCC)

MOCC
MOCC

MOCC
@ (telemetry
& command workstation) (2)
(mission planning workstation)  (3)
(orbit support workstation)  (4)
(data archive workstation)
(LAN)

(FEP) TT&C

TT&C MOCC

4.TT&C
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TT&C SIC
Station I Telemetry
t Telemetry & Mission Data
" Command S/C SOH Data
Uplink Workstation
Command
Load t Mission
S/C Scheduling & Planning
cheduling ; .
Command Load Workstation gtrtt‘)tlt ég;
Generation t Orbit Daltelxj
- Support
Orbit & | workstation 1 v
Attitude
Parameters Update Data Level O
Archive Mission
Ingest acquisition Request | \workstation Data
t User’s
Terminals
Acquisition
Request
(trend analysis)
( 38.4
MOCC kbps) (VHF UHF L S band)
D (2 RF ©)
6
(command load)
1.
TT&C (antenna)
(rotor) (tracking computer)
(1) VHF UHF L
(Yagi antenna)
S
(dish antenna)
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Doppler Steering

Antenna Steering

Tracltin S
S-Band "
Receiver/Demodulator
—

CommandTelemetry

UHF/VHF
Receiver/Demodulator

soBMEW) [BUSS

N jeues

A\
UHF/VHF

UHFVHF
Yagi Antenna

Modulator/Transceiver

-‘ HPA
6.

2

3)

high gain

(azimuth) (elevation)
0 360° 0 90°

transceiver receiver

2.RF
@)

2
LNA)

modulator/transceiver

PSK FSK AFSK
Morse code Cw
(pre-amplifier
receiver/demodul ator

PC Ethernet

LAN

Internet

(transponder)
@ AO (Amsat

OSCAR) FO (Fuji OSCAR) KO (Kitsat OSCAR)
LO (Lusat OSCAR) RS (Radio Sport Satellite) UO
(UoSAT OSCAR) WO (Weber OSCAR)

OSCAR Orbital Satellite Carrying
Amateur Radio

1
7(4)

ITU IARU (International Amateur Radio
Union)
VHF/UHF/L/S
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BN
o
Amp T
Satellite Tracking

- s e

Antenna

7. Computer

A 144 146 MHz 28.0 29.7 MHz

B |435 438MHz 144 146 MHz

J 144 146 MHz 435 438 MHz

K [21.0 21.450MHz 28.0 29.7 MHz

L 1260 1270 MHz 435 438 MHz

S 435 438MHz 2400 2450 MHz

T [21.0 21.450MHz 144 146 MHz

2. (Protocol)
AX.25%
PACSAT PACSAT AX.25
(broadcast protocol)
(file server)

AX.25 Link Access Protocol for Amateur Packet
Radio (version 2.2) ARRL (American Radio
Relay League) TAPR (Tucson Amateur Packet
Radio Corporation)

SO
(OSI reference model)
(seven layers) AX.25
(data link layer) (physical layer)

osl

@ (application layer)
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@

3

(4)

Q)

(6)

()

@

2

©)

(4)

(presentation layer)

ASN.1
(session layer)

(transport layer)

(network layer)

EIA-232 V.22bis V.35
AX.25

(ON]

(full duplex)

(master/dave)

(half duplex)




RS-13 K 21.260 21.300, CW/SSB 29.460 29.500, CW/SSB
A 145.960 146.000, CW/SSB
T 145.960 146.000, CW/SSB
Beacon 29.458, CW
Beacon 29.504, CW (Robot)
145.840, CW(Robot)
uo-14 J 145.975, FM Voice 435.070, FM Voice
RS.15 A 145.858 145.898, CW/SSB 29.354 29.394, CW/SSB
Beacon 29.352, CW
FO-20 J 145.900 146.000, CW/SSB 435.800 435.900, CW/SSB
Beacon 435.795, CW
AO-27 145.850, FM Voice 436.795, FM Voice
145.900 146.000, CW/SSB 435.800 435.900, CW/SSB
FO-29 Beacon 435.795, CW S
(Fuji-0S Beacon 435.910, FM Voice digitaker
CAR 29) Beacon 435.795, 12 WPM CW telemetry
J 145.870, 1200 bps AFSK FM 435.910,1200 bps PSK SSB
J 145.870, 9600 bps FM 435.910,9600 bps FM
SO-35 B 436.291, FM Voice 145.825, FM Voice
] 145.900/145.920/145.940/ 437.025/437.051,1200 bps PSK SSB
145.960, 1200 bps AFSK FM
AO-16
Beacon 2401.14280, 1200 bps PSK
SSB (Usudly off)
] 145.840/145.860/145.880/ 437.150, 1200 bps PSK SSB
LO-19 145.900, 1200 bps AFSK FM
Beacon 437.125, CW
Uuo-22 145.900/145.975, 9600 bps FM 435.120, 9600 bps FM
KO-23 145.900, 9600 bps FM 435.175, 9600 bps FM
KO-25 145.980/145.850, 9600 bps FM 436.500, 9600 bps FM
TO-31 ] 145.925/145.975, 9600 bps FM 436.900/436.925/436.950/
436.975, 9600 bps FM
UO-36 J 145.960/145.500, 9600 bps FM 437.025/437.400, 9600/38400 bps FM
AO-10 B 435.030 435.180, CW/SSB 145.825 145.975, CW/SSB
Beacon 145.810, CW
AX.25 (frame structure)
(information frame) )
Flag Address Control PID
01111110 | 112/224 bits 8/16 bits 8 bits
Info FCS Fag
N*8 bits 16 hits 01111110
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ORBCOMM (

Technology Ltd. (SSTL)

30

)

GANDER” (

)
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Surrey Satellite
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