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Table 1 On-board X-band TT&C system features

Main features

Band
Modulation style
Carrier acquisition threshold

Ranging tone

X-band Up-link / X-band Down-link
PM/PM, coherent turnaround mode
Better than —140 dBm
Max 500 kHz

Turnaround frequency ratio 749/880 (CCSDS standard)

DOR tones 3.8 and 19.2 MHz (CCSDS standard)
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Table 2 Ground X-band TT&C system features

Main features

Turnaround frequency ratio
G/T
EIRP

749/880 (CCSDS standard)
G/T>35+201g(F/F0) dB/K (F0=8000 MHz, E>10°)
EIRP >83+20lg(F/F0) dBW, F0=7145 MHz

Output power 1 kW
Received signal sensitivity —180 dBW (carrier loop 10 Hz)
Dynamic range of received signal 120 dB

Carrier loop 1-200Hz , 500 Hz, 1 kHz, 2 kHz

Ranging loop 0.01-8 Hz
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Figure 1 Space-ground TT&C system

Monitor & | | Timing &
frequency
subsystem

control
subsystem

3 E#H X NRMNZEBERSE

B X BB RGO X BN B LB, Sk 5 TRER) X BN B LA e 7 AE
BRI N H] . XA B WL T S D R SRAT: iSRRIkl A ) X BB EATBAE 5. R
AT RS R BARAR T BB 5, A RN 2308 56 s X 1) 22 05 A5 5 ) 22 3 Ik e A 005 M e A5
o, O T TR AR 5 Ry DR AR I ORI _EAT BRI R A DR RS
K0 DB BB AT 55 ZEOF R 5 AT EA T DOR 155 B¢,

3.1 AFRWIT5R}

X ARBE N Z L R A O E G AT AR BRI SR Gl IE BTG DC/DC HITAE 4
HAr AR, FErh SR OE T P T ARG S RS, BB TBOR . AGC B PR AT HL i AL
FACF R ICALRE AD SRAE FlSRIRERAREE . WP AR A B B LR AR AL R SR I BT LR
Ui PR A PG AR . IR . X BBORER L A RS, DC/DC T 2 A~ DC/DC B L
S H HL K, L2 A SR BERE TN ] 2 .

X ARBNV L (Al 3 o) BRCE E R G A 22 AT X, AR T GRS AR A G, PR
AW . SFHAIET S I 75 TEORAR AT T O sev, L 5 R AR 1.75 dB. S AET a2 A rhAifE 5,
BN R AL B R A IR e o AT AE S IO IR R R, Rl R ERER A A B
Bl B0, PRI UE I 3826 AN TR VOXO, AT 58 S E 38 () P ER 22k He Ak, v didch P A
Bk fig 5 1B AR5 S I B A B A T, AE FATIEIE T, fRR S e (RO 15 S, AR BERIERE R
% ADOR 15 5 LA K I Ab B PR 06 N IRRE I 5 — ik B M AT X BB IRS, R R AT RS
5. ADC KA R i PACR AR, BCp b B AR, SRR B A v A SR TR, B
IR 7 e b R e S R B N 1/ Q B =ik A R T 3 TR R, Q S T-BUE FRm il
W AEAR A O % b, R BRI A s S B ER SPLL HR. HARSZEL b AMEITR
FPGA WIKEIEIE (NCO) 45 & EBiss i (DAC) Hiil. 78 R4, DAC JaTH KM T SPLL,
F T BRI e 5 B P2 AR 5 5 228, Al ali . X BN BN LR IR VOXO (a5 i
AIR2%) 5 TCXO (RAMNBAIRT #%) MIERCE, =& ikair), sk e s,

1173



FATAAE: WS TR X B R it ik

Receive channel IF DSP module
AGC
749F0 Ist Mixing, 2nd| - AD Digtal
LNA D/C amplifier amplifier | Filter —>| sampling —>| DIC —}
A Carrier
estimate &
LO acquisition
NCO = PD |
A

| Low pass . Loop ¥
VC)E‘* filter =V CO control signal filter [

Ranging & telecommand
signal processing

I
Control signal—‘ Ranging

Telecommand

Transmit channel
Control signal

2
; Transmit DOR
TCXO Switch |—>| LO |—>I processing

‘elecommand}

| subcarrier
ADORI1
Y y ADOR2
X-band X-band i Ranging t
- 880F0 = Siganl anging tone
amplifier modulato Telemetry subcarrier l—
DC/DC power supply
2 X BN ENREER
Figure 2 X-band transponder block diagram
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Figure 3 X-band transponder
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Figure 4 Estimate result of up-link carrier spectrum in —143 dBm

(a) Traditional frequency estimate method; (b) novel multi-block accumulated estimate method
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Figure 5 18 m X-band TT&C equipment
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Figure 6 X-band up-link frequency conversion
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Figure 7 Frequency flow chart of X-band receive channel
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Figure 11 Composing chart of power amplifier unit
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Abstract In deep space exploration, in order to conquer the TT&C technical difficulties, which are long distance,
long time delay and weak signal, an efficiency method is to improve radio frequency. Therefore an X-band TT&C
technical experiment is developed in CE-2 Project for the first time. This paper studies the design and realization
of the integrated space — ground X-band TT&C system , describes the composing of the technical experiment
system, critical techniques, system experiment method and the test results. Experimental results indicate that
X-band improved remarkably in link performance and precision of orbital measurement and determination, via
comparing with S-band TT&C system. X-band will be used as major frequency band for lunar and deep space
exploration.

Keywords The project of CE-2, X-band, TT&C, DOR
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