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ABSTRACT

This paper gives an overview on Telemetry, Tracking and Command (TTC) sub-system
that are used onboard some telecommunication satellites. Then, a description of the
equipments of such a sub-system is given, together with the main performances.
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INTRODUCTION

The operational control of satellites is achieved via a TTC (Telemetry, Tracking and
Command) link. This TTC link (physical layer) is established using the TTC ground
station on one hand and the onboard TTC sub-system on the other hand.
This TTC link has to be established during the different phases of life of the satellite, i.e.:
• during Launch and Early Orbit phases (LEOP): this phase starts with the injection of the

satellite by the launcher and ends when the satellite has reached its nominal position
• when the satellite is on station: this constitutes the nominal phase of life of the satellite,

which is typically 15 years for commercial programmes
• in case of emergency: in that case, the TTC link has to face a possible loss of attitude

of the satellite
• finally during deorbitation: at the end of its operational life, the satellite can be sent to a

« cemetery » orbit

This onboard TTC sub-system is in charge of the following functions:
• the telecommand function, i.e. the reception and demodulation of the telecommand

data. The command information is received through wide coverage antennas during
LEOP and in case of emergency. When the satellite is on-station, a high gain antenna is



preferred in order to minimize requirements on ground station and avoid any interaction
with the satellite payload (minimization of telecommand flux at satellite level)

• the telemetry function, i.e. the modulation and transmission to the ground of the
telemetry information. The same as for telecommand applies for the required coverages
during the different phases of life of the satellite.

• the ranging function, which gives to the ground station the ability to measure the
distance of the satellite: this function is achieved by transmitting to the ground ranging
tones (simultaneously with telemetry data) received on the uplink.

ONBOARD TTC ARCHITECTURE

A typical onboard subsystem architecture is presented hereafter.
• Telecommand: the wide coverage telecommand antennas necessary for telecommand

reception during LEOP and emergency can be located on Earth (+Z) and anti-Earth (-Z)
panels of satellite, which is to be considered as an example of implementation. The
directional antenna necessary for telecommand reception when on station can be either
the payload telecommunication antenna, which is in that case shared with the TTC
subsystem, or a dedicated telecommand antenna. The TTC sub-system provides two
receivers in hot redundancy.

• Telemetry: the wide coverage telemetry antennas necessary for telemetry transmission
during LEOP and emergency can be located, as for the telecommand antennas, on
Earth(+Z) and anti-Earth (-Z) panels of the satellite. During these phases, the use of
TWTs (Travelling Wave Tube) is necessary in order to reach the necessary EIRP: these
TWTs are most of the time those of the satellite payload. The directional antenna
necessary for telemetry transmission when on station can be either the payload
telecommunication antenna, which is in that case shared with the TTC subsystem, or a
dedicated telemetry antenna. The TTC sub-system provides two transmitters in cold
redundancy.

• Ranging: ranging tones are received in the same way as telecommand and transmitted
in the same way as telemetry. Each telecommand receiver delivers two ranging outputs
in order to provide full cross strapping with the telemetry transmitters.
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MAIN REQUIREMENTS

Most of commercial telecommunication satellites have standard requirements for their
Telemetry Tracking & Command (TTC) link:
• Bit rate. Requirements that apply most of the time are:

⇒ for telecommand: from 250 b/s up to 2000 b/s
⇒ for telemetry: from 500 b/s up to 4800 b/s

• Modulation. The modulations that are taken into account by our sub-system are those
usually implemented in commercial telecommunication satellites:

⇒ BPSK/FM (optionally FSK/FM) for the telecommand link with a carrier
frequency deviation of ±400 kHz and a sub-carrier frequency within the
range 5 kHz-20 kHz

⇒ BPSK/PM for the telemetry link with a modulation index up to 1.8 radian
and a sub-carrier frequency that can range from 30 kHz up to 80 kHz.

• Carrier frequency. The equipements presented here have been developped in Ku-
band. The supported frequency bands are:

⇒ for telecommand: 12750 MHz-14300 MHz
⇒ for telemetry: 10750 MHz-12750 MHz

 Nota : other products have been developped in C-band and Ku+ (17.3 GHz - 18.1 GHz),
but are not presented here.

• Polarization. The required polarization depends on the phase of the satellite mission:
⇒  during LEOP, the TTC sub-system has to be compatible with the ground

station network which is used, which can work either in linear or in circular
polarization: the same applies for emergency case.



⇒ when on station, the TTC sub-system has to be compatible with linear
polarization in Ku-band.

• On-board coverage. Of course, the wider, the better. Nevertheless, a good
compromise has to be found with respect to mass and cost criteria.

• Ranging. For most programs, ranging tones are within [15 kHz-30 kHz]: nevertheless,
this bandwidth can be extended if required.

DESIGN DESCRIPTION

Telecommand receiver:
The nominal RF input is filtered by a mechanical filter, and then amplified by a low noise
amplifier. Then the signal is down-converted from Ku-band down to the first intermediate
frequency (IF around 140 MHz): this is achieved by a mixer using the local oscillator
frequency.
After amplification, the signal is filtered by a narrow band filter (SAW filter) in order to
remove parasitic signals which are close from the carrier and therefore improve the
selectivity. Then the signal is down-converted to the second intermediate frequency
around 8 MHz. The signal is then digitized, and processed by a digital ASIC that performs
FM (frequency modulation) demodulation. Then the signal, which is now at sub-carrier
level, is BPSK-demodulated by a digital ASIC, which delivers the telecommand signal.
The signal at sub-carrier level is also sent to a digital-to-analog converter which delivers
the ranging tones.
The receiver design has been optimized on the following points:
• Ranging performances at input level near threshold have been improved. The FM

demodulation characteristics are presented hereafter: the curve herebelow represents the
typical S/N0 (dB.Hz) at FM demodulator output versus the receiver input power (in
dBm) for a ranging tone at 27.77 kHz.
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 In fact, the ranging tone level at receiver output decreases of typically 4.5 dB for an input
power going from -100 to -109 dBm while noise at this output increases. Two corrective
actions have been adopted:

1. implementation of an automated gain control (AGC) in order to compensate the
ranging tone level decrease: the residual tone level decrease at -109 dBm is -1.5
dB (a residual decrease remains because AGC is performed on signal+noise,
and noise increases as input power decreases). As modulation index of the
ranging tones at telemetry transmitter output is directly proportional to this
ranging tone level, ranging link budgets are improved.

2. minimization of the ranging filter bandwidth at receiver output: the reason why is
that the noise (present at receiver ranging output) which is applied onto the
telemetry transmitter degrades telemetry and ranging link budgets. The signal to
noise ratio for a ranging tone is typically 2.5 dB for an input level of -109 dBm.

• The receiver has been equipped with bi-frequency capability: the receiver is able to
work at two frequencies (maximum distance: 3 MHz), selectable by external
telecommand (frequency synthesis has been implemented in the local oscillator). This
presents two main advantages:

1. this gives to the TTC sub-system jamming avoidance capabilities during the
operational lifetime of the satellite
2. this gives the ability to achieve coordination with other space systems in case
of satellite relocation

Main receiver performances are:
• threshold: -112 dBm (1 kb/s, BER of 10-6)
• input frequency variation : ±350 kHz
• selectivity: -70 dBm spurious accepted at 2 MHz minimum from the carrier

Telemetry transmitter:
The transmitter is mainly constituted by a PLL (phase lock loop) which achieves the phase
modulation of the telemetry and ranging signals: the signal is then passed through a
frequency multiplier (x4) in order to reach the Ku-band. The frequency stability is
achieved with the help of an ovenized crystal. This transmitter has also bi-frequency
capability.
Main transmitter performances are:

• output power: 26 dBm
• frequency stability: 4 ppm
• modulation index: <2 rd peak

Wide coverage antenna
Ku-Band omnidirectional antennas are an assembly consisting of a horn, a septum
polarizer and a double access waveguide: specific antennas are used for Telecommand



and Telemetry, based on the same design which is scaled taking into account the required
frequencies.
The figure hererafter shows the configuration of those antennas:
• The radiating element is a cylindrical horn with external traps and corrugations,

providing required radiated pattern with adequate axial ratio performance.
• The septum polarizer transmits/receives the LHCP (Left Hand Cicular Polarization) and

RHCP (Right Hand Circular Polarization) signals to/from an output circular waveguide
connected to the horn, from/to two semi-circular inputs ports driving two separated
linear polarized signals.

• A double access waveguide is used in order to physically separate the septum polarizer
ports.

The antenna radiation pattern is presented on the figure hereafter.
The main characteristic of this pattern is its very high gain gradient around 90° with a very
low rear gain. This presents two main advantages:
• possibility to install this type of antenna directly on the platform without major

modification of the radiation pattern.
• minimization of multipath effects when summing the pattern of two antennas in opposite

direction.



Planar array antenna

A planar array antenna has been preferred instead of a horn due to its reduced size and
mass. Each antenna is based on the concept of dual stacked patch radiator which consists
of the superposition of two stages monopolarization structure: each antenna is able to
radiate in two orthogonal linear polarizations. Each radiating sub-array comprises 32 unit
radiators.



Main planar array performances are:
• axis gain>22.5 dBi
• polarization discrimination: 33 dB

MAIN SUB-SYSTEM PERFORMANCES

Parameter Performance
Transfer Orbit&Emergency
Antenna coverage
Antenna polarization
Antenna configuration

Synchronous orbit, normal operation
Antenna polarization
Antenna configuration

• ±75° on earth and anti-earth sides
• Circularly polarized
• +z elements: 1 telemetry, 1 telecommand

-z elements: 1 telemetry, 1 telecommand

Linear polarization (Vertical)
Communication receive antenna or dedicated antenna

Frequency
        On station, Transfer orbit and

emergency frequency plan

Flux density
         Transfer orbit and emergency

          On station

Modulation
         Type
         Carrier deviation
         Baseband modulation
         Sub carrier frequency
         Bit rate
         BER

2 frequencies per receiver selectable by telecommand

-80 dBW/m² min (linear polarization received)
-83 dBW/m² min (circular polarization received)

-100 dBW/m² typical (communication antenna)

FM
±400 kHz
PCM-NRZ-L/BPSK
5-20 kHz
1000 b/s
10-6

Telecommand performances



Parameter Performance
Transfer Orbit&Emergency
Antenna coverage
Antenna polarization
Antenna configuration

Synchronous orbit, normal operation
Antenna polarization
Antenna configuration

Frequency
        On station, Transfer orbit and

emergency frequency plan

         Carrier stability

EIRP
         Transfer orbit and emergency

(with 50 W TWT)

         On station

Modulation
         Type
         Baseband modulation
         Sub carrier frequency
         Bit rate

• ±75° on earth and anti-earth sides
• Circularly polarized
• +z elements: 1 telemetry, 1 telecommand

-z elements: 1 telemetry, 1 telecommand

Linear polarization (Horizontal)
Communication transmit antenna

2 frequencies per transmitter selectable by
telecommand

± 4 ppm (long term)

1 dBW typical (linear polarization)
4 dBW typical (circular polarization)
12 dBW typical

PM
PCM-NRZ-L/BPSK
30-80 kHz
500-4800 b/s

Telemetry performances

CONCLUSION

Most of the basic bricks have already been flown successfully onboard several
telecommunication satellites. Improved designs are now under production and will flow
onboard STENTOR, the french technological satellite.


