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ABSTRACT 
The purpose of this paper is to show how 
Airbus Defence and Space has developed its 
initial C Band Telemetry capabilities for Flight 
Test and the final results and conclusions 
obtained during the C band telemetry 
campaign. New dual transmission and 
reception telemetry chains have been validated 
both capable to work in S or C Band. Also, a 
new telemetry model in C band has been 
assessed in order to predict telemetry behavior 
and quality of the link (coverage, bit error 
rate...) taking into account different 
modulations and data rates. 

The first modified telemetry station in order to 
receive in C band has been the Telemetry 
Mobile Station of Airbus Military, with an 
antenna of 5 feet diameter and with a new dual 
band feeder.  

The main objectives of the C band test 
campaign are: 

•  Optimize the antenna alignment to the target 
in order to meet the thinner reception lobe in C 
band, about 2.8 degrees, compared to the 5 
degrees previously used in S Band. 

•  Test new scenarios combining PCM/FM 
(Pulse Code Modulation / Frequency 
Modulation is n used in all the tests in S band 
up to today) and SOQPSK modulation with 
new data rates from 4 Mbps up to 20 Mbps. 

• Link Budget model characterization and 
validation. 

This paper describes the starting point 
(theoretical mathematical model of the C band 
Link) and the arrival point (real and validated 
mathematical model based on the results). 

 Key words: C Band, SOQPSK, Telemetry, 
PCM/FM, Feeder, Coverage, Antenna 

New Rules on Frequency Spectral Range. 
New rules on frequency spectral range arose 
from Resolution 418 passed in the World 
Radiocommunication Conference 2007 in 
Geneva. 

C Band from 5091 to 5250 MHz is allocated for 
Aeronautical Mobile Telemetry, limiting its 
application to flight test "of aircraft for non-
commercial flights for the development, 
evaluation and certification of aircraft”.  

Current Status of  Telemetry Systems. 
Airbus Defence (Spain) offers a complete 
Telemetry System consisting of 2 
interconnected Telemetry Main Centers 
(Getafe and Seville) and 4 remote Telemetry 
Stations hanging from Seville Telemetry 
Center. 

Telemetry Band and Modulation used by 
Airbus Military prototypes is: 

 
Table 1. Airbus Military Prototypes, Telemetry Band 

and Modulation. 

C Band Migration Plan. 
C Band Migration Plan must meet the current 
legislation and be compatible with the use of 
2.7-2.8 GHz band (unknown real date end of 
A400M tests).  

Airbus Defence decided to implement an 
incremental movement to dual S&C Band. 
Incremental acquisitions of new receivers in C 
Band will cause higher costs.It is possible a 
fully alignment with the upgrade of the fleet of 
prototypes in C band. 

 

 

 

 

 

 

 

 
Fig.1.Airbus Military C Band Upgrading. 
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Dual Band Antenna Design 
An initial upgrade of the 5 feet Telemetry 
Antenna of the Mobile Station will be 
implemented in order to receive in S & C Band 
simultaneously. 

It involves a new design of the feeder and the 
integration of new control systems. Emphasize 
the idea of creating a new design of S&C band 
taking into account the risk of the designation 
of this project to a Spanish telemetry supplier 
(PRODETEL) in collaboration with the Carlos 
III University. The upgrading of the rest 
Telemetry Systems will be incremental once 
the S&C model is validated.  

First preliminary designs of a dual band 
antenna were printed dual band antennas. 
Printed antennas are very attractive elements 
in the RF and microwave frequency region 
because of their friendly manufacturing, low 
cost, polarization purity, and low-profile 
properties.  

The following constraints must be satisfied at 
the time of designing the new antenna: 

- 3 bands must be covered (2.3 to 2.4 GHz, 
2.7 to 2.8 GHz,5.0 to 5.3 GHz) 

- S11 < - 10 dB (< -15 dB desirable). 

- Suitable radiation pattern to illuminate a 
parabolic reflector. 

- High G/T. 

- Lobe angle as wide as possible. 

- High Isolation between ports.  

- Gains around 30 dBi in C Band and 
maintaining S Band current gain (around 
29 dBi). 

After several iterations needed, the third 
simulated prototype, a printed Coplanar 
Antenna was the best design with the best 
theoretical results.  

Different measurements, carried out in the 
anechoic chamber, enable us to optimize the 
focal length. Not only will the focal length be 
fixed, also the reception of the antenna in far 
field will be simulated.The results obtained 
from the anechoic chamber bring us new 
values of the reception lobules and gains at 
different RF Bands. Due to C Band high 
frequency and current parabolic reflector 
shape, main beam amplitude in degrees is 
very narrow, 2.8 degrees at 1.5m reflector, 
compares to 5 degrees in S Band. This will 
impose a very good pointing 
mechanism/algorithm..  

In order to reuse the S band receivers a 
downconverter step has been included in the 
reception chain. It includes a Phase locked 
Coaxial Resonator Oscillator which downloads 
the whole band from 5.091 - 5250 MHz to 2200 
– 2380 MHz with a traslation frequency of 2850 
MHz. 

Link Budget. 
Link budget is a relatively addition and 
subtraction of gains and losses within an RF 
link. a formal way of calculating the expected 
received signal to noise ratio (SNR).   

To be able to predict telemetry behaviour and 
quality of the link (Signal to Noise Ratio, 
coverage, bit error rate...) it is neccesary to 
validate the Link Budget Model. 

Link budgets begins with the transmitter power 
and sum all the gains and losses in the system 
accounting for the propagation losses to find 
the received power. Then the noise level at the 
receiver is estimated and SNR is taken. 

 

 

 
 

 Fig.2  Transmission and Reception System. 

 

Most values of the above equation are known 
and have been measured but some of them 
depend of several factors. 

• Path Losses (LFriss):  
LFriss (dB) = 20 log (d km) + 20 log (f GHz) + 92.45 

Fade Margin becomes necessary to account 
for the unpredictable changes in RF signal 
levels at the receiver. This value will be a 
precise measurement of the robustness of our 
Link. The higher this value is higher margin to 
ensure system quality, in this case measured 
by the BER. 

The radiation pattern of both transmitter 
antennas have been implemented in our link 
budget taking into account the angle of the 
beam between the antenna located on board 
and the telemetry reception antenna on 
ground. Pith, Roll and Yaw position are 
measured in real time and sent via telemetry 
link to ground,  the beam between 
transmission and reception antennas will point 
the aircraft in a different angle according to the 
3 values of these parameters and the 
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