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ABSTRACT 

 

Changing from  L/S-Band to C-Band requires not only new equipment. Even the characteristics 

of the new frequencies just as the new frequency environment are a challenge for the operations 

in this bands when changing from a well-known frequency environment to a unknown new one. 

This paper describes the way used at Airbus Defense and Space Flight Test Ground Station to get 

experience with new equipment and to learn more about the new environment. Repeatable and 

comparable tests allowed training for the operators and the optimization of the equipment and 

procedures with the new environment. Although many of the problems or features observed 

during the tests where expected in advance, but even unexpected results could be identified. 
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INTRODUCTION 

 

Using telemetry for online data transmission in flight testing is a standard since at least 50 years. 

At the beginning there were no problems obtaining spectrum for the test community. Low data 

rates required narrow bandwidth only. And the spectrum was not occupied by too many other 

services. In L-Band a comfortable, stable telemetry was established as a standard in flight testing. 

The steadily growing data amount of the test vehicles and the confidence into telemetry let to 

increasing data rates and a need for more bandwidth. Unfortunately at the same time, the number 

of additional services requesting frequency space, was growing rapidly. The growing 

communications industry, the increasing number of telemetry services (like remote controls on 

ground and on air), medicinal services and others are not only using frequency spectrum, but are 

although a big economical factor, paying taxes and swapping money into the cash-box of the 

public administration. Therefore in the 90
th

 the L-Band was sold to the industry and flight test 

had to move into S-Band. But at the end of the last century the wish for having more spectrum for 

the flight test community was still alive. At the World Radio Conference in 2007 in Geneva a 

60MHz range in C-Band was reserved worldwide for flight test applications and for Europe 

additional 100 MHz where granted. It took several years until the industry could provide the 

necessary equipment like antennas, transmitters and receivers and the first nations (France, Spain, 

United Kingdom) asked flight test on a short notice to move their telemetry operations into the 



new C-Band. In addition other new services occupied more and more frequency space of the S-

Band. 

There are many mobile phone providers using the S-Band for their ground network. In Europe  

new telemetry networks for video applications are planned in the S-Band. Therefore it is a real 

need, to be prepared to move to C-Band as soon as possible 

 

REQUIREMENTS 

 

When starting a new project, you have to collect the requirements, what shall be the result of this 

project. In our case (the project is named “Introduction of C-Band for Flight Test Telemetry”) our 

C-Band test requirements are: 

- Collect experience with C-Band, especially regarding 

o Multipath 

o Sensitivity 

o Damping 

o External sources 

 

- Compare different equipment, like 

o Antennas 

o Transmitters 

o Receivers 

o Best Source Selectors 

 

- Optimize the equipment with respect to the local environment 

- Learn the operators the handling of the equipment in certain, critical situations 

 

Caused by the usually short term planning in flight test, the operational requirements for the 

test platform were: 

- Low cost 

- Good and short term availability 

- Short reaction time between test requirement and test execution 

 

To have comparable results of the C-Band Test data with already existing S-Band data we had 

the analysis requirements 

- Data structures of test data shall be compatible to already existing test data 

- The test environment shall be as close as possible to an existing environment for fighter 

aircraft, that means that PCM data and video shall be transmitted, data rates shall be 

similar to the already existing solutions 
 

SEARCHING FOR A TEST PLATFORM 

 

When investigating the possibilities for a test platform, the possible solutions we considered 

were: 

- A bore-sight antenna.  This solution fulfilled the operational requirements regarding cost 

and availability, but was very poor with the C-Band test requirements. 

- A helicopter, provided by the official test center of the German air force. This solution 

had the disadvantage, that helicopter telemetry differs significant from A/C telemetry. 



Also with respect to the availability we were not satisfied, because this helicopter was 

very often used for other projects and this requires a long term planning, which we could 

not provide. 

- A remote controlled Quad Copter as proposed by [3].  

- A Flying Test Bed seemed to be the best solution, based on a fixed wing aircraft. 

Normally we used a DO228, which has a certification as a test aircraft. With this 

certification it is very easy, to implement new equipment into the aircraft for a test. But 

this aircraft is very expensive and the availability also is underlying a strong long term 

planning 

- Therefore (as discussed intensively in [1,2]) the decision was, to use the powered motor 

glider (Dimona H36) of the local gliding club. 

 

The aircraft was typically always available during the week. The cost per flight hour was less 

then 100€. The aircraft could be operated by every member of the gliding club.   

A platform was developed, which could be mounted inside the aircraft in less then 30 minutes. 

To make the aircraft ready for test took another 30 minutes.  Therefore all the operational 

requirements were fulfilled by this choice. 
 

CERTIFICATION OF THE TEST PLATFORM 

 

The problem with the powered glider was, that there was no certification for doing test flights 

with it. But with the help of the German authorities from the LBA (Luftfahrtbundesamt) it was no 

big problem, to obtain a certification for an electrical autonomous test platform. The certification 

allowed the installation and deinstallation of  the platform by the pilot without the signature of an 

examiner. The platform was fixed on the Co-pilots seat, using the seat belt mounts. Therefore no 

changes on the aircraft cell had to be done. The platform was limited in weight by the 

certification and we had to provide a handbook for the users of the platform. Based on these 

limitations, every pilot with a private pilots license (PPL) was able to perform flights with the 

powered glider when the test platform was installed. For changes on the platform itself, the 

platform must be checked and cleared by an examiner again. 
 

  

Picture 1:   Test platform  installed inside      Picture 2:  Test rack and antenna position at the  

the aircraft.     aircraft 

 

 



TEST PLATFORM LAYOUT 

 

As mentioned above, one of the requirements was, to have a telemetry stream very similar to the 

telemetry stream received from our “normal” test aircraft. Therefore we installed on the platform 

an ACRA KAM-500 data acquisition system. This system was equipped with a recording 

module, a GPS module, a video module and different analog modules to record temperature and 

humidity inside and outside the aircraft. A video camera was mounted on the test rack and the 

video image was transmitted to the ground crew during test. Additionally a navigation platform 

(XSENS MTI-G) was installed and the aircraft position and the flight attitudes where recorded 

during the whole test. The electrical power of the system came from a lithium-ferro-phospat 

accumulator, which could support the system with power for more then 2 hours time of 

operations. 

 DEFINING TEST PROCEDURES 

 

One of the requirements above was, to produce comparable test data from different equipment or 

different tests. Therefore a limited number of test cases were prepared by the test crew. The 

standard maneuvers, performed in the different tests were: 

 

1) Standard aerodrome pattern with the programmed way points.  

a) Takeoff Position 

b) Departure Leg 

c) Crosswind Leg 

d) Downwind Leg 

e) Base Leg 

f) Final approach 

g) Landing 

 
Picture 3: Aerodrome Pattern 

2) Aerodrome pattern without height change 

Same as above, but between base leg and crosswind leg a straight of level flight was 

performed instead of a landing 

 

3) Circle around antenna (radius 3 km) 

4) 3 circles with 30°bank in a distance of 5 km from the antenna 

5) 3 circles with 45 bank in a distance of 5 km from the antenna 



6) Flight radial to antenna to a airfield in a 

distance of 70 km 

7) Flight beyond line of sight in 70km distance 

from the antenna 

8) Flight tangential to antenna  

 

Picture 4: Coordinates of flight pattern for 

complete test procedure 

 

 

Purpose of test point 1 and 2 was to gather information about the behavior of C-Band telemetry 

in the near field, including shadowing and multipath effects. 

Purpose of test point 3 was to measure the transmitter antenna characteristics during every test. 

Purpose of test point 4 and 5 was to get data about the aircraft body to the measurement. 

Purpose of test point 7 was to check the C-Band and equipment behavior when loosing the signal. 

Purpose of test point 8 was to see potential influences on the measurement by external 

transmitters. 
 

PERFORMING TESTS 

 

All tests were performed using only one transmitting antenna, to avoid signal corrections by any 

kind of combining. For the receiving of the transmitted signals we had two ground antenna 

systems available. First our “old” 8 feet S-band antenna (8S-antenna)  as a reference for S-Band 

measurements and second our “new” 4 feet S-C-band antenna (4SC-antenna) for tests using S- or 

C-band.  In a first step we compared both antennas in S-band, before we could continue with the 

C-Band tests using the 4SC-antenna only. With the 4SC-antenna, the signal strength of the 

received signal was recorded with a rate of 20 Hz.  For all tests we used the same type of 

receivers.  Before starting the tests, the test system itself was carefully tested on ground. 
 

TEST RESULTS  

 

S-Band Findings 

 

The comparison of the 2 antennas in S-Band showed comparable results. No significant 

discrepancy in quality of the smaller antenna could be seen during the circle around the antenna. 

The most interesting part of the test program have been the 30° and 45° circles. Both antennas 

showed some dropouts during the 30° circle, which could not be explained by the received signal 

strength. Then we found, that the dropouts always occurred when the aircraft flew in exactly the 

same direction. Using this information it could be analyzed, that the dropouts where a result of a 

shadowing effect of the landing gear, which was exactly between transmitter and receiving 

antenna when the aircraft flew. This could be seen on the 45° circles even in the received signal 

strength, which was reduced for 30dB, when landing gear and fuselage shadowed the signal. 

 

As an interesting side effect of this test phase it was mentioned, that we had problems in the start 

up phase with the synchronization of our internal GPS system. This problems was caused by GPS 

repeaters, which were active inside a hanger close to the start up location. We moved our start up 

far away from this hangar and the problem disappeared. 



C-Band Characteristics 

 

Now we repeated the same test in C-Band, using frequency 5100 MHz. The dropouts, caused by 

the landing gear, could be seen at exactly the same position like in the S-Band. But the number of 

missing frames was up to 10 times higher in C-Band then in S-Band. The reason for the higher 

number of dropouts was found by a continuous loss of single frames during a circle and 

additionally by a longer period of total loss during the shadowing phase of the landing gear. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Picture 5: Signal shadowing by landing gear (radial: Nr of dropouts , heading in Units of 10 degrees) 

 

Environmental Conditions 
 

To evaluate the spectrum for near filed disturbances the test points 3,6,and 8 were compared 

between different frequencies in S-Band and in C-Band. In S-Band we found some directions 

with increased disturbances in the frequency 2297. These disturbances could be identified as the 

inter-modulation products of two UMTS transmitters close to the airfield, operated by different 

telecommunication companies.  

For C-Band we found during test points 6 and 8 (radial and tangential flightpath to antenna) 

significant disturbances in certain directions, which are reproducible, but still under investigation.  

 
 

 

 

 

 

 

 

 

 

 

 

Picture 6: Heading, direction to 

antenna and dropouts versus time 



C-Band Multipath Behavior 

 

The multipath effects in the near airfield tests could not be evaluated. A significant difference 

between C- and S-Band could not be seen. In both cases signal quality was too bad during the 

tests performed until now. Therefore multipath behavior checking must follow by up a detailed 

investigation on this topic. 

 

CONCLUSIONS 

 

Although the program is still in a starting phase we found many reasons, to continue with this 

program for the next years. We have created the possibility, to perform repeatable tests with FTI 

and FTGS equipment. We can investigate spurious effects noticed during normal test flights, 

which are possibly caused be external disturbers. These effects cannot be investigated by a test 

aircraft for cost and time reasons. It was shown, that the flying telemetry test bad can also be used 

for the training of the telemetry operators to critical situations. Training for improving handling 

performance of engineers, which are new in telemetry operations, is although possible. 
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