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ABSTRACT 

 

Flight Test Instrumentation (FTI) architectures are moving more and more towards network 

topologies. For almost every task, current equipment support connection to the FTI system via 

Ethernet. However, up to now, the telemetry link has kept the legacy PCM technology for most 

applications. By implementing network / IP radios, the drawbacks of old fashioned PCM-based 

telemetry links could be eliminated. Furthermore, new use cases have become possible, and the 

architecture of FTI installations, both on board and on ground, could be simplified. This paper 

gives some technical background on networked / IP radios and describes the steps taken during 

the first introduction of this promising technology. The benefits of this system are explained in 

order to show the potential of that approach. Beside this, important lessons were learned during 

the introduction of the network / IP telemetry: from software to hardware topics, from topology 

to human factors aspects. Eventually, the present installation at the FTI facility is described as 

well as the status of the migration from S-band PCM/FM to IP C-Band. 
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INTRODUCTION 

 

Flight Test Instrumentation (FTI) architectures are moving more and more towards network 

topologies. For almost every task, current equipment support connection to the FTI system via 

Ethernet. However, up to now, the telemetry (TLM) link has kept the legacy PCM technology for 

most applications. The implementation of network / IP radios could eliminate the drawbacks of 

old-fashioned PCM-based telemetry links. Furthermore, new use cases have become possible, 

and the architecture of FTI installations could be simplified, both on board and on ground. This 

paper gives some technical background on networked / IP radios and describes the steps taken 

during the first introduction of this promising technology. It explains the benefits of this system 

in order to show the potential of that approach. Beside this, important lessons had to be learned 

during the introduction of the network / IP telemetry: from software to hardware topics, from 



topology to human factors aspects. Eventually, the present installation at the FTI facility is 

described as well as the status of the migration from S-band PCM/FM to IP C-Band. 

 

TECHNICAL DESCRIPTION 

 

HISTORY 
Along the last years or even decades, on-board and ground telemetry segments using the same 

technology, mainly Pulse Code Modulation (PCM). On-board Data Acquisition Systems 

provides PCM streams to be recorded on-board, as well as to be transmitted by PCM/FM 

transmitter to the ground equipment. On ground, reception, decoding and data analysis took 

place. It was not unusual to distribute the reconstructed PCM stream to all the workstations. 

Distribution of the serial data was limited to PCM compatible devices. 

 

 
Figure 1: PCM based telemetry 

 

With increasing implementation of Ethernet-based architecture on board, the two segments start 

to deviate. While it was easy to take benefit of the Network technology on-board for acquisition, 

recording and visualization, keeping the TLM link in PCM/FM technique requires a bridge 

towards the TLM PCM/FM transmitter. In parallel, the TLM ground segment modernization 

introduces “re-bridging” equipment to transform the decoded Bitsync PCM output in Ethernet 

data streams. 

 

 
Figure 2: Hybrid (PCM/Ethernet bridging) telemetry 

Both PCM and the hybrid PCM/Ethernet bridging architecture face several constraints. One 

limiting factor is the quasi-static avionic bus acquisition and the fixed frame structures of the 

TLM data stream, which cannot efficiently cope with variable bus loads. Big efforts are 

necessary to adapt the TLM frame characterization for that. 

 

 
Figure 3: IP telemetry 



TECHNICAL BACKGROUND 

MIMO: MIMO stands for Multiple Input, Multiple Output, meaning that a radio link uses 

multiple antennas at the transmitter and receiver to enlarge the link capacity. 

 

Topology: As IP telemetry nodes can be considered as an Ethernet switch, several types of 

network topologies are possible. When only two radios appears in the network, a simple Point-

to-Point connection is established. 

 

 
Figure 4: Point - to - Point connection 

With three or more radios, mesh topology is used or can be dynamically reconfigured to 
any other multiple radio network topology like chain, star, tree topology or a mixed type of 
it. 
 

 
Figure 5: Mesh topology 

 
Figure 6: Chain topology 

Modulation: IP TLM uses digital modulation, which provides different modulation/coding 
schemas (MCS) like QAM, QPSK or just PSK. The chosen MCS defines the maximum possible 
User Data Throughput. Whereas simple binary dual modulation has equal bit- and symbol 
rate (baud rate), digital modulation allows assigning 2 or more bits to one symbol. 
 
Antennas: IP TLM is bidirectional by default. Passive antennas are used on board, 
commonly linear polarized. Ground segment antennas, where space is not such a 
constraint, are often build as dual linear cross-polarized. For MIMO radios, different 
antenna types can be connected to the radio to cover near field (e.g. omni) as well as larger 
distances (directional sensitive). 
 
Frequency: IP TLM at Airbus Helicopters in Germany (AHD) operates in C-band at 5.2 GHz, 
which is in the band worldwide reserved for TLM operations. Compared to S-Band at 



~2.4GHz, C-Band radiation is closer to quasi-optical propagation. That drawback of that 
high frequency is its sensitivity for shadowing or obstacles in the LOS. MIMO helps here 
improving the radio link due to multiple antennas and its immunity against multipath. 
 

REQUIREMENTS AND EXPECTATIONS 

 
Range: the target distance is 80 km, based on past operational experiences 
 
Data Rate: 6Mbps should be transmitted. 
 
Robustness: The link should be immune against reflections and multipath 
 
Compatibility: The equipment should support the network standards and protocols 
applicable for AHD’s FTI installations (IGMP, PTP) 
 

SYSTEMS IN OPERATION 

 

AIR SEGMENT 

H135 SN 886: Installed: Nov. 2018; Parallel to S-Band, 1 Silvus MIMO SC4480 Radio, 2 x 

Button Antenna, 2xFlexiSlot Antenna, Emission Pattern calculated for estimation of antenna 

position; Data Rate: 6 Mbps; Flight/Ground Runs performed end of Q1/19: 50 

 

CityAirbus Demonstrator Alpha: Installed: Oct. 2018; 1 Silvus MIMO SC4480 Radio, 4 x 

Button Antenna or 4 x Rod Antenna in various configuration; Data Rate: ~ 16Mbps; Ground 

Runs performed end of Q1/19: 20 

 

GROUND SEGMENT 

Mobile Units: 3 Units; each consists of 1 Silvus MIMO SC4480 Radio, 1 switch ORING IGPS-

9042, AC/DC Power Supply, 2 Antenna linear x-polarized (Omni and Sector/Flat) 

 

Base Unit: with same setup as the mobile units, except w/o the switch, but with an 

azimuth/elevation pedestal 

 

LESSONS LEARNED 

 

HARDWARE 

Mobile Units: 3 mobile units were build up identically, setup is simple and installation is very 

quick, even on external sites. Only 240VAC and a LAN connection are necessary to power the 

equipment and connect it to the ground segment network.  

 

Ground Segment Antennas: The ground segment antennas showed an acceptable behaviour and 

deliver a good performance overview for the operation start-up phase. The used equipment are 

an acceptable compromise between cost and performance. 

 



Range: Although only IT-type ground segments antenna were used at first, a distance of ~20 km 

was achieved w/o any relevant data drop out for a data throughput of 6 Mbps. Implementing 

higher gain antennas will improve significantly the range. 

 

Ground station: Setting up the architecture of the ground segment with transceiver and 

monitoring stations is very easy as it is based on a “simple” Ethernet topology. Adding intercom 

or video surveillance systems is possible in a few steps if the system is IP based, e.g. with voice-

over-IP intercom or IP video surveillance. 

 

SOFTWARE 

Network/Protocol: Although the air segment network is separated from the ground segment 

network by IP rules, no router is required as long as data is transmitted via Multicast. In order to 

support Multicast in a multi-switch environment, the equipment need to support IGMP including 

IGMP snooping. 

 

PTP: The time synchronisation within the complete topology in the air and ground segments has 

to take into account the PTP domains, in order to prevent PTP slaves to face several PTP Grand 

Masters, which do not support the best GM process. 

 

CONCEPT 

Burst Time: In order to find a compromise between data rate and transmission delays, the default 

Burst Time value of 10ms increased to 50ms increasing the maximum available User 

Throughput from ~ 45 Mbps to ~90 Mbps. 

 

Topology: Especially at higher data rates, topology can become critical. Currently, the source 

radio sends data to each radio in sight, even multicast. Even though it is no issue at low data 

rates, the source radio can be easily overloaded at higher data rates, in particular together with 

auto network reconfigurations. We therefore fixed the topology to chain in order to prevent any 

data drop out caused by an overloaded source radio. 

 

Although it was sporadically verified during the last months, the usage of the mesh for e.g. 

relaying streams over a test aircraft is planned for future steps. Because of the possible 

multiplication of the streams, it has to be carefully planned. 

 

PROCESS 

Uplink: The IP link is per definition bi-directional. Control, validation and even re-setup of the 

FTI system (or even of equipment under test) is therefore possible remotely in the same way as if 

the operator were acting directly within the LAN of the aircraft.  

 

Moreover, several services can be offered from the ground to the air segment, as e.g. the 

distribution of real time and precise weather data out local weather stations, or the distribution of 

DGPS RTK corrections in the near environment of the test site. 

 

  



CONCLUSIONS 

 

The introduction of a network / IP telemetry is one of the last steps in the “Ethernetisation” of 

Flight Test Instrumentation systems, simplifying the link between on board and on ground 

segments. Its deployment at Airbus Helicopters in Germany started in 2018 and shall be 

completed in 2019. It offers many advantages in the architecture, processes and operation of FTI 

systems. Nevertheless, the lessons learned during the deployment showed that difficulties are not 

always where they are expected to be. Deploying the IP link telemetry in parallel to a backup 

legacy PCM telemetry on the first test aircraft can be an effective risk mitigation. 

 

GLOSSARY 

 

AHD: Airbus Helicopters Deutschland GmbH 

FTI: Flight Test Instrumentation 

IGMP: Internet Group Messaging Protocol 

IP:  Internet Protocol 

LOS: Line of Sight 

MCS: Modulation & Coding Schema 

PCM: Pulse Code Modulation 

PTP: Precise Time Protocol IEEE1588 

TLM: Telemetry 

 


