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Abstract: 

Growing pressures on today’s testing resources are driving the need for a change in the way 

telemetry is currently being done.  As systems advance and become more complex, testing these 

systems becomes more difficult due to budget, schedule and test resource constraints.  These 

pressures create the need to support more concurrent testing with ever increasing numbers of 

participants and bandwidth requirements, all while available resources are diminishing.  In 

order to continue to provide support to the war fighter through timely and efficient testing of new 

systems, the test infrastructure needs to be updated to become more agile and efficient.    We will 

examine the application of innovative new technologies and concepts to increase the capabilities 

of the testing infrastructure in the presence of shrinking resources.  By leveraging advances in 

wireless technologies, telemetry networks and other technologies, we will present alternatives to 

the current telemetry paradigm. 

 

Introduction 

The basic paradigm of Airborne Mobile Telemetry (AMT) has remained unchanged for decades.  

The use of a Serial Streaming Telemetry (SST) link to transmit telemetry to the ground is still the 

dominant method of conducting tests of airborne systems.  While newer technologies have 

incrementally improved telemetry systems (e.g., digital transmitters and receivers, solid state 

recorders, etc.) few changes have been made to the methodology in which data is transmitted 

from an airborne test article to the ground.  With the increasing pace of technology development 

and the need to expedite delivery of new capabilities to the warfighter, there are pressures to 

decrease testing time without decreasing the quality of test.  With reductions in fiscal and 

spectrum resources, there are added pressures to “do more with less”.  In this paper we will 

examine how advances in commercial wireless communications, network technologies and 
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automation can be modified and applied to the AMT environment to increase not only spectral 

efficiency, but testing efficiency. 

 

Description of the current airborne telemetry paradigm  

Current telemetry systems utilize a point to point link in which an omnidirectional antenna (or 

wrap around antenna on a missile) on the test article is used to broadcast telemetry data to one or 

more parabolic, mechanically steered tracking antennas on the ground. The antenna can only 

track one test article at a time (multiple SST streams can be transmitted from same the test article 

and received from the same ground station).  Often there are gaps in coverage when the aircraft 

is in a hanger or line of sight (LOS) from the ground station to the aircraft is obstructed.  These 

gaps in coverage are frequently supplemented by small horn or omni-directional antennas inside 

hangers or near the flight line.  Switching from one source to another is generally a manual 

process.  When conducting tests over sea ranges where some portions of testing may occur “over 

the horizon”, telemetry relay aircraft or surface ships function as ground stations.  

The majority of AMT systems transmit Pulse Code Modulated (PCM) telemetry data using 

Frequency Modulation (FM).  While some test ranges have begun to utilize the more spectrally 

efficient waveform Shaped Offset Quadrature Phased Shift Keying-Telemetry Group (SOQPSK-

TG), a majority of testing still uses the legacy FM modulation, particularly in missile testing.  

The most spectrally efficient of the AMT waveforms, ARTM-CPM, is currently used on a very 

limited basis. 

Static data formats are used to send telemetry data from the test article to the Mission Control 

Room (MCR) for analysis and display.  These “data packages” are often used unchanged to 

conduct many test missions over a particular phase of testing. These formats are also not usually 

changed during a test mission as different test points are conducted.  

 

Shortfalls with the current paradigm 

Telemetry data format inflexibility 

Currently data is acquired by the instrumentation system on the test article and encoded into 

PCM (IRIG 106 Chapter 4 standard) formats that are pre-defined by the test engineers and 

referred to as a “data package”.  These data packages are composed of fixed length frames 

containing data along with synchronization words to delineate the beginning of each frame.  

These frames are then transmitted over a fixed bandwidth, fixed frequency (both configurable, 

but not changed during a test) from an omnidirectional blade antenna (or wrap around antenna on 

a missile) to a parabolic, mechanically steered tracking antenna at one or more ground stations.  

When the signal is received at the ground station, it is demodulated and the data stream is 

transported over point to point terrestrial link or network to a Mission Control Room (MCR) for 

processing and real time analysis by the test team.  The creation of these data packages are labor 

intensive and require extensive expertise to ensure that the data is being telemetered for the 

specific flight test need.  Several data packages are often created to support different phases of 
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flight testing e.g., structural, envelope expansion, avionics, propulsion, etc.  Since the creation of 

these packages is very labor intensive, often only a few “general” data packages are created for 

each phase of flight testing. 

Transmission of unnecessary data 

Often when conducting test missions, a series of “test cards” are created to test specific aspects 

of the aircraft during that flight.  Test cards are generally conducted with the same data package 

that includes all parameters needed to be monitored for the entire mission, or a particular aspect 

of the current test phase.  For example, a data package may include 5Mb/s of data, but an 

individual test card may only require 1Mb/s of that data to properly ascertain if the test was 

completed successfully. The remaining 4Mb/s is being transmitted unnecessarily during the 

execution of this test card, which consumes spectrum which could be allocated to other users.  It 

is often the case that a larger data package is used for a test mission than required because of the 

time and effort required to create a tailored package for each test card. 

Dedication of resources 

During a test mission, ground station resources are allocated to receive the telemetry signal and 

relay it to the MCR.  Since parabolic antennas only track one target at a time, they have to be 

dedicated to a test article for the duration of a mission.  These telemetry ground stations (GS) are 

expensive to construct and maintain, most requiring to be manned during missions.   

Spectrum scheduling and utilization 

Currently spectrum assignments for AMT are planned days in advanced to allow sufficient time 

for manual coordination and de-confliction.  There are tools available to visualize spectrum 

occupancy and conflicts, but resolution of conflicts is a manually intensive process.  In order to 

minimize inter-channel interference, large guard bands are employed between signals.  Typically 

a minimum of 1.5 times the actual Intermediate Frequency (IF) (rounded up to the nearest 1 

MHz step) is employed but can be larger per the guidelines of IRIG 106 Appendix A.  Some 

examples are:
 
[1] 

Signal #1 Signal #2 Minimum Spacing 

5 Mb/s PCM/FM 0.8 Mb/s PCM/FM 9 MHz 

5 Mb/s PCM/FM 5 Mb/s PCM/FM 11 MHz 

5 Mb/s PCM/FM 5 Mb/s PCM/FM 9 MHz 

5 Mb/s PCM/FM 5 Mb/s SOQPSK-TG 9 MHz 
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10 Mb/s ARTM CPM 10 Mb/s ARTM 9 MHz 

 

Commonly, a more conservative approach that increases the size of guard bands beyond what is 

recommended by IRIG 106 is utilized for convenience and to further minimize interference.  

Since the telemetry links can operate at distance of up to 150 nautical miles, frequencies are 

typically not re-used where there is a chance of interference.  This often requires frequencies for 

a single mission to be allocated across multiple ranges to prevent interference due to the power 

of the transmitter and gain of the ground antennas.  Sometimes geographic separation of 

missions can be leveraged to reduce the probability of interference from adjacent signals and/or 

provide some frequency re-use.   

Networked telemetry 

The Integrated Network Enhanced Telemetry (iNET) program has been developing a new 

telemetry system for the AMT environment.  iNET is developing a network architecture for 

airborne platforms that will replace the current instrumentation bus with industry standard 

Ethernet and add a bidirectional network channel from the aircraft to the ground.  While iNET 

will utilize SST links for safety of flight and other telemetry data, the addition of a network 

based communication channel will provide additional functionality that is not possible today.  

iNET will support command and control of the instrumentation systems while the aircraft is in 

flight, which will enable capabilities such as:  

 Requesting data from the onboard recorder to “backfill” or replace lost or corrupt data 

initially transmitted over the SST link 

 Changing of SST data package or format during flight 

 Selecting the telemetry data sent down on the network link 

 Monitoring the health and status of the instrumentation system throughout the mission 

 Requesting data from the recorder that was not originally telemetered 

iNET will use a “hub and spoke” network architecture that leverages the existing ground station 

infrastructure with minor modifications to support two way communication.  By network 

enabling the instrumentation systems on the aircraft as well as adding capabilities to the MCR 

systems supporting interactive access to testing data, the iNET program has laid the cornerstones 

for the modernization of AMT.  This paper will build upon the enabling technologies of iNET 

and examine a possible alternative to the current and iNET wireless communication paradigms. 

Global Ranges and over the horizon coverage 

Network telemetry would also allow the realization of a “Range-less Range” or “Global Range” 

capability.  If  a test article could use a network based infrastructure instead of the dedicated 

point to point systems used in AMT today, testing could be conducted anywhere network 

connectivity was available. Options like commercial and government satellites and commercial 

wireless providers could be leveraged to allow test missions to be conducted almost anywhere in 
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the world.  The utilization of airborne routers and mesh or Mobile Ad-hoc NETwork (MANET) 

protocols could be used to extend the network where the use of satellites might not be suitable.  

In this case, a series of aircraft and/or surface vessels could act as mobile network routers that 

extend coverage over the horizon by relaying network telemetry data through each mobile node 

and down to the ground. 

 

New AMT Paradigm 

The approach to modernizing AMT presented in this paper is based upon applying a mobile 

wireless “cellular” paradigm to networked telemetry.  This paradigm has been in use since the 

1980s and has been evolved and improved to the point where wireless voice and data services 

have become ubiquitous allowing instant and “always on” communication.  Commercial wireless 

carriers have challenges that are similar to what ranges also face; how to cost effectively support 

increasing numbers of high bandwidth users over large geographical areas with a limited amount 

of spectrum. While the AMT environment differs from the mobile wireless environment, 

adaptation of current wireless technologies to the AMT environment can provide significant 

benefit and efficiencies while meeting the differing requirements of flight testing.  

Distributed infrastructure 

In moving from the current AMT use of point to point links to a network type architecture will 

require a re-envisioning of the terrestrial range infrastructure.  An arrangement of smaller less 

expensive network enabled ground stations could be deployed across a range to provide the 

necessary coverage to flight line areas, hangers and range airspace.  These ground stations would 

be un-manned, and range from a “macro cell” which would provide coverage for larger areas, to 

smaller and more inexpensive “pico cells”.  These low cost “pico cells” could be deployed where 

a concentration of capacity would be required.  These small ground stations could even be pole 

mounted and solar powered for deployment in remote locations.  Although a distributed range 

infrastructure has been proposed before [2], we are going to explore expanding that concept even 

further.  Existing long range antenna systems could be modified to provide additional coverage 

over ocean ranges and large expanses of open terrain where it might be impractical to deploy 

many smaller ground stations.  New long range ground stations could be deployed that use 

adaptive (phased) array antenna systems to track multiple targets simultaneously with similar 

performance of parabolic antennas.  Ground stations fitted with these arrays could be deployed 

where it may be difficult or impractical to instrument larger areas of a range. For the majority of 

the range areas, multiple ground stations arranged like Figure 1, could provide additional 

capacity based on frequency re-use.  These ground stations would be connected with either a 

wireless point to point, wireless mesh network or fiber backhaul to transport data back to an 

MCR.  Each ground station would have a smaller coverage area to maximize spectrum re-use.  

The test article transmit power can be automatically controlled to provide the optimum power 

required to maintain a stable link while minimizing interference to adjacent ground stations.  

When additional coverage is needed in a remote location, a mobile ground station could be 

deployed to provide the needed coverage.  Satellite backhaul or point to point links could be 

utilized to connect the mobile ground station to the network.  Each color in Figure 1 denotes a 

different frequency range in which a ground station would operate.   
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Figure 1 

 

Additional capacity can be gained in congested areas by employing sector antennas or smart 

arrays on the ground stations.  By subdividing ground station coverage into smaller areas on 

differing frequencies, additional capacity can be added.  Frequency assignments for each sector 

would be assigned as to minimize interference with nearby sectors and ground stations (Figure 

2.).  Areas such as flight lines and taxiways where multiple test articles might be located and 

communicating simultaneously may require these increases in capacity. 

 

Figure 2  Ground station frequency plan with sector antennas 
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By utilizing this approach, employing three 120 degree sector antennas would allow each ground 

station to support three different frequency bands and therefore increase the available bandwidth 

in each “cell”.  The frequencies of each sector would be assigned to minimize interference with 

the sectors of other ground stations.  By application of multiple access schemes each ground 

station could support multiple test articles. 

Advanced Waveforms and Multiple Access Methods 

Various schemes have been developed by the commercial wireless to enable access to wireless 

channels by multiple users.  Each scheme has benefits and shortcomings, and all would have to 

be adapted to the AMT environment (e.g., increased Doppler shift due to higher velocities, 

different operating frequencies) in some manner.  For our purposes we will discuss Orthogonal 

Frequency Division Multiple Access (OFDMA) as an example.  Other industry developed 

multiple access schemes like Single Carrier Frequency Division Multiple Access (SC-FDMA) 

which is being employed in the latest wireless standard of Long Term Evolution (LTE) may be 

more suitable for channels with high speed users.  Additionally, different access schemes may 

prove more appropriate for use on the uplink portion of the communication channel as opposed 

to the downlink.  OFDMA will presented as an example as the comparison of different multiple 

access schemes is beyond the scope of this paper.   

When using OFDMA as a multiple access scheme, each test article would be allocated a set of 

subcarriers (Figure 33) enabling each ground station to support multiple test articles in each 

“cell”. When the subcarriers are modulated with a constant phase modulation such as FM, 

performance can equal and even exceed conventional FM [3].  Supporting multiple simultaneous 

users with OFDMA will also save spectrum that would normally be lost to guards bands between 

single carrier signals.  When channel conditions are good, more advanced modulations (e.g., 

SOQPSK-TG, ARTM-CPM, QAM16, QAM64) could be used to modulate the subcarriers 

providing even more throughput per unit of spectrum.  Other methods such as Multiple Input – 

Multiple Output (MIMO) technologies could also be leveraged to increase available bandwidth 

available to users.  MIMO is often used in current 802.11n Wi-Fi products available to 

consumers.  Wireless carriers are also leveraging the increased capacity offered by MIMO 

systems in their mobile networks. 

 

 

Figure 3 OFDMA Subcarrier Mapping 
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A note on SST: 

While the ideas presented here are predicated on a network based TM infrastructure, there still 

may be a requirement to support SST well into the future for “safety of flight” purposes.  Just as 

in the mobile wireless industry supports voice calls; non-packetized serial data streams can also 

be supported.  The SST data can be mapped to a different set of subcarriers and transmitted along 

with the network data. 

Once the data has been received by the ground station “cell”, the network packets and SST data 

(encapsulated in packets at the ground station) would be backhauled over a different wireless 

network link or terrestrial network to the MCR. 

An example of using OFDMA to support both SST and network telemetry simultaneously from 

multiple test articles is illustrated in Figure 44. 

 

 

Figure 4 SST and network data mapped to OFDMA subcarriers 

As a test article moves from one ground station to another, the system would need to execute a 

“handover” of the test article to maintain connectivity.  These handover mechanisms would also 

be leveraged from the mobile wireless industry, which seamlessly allow movement from one cell 

to another while maintaining both voice and network connectivity.  In addition to handing over 

data channels from cell to cell, additional handover mechanisms at the network level would need 

to be employed.  One technology in use by the mobile industry is Mobile Internet Protocol 

(MIP).  A versions of MIP for IP version 4 and IP version 6 currently exist and can be leveraged 

to support both legacy IPv4 and newer IPv6 networks.  MIP allows a mobile node to move from 

one IP network to another while maintaining connectivity.  As a test article moves to another 

range’s network, it registers with a home agent on its home network and provides a “care of 

address”.  Packets are forwarded to and from the home agent to the mobile node via the “care of 

address” allowing it to maintain connectivity transparently to other systems it may be 

communicating with. 

Resource Scheduling 

Currently ground stations and spectrum that are required to support a test mission are scheduled 

days in advance.  This is mainly due to the limited number of ground stations (which only 

supports a single test article each) on a range, as well as the manually intensive process of 
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frequency de-confliction often requiring  cooperation between several ranges.  By using a cell 

based approach, frequency assignments and de-confliction is done once during the planning and 

deployment phase of the ground stations or when modifications are required (ground stations 

added or removed).  Ground station scheduling is also eliminated because each ground station 

can support multiple test articles simultaneously.  Currently mobile wireless employs a “first 

come, first served” method of access and a best effort method of resource allocation which is not 

appropriate for AMT. In order to support the needs of AMT, levels of guaranteed service (which 

may vary based upon testing needs and program priority) are required.  Either operator entry, or 

import from a mission scheduling system can provide the system with bandwidth reservations. 

 

Conclusions 

The current paradigm has and continues to enable testing of news systems to support the war 

fighter.  Possible reductions in spectrum available for Test and Evaluation as an effect of 

legislation like The Nation Broadband Plan [4] are driving the need to modernize current 

telemetry technologies to become more spectrally efficient.  Current and future systems are 

requiring more and more bandwidth to conduct test missions, and will become more challenging 

to accomplish those missions as spectrum resources shrink.  In addition, dwindling budgets are 

also impacting the Test and Evaluation cycle, possibly reducing the amount of time and money 

available for test.  As we present a new paradigm for AMT, there are many benefits to the 

realization of network telemetry as well as the modernization of airborne telemetry links.  

Increasing the spectral efficiency of the process as well as enabling a more flexible system will 

allow more testing to be done even in the face of dwindling resources.   Network telemetry will 

allow access to test data in a more timely fashion while using fewer resources that will provide 

gains in testing efficiency.  Enabling concepts like “distributed testing”, where testing engineers 

from dispersed geographic regions can participate in the same test, can lower costs and the time 

necessary to perform testing.   

While the technology described here has been proven by the mobile wireless industry through 

years of use, there are still significant challenges to realizing a major shift in AMT.  Some of 

these challenges are fiscal and others are the reluctance of the community to adopt new methods 

and technologies.  The basic methods and technologies of AMT have not significantly changed 

in decades due to their success in supporting the mission; it can be difficult to justify change 

from something that has worked well for so long.  Even small incremental changes in technology 

often take many years to be fully adopted by the community.  This reluctance of the community 

is probably the most difficult hurdle to overcome.  Adoption of iNET will lay the groundwork 

for new capabilities and begin the transition to networked telemetry. To fully realize the benefits 

and efficiencies of networked telemetry, a more aggressive adoption rate and implementation 

schedule of new technologies will need to be pursued.  Leveraging existing and proven 

technologies from industries like mobile wireless will provide a head start to modernizing 

telemetry. 
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