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ABSTRACT 
 
As part of the ongoing effort to increase the efficiency of telemetry, a research grant through the 
Air Force Office of Scientific Research (AFOSR) was initiated to look at the development of 
multi-band transmitters.  During this research, ideas about improvements from dual antennae 
transmission were also pursued.  The multi-band related work subsequently transitioned to a 
Small Business Innovation Research (SBIR) effort and a commercial product.  The dual antennae 
research led to a Science and Technology/Test and Evaluation (S&T T&E) project and is 
currently being developed under the Central Test and Evaluation Investment Program (CTEIP).  
This paper overviews the technologies involved and the process of working a pure research effort 
through various cycles of development and funding. 
 
 

INTRODUCTION 
 
The road from pure research to operational use is often long and fraught with peril.  Indeed, it 
can be said that the ‘R’ in ‘R&D’ stands for ‘Risk’ as well as ‘Research’.  This is a story of how 
some research survived the risk and is being turned into usable products.  The process includes 
several funding sources and different levels of development as shown in figure 1.  The original 
effort was conducted under an Air Force Office of Scientific Research (AFOSR) grant.  This 
original basic research branched into two development efforts. The first branch was continued 
under funding by the Small Business Innovation Research (SBIR) program.  The second branch 
was continued first by the Test and Evaluation / Science and Technology (T&E/S&T) Spectrum 
Augmentation for Test and Evaluation and second by funding from the Central Test And 
Evaluation Investment Program (CTIEP) administered through the Air Force Flight Test Center, 
T&E/S&T Field Support Program Office.  In the background of all of this was the Advanced 
Range Telemetry (ARTM) Program also funded through CTEIP.  That is, the motivation for 
these efforts was identical to ARTM’s motivation and the ARTM personnel were cognizant of 
these efforts and oversaw portions of these efforts. 
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Figure 1 – Research Development Branches. 

 
The underlying need for these efforts is the spectrum crunch which is succinctly summarized in 
the AFOSR topic proposal description of the T&E need: 
 

“One aspect of the standard paradigm for flight test is continuous monitoring of the aircraft 
under test via real time telemetry.  This is typically accomplished over a radio frequency 
(RF) link.  Specific portions of the L-Band (1435 to1525 MHz) and Upper S-Band (2310 
to2390 MHz) were dedicated to these links.  Air-vehicles were assigned dedicated channels 
in one of these bands. Narrow band users were typically assigned to L-Band and wide band 
users assigned to S-Band channels. Due to the EM physics involved, unique telemetry 
devices (transmitters, amplifiers, dividers, cabling, antennas, receivers) were required for 
each band. 

 
The available spectrum has been decreased to the point that this type of assignments, and 
scheduling, are no longer practical.  Due to recent congressional actions (OBRA 93, BBA 
97), the RF spectrum reserved for telemetry have been decreased and fragmented over both 
bands. Scheduling of users is restricted due to the unique telemetry hardware required in each 
band.  One set of hardware cannot be tuned over the entire L/S bands.” 

 
Thus, there was a very well-defined need that had been developing for many years. 
 
Although the technology involved is discussed, this paper concentrates more on the funding 
processes.  Part of the intent here is to give specific examples of how the project topic 
descriptions fit into the funding source requirements.  This is done by providing examples of 
successful proposal descriptions along with the program descriptions. 

 

AFOSR 2000-2002 
Full L-S Band Telemetry System 

SBIR 2002-2004 
Multiband, Multimode 

Programmable 
Telemetry Transmitter 

Program 
 

T&E/S&T 2002-2004 
Space-Time Coding for 
Aeronautical Telemetry 

CTEIP 2005-2007 
Prototype Design of 

Aeronautical Telemetry 
Space-Time Decoder 

System 
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THE FUNDING PROCESS 
 
Although the details differ for each of the funding sources, there is a basic structure of how 
projects are funded.   
 
At a very high level, different funding sources have been established for different aspects of 
research, development, and implementation.  For example, the AFOSR program has been 
established to do pure research, whereas the SBIR program is intended to help develop 
commercial products with dual use (government and industry).  Also at a high level, general and 
specific needs are established by the different organizations that can take advantage of these 
funding sources.  At the Air Force Flight Test Center, this has been accomplished through the 
development of a road map. 
 
At a low level, projects are initiated by individuals that recognize a need and put forth a topic for 
funding.  For the efforts described here, an initial AFOSR topic description was developed by 
Dr. Jones.  The success of the AFOSR effort then spawned the follow-on projects.  For most 
funding sources the basic process is: 
 

1. Develop a topic description. 
2. Get approval of the topic through ma nagement. 
3. Submit topic to the funding source. 
4. Get approval of the topic from the funding source. 
5. Publish the equivalent of a request for proposal.  (There are various forms of this 

depending on the funding source and the nature of the request.) 
6. Receive and evaluate proposals. 
7. Put the winning proposals on contract. 

 
Each one of these steps takes time and some steps often go through several iterations.  For most 
funding sources it is quite unusual for this process to take less than a year and can sometimes 
take two or three years if you track it from the original conception of the topic. This can happen 
especially if a topic is not funded the first time it is submitted. The longest the author knows of is 
the Test Investment Planning Program (TIPP) for which topics are submitted six to ten years in 
advance of funding.  When following an idea through several funding sources, this process isn’t 
necessarily shorter for follow-on funding, but it can be overlapped with the ongoing phase in 
order to eliminate or shorten down time when there is no effort being done.  When you add up 
the times for different phases, the current efforts are on the order of six to eight years from 
inception to product.  Add on implementation phases and this expands to ten to fifteen years for 
full penetration of use. Realistically, in some cases, transforming pure research into usable 
products can take ten to twenty years with, again, full implementation making these fifteen to 
thirty year efforts.  This creates a formidable task for research coordinators who have to foresee 
technological needs this far in advance. 
 
One other task of this process that the topic developer sometimes engages in is finding potential 
proposal submitters.  The published request for proposals allows anyone to submit, but it is often 
of benefit for the topic developer to let people know that the request is out. 
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AIR FORCE OFFICE OF SCIENTIFIC RESEARCH (AFOSR) 
 
As stated in [1] the AFOSR Mission is: 

“AFOSR continues to expand the horizon of scientific knowledge through its leadership and 
management of the Air Force’s basic research program.  As a vital component of the Air 
Force Research Laboratory (AFRL), AFOSR’s mission is to support Air Force goals of 
control and maximum utilization of air and space.                

AFOSR accomplishes its mission by investing in basic research efforts for the Air Force in 
relevant scientific areas.  Central to AFOSR’s strategy is the transfer of the fruits of basic 
research to industry, the supplier of Air Force acquisitions; to the academic community 
which can lead the way to still more accomplishment; and to the other directorates of AFRL 
that carry the responsibility for applied and development research leading to acquisition.” 

One of the key elements of AFOSR projects is that they are ‘basic’ research, meaning that it 
focuses on questions that have not been answered.  The original effort was to look at theoretical 
aspects of a Full L/S Bands Telemetry System as stated in the original topic proposal Research 
Requirements: 
 

“The objective of this research is to investigate methods of telemetry transmission over the 
entire L/S bands (1435-2385MHz).  The areas to look at may include: digital radio 
applications, amplifiers, co-ax cabling, and omni-directional blade antennas. The solution 
should maintain all the characteristics of existing FM/FM transmitters (e.g., spurious 
emissions, roll-off, step tunability, and EMI/EMC).  As a goal, the solution should be 
form/fit/function equivalents to existing telemetry systems in use.” 

 
This grant was awarded to Dr. Jensen at Brigham Young University (BYU), but a funny thing 
happened on the way to the forum.  Although there was some research that needed to be done, it 
was soon determined that a dual band transmitter was essentially doable.  This result propagated 
the first branch of development.  At the same time as this effort was in progress, the researchers 
at BYU were pursuing other ideas in relation to RF transmissions.  In the process of looking at 
the overall requirements for better telemetry transmission, they realized that one of the other 
techniques they had been looking at could potentially reduce bit error rates and telemetry 
dropouts during transmission.  As such, this effort started looking into using space-time coding 
for dual-antenna telemetry transmission.  This is what propagated the second branch of 
development. 
 
 

SMALL BUSINESS INNOVATION RESEARCH (SBIR) 
 
The SBIR Program is described in [2]: 
 

“Managed by the Air Force Research Laboratory, Wright-Patterson AFB, Ohio, the Air 
Force Small Business Innovation Research (SBIR) Program is designed to stimulate 
technology research by small businesses while providing the government with cost-effective 
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technical and scientific solutions to challenging problems. SBIR also encourages small 
businesses to market SBIR technology in the private sector. 
 
SBIR has four principal objectives: 

 
-To stimulate technological innovation by small business; 
-To increase small business participation in meeting federal Research and Development 
(R&D) needs; 
-To increase the commercialization of technology developed through federal R&D; and 
-To enhance outreach efforts to ensure that all qualified small businesses are aware of 
the SBIR program and the many benefits it provides. 

 
SBIR is a three-phase process. In Phase I, technology feasibility is determined and contracts 
are valued to $100,000, and last nine months. During Phase II, the necessary R&D is 
accomplished to produce a well-defined product/process. Contracts are limited to two years 
and $750,000. Phase III is the commercialization of the technology using non-SBIR funds.” 

 
With the knowledge that dual band transmitters were possible, a SBIR topic was developed.  
Recognizing that a fully flexible transmitter is the ultimate goal, the SBIR topic took the step to 
broaden the objectives to a multi-band, multi-mode transmitter as described in the original topic 
description: 
 

“Telemetry transmitters have evolved over time from somewhat large fixed frequency 
transmitters to smaller tunable transmitters designed to cover a specific telemetry band.  The 
next logical step in this evolution would be tunable multi-band transmitters.  Doing so would 
increase the operational flexibility of flight test conducted at Edwards AFB and other Major 
Range Test Facility Bases (MRTFBs) by allowing schedulers to move flight-test mission into 
available spectrum with greater ease.  This would be a huge benefit in today’s environment 
of “doing more with less – spectrum.”  Likewise evolving are the modulation modes 
supported by these transmitters.  The traditional telemetry transmitter has been Frequency 
Modulation (FM).  Digital telemetry data, commonly referred to as pulse code modulation 
(PCM), is fed into an FM transmitter and the deviation is set to a specified level based on the 
data rate.  PCM/FM modulation is sometimes referred to as continuous phase frequency shift 
keying (CPFSK).  Through the efforts of the Advanced Range Telemetry (ARTM) Program, 
advanced modulation schemes are being developed that are bandwidth efficient and yet still 
perform in a manner similar to CPFSK with respect to parameters such as data quality, 
multipath performance and non-linear amplification.  Examples of new modulation formats 
compatible with aeronautical telemetry applications include FQPSK, SOQPSK and Multi-h 
CPM.  The combination of frequency agility and spectrum efficiency offered through this 
SBIR effort will provide the telemetry community with tremendous flexibility to manage our 
ever-decreasing spectrum resources.  The goal of this SBIR will be to research the feasibility 
of developing a fully programmable multi-band multi-mode telemetry transmitter with the 
following objectives guiding the research: transmitter size should be kept as small as 
possible; output power should be a minimum of 5 Watts; input data rates will range from 100 
KBps to 20 MBps depending on the operating mode; transmitter must operate properly in the 
demanding environment (altitude, temperature, shock and vibration) of a fighter aircraft or 
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missile system; must meet the IRIG Standards and Test Methods referenced below; must be 
tunable in the smallest increment possible; should produce the minimum possible noise and 
spurious emissions with a focus on spectral purity at the GPS L1 and L2 frequencies; must be 
capable of setting all operating parameters via external interface and/or remote command; 
must be capable of supporting present and future bandwidth efficient modulation formats.  A 
detailed set of transmitter design goals will be provided at the beginning of Phase I 
execution.” 

 
This topic went through a standard Phase I and a Phase II was awarded to Nova Engineering.  Of 
note is that the BYU involvement did not end with the AFOSR.  Some BYU researchers were 
involved as consultants.  The ultimate product of this SBIR effort is expected to be 
commercialized and implemented.  However, introduction of new telemetry transmitters is a 
slow process since upgrades to aircraft are not done without good reason. 
 
 

TEST & EVALUATION / SCIENCE & TECHNOLOGY (T&E/S&T) 
 
The objectives of the Spectrum Augmentation for Test and Evaluation in the T&E/S&T are well 
summarized in the Problem Statement of a recent Program Research and Development 
Announcement (PRDA): 
 

“The most serious threats to the test and evaluation community are loss of RF spectrum 
available for flight test telemetry and demand for higher data transmission rate.  The ARTM 
Program has been advancing spectrally efficient modulation techniques in the L and S Bands 
where much spectrum has been lost.  DOT&E is now ready to investigate augmentation of 
current telemetry bands with operation somewhere in the super-high frequency (SHF) range 
(3-30 GHz). 
 
The purpose of the Spectrum Augmentation for Test and Evaluation program is to develop, 
demonstrate, and evaluate technology components and capabilities necessary to enable 
Department of Defense (DoD) flight and ground test telemetry operation in the SHF band.” 

 
Once the dual-band transmitter technology had transitioned to commercial development through 
the SBIR program, the BYU research team responded to a PRDA and received funding through 
S&T/T&E to more thoroughly explore the use of space-time coding for dual-antenna telemetry 
transmission. This research revealed that with appropriate signaling schemes, dual-antenna 
transmission can be used that 1) maintains link reliability even when one antenna is masked by 
the airframe during aggressive maneuvering, 2) does not suffer from self-interference effects 
when both antennas have a clear view of the receiver, and 3) do not consume additional spectrum 
beyond that required for a single-antenna link. A year of algorithmic development and simulation 
work led to test flights with a bread-board system at Edwards AFB. These tests verified that the 
system works as intended and led to a second year of algorithm refinement  
and testing.  
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CENTRAL TEST AND EVALUATION INVESTMENT PROGRAM (CTEIP) 
 
The CTEIP Description from [4]: 
 

“CTEIP responds to congressional direction to strengthen OSD’s role in managing test 
investments. CTEIP provides leverage over what would otherwise be Service-specific T&E 
initiatives.  
 
Adequate funds will ensure a corporate management approach to joint and multi-Service 
programs and produce two positive outcomes. First, testing resources will be allocated more 
efficiently among the Services. Second, DoD will achieve a much higher degree of 
interoperability and interconnectivity between test centers, ranges, and areas of test and 
evaluation expertise.  
 
CTEIP’s specific objectives are to:  
 

• Solve T&E shortfalls and use test assets of all Services efficiently.  
• Achieve consistency, commonality, and interoperability in test instrumentation, 

targets, and threat simulators.  
• Develop and exploit modeling and simulation as accredited test resources to support 

the acquisition process.  
• Develop mobile test instrumentation as an alternative to fixed facilities.  
• Expand and maintain the T&E technology base through prudent investments in 

emerging technologies.” 
 
Because the successfully demonstrated dual-antenna technology addressed a difficult problem 
faced by the test and evaluation community, support for the development activity transitioned to 
CTEIP. This final effort, which is currently underway, is aimed at developing a prototype real-
time system capable of implementing the dual-antenna space-time coding system and 
demonstrating its performance for ARTM Tier-1 waveforms at high data rates (10 Mbits/s) 
through test flights. It is anticipated that successful completion of this project will lead to 
commercial development of the technology for improvement of telemetry links for test and 
evaluation as well as for operational communication and telemetry links.  
 
 

SUMMARY 
 
Quite often it is the case that pure research at the university level only leads to published results.  
This paper has outlined the process of how an initial research effort has transitioned into further 
development that target development of final products.  It is hoped that this will be useful in both 
promoting basic research as well as helping those who wish to propagate pure research into 
operational use. 
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