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ABSTRACT

The system throughput capacities of modern data systems exceed the bit rate capacity of
current range telemetry capabilities. Coupling this with the shrinking spectrum allocated
for telemetry results in a serious problem for the Test, Training, and Space telemetry users.
Acknowledging this problem, the Department of Defense (DoD) has embarked on an
aggressive improvement and modernization program that will benefit both the government
and commercial range providers and users. The ADVANCED RANGE TELEMETRY
(ARTM) program was created and funded by the Central Test and Evaluation Investment
Program (CTEIP) under the Office of the Secretary of Defense, Undersecretary for
Acquisition and Technology to address this problem. The ARTM program goals are to
improve the efficiency of spectrum usage by changing historical methods of acquiring
telemetry data and transmitting it from systems under test to range customers. The program
is initiating advances in coding, compression, data channel assignment, and modulation.
Due to the strong interactions of these four dimensions, the effort is integrated into a single
focused program. This paper describes the ARTM program and how academia research,
emerging technology, and commercial applications will lay the foundation for future
development.
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INTRODUCTION

The ARTM program will not fund upgrades to all telemetry capabilities - nor is it intended
to produce a “build-to-print”, depot supported system. ARTM will develop a family of
commercial devices that will be available for procurement. Projects and ranges that are
most impacted by the costs associated with mission slips and cancellations will most likely



be the prime users and benefactors for the ARTM family of devices. As these programs
purchase and implement ARTM devices, the mission cancellation rate should decrease as
a function of the degree of implementation.

These telemetry devices are planned to be utilized in many different types of systems. The
needs of mobile telemetry users in land vehicles (tanks, trucks, cars), air vehicles (aircraft,
munitions), and sea-born craft (ships, submarines) will require a multifaceted approach.
Each operator has a unique environment from the small miniaturized systems in missiles to
the large rugged systems on aircraft, tanks, and ships. It is not economically feasible to
have one size (or one price) fits all.

KEY PROGRAM CHARACTERISTICS

The ARTM project will support all types of flight test missions including weapons,
ballistics, and aircraft. A key to the success of the ARTM project is understanding the
different requirements of the user communities.

CROSS-UTILIZATION.  Weapons testing, aircraft testing, and training missions all have
very distinct requirements for telemetry support. The ARTM project is dedicated to
identifying the requirements for each type of mission and seeking common solutions where
possible. The implementation of ARTM will provide flexible solutions to permit all types
of missions to be supported.

STANDARDIZED TECHNOLOGY.  The ARTM project is committed to developing new
standardized technlogy in telemetry support. These standards will be the foundation for a
common solution to test and training ranges. The ARTM project must also address the use
of existing legacy systems to support current and low and medium bandwidth users.

USER ACCEPTANCE .  The primary users of the products of ARTM are the test and
training ranges, both government and commercial. The ARTM program will allow these
ranges to better serve their test and training customers by increasing telemetry efficiency
and quality. These organizations, mostly represented on the government side by the RCC,
will provide the requirements, testing, and fielding of the technologies developed under
this program. Commercial users are welcome to participate also.

CROSS POLLINATION .  The ARTM Joint Program Office (JPO) intends to build upon
other CTEIP development programs. The ARTM program may provide the link between
the airborne instrumentation system (like the Common Airborne Instrumentation System)
and the ground data processing systems (like the Common Display, Analysis, and
Processing System [CDAPS]). The CDAPS may also supply some of the onboard



processing capabilities to be included in ARTM. Achieving the high data rates to
efficiently interconnect airborne and ground systems in real-time is the ultimate goal of
ARTM. The ARTM program intends to use the Family of Inter-operable Range System
Transceivers (FIRST), a system to provide data link capability to a large number of targets
in a given geographical location, for interactive control of airborne components. Interfaces
to other CTEIP efforts are also under study.

CONCEPT OF OPERATIONS

The ARTM developments will be structured as individual value packages (VP). Each VP
represents a stand alone capability to the overall ARTM effort. Each VP will be managed
as a separate effort as it is likely that different vendors/contractors will be working on
developing different capabilities. Each VP will be managed and developed by a DoD
ARTM Center of Expertise (one of the Army, Air Force, or Navy Test or Training
Centers) under the ARTM Joint Program Office’s management.
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Figure 1.  ARTM Concept of Operations



ACQUISITION STRAGETY

The ARTM program received initial funding in Fiscal Year 1997 (FY97). Although the
need for improvement has an extensive history (some may remember a similar program
called TM2000), the efforts were fragmented and minimally funded. The ARTM program
today represents a consolidation of Navy, Air Force, and Army telemetry improvement and
modernization needs and solutions. The ARTM acquisition strategy is basically formed in
two parts: 1) Research, and 2) Prototype and Test.

RESEARCH EFFORTS

This phase of the acquisition is being planned as a multidimensional research in the sense
that several different approaches are being researched. No single solution is driving the
ARTM program. Through many different research vehicles, the ARTM program plans to
look at a wide selection of research topics and identify the potentials for prototype
development for the next phase. Those subjects showing the most promise will be moved
to the next phase.

Telemetry research is being conducted via several vehicles. These include university
grants, Small Business Innovative Research (SBIR) efforts, Small Business Technology
Transfer (SBTT) programs, and competitively awarded contracts.

The ARTM JPO will be managing several research efforts at different universities.
Through ties with the Air Force Office of Scientific Research, the RCC, and the Office of
Naval Research, the ARTM JPO plans to award almost $500,000 in university grants this
year. The ARTM JPO will form an ARTM cooperative research consortium where several
universities working on related tasks will be tied together to exchange information and
conduct cooperative research efforts. Initially this consortium includes (but is not limited
to):

University Research Area
Brigham Young University, UT Characterization,

Compression
New Mexico State University, NM Equalizing Techniques
Utah State University, UT Modulation Techniques
University of South Australia Data Cycle Map Optimization
University of Arizona, AZ Transmitting Antenna Design
University of California, Davis,  CA Modem and Transceivers

Table 1.  ARTM University Consortium (proposed)



The ARTM JPO is also managing several SBIR efforts which are addressing telemetry
technologies. The SBIR process allows small companies with aggressive research styles to
address specific technologies required by the DoD with an eye toward commercializing
these products. Through a related SBTT program, ARTM JPO personnel are managing a
research effort in optical multiplexers for the Ballistic Missile Defense Organization with
the University of Texas (Austin).

Although the majority of these research efforts are not being funded by CTEIP or ARTM,
other government organizations have entrusted the management of these programs to the
ARTM JPO. As a result, the ARTM JPO is responsible for the coordination and
distribution of results within the telemetry community. The JPO is establishing itself as a
type of information clearing house for improvement and modernization of major test and
training range telemetry systems.

The ARTM JPO has conducted an initial requirements analysis and has identified several
research topics needed before development in these areas can occur. The ARTM JPO is
currently conducting a government/industry wide survey (see the web-site at
http://afftc.elan.af.mil/artm/public/index.html). These requirement and research topics will
be “scrubbed” at an ARTM Industry Day to be held during the International Telemetry
Conference in the Fall 1997. Some of the initial research topics are listed below.

CHANNEL MODELING FOR AERONAUTICAL TELEMETRY.  The ARTM JPO
proposes pursuing a comprehensive channel characterization campaign at representative
test ranges. The results of this work will be a description of the channel (e.g., Doppler
profiles, delay spreads, multipath intensity, etc.) which will be used to construct a software
simulation tool to accurately represents the channel impairments encountered in the field.
This simulation tool will be available to collaborators (universities, contractors) for use in
simulating the performance of advanced bandwidth efficient modulation techniques. In
addition, the simulation tool will be used to simulate the performance of error control
coding techniques using the existing pulse coded modulation/frequency modulation
(PCM/FM) format outlined in the RCC standard, IRIG-106.

Current channel sounding techniques pursued provide limited information about the nature
of the channel (e.g., only measurement of the average amplitude variations across the
entire band is possible) and do not provide any information on frequency selective fading,
and phase variations. This information is crucial in assessing the performance of advanced
bandwidth modulation techniques.

The channel characterization (or sounding) procedure proposed here involves an airborne
transmitter emitting a wide-band signal. The ground-based receiver is equipped with a
correlator and storage buffer which, after suitable processing, produces snapshots of the



time-varying impulse response of the channel. These snapshots will be used to quantify the
delay spread, multipath intensity, and Doppler profile (or phase variations) of the channel.

CONTINUOUS PHASE FREQUENCY SHIFT KEYING (CPFSK) MODULATION.
Continuous Phase Frequency Shift Keying (CPFSK) modulation techniques have recently
received attention for their intrinsically good power spectral densities (meaning low
sidelobes and a compact mainlobe). As telemetry transmitters are power limited, it is a
requirement that the transmitted signal pass through a high power amplifier. The CPFSK is
suitable for use with a high-power amplifier due to its constant envelope characteristics.
Since many telemetry channels suffer from multipath fading, non-coherent detection is
desired to avoid complicated implementations of carrier recovery circuits. More research
needs to be done to address the specific concerns of fading and multipath since they are
recurring problems in many telemetry applications.

WAVELET-BASED TRANSMISSION.  The ARTM program will initiate research to
compare bandwidth-efficient modulation techniques with wavelet-based transmission.
Various modulation techniques will be compared to establish which technique best meets
the needs of the new telemetry systems. In addition, the wavelet-based methods will be
characterized with respect to their synchronization and tracking in high-Doppler regimes.

A variety of modulation techniques have been developed over the years that are spectrally
efficient in the sense that the fractional out-of-band power (FOOBP) rolls off very quickly.
In a competitive spectral marketplace, these schemes are necessary to limit emitted
bandwidth and are employed in current digital cellular standards. Recently, digital
signaling methods based upon wavelet function waveforms have been investigated. When
smooth wavelets are selected, the signaling has spectral containment, as measured by the
FOOBP, superior to that of other common spectrally efficient schemes. Examination of the
FOOBP for a variety of signaling schemes at 2 bits/signal, including Quadrature Phase
Shift Keying (flat-pulse signaling), Minimum Shift Keying (MSK, sinusoidal pulse
signaling), Gaussian MSK (GMSK, employed by the European digital cellular system),
SFSK (sinusoidal FSK), and several wavelet schemes show that some wavelet modulation
techniques have spectral containment better than others.

HIGHER ORDER MODULATION TECHNIQUES.  The ARTM program sponsored
research will address emerging generations of integrated modem-RF techniques suitable
for RF/dc power efficiency as well as spectrally efficient advanced modulation techniques
providing more than 2 bits per second per Hertz with robust bit error rate (BER) as a
function of the signal to noise ratio. Recently-developed Feher quadrature-modulated
QPSK, GMSK, and other optimized QPSK systems will be expanded to new, higher-order
modulation techniques. These techniques will display robust and optimized BER



performance with more than 2 bits per second per Hertz. This will result in increased
bandwidth efficiency for high-speed telemetry applications.

OPTICAL TUNABLE FILTER.  This Ballistic Missile Office sponsored effort will be
managed by the ARTM JPO. The research will address the multiplexing of multiple optical
fiber sensors on a wavelength-division method to improve the data transmission on both air
vehicles and ground systems. A tunable filter will offer better dynamics tuning range,
smaller size, lower cost, and faster data acquisition. As more aircraft data systems employ
fiber data transmission, this optical tuning filter will allow the interface of these systems to
airborne and ground telemetry devices.

PHASED ARRAY TRANSMITTING ANTENNAS.  On the air vehicle the aeronautical
telemetry community typically use L and S Band (1,435-1,525, 2,200-2,390 MHz) blades
with polar diversification for the transmission of data. Replacing these with miniature
phased arrays may have many benefits. The ARTM JPO will investigate at least two
applications: directional telemetry and tunable antenna configuration.

Directional telemetry can offer significant gains in telemetry scheduling. The ability to
point the antenna at the receiving site (via Global Positioning System [GPS] clues) will
increase the signal-to-noise ratio and possibly allow telemetry users to operate on the same
frequency, on the same range, using different acquisition antennas.

Developing transmit antennas with tunable nulls/lobe capability can solve many
interference problems. Siting a telemetry transmit antenna on the air vehicle with minimal
telemetry interference with other aircraft systems is usually a "best guess" art. Interference
is likely due to the presence of other antennas and vehicular systems. The ability to tune
nulls can reduce received and transmitted interference.

DATA CYCLE MAP OPTIMIZATION.  The amount of data received and recorded varies
from one flight test to another, depending on the requirements set by the customer. A Data
Cycle Map (DCM), or a major frame, is the traditional format used for representing the
data to be inserted in a telemetry stream. The DCM is simply a matrix with rows
representing the minor frames and columns representing the sub-frames. The DCM
indicates whether all test parameters can be sampled at the desired rate given the inherent
limitations of the telemetry system in use.

Analysis of methods for generating the DCM has identified a number of weaknesses in
current processes. The production of the DCM at present often relies on a trial and error
process in selecting input values required for translating test data requirements into a
DCM. Processes often assume a best-fit translation even when copying previous designs
as long as it can be applied for carrying out another test. Also, due to the fact that



parameters vary in bit length, the bit rate chosen for any flight test depends on the number
of parameters being tested. Often a set number of bits is chosen per word for simplicity.
This causes fragmentation - leaving words within the DCM unoccupied. Additionally, in
an IRIG minor frame, some words are partially occupied by a test parameter resulting in
situations where some bits within a word are not used. Utilizing bits within the word in the
same way a multi-environment operating system utilizes disc storage space may provide
benefits.

ALTERNATE TELEMETRY TECHNIQUES.  The ARTM program will look at other non-
traditional systems for the transmission of data from the vehicle to the ground. This effort
will research steerable lasers, shared communication links, and commercial satellite
channels. These studies, while unlikely to produce viable products in the near term, will
lay the ground floor for future research and development.

ONBOARD PROCESSING.  The ARTM concept of onboard processing is to reduce the
amount of data to be transmitted by using dynamic data selection and processing
techniques. Dynamic data selection includes those methods used to select the data to be
transmitted based on data values, event triggers, and real-time requests. Processing
techniques can range from basic engineering unit conversion to calculations,
manipulations, and regressions. Onboard processing will reduce the data required to be
transmitted in the existing and future telemetry bands.

ERROR CORRECTION.  The ARTM program plans to increase the efficiency of telemetry
channels with forward error correction codes, packetization, and data interleaving. These
techniques, used alone or in conjunction with others, will decrease the bit error rate and
increase the robustness of telemetry channels (fade and dropout immunity). A trade-off
will occur as the gain in quality is measured against the increase in the size of the data
package to be transmitted. Combining these techniques with various data compression
techniques will be studied.

DATA COMPRESSION.  The application of data compression can dramatically save
telemetry bandwidth. The goal of this effort is to implement several commercial data
compression techniques within the telemetry system to reduce total transmitted bandwidth.
One of the challenges is to develop a way to apply loss-less time coherent techniques,
while still achieving bandwidth reductions.

COMMAND AND CONTROL LINK.  By providing a two-way data link between the
ground and the air vehicle, ARTM plans to deliver a more flexible and adaptable telemetry
system. This link can be used to adjust transmit frequencies and system bit rates to
optimize spectrum utilization in real-time. This link can also be tied to the onboard



processor for command and control access for dynamic data selection and data
manipulation/processing.

REAL-TIME FREQUENCY DECONFLICTION.  Providing tools to better utilize and
allocate spectrum is another ARTM goal. Demand Access/Multiple Assignment and
packetized telemetry technologies can change the way data is transmitted (bursts) and
organized (data packets). The goal of efforts in this area will provide users the tools to
effectively schedule and de-conflict the available spectrum in real-time. This will allow the
ranges to schedule their telemetry spectrum more effectively.

PROTOTYPE DEVELOPMENT AND TEST

The ARTM program will develop system prototypes to prove technology and to validate
architecture concept models. It is a program goal to reduce the risk associated with the
development of new devices. Through prototype development, the ARTM program plans
to encourage the commercial development of these devices by reducing the associated
risks. The ARTM prototypes will prove concepts, develop tested architectures, and
establish standards. The architectures will be primarily functional models with emphasis on
interface standards. Once a standard has been developed, the program will provide
requirements contracts for ranges to purchase the new equipment. The ARTM program
will focus on the validation of vendor components to meet these interface and functional
standards.

The ARTM JPO will work in conjunction with organizations such as the RCC to build
upon and develop standards required for a useable ARTM. The results of the ARTM
development effort will be a catalog of hardware and software for integration into airborne
and range system resources. The capabilities developed by ARTM will be modular,
allowing each participating range to choose the best features of ARTM to improve their
test and training capability.

Though the use of Cooperative Research and Development Agreements (CRDA’s), the
government can make their laboratory facilities, ranges, and test aircraft available to the
researchers and prototype developers for the test and evaluation of prototype systems. The
Navy and Air Force, with test sites on both coasts, have well equipped labs and test bed
aircraft that can be used for telemetry prototype testing and evaluation. Under the CRDA
procedure, industry and academic entities can use these resources at no cost as long as it is
to the benefit of the government and the developing organization. The ARTM JPO will
assist the interested parties in establishing these agreements with the ranges and labs as
required. The ARTM JPO can also provide offset funding to cover the government costs
that may be required to execute these agreements.



The ARTM program acquisition strategy can be summarized as a method to seed
communications and telemetry research into the telemetry device market with the
government assuming the technological risk normally associated with these efforts.

CONCLUSION

The ARTM JPO plans to use an accelerated three phase approach for developing and
fielding the ARTM product family. As development progresses, some interim products
may be viable solutions to current requirements. Those devices will be accelerated for
early delivery and range.

The ARTM project is presently in the first or concept exploration phase. With limited
FY97 and FY98 funding, the ARTM JPO plans to identify the requirements, technical
concepts, and ideas that will be needed to support the telemetry users through the next
decade. Requirement surveys, road-show briefings, early industry involvement, and
research conducted in FY97-98 will provide the basis for the next phase.

The second phase is engineering/manufacturing development. With close ties to industry,
government laboratories, and user ranges, ARTM will evaluate and down-select those
technologies best suited for further development. These will proceed to prototype with the
award of multiple contracts anticipated in FY99. These devices will be developed, tested,
and evaluated for the next phase, production.

After the developed devices are tested, a production decision will follow with production
contract vehicles awarded to those selected for production in FY01. This could be in a
single contract with multiple awards (like a General Services Administration [GSA]
contract) or several requirements contracts. We anticipate deployment of the final ARTM
products in FY02.
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