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SPACE TRACKING SYSTEMS / OPTIONS STUDY

Lt.Col. John Grelck
Eldon Ehrsam

Dr. James A. Means

ABSTRACT

This paper presents the findings of the Space Tracking Systems/Options Study
(STS/OS) and indicates its impact on the telemetering community. The STS/OS was
commissioned by Air Force Test & Evaluation (AF/TE) to develop a long range plan
(vision and roadmap) for the AF Test & Evaluation (T&E) community to ensure
affordable capabilities (telemetry, tracking and commanding) for the future
(2003-2008). The study was conducted by the Air Force Materiel Command (AFMC),
Space & Missile Systems Center (SMC), Detachment 9, at Vandenberg AFB (VAFB),
with support from the primary AFMC T&E centers, the Air Force Operational Test &
Evaluation Command (AFOTEC), and the Air Force Space Command (AFSPC). Both
"open air" aeronautical and astronautical test needs were considered.

The study solicited requirements for existing and future programs, extrapolated
existing and planned test capabilities out into the future, then compared the two to
identify future shortfalls in capabilities and specific actions that are necessary to
insure that the future program needs can be met. Three critical types of testing were
identified that cannot be satisfied with existing or planned instrumentation. These are:
large area testing (LAT), over the horizon testing (OTH), and space weapons testing
(SWT). A major deficiency was also uncovered in end game scoring for air and space
intercepts, where inadequate capability exists to perform the required vector
miss-distance measurement.

This paper is important to the telemetering community because it identifies the Global
Positioning System (GPS) as the primary time space position information (TSPI)
system for all future open air testing. GPS provides a passive capability that permits
each vehicle to determine its own precise TSPI. Means must be provided, however,
for the vehicle to relay its position to the appropriate range control center. The paper
shows that the problems with down linking telemetry, aircraft buss data, digital audio,
digital video, and TSPI collectively represent the need for a very capable datalink.
Likewise, the need to uplink commands, synthetic targets, synthetic backgrounds, and
target control information also represents the need for a very capable datalink. With its



extensive expertise in RF linkages, the telemetering community is ideally suited to
address this need for a robust datalink for the future of T&E.
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INTRODUCTION

The objective of the Space Tracking Systems / Options Study (STS/OS) was to use
the collective vision and expertise of the AF T&E community to develop a roadmap
for securing the needed Air Force T&E tracking, telemetry and commanding which
will be required in the 2003-2008 time frame. The study was conducted for
Headquarters Air Force Test & Evaluation (AF/TE) by Detachment 9 of the Air Force
Space and Missile Systems Center (SMC). It was supported by the Air Force Materiel
Command (AFMC), the Air Force Flight Test Center (AFFTC), the Air Force
Development Test Center (AFDTC), Air Force Space Command (AFSPC), and the
Air Force Operational Test & Evaluation Center (AFOTEC). Three important factors
that supported the need for this study were:

(1) The need to use a strategic approach to identify and address long term T&E
tracking, telemetry, and control needs 10-15 years in the future.

(2) The need to produce an implementable solution to ensure adequate Air Force
T&E capabilities that support future T&E requirements.

(3) The need to provide sufficient opportunities for the supporting organizations
to make positive contributions that result in ownership of the overall product.

APPROACH

As shown in figure 1, the basic approach was to conduct the study in three phases.
Phase I inventoried existing and planned capabilities, collected T&E needs (real and
projected), and reviewed previous studies. Phase II developed conceptual solutions
and notional concepts that could satisfy the needs identified in Phase I. Selection
criteria were developed to screen the various options, and the shortfalls were
identified for each support concept. The criteria was applied to the support concepts,
and a recommended concept was selected and developed further. In Phase III, a
Mission Needs Statement (MNS) and an Implementation Plan were developed, and
plans were formulated to expand this AF study into a tri-service study. Lastly, the



recommended concept was evaluated for treaty compliance, and the final report was
prepared.

While this approach is very straightforward, and the process of collecting and
extrapolating capabilities and plans into the future to generate shortfalls is very
attractive, the process was very difficult to implement. The set of requirements was so
extensive that it was nearly impossible to reduce the massive volume of data to a
meaningful set of requirements. The existing and planned capabilities were presented
in numerous ways that made it very difficult to extract a generic set of capabilities for
the various ranges. Range terminology is not consistent, it is hard to compare
aeronautical testing, weapons testing, and space and ballistic missile testing. Program
managers tend to be completely focused on their current programs and have almost no
interest in events that are ten to fifteen years in the future. In the end, the study
examined the data, but required the educated judgment of the experts from the ranges
to make "sense out of nonsense."

CURRENT TEST ENVIRONMENT

The current AF T&E infrastructure is characterized by:

(1) Multiple fixed site locations which include both dedicated AF test facilities
and operational assets, with considerable redundancy and competition, but
little standardization or commonality. AF test facilities are required to earn
reimbursable funds per DoDD 3200.11.

(2) The astronautical (space and ballistic missile) T&E ranges are not RDT&E
funded. An extensive modernization of these astronautical ranges is currently
underway in a Range Standardization and Automation (RSA) program.

(3) Many of the T&E resources are aging facilities with old and obsolete
equipment which are expensive to operate, maintain and repair. They are
manpower intensive with degrading reliability.

(4) Limited mobile instrumentation exists to support large area or over the
horizon tests.

(5) A Reliance Process is underway which is attempting to consolidate facilities
and capabilities to reduce duplication and overall costs.

(6) A Base Realignment and Closure Commission (BRAC) process is attempting
to reduce the size of the DoD infrastructure to save money.

(7) Available T&E funding is decreasing, yet weapons are becoming more
complex and more operationally realistic testing is being demanded.



PROJECTED TEST ENVIRONMENT

In the AF T&E infrastructure expected 10-15 years from now, we can expect that:

(1) Shared T&E resources will be required due to shrinking budgets and
consolidation of resources. This will lead to higher utilization, more
modularity and standardization, and increased interoperability, but will make
scheduling more complex.

(2) T&E resources will be shared with the laboratory and training communities.
(3) Test scenarios will be more complex, more operationally realistic, and

supported by a combined test force (CTF) concept. Large area testing (LAT),
over the horizon testing (OTH) and space weapons testing (SWT) will require
support. Testing and training on a global basis will be required.

STUDY SCOPE

This study addressed tracking, telemetry, and control needs for open air testing in the
2003-2008 time frame. Tracking was defined as "the means by which the time and
space position information are obtained." Telemetry was defined as "the means by
which the transmission of remotely collected measurements from a test article are
passed to a control center in support of test article evaluation." Control was
synonymous with Command and was defined to include "the means to exercise real
time man in the loop control of a test event or test article." The study was to develop a
plan by which these three functions will be supported in the future.

CRITICAL DECISION

The STS/OS reached a consensus on the means by which TSPI will be provided in the
future. The study team was unanimous in the opinion that GPS will provide TSPI for
practically all future T&E. GPS offers the following features:

(1) Unlimited number of participants.
(2) All weather day or night operation.
(3) Accuracy is better and independent of range or location.
(4) Terrain masking seldom a problem.
(5) GPS is an operational DoD system.

With GPS on each test article, the test article will know its own position very
accurately. This translates to the need for the test article to report its position to the
range control center (RCC). Telemetry is currently used to relay the TSPI from a test
article to the RCC. There are, however, other relay requirements that must be



addressed by the future test support scenarios. These requirements mandate the need
for a robust, bi-directional datalink. These datalink requirements are:

(1) Downlink
(a) Telemetry
(b) Avionics Buss Data
(c) Digital Audio
(d) Digital Video
(e) Miss Distance Information

(2) Uplink
(a) Commands
(b) Target Control
(c) Digital Audio
(d) Synthetic Targets
(e) Synthetic Backgrounds

Development of this robust new datalink is the most challenging aspect of the
STS/OS. It not only mandates the design of the datalink, but also the means to relay
this data to the RCC. Relay may include direct relay, relay via a ground relay
platform, relay via an airborne relay platform, relay via a satellite platform, or relay
via other participants (piggyback). Figure 2 presents a scenario that depicts the way
T&E will be supported in the future. Note that the continental ranges are
interconnected by a wide area, fiber optic network like T&E Range Internetting
System (TERIS). Test articles are all equipped with GPS receivers or translators. A
datalink connects all test articles to the appropriate RCC via a direct path or via some
relay path. Relay paths include relay via other test articles (piggyback), via a mobile
ground platform, via an airborne platform, or via a satellite platform. Data latency is
an issue that must be addressed in selecting relay platforms.

Once connectivity via this datalink can be assured, even flight termination commands
will be handled via this datalink. The terms telemetry and command as we have
historically known them will disappear. The datalink is just the open air part of the
digital communication system. A "digital highway" on the ground may be addressed
by a fiber optic network like the TERIS. The "digital airway" will be addressed by the
Telemetering Community, which already has the expertise to solve the formidable
problems. In fact, the telemetering, communications and computer communities must
combine forces to develop an acceptable solution to the datalink problem.



SUMMARY

The STS/OS was tasked to propose a preferred architecture for the AF open-air test &
evaluation infrastructure 10-15 years in the future. The STS/OS determined that GPS
is the TSPI method of choice for the future for all AF T&E ranges. Once it is
recognized that every test article will carry a GPS receiver or translator, means must
be provided to relay the TSPI information back to the Range Control Center (RCC).
Since there is additional information that must also be relayed to the RCC, such as
avionics buss data, digital video, etc., and some information that must be relayed to
the test article from the RCC, such as commands, target control, etc., a robust,
bi-directional, datalink is preferred to conventional telemetry and command systems.
STS/OS recommends the datalink is the most important problem to be addressed by
the telemetering, communications and computer communities in the near future.

The following critical AF needs were identified by the STS/OS (specific AF actions
were recommended for each):

(1) Exploit the Global Positioning System (GPS) to provide time, space position
information (TSPI) as the primary means for tracking all vehicles in open air
ranges.

(2) Provide improved test article GPS instrumentation, including qualified
commercial products .

(3) Provide a range internetting capability, such as TERIS.
(4) Provide transportable air and surface relay platforms, such as a new Advance

Range Instrumentation Aircraft (ARIA) and a Transportable Range
Augmentation Control System (TRACS).

(5) Provide direct and indirect linkages (relays) between test articles and control
centers.

(6) Provide a dedicated T&E space weapon system safety capability.
(7) Provide an improved end-game scoring capability or vector miss distance

indicator (VMDI).

The authors are hopeful that the T&E community will collectively decide that GPS is
the preferred TSPI methodology for the future. This will provide a common TSPI
system and eventually phase out the much less capable Air Combat Maneuvering
Range (ACMR) systems, the Extended Area T est System (EATS) and the Drone
Formation Control System (DFCS) and all their derivative systems. The Range
Applications Joint Program Office (RAJPO) must continue to address the GPS needs
of all of the T&E community. Advocacy for the RAJPO is encouraged. A common
TSPI system like GPS will go a long way towards interoperability and commonality
on the test and training ranges. The T&E community must also recognize that a



robust, interoperable datalink system is required. Hopefully the newly chartered
Standard Interoperable Datalink System (SIDS) can produce a modular system
capable of meeting the needs of the T&E community.


