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ABSTRACT

Communications support for the X-33 requires addressing several unique challenges to
meet program and range safety requirements. As an avenue to minimize costs, the
program has reduced requirements to the communications system, which lowered the cost
of networking the extended range. Cost trade-offs showed that by lowering the telemetry
data rate from 2 Megabits per second to 1.440 Megabits per second that significant cost
avoidance could be realized. Also, by adopting standard telecommunications data rate for
the uplink data stream, an efficient and integrated solution for the extended range
communications could be supported.

Meeting the program requirements as well as range safety requirements for this effort are
critical to the success of the program. This paper describes some of the important
requirements driving the design of the extended range communications support and the
design of the system to meet those requirements.
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INTRODUCTION

The Extended Test Range Alliance (ExTRA), a unique Government/Industry team of
personnel and range assets is responsible for the range support of the X-33 Single Stage
to Orbit (SSTO) technology demonstrator. A critical piece of the ExTRA support is the
data communications. The synthesis of the data communication network design is a
product of requirements inputs by Lockheed Martin Skunk Works (LMSW), Range
Safety, and Range Operations.



As with any program, the definition of requirements has been iterative. Requirements are
baselined, a trade study is performed, alternatives are presented, and then the baseline is
updated to reflect the best alternative from the trade study. This systems engineering
approach has been applied to several specific areas in support of the X-33. This paper
reviews three of the trade studies that drove the program to certain choices for the
telemetry, uplink, and Flight Termination System (FTS) activation designs.

REQUIREMENTS

The communications requirements for supporting the X-33 range operations are
numerous. The following list contains the subsystems that must be supported:

• Telemetry
• Radar/Acquisition Data
• Voice
• Uplink/DGPS corrections and DGPS integrity checking
• FTS Activation
• Computer network (Program and range)
• Weather
• Status monitoring and control

 

 In addition, one of the more important requirements from range safety is to have two
independent sources of tracking data. One innovation on this program is the acceptance
of vehicle Global Positioning System/Inertial Navigation System (GPS/INS) data from the
vehicle as one of the sources. To meet the independence requirement, the telemetry data
path and the radar data path must not rely on the same communications paths from any of
the remote sites to the Range Safety Officer (RSO) console.
 

 Range safety has developed an operational plan to locate the primary RSO at the
Operational Control Center (OCC) with alternate RSOs at each of the tracking sites. The
FTS transmitters will be turned on sequentially as the vehicle passes through the assigned
airspace. As each site is activated, the primary RSO at the OCC must communicate with
each site without any interaction on behalf of the RSO. As part of this program, new RSO
panels were developed to allow the RSO operational concept to be fully addressed.
 

 The LMSW operational concept requires that the Mobile Operational Control Center
(MOCC) at the landing site serve as a backup to the OCC in case of catastrophic failure.
Requirements for the MOCC are to receive and process telemetry and accept Differential
Global Positioning System (DGPS) corrections from the range and produce an
independent uplink data stream.
 Each uplink site has the capability to select the OCC or the MOCC as the source.



 TELEMETRY EVOLUTION
 

 The first iteration of requirements was for a 2 megabit per second (Mbps) telemetry data
stream to be downlinked to every tracking site and communicated back to Edwards for
processing and display in the OCC. Several alternatives were considered to meet this
requirement. These alternatives included inverse multiplexing, DS-3 smart multiplexers,
Asynchronous Transfer Mode (ATM), satellite communications, and lowering the data
rate for transmission over a single T1 (1.544 Mbps).

 Inverse Multiplexing
 Inverse multiplexing allows a large data stream to be transmitted over multiple smaller data
streams and properly reconstructed at the far end. For instance, the 2 megabit data stream
would be transmitted over two T1s at a much lower cost than a single DS-3. After
significant investigation, it was determined that inverse multiplexing techniques were not
mature enough to support the transmission of telemetry. Inverse multiplexing offers
tremendous promise for future programs, but when the trade study was performed, the
risks were too high to recommend this as a solution.

 DS-3 smart multiplexers
 Multiplexers that operate at DS-3 rates (44.736 Mbps) are a tried and true solution for
transmitting telemetry around ranges. However, the cost of leasing DS-3s between the
launch, overflight, and landing sites would run well over $100,000 per month. Out of that
DS-3, only 2 Mbps would be used in each direction providing for less than 5% bandwidth
utilization. The cost of end equipment, depending on vendor choice ranges from $60,000-
$240,000 for full duplex capability.

 Asynchronous Transfer Mode
 ATM is a cell switching technology that provides for bandwidth and cost efficiency by
using an inherent statistical multiplexing approach to data communications. ATM was
seriously considered, but like inverse multiplexing the service offerings and the ability to
support telemetry data was not mature enough to choose this option. The risks of
pursuing the technology versus the aggressive development and flight schedule of the X-
33 were too high to choose this option.

 Satellite Systems
 Satellite systems are often used for moving telemetry. Satellites allow for the use of the
right amount of bandwidth at the appropriate times. Considerations for a satellite solution
include:
 

• Cost of obtaining ground stations at each of the sites
• Buying or leasing



• Integration and test of the entire range system
• Full-time bandwidth or bandwidth-on-demand
• Bandwidth-on-demand scheduling conflicts
• Data latencies

 It was determined that range safety data latency requirements prohibited the use of
satellites for the X-33 program.

 Lowering Telemetry Bandwidth
 Lowering the telemetry data rate so a single T1 can transport the data provides the lowest
cost and the lowest risk to the program from an extended range perspective. The end
equipment is inexpensive relative to the other solutions at about $15,000 per link. The
commercial leasing costs of each T1 is between $2500 - $5000 per month per site. So at a
fraction of the cost of any of the other solutions, full duplex telemetry links could be
established with low risk. The data rate was lowered to 1.448 Mbps and subsequently to
1.440 Mbps at the discretion of the instrumentation engineers.
 

 The decision to lower the data rate on a test program of this magnitude is nearly unheard
of. Too many times have programs decided on a data rate and then had to suffer the
consequences of not being able to afford their first choice of flight profiles because of
communication costs.

 UPLINK
 

 The uplink data rate requirement was baselined at 8 kilobits per second (kbps). With
regard to telecommunications, 8 kbps is a non-standard data rate. It is possible to
transport an 8 kbps signal through either proprietary solutions or by over sampling and
sacrificing bandwidth to carry the non-standard data rate. The alternative to either
proprietary solutions or over sampling is to change the data rate. It was recommended that
the data rate be changed from 8 kbps to 9.6 kbps, a standard telecommunications data
rate.
 

 The impact to this change was the hardware on the vehicle. The modem on the vehicle had
already been chosen and investigation was required to determine whether or not it could
support the 9.6 kbps stream. As other difficulties were discovered with that piece of
hardware, the second-generation unit on the vehicle allowed the data rate to change
without impact.
 

 FTS NETWORK
 

 The FTS command and control network provides for a primary RSO at the OCC to
control a network of Command Transmitter Systems (CTS) over the entire extended
range. A single panel is available to the RSO to provide command and status of up to five



CTS. Each remote site is manned with a RSO with a panel capable of controlling their
own CTS in case the primary RSO cannot control the downrange CTSs. Each panel is
programmed with the FTS tones for a particular mission and can be changed to support
other tone configurations. The panel controls each of the downrange CTSs with the
following commands:
 

• Carrier On/Off
• Monitor Tone On/Off
• Arm Tone On/Off
• Destruct Tone On/Off

 

 Each panel is capable of displaying the active tones at each site. The handover from one
CTS to another is performed manually with voice calls. To avoid inter-modulation effects,
only one CTS can transmit at a time. Coordination of the handover ensures that the first
CTS is turned off prior to the second system being activated. The primary RSO panel has
a dedicated connection to each of the remote panels to provide for the centralized control
capability.
 

 EXTENDED RANGE COMMUNICATION SYSTEM DESIGN
 

 The design of the communications system accounts for all of the known requirements and
provides for some expansion to incorporate new and changed requirements. As shown in
Figure 1 and Figure 2, two networks support the X-33 range: the telemetry data network
and the range data network. The telemetry data network only transports telemetry
communications. The range data network transports all other data including:
 

• Radar/Acquisition Data
• Voice
• DGPS/Uplink/DGPS integrity checking
• FTS Activation
• Network (Program and range)
• Weather
• Status monitoring and control

 

 The telemetry and range data networks must be independent to meet range safety
requirements for redundant vehicle position information. At Edwards the telemetry
network will go out the western side of the base up to Utah, while the range data network
will be routed out a telephone exchange on the eastern side of the Edwards range. Access
into Hill AFB may be more difficult to remove all single points of failure and is still being



investigated. Communications between Hill and the ExTRA site at Dugway Proving
Grounds will be independent for the telemetry and mobile radar system.
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 Figure 1 - Range Communications Architecture for flights to MAAF
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 Figure 2 - Range Communications Architecture for flights to Malmstrom AFB.

 



 The telemetry network is composed of point to point connections between each of the
tracking sites and the Range Operations Center (ROC) located at Dryden Flight Research
Center (DFRC). Within the ROC, a best source selector will choose the best telemetry
stream to send to the OCC and down range to the RSOs for display of range safety
parameters and GPS/INS data. When landing at Michael Army Airfield (MAAF) at
Dugway, only one leased line T1 will carry telemetry. Figure 2 shows the architecture for
the rnage communications for the flights to Malmstrom AFB. Three leased lines for
telemetry will be used for flights to Malmstrom AFB; one from Hill AFB, one from
Mountain Home AFB in Idaho, and one from Malmstrom AFB in Montana.
 

 The range data network is a T1 circuit that originates at Dryden and terminates at the
ExTRA site at Dugway for the short flights (Figure 1). For the longer flights, the T1
originates at Dryden, passes through Hill AFB where another T1 extends the network to
Mountain Home AFB, where another extends the network to Malmstrom AFB from
termination (Figure 2). At each of the overflight sites, data is terminated as necessary for
the local range resources and broadcast farther downrange. For instance, Figure 3 shows
the communications for the DGPS and Uplink for the long range flights to Malmstrom
AFB. The DGPS correction messages, which are essential for the X-33 autonomous
landing capability, originate at the ExTRA site at Malmstrom. The DGPS corrections are
broadcast to the MOCC and the OCC. To get from the ExTRA site to the OCC, the data
must pass through each of the other range tracking sites before arriving at the OCC. At the
OCC and MOCC, the DGPS is merged as required into the uplink data stream. This
uplink data stream must be available at all times at all uplink transmitters in the extended
range system. Notice that at the ROC (Dryden), the uplink is transmitted to a local
interface and broadcast downrange to the next range site at UTTR.
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 Figure 3 - DGPS/Uplink Communications Distribution

 One of the trade studies to support the range data network was the decision of which
multiplexer to use. The first decision was what types of approach to use, smart
multiplexers with multiple T1s and cross-connect and drop and insert capability or dumb
multiplexers that support point-to-point communications only. After reviewing the amount
of data to be passed and some of the functionality that was required, smart multiplexers
were chosen. Given the short schedule of the X-33, it was imperative that the units chosen
have all of the required capabilities without further development and procurement.
Minimum requirements for the smart multiplexers include:
 

• At least 8 T1s interface
• Support DS0-B protocol sub-rate multiplexing of low speed data
• Support non-blocking switching from any T1 channel to any other T1 and to

any low speed port
• Support voice compression
• Support broadcast of data from one T1 channel to multiple channels/ports

Results of the market survey yielded ADC Telecommunication’s ICX-2000 as the best
choice for supporting this effort.



CONCLUSION

Innovative techniques in the design of the X-33 range communications facilitate a highly
reliable low cost system that meets all of the program and range safety requirements. The
X-33 program considered the cost of moving telemetry from the receiver sites to the
engineers for real-time support as an integral part of their program rather than driving the
communications to meet a somewhat arbitrary data rate. By strategically selecting a data
rate, several hundred thousand dollars will be saved over the life of the short test program.
This is a paradigm shift; previously, either very high costs were incurred or the flight test
profiles were changed to avoid the need of expensive long haul commercial
communications support.

However, some of the trade studies initiated for this program are continuing for other
projects to serve the research and test and evaluation communities. Several of the
technologies, ATM and inverse multiplexing are maturing and are expected to be available
in the near future. These technologies will provide for an economical solution to linking
existing test ranges, to temporary mobile test sites, and even virtual and constructive test
facilities.


