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ABSTRACT

NASA and the Air Force are increasing the number of hypersonic and access-to-space
programs creating a growing requirement for flight test ranges over large regional areas.
A principal challenge facing these extended test ranges is the ability to provide
continuous vehicle communications by filling the gaps in coverage between fixed ground
stations. Consequently, there is a need for mobile range systems that provide a multitude
of communication services under varying circumstances. This paper discusses the
functional design and systems capabilities, as well as the mission support criteria,
concerning NASA’s Mobile Operations Facility (MOF). The MOF will be deployed to
Dugway Proving Grounds (DPG), Utah, in support of the X-33 single-stage-to-orbit
(SSTO) demonstrator.
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INTRODUCTION

The Extended Test Range Alliance (ExTRA), a combination of government and private
enterprise and their affiliated resources, has been established for the purposes of
satisfying X-33 program and range safety requirements. Meeting specified criteria
demands ExTRA sustain continuous communications with the vehicle from launch at
Edwards Air Force Base (EAFB), California, to wheels stop for landing at DPG. As a
result, multiple ground stations are required to provide continual coverage of flight. To
illustrate, the range tracking site located at DPG will support overlapping coverage with a



maximum range of 235 nautical miles via the following fixed and mobile vehicle
communications systems:

• Wallops Flight Facility (WFF) Range Instrumentation Radar
• WFF Command Termination System
• Dryden Flight Research Center (DFRC) 9-Meter Telemetry/Uplink System
• Air Force Flight Test Center (AFFTC) Optical Tracking Systems
• ExTRA Mobile Digital Microwave Systems
• Launch-Mission Control and Monitoring System (LMCMS) Mobile Operations

Control Center

As is evident in the preceding list, there is a need for a versatile and mobile
telemetry/communications focal point that is capable of collecting, distributing, and
processing data between these diversified systems. The solution is found in the MOF.

The Dryden Flight Research Center acquired the MOF from the Ames Research Center in
the early part of 1998. Since the transition, the MOF has undergone an extensive re-
engineering process. Antiquated data reduction and display systems have been removed
and replaced with a number of well-developed, commercial-off-the-shelf (COTS)
components. While structured upon a reliable telemetry receiving system platform, the
MOF is a configurable asset that supplies an added versatility in the field by way of
telemetry decommutation, uplink command and control, processing/display support for
Range Safety Officers (RSO) and Range Control Officers (RCO), automated telemetry
best source selection and a fiber optic interface that provides access to a variety of
communications resources.

This paper characterizes the various subsystems contained within the MOF and provides
a general understanding of its extended range applications.

Requirements

During X-33 mission support, the MOF is scheduled to function as the DPG range
tracking site communications hub, provide off-site access to up-range resources and
perform telemetry acquisition and processing services. The following subsystems have
been designed to meet these requirements.

System Enclosure and Power

All subsystems, with the exception of the antenna/pedestal assembly, are contained
within a 48-foot special purpose semi-trailer, shown in Figure 2. The enclosure is
equipped with expanding side sections to facilitate maintenance, a pneumatic leveling
system, a rear hydraulic lift gate, a 180,000 BTU/HR forced air cooling system and 500



cubic feet of secured storage space located beneath the trailer platform. A tiled sub-floor
allowing 8 inches of clearance provides easy access to cables for interfacing between
racks and three exterior/interior access panels located on the side of the trailer. Figure 1
shows the access panels and the layout of the equipment racks.

Figure 1. MOF Floor Plan

Space and maintenance considerations, along with load balancing issues, drove the
decision for an independent, mobile power source. A stand alone 112.5 KVA generator
supplies the 120/208 VAC, 3 phase, 60-hertz power needed to operate the
antenna/pedestal and interior equipment. In situations where shore power is available, the
MOF provides a 75-ft. power cable.

Figure 2. MOF Trailer and Antenna/Pedestal



Telemetry Acquisition

The MOF is equipped with a Dual-Axis, Multiple Frequency Tracking System (MFTS)
which is designed to receive, automatically acquire and track Radio Frequency (RF)
energy of any polarization in the 1.435 to 2.40 GHz frequency range. Fundamentally, the
system consist of a high-gain conically scanned tracking feed attached to the focal point
of a 6 foot parabolic reflector, a low-gain omni-directional antenna, a microprocessor-
based antenna control unit and a two-piece, lightweight (375 lbs.), elevation-over-
azimuth pedestal containing a 400 watt internal servo amplifier.

The pedestal accommodates tracking velocities to 30 degrees/sec and acceleration rates to
60 degrees/sec/sec with maximum backlash set to +0.15 degrees. Two precision,
preloaded bearings in each axis minimize compliance and orthogonal error. For transport
and during periods of non-use the antenna/pedestal assembly can be mounted within the
enclosure to provide an extra measure of protection (Figure 1). A lift transport system
utilizing removable rails, a rear lift gate and a hydraulic lift table position the assembly to
a rooftop platform for operations support.

Three subassemblies are included in the antenna feed assembly; the tracking feed, RF
subassembly and omni-directional antenna. The tracking feed employs the rotating horn
scan or RADSCAN principle which allows the system to autotrack vertical and horizontal
signals simultaneously from 1.435 to 2.40 GHz. The RF subassembly, located behind the
feed, houses the 60 dB rejection band pass filters and 0.4 Noise Figure (NF) Low Noise
Amplifiers (LNAs). The omni-directional antenna is mounted on the RF assembly and
supports low-gain acquisition when the antenna is positioned at zenith.

System Gain over Temperature (G/T) measurements of 6.4 dB are achieved at the X-33
S-band frequency. Figure 3 is a graph of the system’s Range vs. Vehicle Effective
Isotropic Radiated Power (EIRP).

A microprocessor-based antenna control unit, with modular software written in C and
C++ for IBM OS/2 environments, provides all the controls and displays necessary for
automatic antenna tracking. Added features include a windowed graphical user interface,
data logging for post-mission analysis, Inter-Range Instrumentation Group (IRIG) timing
input/output and a comprehensive set of diagnostics.

Telemetry Receiving and Distribution

Dual 1 by 8 multicouplers separate the acquired telemetry signals and distribute them to
three receiver groups. Each receiver group consists of two high performance,
microprocessor-based telemetry receivers for concurrent vertical and horizontal signal
processing and one dual-channel, optimal ratio diversity combiner. The receivers provide



demodulation for Frequency Modulation (FM), Phase Modulation (PM), Bi-Phase Shift
Key (BPSK) and Quad-Phase Shift Key (QPSK) and contain multi-band tuning heads
which cover both L-band and S-band. The combiners are capable of simultaneous pre-
detection and post-detection and a signal-to-noise-improvement of 2.5 dB. For typical
mission support, the combined post-detected or ‘video’ output is distributed to a feed-
through patch panel and sent to a VME chassis containing 8 bit synchronizers. One of the
bit synchronizers will be used to derandomize the telemetry data and generate a clock
before it is input into the best source selection system.

Figure 3. Telemetry System S-Band Performance (Range vs. EIRP)

Best Source Selection

To ensure that ExTRA provides the best possible telemetry data, the range tracking site at
DPG will accommodate two independent telemetry ground stations. The primary tracking
system will be the DFRC 9-meter antenna. The MOF will be considered the backup
system, but it is expected to provide favorable runway coverage. As the vehicle
approaches DPG, a method for logically identifying the best telemetry source between
these two systems is required to eliminate the cost of a parallel transmission link to
processing systems located at EAFB and to reduce unacceptable time delays on best
source data coming from the EAFB best source selector. Additionally, due to the
relatively short flight, an automated system that maintains minimum operator
intervention is essential.
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To attain these objectives, the 9-meter system will forward received telemetry data to the
MOF where it will be inserted, along with data acquired by the MOF, into a
Programmable Telemetry Processor (PTP). A PC-based, multi-channel telemetry and
command processing system, the PTP logs the number of good frames received within a
certain specified sample period and based on the differences in the frames acquired,
determines which stream is the ‘best’ source. Frames from the best source data are time-
tagged with IRIG-B timing and distributed to a PC-based decommutation system, digital
recorder and range data communications network for transport to EAFB. The report, X-33
Telemetry Best Source Selection, Processing, Display, and Simulation Model
Comparison, [2] gives specific information concerning the extended test range best
source selection system.

Data Processing and Display

Once best source selection has been accomplished, a PC-based system running
Windows NT is used to decommutate the telemetry data and display critical vehicle
parameters for the RSO. The parameters include: Mach number, vehicle altitude, vehicle
attitude, vehicle angle of attack, vehicle subsystem voltage and current monitoring and
Flight Termination System (FTS) measurements. Global Positioning System/Inertial
Navigation System (GPS/INS) data is also extracted from the telemetry stream and sent
over Ethernet to the Test Evaluation Command and Control System (TECCS) and the
Instantaneous Impact Prediction (IIP) system network, located in the RSO station.
TECCS uses the GPS/INS information, along with data received from various
instrumentation radars, to display the vehicle’s location. Flight path parameters (airspace,
glidescope, runway alignment) and safety criteria (areas of population, loss of vehicle
communications) are also shown on the TECCS display. The IIP system calculates and
displays post-FTS impact points for an intact vehicle and a footprint of the post break-up
debris field for the RSO to monitor prior to and during the flight.

By utilizing the RSO station display information, the RSO can make determinations
concerning the vehicle’s health and, if required, terminate the vehicle via the RSO
station’s flight termination panel, which is connected to independent Command Transmit
Systems (CTS). The RSO station’s processing and display systems are detailed in the
report, X-33 Telemetry Best Source Selection, Processing, Display, and Simulation Model
Comparison [2].

Communications

In support of X-33 range operations, the MOF will act as the communications hub for the
DPG range tracking site and perform all data transfer between site subsystems.
Furthermore, the MOF will provide access to transmission and receiving equipment for
data transport between the other extended test range locations.



Data transfer within the landing site is achieved via a fiber optic infrastructure. The MOF
is equipped with a 72-port fiber interconnect allowing access to a number of fiber optic
RS-232 multiplexers, video transceivers and T1 line drivers. The RS-232 multiplexers
transmit and receive serial information, such as uplink, radar/acquisition and Differential
GPS (DGPS) data, between the various range tracking site subsystems. The T1 line
drivers are responsible for transporting T1 data, such as bridged TECCS, intercom, range
data communications network and best source telemetry data, coming into or leaving the
site by way of two independent, mobile digital microwaves and a DPG fiber optic
interface.

The range data communications network is the primary link for data communications
between the DPG range tracking site and EAFB. This T1 network supports the following
data:

• Radar/acquisition data
• Voice
• Uplink command
• FTS activation and status
• DGPS integrity checking
• Computer network
• Status monitoring and control

Due to the number and varying data types supported by the network, the MOF is
equipped with an integrated access system or ‘smart multiplexer’ that accepts multiple
T1s and performs DSO-B protocol for sub-rate multiplexing, voice compression, non-
blocking switching from any T1 channel to any other T1 channel or sub-rate port and
V.35/RS-530 high speed access for network data. Through these multiple cross-connect
and drop and insert capabilities, the smart multiplexer increases the network’s bandwidth
and reduces the amount of communications equipment required for mission support.

A digital communication node in the MOF provides on-site and off-site voice
communications. The node connects to multiple user stations within the range tracking
site using the fiber optic infrastructure. For off-site communications, the node is tied into
the range data communications network via the smart multiplexer. In addition, hand-held
radios linked to a base station in the MOF provide communications to remote locations at
DPG. The base station will also be connected to the range data communications for
transmission to EAFB. Figure 4 details the MOF’s communication layout.



Figure 4. MOF Communications Layout

Uplink

The MOF maintains an uplink command and control system to provide DGPS, FTS and
subsystem control data to the X-33 vehicle. The uplink system receives 9.6 Kbps
synchronous RS-232 data and converts it to TTL BIφ-L. The data is then filtered,
attenuated and passed to a command modulator. Redundant 50 watt power amplifiers
receive the modulated L-band signal from the command modulator and radiates the
uplink signal through the 6 foot telemetry antenna (at 77.1 dB EIRP). Simultaneous
telemetry reception and uplink transmission is accomplished using a specialized
circulator and filtering network located in the antenna feed assembly.

Differential Global Positioning System

The DGPS in the MOF consists of a redundant set of DGPS receivers and Integrity
Monitors (IM). The DGPS receivers create a differential correction using GPS
constellation signals and their National Imagery and Mapping Agency (NIMA) surveyed
location. The IMs also receive the corrections to validate the receiver’s data integrity. If
the calculations are valid, the differential corrections are sent, over the range data
communications network, to the various uplink command and control systems located
throughout the extended test range, including the uplink system in the MOF. The uplink
radiates the corrections to the GPS/INS on-board the vehicle. The GPS integrates the
calculations, determines a more accurate position and supplies the positioning
information to the INS to remove the effects of INS drift. To ensure system integrity, a
Control Station (CS) monitors both the DGPS and IM receivers. If the limits of the
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different parameters exceed preset boundaries, the CS sets off warnings and alarms. An
operator in the MOF is then able to determine an appropriate action.

Recording

Data recording is a two step process. First, a serial data multiplexer utilizing a sampling
technique that maintains minimum channel-to-channel skew multiplexes up to five high-
speed channels, ten low-speed channels, 2 audio channels and 1 IRIG timing channel and
outputs a composite 32 Mbps data stream. The packetized data stream is then sent to a
buffered Very Large Data Storage (VLDS) digital recorder for high-speed recording on
low cost ST-120 cassettes. Each tape provides approximately 13.6 Gbytes of storage
space, which allows 3.5 hours of uninterrupted recording. The MOF also contains a
digital voice recorder to record range voice networks, vhf radio and phone circuits
supplied by the communications node. The voice recorder is in place for playback and
range safety purposes.

Video

With a number of fiber optic video transceivers, 21-inch monitors and a flexible video
distribution switch the MOF is able to receive, transmit and display multiple video
sources. Presently, the MOF receives and displays video from two optical tracking
cameras located near the landing site runway, launch site video from EAFB via an
external satellite link and three local antenna boresight cameras including a camera
mounted on the MFTS antenna. Recording onto VHS tape is provided for post-mission
analysis and logging.

Test Equipment

A portable test and calibration rack in the MOF, including a spectrum and network
analyzer, oscilloscope, power meter, Bit-Error-Rate (BER) test set and signal generator,
supports system validation and troubleshooting. Open and closed loop BER testing, as
well as antenna and receiver calibrations are performed utilizing the provided test
equipment and a portable boresight system.

CONCLUSION

Although structured upon a dependable telemetry acquisition and receiving system, the
MOF has been designed to provide a number of additional communications services in
support of ExTRA. As a result of these services, the extended test range receives a
marked increase in responsiveness, flexibility and efficiency. Due to the fact that the
MOF furnishes a central location for data to be collected, distributed, processed and
displayed, range tracking and processing facilities are no longer required to support



independent, long-range transmission and receiving systems. Furthermore, the MOF’s
ability to provide access to several data transport systems reduces the amount of
reconfiguration required by each subsystem to interface with range assets. Finally, by
supplying back-up telemetry and uplink coverage at DPG, the MOF increases ExTRA’s
reliability and reduces the chances of a single-point-of-failure.
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