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ABSTRACT

The transmission of high-rate telemetry data for space-based relay systems yields unique system
requirements. The NASA Space-based Telemetry and Range-Safety (STARS) study evaluated system
design requirements during Phase-1 flight tests. STARS Phase-2 efforts include the development of a
high-rate transmitter and antenna system to demonstrate prototype system performance capabilities
and new technologies for future operational systems to be incorporated into the NASA Next
Generation Launch Technology (NGLT) vehicles. Phase-2 Range User (telemetry) system
performance requirements and a prototype implementation approach are presented.
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INTRODUCTION

Current Range User systems do not have the performance to meet requirements for the National
Aeronautics and Space Administration (NASA) Next Generation Launch Technology (NGLT)
vehicles. Current systems are limited in data rate and have a rigid format (IRIG-106).1 Furthermore,
because the current systems require the operation and maintenance of remote ground-based sites, the
operational cost is high.

The Space-based Telemetry and Range-Safety (STARS) study has been established to demonstrate
the capability of a space-based platform for providing Range User (telemetry) and Range Safety
support that can supplement remote ground-based assets and do so with a significant increase in
Range User system data rate. The savings in ground-based support will be a factor in realizing the
NGLT reusable launch vehicle (RLV) goals of providing an order of magnitude reduction in payload
costs.

Phase-1 of the STARS study has involved implementing a data system similar in architecture to
current launch vehicle high-rate data systems and flying it aboard an F-15B test aircraft. These flights
have made it possible to characterize system performance on a high dynamic vehicle and serve as a
baseline of comparison for results from Phase-2.

Phase-2 of the STARS study is an attempt to develop the hardware required to implement a reliable
space-based high data rate communication link and to demonstrate an order of magnitude increase in
data transmission rates compared to present day systems.

BACKGROUND: PHASE-1 SYSTEM

The STARS Phase-1 Range User system consists of a data multiplexer that accepts analog video,
voice, pseudorandom data, and Interrange Instrumentation Group, Version B (IRIG-B) time inputs.
The video and voice are digitized, compressed, and multiplexed with the pseudorandom data and time
to create a standard IRIG-106 data stream. The format is programmable at 125 kbps, 250 kbps or
500 kbps for a given test flight, with the compressed video included only in the 500 kbps format.

The data is transmitted to the Tracking and Data Relay Satellite System (TDRSS) using a quadrature
phase shift keying (QPSK) modulated transmitter and power amplifier that feed two omnidirectional
right-hand circular polarized (RHCP) patch antennas on the top and bottom of an F-15B test aircraft.
This system implementation is similar in architecture to current expendable launch vehicle (ELV)
high-rate data systems and is being tested on the F-15B aircraft in order to characterize performance
on a high dynamic vehicle. The STARS Phase-1 Range User and Range Safety systems and
preliminary test results are presented in reference 2.

OVERVIEW OF PHASE-2 OBJECTIVES

The baseline Range User system performance for current ELV’s is inadequate in two areas. First, the
data rate that can be achieved with an omnidirectional antenna is limited because of the free space
loss involved in satellite transmission. The preferred option to increase the data rate would be the use
of a phased-array antenna system. Second, the link implemented for the first flight demonstration was



a standard IRIG-106 data link. The preferred option for future satellite telemetry data links would be
an Internet protocol (IP)-based link allowing uplink command and control, real-time changes in data
format, and repeat requests of corrupted data.

The primary Range User system objective for the STARS Phase-2 is to increase the achievable data
rates through the development of improved data transmission hardware. The greatest weakness in
current satellite telemetry systems is the vehicle transmit antenna. Currently most RLV’s and ELV’s
utilize multiple omnidirectional antennas. These systems may be supplemented by switching
hardware that will direct transmitter power to the antenna pointed at the receive satellite, however
they are limited by the transmitter power available and low-gain antenna utilized. Unmanned aerial
vehicles (UAV’s) often make use of steerable dish antennas to achieve increased gain and therefore
greater data rates. These systems result in the requirement for a radome well above the vehicle surface
resulting in thermal problems for launch vehicle applications or limited look angles if recessed in the
vehicle.

PHASE-2 SYSTEM REQUIREMENTS

The STARS Range User system for the Phase-2 flight demonstrations is intended to solve some of the
data rate limitations of current RLV and ELV systems. The minimum return-link data rate
requirement for the Phase-2 STARS Range User system was set at 5 Mbps, which would result in a
significant improvement over current high data rate ELV systems. The range user return-link data
would be relayed through a satellite system in order to demonstrate the STARS objective of
eliminating costly ground-based data relay systems.

The STARS Phase-2 data format would be in accordance with IRIG-106, or possibly a fixed-rate
IP-based format. The IP-based format would operate as a return-link user datagram protocol (UDP)
format. The major components required for the Phase-2 range user flight test are a satellite,
transmitter-transceiver, high-gain antenna system, antenna controller, and data system.

SATELLITE SYSTEM SELECTION

Several satellites were investigated for the Phase-2 flight tests. It was concluded that only TDRSS and
Intelsat® (Washington, D.C.) could readily support the data rate requirements for flights in the
timeframe planned. Intelsat has many advantages, especially in the area of lower cost commercial
transceivers and antenna system hardware. The Tracking and Data Relay Satellite (TDRS) (Fig. 1),
offers higher data rates at an equivalent effective isotropic radiated power (EIRP), which reduces
transmit power, antenna gain requirements, or both. Figure 2 illustrates the performance of TDRSS
compared with Intelsat for a given data rate and transmit EIRP.3

Two TDRSS frequency bands, Ku and Ka, were evaluated for STARS Phase-2 testing. Though
smaller components can be used when operating in the Ka-band, the Ku-band was selected for
reasons of lower cost, greater availability, and lower-required antenna gain (which allows for a wider
beamwidth and less pointing accuracy in an antenna control system). Table 1 is a summary of
tradeoffs between the two bands. Parallel efforts are underway for development of Ka-band hardware
that would be usable beyond Phase-2.
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TRANSCEIVER–TRANSMITTER DEVELOPMENT

The use of either a transceiver or transmitter is being investigated for Phase-2 flight tests. Several
options are available including the development of new Ku-band hardware or the modification of
existing commercial hardware for the flight tests. 

The transceiver options under investigation include the development of a new QPSK Ku-band
transceiver or modification of a commercial QPSK modem and Intelsat transceiver retuned to TDRSS
Ku-band frequencies. The second transceiver option (fig. 3) is the most likely fit for an F-15B flight
demonstration because of the low cost offered and the lack of a requirement to qualify the hardware
for space flight.

Table 1. Comparison of Ku band and Ka band characteristics.

Ku-band Ka-band Comment

TDRS gain advantage –178.6 dB –180.7 dB 2.1 dB advantage for Ka-band
operation

Path loss 208.44 dB 213.2 dB 4.8 dB advantage for Ku-band

Rain loss 2.5 dB 7.8 dB For  percent, Region E,
30° latitude, 10° look angle.
Considered for UAV applications, not 
included in link margin.

Antenna pointing loss 0.5 dB 0.75 dB Ka-band requires higher gain
(narrower beamwidth), resulting in
0.25 dB increased pointing error.

Required EIRP 35.82 dBW 38.75 dBW Ka-band requires ~3 dB more EIRP

Required antenna gain 23.82 dBi 26.75 dBi Ka-band requires ~3 dB more gain

Development complexity High Very high Ku-band is lower complexity

Development cost High Very high Lower complexity, availability of
parts =lower cost

Availability of components Moderate Difficult Estimated, based on survey of VSAT 
components

Asset availability F series, H, I, J H, I, J only Ka-band is limited to H, I, J only.

Footprint 50 to 340 in2 55 to 374 in2 Ka-band is slightly larger, because 
additional gain is required.

Power consumption Medium High Ka-band is higher, if the monolithic 
microwave integrated circuit approach 
is used (more elements, more circuitry)

indicates preferred option

A0 5=



Three transmitter options under investigation include the development of a new QPSK Ku-band
transmitter, use of a newly developed shaped offset QPSK (SOQPSK) transmitter with a Ku-band
up-converter-amplifier, and a commercial QPSK modulator with a Ku-band up-converter-amplifier.
The SOQPSK option (fig. 4) offers the advantage of a spectrally efficient transmitter that is already
qualified for the aircraft environment and which is expected to be added to a future version of
IRIG-106. Two versions of the SOQPSK are offered, A and B.5 Compatibility simulations at NASA
Goddard Space Flight Center (GSFC) have demonstrated that SOQPSK, Version B offers about a
1dB TDRSS implementation loss advantage over SOQPSK, Version A. The implementation loss
characterizes the TDRSS receivers compatibility with the transmit system utilized.6 Therefore, if
selected, a SOQPSK transmitter used for STARS flight demonstrations would use Version B of
SOQPSK. To allow the use of existing low-cost flight-qualified hardware this would require a
firmware change to the current commercially available SOQPSK, Version A, transmitter modulator.
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Figure 3. Low-cost transceiver option.
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ANTENNA DEVELOPMENT

The critical item in achieving high data rate performance is the development of a high-gain antenna
that meets the requirements of a RLV-type environment. Several factors drive the determination of
the antenna design including; frequency, available power, required gain, beamwidth, bandwidth,
polarization, and aerodynamic heating effects at hypersonic velocities. As a result of the aerodynamic
heating effects and the power required to close a satellite link it was determined that a low-profile
phased-array antenna was the best option.7 The optimum design would be a two-dimensional
electronically steerable array that would minimize the number of moving parts and the antenna size.
Electronic steering in two dimensions is not a firm requirement for Phase-2, as this phase is only
intended as a proof-of-concept demonstration.

Ku and Ka frequency bands were evaluated for the STARS Phase-2 flight demonstration because of
the reduced antenna size compared with S-band. As indicated previously, the Ku-band antenna was
determined the best choice for STARS Phase-2.

Three antenna system physical configurations were proposed as possibilities for the Ku-band system
(fig. 5) in order to allow as many implementation technologies as possible to be considered.8

However, the requirement for a low external profile was maintained.

Two electrical design options (one passive and one active) were specified to meet the system gain
requirements. Option 1 consists of a “passive” phased-array antenna having no internal amplification
and therefore requiring a high-power radio frequency (RF) input signal but low supply current. The
direct current (DC) power feed to this type of array would be utilized for directional control only.
Option 2 consists of an “active” phased-array antenna having internal power amplifiers and requiring
high-supply current but a low-power RF input signal. The DC power required by this type of antenna
would be much higher in order to provide for internal power amplification of the transmit signal.
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Figure 5. Possible STARS phased-array physical configurations.



The overall total required EIRP for the transmit system was set at 36 dBW to meet minimum link
requirements at 6 Mbps. The “passive” antenna satisfies this requirement with an RF input level of
15 Watts (12 dBW) and an antenna gain of 24 dBi (dB relative to isotropic). The “active” antenna
would satisfy this specification requirement with an RF input level of 1 Watt (0 dBW) and an antenna
gain of 36 dBi. The final antenna design selected consists of “passive” antenna and physical
Configuration-B.

Although the STARS Phase-2 design implementation is Ku-Band, NASA Kennedy Space Center
(KSC) currently has a small business innovative research (SBIR) effort in place to develop
components required for a future Ka-band phased array.

ANTENNA CONTROLLER DEVELOPMENT

The antenna controller is to consist of microprocessor, 1553 interface and RS-422 driver cards in a
custom chassis developed at NASA Dryden Flight Research Center (DFRC) (fig. 6). The processor
will import data from an aircraft inertial navigation system/global positioning system (INS/GPS)
through a 1553 interface to determine the aircraft position and attitude. The processor will then
calculate the correct pointing angles and send commands by means of an RS-422 interface to the
phased-array antenna to point the phased array beam at a TDRS. The antenna pointing algorithms are
to be jointly developed by GSFC and KSC. DFRC is designated to develop the hardware and software
for the controller system.
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Figure 6. STARS antenna controller system.



DATA SYSTEM DEVELOPMENT

The NASA Ames Research Center (ARC) and DFRC are developing the STARS IP-based data
transmission system. The system is to include IP-based sensors and interfaces that will convert
existing aircraft voice, video, and data sources into an IP format (fig. 7). The IP data formatter is to
consist of a stack of PC-104 cards that provide the interfaces and data processing required to format
the data for transmission and provide a clock and data output to the TDRSS transmitter.
Internet-protocol-based data transmission is also not a firm requirement for Phase-2 flight tests and an
alternative IRIG-106 data format, providing the same data interfaces, may be implemented.

TEST CONFIGURATION

The Phase-2 STARS Range User system is planned to flight test in 2004 aboard a NASA F-15B
research aircraft. Figure 8 shows the planned overall test configuration. The phased-array antenna is
to be mounted on the top of the test aircraft for the flight demonstration. This location was selected
because of the size of the antenna and proximity to other aircraft systems.

The link requirements at 6 Mbps have been analyzed by the NASA Communications Link Analysis
and Simulation System (CLASS) (fig. 9) so the transmit system should provide a sufficient link
margin for reliable operation.   However, the actual flight test will likely be conducted at a 5 Mbps
data rate.
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Figure 7. IP-based data system.
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Figure 9. CLASS Analysis for Ku-band link (generated by GSFC).



STATUS

Procurement of all required hardware for the flight test has been initiated. Integration on the test
aircraft is planned to begin early in calendar year 2004. Compatibility testing of the TDRSS
transmitter hardware is to be conducted in late 2003. Phased-array antenna systems tests are to be
conducted in late 2003 and tests with the INS/GPS interface are planned for early in 2004. The
STARS Phase-2 flight test demonstration is to be conducted at DFRC in 2004.

SUMMARY

In conclusion, successful demonstration of the STARS system would provide the technology to
implement high data rate systems on future ELV’s, RLV’s and UAV’s. This technology would in turn
result in a tenfold increase in data rates and significant savings in the ground support infrastructure
required for NGLT RLV’s.
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