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DESIGN AND UPGRADE OF A COTS RECEIVER/COMBINER
SYSTEM TO MEET

NASA’S LEO-T PERFORMANCE REQUIREMENTS

William M. Lennox
Microdyne Corporation

Aerospace Telemetry Division
Ocala, Florida USA

ABSTRACT

The new NASA LEO-T (Low-Earth Orbite Ground Systems) satellite systems requires a
wide range of data rates including extra wide-band requirements with near theoretical
performance standards.

This paper describes new design implementations incorporated into a COTS (Commercial
Off-The-Shelf) Telemetry Receiver and Combiner System redesigned to meet the new
wide band data requirements for NASA’s LEO-T satellite down link telemetry data
requirement. The paper will also provide performance data showing system performance
for the high data rates.

INTRODUCTION

NASA is developing a series of satellites for the Mission to Planet Earth using LEO
satellites. This program has resulted in the requirement for the LEO-T. The LEO-T
program requirement is for small autonomous turnkey satellite ground terminals. These
terminals must be completely automated and operate autonomously without operators.
The telemetry receivers and combiners for this system must be highly reliable and function
in a total remote control mode. In addition, they must support many of the LEO satellites
with a wide variety of data handling requirements including data rates to 8.0Mbps.

These new data requirements were imposed in addition to the normal data requirements
needed for general purpose satellite telemetry data and tracking capabilities. Requirements
for COTS were also imposed. Excerpts of some of the specifications are shown below.



• Demodulation:    FM, PM, BPSK, QPSK, with data rates from 100 bps to
8.0 Mbps.

• Configuration:  Dual channel polarity receivers with Optimal Ratio Pre-D
Combiner.

• Lock Threshold:  PM -12 dB C/N,     BPSK  0dB C/N,   QPSK  +4dB
C/N.

• Remote Control:  Front Panel and Total Remote Control using IEEE-488 and
RS-232C.

• Bit Error Rate Performance:  The system shall have a BER versus Eb/No
that is within 1.5 dB of theoretical.

SYSTEM DESCRIPTION

The Telemetry Receiver/ Combiner System is composed of two 700-MR Receivers
equipped with multimode demodulators for the dual polarization requirement, and a 1620-
PC Combiner also equipped with a multimode demodulator for the Optimal Ratio
Combining requirement. In addition the 1620-PC was equipped with a 1600-PSK BPSK
subcarrier discriminator for subcarriers up to 5.0 MHz.

A block diagram of the system is shown as Figure 1.

DESIGN REQUIRMENTS

The primary design task was to provide a very reliable telemetry receiver/ combiner
system. The requirement for COTS provides proven design and reliability to the design
task. However, the increased data rate and theoretical performance requirements
demanded considerable design refinements to the multimode demodulator and the transfer
bandwidth of both the receiver and combiner.

DESIGN CONSIDERATIONS

The primary design requirements were the extremely wide data bandwidth requirements of
100Bps to 8.0Mbps and the theoretical performance requirements for FM, PM, BPSK,
and QPSK demodulation.

The specification called for IF bandwidths of 0.5, 1.0, 3.3, 6.0, 12.0, and 20.0 MHz, with
the ability to field change to narrower IF bandwidths to support the lower data rate
requirements.



 The low data rates specified normally dictate an IF center frequency of 20 MHz or less,
and data rates of greater than 6.0Mbps dictate an IF center frequency of 70 MHz or
higher.

 Designing a telemetry receiver with a 70 MHz IF center frequency for low data rates is
unrealistic for narrow IF bandwidth design; also, demodulator performance with very
narrow bandwidths with a 70 MHz IF center frequency degrades ultimate S/N
performance reducing the possibility of meeting the theoretical performance required. In
addition the COTS and reliability requirement tended to dictate a design using standard
COTS telemetry receivers and combiners.

DESIGN CHALLANGES

Using the standard COTS receivers and combiner as a starting point the following major
design implementation was required to meet the performance goals of the specification.

• Design a 20.0 MHz bandwidth IF with a 20 MHz center frequency with a 60/3 dB
shape factor of  less than 4:1.

• Redesign the 758-D Digital Multimode Demodulator to handle data rates in excess
of 8.0Mbps with near theoretical performance.

• Redesign the 1600-PSK Subcarrier Demodulator to tune from 25 kHz to 5.0 MHz
with tunable loop bandwidth from 30 Hz to 300 Hz, for data bandwidths from
100 Hz to 1.0 MHz.

• Increase the transfer bandwidth of the 1620-PC Combiner from 15 MHz to greater
than 20 MHz with theoretical combiner performance for data rates in excess of
8.0 Mbps.

DESIGN IMPLEMENTATION

20 MHz IF Bandwidth Design

It was anticipated that the major design problem would be the 20 MHz bandwidth IF with
a 20 MHz center frequency. Designing an IF with bandwidth equal to center frequency
with a 60/3 dB shape factor of 4:1 has always been thought to be impractical with existing
technology. However, with these requirements, a design was undertaken with excellent
results. The design effort yielded an IF design with a 3 dB bandwidth of slightly greater
than 20 MHz, with a 20 MHz center frequency, and a 60/3 dB shape factor of less than
4:1. In addition, the group delay was less than 15 nanoseconds over the 80% bandwidth.
A plot of the design with frequency response and group delay is shown as Figure 2.



Redesign of the 758-D Digital Multimode Demodulator

The initial design of the 758-D Demodulator did not accommodate data rates in excess of
5.0 Mbps due to internal filter designs and amplifier limitations. In addition the unit is a
digital demodulator using a 20 MHz clock which imposes Nyquist limitations to the
maximum bandwidth.

The redesigned demodulator has redesigned internal filters along with modifications to the
phase shift networks and increased amplifier bandwidth capabilities. Nyquist limitations
concerns were not encountered with the data rates in excess of 8.0 Mbps. The redesigned
demodulator produced the desired results necessary for the system to meet the theoretical
performance requirements.

1600-PSK Subcarrier Demodulator Redesign

The standard 1600-PSK demodulator was redesigned to tune to subcarrier frequencies up
to 5.0 MHz. The data bandwidth was extended to 1.0 Mbps with filter redesigns. In
addition the internal software was rewritten to provide tuning of the loop bandwidth from
10 Hz to 300 Hz with 10 Hz steps. This redesign effort yielded a COTS product meeting
the LE0-T requirements.

1620-PC Telemetry Combiner Redesign

The standard 1620-PC Diversity Combiner was redesigned to increase its transfer
bandwidth from 15 MHz to greater than 20 MHz. The 1620-PC uses a 20 MHz center
frequency so the difficulties were similar to the IF design. In addition the combiner circuit
was required to combine two signal at 20 MHz with a 20 MHz bandwidth. Design
consideration includes increasing all internal filter bandwidths to greater than 20 MHz and
redesigning the combiner circuitry, in particular the phase shift networks to work over this
extremely wide bandwidth. The redesign effort yielded a COTS product that met the
LEO-T specification.

DESIGN RESULTS

The primary design results are shown in the bit error rate plots shown as Figures 3
through Figures 11.



CONCLUSION

The primary design specification was for high data rate performance with the 1.5dB
theoretical performance for the system. Note the BER plots Figures 3 through 7show the
system performance for 8.0 Mbps for BPSK, PM, QPSK, and FM. Note that the
combined improvement is very close to 3 dB and the plot meets the 1.5 dB design goal
and meets the specification.

Additional data was taken on data rates exceeding the specification for PCM-FM. These
plots are shown as Figures 8 through 11. Note the new design has yielded COTS
equipment that has usable PCM-FM performance in excess of 15 Mbps. BER plots for
PCM-FM are plotted against C/N ratio in the 20 MHz IF bandwidth. A BPSK theoretical
line is shown on these curves to provide a referenced line for each PCM-FM graph.

 Also using COTS equipment guaranteed standard performance at traditional and lower
data rates. The system performed near theoretical with much lower data rates. In addition
the system met the demanding lock thresholds for all demodulation formats and data rates.

The design effort to meet the demanding LEO-T specifications was successfully
completed. The design effort provided the customer with proven reliable COTS
equipment that successfully met all the delivery specifications.
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Figure 1 – BLOCK DIAGRAM RECEIVER/COMBINER LEO-T CONFIGURATION
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