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ABSTRACT

The Tracking and Data Relay Satellite System (TDRSS) Multiple Access (MA) Return Service
provides a communication path that originates at a customer platform (either a spacecraft or
other type of emitter) and is routed through a geosynchronous Tracking and Data Relay Satellite
(TDRS) back to a customer control center or data acquisition location.  Conventional operations
provide Space Network (SN) customers with MA Service based on a schedule generated from
user requests.  The MA Service currently provides return link telemetry services to customer
platforms with real-time, playback, and science data rates up to 100 kbps.

This paper describes an integrated approach, using state-of-the-art technology and fault-tolerant
architecture, to develop the next generation of TDRSS MA beamforming equipment.  New
designs will result in significant reduction in beamformer size and cost by at least an order of
magnitude relative to the current MA equipment.  This new equipment will provide the potential
for increased usage of TDRSS MA services.

The paper describes the in-development Demand Access (DA) Return Service that provides a
new class of service using next generation technology.
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REFERENCE ARCHITECTURE

The Next Generation TDRSS MA Beamforming Subsystem has been developed to augment
current TDRSS MA system capabilities.  The subsystem is designed for ease of expansion and
low maintenance requirements.  The subsystem consists of two main chassis and interconnects to
support data flow and command and control.  The first chassis, called the Element Multiplexer/
Correlator (EMC), interfaces to current MA Beamforming Equipment (MABE) and provides an
efficient means of TDRS element data distribution.  The EMC also performs certain signal
processing functions in support of beamforming operations performed in a second chassis called
the Independent Beamformer Unit Group (IBUG).  The IBUG contains six compact Independent
Beamformer Units (IBUs), which can form six independent beams as the name implies. Figure 1
depicts the reference architecture.  The integration of five EMCs and one pre-production IBUG
was completed during the summer of 2000.

All TDRS MA element signals are passed to the IBUGs via fiber optic interconnects from the
EMC, while common signal processing data and status data are passed to the IBUGs via an
Ethernet broadcast mechanism. All element data flow is simplex from the EMC to the IBUGs.
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Figure 1.  Reference Architecture



EMC THEORY OF OPERATION

The EMC equipment interfaces with existing equipment at the White Sands Ground Terminal
(WSGT), Second TDRSS Ground Terminal (STGT), and Guam Remote Ground Terminal
(GRGT) sites and provides status and data output.  Signals from each of the thirty TDRS
elements are frequency downconverted by the Element Separators in the MABE and passed to
the Analog-to-Digital Converter/Quadrature Splitter (ADQS).  The ADQS delivers digitized
copies of each of the thirty element signals in complex form to the EMC.  The digitized
information consists of 16 bits (8 bits each) of I and Q data at a sample rate of 8.5 Msps.  The
information is provided to the EMC via 30 individual 40-pin ribbon cables.  The thirty element
signals are accepted by the EMC from a digital bus driven by the ADQS.  Clock and
synchronization signals are provided to the EMC through an interface with a pair of Clock
Distribution Modules (prime and redundant) in the MABE ADQS, and a calibration signal is
accepted through an interface with the MABE Controllers (prime and redundant).

The EMC chassis contains a Control Processor card, an External Interface card, five Node cards,
five Element Bus Interface (EBI) cards, a Clock Distribution and Synchronization (C&S) card,
two Network Transparent Switches (NTS), and three hot-swappable power supplies.  The chassis
also contains a blower assembly, as well as a user keypad and display.  All circuit cards are in
the 6U Eurocard form factor and share a CompactPCI (cPCI) backplane in the chassis. The EMC
Control Processor (ECP) is a Commercial-Off-The-Shelf (COTS) single board computer and
coordinates all activity within the chassis.  The ECP is responsible for configuring all hardware,
collecting status, and performing signal processing common to all IBUGs.  The ECP provides an
Ethernet interface for an external controller, four serial port interfaces which are passed to the
C&S card, a parallel port interface for controlling the C&S card, and a cPCI backplane interface
for the External Interface card and Node cards.  The ECP also hosts a Digital Signal Processor
(DSP) in the form of a PCI Mezzanine Card (PMC).  The PMC acts as a co-processor for time-
critical signal processing functions, and is referred to as the Covariance Matrix Processor (CMP).
The CMP is the primary signal-processing component in performing an adaptive beamforming
algorithm used to null interfering signals present at the array.

The External Interface card is a COTS PMC Carrier card hosting two PMCs: a serial port
controller card and an Ethernet card.  The serial port controller provides two interfaces to the
redundant MABE Controllers in order to receive TDRS MA array calibration vector broadcasts.
These messages are passed to the Control Processor upon receipt.  The Ethernet card is used to
broadcast common beamforming information obtained from the Control Processor to the IBUGs.
This broadcast is known as the Common Data Broadcast (CDB) and provides the data required
to adapt to the dynamic interference environment of the array.  The card connects to a 12-port
Ethernet hub which in turn routes the data to the IBUGs.

The thirty digital element signals, each carried on a 40-pin ribbon cable from the ADQS, connect
to the five EBI cards in groups of six.  The EBI is a passive circuit card that resides on the
backside of the cPCI backplane and routes the element signals straight through the backplane to
a companion Node card that occupies the same slot on the frontside of the backplane.  Each
Node card's primary responsibility is to receive the six element signals and Time-Division
Multiplex (TDM) them into a single parallel (16-bit wide) data path. The TDM data is then



serialized in accordance with Fibre Channel FC-2 standards (although the frame structure is
proprietary) and transmitted over a copper cable to an NTS. The NTS's accept five of these Fibre
Channel signals, one from each of the Node cards, convert each to an optical signal and
broadcasts up to 11 copies of each for use by downstream IBUGs.

In order to ensure the synchronization of events in the EMC, the C&S card accepts redundant
timing from dual Clock Distribution Modules in the MABE.  From these signals, the card derives
and distributes a system clock to each Node card, TDM, and Fiber Channel.  In addition, on
command from the Control Processor, the C&S card will issue synchronization pulses to the
Node cards to coordinate the TDM process, and collect a snapshot of TDRS element data to be
used by the CMP.

IBUG THEORY OF OPERATION

The IBUG chassis contains a Control Processor, and up to two Fiber Channel Receiver Cards
(FCRX), six IBUs, and two hot-swappable power supplies.  The Control Processor, FCRX cards,
and IBUs are all in 6U Eurocard form factor and share a cPCI backplane in the chassis.  Similar
in function to the ECP, the IBUG Control Processor (ICP) coordinates all activity within the
chassis.  It is responsible for configuring all hardware, collecting status, and generating beam
weights for the IBUs.  It provides an Ethernet interface for an external controller, a cPCI
backplane interface for the IBUs, and a parallel port interface for FCRX control.  The ICP also
carriers a second Ethernet port capability in the form of a PMC.  The PMC is used to accept the
CDB from the EMC. Additionally, a single serial port (via a DB-9 connector on the ICP front
panel) is utilized in the IBUG to interface between the ICP and the keypad/display assembly.
Each FCRX accepts a set of five Fiber Channels (originally produced in the EMC) that represent
all thirty TDRS array element signals. The FCRX Card then performs a serial to parallel
conversion, and recovers the 53.125 MHz Fibre Channel clock generated in the EMC from the
ADQS reference. Only one FCRX is selected to pass the data to the IBUs. The five parallel data
paths are bussed across a custom high-speed backplane to all six IBUs, where Fibre Channel
decoding and frame synchronization takes place. The recovered 53.125 MHz clocks are copied
on the FCRX and uniquely distributed over the backplane interface to each IBU. Once the
original TDM data has been extracted, each element signal is phase shifted on the IBU in a
manner required to electronically steer the array toward a desired MA return signal source. The
resulting phase-shifted signals are summed, filtered, and upconverted to form a beam. The signal
is subsequently converted to analog form and provided as an output, in both digital and analog
form, for a demodulator.

EMC & IBUG CONTROL ARCHITECTURE

The EMC Controller (ECON) and IBUG Controller (ICON) are used to control and monitor the
EMC and IBUGs, respectively.  The ECON and ICON each consist of a rack mounted PC, a
Graphical User Interface (GUI) application, and a continuously running background task.  Using
workstations, users may operate the equipment remotely. These devices are connected to one
another via Ethernet Local Area Networks (LAN), as shown in Figure 2. The architecture of this
system allows examination of any EMC or IBUG from any remote workstation, if desired.
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Figure 2. Control Architecture

The EMC chassis receives configuration commands from and report status to the ECON.  The
ECON software resides and executes on a Pentium III processor-based; 19” rack mounted PC.  It
runs under Windows NT 4.0 (Terminal Server Edition), and supports remote execution.  The
ECON is a multi-threaded application using Microsoft Access as a database engine to control the
updating and archiving of status information received from the EMC.  Communication to the
EMC is via a 10BaseT Ethernet interface using Transport Control Protocol/Internet Protocol
(TCP/IP).  The ECON also interfaces with the MABE Subsystem Controller (SSC) by way of an
RS-449 serial interface.  The SSC periodically polls the ECON for basic status information.  In
addition, an Interrange Instrument Group-B (IRIG-B) interface card provides an interface to an
accurate time standard for use in time-tagging event occurrences and received EMC status
information.

The basic function of the ECON software is to provide operators with the ability to configure the
EMC and monitor the health and status of each Line Replaceable Unit (LRU) and the EMC
chassis as a whole.  Operators are provided with a Graphical User Interface (GUI) with various
screens to send command and control information to the EMC, and display status information
both at a chassis and LRU level.

The ECON application provides the real-time interface with the EMC.  It is responsible for
collecting status from the EMC and storing the received information in the database for use and
display by the ECON GUI application.  It is also responsible for formatting and sending
configuration commands to the EMC, initiated by operator action at the ECON GUI.



The IBUG chassis receives configuration commands from and report status to the ICON.
Similar to ECON, the ICON runs under Windows NT 4.0 (Terminal Server Edition), and
supports remote execution. The ICON is a multi-threaded application using Microsoft Access as
a database engine to control the updating and archiving of status information received from the
IBUG.  Communication to the IBUG is via a 10BaseT Ethernet interface using TCP/IP. The
ICON also interfaces with the MABE Subsystem Controller by way of an RS-449 serial
interface. The SSC periodically polls ICON for basic status information.  The basic function of
the software is to provide operators with the ability to configure the IBUG, and monitor the
health and status of each LRU and the IBUG chassis as a whole.

The remote workstation used to interface with the ECON or ICON server is a standard desktop
PC running Windows95.  The interface with ECON and ICON server is accomplished over an
Ethernet link through the Control/Status LAN hub using TCP/IP and Windows Remote Data
Protocol (RDP).  In addition to Windows95, the PCAnywhere application is used to interact with
each server (which does not have a keyboard or monitor connected) in order to support regular
preventive maintenance, software upgrades and to assist in monitoring and troubleshooting the
server and the backend applications.

DEMAND ACCESS SYSTEM SERVICE CONCEPT

The Demand Access System (DAS) will provide services by adding global system control,
coordination functions, and data distribution capabilities to the EMC & IBUG subsystems.

A DAS Return Service Functional Architecture is shown in Figure 3.  The architecture shows
pools of IBUGs shared between Space-to-Ground Link Terminals (SGLT).  Specifics of the
architecture will probably vary somewhat as detailed system design progresses.  For the new
services enabled by DAS, the DAS will:

a. Provide the capability for continuous, conflict-free, DAS MA return link services 24 hours
per day, 7 days per week upon demand from customers.

b. Provide an automated capability to transition DAS customer services between
TDRSs/SGLTs.

c. Provide the capability to support multiple, independent MA return links per TDRS/SGLT/
ground station.

d. Meet or exceed the current communications performance and capabilities of the existing MA
return link with the exceptions of the functions not possible due to the lack of tie-ins with the
MA forward link (such as coherent support, cross-support, return channel time delay, range
zero set, etc.)

e. Provide demodulation and data distribution capabilities for each DAS MAR data service.
f. Automate the operation of all DAS return link services.
g. Provide COTS data and control interfaces for DAS customers with the flexibility of

accommodating non-standard/customer-unique telemetry interfaces (e.g., using dedicated
T1's and/or fiber).



h. Provide simple, low cost, modular expansion capabilities to facilitate the addition of DAS
return link channels, as needs change.
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Figure 3.  DAS Return Service Functional Architecture

CONCLUSION

With a new demand access capability, many customers will have low cost access to the SN.  The
new demand access capability is ideal for spacecraft flying in formation, which have relatively
low data rate requirements or single spacecraft that need a continuous communications link.
Customers will realize many technical and logistical benefits from the implementation of DAS.
Examples of benefits could include:

a. Having immediate access to services in support of science and spacecraft safety.
b. Having extended duration services without service interruption.



c. Enjoying simplified scheduling and operation (i.e., schedule services that are months and/or
years in duration with a single schedule request).

d. A significant reduction in acquisition cost and a high probability of reducing life cycle costs
through advancement of beamformer technology and demodulator technology.

e. Simplified expansion when service loading increases through the modular nature of DAS.

DAS will also open an avenue for pursuing the introduction of new service concepts and
capabilities with relatively straightforward modifications to the basic DAS.  Some examples of
these new capabilities are:

a. Immediate science alert transmissions from space-based platforms followed by
acknowledgement that required resources for support are available.

b. A DAS return link could be configured to poll several different spacecraft automatically.  A
polled spacecraft could indicate the occurrence of an astronomical event and transmit a
notification to ground-based systems which could then configure another DAS return link
immediately for sustained science data transmission.

c. Requests for Single Access (SA) service initiated by autonomous customer spacecraft,
aircraft, or balloons.  A DAS polling link could listen for service requests and configure
additional SN services.
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