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Microelectronics Systems Branch, Code 521

Mission Operations & Data Systems Directorate
NASA/Goddard Space Flight Center
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ABSTRACT

NASA’s Space Station and Earth Observing System (EOS) will be utilizing the Customer
Data Operations Systems (CDOS) for data acquisition, capture, and production
processing. The Advanced Orbiting Systems (AOS) Front End System being designed at
NASA’s Goddard Space Flight Center (GSFC) is a prototype front end system which is
designed to demonstrate the core front end functions required in the CDOS system in a
realistic data processing environment. The overall goal is to provide a low cost
environment for evaluating and verifying AOS and CDOS requirements before the actual
operational systems are built. Additionally, the prototype will provide a data transport
mechanism to move data to prototype production data systems and to other processing
facilities via the new NASCOM II system.

This paper describes the overall architecture of the AOS Front End (AFE) system, its core
processing functions and performance requirements, and the possible implementation
architectures and solutions being developed to handle key required AOS services.

INTRODUCTION

The AOS Front End (AFE) system is a proposed prototype system which will demonstrate
the front end functions of the CDOS Data Interface Facility (DIF). Specifically, the AFE’s
functionality will focus on the core AOS services defined by the Consultative Committee
on Space Data Systems (CCSDS). In addition, the system will be part of a larger
testbedding effort at GSFC which prototypes the end-to-end functions needed to support
the space-to-ground link, including space flight systems, ground data processing systems,
and ground communications networks. The AFE will provide a realistic, low cost
environment for identifying and evaluating the technical challenges and processing
bottlenecks involved in performing the AOS front end functions.



The AFE will provide a generic front end system capable of transporting return and
forward link CCSDS formatted data to and from the TDRSS Ground Terminal (TGT) and
a commercial communications network. The communications network interface will allow
the AFE to provide a front end testing environment for various systems such as Production
Data Processing Systems, Rate Buffering Systems, and NASCOM II Systems. This paper
describes the functions, performance, and architecture of the AFE system.

SYSTEM LEVEL DESCRIPTION

The AFE provides return and forward link processing services, configuration management
services, and testing and verification services. The system is broken down into four
subsystems as shown in figure 1. Return link CCSDS data is received from the TGT and
transported to a Fiber Distribution Data Interface (FDDI) communications network by the
Return Link Processor System (RLPS). The Forward Link Processor System (FLPS)
provides for the transport of CCSDS forward link data from the FDDI network to the
TGT. The Data Delivery Management System (DDMS) configures all AFE subsystems,
provides extensive data quality and accounting functions, and provides the interface to the
AFE operator. The Integration, Test, and Verification System (ITVS) provides the
capability to test and verify the functionality of the entire AFE.

Figure 1: The AFE Functional Architecture.



As shown in figure 1, there are two RLPSs and two FLPSs in the AFE to support two
return link and two forward link data streams. Each subsystem is modular so that
additional forward or return link interfaces with the TGT could be accommodated simply
by adding more RLPSs or FLPSs to the AFE.

Each subsystem in the AFE, except for the management subsystem (DDMS), is a multi-
processing VMEbus-based system consisting of both custom and commercial hardware
and software. The VMEbus is used for transporting control and status information between
cards, while the data is passed from card to card through an independent data pipeline. The
commercial cards are used for the system controller, memory, and network
communications. The custom cards perform the specialized data processing functions of
the subsystem. Many of the custom cards utilize semi-custom Very Large Scale Integration
(VLSI) gate arrays to achieve the high density and high rates needed to perform the
complex functions of the AFE. Each subsystem’s master controller interfaces with the
DDMS for self-configuration and for the collection of status information.

RETURN LINK PROCESSOR SYSTEM (RLPS)

The RLPS performs both data processing and network interface functions. The RLPS
receives a serial data stream of Channel Access Data Units (CADUs) at a maximum rate
of 150 Mbps from the TGT. The following data processing functions are performed on the
data stream: frame synchronization, bit transition density decoding, Reed-Solomon error
detection and correction, virtual channel sorting, and CCSDS AOS service processing. The
RLPS then formats the processed data units into Protocol Data Units (PDUs) and transfers
them to an FDDI network. The RLPS must also maintain an interface to the DDMS for
configuration control and status reporting and with the ITVS for testing.

Figure 2 shows the architecture and data flow of the RLPS, including both the commercial
and custom cards. The specialized data processing functions performed by the RLPS, are
as follows. The Frame Sync Card synchronizes to the beginning of each CADU in the
serial stream, performs bit transition density decoding, detects and flags errors using a
Cyclic Redundancy Code (CRC), and outputs synchronized, parallel CADUs. The Reed-
Solomon Decoder Card performs a Reed-Solomon error detection and correction algorithm
over the entire VCDU, and supports the use of “virtual fill”. Additionally, the card
performs Reed-Solomon decoding on the VCDU header. The VCDU Sorter/Processor
Card sorts VCDUs, based on the VCDU-ID field, according to the CCSDS AOS service it
requires. VCDU, Insert, VCA, and Bitstream services are also performed on this card. The
VCDU Sorter/Processor Card is also capable of extracting Link ARQ Control Words
(LACWs) from Grade of Service One (GOS-1) VCDUs in support of the Space Link ARQ 



Figure 2: Return Link Processor System.

Procedure (SLAP) on the Forward Link. Those VCDUs which require Multiplexing and/or
Encapsulation services are output to the Packet Processor Card where these services are
performed.

The FDDI network interface function is performed by one custom card and one
commercial card. The Arbiter/Buffer Card provides a temporary buffer for the various
Service Data Units (SDUs) from the Packet Processor and VCDU Sorter/Processor Cards.
It then formats them into Space Operations Service Data Units (SOSDUs) by adding the
appropriate Customer Service Header, and interfaces with the commercial FDDI Network
Interface Card. The FDDI Network Interface Card encapsulates the SOSDUs within FDDI
PDUs and, while providing any necessary flow control, outputs them to the FDDI
Network.

The RLPS communicates with the DDMS to receive configuration and processing control
information, and to provide status on data quality and performance. The RLPS also
interfaces with the ITVS to receive simulated data streams and to return processed data, so
that the ITVS can verify the functionality of the RLPS. (To preserve clarity, these
interfaces are not shown in the figure.)



FORWARD LINK PROCESSOR SYSTEM (FLPS)

The FLPS consists of both a network interface function and data processing functions.
First, the FLPS receives one forward link data stream of PDUs, at a maximum rate of 25
Mbps per stream, from the FDDI network and performs any FDDI protocol processing as
needed. The FLPS then performs its data processing functions, which include delimiting,
error encoding, and fill frame insertion. The FLPS then transfers this stream of forward
link data to the uplink via the Space Network (SN). As with the RLPS, the FLPS must
maintain and interface with the DDMS and ITVS subsystems.

The architecture and data flow of the FLPS is shown in figure 3. The Network Interface
Card takes those PDUs off the FDDI network which are destined for a particular forward
link, and extracts VCDUs from the PDUs. The FLPS then performs its specialized data
processing functions. The Error Encoder Card is capable of performing three types of error
encoding: Reed-Solomon encoding of the entire VCDU, Reed-Solomon encoding of the
header only, and CRC encoding of the entire VCDU. Which type(s) of error control
encoding are performed on a given VCDU is defined by the VCDU-ID. Additionally, the
Error Encoder Card supports the use of “virtual fill” when Reed-Solomon encoding is
performed. Next, the TGT Interface Card will perform bit-transition-density encoding, if
required, and it attaches a sync marker to each (C)VCDU to produce a CADU. Finally, the
Interface Card inserts fill CADUs into the forward link data stream as required and
transmits the CADUs to the TGT at a pre-determined clock rate.

Additionally, the FLPS will support the SLAP protocol on the forward link. The RLPS
must extract LACWs, located in each return link Grade-1 CVCDU, and transfer them to
the FLPS. FLPS support of SLAP requires storage to support the SLAP data transmission
window, and return-link LACWs indicate the need for retrieval and retransmission of
CVCDUs.

The FLPS must bi-directionally communicate with the DDMS, the Data Delivery
Management System. The DDMS controls the FLPS by sending configuration and
processing control information. In return, the FLPS provides status on data quality and
performance to the DDMS. The FLPS also interfaces to the Integration, Test, and
Verification System (ITVS). The ITVS has the capability to verify FLPS data processing
capabilities in an off-line mode, alerting the user if and where errors are occurring
throughout the FLPS pipeline. (Again, these interfaces are not shown in the figure.)



Figure 3: Forward Link Processor System.

DATA DELIVERY MANAGEMENT SYSTEM (DDMS)

The DDMS manages the AFE configuration, fault reporting, testing, quality and
accounting, and associated status data. It provides the control and status monitoring
capabilities for the AFE and is responsible for initiating, configuring, and controlling all
element functions. The DDMS is a workstation-based AFE element, and it interfaces to all
the other AFE components and to the system operator via a network.

 Figure 4 shows the data flow of the DDMS. First, the DDMS receives configuration
requests from the operator and determines the changes required to particular elements of
the AFE. The DDMS shall then transfer this setup information to each of the elements,
alerting the operator if the changes cannot be implemented or were not implemented
correctly. To accomplish the implementation of configuration requests successfully, the
DDMS must be aware of the state of the AFE at all times, including which resources are
available and which are being used.

The DDMS is also responsible for receiving real-time data quality, data accounting, and
fault information from the various components that perform the AFE functions. The
DDMS uses this information to generate formatted status displays and threshold alarms for
operators. The configuration, data accounting, and fault information is acquired
periodically by the DDMS This time period is adjustable and may be modified by the AFE
operator.



Figure 4: The Data Delivery Management System Data Flow.

Finally, the DDMS serves as the front end for the ITVS, providing commands and
associated control information and retrieving test results from the ITVS. The DDMS
determines, based on its resource management information, when and if it is possible to
execute tests on the AFE. The operator will initiate requests for specific tests to be run and
will receive the test results as they are available. The operator interacts with the DDMS to
perform all functions of the ITVS.

INTEGRATION, TEST, & VERIFICATION SYSTEM (ITVS)

The ITVS consists of three groupings of capabilities: simulators/test data generators, test
execution, and test analysis/verification (see figure 5). The ITVS uses a combination of
software and hardware to perform these functions; test data generation and test analysis
are performed off-line, i.e. not in real-time. This permits flexibility in the setup of the ITVS
and allows the test execution to be performed at the extremely high rates needed by the
RLPS.

The ITVS simulators/test data generators provide the capability to generate test data sets
for all operational data flows through the AFE. To accomplish this, the ITVS must have
interfaces to the input and output sides of all other AFE sub-systems, as shown in figure 6.
The ITVS shall be capable of producing test data and predicted resultant test data in an
off-line mode for each of the AFE subsystems in their native formats. This test data shall
include both data with no protocol errors and data with forced errors to simulate real-world
conditions. The ITVS also supports a reporting capability to provide reports to the AFE
operations staff via the DDMS.



Figure 5: Integration, Test, & Verification System Data Flow.

The ITVS shall execute a test upon request from the operator via the DDMS. The AFE test
execution capability allows test initiation, test monitoring, test control, test modification,
and test termination for all ITVS controlled tests, under control of the operator via the
DDMS. The ITVS is capable of transmitting and receiving the test data at the maximum
rates supported by the subsystem which it is testing.

Finally, the ITVS supports an off-line test analysis and verification capability. This
capability provides bit-by-bit comparisons of predicted results with resultant test data, and
it allows the ITVS to analyze the test data for correctness. Lastly, the ITVS shall generate
statistics for any given test, indicating time delays and data rates for that test.

CONCLUSION

This paper described the functions, performance, and architecture of the AFE, a prototype
system which will demonstrate the front end functions of the CDOS DIF while focusing on
the core CCSDS AOS services. An overview of the AFE was presented, describing its
forward and return link processing services and the functional subsystems which comprise
it. These subsystems include the Return Link Processor System, the Forward Link
Processor System, the Data Delivery Management System, and the Integration, Test, &
Verification System. The subsystems were described physically, indicating a VMEbus-



 Figure 6: Integration, Test, & Verification System Architecture.

based architecture for their implementation. Finally, each subsystem was described in more
detail, including their functionality, performance, and architecture.
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NOMENCLATURE

AOS Advanced Orbiting Systems
ARQ Automatic Repeat Queuing
AFE AOS Front End
CADU Channel Access Data Unit
CCSDS Consultative Committee on Space Data Systems
CDOS Customer Data Operations System
CRC Cyclic Redundancy Code
CVCDU Coded Virtual Channel Data Unit
CVCDU-ID CVCDU Identifier
DDMS Data Delivery Management System
DIF Data Interface Facility
EOS Earth Observing System
FDDI Fiber Distribution Data Interface
FLPS Forward Link Processing System
GOS Grade of Service
GSFC Goddard Space Flight Center
ITVS Integration, Test, and Verification System
LACW Link ARQ Control Word
Mbps Megabits per second
MO&DSD Mission Operations and Data Systems Directorate
NASA National Aeronautics and Space Administration
NASCOM NASA Communications
PDU Protocol Data Unit
R-S Reed-Solomon
RLPS Return Link Processing System
SDU Service Data Unit
SLAP Space Link ARQ Procedure
SN Space Network
SOSDU Space Operations Service Data Unit
TDRSS Tracking and Data Relay Satellite System
TGT TDRSS Ground Terminal
VCDU Virtual Channel Data Unit
VCDU-ID VCDU Identifier
VCID Virtual Channel Identifier
VME Versa Module Eurocard
WSGT White Sands Ground Terminal


