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ABSTRACT

To support the processing of International Space Station (ISS) Payloads, the Kennedy
Space Center (KSC) had the need to develop specialized test and validation equipment to
quickly identify interface problems between the payload or experiment under test and the
communication and telemetry downlink systems. To meet this need, the Payload Data
Analyzer (PDA) System was developed by the Data Systems Technology Division
(DSTD) of NASA’s Goddard Space Flight Center (GSFC) to provide a suite of
troubleshooting tools and data snapshot features allowing for diagnosis and validation of
payload interfaces. The PDA System, in conjunction with the Payload Data Generator
(PDG) System, allow for a full set of programmable payload validation tools which can
quickly be deployed to solve crucial interface problems. This paper describes the
architecture and tools built in the PDA which help facilitate Space Station Payload
Processing.
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INTRODUCTION

The Space Station Processing Facility (SSPF) at the Kennedy Space Center (KSC) is
where International Space Station (ISS) payloads, experiments, and communication
equipment will be integrated and validated before deployment to the orbiting platform. The
program at KSC required the development of a Consultative Committee for Space Data
Systems (CCSDS)-compliant system capable of ingesting data at rates up to 50 Mbps from
the protocol used by the Device(s) Under Test (DUT), extracting and analyzing the



product Version 1 Source Packets or raw bitstream data that was originally produced by
the experiment. In addition, KSC also required the ability to generate up to twelve
channels of simulated experiment data for checkout and validation of the High-Rate Frame
Multiplexer (HRFM). As a result, the Payload Data Analyzer (PDA) and Payload Data
Generator (PDG) systems were developed. The PDA and PDG integrate commercial and
custom hardware and software components into two independent mobile enclosures to
form a flexible test system for the ISS program. Figure 1 illustrates the possible operational
configurations for the PDA and PDG System.
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Figure 1. PDA and PDG Test Configurations

Shown in Figure 1 are three pieces of flight communication equipment and Space Station
experiments, each of which can be interfaced as shown with the PDA and/or PDG. The
HRFM is a device that ingests Transparent Asynchronous Transmitter/Receiver Interface
(TAXI)-formatted CCSDS packets or raw bitstream data from a variety of experiment
sources and multiplexes them into a single stream of high-rate telemetry frame data for
transmission to the ground. Similarly, the Payload Multiplexor/Demultiplexor (PL/MDM)
and the Payload Ethernet Hub Gateway (PEHG) each ingest CCSDS packets contained
within their own protocol (MIL-STD 1553B and IEEE 802.3, respectively) and
multiplexes them onto a single high-rate TAXI link for transmission to the ground, via the
HRFM.



Figure 1 illustrates the flexibility of the PDA and PDG. Both provide the user with a suite
of tools that will help isolate potential interface problems with or between various devices
under test. As an example, an experiment may be sending corrupted data over a TAXI link
to one of the HRFM inputs. The PDA can test both the input and output streams of the
HRFM to determine the potential problem source: experiment or HRFM. Depending on
the nature of the problem, the PDA can be configured to analyze either headers, data fields
or both. In this instance, the output of the HRFM will be sent through the front-end
processing and packet or BPDU extraction section of the PDA and forwarded to the
appropriate analysis hardware. The TAXI stream from the experiment will also be ingested
into the PDA through the appropriate interface and analyzed. If header analysis is desired,
the PDA can be configured to look at both streams in real time to ascertain header
integrity. If data field analysis is desired, data field analysis hardware within the system
will synchronize the two independent, though comparable, streams and perform a word by
word comparison in real time to test for any undesired differences in the two. Furthermore,
the PDG can be configured to output a data stream that closely simulates that of the
experiment under test in both rate and expected structure, providing the operator with yet
another tool that can be utilized to troubleshoot a problem.

The user has complete control of both the PDG and PDA systems and access to status
information through the Telemetry Processing Control Environment (TPCE), which is a
custom-designed Graphical User Interface (GUI) running on the SUN control workstation.
This package gives the user the ability to quickly configure the system and gather data
quality statistics in real time during operational testing. To provide KSC with the most
flexible system possible, both the PDA and PDG are designed to be completely
autonomous systems controlled separately by TPCE running on their respective SUN
workstations. For centralized control, the final design gives KSC the capability to network
the PDA and PDG systems together and control them remotely from an external SUN
workstation running the TPCE application as well. In addition, processed packet or BPDU
data can be captured to files located on the control workstation for user inspection.

FUNCTIONAL REQUIREMENTS

The functional requirements of the PDA and PDG are as follows:

PDA

• Provides twelve TAXI, one IEEE 802.3, one MIL-STD 1553B and one differential
Pseudo ECL input interfaces for ingesting packet, raw bitstream, or telemetry frame
data.

• Provides clock recovery from an input serial data stream in excess of the required
50 Mbps.



• Provides telemetry frame, packet or raw bitstream data simulation of one channel up
to 50 Mbps for stand-alone system testing.

• Provides frame synchronization, Pseudo-Noise (PN) decoding and Reed-Solomon
Error Correction in excess of the required 50 Mbps.

• Provides extraction and reassembling of CCSDS Version 1 packets and Bitstream
Protocol Data Units (BPDU) embedded within the frames received up to 50 Mbps.

• Provides header and data field analysis of packets or BPDU’s in excess of the
required 50 Mbps.

• Provides data capture features so that user may inspect the experiment data.

PDG

• Provides twelve individual output channels for simulating telemetry frame, packet or
raw bitstream data at various rates up to 50 Mbps each.

• Provides a versatile custom software package, running on the SUN workstation, to
generate simulated experiment data for loading into the respective channel memory.

• Provides twelve TAXI differential ECL and twelve TAXI fiber outputs for packet
and raw bitstream simulation.

• Provides twelve differential ECL outputs for telemetry frame simulation.
• Provides twelve TAXI differential ECL inputs for loopback testing of each channel.

SYSTEM IMPLEMENTATION

Both the PDA and PDG are divided into two primary sections within each of their
respective mobile enclosures that comprise the overall system: data processing and control.
The data processing elements, shown individually in Figure 2, each contain a host of
individual subsystems consisting of both custom and commercial boards, integrated into a
VME platform and operated in a multiprocessing and multitasking environment under the
VxWorks Operating System (OS). Custom application code running under VxWorks for
each subsystem was also developed, as well as the interprocessor communication protocol,
that provides the means for controlling and monitoring the respective data processing
element from one Master Controller. Integrated together, these applications form the
Modular Environment for Data Systems (MEDS). Also developed by DSTD, MEDS
provides an infrastructure for integrating new hardware into an existing system after the
application-specific code for the new hardware has been developed.

The control elements consists of SUN workstations running Solaris 2.4, which the TPCE
application is built upon. This application is the graphical user interface for commanding
and gathering status from the data processing elements. Communication between data
processing and control is achieved through TCP/IP via Local Area Networks (LAN) within
each individual enclosure. Figure 3 shows the data flow for the PDA and PDG Systems.



SYSTEM HARDWARE

Of the seven custom VME assemblies that comprise a large portion of the PDA data
processing element, four boards containing the required data simulation, frame
synchronization, error correction, and packet reassembling functions were reused from
previously designed systems. These boards are referred to as the EOS Data Generator, the
EOS Frame Synchronizer, the EOS Reed-Solomon and the EOS Service Processor. Each
were designed around several proven Application-Specific Integrated Circuits (ASIC)
developed by DSTD that perform many of the data processing functions noted in the
Functional Requirements.

MVME167 (Master Controller)  
MVME167 (Ethernet Controller) 
MVME167 (1553B Controller)  
MIL-STD 1553B Interface Card 
Transition Module, TVME712S 
Clock Recovery Card 
EOS Data Generator Card  
EOS Frame Syncrhonizer Card 
 

NOTE: The following assemblies 
are not shown; Transition Modules 
No.1 and No.2.  

NOTE: Cards are 
read from left to 
right.

EOS Data Generator 
Cards

Master Controller  
Card

PDG PDA

EOS Reed-Solomon Card 
EOS Service Processor 
Global Memory, MM6346  
PDA-Data Comparison Card 
PDA-Data Comparison Card 
PDA-Header Analyzer Card 
PDA-Header Analyzer Card 

Figure 2. The PDA and PDG Chassis

The three remaining custom VME assemblies within the PDA are new boards designed to
meet the specific needs of KSC. In-System Programmable (ISP) logic technology was
implemented on a large scale in the Header Analysis and Data Comparison Cards by using
several Xilinx Field Programmable Gate Arrays (FPGA) and Advanced Micro Device’s
MACH4 family of Complex Programmable Logic Devices (CPLD). ISP hardware in the
PDA system is used to implement the algorithms needed to perform header and data field
checking up to the required 50 Mbps rate. The third new design was the Clock Recovery
Card. It was designed to interface the differential ECL data output of the HRFM to the
differential clock and data input of the EOS Frame Synchronizer Card. The Clock



Recovery Card locks to the incoming differential ECL data stream and generates the
appropriate clock for the Synchronizer Card so that telemetry frames can be processed.

Commercial products integrated into the PDA and PDG Systems consist of SUN
workstations, Single-Board Computers (SBC), memory, interface modules and enclosures.
To maintain system flexibility, each PDA and PDG subsystem element has at least one
SBC associated with it. Two form factors were used: Mizar’s 68030-based 3U height
8130/34 and Motorola’s 68040-based 6U height MVME-167. Except for the EOS Service
Processor (it uses three custom 68040-based processors to accomplish its function), each
9U custom PDA assembly uses an attached Mizar computer as it’s embedded controller.
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Figure 3. The PDA and PDG System Data Flow

Three Motorola MVME-167 SBC’s and one commercial MIL-STD1553B Interface Card
were selected to perform functions within the PDA that did not warrant custom hardware.
The first MVME-167 is the system Master Controller, serving as the central point of
control within the VME chassis. The remaining two Motorola MVME-167 Cards serve as
controllers for their respective PDA sub-systems: IEEE 802.3 and MIL-STD 1553B
interfaces. These two subsystems provide the low-rate interfaces that the PDA is required
to extract and process CCSDS packets from. Whereas only a single Motorola MVME-167



was needed to implement the IEEE 802.3 interface (each MVME-167 has it’s own on-
board ethernet interface), the MIL-STD 1553B subsystem required an external 6U VME
Interface Card in conjunction with its respective Motorola SBC. A Micro Memory
MM6346 is also provided in the PDA as extra memory for the EOS Service Processor
Card software.

PDG hardware consists of one MVME-167 to serve as the Master Controller and twelve
copies of the EOS Data Generator Card to accommodate the required number of channels
for data simulation. Each Data Generator has a Mizar SBC of its own to provide for
configuration and status monitoring of the respective channel.

Every MVME-167 in each system has an I/O transition module associated with it to serve
as the hardware interface between it and various peripherals, such as RS-232 terminal and
802.3 connections. Ethernet mini-hubs are also installed in each rack to facilitate KSC’s
planned network design once the entire system is fully operational. The VME chassis and
mobile enclosures contain the respective power supplies, air flow fans, backplane
connections and workstation platforms necessary for complete system integration.

SYSTEM SOFTWARE

While it is hardware that actually performs most of the required CCSDS data analysis and
simulation functions, extensive custom software has been developed and commercial
products have been used wherever possible to facilitate system integration. Running on all
of the aforementioned VME subsystem processors is a copy of the VxWorks real-time OS.
It is a multitasking and networked OS which runs the custom MEDS application code for
each VME subsystem.

MEDS is a custom software package that allows all of the VME subsystems within a
single chassis to be integrated together and controlled under one user interface. MEDS lies
between the graphical user interface application (TPCE) and the application code running
on each VME subsystem processor. In the PDA and PDG, all VME subsystems have
application code that allows for the processing of subsystem configuration information and
the gathering of status. Commands are sent by the user to configure the system; whereas,
status is system health and data quality information that is provided to the user.

MEDS also provides a suite of functions that allow for interprocessor communications
between the VME Cards themselves. This proved useful in the implementation of the IEEE
802.3 and MIL-STD 1553B PDA subsystems. Through software control, both extract
CCSDS packets from their respective protocol layers but do not insure the integrity of the
packets themselves. A software mechanism was required to move packet data from these
subsystems, via the VME backplane, to the Header Analysis and Data Comparison Cards



where actual analysis of each packet takes place. During the system boot process, MEDS
functions are utilized in the application code of these four subsystems to establish the
required connections for data flow.

CONCLUSION

The PDA and PDG are two high-performance mobile systems designed to support payload
integration and test efforts at KSC’s Space Station Processing Facility. The blend of
custom and commercial products, largely based on VLSI and ISP technology, form a
flexible CCSDS-compliant test system that will be heavily utilized by the program. The
PDA and PDG can also be adapted as requirements change. The modular design provides
for the ability to remove old and add new components without much system-level effort.
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DISCLAIMER

The DSTD works with the GSFC Office of Commercial Programs to commercialize the
technologies that it prototypes. The goal of the commercialization effort is to allow NASA
to procure low cost/high performance ground acquisition systems for future space and
earth science missions. The approach that DSTD uses is to license and commercialize
technology prototypes, including chips, boards, and software, through the Office of
Commercial Programs.
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