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* Data recorded by the airborne system, from various sources, are multiplexed by a central
multiplexer.  For a description of the data acquisition system, see the paper titled: NEW
BOEING FLIGHT TEST DATA ACQUISITION SYSTEMS, authored by Lee H. Eccles and
Lawrence A. Malchodi and published in the ITC Proceedings 1991.
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ABSTRACT

This paper describes the recently developed Loral Instrumentation ground-based
equipment used to select and process post-flight test data from the Boeing 777
airplane as it is played back from a digital tape recorder (e.g., the Ampex DCRSi II) at
very high speeds. Gigabytes (GB) of data, stored on recorder cassettes in the Boeing
777 during flight testing, are played back on the ground at a 15-30 MB/sec rate into
ten multiplexed Loral Instrumentation System 500 Model 550s for high-speed
decoding, processing, time correlation, and subsequent storage or distribution*. The
ten Loral 550s are multiplexed for independent data path processing from ten separate
tape sources simultaneously. This system features a parallel multiplexed configuration
that allows Boeing to perform critical 777 flight test processing at unprecedented
speeds. Boeing calls this system the Parallel Multiplexed Processing Data (PMPD)
System.

The key advantage of the ground station's design is that Boeing engineers can add
their own application-specific control and setup software. The Loral 550 VMEbus
allows Boeing to add VME modules when needed, ensuring system growth with the
addition of other LI-developed products, Boeing-developed products or purchased
VME modules. With hundreds of third-party VME modules available, system
expansion is unlimited.



** For a complete description of the 24-bit format, see the paper titled: 24-BIT FLIGHT
TEST DATA RECORDING FORMAT, authored by H. L. MILLS and K. D. TURVER
and published in the ITC Proceedings 1991.

The final system has the capability to input data at 15 MB/sec. The present aggregate
throughput capability of all ten 24-bit Decoders is 150 MB/sec from ten separate tape
sources. A 24-bit Decoder was designed to support the 30 MB/sec DCRSi III so that
the system can eventually support a total aggregate throughput of 300 MB/sec.
Clearly, such high data selection, rejection, and processing will significantly
accelerate flight certification and production testing of today's state-of-the-art aircraft.

This system was supplied with low level software interfaces such that the customer
would develop their own applications specific code and displays. The Loral 550 lends
itself to this kind of applications due to its VME chassis, VxWorks operating system
and the modularity of the software.

BACKGROUND

The 24-bit format was developed by Boeing in order to record digital data on
recorders from multiple time correlated sources within the Boeing 777 airplane during
flight testing**. The data from all of the various sources are multiplexed on board the
airplane into 24-bit formats. The 24-bit format contains data from the ARINC 429 bus,
ARINC 629 bus, analog sources, discrete digital data and time data. The 24-bit format
is a framed packet format that can have data from 64 sources contained inside it. The
time accuracy is 10 microseconds with the resolution being 1 microseconds (minor
time). The format allows faster than real-time playback in the Loral 550 ground-based
PMPD System. The total possible data word configurations inside the format is about
2,097,152,000. The decoder circuitry designed into the 24-bit decoder board uses the
latest integrated circuit technology and a combination of staged RAM and state
machines for rapid synchronization, selection and rejection. The density and speeds
achieved were not possible until recent advances in chip densities became available.

PMPD SYSTEM CONFIGURATION OVERVIEW

The Parallel Multiplexed Processing Data (PMPD) System is a post flight data
retrieval system for Boeing's Test Data Retrieval System (TDRS). Two separate, but
independent, PMPD systems are included in the TDRS to support post flight data
processing (Figure 1). Each PMPD system configuration includes a Control Computer
(DEC workstation 5500), an operator interface (DEC 5000/25), acquisition equipment
(four Loral Instrumentation System 500 Model 550 units), four Exabyte tape devices
to input PADDS II data, two DCRSi tape devices to input certification data, and four
3480 tape devices for data output.



Figure 1. PMPD System, with Reference to Other TDRS Systems

The Control Computers provide overall operation of each PMPD system respectively.
They communicate with the Job Distributor (JD) and each Loral 550 within its
respective PMPD system via the network. The JD prepares and distributes job control
files to the Control Computers. The Control Computers then create and download
binary images to each of the Loral 550s.

The Control Computers communicate with the Loral 550 via the Ethernet Local Area
Network (LAN) for command, control, status, and setups. The Control Computers use
standard TCP/IP protocol for Ethernet communication, NFS (Network File System)
for setup and loading of databases, RPC (Remote Procedure Calls) for all commands
to the Loral 550s, and standard ULTRIX interprocess communication utilities for



status communication from the Loral 550s. The Control Computers can also acquire
acquisition data as required and have software installed to communicate with the Job
Distributor, using standard commands. Compilers are installed for processing
algorithms developed in "C" or Assembly. The operating system for the Loral 550 and
the object code for the device drivers are downloaded automatically at power-up.

The acquisition equipment in each PMPD system uses four Loral 550s for processing
post flight test data. Each Loral 550 is configured identically to provide each PMPD
system with four independent data processing paths (550 Data Paths). Each Loral 550
chassis has a System Controller, an Ethernet Processor, a 24-Bit Decoder, an
Arbiter/Analyzer, two Field Programmable Processors (FPP), and two SCSI
Controller modules.

LORAL 550 DATA PATH

Each Loral 550 Data Path supports acquisition of high speed data from DCRSi tape
drives and from Exabyte tape drives; processing selected data in real-time using
industry standard and customer-developed algorithms and storing the processed (or
raw) data onto 3480 cartridge tapes for analysis. Data enters the Loral 550 vi a the
24-Bit Decoder (Figure 2) directly from the DCRSi or from the Exabyte via the SCSI
VME interface. From the Decoder, data flows onto the MUXbus II where it is
captured by the FPPs and then passed on to the 3480 SCSI interface. From the 3480
SCSI interface, data flows into the 3480 tape storage. Data can also be written or
recorded onto the DCRSi or Exabyte tapes. This record capability is very useful in
developing test tapes.

Each Loral 550 Data Path is connected to the LAN, which is used to pass setup
information from the Job Distributor and the Control Computers, and to pass status
information from the 550s.

The Loral 550 chassis design utilizes a distributed architecture that allows the data
input to the system (from either DCRSi or Exabyte) to be routed through the 550s to
the 3480 cartridge tape drives in a very efficient manner; no processing element in the
system experiences bottleneck problems, which could result in the loss of data, or
repeatability variances commonly associated with traditional host-based data retrieval
systems. Each Loral 550 contains its own local real-time operating system
(VxWorks—which runs independently on each 550 chassis), power supply, and
connector panel. This redundancy approach ensures that if a 550 chassis should fail
due to an unexpected event, the rest of the system will continue to operate
undisturbed.



The Arbiter/Analyzer Module performs several functions associated with the
MUXbus operation, but its primary function is MUXbus arbitration to ensure that all
modules (MUXbus) have equal access to the MUXbus. It generates all the clocks
required to broadcast data from output modules onto the bus, and the clocks required
by input modules for decoding the tag, and for writing the data into their input FIFOs.
The arbiter will guarantee a worst-case access time to the MUXbus II, which easily
allows the 24-Bit Decoder module to support Boeing's highest speed input
requirement of 15 MB/sec of data to the MUXbus II. Sustained throughput of the
MUXbus II is 96 MB/sec (Tag and Data) and 64 MB/sec (Data only).

Figure 2. Detail of One Data Path

Certain modules (MUXbus) in the Loral 550 Data Path may place data onto the
MUXbus II whenever an Arbiter request is granted to that module, which occurs at a
data driven rate. The Arbiter/Analyzer module polls each of the input modules for data
at a constant rate (16MHz). For applications such as Boeing's PMPD, where the
24-Bit Decoder module's maximum input rate (15MB/sec) can easily overwhelm the
output data rate capacity (3 MB/second for the 3480 cartridge tape drive), flow control
will be enacted to throttle the 24-Bit Decoder module's serving of the Arbiter's
requests. Thus, the 24-Bit Decoder module will burst data at a rate of 15MB/sec until
flow control is asserted, at which time the DCRSi tape drive will temporarily cease to
output data. After flow control is released and the output tape drive is ready to accept
data again, the DCRSi drive will begin to output data to the 24-Bit Decoder module.



Flow control is a standard feature of the Loral 550, which allows any functional
element to temporarily suspend data until the element can complete its extended
operation. This permits an operation occurring in a serial path (such as the final output
to 3480 cartridge tape) to act as the throttle control, ensuring that the operation is not
saturated with data.

The System Controller module sets up and controls the real-time modules via the
VMEbus and directs moderate-speed VMEbus I/O modules, such as Ethernet and
SCSI controllers. It also incorporates several lower speed I/O ports for a SCSI bus,
four RS-232 devices, and a parallel printer. This is a standard commercial
off-the-shelf 6U VME module which includes 4 MB of dynamic RAM (expandable to
16 MB) with optional 2 MB EPROM and a floating point unit. The heart of the
System Controller is a 33 MHz Motorola 68030 microprocessor utilizing Wind River
Systems' real-time VxWorks Executive.

The Ethernet Processor module links the Loral 550s to the Ethernet LAN for receiving
and sending real-time data. It connects to standard "thinwire" via a "thickwire"
transceiver mounted inside the chassis on the rear panel bulkhead. This module
incorporates its own 10 MHz Motorola 68010 microprocessor to offload the System
Controller. It employs industry-standard TCP/IP protocol to communicate with other
network resources and the UDP protocol to distribute data without confirmation of
receipt, which is typically used for display-only applications.

There are two SCSI controller modules (Figure 3): one provides the interface between
the Exabyte tape drive and the Decoder, via the VMEbus, and the other provides the
interface between the FPPs and the 3480 tape device. The SCSI modules will support
up to 32-bit-wide transfers via the VMEbus. This feature is used to DMA data from
the Exabyte tape drive to RAM on the 24-Bit Decoder. The Decoder will then frame
sync and select parameters.

The PMPD systems receive certification input data from the DCRSi tape devices and
PADDS II input data from the Exabyte tape devices. The DCRSi outputs are
daisy-chained (Figure 1) to each of the four 24-Bit Decoder modules within each
PMPD System. This daisy-chaining distributes the certification data between the four
Loral 550s. Each Decoder module has two DCRSi input ports, one for each DCRSi
tape drive. PADDS II data is read from the Exabyte tape devices to the SCSI
controller, which transfers the data directly to the Decoder module via the VMEbus.



24-BIT DECODER

The 24-Bit Decoder module performs two major functions: decoding and simulation.
In the decoder role, the module decodes input data streams received via high-speed
tape devices (DCRSi and/or Exabyte) and outputs processed tagged data to the
MUXbus II for FPP module processing and output to the 3480 tape drive. The 24-Bit
Decoder processes on 24-bit-wide data words after word synchronization is
established. 24-Bit Decoder processing is determined by the source and function bits
(Figure 4). The source bits identify 64 sources with source 0 used to identify special
functions. Various 24-Bit Decoder hardware sequences occur depending on the value
of the type bits. The 24-Bit Decoder maintains information for each of the 64 sources
in a "current string status array" comprised of high-speed RAMs. This array contains
various processing information such as stream synchronization status, a pointer to the
current string being processed, the current string data count and other status
information. This array is immediately accessed by the source bits after a 24-bit word
is received. The 24-Bit Decoder is designed to process strings from different sources
intermixed in the data stream.

Figure 3. DCRSi and SCSI Device Data Inputs with Loral 550 Data Path

Figure 4. 24-Bit Format

In its simulation role, the module provides simulation of DCRSi multiplexed stream
data for testing the processing data path through the PMPD system. The 24-Bit
Decoder module provides for simulation of DCRSi multiplexed stream data. The
simulator is implemented in programmable FIFO and can support up to 32K
8-bit-wide bytes of simulation data. The length of the simulation byte stream is
variable, up to 32K bytes, and can provide for both short and long simulation



sequences. Since each byte is fully programmable, any processing sequence may be
verified, including error status checking, loss of stream synchronization and other
special conditions. The simulator outputs are internally routed and do not require
external enabling.

FPP MODULE

The Field Programmable Processor (FPP) modules provide real-time algorithm
processing, such as data compression, signal analysis, time processing, engineering
unit conversion, and buffering for direct memory access (DMA) operations. The FPPs
in each Loral 550 Data Path gathers data from the MUXbus, processes the data per the
executing algorithm, and buffers the processed data for output to the 3480. The FPP
formats the time, tag, and data words on the appropriate data words for output. The
Loral 550 implements a full data flow architecture where any input can be routed to
any output vertically. Linking and chaining of processing in any combination is fully
supported. Short or long series of pipelined operations can also be constructed. The
interconnection of data in the system is essentially unlimited. In this construct, the
Loral 550 is a full implementation of a data flow I/O computer.

The processing algorithms executed by the FPP are developed and debugged using the
Control Computer. This feature allows Boeing's software engineers/users to create
their own algorithms in the high-level language "C" without having to rely on
microcoding or having the chosen system supplier hard code the algorithms.

A key capability provided with the FPP/MUXbus II architecture is that all algorithms,
whether standard or user developed, can be utilized numerous times with different
source parameters and arguments (coefficients) without having multiple versions of
the algorithm code reside on the FPP. The algorithm code (called the FPP Executable
Database) contains the actual algorithm and the characteristics of the inputs and
outputs to and from the algorithm(s). As per Boeing's specifications, the majority of
algorithms are used for most jobs which eliminates the need to download the
Executable Database for successive jobs.

One FPP Module can process over 20,000 parameters at aggregate rates to 900K
words/sec, offering approximately 12 times the processing power of a VAX 780. As a
practical example, each FPP performs 900K first-order engineering unit (EU)
conversions per second with reduced executive. The peak processing rate for 64-bit
floating point processes is 25 MFLOPS. Real-time processing is easily expanded by
adding FPPs for linear growth in processing power and storage.



PERFORMANCE MONITOR

The Performance Monitor handles the gathering, distribution, and display of Loral 550
module performance information. Every Loral 550 module requires a status task that
is responsible for monitoring board level statuses, such as, FPP FIFO overflow,
network data flow, and errors. These statuses are saved in a data structure which is
used to return binary information to the customer developed application programs that
require Loral 550 module statuses for control.

The Performance Monitor takes advantage of each structure and builds its display
information based on the data provided by each module in the Loral 550. The
Performance Monitor also combines all Loral 550 module statuses into a single
structure. This structure is available via an RPC call to the System Controller.

EVENT MONITOR

The Event Monitor handles the gathering and distribution of Loral 550 events: error,
urgent, and normal. Any active task on the Loral 550 can post an event to the Event
Monitor through which error, urgent, and normal events are queued and stored in an
event block ready for transfer to the Loral 550 Event Manager running on the Control
Computer (Figure 5).

Events are used by the customer's application programs to control and change
processes. By use of the event monitor and performance monitor, the customer's
applications can maximize the amount of data processed and minimize down time.

An FPP algorithm can post an event to the Event Manager as either an Urgent event or
as a Normal event. The primary difference between an Urgent and a Normal event is
that the Urgent events are appended to the front of the Event Queue, and therefore
processed first, whereas the Normal events are appended to the end of the Event
Queue.

TYPICAL PMPD JOB FLOW

The Job Distributor (JD) sends control and database information to the Control
Computer via the Ethernet (Figure 6). After the information is queued, the Control
Computer performs all tape and data path setup and control functions. The Control
Computer reads the control and database information sent from the JD and commands
the loading of the flight tape.



Figure 5. Loral 550 Event Monitor

Next, the Control Computer commands the tape drive to perform a high-speed time
search to position the tape near the required data points (Figure 7). It then commands
the loading of the 3480 output tape. After the tape is loaded, the control information
files are written to the 3480 tape. The 3480 is now ready for processed data.
After the input and output tape devices are readied, the Control Computer downloads
the database information to the Decoder and FPP modules in the Loral 550 (Figure 8).
The processors on each module takes the previously structured binary setup data and
sets up the modules as required. The data path is then ready to input and process data.



Figure 6. Database Information Sent to Control Computer

Figure 7. Ready Input and Output Tape Drives

Figure 8. Download Database to Loral 550 and Process Data

The Control Computer receives a time search complete status from the input tape
device and a successful or error status from the database setup functions. The Control
Computer will then determine if the starting of playback from the input tape drive is



appropriate. If appropriate, the Control Computer issues an input tape start command
for data playback into the Decoder module. All input data is directed and controlled by
the Decoder module. Filtered data measurements are passed from the 24-Bit Decoder
to the FPP module for processing and/or buffering for output to the 3480 tape device.

At the end of all job conditions, status from the data path is sent to the Control
Computer, as described in the setup database. The Control Computer reads this status
and loads new job conditions, if there are any pending. If any new conditions are
pending and the data path's database requires modification, the data path is updated.

After the job is complete, the Control Computer notifies the JD via the Ethernet and
purges the job and all related files (Figure 9).

Figure 9. Job Complete


