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IMPLEMENTATION AND USAGE OF THE RJ PROGRAM
DATA ACQUISITION SYSTEM GROUND STATION

Barry Quart and Rick Mitchell
Canadair Aerospace Grp. Loral Data Systems
Bombardier Inc. P.O. Box 3041
Montreal, Quebec Canada Sarasota, Florida

ABSTRACT

The Data Acquisition System Ground Station (DASGS) is a system developed by Loral
Data Systems (Loral) for CANADAIR Aerospace Group. The system implements the
latest technologies in telemetry front-end equipment, host computers, networking, and
graphic workstations. The goal of the DASGS is to supply Canadair with a telemetry
acquisition and processing system that can satisfy the Regional Jet (RJ) program
requirements and provide future expandability to service their needs throughout the
1990’s.

This paper will address three aspects of this telemetry system. First, the telemetry data
processing requirements of the RJ program will be described. Second, the system
architecture, both hardware and software, will be discussed and the basis for the
architecture. The third topic of this paper will cover how the system processing capability
can be increased to satisfy Canadair’s future requirements.

INTRODUCTION

The CANADAIR Aerospace group, a division of Bombardier Inc., is presently involved
in the development of the CL-601R Regional Jet. This aircraft is a stretched variant of the
Challenger business jet, targeted to the regional airline market. With a seating capacity of
up to 50 passengers, it can achieve speeds up to .85 Mach, over a range of up to 1000
NM. The RJ is presently under development at the Canadair facility in Montreal, with the
first flight scheduled for April 1991.

In order to maintain a secure market advantage, Canadair has targeted January 1992 as the
certification date for the aircraft. To achieve this ambitious schedule, and to carry out the
flight test program expeditiously, it was evident that a new approach to flight test data
acquisition/analysis at Canadair was required. Therefore, a program was undertaken to 



install a “State-of-the-Art” flight test data acquisition and analysis ground station at the
company’s main facility in Montreal.

In the spring of 1989, a request for proposals was issued to selected vendors of telemetry
data acquisition and processing systems. As a result of this request, five proposals were
received by Canadair. These proposals each underwent an exhaustive evaluation to
determine the system which most closely suited the needs of the RJ program. A primary
concern during the evaluations was to attempt to identify and schedule risks which may
have adversely affected the flight test program schedules. For this reason only those
systems which required a minimal development effort were considered.

The solution for the ground station data processing hardware offered a virtually “off-the-
shelf” system which afforded open ended architecture well suited to Canadair’s future
growth plans. The Contract was awarded in December 1989, and delivery of the system
took place in June 1990.

In order to provide safety-of-flight monitoring during critical tests, a telemetry link was
included in the system specifications. This link will allow the entire data stream to be
telemetered down to the ground station in real-time for the purposes of data monitoring,
as well as data storage in the on-line database. The telemetry systems have been installed
at the Canadair facility’s Cartierville airstrip in Ville St-Laurcnt, North of Montreal,

The Regional Jet-Data Acquisition System Ground Station is presently in place at the
Canadair facility in Montreal, and is undergoing an operational evaluation program in
preparation for the first flight of the RJ.

FLIGHT TEST PROGRAM REQUIREMENTS

Based on the Flight Test Program for the RJ, the following requirements for the flight test
Data Acquisition Ground Station were established. These requirements formed the basis
for determining the architecture of the data processing system.

1) Provide Real-time data analysis and display:

a) Perform engineering unit conversions:

The system must be capable of performing Engineering unit conversions in
real-time on all samples of incoming data. This permits the test engineers to
monitor any relevant parameters in real-time, and also provide immediate
acquisition of test data into “Ready-to-use” data files. The system must
accommodate up to tenth order polynomial conversions, however it must be



stated that almost all sensors may be accommodated through a fifth order curve
fit.

b) Perform data compression:

The data acquisition rates which may be attained on the RJ aircraft, will produce
a voluminous quantity of data. In order to effectively manage this data, the
system must provide the means to compress it into meaningful data sets. This
entails calculating average values, removing redundant data values, acquiring data
based on event occurrence, etc.

c) Perform limit monitoring:

The system must provide the means to verify all incoming data parameters
against pre-defined limits, whether those parameters are being actively monitored
or not. These limit values are user-defined for each parameter definition.

d) Perform derived parameter calculations:

The system must provide the means to derive parameters from acquired data in
real-time. These derived parameters will then be included in the data stream along
with all other parameters, and the system will be able to distinguish these
parameters for the purpose of display and/or analysis

e) Monitor data quality:

As data is acquired, the system must provide the means to flag any suspicious
data conditions (data spikes, drop outs, excessive noise, etc.) so that the test
engineers can review that data and judge as to whether that data is in fact
acceptable or not. If not, the system must allow the engineer to remove or repair
those samples in error.

f) Generate static and dynamic displays:

The system must provide the means to display a variety of data types in various
display formats for both real-time monitoring purposes and post-flight data
analysis. These formats will provide dynamically updating displays, such as
scrolling time histories and/or animated bar graphs, to allow test personnel to
actively monitor parameters of interest during telemetered flights, as well as fixed
time base graphs for post flight analysis.



2) Receive, record, process and display flight test data at a maximum rate of 200,000
samples per second of data (aggregate rate)

3) Provide concurrent data processing support:

The strict schedule requirements of the RJ program, dictate a dual stream capability
for the data processing ground station. Although a single aircraft may telemeter data
at any given time, large volumes of post-flight data analysis from previous flights
must be carried out concurrently with the real-time tasks. The system must therefore
be configured with a dual stream capability, to handle either a single real-time flight, a
real-time flight and a post-flight tape playback, or two concurrent post flight
playbacks This architecture shall accommodate “track-split” data should the data
rates on the aircraft exceed the recording capabilities of a single track on the airborne
recorders.

4) Archive and retrieve all flight test data and support files in an interactive on-line
database:

Test personnel and other users must be able to process flight test data interactively.
The system must also provide the means to manipulate data files to extract time
slices of interest, remove samples in error, and create data file sub-sets for
Subsequent analysis.

5) Provide future growth potential:

The system must be able to be expanded or tailored to meet new program
developments or future flight test programs.

SYSTEM OVERVIEW

The DASGS is shown in Figure 1. The system is comprised of four principal sections:

! Telemetry Systems
! Real-time data processing and monitoring hardware
! MicroVAX host processor
! Regional Jet engineering network

Telemetry Systems

In under to provide adequate safety of flight monitoring, a telemetry link was required to
provide real-time data monitoring and analysis at the ground station. A primary telemetry



link has been installed at the company’s main facility to provide coverage within 100 NM
of the plant. The flight test airspace extends much further north (Approx. 300 NM), and
telemetry operations are hampered by the Laurentian mountain range which borders the
test area to the south. For this reason, a link between a remote telemetry receiving station
in the far north and the DASGS, using existing commercial telecommunications networks,
is being investigated. This network would provide low attitude coverage over the entire
flight test airspace. This link is expected to be operational in February 1991.

The advantage of the telemetry link is twofold. It allows the aircraft safety of flight data to
be monitored in real-time, and when coupled with a high speed real-time data acquisition
and analysis system on the ground, it also permits the ground based test personnel to
review data, perform analysis, and make critical test decisions during the test flight. In
addition, as the data is acquired it is entered into a catalogued database where it is
immediately available for analysis when the data is approved and released.

In order to follow the aircraft through its maneuvers properly and provide continuous
line-of-site between the antenna feed and the test aircraft, a telemetry tracking antenna was
purchased from Electro-Magnetic Processes Inc. The EMP Model GTS-04C was
selected. A frequency diverse telemetry receiving system was acquired from Microdyne
Inc. consisting of two Model 1400-MR telemetry receivers and a Model 3200-PC
Diversity combiner. A frequency diverse system minimizes any telemetry interference due
to multi-path interference or radiation pattern “nulls” at the receiving antenna site.

All telemetry operations in Canada must he performed in the upper S-band range (2300-
2400 MHz). Licenses have been requested for two frequencies in this range from the
Department of Communications.

Real-Time Data Processing & Monitoring Hardware

The Real-time data processing and monitoring hardware is comprised of the telemetry
front-end, portions of the Digital Equipment Corporation (DEC) MicroVAX 3900 host
computer, and all the equipment situated in the telemetry rooms, such as strip chart
recorders, workstations, plotters, etc.

This hardware is used to monitor incoming data and control the data acquisition process.
To date three workstations have been installed for the purposes of data monitoring in real
time; however more may be added if additional program requirements occur. Available in
addition are, twenty-four channels of strip chart traces and a laser printer for hardeopy
output.

The telemetry front-end is responsible for all data processing tasks performed in real-time.



MicroVAX 3900 Host Processor

The MicroVAX 3900 is the central host processor for the DASGS. This processor is
used primarily to route incoming data either to disk files or workstations during real-time
operations, or to support user requests for data analysis and/or post-flight data
manipulation. The host is also used to manage all data and test support files on the
4.8 G-byte flight test database.

All test support functions, such as maintenance of the calibration database, generating
sct-up images for the airborne data acquisition hardware, etc.... are also performed on the
host.

The system is configured so that all monitoring and data processing task requests will be
performed on VAX workstations networked into the host. This offloads the host
processor and allows test support functions and database manipulation tasks to be
performed concurrently with real-time and post-flight data monitoring and analysis. The
expanded processing capabilities of the host are, however, still available far large
processing or I/O intensive jobs which may be submitted for execution when the host
processor is not heavily loaded.

RJ Engineering Network

As the number of users is expected to vary significantly throughout the certification
program, the decision was made to implement a flight test data processing system using a
distributed architecture. This allows each user to control his/her individual computing
resources without affecting any other users on the system. This architecture is inherently
well suited to expansion, as additional computing requirements may be accommodated by
simply adding additional workstations onto the network, with a minimal effect on the
existing systems.

Based on this philosophy, it was decided to implement a network of workstations
dedicated entirely to the user’s data processing tasks will be implemented. This network,
called the RJ engineering network, is isolated from the ground station network by a
“Network Bridge” device which filters traffic on each side of the bridge, allowing each
“sub-network” to function independently. The workstations on the RJ network access the
fileserver directly, thus minimizing any traffic onto the ground station network. This is
particularly important during real-time activities, when the Ethernet network in the ground
station is heavily loaded with real-time data broadcasts to the workstations in the telemetry
rooms.



SYSTEM DESCRIPTION & BLOCK DIAGRAM

System Description

The DSAGS system was designed for Canadair for current requirements and for future
requirements.

To meet these requirements Loral was able use a substantial amount of standard off-the-
shelf telemetry front-end and system software. The following paragraphs describe the
telemetry front-end and the system software in the DSAGS system.

System Hardware

System CPU’s

The DSAGS system utilizes a VAX 3900 VAXserver with an expansion chassis as a host
computer. The MicroVAX 3900 is comprises of:

! Three DEC DRQ3B’s 16-bit DMA devices. Two of the three devices are used for
data archival to disk, the third is used for pre-processor event logging.

! Two EMR QDI’s Dual Ported Memory cards for Current Value Table creation.

! DEC DRV1W general purpose parallel interface used for telemetry front-end setup
(EMR 8715 Pre-Processor unit).

! DEC CXY08 8-line RS-232 interface used for telemetry front-end setup (EMR 8330
Decom unit).

! DEC DRV1J 16-bit parallel interface for telemetry front-end setup (bit synchronizers
& simulator)

! Two Versatec V-80 plotters for hardcopy.

! DEC DESQA Ethernet controller for data distribution and host-to-workstation
communication.

! Four 1.2 GB disk drives.

! DEC TK70 Streamer tape drive.



The DSAGS system contains three DEC 3100 graphic workstations. All workstations are
contain the same configuration:

! Graphic co-processor card set.

! Two Wincester disc, one 52 MBytc and one 104 Mbyte

! One 3 1/4 floppy drive.

Telemetry Front-End

The telemetry front-end consists primarily of the EMR 8000-Series equipment, which is
modular in design and offers the widest range in specifications offered at Loral. The TFE
is comprised of 1 Simulator, 2 Bit Synchronizers, 2 Frame Synchronizers, 2 ID Subframe
Synchronizers, 2 Recycle Subframe Synchronizers, 2 Asynchronous Frame
Synchronizers, 1 Pre-Processor, 2 Time Code Generators/Translators, 1 Digital-to-
Analog Converter Unit (32 DACS), 2 Analog Tape Drives, and 2 Digital Tape Drives.

The telemetry front-end also contains a coaxial patch panel system which is design to
facilitate reconfiguration of the system inputs and DAC outputs. An input patch panel
accepts real-time PCM inputs from RF receivers and recorded PCM and/or IRIG time
from two Analog Tape drives (Loral Model 85 Instrumentation Tape Recorders). PCM
data sources may be routed to either of the two Bit Synchronizers; IRIG time inputs may
be patched to either of the two Time Code Generator/Translator units. Also available at
the patch panel for system testing and/or recording are simulated PCM data, generated
IRIG time, and the reconstructed Bi-Phase output from the PCM Bit Synchronizers. An
additional patch panel for DAC’s is provided which provides the flexibility in routing the
DAC outputs of the EMR 8350 D/A Converter to strip chart recorder inputs.

System Software

The DSAGS provides the user with the ability to prepare data files to support a specific
test flight, acquire, store, and inspect data during the actual flight, and analyze the
acquired data in depth either between maneuver segments of after the flight ends.

The DASGS software system implements a sophisticated Man-Machine Interface (MMI)
for entering the user-defined information and controlling operations of the system. This
MMI basically consists of forms, graphical and non-graphical, for operator entry of setup
information and for system control menus. HELP facilities are an integral part of this MMI
to assist the operator during data entry and operations control.



The DSAGS system utilizes the DEC VMS operating system which provides a true
multi-user environment, which provides the capability for multiple user access to mission
information. All maneuver/mission specific information will be stored in a mission unique
account. The DSAGS will provide the capability of storing 20 unique missions
simultaneously on disk.

For standard functionality, the DSAGS offers:

! Multiple Missions/Maneuvers, which provides the user with the ability to store and
recall multiple setup/configurations of the DSAGS system.

! Data entry of all telemetry front-end setup using menus and forms, with the
information retained on disk for later recall.

! Terminal based displays for both real-time and playback.

! Entry of parameter information, which consist of parameter identification, parameter
PCM stream position, and all parameter preprocessing algorithm definitions. This
information is stored in a database under each mission/maneuver account.

! Development environment for the user to create and link into the standard set of
preprocessor algorithms.

! A graphic editor giving the user the capability to name and build Bar Charts,
Scrolling Time History Plots, Cross-plots, Alphanumeric Plots, Annunciator panels,
Polar Plots, and Dynamic Symbology Graphs. The user also has the ability to create
these displays in 7 different sizes which can be mapped into 11 different screen
layouts for either real-time or playback.

! Real-time Dynamic Update capability of the preprocessing algorithm arguments,
algorithm activity status, and parameter activity status.

In addition to the above listed standard features, the DSAGS system required several
unique features. These features are listed with a brief description which follows:

! The capability to acquire PCM data based to two different time references (Two real-
time data, Two playback. or 1 of each).

! The capability for the preprocessor to check for predetermined events and to archive
and display these events on the host computer.



! The capability to store sensor information in a standalone calibration database and to
provide the necessary interface to move calibration information into the parameter
database.

! The capability to convert the archived merged data file formal to a Canadair specified
data format for transfer to multiple platforms.

! An end-to-end self test which provides a known input into the system and verifies the
output at both host and workstation

! The capability to log events which were witnessed while displaying real-time or
playback data.

! The capability to create archive data file subsets based on the events which were
logged during real-time or playback displays.

FUTURE GROWTH

The DASGS was implemented to respond to the test program requirements of the RJ
program; however, it was of equal importance to provide a system which would permit
future expansion to allow the system to accommodate all existing and future programs at
Canadair. As the system matures, all flight test data analysis tasks will be handled by the
ground station, making this system the central flight test data processing facility for the
Canadair Aerospace group.

The modularity of the system allows for the rapid and easy installation of additional
computing resources (i.e. workstations, or an upgraded host) to accommodate the
increased data volumes expected as additional flight test programs are handled by the
system. The telemetry front end hardware is also well suited to expansion, as additional
real-time data processing capabilities may be handled by simply adding additional “card-
level” hardware. The system software has been “customized” by Canadair engineers,
therefore the expertise exists in-house to develop and or modify existing software to
implement all foreseeable test requirements.

Canadair is confident that the DASGS provides an entry level system into the realm of
real-time flight test data processing and analysis, with remarkable growth potential
allowing the system to grow to support new programs and/or requirements as they are
identified.

 





Figure 2.  Data Acquisition System Ground Station Layout


