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FLIGHT TEST AIRBORNE DATA PROCESSING SYSTEM

Lee H. Eccles
John J. Muckerheide

Boeing Commercial Airplane Company
Seattle, Washington

ABSTRACT

The Experimental Flight Test organization of the Boeing Commercial Airplane Company
has an onboard data reduction system known as the Airborne Data Analysis/Monitor
System or ADAMS.

ADAMS has evolved over the last 11 years from a system built around a single
minicomputer to a system using two minicomputers to a distributed processing system
based on microprocessors. The system is built around two buses. One bus is used for
passing setup and control information between elements of the system. This is burst type
data. The second bus is used for passing periodic data between the units. This data
originates in the sensors installed by Flight Test or in the Black Boxes on the airplane.
These buses interconnect a number of different processors. The Application Processor is
the primary data analysis processor in the system. It runs the application programs and
drives the display devices. A number of Application Processors may be installed. The
File Processor handles the mass storage devices and such common peripheral devices as
the printer. The Acquisition Interface Assembly is the entry point for data into ADAMS. It
accepts serial PCM data from either the data acquisition system or the tape recorder. This
data is then concatenated, converted to engineering units, and passed to the rest of the
system for further processing and display.

Over 70 programs have been written to support activities on the airplane. Programs exist
to aid the instrumentation engineer in preparing the system for flight and to minimize the
amount of paper which must be dealt with. Additional programs are used by the analysis
engineer to evaluate the aircraft performance in real time. These programs cover the tests
from takeoff through cruise testing and aircraft maneuvers to landing. They are used to
analyze everything from brake performance to fuel consumption. Using these programs
has reduced the amount of data reduction done on the ground and in many cases
eliminated it completely.
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INTRODUCTION

In 1985 the Boeing Commercial Airplane Company delivered 191 airplanes to its
customers. Of these airplanes, 136 had some special tests run on them. Eighty of them
required that some additional instrumentation be added and the remainder were tested
using calibrated cockpit instruments. On about 50 airplanes, the testing was extensive
enough for the use of the onboard data processing system. This system allows the user to
call up any data that is being acquired and display it in any of several forms. In addition,
any of the applications programs written for the system can be run to further process the
data to obtain much the same results as would be obtained using ground data processing.
The data can be observed on both alphanumeric and graphic CRT’s, displayed on remote
displays, printed on the system printer, or stripped out on the strip chart recorder. The
use of this system has resulted in our ability to do more testing in less time and for less
money than was possible using only ground data processing.

BACKGROUND

In 1969 Flight Test decided to enter into the world of onboard data processing. A desk
calculator was taken from the office and installed on a test airplane. The operator read the
data from a digital display and entered it into the calculator where a stored program was
run. This was not satisfactory for long, and an interface was built between the calculator
and the data acquisition system. This interface allowed up to ten parameters to be read
into the calculator under program control. This system was used until 1975, when it was
replaced by the Airborne Data Analysis/Monitor System (ADAMS).

The first step toward ADAMS was actually taken in 1972 when an airborne computer was
purchased and interfaced with the data acquisition system. This computer was
programmed in BASIC by the user and allowed access to any data being acquired and
recorded. In 1974 a system was purchased for use with the data acquisition system the
Air Force was supplying for use on the AWACS airplanes. In 1975 Boeing decided to
upgrade its data acquisition system and an improved data monitoring system was needed
to support it. Using the experience gained on the Air Force system, ADAMS was
designed and built. That initial system used a 32K word computer with a cartridge tape
system to load programs and set up data files into the system. Data from the acquisition
system was entered into the system through PCM Decommutators and continually
updated a current value table in the computer’s memory. The data was displayed using
alphanumeric CRT’s, remote displays, direct write oscillograph, and printed on the
system printer.

The system has been in a continuous state of change for the last 11 years. The computer
has been changed once and the memory expanded to 320K words. A fixed head disk and



floppy disk replaced the cartridge tape system and a graphic display was added. More
recently the system has grown into a microprocessor based system. Sixty megabytes of
Winchester disk storage has replaced the fixed head disk. A 200M byte tape system
replaced the floppy disks as the means of loading programs and setup data into the
system. IBM PC compatible floppy disks were added to allow data files to be taken from
the airplane to the office for further analysis. The system is still changing as new
technologies are incorporated to increase processing power, provide improved operator
interfaces or enhance system reliability.

SYSTEM ARCHITECTURE

Figure 1 is an overall block diagram of the system. The basic two-bus architecture can be
seen in this diagram. The first of these buses was the Measurement Number/Data Bus
(MNDB). This bus was part of the original ADAMS and is the path that periodic data
follows when it enters the system. This bus makes the data available to all processors in
the system. It is also used for the output of the applications programs. By placing the
outputs from each program on the bus they become available for display or further
processing. The second bus is a later addition to the system and is used to pass aperiodic
or burst data between elements of the system. This bus, known as the Command and
Control Bus or CCB, is a fiber optic implementation of the Ethernet Local Area Network
Specification. We presently have three different types of processors in the system. The
minicomputer is still in the system since only a few of the applications programs have
been rewritten for the microprocessors. The file processor has taken over the handling of
the mass storage devices and the application processor is taking over to run applications
programs.

MEASUREMENT NUMBER/DATA BUS

The MNDB is the primary path for the test data to follow between the different units in the
system. It is a parallel bus consisting of 16 data lines, 16 tag lines, a bus strobe and a
serial priority line. Two microseconds are required to make one transfer over the bus. In
this time the data and tag are placed onto the bus and after a settling delay, the strobe is
issued to load the data into all receiving modules. In the receiving modules for the
processors, the interface is a dual port RAM. The tag from the bus is used as an address
and the data is written at that address. This happens whether or not the processor has any
use for that particular data. The exception to this is the Digital to Analog Converter
(DAC), where a different set of logic is set up to look for only the desired tags. All
transmitting devices on the bus operate asynchronously with access being controlled by
the priority lines.



COMMAND AND CONTROL BUS

The Command and Control Bus (CCB) is a fiber optic implementation of the Ethernet
Local Area Network Specification. There are three different elements to the bus. The first
is a fiber optic transceiver. One transceiver is required in each unit on the bus. Of the
three elements of the bus this is the only one containing active elements. The element
which makes the network logically a bus is the fiber optic star coupler. This device has
eight inputs and eight outputs. Each input is coupled to all eight outputs. The remaining
element is a fiber optic cable consisting of a transmitting and a receiving fiber. The cables
are used to interconnect the transceivers with the star coupler. In other respects the bus is
identical to the electrical Ethernet. This bus is used to pass programs, setup data,
commands and any other aperiodic data between the processors in the system.

MINICOMPUTER

The Rolm 1666 computer was until recently the heart of the system.It handled the mass
storage devices, printer, remote displays, terminals, and for a short period of time, the
graphics terminal. the system was very severely I/O limited. The first step in expanding the
system was to add a memory expansion chassis to the computer which could house not
only memory but the interface to the MNDB as well. This eliminated the disk I/O involved
in swapping programs in and out, plus up to 153,000 DMA transfers per second for data
input. The remote displays and the graphics terminal have since been removed so that the
only I/O devices left on the Rolm are the operator terminals and the printer. This frees up
the computer to run the applications programs for which it is well suited. Figure 2 shows
the configuration as it presently exists.

FILE PROCESSOR

The File Processor (shown in Figure 3) is tied closely to the Rolm computer. The File
Processor has direct access to the mass storage devices which the Rolm needs for
program and data storage. The interface between the two processors is a dual port RAM.
Figure 4 shows the internal arrangement of the unit. It contains two separate IEEE 796
buses. The original bus was there to provide additional memory for the Rolm as well as
access to the MNDB. The second bus was added to create a system which provided an
intelligent mass storage system to which commercially available peripherals could be
added. The peripheral devices are a streaming tape drive, two Winchester disks, and two
5 1/4" floppy disks. The streaming tape is the primary device used in loading the
programs and data bases into the system. It is expected to be used to transport some
calibrated data back to ground-based laboratories as well. The Winchester disks are the
most heavily used storage devices in the systems. The programs and data bases are
loaded into these drives from the streaming tape and executed from the disks. The two



floppy disks are primarily used as output devices. Certain data files are stored on these
disks and carried back to the engineer’s desk for further processing on a PC. They can
also be loaded into a large scale computer for analysis if required.

APPLICATION PROCESSOR

The Application Processor is intended to run the applications programs which the
analysis and instrumentation engineers use to do their jobs. As shown in Figures 5 and 6,
this unit is directly interfaced to both buses. It uses the File Processor as an intelligent
mass storage system via the CCB and gets its data to operate on from the MNDB. The
unit contains five processors so far. The 80186 processor board handles most of the I/O
for the unit. The 80286 processor boards are there to run the applications. Each 80286
contains one megabyte of dynamic RAM and six 28-pin PROM sockets. Programs and
data bases are loaded via the CCB from the File Processor, through the 80186 board, and
into the RAM on a 80286 board where the program is executed. The global RAM on the
IEEE 796 bus is used for temporary storage of data for programs which accumulate large
blocks of data for after-the-fact processing. For programs which calculate a set of
variables at a cyclic rate, the output data is written to the MNDB where it is available to all
of the processors in the system as well as the other boards in the unit. This way a
program can execute on any board in any Application Processor in the system and its
output still be used by other programs without special interfaces. The drawback to this
approach is that all programs operate asynchronously, which causes time correlation
problems.

ANALOG TO DIGITAL CONVERTERS

The present analog to digital converters (DAC) are interfaced to the MNDB through a unit
known as a Measurement Selector. The Measurement Selector watches the MNDB for
selected tags. When one of these tags occurs, the data is routed to the appropriate
channel in the DAC. There the data is scaled then converted from ten-bit binary form into
an analog voltage. The scaling is accomplished by first subtracting a stored offset and
then multiplying the result by a stored multiplier, thus solving the equation Y = M(X-B). 
This unit can scale 500,000 samples per second. One scaler supports all 16 digital to
analog converters. Both the Measurement Selector and the DAC are set up by the
Application Processor using an RS-232-C link. In the future they will be replaced by one
unit capable of taking floating point data in and being set up from the CCB.

APPLICATIONS SOFTWARE

Seventy applications programs have been written since 1975 to support operations on the
airplane. These programs are rather loosely divided into three categories. The most



general category is that of system programs. These are essentially display or utility
programs intended for use by both instrumentation and analysis personnel. The other two
categories consist of programs intended to support specific tasks for either
instrumentation or analysis personnel.

System applications provide the basic capability to display data on all the various output
devices, including CRT’s, printers, analog devices, graphics displays, remote displays,
etc. Programs are also provided to edit data base files, dump data collection files, transfer
files between storage devices, and provide help and information displays.

Instrumentation applications are divided into three groups. Data management programs
are provided to assist in the monitoring and recording of information necessary to install,
functionally check out and preflight the airplane before actual testing. Calibration
programs are used to calibrate transducers and fixtures that are airplane installation
dependent. Setup and verification programs are provided to down-load test dependent
data into various devices and verify their health and proper operation.

Analysis applications comprise more than 60% of the available programs. These
programs are heavily computational with the majority providing real-time processing of
incoming data. These programs provide a variety of outputs for display by system
programs, input to other analysis programs for additional real time processing, input to
other analysis programs for non-real time summary processing, and transfer to post-flight
ground processing systems including both mainframe and personal computers.

Analysis programs are divided into groups based primarily on the type of testing to be
accomplished. Multiple program packages are provided for engine certification and thrust
calculations, fuel mileage and drag calculations, runway performance and stall
performance tests. Basic airplane parameters required for a multitude of different tests are
consolidated into a single program. Single programs are also provided for airplane
exterior noise testing, airplane structural tests, flight load monitoring, flight control tests
and engine performance tests.

These analysis applications are used to guarantee the safety of test conditions, evaluate
the conduct of test conditions, ensure satisfaction of all test requirements, provide real
time and summary test data, as well as simplify and expedite post-flight, ground-based
data processing. This data is used for airplane certification, product improvement and
research and development activities.



FUTURE PLANS

In the next few years, the minicomputer will be phased out of the system as more
programs are converted to run on the APA. The DAC’s will be replaced with new units
capable of handling floating point data and using time tags to allow improved time
correlation of the analog outputs. The operator interface is being improved with a new
color graphics display to replace the present alphanumeric terminals. New software is
being written continually to support new types of testing and new systems on the
airplanes.

SUMMARY

The use of the onboard computer has greatly improved Boeing’s ability to test airplanes.
Providing multiple data displays in engineering units has made it easier and faster to
preflight the airplane. Figure 7 is a chart showing the improvement in productivity during
the last 25 years. The chart takes into account both the number of manhours required per
measurement and the number of manhours per airplane flight hour. The ADAMS is not
responsible for all of the gains, but it has been a significant factor. ADAMS has given the
instrumentation engineer a better window into the performance of the instrumentation,
allowing fewer people to preflight and maintain the system. In fact, less than half the
number of people will be assigned to an airplane than previously, even though the number
of measurements has more than tripled. Further savings have been realized by having the
data in hand when the airplane lands. This allows the airplane to be reconfigured for a
different set of tests without having to wait for the data processing to be completed.
Having the results of the test during the flight allows a test which needs to be repeated to
be done immediately or to know that conditions are not right for the tests being
conducted and to switch to a different type of testing. These factors have led to very
significant reductions in the costs of testing airplanes. However, some of these cost
reductions have been offset by requests for more and more data requiring more tests to
be run. ADAMS is continually being improved as part of our effort to keep the curve in
Figure 7 moving up.



Figure 1. ADAMS System

Figure 2. Minicomputer Subsystem



Figure 3. File Processing Subsystem

Figure 4. File Processor



Figure 5. ADAMS Processing Subsystem

Figure 6. Applications Processor
 



Figure 7. Flight Test Productivity


