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ABSTRACT

This paper describes an on-board PCM data acquisition and processing system using
standard PCM units and commercial micro-computer equipments.

A special interface, which was developed in order to allow a direct connection to PCM
encoders, is also presented. It performs data buffering and decommutation prior to the
data acquisition process.

This approach facilitated the independent conduction of flight tests away from the users’
ground stations using a minimal investment. It helped to provide test results in flight or
immediately after flights, thus shortening the flight test processing turn around time and
contributing to expedite the overall flight test program.

2–  INTRODUCTION

In most flight test applications, measurement data from an airborne instrumentation
system is telemetred to ground stations for analysis, either using real-time or post-flight
processing techniques.

However, situations exist where specific tests have to be carried out faraway from the
ground station site and no data can be acquired using a telemetry channel.

In this case data can be recorded on an analog tape recorder and processed after the
flights. The turn around time for test results can then be days to weeks according to the
ground station location and priority given to the flight data reduction.

In order to expedite data analysis and shorten the flight test program, Israel Aircraft
Industries Flight Test Engineering Department used an on-board data acquisition system
for icing and external noise flight tests of the 1125 ASTRA Aircraft.



The main criteria which guided the system design were

S Cost optimization because of budgetary limitations
S Use of existing standard units
S Minimal development works
S Volume optimization

In this paper we give a functional description of this system and provide an overview of
the hardware and the software aspects, with an emphasis on the problems encountered
and the way they were solved.

3–  HARDWARE-DESCRIPTION

Block diagram in Fig. 1 shows the different subsystems hardware.

3.1  The PCM Subsystem

The PCM subsystem includes:

S Various transducers selected in accordance with the list of parameters to be
measured.

S Analog conditioners for amplification and filtering.
S Digital transducers for status monitoring and accurate parameters measurements.
S A standard PCM encoder where the following features can be programmed:

S The output bit rate
S The PCM frame length and subframe depth
S The output PCM format, including the individual location of each output parameter.

S A universal instrumentation analog tape recorder recording the Miller code output of
the PCM encoder for raw data backup storage.

3.2  The Data Processing Section

3.2.1  Equipment Selection

So far the described equipment is composed of standard proven airborne units, either
supplied by Telemetry equipment manufacturers or built in house.

Data processing equipment for airborne applications is more difficult to select. There are
a few manufacturers of ruggedized military micro-computers, but their products suffer
from two principle drawbacks :



– The equipment is relatively expensive
– The user application software are difficult to find or to develop.

In IAI Flight Test Engineering, a standard Micro PDP 11/23 from DIGITAL was used.

The main reasons for this selection were the knowledge accumulated in house with DEC
Micro-computers in various applications and the compact size of the computer (a
rackmount unit is 5 inch high). However, some doubts existed about the ability of the
computer electronics and disk drive to stand and provide reliable data in flight conditions.

The computer and its peripherals were tested in several flights and a problem occured
with some computer cards, causing random data losses during the acquisition process.
No particular disk I/O problems were observed as far as acquisition on disk was not
activated at landing, to avoid magnetic head failures.

The Micro PDP internal Q BUS cards were tightly fastened to the card frame, using plain
fixtures and screws. This modification proved sufficient since in the following flights no
significant problem of data loss was observed.

3.2.2  Equipment description

The data processing section includes:
– The Micro PDP 11/23 micro-computer equipped with

– a floating point processor board, for computation performance improvement
– 0.5 MB (megabyte) of semiconductor memory
– a 10 MB (megabyte) Winchester Disk
– a dual 0.4 MB (megabyte) diskette drive
– the PCM encoder interface (described further)

S A TV 910 Televideo alphanumerical terminal which serves as the system console and
as a real-time display.

– A FX80 EPPSON Printer for table printout.

3.3  The Computer Interface

Using standard PCM bit synchronizers and decommutators was prohibitive because of
volume and budgetary limitations.

Also, in order to simplify the data acquisition process and unburden the micro-computer
from the decommutation task, a special PCM interface was developed.



The main features of this interface are:

– Internal dual buffer of 2000 PCM words
– Direct connection to serial PCM signals from the PCM encoder
– Channel by channel random addressing by the Micro-computer
– Package using a plug-in card into the Micro-computer Q BUS.

3.4  The Power Supply Section

The standard airborne units were powered using the A/C 28V DC source. A static inverter
was used in order to power the computer and its peripherals :

– 1 AMP for the Micro-computer
– 120 MA for the printer
– 200 MA for the terminal

This gives a total of 300 Walts approximately.

4–  SYSTEM SOFTWARE

The software was written in FORTRAN 77 language, under the TSX+ operating system.
The system setup can be loaded using two different methods :

– Host computer setup down loading, through a standard RS232C communication line.
The down loaded data file includes for each one of 4 PCM formats :

– parameters description
– parameters PCM location in the output pattern
– calibration coefficients for each parameter
– real-time displays setup for each page

– Manual setup through the local keyboard.

Using the above setup files, the system allows the following tasks to be carried out :

4.1  Preflight Monitoring

Two modes are available:

– In PCM setup mode a binary PCM setup format is built and aPROM is programmed
with this format.



This allows new formats to be installed in the PCM encoder unit.

– In preflight check mode frames of data are collected, ambient values are compared to
expected values and results are displayed on the CRT display or printed, including out
of limit indication. A binary raw data display of all parameters is also accessible.

Using these reults, the instrumentation engineer can test at a glimpse the airborne
instrumentation system for bad measurements.

Fig. 2 shows an example of the preflight report printout.

4.2  Real-time Display

For in flight data monitoring, the system allows the user to define up to 100 parameters
for alphanumerical display and disk storage. One from up to 8 display pages can be
selected. Each display page can include 1 to 20 parameters, with engineering unit results
and alarms indication.

Fig. 3 shows an example of such a page.

All selected parameters are stored on disk for further processing. Calibrated results can
also be printed out together with the annotation from the airborne time code generator
(See Fig.4)

5–  FLIGHT TESTS CONDUCTION

The data acquisition and processing equipment was installed in the aircraft (See Fig. 5).

Icing and external noise tests were conducted and acceptable results were obtained.

6–  CONCLUSION

In order to reduce the data processing turn around time from flight tests conducted in
remote sites, a commercial micro-computer system was installed on-board and connected
tp the airborne instrumentation through a simple buffered data interface. This approach
allowed cheap and reliable in flight data reduction for optimizing the flight test schedule
and the overall tests program cost.

With the constant improvement in the micro-computer technology, together with a
significant decrease in equipment size, powerful data reduction systems can now be
assembled in relatively small ruggedized packages. This will make the on-board
processing approach particularly attractive in aircraft flight testing.



FIGURE 1
ON BOARD DATA ACQUISITION AND PROCESSING

SYSTEM BLOCK DIAGRAM



FIGURE 2, PREFLIGHT TEST RESULT DATA SHEET



AIRBORNE TIME  :  01:25:35   DISK’S BLOCKS AVAILABLE  : 175   TIME OF DAY  : 13:25:15

SETUP  EX.   NO.4 :          /B1
---------------------------------------------------------------------------------------------------------------
Nl 130.25 RPM N2 35.0 RPM

LTIT 18.03 DEGC POC23 676.66 PSIA

TJFSC 40.45 DEGC TECSFF 52.35 DEGC

---------------------------------------------------------------------------------------------------------------
TAT  -  120.00

TJS 32.00

SYSTEM MESSAGES  :   NO WRITING TO DISK  -  TYPE “N” FOR NEXT SETUP

FIGURE 3, REAL TIME DISPLAY PAGE



FIGURE 4, CALIBRATED RESULTS PRINTOUT




