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ABSTRACT

This paper decribes a system design developed for the McDonnell Douglas Helicopter
Company to log high-speed telemetry data in real time and archive selected time slices
immediately after a test event. The system utilizes off-the-shelf, state-of-the-art equipment
to accomplish logging rates in megabytes per second and storage capacities in the
gigabyte range. This combination of Computer disk-logging equipment and
PSL-developed interfaces enhances the capability of capturing large amounts of high-
speed telemetry data in real time. This provides the user access to critical parameters
which determine the next phase of the test. This paper describes the design specifications
creating the need for and the application of the design in its final form.

INTRODUCTION

A number of factors contribute to the need for high-speed, high-capacity disk-logging
systems. In the past, FM systems were used where high frequency response was
required. Current trends indicate a continual shift toward the use of digital systems to
handle all data including the high frequency response information. At a sampling rate of
four-to-five times the highest information frequency, the amount of data can become
staggering. This especially applies when several parameters are instrumented which have a
data frequency in the 2000 Hz range.

As the world and its machinery grow more complex, so does equipment necessary to
monitor it during tests. The number of parameters to be monitored can he in the
thousands. Real-time processing has also contributed considerably to the amount of data
to be logged in real time. Telemetry systems are now incorporating extensive amounts of
front-end processing capablity. Rather than compresssing the amount of data to be
logged, the opposite has occurred, due to the processing power of the telemetry front
end.



Systems are now not only processing engineering unit conversion on all the data in real
time but also are producing, at regular intervals, such things as minimum, maximum,
average, wildpoint, and out-of-limits values and alarms. Additionally, numerous derived
parameters will often be generated, further expanding the amount of data to be logged.
Front-end processing also creates another situation which adds to the quantity of data.
The variability between processes and the need for parallel processing to handle the huge
amounts of data in real time have required all data to he tagged, since their position in the
frame no longer has any meaning after they have been through one of the processors.
Since new data are being generated from the original data, the number of tags required
may he several times the original number of parameters. Most large systems will need to
use tens of thousands of tags for a large test. If sixteen bits of tag are added to each piece
of data, and these data are sixteen bits long, then the amount of information to be logged
is doubled. All of the above situations have contributed to the need for a high-speed,
large-capacity logging system.

SYSTEM OVERVIEW

In order to solve the problems involved in the real-time logging of data for the McDonnell
Douglas Helicopter Company telemetry system it became apparent that the key factors
driving the solution were the rate of logging and the amount of data. It was desired that the
solution be primarily an off-the-shelf subsytem with any necessary custom interfacing to
be done in-house. The advantages to the customer and PSL were in reduced risk
associated with proven hardware and the availability of maintainence support. The
solution to these requirements is shown in Figure 1.

In this case, the telemetry front end is a combination of Aydin S2000 telemetry equipment
and PSL-developed processing units and interfaces. The HGbus of the S2000 is
connected to an Aptec Computer Systems, Inc., Model IOC 2400 through a PSL-
developed interface. Connected to the IOC 2400 are two Ibis Systems, Inc., Model 1400
disk drives. The IOC 2400 transfers its data to a Digital Equipment Corporation VAX
11/785 computer through a UNIBUS link.

DISK LOGGING SYSTEM

The disk-logging system consists of an APTEC IOC 2400, two Ibis System, Inc., Model
1400 disk drives and associated interfaces. The IOC 2400 is a specialized input/output
computer designed to support high-data-transfer tasks on Digital Equipment Corporation
VAX/VMS-based systems. The IOC 2400 has its own internal bus system, with a data
bandwidth of 24 megabytes per second. This bus is designed to manage large volumes of
I/O data. Each of the disk drives is connected to the IOC 2400 through a separate adapter
and interface. The use of separate interfaces for the disk drives allows maximum flexibility



in managing the data. One drive can he used for recording data, while the other is used to
play back previous data. This feature allows data to be transferred from the playback disk
to the VAX system while continuing to log data in real time on the recording disk. Two
Megabytes of 32-bit random access memory are also contained in the IOC 2400. This
memory is used to buffer the incoming data before it is transferred to the Ibis disk drives.

The Ibis disk drives are the same as used on Cray supercomputers. These drives are
capable of transferring data at a sustained rate of up to 10 megabytes per second. They
each have a formatted data capacity of 1.2 gigabytes. If data is transferred to the disk
system at a maximum rate of 8 megabytes per second, then the total storage is calculated
by dividing the total disk storage, which is 2.4 gigabytes, by the rate, which is 8
megabytes per second. The total storage is 300 seconds or five minutes. If we work
backwards from the 8-megabytes-per-second logging rate toward the bit synchronizer on
the telemetry front end, we find when dividing this maximum rate by the width of the
HGbus, which is 6 bytes, that there are 1.333 million 32-bit words of data being stored
each second.

Converting this to a serial input rate, we find that the PCM stream needs to be 42.66
megabits per second. As it turns out, this is an optimum situation where each word in the
PCM stream is the same width as the data bus of the S2000 system. For simplicity, all 32
bits of data are stored regardless of actual word length, so with word lengths of less than
32 bits, some unused bits will be stored which effectively reduces the serial input rate. For
example, if 16-bit words are used, the input rate would be reduced to 21.33 megabits. A
twist to this example is that in systems with front-end processing, the data will often be
converted to engineering units before being stored on disk. These numbers are usually in a
standard 32-bit floating point format. In this situation the disk storage space is being
optimally used much the same as in the situation where unprocessed 32-bit input words
were being stored.

Obviously this rate represents a tremendous amount of data and would only be used on
short test sequences. A more realistic scenario might be 2 megabytes per second, which
allows 20 minutes of continuous testing without dumping any of the data to the VAX.
Since it is possible to ship data from the disk drive not currently recording data to the
VAX while real-time testing is in progress, the recording time can be lengthened
somewhat, depending upon the difference between the incoming data rate and the rate that
data can be shipped to the VAX. The link to the VAX 11/785 consists of an interface on
the IOC 2400 known as a DIA (device interchange adapter) which ties into a Digital
Equipment Corporation UNIBUS adapter. The effective data rate over this link is 800
Khytes per second.



INTERFACE

Communication between the Aydin S2000 HGbus and the APTEC IOC 2400 is handled
by a PSL-developed interface. This interface consists of a single board occupying one
slot in the S2000 chassis. Data transfers on the HGbus operate in the broadcast mode
which makes the data available to all devices interfaced to the HGbus. Since no one
device normally needs all of the data, a filtering process must reject the unwanted data.
This filtering process is accomplished by a 64K by 1-bit-wide bank of high-speed
memory. This memory looks at each 16-bit tag associated with the data to determine
whether to load the data from the bus or to ignore it. The loading and verification of this
tag selection memory is done during system setup and is fully programmable to accept
any combination of tags. If the data is to be taken from the bus, 48 bits (16 bits of tag and
32 bits of data) from the HGbus are loaded into a FIFO (first-in first-out memory), which
is sized to smooth out timing differences between the HGbus and the IOC 2400. Since the
interface on the IOC 2400 is 16 bits wide, the 48 bits will be shipped from the HGbus
interface as three 16-bit words.

A rate of 8 megabytes per second is considered to be the highest transfer rate to be
supported by the link, although both the disk drives connected to the IOC 2400 and the
interface are capable of handling higher transfer rates. This built-in margin allows the
system to perform solidly under all conditions.

APPLICATION

The telemetry system designed for the McDonnell Douglas Helicopter Company solves
the problems described in the introduction to this paper. The flight vehicles being
instrumented are helicopters which are complex in nature and require involved testing
schemes. Much of the data has to do with mechanical vibration and the longevity of
critical parts in the helicopter. With flight vehicles, safety concerns are paramount in
forcing the increase in the amount of real-time data processing and logging. As soon as a
maneuver is completed and while the helicopter is still airborne and preparing for the next
maneuver it is necessary to determine if the maneuver met its specifications. This
intermaneuver period is referred to as quick-look and requires that information from the
Ibis disk drives be transferred to the VAX for generating spectrum, trend, and harmonic
plots. In order to reduce the amount of time to produce these plots, and consequently
make a determination about the quality of the maneuver, the data has already been
converted to engineering units by processors in the telemetry front end and placed in a
32-bit floating point format before being stored on the Ibis disk drives.

Some data is being transferred from the telemetry front end via other links to the VAX to
support real-time displays of safety and alarm data besides supporting scrolling strip



charts and face plate displays on graphics CRTs. This data allows the testing personnel to
make determinations as to what time slices out of the maneuver need to be brought into
the VAX from the Ibis disk drives while effectively filtering out unwanted data. Once all of
the necessary data has been transferred to storage on the VAX then that portion of the
Ibis disk drive is released for recording the next maneuver. This technique makes
optimum use of the high speed and capacity of the Ibis disk drives by using them as large
buffers for preprocessed data before transferring only the information to the VAX which
is of value to the test engineers.

CONCLUSION:

Without the availability of fast, large-capacity disk systems the value of high speed
telemetry systems and front-end processing would be severely compromised by input/
output restrictions associated with large mainframe-type computers. Currently both the
disk drives and systems to control these drives are available off-the-shelf.

Interfaces from the telemetry front ends to the disk systems are not generally available and
must be generated by those groups involved in designing and implementing large,
sophisticated telemetry systems. This is a small price to pay for the greatly improved
capabilities associated with the use of these disk systems. With current trends pushing for
even greater amounts of real-time data the fast disk storage requirements can be expected
to grow accordingly. Indications are that the logging rates and storage capacities of the
disk systems will grow to meet the telemetry needs of the future.



Figure 1. Data Logging System


