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ABSTRACT

This paper describes the functionality of an airborne telemetry system which collects data
from standard PCM, MIL 1553 and ARINC data sources and records this data to an
AMPEX DRCSi Digital Tape Recorder while supporting concurrent realtime data
processing and display functions. The system includes data acquisition equipment, digital
to analog capability, data simulation and a wide range of data preprocessing capability.
Emphasis is given to the implementation of the AMPEX recorder interface.

The entire system is composed of data acquisition equipment to directly input
measurements, a telemetry front end to collect PCM, MIL 1553 and ARINC 429 & 561
data, a host computer to control and monitor the setup, recording and distribution of data
and a pair of high resolution color workstations for operator control and data display. This
equipment is housed within a single, military-type electronic enclosure which is loaded
into the cargo bay of the aircraft as a single unit and manned by two people during flight.

The Digital Tape Recorder provides for a large data capacity and very high data rates.
Special I/O requirements, data rates and data selection options are discussed.
Consideration is given for the best test flight utilization of the AMPEX recorder in both
acquisition and playback modes.

INTRODUCTION

This system was provided to Deutsche Airbus for a service life extension program on the
C-160 TRANSALL cargo aircraft (Figure 1). Many new control, navigation and
instrumentation systems are being refitted into the aircraft. This system is intended to fly
with the aircraft during test flights to gather data from signal transducers and several types
of aircraft data buses, store the data to digital tape and disk while concurrently displaying
realtime data to the operators via color graphic workstations. The digital tape subsystem



used is the AMPEX DCRSi Digital Cassette Recording System. Digital Equipment
Corporation (DEC) equipment is used for the host computer as well as the two
workstations, both running the VMS operating system. Figure 2 and Figure 3 show a
picture and a block diagram of the system. Housed within the same racks are customer
furnished video recording units (not shown).

 Figure 1. C-160 TRANSALL Cargo Aircraft

OVERVIEW

SYSTEM & FLIGHT REQUIREMENTS

The system is comprised of a telemetry front end, a host computer, color workstations and
the digital tape subsystem. All of these components are housed in European specified and
dimensioned racks (Figure 2). The entire collection of racks are installed in a military-type
electronic enclosure which has all signal and power wiring routed to an external
connection panel. The container can be loaded into the payload area of the aircraft as a
single unit. In this way, several instrumented aircraft can be serviced by a single telemetry
system without the need for additional multiplexing and transmission hardware.



Figure 2. Installed System in Euro-Racks

The telemetry front end is configured to collect data from three different data sources.
First, direct sensor input is collected by the EMR 5000-Series Data Acquisition System
equipment and formatted into a PCM stream for output. The individual sensors can be
configured and calibrated by the customer. Second, MIL Standard 1553 Bus data is
monitored by the EMR 5500 All Bus Instrumentation System (ABIS). Up to 8 dual
redundant buses can be monitored to collect specified data which is formatted into PCM
for output. In a similar fashion the EMR 5500 monitors up to 8 ARINC buses (429 or 561
protocols) and formats all bus data for output. Other auxiliary inputs include a time code
unit, which receives a synchronization signal from ground equipment, and the EMR 8336
PCM Simulation unit, which provides PCM data for system self test functions.

All of these data sources are input to the EMR 8715 Telemetry Processor. Data can be
compressed, fragmented, combined, engineering unit converted, tagged and individually
routed to any of the 4 output ports. All of these functions are user controlled by way of a
parameter database utility. This utility provides convenient mouse driven, popup style
menu support from any workstation to specify individual parameter processing.



 Figure 3. TRANSALL Airborne System Block Diagram

Processed data can be received by any of four devices. A digital to analog converter (the
EMR 8350) is provided to support a strip chart recorder. A dedicated port also provides
for realtime data to be supplied to the host. This data path is implemented with a dual
ported memory card within the DEC VAX 3400 host and is directly addressed by the 8715
to properly locate parameter values. These values are immediately available to any
workstation. A third output supports a DMA data channel for recording to disk. Within
this system, however, this is not the primary means of data storage because of the large
volume requirements. The fourth output provides data to the DCRSi tape subsystem. The
DCRSi is discussed at length in the main part of the paper.

The host computer functions to support the telemetry front end and to provide a
data/control path with the workstations. Many general mission support utilities are
centralized in the host such that any workstation can operate with them. Front end setups
(such as frame sync setups, simulator pattern definitions, parameter databases, etc) are
maintained in the host computer and downloaded to the associated components on request



from a workstation. Several other applications have been provided on the host by customer
requirement. These include a sensor calibration library function, custom 8715 algorithm
development tools and a standalone parameter display function. Due to an efficient data
and software architectural design, most of the host processor time is available for special
application use during runtime.

The workstations are the main user interaction point, all system setup, control and display
functions are directly operated here. Sixteen inch, high resolution color CRT’s are used to
display realtime and/or archival data in a variety of alphanumeric or graphic formats. All
displays are created by users via a display editor. Any number of displays can be created
which contain digital, barchart, plots (scrolling, jump, polar, linear or logarithmic) and
symbolic data representations. It is interesting to note that, since there was no table
workspace to operate a conventional mouse, stationary trackballs were mounted on the left
side of each keyboard. After a short time, the trackballs actually seemed a bit easier to use
than the mouse!

 The primary flight requirement is to collect data for an extended period of time, up to 12
hours per mission. This is the primary purpose of the DCRSi as it has a very large data
storage capacity. The system must also serve as a data extraction tool to selectively pull
data from the recorded tape for analysis. Any number of disk data sets can be produced
from the mission data set contained on the tape or the data can just be viewed directly as it
is read from the tape. Usually, both of these are done at the same time, data is viewed
while disk data sets are being created from the tape. The cassette tape also represents an
immediate archival media for a given mission or missions. Other flight requirements are to
support the different data types discussed and provide a tool for the inspection and
manipulation of the data.

DIGITAL CASSETTE RECORDING SYSTEM (DCRSi)

DESCRIPTION AND CAPACITIES

The AMPEX DCRSi unit is a high bit rate, digital recording system using rotary transverse
recording technology. Any user supplied rate from 0 to 107 M bits/sec or 13.3 M bytes/sec
is supported. The user is completely isolated from the actual tape transport and rate
requirements by means of a 96 Mbit memory buffer. Data is written into and read from this
buffer at any rate. The DCRSi monitors the buffer and performs appropriate tape I/O when
sufficient data has been transferred. The tape media is a cassette unit which is very easy to
mount and requires no manual tape treading. A picture of the tape unit is provided in
Figure 4, this is the laboratory model. There is an airborne model whose main difference
are separate components (power supply, electronics and tape transport) and a pressurized 



Figure 4. AMPEX DCRSi Digital Tape Unit

tape transport casing (a minimum air density is required for proper tape / head operation).
Other general specifications are shown in Table 1.

IMPLEMENTATION FEATURES

The DCRSi was integrated into an otherwise standard EMR telemetry system. It was
configured to be both an output device and an input device to the 8715. Actual control of
the tape unit and the interface unit was via an RS232 line and a connection to a DRQ3B
DMA channel, respectively.

CALCULEX AQIF PARALLEL DATA INTERFACE

The 8715 can support several different output formats and blocking factors. The smallest
word size supported is 16 bits. This does not match the byte data interface required of the
DCRSi. This dilemma exists for the playback mode as well. An interface device was
needed to match the data formats. We used the AQIF product from Calculex, as suggested
by AMPEX. During record mode it receives 16 bit parallel data and divides the word into
2 bytes for output to the DCRSi. During playback from the tape the reverse operation
takes place, byte pairs are received from the DCRSi and blocked into a 16 bit word for
output to the 8715.



Table 1.  AMPEX DCRSi General Specifications

Control/status interface RS232

Data Interface Byte parallel - 0 to 13.375 M bytes/sec continuous, in bursts,

Tape Transport: Rotary Transverse
Type

Record/reproduce

Fast FWD/RWD

Tape Cassette:

Tape width 1 Inch

Storage Capacity 3.8 x 10  bits (47.5 Giga bytes)

Size 10.5" W x 6.5 D x 1.65" H

Error Correction System Reed Solomon, encoder built into all systems

Bit Error Performance Corrected: 1 in 10  or better

Internal Time Code Resolution: +/& 1 msec

Record time / cassette 107 (Mbits/sec)
in hours      = &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

Data Organization 34,848 bits/block

Altitude Operating: Lab Unit: 15,000 feet

Temperature 10EC to 50EC operational, Airborne Unit

(optional manual control via Virtual Control Panel (VCP)
software application)

or changing at any slew rate

5.31 ips

75 ips

11

8

User data rate (Mbits/sec)

1 hour at 107 Mbits/sec
or

8 hours at 13.375 Mbits/sec

Blocks are addressed by block address or time code
reference.

Airborne Unit: 50,000 feet



Normally the AQIF is used in conjunction with a standard DEC DRQ3B DMA channel for
both data and control. Our implementation required a special modification, performed by
Calculex, to separate the data and control lines. Data & clock input lines were routed to
the Parallel Output Module (POM) of the 8715, Data & clock output lines were routed to
the Data Input Module (DIM) of the 8715 and the control lines remained connected to the
DRQ3B DMA channel in the DEC 3400 Host. A switch was included on the front panel of
the AQIF which redirected all data I/O lines back to the DMA channel. This allowed for
host data diagnostics. This preserved the manual control software which comes standard
with the AQIF device. This software, called the Virtual Control Panel (VCP), runs on the
host from a terminal operator interface and allows for manual control, test and I/O for the
DCRSi for diagnostic purposes. This software proved quite valuable during our integration
effort.

DATA RECORDING PATH

The data recording path is setup just as any other standard output of the EMR 8715, the
user directs which data is routed to the DCRSi output port. In fact, care was taken not to
alter any standard setup or control function of any of the EMR telemetry products. In this
way all the features of the 8715 and the EMR System 90 where preserved. Additional
controls were added to setup the AQIF and DCRSi. The DCRSi is placed into record
mode and then simply waits for data in it’s buffer. As the 8715 is enabled, data begins to
flow and the DCRSi handles the actual write operations to tape. The data output rate is
completely independent of the tape I/O, thus allowing for bursts, dropouts or any other
disruption of the data flow. This is truly an outstanding feature of the DCRSi and the high
recording rates of the DCRSi easily supported the input rate requirements and capabilities
of this application.

DATA PLAYBACK PATH

The data playback path is setup in a standard fashion, with the additional controls added
for the DCRSi. During playback, all other input ports (PCM, 1553 and ARINC) are not
operational. The reverse is true when these other input ports are active, the playback input
is not operational. It should be noted that during a DCRSi playback operation all 8715
processing is available to the data so that additional processing can be applied. However,
since the data was recorded after being processed, most playback functions simply select,
compress and route the data to the realtime and disk archival ports. This is a valuable
enough function considering the volume of data on the tape.



RECORDED SESSION TABLE

In order to provide a reliable record of the data contained on any given tape a table of
information is written at the beginning of each tape in the auxiliary data track. The table is
presented to the user at the beginning of each recording session and collects information
which identifies the data, both in terms of content and location on the tape. The user
provides the content description and the system automatically fills in the location
information. The location is noted either by block address or by time for both start and
stop locations.

The table allows for up to 10 separate missions to be contained on a single cassette. Even
if a manual log of the cassette is lost, the tape can be mounted and read to determine what
it contains. Conversely, if the beginning of the tape cannot be read, due to some
mechanical failure or contamination, the operator can manually specify where to begin data
playback using a scan block address. These methods were selected because of the valuable
nature of the data. This method is also consistent with AMPEX recommendations on using
the DCRSi. The operator presentation of the recorded session table is shown in Figure 5.

DATA ORGANIZATION AND SELECTION METHOD

Data on the tape is organized into the standard DCRSi blocking factor. The specific data
content is not a fixed format but rather an asynchronous stream of parameter values. These
parameters are the collective output from each of the three input sources (PCM, 1553 &
ARINC) and are output after they have been processed by the 8715. Each value is 32 bits
in length and is preceded with a 16 bit integer tag which identifies which parameter it is.
Time values are embedded within the data stream, they are stored in an identical tag/value
format as the parameter values are. The time of occurrence of each parameter is associated
with the time sample which immediately precedes it.

A data set contained on the cassette tape can become quite large (maximum capacity of a
single cassette tape exceeds 47 giga bytes!), larger than any current hard disk devices.
However, the DCRSi is still physically a sequential, mechanical device with all the
inherent characteristics of a tape drive. It is not practical to utilize it as a random access
device, even though the controlling logic does emulate such an organization. Therefore, a
playback scheme was designed which allows for data selection by time segment and also
by individual parameter specification.

The operator initiates a playback from the DCRSi tape from the workstation and is
presented with a menu that shows the contents of the recorded session table. Here he can
see the total time segment contained for each mission on the tape. A mission is selected
and the desired time interval specified. Commands are sent to the DCRSi, which can
position itself to the desired start time by scanning the prerecorded time track. Once found,
data blocks are output to the 8715.



user START STOP
log# name scan addr time scan addr time user text

  1) MIS0102 00234122 045:08:33:02.000 01374766 045:11:53:37.332 newpage
  2)
  3) nnnnnnn xxxxxxxx ddd:hh:mm:ss.mil xxxxxxxx ddd:hh:mm:ss.mil newpage
  4)
  5) nnnnnnn xxxxxxxx ddd:hh:mm:ss.mil xxxxxxxx ddd:hh:mm:ss.mil newpage
  6)
  7) nnnnnnn xxxxxxxx ddd:hh:mm:ss.mil xxxxxxxx ddd:hh:mm:ss.mil newpage
  8)
  9) nnnnnnn xxxxxxxx ddd:hh:mm:ss.mil xxxxxxxx ddd:hh:mm:ss.mil newpage
10)
11) nnnnnnn xxxxxxxx ddd:hh:mm:ss.mil xxxxxxxx ddd:hh:mm:ss.mil newpage
12)
13) nnnnnnn xxxxxxxx ddd:hh:mm:ss.mil xxxxxxxx ddd:hh:mm:ss.mil newpage
14)
15) nnnnnnn xxxxxxxx ddd:hh:mm:ss.mil xxxxxxxx ddd:hh:mm:ss.mil newpage
16)
17) nnnnnnn xxxxxxxx ddd:hh:mm:ss.mil xxxxxxxx ddd:hh:mm:ss.mil newpage
18)
19) xxxxxxxx ddd:hh:mm:ss.mil xxxxxxxx ddd:hh:mm:ss.mil newpage
20)

Figure 5. DCRSi Recorded Session Table

The 8715 now selects specific parameters, requested by the user, by inspecting the tag
values in the data stream. Only the selected parameters are input to the processing section
of the 8715. This is important as the DCRSi plays back data as fast as it can record it!  It
can overrun the receiving equipment if not properly throttled. The DIM module controls
the transfer rate by regulating the data ready and acknowledge lines to the AQIF. This rate
was tuned to the maximum processing power of the 8715 and an estimate of the average
parameter selection volume from the tape per playback run.

CONSTRAINTS & RECOMMENDATIONS

During development, integration and testing we learned quite a bit about productive ways
to utilize the AMPEX equipment, both in direct operation and conceptual usage. This
section highlights the areas of concern and describes the approach taken to address these
concerns for this program. Frequently, a generalized operational concept can be
recommended with regard to actual DCRSi usage.



DATA SYNCHRONIZATION

In our initial implementation of the AMPEX tape subsystem we made assumptions about
the organization and order in which it would recall the recorded data. Specifically, it was
assumed that the first piece of information contained in a given block would be a tag value,
since that is the order in which the data was output. The DIM is order dependent in terms
of identifying parameter values being input. We found that this was not a reliable
assumption as data is often times preceded with a variable amount of invalid values if start
block address requests are on the edges of physically recorded blocks (i.e. adjacent blocks
have never been recorded). Additionally, any data word drop would have thrown the DIM
out of synchronization.

We created a synchronization mechanism whereby known tag/value pairs are embedded in
the data stream. A special I/O panel was used to identify this sync tag/value and reset the
DIM input FIFO. This ensures that playback data is always selected properly by the DIM
card.

It is recommended that identification of the data on tape be considered during the initial
design of the application using the DCRSi. Synchronization of the data is a user
responsibility.

DATA FORMAT

The DCRSi is a byte or bit oriented device. Applications requiring 16, 32 or other word
sizes should consider the I/O design to best suit their needs. At the time of this writing
many external I/O devices are available, most recommended through AMEX. Our
implementation required a 16 bit word interface. The AQIF interface quickly resolved the
format difference and has worked very reliably. Many solutions are available, but are best
planned for during the initial system concept and design.

TAPE DRIVE CHARACTERISTICS

Even though the DCRSi has many addressing schemes that are more like a random access
device, it’s still a tape drive with all the physical characteristics of that breed of device.
Seek time is excessively long. Usage of this device should be conceived as sequential,
batch oriented I/O (or to make “passes” at the data). Other than this, the DCRSi is a very
accommodating device, in terms of addressing modes, data rate adaptability and volume.



CASSETTE TAPE USAGE

Any tape is subject to wear and the DCRSi cassettes are no exception. The quality of the
cassettes can vary from one manufacturing run to the next, which can have an effect on the
life of the tape. Different DCRSi drives also have individual physical effects on the
cassettes. There is available a modification to the tape drive assembly which reduces the
tension used on the tape. This adds to the service life of the cassette and is therefore
recommended. With this in mind we would recommend that the tape should not be
expected to make more than 150 runs, or passes, through the tape drive. Beyond this, edge
tracks may dissipate to the point of failure. Since block addresses are identified through
information on the edge tracks, it could render the tape useless. Considering the relatively
low cost of a cassette as compared to the cost of a test flight of the aircraft we would
further recommend that only one flight be dedicated to a single tape.

HIGH VOLUME AND DATA RATES

At first recognition one thinks that the large volume and data rates are a great thing, and
they really are. But be careful!  Now that you’ve got it, what will you do with it?  One
doesn’t just move through a 47 giga byte, sequential file like a typical disk file. And care
must be taken in reading back the data as well because the DCRSi has a tendency to
overrun the input device with data!

In our implementation the 8715 was used to throttle the playback rate (to less than or equal
to 2 M bytes/sec) and help subset the data being requested. The time track on the DCRSi
was also used to subset the data. For another application, these considerations should
again be given serious forethought.

PREFLIGHT MAINTENANCE

Its a simple item, but none the less important. Maintenance is recommended for the device
before each flight. This mostly means to clean the rotating heads and tape capstans. This is
necessary due to the increased contact the rotating heads have with the tape. A clean
environment should also be maintained. This procedure is recommended by AMPEX and
takes only a few minutes.

GROUNDING AND FILTERING

Standard EMI grounding practices should be adhered to for proper noise reduction. The
motors in the tape transport are very strong and if the power is not correctly filtered and
grounded there will be significant noise generated to disrupt nearby CRTs, and even data
cables.



CONCLUSION

Digital tape recording is a natural addition to a telemetry system. The DCRSi’s
compatibility make it a very complimentary product which provides unprecedented data
storage and recording rates in a very economical fashion. Care must be taken to properly
allow for the functionality of this device as it represents a new generation of computer
peripheral, but most of this additional consideration is in terms of usage and integration
design. Actual implementation does not pose any significant problems, nor does it
represent a significant investment in engineering time.


