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Abstract

Continuing development of digital telemetry systems
has placed higher demands on the data recorders used in
such systems.

The traditional method of recording single channel
digital data on one recorder track imposes limits on data
rate, recording time and bit error rate.

This paper discusses the application of high density
digital recording techniques to multi-channel
asynchronous digital recording. It shows how existing
wideband recorders can be easily upgraded to provide
the benefits of higher data rates, longer recording time
and improved bit error rate, in addition to offering the
flexibility of user selectable configurations.

Background

One of the valuable features of IRIG instrumentation
tape recorders is their ability to record digital data. This
has been achieved by the use of FM, direct and digital
channels, depending upon the application.

Most commonly, recorders have been configured with
either direct electronics, for pre-encoded data, or serial
digital (also known as PCM) electronics, which accepts
data plus clock signals.

In the case of direct electronics, (Figure 1A), the data
encoding and decoding is performed externally to the
recorder, One drawback is that standard IRIG direct
electronics do not provide the optimum conditions for
record and replay of digital data. Data rate is directly
related to the recorder track bandwidth and, in practice,
data packing density and bit error rate are limited by the
electronic’s optimization for analog
recording/reproduction.

With serial digital electronics, (Figure 1B), the user
presents data and clock signals to the recorder which
incorporates data encoding/decoding and optimized
record/reproduce glectronics. Data rate is directly
related to recorder track bandwidth and the clocking
scheme of the selected code. Data packing density and
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bit error rate are related to the effectiveness of the
selected code. Any change in data rate will require a
readjustment of the electronics to operate at the new
frequency.

In both of the above methods, one input channel is
recorded on one tape track and it is possible to record a
number of independent (asynchronous) channels vp to
the maximum capacity of the recorder. The maximum
data rate is limited by the recorder track bandwidth,
typically 4Mbps at 120ips on a wideband 2MHz
recorder. Bit error rates are typically quoted as 1 in 108,




High Density Digital Recording

For the user who needs to record higher data rates, high
density digital recording (HDDR) offers a solution.
Recorder manufacturers offer systems which accept
serial or parallel data and record it across a number of
tape tracks. Not only do these systems offer higher data
rates than serial digital electronics, but they usually also
provide error correction, giving several orders of
magnitude better bit error rate than the serial digital
channel.

The majority of these HDDR systems are not ideally
suited to multiple asynchronous data inputs. Most
systems are based upon parallel recording and require a
large number of recorder tracks. In some cases, the
capability can only be supplied as part of an integral
recording system. It should also be noted that such
systems present an expensive alternative to the serial
digital channel.

Some manufacturers offer the digital encoding/decoding
as add-on sub-systems. Penny & Giles pioneered the
concept of wrap-around HDDR' Formatters which are
designed to provide adjustment-free operation with any
wideband recorder rather than being limited to the
Company’s own recorder products.

A major advantage of this type of sub-system is that it
allows existing wideband analog recorders to be
upgraded to high density digital recording (Figures 3
and 4).

These Formatters provide a powerful and versatile
means of recording higher data rates, up to 144Mbps at
120ips, with automatic bit-synchronization,
bi-directional operation and error detection/correction.
Also, the Penny & Giles formatters introduced the 3PM
format, a data code which allows a higher data rate to be
recorded for a given tape speed, or a longer recording
time for a given data rate.

The high-rate (model 9510) Formatter (Figure 2) is
based upon an 8 bit parallel frame with integral, switch
selectable serial/parallel and parallel/serial conversion.
Each frame can handle a maximum data transfer rate of
36Mbps. A number of frames may be used
independently for asynchronous inputs. Frames can
also be connected in master/slave configurations for 16,
24 and 32 bit parallel, or equivalent 72Mbps, 108Mbps
and 144Mbps serial applications.

A typical application for such a high-rate system is earth
observation satellite data downlinks, with current
satellites, such as SPOT, Landsat and ERS-1, operating
in the range SO0Mbps - 105Mbps.

The performance capabilities of this type of system can
greatly exceed the requirements of many range
telemetry applications which are more likely to need a
larger number of channels operating at lower data rates.

Figure 2. Penny & Giles model 9510 wrap-around Formatter
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Figure 3. High Density Digital Recording - Parallel Data Format
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Figure 4. High Density Digital Recording - Serial Data Format
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