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ABSTRACT

A new family of recording devices has emerged which are user-friendly, 19mm cartridge-
based use a MIL-STD format, and are capable of high transfer rates for diverse
applications.

INTRODUCTION

Since 1985 a bold new adaptation of recording technology has emerged with 30 times the
storage capacity of most digital longitudinal recorders, to meet a broad range of user
requirements. Not since the early days of the IRIG (Inter-Range Instrumentation Group)
has there been such focus on establishing an on-tape data format which assures
information interchange among users as well as nonproprietary avaialability to all
manufacturers.

STANDARDS

The new format is based on a 19mm tape cartridge originally designed by the SMPTE
(Society of Motion Picture and Television Engineers) subgroup of the ANSI (American
National Standards Institute) for its broadcast D-1 standard for digital video recording. The
activity surrounding the establishment of this standard included demonstration of the
technology, development of hardware by several manufacturers, crossplay testing and the
development of tape and cartridges specifically to support the required level of quality and
data interchange.

Instrumentation users have been quick to recognize both technical and economic potential
of this new high quality format and have begun to set standards for their use. Most notably
the U.S. Department of Defense started early in 1985 to formulate its needs and evaluate
what changes, if any, were necessary to adapt the D-1 format to accept arbitrary forms of



data without pre-specifying any company’s techniques. The intense industry-government
discussion and analysis process resulted in MIL-STD-2179(AS) on 30 January 1987 and
its supercedent MIL-STD-2179A  on 24 December 1987, targeted at but not limited to a(1)

user rate of 480 Megabits per second.

TABLE I.  Minimum tape length and nominal play time
at 240m bits/s user rate).

Cassette Tape Tape Play
Thickness Length Time

(micrometers) (meters) (minutes)

Small 16 190 8
13 225 9

Medium 16 587 24
13 708 24

Large 16 1311 55
13 1622 68

In 1986, another subgroup of ANSI, X3B6, started an independent effort to establish an
industry-based 19mm standard known today as draft ID-1. Over the past several years the
ANSI draft and the MIL-STD have come close to being a unified document but are not in
fact interchangeable, primarily because the MIL-STD’s are contractual documents no
longer at liberty to change without financial penalty to the users. Nonetheless, these
documents fully specify the on-tape format (Figures 1, 2, and 3), the maximum storage
capacity (Table 1), tape characteristics and overall system nominal figure of merit.

CRITICAL PARAMETERS

In developing an instrumentation variant of the digital video standard the key element that
has been held immutable is the head to tape technology. This has resulted in a marked
similarity of the magnetic patterns on tape. Figure 4 is helpful in understanding the
conceptual flow of signals in a generic recording system. Specifically the trace angle, trace
length, trace width and spacing as well as longitudinal track geometries are identical. The
flux density is virtually identical. All of these factors give the instrumentation community
the benefit of low introductory risk despite the innovation of a new format. Nonetheless
certain significant changes in encoding and mapping were necessary since the original D-1
format was conceived with the data being video imagery, the human eye being the
analyzer, and error concealment being an acceptable practice. The resultant format has a
recording channel code of 8,9 NRZI-1 to immunize the system from unacceptable d-c
content regardless of the patterns contained in the inputdata streams and a Reed-Solomon



error detection and correction system with byte-wide segment interleaving to correct for
random bit drop-outs as well as greater than 2K byte burst drop-outs.

FUNCTIONAL CAPABILITIES

The 19mm instrumentation data recorder which meets MIL-STD-2179A can record a
variety of user data rates from the very low, e.g. under 1 Megabit per second, to the very
high, e.g. over 400 Megabits per second, all on the same on-tape format. This versatility
may be found in a single recording device or may be spread across a family of devices
which have been optimized for ranges of rates, package considerations and cost. In any
case the broad range of rate flexibility allows for time-compression or expansion as with
longitudinal recorders but accomplished with the additional consideration given to keeping
the scanner tracking angle in step with the traces on tape. Suffice it to say that there are
several architectures put forth to accomplish compatible on-tape 19mm recordings which
use different numbers of head, data channels, scanner diameters and rotational rates to
achieve the same user data throughput. Each of these need to be evaluated by the user for
performance, margin, head-wear, life-cycle and acquisition cost.

Included in the format are provisions for three longitudinal tracks; one reserved for sync
reference and two for user specified functions such as voice, time code and annotation.
Some systems have begun to utilize these tracks by combining time code as a digital word
with computer or host-system supplied digital data on one track and voice on the other.

Other systems which have no preference for voice have put time code on one track and
computer data on the other. So far there is no universal convention on the use of these two
tracks but there are attempts by segments of users to establish network wide agreements or
standards to facilitate automated data interchange. We need to pass over this area, in order
to appreciate the potency of the elements in the format for ancillary functions such as
search, sequencing and synchronization. Although individual manufacturers may
implement their hardware differently there should be no need for additional overhead in the
format to accomplish the ancillary functions since swipes are identifiable and spare data
bits are available to the user in the preambles to lock tapes together as appropriate. The
modern 19mm recorder/reproducer should therefore be able to search to a footage, a time
marker, a user-specified event marker, and a data block (swipe) without the need for
external search equipment since the necessary keys are contained in the format or are
intrisic to conventional hardware.

One area so vital to a system’s use and implementation that is also not universally defined
is that of interfaces. Fundamentally, these are not universally defined for today’s systems.
Therefore, the hardware can be expected to accommodate serial, 8 bit, 16 bit or wider data
interfaces, a computer interface, e.g. MIL-STD-1553B or SCSI, voice/time-code, as well
as control and diagnostic ports in RS-422, for example. The main point here is that the on-



tape data format does not change with respect to system interface preferences thereby
assuring broad network data interchange.

APPLICATIONS

Having stated the previous we should now address classes of data applications to
understand the applicability of this new format. Typically data falls into several categories
which have distinguishing characteristics which in the past have presented challenges to
recording devices. These can be expressed as digital data coming from signal sources
including imaging and non-imaging, single or multiplexed, asynchronous or time-coherent,
and as coming form computer of host-system sources. The use of completely digital
recording will allow for all classes of signal source within the data rate limits, however if
the data is a burst some provision for capturing the data during the start-up of the recorder
needs to be made. This is a classical problem with recorders in general. Specifically
rotary-head devices often have a standby mode which allows the device to achieve its
maximum record rate in a few hundred milliseconds, thereby easing the potential burst-
mode solution. In the case of multiple asynchronous input data streams, significant input
and output buffering may have to be used if these are to be combined on the same recorder
and if the input time domain mapping is to be preserved. The last challenging class of data
is from computer or host-system sources. These data are typically non-redundant and often
require near perfect to perfect recovery. For this type of information additional safeguards
must be used such as redundant data recording, read-after-write triggered re-recording and
swipe-cluster interleaving to allow for and guarantee perfect recovery of data. In any event
this type of data fidelity will demand additional overhead one way or another even though
the basic on-tape format of swipes does not change. The management of swipes will
change, therefore the total amount of computer-like data stored will be less than that
allowed for other more fault tolerant classes of data.

CONCLUSION

In this brief perspective, we have seen that the new 19mm MIL-STD-2179A format can be
expected to satisfy recording and reproducing needs for a variety of data rates, modes of
operation, and types of data with on-tape compatibility. This will allow for a broad
industrial base to support the users and provide device versatility, i.e., minimize
obsolescence of purchased hardware, when used for a diverse range of applications.
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FIGURE 1  BASIC TAPE FORMAT



FIGURE 2  SECTOR DETAILS



FIGURE 3  DATA & ECC BLOCKS

 



FIGURE 4  RECORD PROCESS SIGNAL FLOW (CONCEPTUAL)


