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ABSTRACT

There are clear signs that data recorders using solid-state and disk-based technologies now represent a serious
alternative to conventional linear and rotary tape recorders for a broad spectrum of data capture applications.
As the number of RFQs specifying these so-called ‘new technology’ solutions increases, virtually every major
manufacturer has responded with announcements of new off-the-shelf products. A NATO technical support
team has even been tasked with drafting standards for certain aspects of solid-state and disk recorders.

But what has caused this sudden explosion of interest? Strange to say, in almost every case it has been the
perceived shortcomings of the new technologies which have forced the issue. For all their advantages, solid-
state and disk recorders are essentially only temporary storage devices. To overcome this problem
manufacturers have found it necessary to address the total data capture/storage/distribution/archiving scenario –
with some interesting results. It is in the ‘data handling’ area therefore that some of the most significant advances
are to be found.

This Paper offers an overview of some of the new technology solutions now available - RAID (Redundant
Arrays of Independent Disks), JBOD (Just a Bunch Of Disks) and FLASH memory recorders. New paradigms
for airborne, mobile and laboratory data collection, handling, analysis and archiving are discussed,
demonstrating that (for once) the migration path has been carefully thought through, with industry-standard data
interfaces, true computer connectivity (Windows and UNIX) and familiar control techniques. It concludes that
many users with a keen interest in replacing legacy products for whatever reason can now do so with
confidence and minimal disruption to their day-to-day operation while nevertheless gaining access to the
important benefits which ‘new technology’ solutions can offer.
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INTRODUCTION

The term ‘new technology’ is popularly taken to describe recorders which use either solid-state memory or
disks as their primary storage medium. In one sense of course the term is a misnomer since these technologies
have been around in their own right for many years. Indeed, both have been chipping away at the lower end of
the data acquisition spectrum for decades. But in the context of ‘high end’ data capture, solid-state and disk-
based recorders are relative newcomers to the scene. For the first time ever, the supremacy of magnetic tape in
terms of bandwidth and storage capacity is seriously in question.

Solid-State Recorders

The fundamental raison d’être for solid-state recorders is obvious. With no critical moving parts, a carefully
designed recorder might reasonably be expected to out-perform an electro-mechanical (e.g. tape or disk)
device under extreme conditions of shock, vibration, temperature and acceleration. Technically speaking,
maximum data rates and capacities are not an issue since the architecture of the device can be scaled as
required. Compared to sophisticated tape recorders maintenance costs are minimal. An early entrant into the
proprietary solid-state recorder market was the Calculex MONSSTR family of recorders used primarily for
reconnaissance, missile and flight testing applications aboard fighter aircraft and helicopters. Present
implementations of MONSSTR™ offer data rates to 1 Gbps and scaleable storage to 415 GB in one or more
hot-swappable canisters. A more recent example is S/TAR™ range from L-3 Communications offering data
rates to 400 Mbps and capacities to 16 GB (RM-3000) and 100 GB (RM-8000) in a removable cartridge.
Both manufacturers prefer the non-volatile FLASH memory technology to the more bulky DRAM devices
found in some early examples of solid-state recorder. L-3 Communications has also formed a marketing
partnership with Ampex, manufacturer of the widely used 1 inch transverse scan DCRsi™ tape recorders, in
order to be able to offer total collection-to-archive system solutions. Under this arrangement, Ampex markets
the S/TAR™ as its SSRS™ product.

The relatively high cost of memory compared to tape and disk media is an important factor when considering
very high capacity (100+ GB) applications, particularly when a number of cartridges are involved. Although disk
and solid-state technologies are at about the same level of maturity, FLASH memory is currently some fifty
times more expensive than disk storage. Although the cost per MB of FLASH memory can be expected to
improve as 256 Mbit chips displace the existing 64 Mbit devices, many observers expect this differential to
remain a significant factor for the foreseeable future. Table 1 includes a representative sampling of proprietary
solid-state recorders.

Disk Recorders

The evolution of recorders based on hard-disk technology has been astounding. Just a couple of years ago, this
approach was little more than a ‘promising concept’. But now at least four major manufacturers have introduced
one or more disk-based products. Disk recorders come in two flavors; RAID (Redundant Array of
Independent Disks) and JBOD (Just a Bunch of Disks). While both use similar high-end computer peripheral
hard-drives, it is important to understand the differences between the two approaches. RAID-based recorders
generally convert the data input (typically digital, analog, pcm, telecommunications or video data) to a
conventional computer file which is written directly to an array of disks according to industry-standard RAID



conventions. Although these files may later be converted back to their native format for analysis it is also
common for them to be analyzed directly in a Windows™ or UNIX environment. This means that the traditional
problems of getting instrumentation data into a computer format for analysis are largely overcome. Typical of
this approach are the Ampex FASTdisk ™ and the Metrum-Datatape Model 80, both of which use RAID-3
level parity. In contrast, JBOD recorders simply commutate a digital bit stream across all the available disks in a
continuous, relatively unstructured fashion in order to gain the maximum possible speed advantage. The JBOD
technique is a more efficient use of the available disk space since no redundancy is involved. Although
implementations differ, JBOD recorders tend to emulate traditional tape recorders so that conversion to a
computer file or other data format may involve a separate process. Examples of JBOD recorders include the
Ampex DDRS™ family, the Avalon AE7000 and Enertec’s DS2000 and DS4000 range.

Disk-based recorders (RAID or JBOD) are an attractive proposition on several counts. Digital data rates as
high as 1 Gbps can be supported by as few as eight inexpensive 36 GB hard-disks operating in parallel. That’s
around 50 MHz of signal bandwidth in analog terms (8-bit sampling), or more than double the capability of the
fastest tape recorders currently available. For SIGINT, reconnaissance imaging and similar applications where
bandwidth really matters, this is an important gain. With a suitable multiplexer/demultiplexer this class of system
can easily emulate a 14-track analog IRIG legacy recorder, with bandwidth to spare. An 8 x 36 GB disk
configuration has a storage capacity of some 275 GB (2 Terabits) – nearly three times that of the largest ANSI
ID-1 tape cartridge, for example. The random access element of disk recording has been used to good effect in
several recorders where a true read-after-write mode has been implemented. This has the advantage not just of
allowing the user to confirm that error-free data is being collected but, much more importantly, offers the
possibility of accessing recently acquired signals for immediate examination or analysis without interrupting the
recording process in any way. As with solid-state recorders, maintenance costs are minimal.

With some implementations now capable of operating reliably in all but the most severe platform environments,
in reality disk recorders share many of the attributes of a solid-state recorder – high recording rates, high
storage capacity, random access, a read-after-write capability – but at a significantly lower unit cost. Hard-
drives also have a good road map. When disk recorders were first introduced a year or two ago they typically
incorporated 9 or 18 GB drives. Already 36 GB drives are the norm, with the promise of 72 GB just around
the corner. Table 2 includes a representative sampling of proprietary disk-based recorders.

APPLICATIONS

But solid-state and disk recorders share one major drawback in that neither offer a direct means of long-term
‘permanent’ storage. Consequently, transcription to another form of archival medium is invariably required. It is
the inventiveness of manufacturers in this particular area where the most important advances have been made.
To see how the apparent shortcomings of disk and solid-state storage have been overcome to the practical
benefit of the user, it is convenient to discuss several representative applications.



High Environmental Platforms

These typically include; high performance aircraft, strategic/surveillance aircraft, UAV’s and most helicopters.
Applications include the recording of imagery, COMINT, ELINT, ASW, mission video, avionics and flight
test/evaluation data. By definition, the environment is anything but benign, the available space is invariably limited
and the crew (if there is one) will generally have little time to worry about the recorder. The opportunity may
sometimes exist to downlink critical data during the mission, but more often the recorder has to look after itself.
In essence it is vital that all mission data be brought back alive for others to deal with later.

From the survival standpoint, a solid-state recorder starts firm favorite, particularly if it is designed to emulate
the legacy recorder which it is intended to supersede. In recent years, two classes of tape recorder have
dominated the high environmental area – the 1 inch transverse scan DCRsi family from Ampex and the 19 mm
helical scan ANSI ID-1 products from Enertec, Metrum-Datatape and others. Not surprisingly, therefore, both
Calculex and the Ampex/L-3 Communications team offer their solid-state recorders with full DCRsi and/or
ID-1 emulation/compatibility. Calculex also offers compatibility with the Metrum-Datatape ½-inch tape
VLDS/Model 64 family. These products all have removable memory canisters or cartridges which can be
inserted into a compatible ground-replay unit at the end of the mission either for direct data analysis or for
transcription to a high capacity tape recorder.

But the high environment area is no longer the exclusive preserve of solid-state recorders. Ampex offers its
DDRS disk-based family as a lower cost alternative to both its tape and solid-state products. Its DCRsi-
compatible DDRS 400 recorder offers 100 GB of disk storage in a compact hermetically sealed cartridge
which is capable of operation at high altitude without regard to the effects of moisture and dust. Similarly,
Enertec offers a family of disk-based recorders for high environmental electro-optical/IR/SAR reconnaissance
imagery, ASW and flight test applications. Although the company still sees a long-term future for its conventional
ID-1 helical scan tape products it has nevertheless developed the necessary airborne and ground-support
elements to permit the smooth flow of imagery, acoustic, digital and video data from sensor to analysis
equipment. The larger DS4100 recorder can capture 72 GB of data at up to 240 Mbps).

The interchangeable medium (solid-state cartridge or disk pack) approach just described is generally quite
acceptable in a flight test scenario for example where the aircraft may not be flown again for some time, but may
cause difficulties under battlefield conditions where the aircraft must be readied for use again in minutes. It is of
course possible to rotate several cartridges so that a fresh one is available for each new mission, but the high
cost of solid-state memory modules in particular may sometimes render this approach uneconomic. A further
complication arises when an aircraft lands at an unfamiliar base where no compatible replay facilities exist. To
overcome these problems, NATO Air Group IV TST is working with industry and others to develop a new
standard NATO agreement (STANAG 4575). The intent is to define a generic download port for any airborne
recorder (particularly disk-based and solid-state units) so that any ground station with a compatible port will be
able to extract and transcribe the stored data from any compliant recorder, in situ. It is expected that
STANAG 4575 will define the physical connector, the power requirements, the data and control interface
(copper FibreChannel) and the protocol (a sub-set of SCSI-3). This approach of transferring the compatibility
issue from the media to the interface is an important example of how manufacturers and users are taking
advantage of the opportunities offered by new technology products to ease the flow of data through the overall
data path.



These two complementary routes to compatibility with legacy products means that new technology recorders
can generally be integrated directly into an existing data capture, analysis, dissemination and archiving
infrastructure with minimal disruption. The clear strategy in the high environmental platform area is for
manufacturers to offer new technology products as direct replacements for existing legacy recorders, facilitating
this transition with a range of proprietary and/or generic data and control interfaces. This way, a user’s
investment in existing technical and operational infrastructure (sensors, analysis equipment, software and on-line,
near-line and off-line mass storage systems) can still be utilized while at the same time establishing a clear
migration path to access the improved capabilities and/or cost advantages of the new solid-state or disk-based
products.

Large Platforms and Static Locations.

Away from the high environmental environment, the story takes a different turn. Although there are some
obvious differences between large aircraft, ships, submarines and static environments from the data collection
point of view, these can nevertheless be considered as a group for this discussion. The more benign ‘shirtsleeve’
environment of these locations does not generally justify the cost premium associated with a solid-state recorder
so the interest here currently is mainly in the capabilities of disk recorders.

But one further and vitally important consideration also comes into play. As with high environmental
applications, there are many cases where all recorded data must be transferred from temporary to permanent
storage as soon as possible. It is generally essential for example that all COMINT and reconnaissance imagery
data be archived so that this material can be accessed again quickly in the future. In other cases, the ‘good’ data
recorded during a mission or test may represent only a small fraction of the total dataset. For example, the
calibration and measurement telemetry from a test missile firing may occupy only a few minutes of the day’s
work. In this situation, the ability to edit and transcribe these short passages to low cost medium immediately
after the completion of a test often simplifies the subsequent analysis process considerably. Similarly, in some
ELINT applications, the number and duration of ‘interesting’ contacts during a mission may be limited. Here too
some immediate editing and sifting will often be an advantage. A subtle but important sub-set of this concept is
the ability of operators to review recently recorded data without interrupting the recording process. Disk
recorders with a read-while-write capability allow operators to recall possible contacts for more detailed
examination – with the added potential for marking the passage of interest for transcription if necessary. There is
also a growing need to transmit recently acquired data to another location electronically rather than ship bulky
tapes by land, sea or air. A typical example might be where missile telemetry is captured at a remote range but
processed at a central analysis facility. Valuable time could be saved if the salient data could be transmitted
back to base by secure link after each test.

Not surprisingly, the exact approach taken by the manufacturers of disk recorders tends to be based on their
own background and experience. For example, Ampex offers its FASTdisk RAID-3 recorders as a direct
replacement for its DCRsi digital cartridge tape recorder. With data rates of 960 Mbps for the laboratory
version and 672 Mbps for the ruggedized variant, both comfortably out-perform the 240 Mbps capabilities of
the fastest DCRsi recorder, but at a fraction of the cost. So too do the company’s 200 and 400 Mbps DDRS
systems. For easy integration into an existing Ampex UNIX or NT platform or analysis facility, these new units
can all transcribe data directly to Ampex’s DCRsi and/or DIS mass storage tape recorders and libraries.
Metrum-Datatape’s PC-based Model 80 RAID recorder is offered as a direct replacement for the company’s



Model 64 and Buffered VLDS ½-inch cassette tape recorders which are used to record the output of ARMOR
data multiplexers in multichannel telemetry applications. Model 80 stores data as computer files on its internal
hard drive(s). Files can then be transferred to an archive device, forwarded over a network or replayed using
the ARMOR system. The highest data rate is 80 Mbps and the maximum storage capacity is 72 GB.

Avalon has taken a slightly different approach with its AE7000 Disk Recorder. Designed specifically to emulate
a tape recorder as closely as possible, this unit is offered with a range of interchangeable analog, digital and
telecommunications interfaces. Since Avalon’s background is mainly in SIGINT, ASW and telemetry it has
elected to concentrate on the high bandwidth and storage capacity features of disk recording. With a maximum
native data rate of 1 Gbit/s and a capacity of 2 Terabits (on eight 36 GB hard drives), the company has
understandably given a considerable amount of thought to the question of pre-analysis editing and transcription.
Three levels of permanent data storage are offered. First, selected passages of recorded data can be
transcribed directly to a built-in Exabyte or AIT-2 tape drive for transfer on cassette to a separate analysis
workstation. Provided that the data sets are relatively small (as with many telemetry applications, for example),
this approach offers an extremely cost effective means of storing and distributing edited passages of data. The
second level of permanent storage involves integrating the AE7000 Disk Recorder with an NT4 Workstation
running a series of proprietary data management utilities. These allow the user to select passages of recorded
data for saving to computer disk or distribution across a network. For long term, unattended monitoring
applications, Avalon offers a range of integrated tape library solutions. For legacy applications, the AE7000’s
normal single channel 20 or 50 MHz analog interface can be replaced with a 16-channel 2 MHz analog
interface which is designed specifically to emulate 14-track IRIG recorders. Alternatively, the unit can be
interfaced directly to a number of 3rd Party telemetry multiplexer/demultiplexers.

SUMMARY

We have seen that ‘new technology’ recorders offer a number of intrinsic benefits compared with traditional
recorders; higher data rates, higher capacities, excellent recording fidelity, durability, ease of data handling,
relatively low capital cost and near-zero maintenance. Indeed, in terms of data rate and capacity the new
technologies now actually allow designers to go far beyond the practical limits of tape-based systems without
incurring the usual penalties of increased cost and complexity. But these benefits alone are not what have
spawned the present interest in new technology solutions. No, this is the result of the way that manufacturers
across the board have taken the opportunity to develop real improvements in operational capability while at the
same time minimising the risks and disruption normally associated with technological advances.

In the high-environmental area, manufacturers have adopted a ‘cut-and-paste’ philosophy whereby new solid-
state and disk-based products can simply be substituted for legacy recorders, in many cases using directly plug-
compatible data and control interfaces. This way, the transition becomes more or less transparent to user, with
minimal disruption to their tried and tested data collection, analysis, distribution and archiving infrastructure. But
at the same time, the building blocks for future improvements in operational capability are in place – wider
bandwidth, improved data integrity, lower maintenance costs, etc. In addition, the potential problems associated
with a proliferation of recorders, media and formats are being addressed by a standardisation effort at the
interface (rather than at the hardware) level – offering the possibility of a hitherto undreamed of level of
interoperability around the world.



In more benign environments, designers have taken the opportunity to nail the age-old computer interfacing
problem once and for all. Instead of having to shoe-horn a traditional data recorder into a computer
environment (generally at considerable cost), users of new technology recorders are presented with their data in
PC or UNIX formats – perhaps already edited for immediate networking and analysis.

The movement to replace ‘legacy’ recorders with ‘new technology’ devices is already well underway. In some
cases, particularly where the installed base of 14 and 28-track IRIG recorders is concerned, the need is
becoming urgent as critical spares become more difficult to source.

Users with a large investment in current generation large format rotary systems can perhaps afford to take a
longer term view since it is anticipated that the availability of these units and their spares is not an issue at
present. Nevertheless, many programs would welcome the enhanced capabilities that ‘new technology’
recorders can offer, not just in terms of raw bandwidth and capacity but also the ease with which data can now
be handled and processed. This carrot has been made even more enticing by the way that manufacturers have
eased the transition from the old to the new with a low risk cut-and-paste approach to recorder substitution.
For the first time ever, perhaps, the next generation of recorders may not be accompanied by a heavy cost
penalty or a requirement for substantial levels of NRE. They can be tried and tested within existing environments
and implemented without significant disruption to existing systems.

TABLE 1: COMPARISON OF SOLID-STATE RECORDERS

Vendor Product Data
Rate

(max.)

Capacity Emulation/
Compatibility

Primary
Data

Interface

Removable
Medium

Ampex SSRS 400 Mbps 8 – 100 GB DCRsi
ID-1

Digital Yes

Calculex MONSSTR 1 Gbps 22.7 – 415 GB
(scaleable)

DCRsi
VLDS
ID-1

Digital Yes

L3
Communications

S/TAR
RM-3000

400 Mbps 8 – 16 GB DCRsi
ID-1

Digital Yes

L3
Communications

S/TAR
RM-8000

400 Mbps 8 – 100 GB DCRsi
ID-1

Digital Yes



TABLE 2: COMPARISON OF DISK RECORDERS

Vendor Product Type Data Rate
(max.)

Capacity
(max.)

Emulation/
Compatibility

Primary
Data

Interfaces

Removable
Disk Crate

Ampex FASTdisk
(Laboratory)

RAID-3 960 Mbps 180 GB DCRsi
DIS

Digital No

Ampex FASTdisk
(Rugged)

RAID-3 672 Mbps 126 GB DCRsi
DIS

Digital Yes

Ampex DDRS JBOD 480 Mbps 54 – 180 GB DCRsi Digital No

Ampex DDRS 200 JBOD 200 Mbps 50 GB DCRsi
DIS

Digital Yes

Ampex DDRS 400 JBOD 400 Mbps 100 GB DCRsi
DIS

Digital Yes

Avalon AE7000 JBOD 1 Gbps 275 GB - Digital,
Telecomm,
Analog (50

MHz)

Yes

Enertec DS2100 Single disk 60 Mbps 14 GB - Digital,
Multi-channel

Analog
(optional)

Yes

Enertec DS4100 JBOD 240 Mbps 72 GB - Digital,
Multi-channel.
Analog, Video

(optional)

Yes

Metrum-
Datatap
e

HDDR-100 RAID-3 100 Mbps 72 GB - Digital Yes

Metrum-
Datatap
e

Model 80 RAID-3 80 Mbps 27 - 72 GB Model-64,
Buffered VLDS,

ARMOR

Digital Yes


