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ABSTRACT

This paper addresses the development requirements for a digital recorder to be used for
fighter environment and attack Helicopter applications. This development is focused on tri-
service requirements to allow for a common system to meet the needs of various test
centers.
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INTRODUCTION

This paper will explore the development requirements for a digital airborne recorder that
was initiated by the F/A-18 Integrated Program Team (IPT) at China Lake. The
development of the requirements started in 1992 and addressed four main concerns:

1. Existing analog systems cannot meet emerging data rate requirements.
2. Existing analog systems have data quality issues that cannot be resolved with analog
technology.
3. Digital recording technology offers approaches that will meet the needs of today and
tomorrow.



4. The bit rate recording requirement of over 16 Mbits and under 100 Mbits had not been
addressed by industry in a package that was suitable for F/A-18.

It was soon evident that the F/A-18 IPT did not have the funds or the requirements to
justify development and production of a system that would meet their needs. The concepts
developed were then shared with other test centers to see if there was a tri-service interest
in developing such a system. There was a positive response and a team was formed with
members of various sites to develop requirements that would meet tri-service needs. There
is now active participation from Air Force, Army, and Navy test centers at Edwards Air
Force Base, Ft. Rucker, Alabama, and the Naval Air Warfare Centers at Patuxent River
and China Lake. The developmental requirements are based on the following factors:

1. Emerging data rates
2. Use of commercially available technology
3. Life cycle costs
4. Media cost
5. Size
6. Data input flexibility
7. Use of Inter-Range Instrumentation Group (IRIG) standards
8. Compatibility with existing and emerging ground based collection and processing

systems

There is another issue that became evident during this process. A realization by the
services that joint programs can effectively be pursued without a mandate from DOD. The
lessons learned from developing these system requirements and going forth with an
acquisition plan with tri-service participation has been valuable.

The requirements developed as a result of this effort are expected to lead to production
units. These production units may be used on the Comanche, FS22, and F/A-18 E/F as
well as existing airframes. The production of the units will be accomplished using a
competitive contract that includes developmental items and associated support equipment.

DEVELOPMENT OF GENERAL REQUIREMENTS

Emerging data rates are a concern for this development. The electronic world is constantly
changing and data rates and quantity requirements are increasing every year. Hence the
development has to allow for not only the data rates of today, but data rates that will be
present with new airframes and high speed buses in the future. The intent of the
development is not only to address current needs, but the needs for 5-10 years from now.
All parties agree that 30 Mbps is the target rate that will suffice for the near term (5 years).
It is expected that the IRIG standard technology implemented in an airborne recorder will



yield an ultimate streaming bit rate of at least 60 Mbps. Record length will be a minimum
of 60 minutes at the maximum data rate, and will extend proportionately at lower record
rates (i.e., 2 hours at 1/2 maximum data rate).

Experiences have shown in recent years that the commercial sector is driving the
development of technology. During the 60ís, 70ís and up until the late 80ís, technology
development was driven by requirements from the manned space program and
requirements for national defense. The Department of Defense (DOD) and National
Aeronautics and Space Administration (NASA) had constant requirements for new
technology to meet national goals. Commercial industry leveraged those developments for
its use but did not bring advancements beyond what NASA and DOD would fund. This
was due to the abundant development dollars available to DOD and NASA during this
time. The end of the cold war and the collapse of the Soviet Union brought about
reductions in the defense and NASA budgets. At the same time, computing technology
yielded mass marketed products that were available to commercial and private interests.
The thirst for potential profits in this area drove private development of computing
technologies. Companies then took the lead in developments on their own to build a better
mouse trap and create a larger market share for the exploding market of commercially
oriented information technology products. During this time acquisition reform became a
priority for federal agencies and use of commercial developed technologies was
encouraged. The thirst for future development has been permanently transferred from
government agencies to commercial oriented companies. In this era, there are few funded
requirements for unique government high end capabilities not already available in the
commercial marketplace.

Considering the above, the requirements needed to utilize Commercial-off-the-shelf
(COTS) technology to the maximum extent possible. The requirements leverage industry
capabilities and encourage industry development of technology and products appropriate
to the specific needs of the flight test community. The fact is that the government cannot
afford a full scale development program for a recorder built from the ground up. One
demonstrated system has integrated an existing and well-established IRIG standard into an
airborne qualified recorder tape transport used in fighter applications.

Life cycle costs are also a consideration for this development. Maintenance costs are
evident through repair costs as well as costs associated with lost data during a flight test.
Some individual flight tests incur costs over $1,000,000 with an average cost for each
flight test of $25,000. Hence data integrity is absolutely critical to insure test success.

The same demonstrated system mentioned above utilized a recorder tape transport that is
already used in fighter environments and is purpose designed for the rigors of the fighter
environment. Maintenance costs and Mean Time Between Failure (MTBF) for the



demonstrated recorder tape transport are minimal as compared to the current analog
technology utilized. The recorder deck demonstrated provides for continuous in-flight
video recording and is used on the reconnaissance versions of the RAF Tornado. The deck
was used in the Gulf War and was an operational success. In order to utilize this deck to
meet DOD data recording requirements, modifications and adaptation of appropriate IRIG
standard digital path electronic components were required.  This minimized the risk of
failure during flight trials as the core deck remained unchanged. These demonstrations
have proved that the requirements and development goals of the new systems can be
satisfied with existing technology.

Media cost has become an issue in this era of reduced budgets. The IRIG format supports
a commercially available VHS tape. This media is the least expensive media that could
provide for the data rates required (30 Mbits) with growth to 60 Mbps. Media cost in
volume is estimated to be $30.00 (for certified media). Alternative technology media costs
are at least twice as much. Using just the activity at China Lake as an example, this
provides for a cost savings (per year) of at least $400,000 (Based on 10 flights/day, 20 fly
days per month, 12 months per year, $170 delta per tape). Current media cost per tape is
above $200 for the analog systems currently in use.

The physical size of the system is a major consideration. Supported aircraft have limited
space available for instrumentation systems. The advent of high speed buses has also led to
a larger demand of the instrumentation space available on aircraft. The requirement to
record all of the cockpit display information increases the requirement for cockpit display
recorders in addition to the data collection systems. The size requirement was determined
from data gathered from the various sites. Each dimension represents the worst case
scenario for all of the aircraft supported. The dimensions of the airborne systems can be
(max):

Height: 6.5 Inches
Depth: 15.5 Inches
Width: 15.5 Inches

Data input flexibility is also important as different aircraft record various types of data.
Common Airborne Instrumentation System (CAIS) compatible systems are being fielded
but there are still legacy systems that produce data for recording. One concept suggested is
to allow an input card in the recorder housing. This will allow for flexibility for the number
and types of input signals to be recorded. Two generic cards have been suggested. One
would process up to eight PCM streams (plus time and voice) and one would allow for
recording of a single stream (plus time and voice). Though the desire of the working group
to have as common of a system as possible, this approach would provide flexibility for
programs that have unique requirements that cannot be met using a generic card. This



would also allow for savings of space in that the input device for the recorder could be
located within the recorder housing.

The use of IRIG standards is an important consideration in developing the requirements for
the system. The IRIG standard selected for the recorder is the 1/2 Inch Digital Cassette (S-
VHS) Helical Scan Recording Standard found in IRIG 106-96, Chapter 6.16 which is
published by the Range Commanders Council. IRIG standards were developed to provide
for commonality between interested agencies and to foster public domain based technical
standards to ensure commercial competition in the marketplace. The IRIG standard chosen
is currently used by three vendors and equipment using this standard is present in most
flight test centers operated by DOD.

Additionally, this standard was sought by the Navy as the format is also used for
shipboard, submarine, and helicopter activities. The various air based weapons systems
have become more reliant upon each other and with surface and sub-surface systems. Test
scenarios to ensure full weapons system operability are no longer conducted with one
system. Tests often involve several aircraft of different types as well as surface systems.
Many subsystems can be tested during these scenarios within one test plan. Additionally,
most centers have a desire to obtain raw data as soon as possible after the test has been
completed. These factors drive the need for a common data transfer media that can be
duplicated and distributed at the lowest possible cost. This also drives the need for
common post flight playback systems to have the capability to playback standardized
media with a standardized format. This will allow for processing of flight test data at
different test sites without modifications to existing infrastructures at each site to support
unique data formats or media. Use of the IRIG standard ensures a data format that will be
consistent throughout the life cycle of the recorder and will not be subject to proprietary
actions on the part of the manufacturer. IRIG standards have been a successful tool in
provided consistent and stable interfaces for the instrumentation community as a whole.
These standards are recognized and used by commercially and government interests in the
United States and abroad.

Compatibility with existing ground based support systems and the ability for the system to
provide for both airborne and telemetry recording is critical. Instrumentation groups rely
on ground telemetry systems to provide for troubleshooting and verification of
instrumentation systems. To meet these requirements, the system has to be capable of
providing for both airborne recording and ground recording and playback. The ground
systems provide for a secondary source of data in case there is a failure of the airborne
systems. Common systems that can reproduce and duplicate both airborne generated and
ground generated tapes are required. This reduces the need for various kinds of playback
systems for the post flight test analysis systems. This also eases the logistical, training, and
support requirements that would be required if various types of playback systems were



needed. This approach meets the goal of supporting common ground playback systems that
allow for reduced recurring costs.

The most important lesson learned from this effort is the fact that the services can act
together, with a mutual interest, to accomplish a common goal. In the past there has been
reluctance by the services to work together at lower levels, in many cases due to differing
requirements. Funding cuts, combined with joint requirements have caused the services in
this case to work together for a common benefit. This new era rarely provides for funds or
requirements to allow for services to develop items that can be procured commercially, or
that can be provided through modifications to commercial items. Funding decreases were
to a point that the Navy could not continue demonstration funding on its own.
Representatives from the different test sites were able to understand different needs to
agree upon and jointly develop a common performance specification that meets the needs
of all of the services. Given the past history of parochialism and the fact the this system
was not a mandated tri-service development, this is a true leap for all concerned.

CONCLUSION

The benefit of this development is not only a technical success, but a success in developing
and fostering joint services teaming efforts providing for a common solution to meet tri-
service requirements. The technical goals of the requirement's definition were satisfied.
The next step is to provide for production systems that will meet the requirements at the
lowest possible cost.. These technical considerations, along with industry funded
developments in digital recording technology will ensure that this tri-service effort will
result in the availability of capable and cost effective commercial production recorders
which will support DOD test activities after the turn of the century. A secondary, but no
less important goal of this development is working level tri-service participation leading to
the clear requirements that will allow for production systems. This proves that with proper
communication and coordination, tri-service development efforts can lead to effective cost
efficient systems that can meet the needs of many interests.


