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ABSTRACT

A broad assessment is made of the technological development re-
Z@ quired to improve the overall readiness of all weather attack avionic

’ systems to be developed in the 1980-1990 time frame. The projected state-
of-the-art in the post-1980 time frame is briefly outlined and the addi-
tional development required to achieve significant improvements in system

[ S—— rO— —- —— —
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readiness is summarized. Areas of technological risk are identified. ¥

Required development and anticipated risks in the following areas are -

described: T
Electro-optical and Infrared Systems 3
Radar Systems '
Conformal Array Antennas ~
Display Systems
Interior Data Transmission Systems 1
Data Links

Computers and Microprocessors
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Software

Microelectronics

Microwave Integrated Circuitry and Surface Acoustic
Wave Devices

Standard Avionics Modules

BIT/BITE/Designed-in Testability

Navigation Systems

Aircraft Electrical Power Systems
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I. INTRODUCTION

This report addresses some of the principal System Readiness
issues which will almost certainly be encountered in the development of
an all weather attack avionics system (AWAAS) in the 1980-1990 time frame.
Since a specific airframe cannot be identified at this time, airframe
issues are not included, except where general references to the airframe
are necessary in discussions of other issues.

The implementation of an AWAAS will be governed by the state-
of-the art in avionics technology that will exist in the post-1980 time
frame. In this report, the state-of-the-art is summarized in terms of
technological capabilities that are anticipated to exist in the early 1980's
in certain selected technology risk areas. These technology areas are:‘

- Electro-Optical and Infrared Systems
- Radar Systems

- Conformal Array Antennas

- Display Systems

- Interior Data Transmission Systems

- Data Links

- Computers and Microprocessors

- Software

- Microelectronics |

- Microwave Integrated Circuitry and Surface Acoustic Wave
Devices

- Standard Avionics Modules o

- BIT/BITE/Designed-in Testability

- Navigation Systems

- Aircraft Electrical Power Systems {
|
,

This list is not all-inclusive, but it does contain most of those areas in

be encountered.
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Because of the large number of technology areas that are addressed,
. : only a brief discussion of each area will be given, including a projection

5 of the anticipated state-of-the-art in the post-1980 time frame, and a

: discussion of risk areas and their potential effects on system readiness.
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II. SYSTEM READINESS TECHNOLOGY RISK AREAS

b 4

ﬁ& A. ELECTRO-OPTICAL AND INFRARED SYSTEMS

T This section contains discussions of potential reliability and

& maintainability issues in:
P .
Y E' Imaging Infrared Systenms,

Laser Designators,
Low Light Level Television (LLLTV), and
EO Countermeasures

Primary stress has been placed on the probable evolution of Forward-Looking
Imaging IR (FLIR) systems. This is because of the apparent preference for
FLIR's as opposed to LLLTV systems, for attack aircraft (witness the A-6E
TRAM (Target Recognition/Attack Multisensor) and A-7E TRAM). This trend
toward the use of FLIR's has continued even though CCD's (Charge Coupled
Devices) for LLTV's are a current technology, while the detector materials
and processing substrates for IR mosaics have not yet been fully developed.

1. Imaging Infrared Systems

The reliability and maintainability assessment of current FLIR's
is in the initial stages because of the limited number of operational
systems. Even so, the present systems show reliability which is poor in
relation to other equipment of similar complexity, but which are more
highly developed. Anticipated design evolution and increased use of common
modules are likely to improve this situation. However, the degree of
improvement is difficult to predict. Specific areas of difficulty include:

a. The usual array of problems associated with heavy turrets
and gimbals,

b. Difficult optical alignments when optical elements are re-
placed,
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c. Packaging requirements which result in high component
density, making component replacement difficult,

d. Fault isolation at the organizational (0) level depends
heavily on visual interpretation to augment Built-In Test (BIT),

e. Some systems require intermediate (I) level shops to have
high vacuum capability,

f. Some systems require liquid nitrogen or helium for cooling,

g. Due to the sensitivity of IR optics to temperature variations,
air conditioning and/or heating units are required on many systems to
maintain optical focus, and

h. Efforts to develop and use "Common FLIR Modules" must be
coordinated with all users.

Cooling to about 70°K is presently required to maintain the sen-
sitivity of the detectors. Research is ongoing to find materials which are
sufficiently sensitive at higher temperatures (at about 200°K). These
detectors will require cooling, but thermoelectric coolers should be ade-
quate in these applications.

Advancing technology is concentrating on miniaturization by the
elimination of mechanical scanning in the imaging process. The elimination
of mechanical scanning to generate an IR image may be accomplished in two
steps. Initially, one dimension of scanning (typically horizontal scanning)
may be eliminated; finally, a totally staring system may be developed. The
initial system may consist of a 6 to 10 by 300 to 500 element array of
detectors located in the focal plane of the optics and mechanically scanned
in the other (vertical) direction. The 300 to 500 element horizontal
readout may require a single preamplifier instead of the present amplifier
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per detector. The exact number of elements will be related to the desired
display bandwidth. The 6 to 10 elements in the vertical dimension may be
time delay integrated to achie«- higher sensitivity and reduce detector
uniformity requirements.

The complete elimination of mecahnical scanning (a staring system)
may be achieved by incorporating an array of detectors in the focal plane
of the optics (also referred to as a "Mosaic Array"). To match present
display formats and to achieve comparable resolution, these arrays would
require 300 by 300 to 500 by 500 elements. It is presently possible either
to mount detectors on a substrate (hybrid arrays) or to form a single
material into a detector array (monolithic arrays).

a. Hybrid Arrays

The sensor, preamplifier and signal processors are separate
materials so that each can be tailored for best operation. Cooling is
easier but problems arise in that bonding or connecting the dissimilar
materials may introduce manufacturing difficulty.

b. Monolithic Arrays

The sensor, preamplifier, and signal processor are of the same
material. This technology has the advantage of simplicity of fabrication
but is restrictive in the chcice of materials. If some silicon dopings:
are used, cooling to 25%K or less may be required. Other siliéon
dopings are under investigation but have not resulted in a certainty
that they will be useful. If some other monolithic material is to be
used, such as indium antimonide, much work will be necessary before
it can be developed to the quality of silicon as a CCD or as a pre-
amplifier substrate.

Two primary methods of transferring and reading out detector
charge have been investigated; these include charge coupled and charge in-
jection devices (CCD and CID). Presently, only small numbers of ietectors

e ol
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have been mounted (. form IR arrays. A way of reliably constructing and
reading out a large array with the required temperature range and sensitivity
has not been determined. To avoid detector saturaticn, a system of this

size would require prohibitively high readout rates (perhaps 1000 frames/
second). It is possible that a system of "subarrays" 32 by 32 to 64 by 64
2lements each will be constructed into a large mosaic, with each subarray
independently read out. Some of the problems associated with the develop-
ment of IR mosaic arrays are:

a. Detector Uniformity

A way to obtain uniform detectors to within 1% or less needs to
be developed. Alternately, a way to compensate for non-uniform detectors e
is required.

b. Saturation

To avoid saturation, independently read out subarrays may be used.

c. Clocking Problem

A trade-off between high capacitance detectors to counter satura-
tion and Tow capacitance detectors for high speed readout must be made.

d. Lithographic Techniques

Lithographic techniques must be developed to deal with different
materials and to reliably construct arrays with a large number of small
detectors. The detector density must also be increased so that the total
array is of reasonable size.

It is thus anticipated that miniaturization by elimination of
scanning to obtain an IR image and the use of new detector materials
operating at higher temperatures will resolve some of the reliability and
maintainability problems of present systems.
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3 : 2. Laser Designators

: : The main problems associated with current lasers are due to

: cooling and safety requirements. Some lasers require nitrogen at high

‘ pressure (300 PSI) for cooling. These systems are subject to leakage,

— require purge capability and desiccants to remove moisture. Laser checkout
presents a safety problem to maintenance personnel.

” Advancing technology is not concerned with either of these prob-

i lems but concentrates in the areas of miniaturization, power increase, new
operating frequencies and coding. Power increases will undoubtedly con-
tribute to continued cooling problems unless major advances in efficiency are
obtained. Laser coding and decoding will potentially add new maintenance

problems which are, at present, undefined. Finally, new technology may use £
CO2 lasers operating at 10.6u instead of the present 1.06u (Nd/YAG lasers).

The CO2 laser provides improved smoke and haze penetration. It is not 1
anticiapted that its adoption would introduce major new problems. Y :

3. Low Light Level Television (LLLTV)

The state-of-the-art in low light level television is exemplified
by solid-state video cameras using CCD sensors. Commercial units with 4
128 x 128 element arrays are readily available. Because it provides a
sensor which has fewer parts and consumes less power (no high voltage in
g camera head) than an LLLTV camera of the 1960-1970 time period, it is
7 potentially more reliabile, easier to maintain, and lTower in cost.

Military systems for specialized application such as air-to-air
tracking and laser spot tracking can be easily implemented. Furthermore,

active laser illumination may be readily added. 1

4. EO Countermeasures

In a very general sense, EO countermeasures could be considered

to encompass all devices and systems which generate electromagnetic waves
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in the 0.1y to 100u wavelength range for the purpose of deceiving or
destroying a threat capability. However, it is estimated that at the
present rate of progress, the operational wavelengths will be limited to
the 0.3u to 14y range during the 1980's. Within this range, there are
several operational experimental, and projected systems with varying
degrees of sophistication.

Current weapons under development by DOD (and, hence, probably
under development by the Soviet Union) are likely to render present EO coun-
termeasures equipment ineffective. This makes it imperative that new
technology be available for the post~1980 time frame.

The following discussion outlines some of the system readiness
problems of the current and projected systems and the associated technical
risk areas.

Past and present threats have caused emphasis to be placed on
countering the IR homing missiles. At present, the most universal device
is the IR flare and its dispenser. Numerous types of flares and dispensers
have been developed and are ir wide service use. but the introduction of
multicolor detectors in the threat weapons will minimize the usefullness of
flares in the 1980's. Although most of tne reliability and maintain-
ability (R&M) problems associated with the flares have been solved, there
is no similar Infrared Countermeasures (IRCM) technology to which these
solutions can be transferred.

The other present IRCM technolgoy which has recently been intro-
duced to the Fleet is the AN/ALQ-123. The AN/ALQ-123 is an IRCM system that
destroys the accuracy of IR seeking missiles. Its modular nature and BIT
features should provide excellent maintainability. However, the IR source
used by the system is highly stressed and this may adversely affect the
reliability. Initial testing indicates that the system has a mean
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time between failure (MTBF) which is an order of magnitude lower tnan
that predicted. The AN/ALQ-123 will have iimited capability against
post-1980 threats and will require major modification to meet the need.
The IR source will continue to be a problem in any system relying on an
incoherent source to produce the radiation levels required.

4

£

s The R&M problems associated with the electronics package of
systems similar to the AN/ALQ-123 are not unique and can be handled by
standard engineering practices. The next projected step beyond the
AN/ALQ-123 is to place several small incoherent sources internal to an
aircraft (not podded) with reduced stress on each source and greatly : E
simplified electronics packages. This reduced stress on the source x
should increase reliability and the reduced package size will allow

redundancy and increased maintainability. } 1

|

The next generation of ED countermeasures beyond those employing
single or multiple incoherent sources will not only have to address the

|
{
IR missile problem, but also the increasing use of optical augmentation {
in radar systems. The major components in an EO countermeasures system i
cf the late 1980's are likely to include an EQO warning receiver, a low »
to medium power laser, and a precise electro-mechanical system for '
pointing the laser beam. The R&M projections for the FLIR's apply

because of the optical equipment related to any pointing system. The

EO countermeasures system will require additional accuracy which will

compound alignment problems. The laser shows capability in deceiving

or destroying almost any present or projected threat, but this capability

will be wasted if accurate pointing systems are not available.

One real area of EO countermeasures that has often been overlooked
in tne initial stage of the development of existing airframes is IR signa-
ture reduction. This can be a very important factor when the J/S (Jam to
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Signal) ratio for internal or external IRCM systems are specified. IR i
signature reduction effectively increases the J/S ratio available to
nullify the threat for a given power output from the jammer. Signature
reduction techniques are fairly well understood and can materially reduce
the stress on IRCM power output devices. |

B. RADAR SYSTEMS

As in many other areas, the advent of digital circuitry and large
scale integration promises to have a significant effect on aircraft radar
systems, This effect will be in two major areas, the actual operational
performance of the radar itself and the reliability and maintainability
of the radar. Most of the impact, for technology that will be available e
during the middle 1980 era, appears to be of an evolutionary nature.

1. Principal Performance Improvements

a. Solid State Transmitters

Solid state devices applicable to transmitters are currently in
development in the laboratory and should be available during the 1980-1990
time frame. Solid state transmitters represent a replacement technology
that could be expected to slightly reduce the total system weight and providé
significant improvements in reliability. If the transmitter section is
composed of several smaller solid state devices in parallel to develop
the desired amount of power, the system will have the advantage of graceful
degradation since the failure of one element will not completely cause the
entire system to fail. The use of multiple devices in parallel lends
itself to easy fault isolation and repair through the use of automatic
BITE systems.

Solid state radar transmitters are expected to improve the
overall reliability and maintainability., and through graceful degradation,

substantially improve the readiness of the system. No significant special
problems are expected.

10 R
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After the implementation of solid state transmitters, the
possiblity exists that they could be programmed to vary some of their
parameters such as power level. This would open the possibility of a
digitally controlled transmitter that could vary at least some of its
parameters to meet varying requirements encountered during a mission.

b. Solid State Microwave Circuits

Solid state microwave circuits already exist in the Fleet today.
The 1980's are expected to see a continuation of the trend to higher
power, higher frequency and higher temperature operation. These improve-
ments will permit wider application of such techniques as electronic beam
steering, conformal antenna arrays, special modulation techniques and
greater isolation between the transmit and receive microwave elements
which will provide better, more stable operation in general.

Except for the applications in electronic beam steering, these
devices represent replacement technology which will provide improved perfor-
mance and increased reliability and maintainability. Again, many of these
devices lend themselves to control by digital logic and thus to rapid
manipulation via a small compute: or microprocessor. These devices pose
some special risks due to their sensitivity to heat, When used in con-
formal arrays, they provide gqraceful degradation but may be susceptible
to radiation damaqge due to their exposed location.

2. Reliability and Maintainability

a. BITE

The major impact to be felt during the 1980-1990 time frame
appears to be in the practical utilization of solid state digital technology.
One of the prime examples of this is the concept of Built-In Test Equipment

11
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(BITE). BITE can continuously monitor the operation of very complex

systems and provide a running commentary on the operation of that system.
Upon detecting a failure, BITE can isolate the failure to a relatively

small section of the circuitry and tell the repair technician which sections
to repair/replace. If BITE is incorporated with a high degree of modularity
in the equipment design, the technician can sequentially replace the suspect
modules until the BITE indicates proper operation. The failed modules

can then be discarded. Such a system can drastically reduce the Mean-Time-
To-Repair (MTTR), the use of external test equipment at the 0 level and

the training requirements for technicians.

Recent radar systems have proven microprocessor-based BITE to
be the most powerful tool for isolation of a failed component down to a
group of modules. Be elevating the importance of BITE to the point where
it is a principal criterion for a good radar design, the isolation of a
failure can be reduced to a single module.

The low-cost, quickly replaceable module is crucial to an effec-
tive BITE philosophy and is the key to an effective maintenance plan.

b. LSI Signal Processing

Advanced radar signal processing will impact a wide variety of
functions within the aircraft. A partial list includes flight control,
weapon delivery, multiple target detection and identification, radar
resolution enhancement and radar signal-to-noise improvement. Practical
computations of this magnitude must be accomplished using small, high
speed digital computers, which are feasible through the use of Large Scale
Integrated (LSI) circuitry. The useof LSI becomes more efficient if the
A/D conversion is carried out as early in the signal processing chain as
possible, i.e., "close to the antenna". Digital formats are compatible
with aircraft data bus concepts and interface problems are reduced to those
of interfacing with other sensors, scan converters and with single, head-up
cockpit displays.
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While LSI is basically used to improve the reliability and
maintainability of the aircraft avionics, so much more computational
power can easily be made available that the operational performance is
almost always improved at the same time. As a result, the expected im-
provements include both better operational performance and improved R&M.
The concentration of computational and control power into one unit, however
reliable, is not without its drawbacks. If considerable redundancy is not
made available, the failure of one critical element may lead to a cata-
strophic failure of the entire system.

If some form of graceful degradation can be designed into the
system and degraded performance tolerated until the aircraft returns to
base, the integrated LSI system promises to be easily repaired through use
of a powerful BITE and well partitioned circuitry using rapidly replaceable
modules. Such a system should exhibit improved operational performance,
improved reliability, reduced MTTR and improved readiness.

C. CONFORMAL ARRAY ANTENNAS

A conformal array antenna is an antenna whose shape is dictated
by the contours of the carrying vehicle. As in phased array antennas, it
consists of a matrix of transmitter/receiver elements whose relative phase
is computer controlled to point the antenna beam. Also, sidelobes and nulls
may be selectively computer controlled to limit outside interference or
jamming effectiveness. Conformal array technology is based on the desire
to:

Achieve inertialess scanning,

Eliminate large radomes,

Obtain large effective antenna apertures, and
Make use of digital control technology.

a o T o

Research is ongoing to develop antennas both for radars and for communica-
tion systems. The technology for radar conformal arrays will probably

13
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not mature in time for AWAAS applications. Radar antenna(s) for AWAAS
applications will be an evolutionary form of current electro-mechanically
slewed, electronically scanned planar arrays. The more limited, and more
probable, application of conformal array antennas to data link systems

is discussed in the following paragraphs.

Because array antennas can produce narrow, jam resistant beams
and because of the importance of 4 1 steradian coverage to data link
operation, there is likely to be a need for conformal antenna arrays
located on the aircraft skin. The problems of beam directing and of beam
forming are being solved in programs such as the Integrated Control and

. Navigation System (ICNS) for RPV's. The antenna configuration in this case

is planar rather than conformal, but (assuming that space on the skin is
available) it is reasonable that conformal arrays could be developed to

the point of practicality by the early 1980's. In the case of small planar
arrays, the protective cover can conform tc the local contour of the aircraft.

At least two types of antenna forms are likely to be candidates.
One is the so-called Multiple Array Avionics Systems (MAAS) antenna under
development by the Pacific Missile Test Center (PMTC), and the other is the
ICNS array under development by Harris-ESD of Melbourne, Florida, for the
Defense Advanced Research Projects Agency (DARPA) and the Army. Neither
type is conformal at present, but might be fabricated in this form. Also,
conformal microstrip phased array antennas operating in the D to F bands
give some promise, perhaps for missile guidance. Ideally, a very thin
antenna which neither disturbs the aerodynamic flow nor protrudes inwardly
to disrupt mechanical structures is desired.

Assuming the an antanna of this type could be developed to fit a
selected area of the aircraft skin, the principal advantages are:

e g e g WSS WG
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1. Adaptive resistance to jamming which can be 20-30 dB above
that of an omnidirectional antenna,

2. Economy of internal aircraft space,

3. Ruggedness and reliability, and

4. Graceful degradation.

Against these advantages must be balanced some disadvantages:

1. The MAAS form tends to be lossy when many beams are formed.

2. The conformal array antenna needs some added development,

3. The beam-steering and adaptive logic to avoid jammers may be
expensive, at least in development.

4. Beam pointing for a narrow beam, while useful in preventing jam-
ming, may be a problem in cases where the location of the transmitter or
receiver with respect to the aircraft is unknown.

Due to the exposure of the antenna elements to the aircraft
external environment (aerodynamic heating, etc.), conformal arrays may
exhibit reliability and maintainability problems not anticipated on the
basis of experience with gimbal-mounted planar arrays. It is presently
not possible to project the effects of rain and temperature extremes on
protective coverings and on the antennas themselves. Also, consideration

must be given to the effects of rough handling in the operational environment.

0 level maintenance for the aircraft skin incorporating conformal antennas
will require redefinition.

15
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D. DISPLAY SYSTEMS

1. Alpha-numeric Displays

Many types of displays have been used in aircraft over the years.
However, the most common type has been the electromechanical system. These
displays have the advantage of high readability in high ambient light envi-
ronments and are quite satisfactory for use in low light situations with
minimal auxiliary lighting. Most of these systems suffer from low relia-
bility, large size, and incompatibility with advancing digital technology.

Light Emitting Diodes (LED's) have distinct advantages of high
reliability, small size, and direct compatibility with digital interfaces.
The major problems associated with LED's are their tendency to wash out in
sunlight and their relatively high power consumption. Much research has
already been done to improve the brightness and contrast ratio. As im-
provement continues, LED's will continue to see an increasing application
in avionics systems. For the immediate future, however, LED's will see
only limited application in controlled light situations.

Incandescent displays are being used on an increasing basis in

avionics systems. They offer reasonable reliability and high readability.
The major problem is high current requirement and power dissipation. These
displays will continue to be used for simple numeric displays until other
technologies are sufficiently developed to replace them.

Gas discharge tubes are becoming increasingly available in the '
form of dot matrix display systems. These systems are useful for alpha- ot
numeric readouts and message displays. Somewhat limited reliability and
the need for high voltages limit the use of these systems to special
applications.

Liquid crystal displays offer good possibilities for the future.
They can be manufactured in any form of dot matrix or segmented display. ]

16
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F~wapr requirements for liquid crystal displays are in the microwatt region
and voltage drive requirements are compatib]e‘with monolithic MOS devices.
Because liquid crystals function properly over only a restricted tempera-
ture range, their use will remain limited unless provision is made for both
heating at the low temperature extremes and cooling at the high temperature
extremes. New liquid crystals are being developed which will expand the
usable temperature range of these displays and improve their switching
speeds. Continued development of manufacturing techniques should result in
much improved reliability. It will be necessary to investigate the effects
of high intensity EMI on these displays and develop shielding techniques
where necessary.

2. Video Displays

Presently, the best method to display visual information is the
cathode ray tube (CRT). In general, there are two types of tubes, the
electrostatic and the magnetic deflection systems.

The electrostatic tubes have small screens and long bodies.
Electrostatic deflection is fast but requires large deflection voltages to
cover large areas of the screen. In general, focusing is poorer in electro-
static tubes and the image is dimmer. Electrostatic tubes are used in
weapon guidance systems such as the Walleye and in instrumentation applica-
tions.

Indicator tubes are being developed that have a combination of
electrostatic and magnetic deflection circuits. The magnetic deflection
is used to move the beam large distances and the electrostatic deflection
is used to move the beam small distances very quickly. These are mainly 1
used to write alpha-numerics on the screen.

Present CRT displays are generally bright, efficient, uniform
and have a good gray scale range. The cost is low and the reliability can
be high (greater than 20,000 hours MTBF). The main disadvantages are bulk,

.:l
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high voltage and nondigital address. In spite of these disadvantages and
in spite of continued research on other display types as noted herein, the
principal displays in an AWAAS will almost certainly be CRT's. It does
not appear that other video display technology will be sufficiently
mature for the 1980's.

Research is ongoing to develop flat-panel CRT's, but not all
problems have been solved. Most research interest is being concentrated
in gas discharge arrays and electroluminescent panels.

These flat display panels are relatively new and have seen only
limited use in military environments. Much development remains to be
done before flat-panel displays are generally suitable for avionics appii-
cations. Limited brightness is a major factor at this time. Also, exten-
sive testing must be done to determine the reliability of these devices in
harsh environments. Flat-panel displays should eventually see their
greatest usage in CRT replacement applications. However, this application
is not likely to be realized in an AWAAS time frame.

3. Digital Scan Converter

Modern aircraft require an integrated display for all electro-
optical (EO) and radar sensors. This display should be an X-Y scanning
display similar to that of a modern television set. The system must uti-
1ize a digital scan converter to convert the sensor formats to that
required for the television display.

This system is capable of displaying electronic cursors, target
identification symbology, and alpha-numeric symbols. In addition, if the
TV display is a color monitor, the colors can be used to great advantage in
the display of targets, impact points, potentially dangerous terrain, or
the altitude of radar targets in terrain following operations.
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It has long been realized that digital scan converters can solve
many of the problems associated with analog scan converters. The analog
scan converter has had limited use in the military field because of insta-
bilities of adjustments and the lack of an adequate dynamic range.

The digital scan converter requires no adjustments and the life
cycle costs are comparable to those of the previously used analog scan con-
verters. The cost of the digital scan converter is directly dependent upon
the memory size and the amount of BITE that is incorporated into it. Com-
mercial television images have a display capability that is equivalent to
a 256 x 512 x 5-bit digital memory. This memory size is adequate for most
TV or IR displays, but it might not be sufficient for high resolution alpha-
numeric displays or radar PPI images.

Applications of digital scan conversion include:

a. Signal processing to achieve averaged or compressed data,

b. Pixel, line, or frame averaging for nonrecurring noise
reduction,

c. Moving target detection,

d. Color coding, and
e. Transfd}mation from rho-theta to X-Y format.

Also, the display system decay rate can be completely controlled by the
digital processor.

If a sufficiently large memory is used (at least an extra 4 to |
5 bits per word), a sufficiently high-speed computer and added external i L
hardware, BITE may be added to the scan conversion process. BITE systems
can give excellent diagnosis of failures and point to fault location.
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Other schemes of error correction involve the substitution of adjacent pixel
information in locations where dead pixel logic elements are known to exist.

Digital scan converters are sufficiently well developed at present
to virtually assure their potential use in an AWAAS. This will result in a
major improvement in system readiness over present attack systems, which use
analog scan conversion technology.

E. INTERIOR DATA TRANSMISSION SYSTEMS

In past avionics systems, much of the data flow has been on a bit
or signal per wire basis. This approach is acceptable for small and rela-
tively simple systems. As systems have increased in complexity so has
the amount of data to be transferred. The resulting increase in the number
of wires has meant unacceptably high weight and volume requirements and
failure rates. These failures result from both accidental and hattle
damage.

The most acceptable technique to overcome these problems is the
use of multiplexed systems. The term "multiplex" is extremely broad, how-
ever, and for the purposes of this discussion will be broken into wideband/
narrowband and analog/digital.

1. Wideband Analog Multiplexing

Wideband analog signals such as RF, IF and wideband video do not
lend themsleves readily to multiplexing techniques. Time division multi-
plexing (TDM) is not practical and frequency division multiplexing (FDM)
would require bandwidths necessitating millimeter wave or optical fre-
quencies. Because the number of signals of this type is relatively small
and cabling lengths are kept as short as possible, this class of signals
is not recommended for multiplexing. Additionally, the state of the art
of the devices required to implement a multiplexed system of this type is
not sufficiently advanced. Further development of optical systems such as
0IC's (Optical Integrated Circuits), frequency sources, detectors, etc.
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could result in application of wideband multiplexing to specific systems.
It is unlikely that wideband multiplexed systems will be generally available
in a sufficiently mature form during the 1980-1990 time frame.

2. Narrowband Analog Multiplexing

Narrowband analog signals lend themselves to many forms of
multiplexing. Low frequency applications (below 400 Hz) lend themselves
quite well to analog-to-digital conversion and multiplexing by digital
techniques with digital-to-analog conversion at the receiving end. Other
analog signals lend themselves to a wide variety of techniques involving
both FDM and TDM. Today's monolithic and hybrid technology has developed
extremely reliable circuits making analog multiplexing a viable alternative
to hardwire systems. Due to the relative complexity of these systems,
however, care must be taken to justify multiplexing. The number of signals
and the length of the cable runs must be considered.

The wide range of analog multiplexing techniques also creates a
maintainability problem. It would be extremely difficult to train main-
tenance personnel, especially 0 level personnel, to troubleshoot all the
various multiplexing techniques. The answer to this problem is two-fold.
The first and most recognized solution is the inclusion of extensive BIT
and fault isolation to the SRA in each design. A second area to be
addressed 1s standardization. This would result in a decrease in the pro-
liferation of types of multiplexing systems, making training of mainten-
ance personnel much simpler. Also, increased development of specialized
microcircuits should result in higher reliability components for multiplexed
systems. This has been the result in standardized digital systems.

Narrowband analog multiplexing technology can easily be drawn

upon in AWAAS development, and, given adequate standardization and hard-
ware configuration control, its use should not adversely affect system

readiness,
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3. Narrowband Digital Multiplexing

Low to medium data rate digital multiplexing systems offer
perhaps the greatest applicability to an AWAAS avionics system. Much work
has already been done in the way of standardization of hardware and tech-
niques such as AR-63, AR-64, and MIL-STD-1553A. The result of this stan-
dardization is that highly reliable microcircuits are becoming available
which will make digital multiplexing simple to implement in most applications.
This ease of implementation should also lead to increased use of redundant
data buses resulting in extremely reliable systems. Again, maintainability
may be a problem unless extensive use is made of BIT and fault isolation
during system design.

Further definition of basic functional circuit blocks should
lead to improved microcircuits and a building block systems approach.
Further development of transmission lines, coupling mechanisms, drivers,
and receivers will result in improved system reliability.

This technology area is well within reach for AWAAS development
and should be highly reliable by the early 1980's.

4. Wideband Digital Multiplexing

High data rate digital multiplexing systems are the subject of
much current development work. Particular attention is being paid to
fiber optic transmission media, transducers, and modulation formats. A
more detailed examination of fiber optics data transmission is provided
below. Although it may not be practical by the early 1980's, an attempt
to realize better system definition and some form of standardization should
be made in the next five years. In the absence of standardization, the sys-
tem designer must choose the best multiplexing techniques for a particular
application. Again, BIT and fault isolation must be prime considerations
during design.

An alternative to high data rate digital multiplexing is the -
preprocessing of signals for data compaction. New microprocessors make -
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this technique an attractive alternative to wide bandwidth systems. The |
results of this data compaction can then be handled through standard
multipiex channels such as defined by MIL-STD-1553A. This approach is
judged to be both practical and reliable for application during the 1980's.

5. Fiber Optics Data Transmission

The recently completed A-7 ALOFT (Airborne Light Optical Fiber
Technology) flight demonstrations have established the feasibility of
utilizing fiber optics technology for airborne data transmission applica-
tions. The fiber optic components utilized in the ALOFT system are, how-
ever, not generally suitable for use in operational avionics equipment.
Fiber optics technology is still in the research and development stage.
Numerous performance, reliability, and maintainability problems must be
addressed and solved before operational fiber optic systems are feasible. 1
The ongoing NAVAIR sponsored Fiber Optics Technology Program has as its ¥ 3
primary objective the development of fully MIL-qualified, highly reliable, '
standard, multi-sourced fiber optic components for airborne system
applications. It is estimated that at the present rate of progress, this
program objective will not be totally achieved until well into the 1980's.

The subsequent discussion enumerates the advantages to be gained by
utilizing fiber optics and briefly discusses the major problem areas.

The foremost performance advantage offered by fiber optics is
its total immunity to electromagnetic interference (EMI). Since the
transmission path is a totally dielectric medium (glass), the communica-
tion link is not affected by EMI sources and, in addition, does not
generate any EMI. This total electrical isolation also eliminates ground
coupling problems, cross-talk, short circuit loading, spark/fire hazards,
and provides a very high level of immunity to EMP. The second major
advantage offered by fiber optics is the capacity for very high data rate
transmission, Data rates far higher than those normally feasible with
coaxial cable can be implemented in a relatively simple manner with fiber
optics. Other advantages include reduced size and weight, compared to an
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electrical system of equivalent data transfer capability, and tne ability
to withstand relatively high temperatures.

The major airborne applications for fiber optics include
point-to-point digital data transmission, data bus systems, and special-
ized analog data transmission paths.

It is anticipated that high data rate transmission requirements
will be implemented via a dedicated point-to-point system. An example
would be the transmission of serial digitized radar video which could
require a data rate as high as 200 Mb/S.

-} It has been proposed that aircraft sensor, control, audio, and
. warning signals be transmitted over a central, fiber optic data bus. The
high data rate capability of fiber optics makes it feasible to implement
a "digitally transparent" data bus which would simplify the bus interface
and control functions. The question of the applicability of MIL-STD-1553A
to fiber optics must also be resolved.

The use of fiber optics transmission links to control weapons
would totally eliminate the possibility of the accidental release or arming
of a weapon due to electromagnetic interference, which has been a very
serious problem.

There are three basic problem areas associated with fiber optic
technology which should be considered before a planned system is committed
to the extensive use of fiber optics. First, as stated previously, fiber
optics 1s still in the research and development stage and, consequently,
there are a number of fundamental technical problems which have not yet
been solved. All presently available source diodes degrade with time. The
LED power output is observed to continually decrease during forward bias
operation. Half-power 1ifetimes from a few hours to 30,000 hours have been
reported for various device types. The physical mechanism causing this

degradation has not yet been identified. This reliability problen will
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not be solved until the physical degradation mechanism is identified and
the necessary changes in semiconductor material, device structure, and
processing methods are made to totally eliminate the basic cause of the

Z degradation.
» i
i A second problem concerns the mechanical degradation of the
¥ glass fiber with age. This problem is especially severe when the fiber is
; ' - exposed to moisture and other contaminants, and is accelerated by the
ig T mechanical abrasion of the fibers against each other. In the case of a
| i low-loss single fiber, an in-line process which applies a protective plastic
= coating to the fiber is used to control this problem. This solution is not
;\ immediately applicable to the bundle technology for a number of reasons I
including cost. The present solution is to apply a lubricant to the fibers
and hope that it will limit the effects of abrasion to an acceptable level.
; It is very doubtful if a loosely jacketed fiber bundle of this type will
. survive the severe aircraft environment over the long term.
3 ]
i A third basic problem concerns the fact that the glass fibers
. are extremely soft to nuclear radiation. It is possible to select certain
y glass fiber types which are more immune to radiation and might offer _
:. acceptable performance. Unfortunately, the best radiation hardness is !
! achieved at a wavelength of 1.06u. Formidable technical problems are then i
! encountered in trying to develop the necessary source and detector diodes
.‘ for this wavelength.
o A11 of these technical problems are currently the object of |
3’ major research and development efforts, especially as they impact single ﬁ
- fiber technology. It is questionable if additional government sponsored
3, research would hasten the solution of these problems, except possibly in \

the case of the 1.06u components development. The present motivation for
solving these problems is the promise of a huge and lucrative, future
telecommunication market.
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The second area of uncertainty involves the development of the
necessary fiber optics hardware such as connectors, sources, detectors,
ruggedized cables, transmitter and receiver circuits, and optical
couplers. This effort is somewhat affected by basic technical problems.
However, it is still primarily an engineering development task. Progress
in this area has been slow for a number of reasons. First, coordination
and direction from the overall system standpoint is required. Each indi-
vidual component design should be optimized to meet overall system require-
ments. To date, much of the component development has suffered from a lack
of overall system definition. Component development has also been hindered
by a premature effort to standardize and prevent proliferation of designs.
It is very difficult to standardize hardware before the basic system
requirements have been totally defined and before suitable hardware is
developed. It would appear to be of more benefit to allow the exploratory
development of various fiber optic component concepts and designs and then
to standardize on the basis of demonstrated performance characteristics.

In any event, promising component development programs have been hindered
by the fact that they may not have conformed to some prematurely defined
standard.

The final factor is that, since fiber optics has never been
employed in an operational system, reliability and maintainability.proce-
dures and programs do not exist. Reliability and maintainability consid-
erations should be made part of the basic component and system development
specifications. The practical installation experience gained in the ALOFT
program can be utilized here. Conservative design and extensive component
and system reliability testing will eliminate much of the potential risk
before the first fiber optic system is installed aboard an aircraft.
Maintainability will depend on the details of the system design. Careful
design and installation of the fiber optic cables is required to guarantee
acceptable lifetime. Adequate mechanical and environmental protection
must be designed into the cable. Emergency end finishing and splicing
techniques which are suitable for field use must be developed. All critical
components should be easily serviceable in the field. Specialized fiber
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optic test equipment will have to be developed. For example, the fiber
optic equivalent of an ohm-meter is required to check for fiber continuity.
Provisions for built-in testing could be invaluable. In addition, programs
will be required to properly train maintenance personnel. Since optical-
to-optical interfaces are involved, extreme attention to detail will be
required to guarantee day-to:day cleanliness of these interfaces. A
primary requirement of the basic hardware design is to protect the optical
interfaces. However, these interfaces will still be susceptible to con-
tamination by moisture, dirt, aircraft fluids, etc. Periodic inspection
and cleaning of the optical interfaces will be required as part of the
maintenance procedure. The accumulation of moisture at an interface could,
upon freezing at altitude, render the fiber optic system fnoperative. It
is doubtful if solutions to all of these problems will evolve naturally.

It will probably be necessary for the first large scale application programs
to assume much of the cost and responsibility for the successful opera-
tional deployment of fiber optic systems.

A final element of risk involves the basic technology approach
which is being taken. The bundle technology has been selected by the
military for the airborne application and is being pursued exclusively.
There are basic research and development problems which must be solved for
both the bundle and single fiber technology. The great majority of basic
research is, however, directed toward the development of single fiber
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