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NOTICE: The project that is the subject of this report was approved 
by the Governing Board of the National Research Council, whose mem­
bers are drawn from the Councils of the National Academy of Sciences, 
the National Academy of Engineering, and the Institute of Medicine. 
The members of the committee responsible for the report were chosen 
for their special co""etencies and with regard for appropriate bal­
ance. 

This report has been reviewed by a group other than the authors 
according to the procedures approved by the Report Review Comittee 
consisting of members of the National Academy of Sciences, the 
National Academy of Engineering, and the Institute of Medicine. 

The National Research Council was established by the National 
Academy of Sciences in 1916 to associate the broad conmJni ty of 
science and technology with the Academy's purposes of furthering 
knowledge and of advising the federal government. The Council oper­
ates in accordance with general policies determined by the Academy 
under the authority of its congressional charter of 1863, which 
establishes the Academy as a private, nonprofit, self-governing mem­
bership corporation. The Council has become the principal operating 
agency of both the National Academy of Sciences and the National 
Academy of Engineering in the conduct of their services to the 
government, the public, and the scientific and engineering convnuni­
ties. It is administered jointly by both Academies and the Institute 
of Medicine. The National Academy of Engineering and the Institute 
of Medicine were established in 1964 and 1970, respectively, under 
the charter of the National Academy of Sciences. 

This report represents work under Contract No. F49620-79-C-()()94 
between the United States Air Force and the National Academy of 
Sciences. 

Available from: 

Air Force Studies Board 
National Research Council 
2101 Constitution Avenue, N.W. 
Washington, D.C. 20418 

ii 

Copyright © National Academy of Sciences. All rights reserved.

Automation in Combat Aircraft
http://www.nap.edu/catalog.php?record_id=19605

http://www.nap.edu/catalog.php?record_id=19605


PREFACE 

In late 1980 the United States Air Force Systems Command 
requested that the Air Force Studies Board examine issues of automa­
tion in combat aircraft for the 1990s and beyond. A steering com­
mittee was selected. BrigGen Robert A. Duffy (U.S. Air Force, 
retired), president of the Charles Stark Draper Laboratory, Inc., 
was named chairman. MajGen Richard G. Cross, Jr. (U.S. Air Force, 
retired), of the BOM Corporation, was appointed vice~hairman. 
Early meetings defined the task statement, narrowing the scope of 
the study to what was deemed manageable with the time and resources 
available. A statement of "terms of reference" (Appendix A) was 
developed to provide guidance to the committee as it proceeded. The 
terms of reference asked questions broader than those given in the 
statement of task, to encourage participants to think in the context 
of the operational Air Force and to identify the attributes of need­
ed automated features. Briefing topics were selected and reviewed 
by the steering conmittee in meetings in Washington, D.C. and at 
Wright-Patterson Air Force Base. Experts were recruited; reports on 
many aspects of automation were .selected for review. A month-long 
session was conducted at the Woods Hole Study Center of the National · 
Academy of Sciences. 

Briefings conducted at Woods Hole covered a variety of subjects 
related to automation. The participants also reviewed selected 
reports. Additional information was supplied by experienced engi­
neering test pilots from the Air Force Systems Command, and combat 
pilots from the Tactical Air Command. The progress of modern tech­
nology for the automation of fighter aircraft, from the F-106 
through the F /A-18, was examined, and representative aircraft were 
flown into nearby Otis Air Force Base for inspection by the study 
participants. Experienced technology development leaders from the 
Federal Aviation Administration (FAA), the National Aeronautics and 
Space Administration (NASA) , the Navy, and the Air Force Systems 
Command were available throughout the month. 

The committee organized a study group of three subcommittees to 
analyze specific problem areas and to formulate findings and recom­
mendations. The Functions Subcommittee examined mission elements 
and queried design and development personnel and pilots on work 
loads and stress factors bearing on the suitability of automation 
for given tasks. The Human Factors Subcommittee examined 
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the issues of pilot capabilities in the context of the functional 
regimes defined by the Functions Subcommittee. Similarly, the Tech­
nology Subconmittee assessed the ability of the development commu­
nity to meet present and future technological needs. Members of the 
development test and operational communities were queried as a means 
of checking tentative findings and evaluating the current demands on 
pilots. 
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1981 Summer Study on: Automation in Combat Aircraft 

Organizational Outline 

Steering Committee 

Robert A. Duffy (Chairman), Charles Stark Draper Laboratory, Inc. 
Richard G. Cross, Jr. (Vice Chairman), ED4 Corporation 
Olarles A. Berry, National Foundation for the Prevention of Disease 
Joseph C.R. Licklider, Massachusetts Institute of Technology 
John J. Martin, Bendix Corporation 
Brockway McMillan, Bell Telephone Laboratories, Inc. (retired) 
Samuel c. Phillips, TRW Energy Products Gro~ 
Clayton s. White, Oklahoma Medical Research Foundation (retired) 

Julian Davidson, System Development Corporation (exofficio as 
chairman of the Air Force Studies Board) 

Technical Directors: 
Charles A. Fowler, MITRE Corporation 
Willis H. Ware, Rand Corporation 

Functions Subcommittee 

Barton Krawetz (Chairman), U.S. Department of Defense 
Charles Abrams, u.s Naval Air Development Center* 
Neal Blake, Federal Aviation Administration* 
c. Eric Ellingson, MITRE Corporation 
John J. Martin, Bendix Corporation 
Robert 0 'Donohue, ED4 Corporation* 
William s. Ross, McDonnell Aircraft Company* 
Frank Scarpino, Air Force Wright Aeronautical Laboratories* 
Don B. Shuster, Sandia Laboratories* 

*Part-time participant. 
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Human Factors Subcommittee 

Stuart K. Card (Chairman) Xerox Corporation 
Charles A. Berry, National Foundation for the Prevention of Disease* 
Renwick E. Curry, NASA Ames Research Center 
Robert Hennessy, National Research Council* 
Joseph C.R. Licklider, Massachusetts Institute of Technology 
H. Mcll vaine Parsons, ttnan Resources Research Organization* 
Robert w. Swezey, Science Applications, Inc. 
Clayton s. White, Oklahoma Medical Research Foundation (retired) 

Technology Subcommittee 

F. Robert Naka (Chairman), Science Applications, Inc. 
Donald L. Beckman, Bendix Corporation 
Don A. Doty, Vought Corporation 
Gordon England, General Dynamics Corporation 
Charles E. Hathaway, BDM Corporation 
Morris Ostgaard, Air Force Wright Aeronautical Laboratories* 
Gerald K. Slocun, 1-\Jghes Aircraft Company 

*Part-time participant. 
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STATEMENT OF TASK 

The committee plans to conduct a summer study on automation in 
combat aircraft. As avionics and weapons systems have evolved, the 
information load and task load presented to the crew or pilot of a 
modem combat aircraft have continued to increase. The same elec­
tronics technology that has brought about this proliferation of 
tasks has also enabled the design of automated systems for perform­
ing some functions. Technology offers the potential or opportunity 
to automate many others. In the design of future aircraft and sys­
tems, informed decisions must be made about the allocation of func­
tions as between the human pilot or crew and the automated gear. 
The study will address the kind of allocation needed to improve com­
bat flight conditions, and will attempt to determine those functions 
that necessarily require the intervention of hunan judgment. To 
provide a basis for informed and effect! ve design decisions, how­
ever, a research program must also address the fundanental problem 
of strengthening the designer's and user's confidence that automated 
functions will be performed reliably and effectively. This requires 
confidence in the reliability of hardware and software, and adequate 
experience, through simulation and with actual experience. The 
study will examine the issues and technology involved, and recommend 
a program of future research and development in this domain. 

viii 
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This report is concerned with the automation of combat aircraft 
to support the mission of the United States Air Force. According to 
the statement of task decided upon by the Air Force and the National 
Research Council, this study addresses the issue in terms of manned 
systems. G1 ven the limited time available for the study, the Com­
mittee on Automation of Combat Aircraft concentrated on single-seat 
fighters. 

The term "automation" is subject to diverse interpretations. It 
has been used variously to describe the control of a single function 
by a simple on-off mechanism, as in the thermostatic control of 
building temperatures. It has been used to describe the concurrent 
display of data from various sources to a person for interpreta­
tion: an example is the cockpit displays of a modern fighter air­
craft, which combine information, for instance, from a radar and an 
electro-optical sensor with computer-derived flight parameters. 
Automation has also been used to describe the control of complex 
processes, in which the automated system replaces some human moni­
toring, decisiorvnaking, and/or motor functions, as in automatic 
flight control. 

In this study, the committee defined automation as those pro­
cesses by which essential functions can be performed with partial, 
intermittent, or no intervention by the pilot. In this report, the 
term automation will describe any effort to move the cognitive pro­
cesses of flying the aircraft and managing its weapons from the 
pilot or aircrew to a computer-dominated system. 

Human Limitations in the Combat Envirorvnent 

Technological advances in the past two decades have made possi­
ble the development of complex and more competent aircraft that can 
fly under more difficult conditions (such as close to the ground, at 
night, or underneath the weather), and at faster speeds. They can 
also perform more complex missions, such as simultaneously attacking 
multiple targets. 

At the same time, and perhaps as a consequence of these techno­
logical advances, the environment in which aircraft must fly and 
fight has become more dangerous. Threats from the air and ground 
are faster moving and harder to detect. Not only are the aircraft 
vulnerable to enemy attack, but they can also be shot down acciden­
tally by u.s. surface-to-air missiles. 

1 

Copyright © National Academy of Sciences. All rights reserved.

Automation in Combat Aircraft
http://www.nap.edu/catalog.php?record_id=19605

http://www.nap.edu/catalog.php?record_id=19605


In fact, both the military and convnercial aviation convnunities 
have been using automation to various degrees over the years. Ex­
tens! ve automation has been used in mamed vehicles such as the 
Space Shuttle. Air Force aircraft such as the F -106, F /FB-111, and 
others are also capable of semi-automated flight. Yet automation 
presents its own difficulties, in terms of cost, reliability, main­
tenance, and complexity of operation. To reduce cost and complex­
! ty, and because of technology limitations, the most recent Air 
Force aircraft (F -15, F -16, and A-10) have been designed with only 
selected automated features, to perform essential functions. .,!!'lese 
aircraft can be considered semi-automated at best. 

This workload is especially evident in the cockpit. Recent ad­
vances in avionics and weapons technology have led to an exponential 
increase in the numbers of cockpit displays and controls since the 
1920s. Through these displays, the pilot is given large quantities 
of information in rapid succession. He needs to be aware of the 
aircraft's internal and external situation, in addition to operating 
the fire-control system, selecting and firing runitions, and posi­
tioning a large nunber of switches. When the pilot focuses his 
attention on a particularly demanding function, such as locking onto 
an enemy target or following rugged, hilly terrain, he may lose 
track of others, even when provided with some automated functions 
(such as weight distribution, fuel-flow management, flight-attitude 
control, and threat warning). 

By the 1990s, combat aircraft could be more fully automated to 
aid and support the pilot in performing his tasks and keeping track 
of the overall situation, thereby increasing the probability that 
the mission will succeed and the pilot and aircraft will survive. 
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If automation is truly to improve mission performance, aircraft 
designers must carefully consider where automation would best serve 
pilots' needs. They must examine not only the technology, but the 
hunan factors involved. This will require an understanding of how 
pilots process and assimilate information and how they think about 
their t$sks, as well as an understanding of the performance charac­
teristics of the controls and displays through which the pilot and 
the automated systems interact. 

New Opportunities for Automation 

The committee believes that new Air Force development and appli­
cation of automated features based on c~uter technology can im­
prove the operational effect! veness of combat aircraft. In addi­
tion, it will enhance the chances of survival for both the aircraft 
and the pilot. The reliability and capacities of computers are in­
creasing. At the same time, size, weight, and cost per unit of com­
puter power is decreasing enough to justify its extensive use to 
provide a comprehensive, integrated, up-to-the-minute model of the 
aircraft and its mission. Also, since software costs are dominating 
hardware costs, it makes economic sense to design systems with flex­
ibility to accommodate new requirements and developments over the 
operational life of the aircraft. 

Acceptance of Automation 

Air Force personnel are generally receptive to further automa­
tion of combat aircraft. Although senior managers appreciate the 
potential of automation, they are not oversold on its merits. 
Because of their concern about increased cost and complexity of 
automated systems, and the possibility of low reliability, managers 
are conservative in making commitments to the increased use of auto­
mated systems. 

The aircrews exhibit similar attitudes, with a strong "show me" 
tone. Pilots wish to retain the ability to select automated func­
tions and to intervene in their operation. Aircrews want simplicity 
in execution as well as performance. They accept automation of 
functions that humans cannot perform adequately, functions that dis­
tract pilots from. critical tasks, and functions or routines that are 
infrequently performed and can be done more reliably through automa­
tion. 

Emphasis in the development of automated systems has been on 
data and information displays and on sensors--the "outer" ends of 
aircraft automation. The "inner" part of the problems-..processing 
these inputs from diverse information sources to improve pilot 
awareness of the outside world and the status of his aircraft--is 
just beginning to receive needed attention. 
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Several current programs are developing technology that can help 
to identify the operational approach to and need for automation. 
These programs include the Advanced Fighter Technology Integrator/ 
Advanced Maneuvering Attack Systems (AFTI-16/AMAS) program, the Low 
Altitude Navigation Targeting Infrared for Night (LANTIRN) program, 
and development of terrain following and terrain avoidance (TF /TA) 
technology. (See the Glossary for definitions of these programs.) 
The prototypes developed in these programs can contribute to under­
standing, and perhaps to satisfying, the operational comnunity's 
immediate stated need for improved capabilities to fly low, at night, 
and during severe weather, using terrain for cover. The long-range 
goal is the ability to fly missions effectively in all types of 
weather, in the daytime and at night, devastating the enemy and sur­
viving in hostile environments. To realize this goal, more complete 
forms of autanation that do not detract from aircraft availability 
(because of "downtime" or problems with reliability) will be neces­
sary. 

Questions of Reliability 

The availability of canbat aircraft is a central concern. It 
depends on the reliability of the aircraft and their subsystems, and 
on the adequacy of maintenance and logistics. It is reasonably clear 
that reliability would be improved if these subsystems were subjected 
to follow-on cycles of modification after feasibility demonstration 
and testing. 

The committee has not examined the problem of unreliability in 
enough depth to ascertain its actual causes, but inadequacies in 
testing, design margins, packaging, vibration isolation, and tempera­
ture control, along with excessive handling, appear to be sources of 
trouble. Developers of electronic systems for both comnercial air­
craft and strategic missiles have concentrated on these items in 
their programs to attain high reliability. We do know that environ­
mental factors greatly influence the reliability of aircraft equip­
ment, and that a tactical aircraft is exposed to far more hostile 
conditions than a commercial aircraft or a missile in a silo. These 
conditions include frequent power on-off cycles, short but intense 
sorties, and inexperienced maintenance crews. 

Addressing some of these problems will help to improve aircraft 
reliability, especially if combined with designs that provide redun­
dancy of components and fault isolation and detection. In addition, 
an overall systems architecture for the aircraft that allows the 
integration of various canponents and accomnodates new developments 
will be of great benefit in developing reliable aircraft. Finally, 
pilots demand provisions to intervene in the case of subsystem 
failure. 
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The Need for Integrated Systems 

Technology is available for developing suitable autanation for 
canbat aircraft of the 1990s, and to modify some existing aircraft 
and some now in production. To achieve this goal, the Air Force will 
have to define the requirements for autanation, and recognize that 
the task requires an integrated systems approach, rather than a col­
lection of piecemeal efforts. For such an integrated approach, a 
focal point for autanation should be established. Flight trajectory 
and attitude control should be the focal point for all aircraft auto­
mation. This function--the maintenance of the correct flight trajec­
tory and attitude, or orientation of the plan, over time--is the 
heart, mind, and nerves of the aircraft, to which all other functions 
are keyed. Therefore, it can form the core of a truly integrated 
system of autanated features. 

A flexible architecture for flight trajectory and attitude con­
trol is vital: logical partitioning and standard interfaces will be 
necessary to permit the later addition of sensors and weapons for 
more highly developed systems. This is a prudent way to acconvnodate 
change in a fleet of aircraft that will remain in use for a long 
time. Correct core design can lead to standardized software and 
hardware applicable to more than one airplane. A deliberate systems­
oriented approach is essential to avoid a proliferation of incompat­
ible functions, controls, and displays. A basic model should be 
developed for the architectural design. This model should include, 
at the least, the specifications of cockpit features, flight- and 
engine-control systems, and navigation elements. 

A comprehensive, thorough, adequately supported testing and eval­
uation program must be a major element of any such development. The 
operational and engineering flight-test canmunities should be in­
volved. If effective automated systems are to be available in the 
1990s, now is the time to start. 

A Note on Safety 

~ :ely to be more so in the f• •+• ,, D •ring the course o s s y, 
·r group received information on certain safety-related technologies 

and systems that will affect future Air Force research and develop­
ment (R&D). While these technologies and systems are not strictly 
within the scope of the study, they are of such importance that com­
ments are appropriate. 
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"'·· -

Identification, Friend, Foe, or Neutral 

A lorYiJstanding problem that still has no clear solution is the 
identification of friends, foes, and neutral forces, abbreviated 
IFFN. Reliable means of identifying friendly, as well as enemy, 
forces are vital. The c of the future will be even 
faster movi than a of toda nd w e e w n se 

• en ca ons rust be ma e visually by pilots, a 
~-s~g~n""'~cant tactical advantage of lorYiJ-rarYiJe detection sensors and 

long-range weapons will be lost. The development and use of reli­
able equipment for the identification of friendly, hostile, or neu­
tral forces is crucial to increasif'Yil cont>at effectiveness and the 
chances of survival. One possible solution may involve the couplif'Yil 
of several sensors and systems to supply intelligence and positional 
information, as well as information on the situation external to the 
aircraft. 

The problems of target assignment and acquisition go alof'Yil with 
that of identification. Once identification is made, the next prob­
lem is the efficient use of the force to attack multiple targets. 
When there are nultiple targets, it is helpful to have a system for 
excharYiJii'Yil information amorYiJ individual aircraft to ensure that each 
plane attacks a different target. Such a target-assignment process 
would make more effect! ve use of the fighting force and would also 
improve the pilots' general awareness of combat situations. Such a 
process is possible through the use of systems such as the multiple­
access digital data link known as the Joint Tactical Information 
Distribution System (JTIDS). This and similar systems could aid in 
the identification process, and could have the ability to transmit 
large quantities of situational intelligence data. 

Unmanned Vehicles 

Although this study concentrated on manned aircraft, the use of 
fully automated unmanned vehicles (UVs) is worthy of conment. In 
some combat situations, such aircraft can be effective, and they 
reduce the loss of pilots. The technology is available to develop 
UVs that can perform automatically, without human intervention, such 
missions as defense suppression, reconnaissance, surveillance, and 
conmunications relay. Technology now under development for both 
manned and unmanned vehicles should allow the automatic performance 
of electronic warfare, damage assessment, and target assignment. 
The increasing power of small data processif'Yil machines has implica­
tions for the development of UVs, as do advances in sensors, struc­
tural materials, and propulsion technology. Given these develop­
ments, the prospects are increasif'YillY good for including UVs as a 
part of a mixed force of combat aircraft. The principal obstacle to 
acceptance of unmanned aircraft is uncertainty about their costs. 
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Escape Systems 

In some air-to-air and air-to-ground tactical maneuvers, depar­
ture from controlled flight does occur. When this happens, the air­
craft may be at a speed and attitude that is at the edge of the safe 
ejection envelope. Even when ejection is possible, given the speed 
and attitude, the pilot has little time to recover the aircraft or 
to eject safely, if necessary. 

Air Force and Navy statistics indicate that the survival rate of 
pilots who ejected from combat aircraft declined between 1976 and 
1980. The survival rate in 1976 was 85 percent, in 1979 it was 70 
percent, and in 1980 it was 72 percent. 

In addition, dur!rg 1979 and 1980 there were as many ejections 
outside the escape envelope as there were in the previous three 
years. The fatality rate for Air Force pilots who ejected below an 
altitude of 500 feet was 57 percent during the past five years. 

The Advanced Concept Ejection Seat II 
survival rate to some degree • .,.Th.:.:.:;;e ..... ~-..~~~~~~~~~~.;..-­
abl hi h however, and solu 
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FINDINGS AND CONCLUSIONS* 

The complexity of today's missions and high-performance aircraft 
has created workloads that at times i111Jose intolerable demands 
on combat pilots. 

2. Air Force development and application of automated features can 
A i111Jrove operational effect! veness and enhance the chances for 
~ survival of pilots and combat aircraft. 

3. The technology for automation of all routine tasks and of some 
others is now available. Full automation is costly and complex, 
however, and is not necessary in all manned combat aircraft. 

4. The Air Force does not have an established position on the 
requirements for automation in aircraft. 

5. There is currently no systematic, widely applied technology for 
allocating functions between automated systems and the pilot. 
Similarly, there is no criterion for balancing the costs of 
automating particular functions against the resulting i111Jrove­
ments in combat performance. 

6. Computer technology makes it possible to develop dynamic, inte­
grated, and C0111Jrehensive automated systems for future cont>at 
aircraft. A systems approach, emphasizing the core function of 
flight trajectory and attitude control, is a logical and neces­
sary starting point. 

7. The aircrews' stated immediate need is for improved ability to 
fly low, at night, and during severe weather, using terrain for 
cover from enemy defenses. The critical and essential functions 
that could be automated to achieve this goal have not been com­
pletely identified, although current programs should illuminate 
this issue. 

8. In such programs as AFTI-16 and LANTIRN, and in the development 
of technology for TF /TA, the Air Force research and development 
community is addressing important problems. These programs will 
develop technologies and an engineering perspective that are a 
valuable base on which to build. The approach remains piece­
meal, however, and without clearly stated or widely understood 
objectives. A much-needed unifying focus is missing. 

*No priority ranking is intended in the ordering of these findings 
and conclusions. 
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9. There is a large gap between what is known in a laboratory set­
ting of the basic characteristics of hllllan psychomotor perfor­
mance, and what is known about how pilots actually fly and react 
in modern combat aircraft. ~h of the knowledge needed to 
design an automated aircraft that uses pilots • skills to the 
best advantage lies within that gap. 

10. In the past, the unreliability of avionics systems has been a 
major contributor to the downtime or ll'lavailability of combat 
aircraft. No effort to improve combat performance by further 
automation can succeed without adequate attention to the reli­
ability and maintenance of the equipment. 

12. Insufficient attention has been paid to past efforts at automa­
tion. A study of such efforts could help developers to repeat 
past successes and avoid past shortcomings. 

13. Identification of unknown objects as friend, foe, or neutral 
(IFFN) is difficult today. IFFN will become much more important 
in the future because of improvements in weapons • ranges. 

14. In tactical maneuvers in high.performance aircraft, pilots often 
fly at the edge of the safe ejection envelope. CUrrent auto­
matic ejection equipment is inadequate for such situations; the 
nunber of injuries and fatal! ties suffered by pilots who eject 
from combat aircraft is increasing. 
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REcot+£t'()ATIONS 

1. There is a recognized need for automation. The primary goals 
should be to increase ccmbat effect! veness to enhance survival 
of pilots and aircraft, and to decrease pilot work load. 

2. There is evidence that such automation can be available in the 
1990s. A firm decision can and should be made to automate 
specific critical functions and/or infrequently performed but 
essential functions that are currently performed manually. 

3. A systems-oriented program aimed at iq:Jroving and developing 
automation for the 1990s should be initiated now. The goal 
should be a core design that would form the basis of automated 
functions, building on flight trajectory and attitude control 
systems. Such a systems approach could prevent piecemeal auto­
mation that could be costly and would result in only partial 
solutions not adaptable to growth. 

4. Four functional groups are promising candidates for automation: 
(1) flight trajectory and attitude control, (2) engine and power 
systems control, (3) weapons delivery and fire control, and (4) 
navigation and communications functions. Combinations of these 
functional families can be accomodated by the evolving technol­
ogy. 

5. The increasing number of displays used to present information to 
pilots, the amounts of information and instructions displayed, 
the limited cockpit area available for display, and the other­
wise co lex environment of the aircraft have created special 
ro s. p ca u o rea , an on-

__ _.t""f~o~ls~and functional mode selection are cl.lltlersome and time-
consuming. Consequently, necessary actions may sometimes be 
neglected. To reduce pilot workload and increase operational 
effectiveness, functions that divert attention from critical 
actions should be automated. 

6. A method for allocating functions between automated systems and 
the pilot must be developed. A multidisciplinary team should 
examine potential hardware and software techology, as well as 
human performance, to lay the basis for clear decisions in this 
regard. The objective should be a practical method for quanti­
fying the iq:Jrovements in performance and survival that result 
from automating particular functions. 

7. A separate and fundamental study should be initiated to shed 
light on (1) the mental model pilots create to aid in performing 
their combat tasks, (2) the performance characteristics of the 
controls and displays through which the pilot and automated 
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systems interact, and (3) human capabilities. This study should 
develop a multitask, experimental and analytic program to model 
pilot behavior. This program could be used as an aid in design­
ing advanced automated systems, and in particular the cockpits 
of the future. 

8. Automating or partially automating a higher class of appropriate 
cognitive functions, such as the ability to assess the combat 
situation, or to plan strategies and escape routes, should be a 
part of the Air Force's long-range program. · 

9. The rising trend in fatalities and serious injuries relating to 
aircraft escape systems indicates a need for iqJrovements. Air 
Force activity in modifying escape systems (ACES II) may meet 
this need. The problem must be addressed, through either the 
ACES II program or a completely new approach. 

10. Identification of objects for beyond visual range as friend, 
foe, or neutral (IFFN) cannot be automated with any confidence 
today. An automated system for such identification would permit 
important gains in combat effectiveness. A coordinated effort 
on this front is needed. 

11 
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C'lapter 1 

FUNCTIONS SlJBCXM4ITTEE REPORT 

INTROOUCTION 

have greatly added to 

The same electronics technology that has brought about this pro­
liferation of information (and associated tasks for the pilot) has 
also allowed the design of automated systems for performing some of 
these tasks. It is now possible to automate more of the functions a 
pilot must perform, thereby reducing his workload and optimizing the 
performance of the pilot and the aircraft. 

In the design of future aircraft, an informed decision will have 
to be made on the proper allocation of tasks between the pilot and 
the automated systems. This study was commissioned to analyze ways 
of using automation to improve combat flight conditions, and specif­
ically to address the question of which systems should be automated, 
and which require human intervention. 

The study group formed three subcommittees: the Functions Sub­
COIIIIIittee, the Hunan Factors Subcommittee, and the Technology Sub­
conmi ttee. The Functions Subcommittee was asked to provide the 
other two subconwnittees with a common context and terminology for 
their investigations. It concentrated on single-seat aircraft in 
air-to-air and air-to-ground missions, because of the Air Force com­
mitment to these fighters. 

An approach to automation cannot be developed solely on the 
basis of available technology; instead, it must consider the inter­
actions of the pilot and the aircraft. Thus, the key questions are 
"Where would automation best serve the pilots' needs?" and "What is 
the state of the technology for automating these functions?" 

The Functions Subcommittee identified the aircraft systems that 
come into play and the activities a pilot must perform during a suc­
cessful combat mission. It then suggested several ways of ranking 
these systems and activities in terms of priority for consideration 
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for automation. Its findings were used by the other two subcommit­
tees in their examinations of human factors that must be considered 
in automation, and the technological opportunities and constraints 
for automation. 

AUTOMATION TO ACHIEVE MISSION OBJECTIVES 

The Functions Subcommittee approached the study with three basic 
assunptions. Autmation will be feasible if all of the following 
conditions are met: 

• Aircraft systems can be designed in suitable configurations 
that can be tied one to another. 

• Aerospace technology exists to build such systems. 
• Given automation, the pilot's job is neither trivial nor 

overly difficult. 

The subcommittee defined automation as a process by which func­
tions are performed with partial, intermittent, or no intervention 
from the pilot. It then !dent! fled the purpose of autmation as 
achieving cmbat capabilities that are inherent in the existing man­
machine system, but are as yet unrealized because of limitations in 
human capability or avionics technology. The logical functions to 
automate are those that will allow the reallocation of the pilot's 
attention frm time-consuming or trivial tasks to those that require 
human judgment. 

In any combat situation, there are three fundamental goals or 
mission objectives toward which the actions of the pilot and the en­
tire friendly force are directed. Therefore, any attempt to improve 
combat flight performance, through either automation or human train­
ing, must be measured by how well the new strategy aids in meeting 
these objectives. 

The three objectives are: 

1. Avoiding personal catastrophe. The pilot strives to ensure 
his own safety, and that of other friendly forces. When 
this safety cannot be ensured, most missions will be abor­
ted, except under extreme circumstances. 

2. Maintaining and increasing the effectiveness of aircraft 
weapons systems. The pilot and wing commander strive for 
the "economical" use of the aircraft, its munitions, and 
other friendly systems against assigned threats and targets. 
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3. Succeed, or win, in the broad conflict. This is the primary 
concern of the theater commander, who strives to stabilize 
the conflict ( 1. e. , prevent breakthroughs) and to converge 
on the enemy. 

These three objectives form the basis of the following analysis: 
opportunities for automation are evaluated for their potential con­
tribution to overall mission success. 

To attain these mission objectives, a pilot must perform certain 
functions, given the aircraft systems available to him. From brief­
ings and conversations with active-duty pilots and commanders, the 
subcommittee identified 16 systems the pilot uses and activities he 
performs in combat. These essential systems and activities serve as 
a guide to understanding where opportunities for autanation might 
exist. The systems and activities are: 

1. Malfunction Warning and Reconfiguration System (Malfcn 
Wam/Recon) 

2. Navigation System (Nav) 
3. Electrical Control System (Elec Cont) 
4. Hydraulic Control System (Hyd Cont) 
5. Taxi/Take-off /Land (Taxi/TO/Land) 
6. Autopilot System (Autopilot) 
7. Target Sensing and Acquisition System (Targ Sens/Acq) 
8. Flight Control System (Flight Cont) 
9. Crew Escape System (Crew Escape) 

10. Propulsion Control System (Propulsion) 
11. External Data Input Systems (Ext Data) 
12. Crew Station (Crew Sta) 
13. Threat Warning and Countermeasures System (Threat Wam/()1) 
14. Weapons Delivery/Fire Control System (Weps Del) 
15. Identification: Friend, Foe, Neutral (IFFN) 
16. Fuel Management (Fuel Mgmt). 

Methodology 

To address the question of which of these systems or activities 
to autanate, it is necessary to examine how they work, both singly 
and in combination, to meet the mission objectives. Because these 
mission objectives are highly abstract, and can apply equally as well 
to tanks, for exanple, as to aircraft, the 16 aircraft systems and 
activities camot be directly related to them. Instead, the subcan­
mittee related the systems and activites to intermediate variables. 
These variables are six distinct phases in air-to-air and air-to­
ground mission: prelaunch, launch, ingress, engage, recover, and 
turnaround. (There is some variability in the use of these terms, 
but they carry evident meaning for the missions discussed in this 
report.) 
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As the first step in this process, the subcommittee ranked each 
of the mission phases according to its importance in attaining the 
three objectives in air-to-air (Table 1-1) and air-to-ground (Table 
1-2) missions. Weights were assigned on a scale of one to ten, with 
ten signifying that a phase is of critical importance in attaining 
that mission objective, and thus is of great concern to the pilot 
and commander. A rating of one signifies that the phase is of minor 
importance. For example, in air-to-air combat, the ingress phase is 
crucial to avoiding catastrophe (Table 1-1). These weights were 
summed in the last line of the tables, and the total weight was used 
in the rest of the analysis to represent the importance of each mis­
sion phase. (A note of caution is warranted with respect to Tables 
1-1 and 1-2. These weights reflect the subjective judgment of a 
small sample of qualified individuals, and they should be regarded 
as impressionistic. A more precise analysis would require a wider 
sampling of expert opinion.) 

Next the subcommittee asked pilots on active duty to rank each 
of the systems or activities according to how important it is in 
fulfilling each mission phase. Again, weights were assigned on a 
scale of one to ten. These rankings reflect both the pilots' as­
sessment of how critical the system or activity is to the successful 
completion of the mission phase, and the degree of challenge or com­
plexity involved in performing the task. A high nunber indicates 
that the system is extremely challenging and is of great concern to 
the pilot. Table 1-3 shows these rankings for air-to-air missions; 
Table 1-4 for air-to-ground missions. For example, Table 1-3 indi­
cates that, in air-to-air missions, target sensing and acquisition 
is extremely important and challenging in the engage portion of the 
mission, but it is of minor importance, and is virtually unchal­
lenging, in the prelaunch phase. 

The ranking of each system or activity relative to the mission 
phases (Tables 1-3 and 1-4) is the point of departure for the fol­
lowing analysis. Because the mission phases are intermediate vari­
ables, representing the fundamental mission objectives, it is pos­
sible to determine how important each system or activity is to over­
all mission success. For this interpretation, the total weights in 
Tables 1-1 and 1-2, which indicate the importance of the mission 
phases, are used as multipliers for the respective weights assigned 
to the systems and activities in Tables 1-3 and 1-4. The results of 
this matrix multiplication are shown in Tables 1-5 and 1-6. As a 
specific example, for air-to-air missions, the total weight of the 
prelaunch phase is four (Table 1-1). That number is used to multi­
ply the weight (two) assigned to the malfunction warning and recon­
figuration systems in Table 1-3. Thus, in line 1 of Table 1-5, the 
weight for malfunction warning and reconfiguration is eight. 
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TABLE 1-1 The Importance of Mission Phases to Air-to-Air Mission 
Success* 

M~ Awdd Improve Total 
Catastrophe Efftcienc:y Suc:ceed Weilbt 

PrelaUDch 1 2 1 4 

LaUDch 1 s s 11 

Inareu 10 9 10 29 

Elllqe 10 10 10 30 

Recover 10 6 s 21 

TumuoUild 1 1 1 3 

*Weights are on a scale or I to Io; 10 indicates extreme importance, 
and 1 unimportance. 
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TABLE 1-2 The Importance of Mission Phases to Air-to-Ground Mission 
Success* 

Avoid lmptove Total 
Catastrophe Efficiency Succeed Weiaht 

Prelaunch 8 8 10 26 

Launch 6 6 s 17 

ln8reu 10 10 9 29 

Engage 9 9 6 24 

Recover 10 10 9 29 

Turnaround 7 8 10 2S 

*Weights are on a scale of I to 10; 10 indicates extreme importance, 
and 1 unimportance. 
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TABLE 1-3 Importance of Systems and Activities to Success of 
Air-to-Air Mi ssiM Phases* 

Turn-
Prelaunch Launch lnaress Enpae Recover around 

Malfunction Wamina/ 2 2 s 4 
ReconrJIUraJion System 

2 NaviJation System 3 s 2 s 

3 Electrical Control System 1 1 1 

4 Hydraulic Control System 1 

s Taxi(Take.()ff/Land 1 1 1 

6 AutopDot System 1 1 1 

7 Tarpt SensiD& and 2 3 8 10 s 2 
Acquisition System 

8 Flilht Control System 1 2 1 

9 Crew Escape System 1 s 8 8 8 1 

10 Propulsion Control System 3 3 3 10 3 1 

. 11 External Data Input Systems 3 1 8 10 8 

12 Crew Station 2 2 3 8 3 1 

13 Threat Warnin& and 1 8 10 8 
COuntermeasures System 

14 Weapons Delivery/Fire 9 
COntrol System 

IS Identification: Friend/Foe/ 1 10 10 10 
Neutral 

16 fuel \tanqement 2 2 2 2 

*Weights are assigned on a scale of 1 to 10; 10 indicates extreme 
importance and challenge, and 1 t.nimportance and lack of challenge. 
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TABLE 1-4 Iq>ortanc:e of Systems and Activities to Success of 
Air-to-Ground Mission Phases* 

Tum-
Prelaunch Launch Ingress En,.,e Recover around 

1 Malfunction Wamina/ 3 6 6 6 3 
Recon1"J1Ufation System 

2 Navigation System 4 1 9 8 9 3 

3 Electrical Control System 3 3 3 

4 Hydraulic Control System 1 1 1 

s Taxi/Take.Qff/Land 1 1 1 9 

6 Autopilot System 1 2 2 2 1 

7 Target Sensing and 3 1 9 10 9 3 
Acquisition System 

8 Flight Control System 1 2 2 2 

9 Crew Escape System 3 6 9 6 1 

10 Propulsion Control System 2 2 2 2 

11 External Data Input Systems 6 9 10 9 1 

12 Crew Stalion 4 3 9 9 9 4 

13 Threat Warning and 2 2 10 10 10 2 
Countermeasures System 

14 Weapons Delivery/Fire 3 8 10 3 3 
Control System 

15 Identification: Friend/Foe/ 6 6 6 
Neutral 

16 Fuel Managemtnl 6 6 6 

*Weights are assigned on a scale of 1 to 10; 10 indicates extreme 
iq>ortance and challenge, and 1 uniq>ortanc:e and lack of challenge. 
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TABLE 1-5 Lmportance of Systems and Activities to Overall 
Objectives in Air-to-Air Missions* 

Rank 
Order Turn-
by Sums Prelaunch Launch Ingress Engase Recover uound 

10 Malfunction Wamina/ 8 22 14S 30 21 12 
Reconfigurarion System 

6 2 Navigation System 12 11 14S 60 lOS 3 

16 3 Electrical Control System 4 11 29 30 21 3 

13 4 Hydraulic Control System 4 11 29 30 21 3 

14 s Taxi/Take-Off/Land 4 11 29 30 21 3 

IS 6 Autopilot System 4 11 29 30 21 3 

s 7 Taraet Sensinaand 8 33 232 300 1~ 6 
Acquisition System 

12 8 fli&ht Control System 4 11 29 60 21 3 

4 9 Crew Escape System 4 ss 232 240 168 3 

6 10 Propulsion Control System 12 33 87 300 63 3 

2 11 External Data Input Systems 12 11 232 300 168 3 

7 12 Crew Station 8 22 87 240 63 3 

3 13 Threat Wamin& and 4 11 232 300 168 3 
Countermeuures System 

• 9 14 Weaporis DeUvery/Fire 4 11 29 240 21 3 
Control System 

1 15 Identification: Friend/Foe/ 4 11 290 300 210 3 
Neutral 

11 16 Fuel Manaaement 4 11 58 60 42 6 

TOTAL 

*Weights are on a scale of 3 to 300; 300 indicates extreme impor­
tance, and 3 extreme uniiJ1)ortance. 
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TABLE 1-6 Importance of Systems and Activities 
Objectives in Air-to-Ground Missions 

Rank 
Order 
by Swns Prelaunch Launch Ingress Enpae 

8 1 Malfunction WaroinJ/ 78 17 174 144 
Reconi~~UJation System 

5 2 Naviption System 104 17 261 192 

12 3 Electrical Control System 26 17 87 72 

16 4 Hydraulic Control System 26 17 29 24 

11 5 Taxi/Take-Off/Land 26 17 29 24 

15 6 Autopilot System 26 17 58 48 

4 7 Target Sensing and 78 17 261 240 
Acquisition System 

14 8 fliaht Control System - · 26• .. . 17 S8 . 48 

7 9 Crew Escape System 26 S1 174 216 

13 10 Propulsion Control System 26 34 S8 48 

2 11 External Data Input Systems 156 17 261 240 

1 12 Crew Station 104 51 261 216 

3 13 Threat Warning and S2 34 290 240 
Countermeasures System 

6 14 Weapons Delivery/Fire 78 17 232 240 
Control System 

9 1S Identification: Friend/Foe/ 26 17 174 144 
Neutral 

10 16 Fuel Management 26 17 174 144 

TOTAL 

4( ) values are scaled to Air-to-Air totals. 

22 

to Overall 

Tum-
Recover around Sums* 

174 15 594 
(386) 

261 15 910 
(592) 

87 25 314 
(204) 

29 25 150 
(98) 

261 25 " 382 
(248) 

58 25 232 
(151) 

261 15 666 
(433) 

S8 2S 249 
(162) 

174 2S 960 
(624) 

S8 2S 993 
(64S) 

261 2S 9S6 
(621) 

261 100 993 
(64S) 

290 so 9S6 
(621) 

87 1S 729 
(474) 

174 2S S60 
(364) 

174 2S S60 
(364) 
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The total of the numbers in each horizontal column in Tables 1-5 
and 1-6 can be used to rank each system or activity in terms of its 
importance to the overall mission. (Again, this ranking reflects a 
judgment of both how critical the system is to the mission, and how 
challenging it is to perform.) To derive a single number (instead 
of one for air-to-air missions and another for air-to-ground mis­
sions) to rank each system, the totals for each system in Tables 1-5 
and 1-6 were added (after scaling down the values in Table 1-6 to 
give equal weight to both missions). The comparison of the two 
listings for air-to-air and air-to-ground missions correlates at the 
90-percent level. The consensus of the two tables, equally weight­
ed, is shown in Table 1-7. 

To a first approximation, Table 1-7 suggests an order in which 
systems and activities could be considered for automation. A word 
of caution is necessary: some factors that influence whether a sys­
tem should be automated may have been ignored by this methodology. 
There are undoubtedly anomalies in the rankings in Table 1-7, and 
further study is warranted. 

Another consideration in determining the need for automation is 
the workload the pilot incurs when working with these systems in 
each mission phase. This consideration is illustrated by an inter­
action matrix showing the degree to which the pilot must use any two 
or more systems, or perform two or more activities, almost simulta­
neously (Table 1-8). Because the ingress, engage, and recover 
phases are the most work-intensive, the subcommittee constructed the 
matrix with these phases in mind. 

Though the data in Table 1-8 generally agree with the earlier 
rankings of the inportance and degree of challenge for each system 
(i.e., those systems considered to be challenging tend to involve a 
high number of interactions), there are some exceptions. Further 
study is warranted to understand why some systems are challenging 
and yet involve few interactions, and vice versa. 

A PRIORITY FOR AUTOMATION 

Although there are other concerns with respect to automating 
aircraft systems, it is possible to suggest where automation might 
be useful by examining in compos! te manner the two rankings: the 
importance of the systems and activities to the overall mission 
(Table 1-7); and the contributions of the systems or activities to 
pilot work load, as measured by the number of interactions required 
(Table 1-8). The data in these two tables were co-related. (The 
subcommittee hesitates to say "correlated.") The results are shown 
in Figure 1-1, where the subjective estimates of the inportance of 
the systems and activities are displayed as functions of the systems 
interactions. 
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TABLE 1-7 Rank Order of the Importance of Systems and Activities to 
Mission Success, Averaged Over Air-to-Air and 
Air-to-Ground Missions 

Rank 
Order Total* ~stem and Activities 
I 1350 ternal Data 
2 1339 Threat Warning/Countermeasures 
3 1290 Target Sensing/Acquisition 
4 1182 IFFN 
5 1135 Crew Escape 
6 1068 Crew Station 
7 927 Navigation 
8 782 Weapons Delivery 
9 660 Propulsion 

10 624 Malfunction Warning/Reconfiguration 
11 545 Fuel Management 
12 346 Taxi/Takeoff/Land 
13 302 Electrical Control 
14 279 Flight Control 
15 249 Autopilot 
16 196 Hydraulic Control 

*Sum of total weights from Tables 1-5 and 1-6. 
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TABLE 1-8 Interaction Matrix Showing Systems That Are Used 
SimultaneouslY** 

Rank No. of 
Order• Means Interactions 

16 Auto Pilot (31 

12 Taxi/to/Land (51 

7 Navigation (31 

3 Target Sensors/ (51 
Acquisition 

External Data (81 

6 Crew Station (101 

14 Flight Control (61 

9 Propulsion Control (51 

2 Threat Warning (81 
and Counterme•ures 

6 Crew Escape ( 1 I 

8 
Weapons Delivery I (61 
Fuel Control 

4 IFFN (41 

10 Melfu~ion ~aming/ 101 
Reconfegurateon 

13 Electrical Control (0) 

16 Hydraulic Control (01 

11 Fuel MaMgement (0) 

if'rom fable 1-7. 
**In the matrix, "P" emphasizes pilot interaction 
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FI~ 1-1 Estimates of system importance are shown as a function 
of the nunber of interactions (i.e. , the degree to 
which a pilot rust use two or more systems concur­
rently). This correlation allows systems to be group­
ed according to whether they need to be "improved," 
"improved and automated," or "automated," or are "OK" 
as they are. 
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which 
chal-

Because large suns on the abscissa suggest insufficient atten­
tion to pilot workload (since they signify large numbers of simul­
taneous interactions) the vertical line divides the systems into 
those that should be considered for automation to reduce workload 
(those with a value greater than 5 on the abscissa) and those that 
appear to impose a tolerable workload (those with a value less than 
5). 

On this basis, the quadrants in Figure 1-1 were labeled 
"1111lrove," "1111lrove and Automate," "Automate," and "OK." 

The "improve" category (upper left quadrant) represents systems 
and activities that are challenging to use, and are thus of concern 
to the pilot, yet involve few interactions. At this time, these 
systems need to be inproved to reduce their conplexity from the 
pilots' standpoint. Once they are improved, then a decision should 
be made on whether to automate them. 

The "improve and automate" category (upper right quadrant) rep­
resents systems and activities that are highly challenging to the 
pilot and involve high nunbers of interactions. These systems must 
first be inproved to reduce the pilots' concerns about them. When 
they are improved and perceived as less challenging they should be 
automated to reduce the number of interactions they involve. 

The "automate" category (lower right quadrant) represents sys­
tems that have a high number of interactions but are not challenging 
or difficult for the pilot to perform. They are good candidates for 
automation at present. 

The "OK" category (lower left quadrant) represents systems that 
are not challenging to the pilot and involve few interactions. They 
do not need attention. 

The systems and activities that require improvement and/or auto­
mation are listed in alphabetical order in Table 1-9. (A rank order 
was not considered appropriate.) The systems and activities that 
are apparently mature enough, from the standpoint of design, for 
automation are listed in rank order in Table 1-10. It is the sub­
committee's conclusion that the systems in Table 1-9 should be given 
attention before those in Table 1-10. 
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TABLE 1-9 COmbat Aircraft Systems and Activities Requiring 
Attention to Design and/or Automation (in Alphabetical 
Order) 

Systems and Actlvltles 

Crew Escape 
Crew Station 
External Data 
IFFN 
Navigation 
Target Sensing/Acquisition 
Threat Warning/Countermeasures 

TABLE 1-10. Rank Order of Combat Aircraft Systems and Activities 
Mature Enough for Automation 

Rank Order 

1 

2 

3 

4 

5 

6 

7 

Systems and Activities 

Flight Control 
Propulsion 
Weapons Delivery/Fuel Control 
Crew Station 
Threat Warning/Countermeasures 
External Data 
Target Sensing/Acquisition 
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The data in Figure 1-1 can be used to describe further the 
potential for automation. For instance, these data can be used to 
examine groups of systems that are particularly important in combat 
missions. The subcommittee selected two groups: the target engage­
ment group (target sensing, external data, crew station, and flight 
control), and the defense awareness group (navigation, external 
data, threat warning, and crew station). 

Assuming a functional relationship between the importance of the 
systems (ordinate, y) and the number of interactions (abscissa, x) a 
linear regression of the data in Figure 1-1 was computed 
(y ! 400 + lOOx). This allowed an interpretation of the potential 
benefits of automating these two groups (target engagement and de­
fense awareness) , shown in Figures 1-2 and 1-3. The solid line 
linking the systems in the group plots the situation before automa­
tion, and the dotted line, that after automation. In each case, the 
number of interactions eliminated by automation is taken into 
account, and data points are replotted at an ordinate value less by 
100 per interaction elimination. The subjective conclusion is that 
automation has greater potential for the target engagement group 
than for the defense awareness group. 

This chapter has illustrated several methods of ranking systems 
for consideration for automation. The examples and conclusion in­
cluded here are meant to describe an approach to the question; they 
are not, in and of themselves, intended to be a guide for the auto­
mation of combat aircraft. 
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Chapter · 2 

HUMAN FACTORS SUBCOMMITTEE REPORT 

INTRODUCTION 

The human operator is a crucial component of the combat aircraft 
system. Any attempt to automate combat aircraft--to allocate tasks 
between pilots and equipment-~st be done in the context of ht.lllan 
capabilities and limitations. 

In that context, the subcommittee examined the ways in which 
automation can be used to lessen pilot workload, as in reducing the 
number of concurrently performed tasks. Before recommending the 
types of automation that would assist the pilot, the subcommittee 
examined how pilots think about their tasks: how they process in­
formation and develop mental representations of these tasks. Human 
performance characteristics of the various controls and displays 
through which the pilot and the automated equipment interact should 
be the basis for the design of cockpit interfaces, and design is 
considered in that context. 

Finally, guidelines are given for when and how to automate com­
bat aircraft, as well as on how to avoid the pitfalls of automa­
tion. From these guidelines, the subcommittee then recommends 
research and activities necessary for the automation of combat air­
craft in light of human factors considerations. 

AUTOMATION AND PILOTS 

The intelligent allocation of tasks between pilots and automated 
systems has long been recognized as a key problem in the development 
of aerospace technology (e.g., National Research Council, 1951). 
The committee's interpretation of automation as "those processes by 
which essential functions can be performed with partial, intermit­
tent, or no intervention by flight crews" makes it clear that task 
allocation is not just a matter of dividing functions between pilots 
and equipment. Many functions will be best performed through the 
interaction of the pilot and the equipment. Nor, it should be 
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clear, can tasks be allocated on the basis of a narrowly optimized 
consideration of whether men or machines can perform a given func­
tion "best," any more than an engineer would wire a plane with sil­
ver instead of copper conductors because it has a slightly lower 
resistance. As Fitts (1962) put it, "· •• a little reflection makes 
it clear that the central issue in choosing components for a complex 
system is usually not so much which component will do a better job, 
as which component will do an adequate job for less money, less 
weight, less power, or with a smaller probability of failure and 
less need for maintenance." In this chapter, we have therefore fol­
lowed Fitts' (1962) approach of describing human capacities and lim­
itations, rather than trying to list the ways in which man is supe­
rior to a machine and vice versa. (Examples of the latter are con­
tained in National Research Council, 1951; Gagne, 1962; Woodson and 
Conover, 1964; and Woodson, 1981.) 

Man as a System Component 

Viewed as a component of a system, the human brings with him a 
certain number of capabilities and limitations. These 
includel( Table 2-1) "good perceptual" capabilities, a limited 
processing rate, a tendency towards certain types of error, flexible 
control, and specialized life-support requirements. 

tt.rnans are characterized by well-developed perceptual abilities 
(National Research Council, 1951; Cornsweet, 1970; Van and Warrick, 
1972). The eye is so sensitive that it can detect the presence of 
as few as nine quanta of light, detect the flare of a match 15 miles 
away on a dark night, or the presence of a black wire one-sixteenth 
of an inch in diameter, viewed against the clear sky at a quarter 
mile. Of course these sensitivities occur only at certain frequen­
cies in the spectrum. Perceptually, the human excels at such diffi­
cult tasks as recognizing faces, identifying objects, and compre­
hending continuous speech. 

Humans are also characterized by a limited processing rate 
(Chapanis, Garner, and Morgan, 1949; Fitts and Posner, 1967; Harter, 
1967; Welford, 1968; Newell and Simon, 1972; Ganz, 1975; Blumenthal, 
1977; Ericksen and Shultz, 1978). Two events occurring closer to­
gether than about a tenth of a second will generally be perceived as 
a single event. The same time scale roughly holds for elementary 
cognitive processes (such as mental counting, or scanning a set of 
just-heard numbers for the presence of a given number) or elementary 
motor processes (such as tapping) with a range of 25-200 millisec­
onds/operation. An activity that requires integrated perception, 
decision, and motor action requires on the order of one-half second 
and results in the processing of something like 10 -.40 bits per 
second of information. A more complicated activity, in which some 
problem solving is involved, is likely to proceed along at more like 
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TPBLE 2-1 A Few Characteristics of Man as a System Component 

Good perceptual abilities 
Sensitive sound and light detectors 
Good object recognition 

Limited processing rate 
Umited input rate 
Limited "thinking" rate 
Limited motor-output rate 
Largely single-channel operation 

Error prone 
Umited precision 
Capture errors 
Sequence step omissions 

Flexible control 
Can reprogram self 
Adaptable 
Poor monitor 
Needs motivation 

Requires specialized life-support environment 
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5 seconds per step. A final limitation on processing rate is that 
the human is, with some minor exceptions, a serial processor of in­
formation. Attention to two or more activities requires rapid 
switching between the tasks. 

Humans are prone to error in a number of ways (Van and Warrick, 
1972; Norman, 1981). For one, there is a limit to the precision 
with which they can make judgments; they are able, for example, to 
distinguish among roughly seven colors or sounds when these appear 
alone. They are also susceptible to various types of execution 
errors, such as accidentally leaving a step out of a procedure 
(sequential errors) or mistakenly reverting to an old familiar pro­
cedure instead of an intended new one (capture errors). 

tt.mans are characterized by flexible control (Mackworth, 1950; 
National Research Council, 1951; Newell, 1980). They can invent new 
procedures and adapt old ones to new circumstances. The other side 
of this flexibility is that they need to be motivated. They work 
best at tasks that provide activity and that are intrinsically 
interesting. Consequently, they tend to be poor monitors and 
watchkeepers. 

Finally, humans require their own specialized life-support sys­
tems to function: maintenance of correct ranges of cabin pressure, 
temperature, humidity, ventilation, and oxygen. Performance is 
seriously affected by high acceleration, and humans require sophis­
ticated emergency escape systems. Roughly speaking, the addition to 
the aircraft of another 150-pound man requires about 10,000 pounds 
of additional weight in support equipment. 

These human capabilities have, of course, remained unchanged 
since the fighter aircraft of World War II were developed, but the 
tasks of the pilot have not. As a result of enhanced threats 
against combat aircraft, engineers have designed fighters to fly 
under more difficult operating conditions: close to the ground, at 
night, in bad weather, and at increasing speeds. Designers have 
used advances in electronics to make new types of offensive weapons, 
and they have designed aircraft that can respond to the threat of 
large enemy forces in certain areas by simultaneously attacking 
multiple targets • 

.., The res• I 1 t 1 s a greater workload for the pilot. Hiah workload 
induced by piecemeal automation may lead to errors, re uced accu-
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• Reduce excessive air crew workload 
• Reduce errors 
• Lmprove air crew performance 
• Add new capabilities. 

Of course automation is not the only means available for achiev­
ing these ends; alternatives such as revised procedures, ifll)roved 
training, or human engineering may be preferred choices in particu­
lar situations. Furthermore, realizing the potential of automation 
to enhance performance will depend on a careful analysis of a number 
of factors. Once sources of excessive workload are identified, 
automation can reduce that workload. But to reduce workload sig­
nificantly, the design of an automated task and its cockpit displays 
and controls must be carefully matched to the pilot and his cogni­
tive processing during combat. This, in turn, requires an under­
standing of pilots' mental representations (the formats in which 
they store information in their minds), the performance charac­
teristics of the controls and displays through which the pilot and 
the automated systems interact, and human performance generally. 
Past human-engineering studies have provided considerable data on 
the perceptual and motor aspects of the interaction between humans 
and machine; successful human engineering of automation-enhanced 
mamed cockpits will require increased attention to the cognitive 
(as opposed to the perceptual and motor) aspects. 

Automation and Pilot Workload 

There are several different, but related, sources of pilot work-
load for which some application of automation may be beneficial: 

• Perceptual saturation 
• Concurrently performed tasks 
• Time-line compression 
• Pilot bandwidth limitations 
• Small-scale, routine operations. 

Each of these poses its own problem for the pilot. 

Perceptual Saturation 

A number of critical events may occur at the same time, such as 
when several missiles simultaneously attack the aircraft. Since the 
human pilot is a serial processor and requires appreciable time for 
action, he may have great difficulties even keeping track of the 
threats. 

39 

Copyright © National Academy of Sciences. All rights reserved.

Automation in Combat Aircraft
http://www.nap.edu/catalog.php?record_id=19605

http://www.nap.edu/catalog.php?record_id=19605


Concurrently Performed Tasks 

Pilots may have to operate several pieces of equipment concur­
rently. Figure 2-3 shows a time-line analysis of the activities in 
a current fighter, the AV-88 (for which data were available to the 
committee), during an air-to-ground (close air support) mission. 
The total time in the mission is 280 seconds, from loiter to bomb 
drop. The 16 systems and activities analyzed by the Functions Sub­
ccrnmittee are listed on the side. A shaded box is drawn if that 
system is used during a given 10-second interval. Up to six of the 
systems and activities listed in Figure 2-3 were operated within any 
10-second period. This can be determined by drawing a vertical line 
anywhere in the figure. It will intersect six systems at most. 
Such shifting between tasks may cause errors because of the extra 
demands placed on pilots' memories. 

Some systems of the aircraft interact with other systems more 
than with others. For the time-line used in Figure 2-3, Table 2-2 
shows the number of times systems in the AV-88 fighter were used 
concurrently within the 10-second intervals. The systems that inter­
act the most with other systems are threat warning and counter­
measures, flight control, external data (largely cOIIIIl.lnications), 
target sensing and acquisition, and weapons delivery. 

Table 2-3 shows a similar analysis for an F -16 air-to-ground 
(close air support) mission. This figure reports the number of 
times the pilot is expected to shift his visual attention from one 
system to another. The results are similar; the systems that inter­
act most with others are, by this analysis, flight control, threat 
warning and countermeasures, navigation, target sensing and acquisi­
tion, external data, and weapons delivery. Additional automation to 
reduce the number of concurrently performed tasks associated with 
these systems could help to reduce pilot workload. 

Time-Line Compression 

Because of the speeds at which encounters with the enemy occur, 
only limited time is available for judgment and action. For exam­
ple, consider a head-on encounter between an F-15 and an enemy air­
craft. For the F -15 pilot to fire a shot at the enemy from the 
maximum distance possible, he must perform the following tasks by 
the time the enemy is within range of his sidewinder missiles: 

• Identify the other aircraft 
• Communicate the presence of the enemy aircraft 
• Hear the tone that indicates his missile is tracking 
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Figure 2-3 A time-line analysis of the activities of a current 
fighter, the AV-88, during an air-to-ground mission 
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TABLE 2-2 Nunber of 10-second Intervals in Which Two Systems 
Were Used Concurrently* 

1 Malfunction/ 
Reconfigure 

2 Navigation 

3 Electrical 
Control 

4 Hydraulic 
Control 

5 
Take-off/ 
Land 

6 Auto Pilot 

7 Threat Sensors/ 
Acquisition 

8 Flight 
Control 

9 Crew 
Escape 

10 Propulsion 
Control 

11 External 
Data 

12 Crew 
Station 

13 
Threat Warn. and 
Countermeasures 

14 
Weapon 
Delivery 

15 IFFN 

16 Fuel 

*Based on the 280-second air-to-ground mission described in Figure 2-3 

NOTE: The larger nunbers in the diagram have been circled to help them 
stand out. 
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TABLE 2-3 Number of Visual Attention Shifts Between Two Systems* 

1 Malfunction/ 
Reconfigure 

2 Navigation 

3 Electrical 
Control 

4 Hydraulic 
Control 

5 Take-off/ 
Land 

6 Auto Pilot 

7 
Threat Sensors/ 
Acquisition 

8 Flight 
Control 

9 
Crew 
Escape 

10 Propulsion 
Control 

11 External 
Data 

12 Crew 
Station 

13 Threat Warn. and 
Countermeasures 

14 Weapon 
Delivery 

15 IFFN 

16 Fuel 

~ 
~0'4,) 

*For an air-to-ground (close air support) mission in an F-16; in­
gress and engage phases only (Hanson, Jones, Macek, Peters, and 
Sanvig, 1979) 

NlTE: The larger numbers in the diagram have been circled to help 
them stand out. 
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• Uncage his missile 
• Ensure that the missile is tracking well by looking at his 

heads ~ display (HJD) 
• Determine that the enemy is within the weapon's range 
• Shoot the missile 
• Plan his next move 
• Wait 0.4 sec before the next missile comes off the rail 
• Determine whether another shot is necessary. 

At a closing rate of 2,000 feet per second, all this would have to 
happen within 2-3 seconds. The difficulty of performing these tasks 
in such a short period, given the performance times that character­
ize the human, suggests that missions would benefit from additional 
automation to eliminate some of these tasks or enable pilots to per­
form them faster. 

Pilot Bandwidth Limitations 

Humans are limited in the rate at which they can perform manual 
tasks. This characteristic is referred to here as pilot bandwidth 
limitations. Because the pilot needs on the order of one-half sec­
ond to make a control adjustment, he is incapable of manually con­
trolling aircraft that require much more than two corrections per 
second. Because the frequency of control adjustments required in 
the F-16 exceeds this human capability, the plane cannot be flown on 
a strictly manual basis. In such cases, automation is necessary to 
building a plane with certain performance characteristics. Other 
research (Roscoe, 1980) has shown that reducing the control order 
for flight control improves pilot performance. 

Small-Scale Routine Operations 

Operations that require numerous small steps can sign! ficantly 
increase pilot workload. Such tasks are time~onsuming, they are 
prone to error because a step may be skipped, and they impose a 
memory load on pilots that may cause errors in the performance of 
other tasks. For example, to start operating the inertial navigation 
system (INS) prior to takeoff in an F-15, the pilot must: 

1. Turn on the gyro compass mode 
2. Type in the present position 
3. After 3 minutes note a solid alignment light 
4. After 9-14 minutes note a flashing alignment light 
5. Turn the system to INS (operate state). 

All the pilot wants to do is to turn the system on. 
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Matching Planes to Pilots 

While, at one level, the pilot is flying the plane, firing its 
armaments, etc., at another level he is performing a set of abstract 
tasks, such as putting a cursor in a box on a cathode-ray tube (CRT) 
--instead of looking into the sight for the proper aligrvnent for 
missile launch. This illustrates one advantage of displays based on 
automation: they allow greater freedom in substituting an equiva­
lent easier task for a given more difficult one. 

A second advantage is that if tasks are converted into a common 
digital medium, they can be integrated. An example is the coding of 
the surface-to-air missile threat into a flying task of avoiding an 
obstacle (as in the advanced electronic terrain mapping system 
[AETMS]). When a pilot is within range of surface-to-air missiles, 
the warning is displayed as a visual obstacle around which the pilot 
rust fly. Automation in this case requires that pilots perform a 
single task, similar to avoiding a small cloud, rather than perform­
ing two completely separate tasks. 

Automation can thus reduce the pilot's workload if it provides 
displays and controls that match the pilot's mental representations 
of his tasks--how he represents the real world in his memory. To 
the extent these do not match, pilots rust perform additional mental 
operations to translate back and forth between displays or actions 
and their mental representations. 

Increasing the ability to match automation to the pilot's repre­
sentation would seem to rest on the further development of three 
areas of the technology base: 

• An improved understanding of pilots• mental representations 
of their tasks 

• Documentation of human performance characteristics for the 
generic components of cockpit designs 

• Codification of the human performance science base. 

Pilots' Mental Representations 

Flying a combat aircraft is certainly an example of a high-level 
cognitive skill. As such, it is interesting to consider combat 
piloting in light of what has been learned about other cognitive 
skills, such as playing chess (Chase and Simon, 1973a, 1973b; Simon 
and Gilmartin, 1973; O'larness, 1976). These studies show that 
chess skill has an important perceptual component. Chess masters 
consider fewer possible moves than do novices, for example. In 
fact, they usually plan a move in about 5 seconds. Unlike novices, 
masters can reproduce a chess board they have seen for only 5 sec­
onds if the pieces are in a tactical arrangement. If the pieces are 
randomly placed, however, the masters have no advantage. 
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By looking at the way a chess master reproduces the play of the 
board, one can see that the chess master's mental image of the board 
consists of groupings of pieces, such as pawn chains, rather than 
the positions of individual pieces. He can remember tactical chess 
positions more easily than the novice because, as the result of this 
grouping, there are fewer things to remember. Studies of the cogni­
tive skills used in Go, electronics, bridge, rusic, and physics 
yield similar results (Reitman, 1976; Sloboda, 1976; Engle and 
Bukstel, 1978; Egan and Schwartz, 1979; Larkin et al., 1980). 

In light of the research on chess and other cognitive skills, 
one might expect that combat piloting, especially in the tactical 
air-to-air mission, would have a similarly demanding perceptual com­
ponent and that in combat each tactical decision might require an 
average of 5 seconds (with a range of roughly 2-20 seconds). Fur­
thermore, one might expect an experienced fighter pilot to develop 
mental representations for tactical patterns (i.e., to group these 
moves together in his mind) to enhance his ability to keep track of 
large amounts of information. Therefore, an understanding of the 
pilot's mental process, gained through an extension of the methods 
applied to other cognitive skill tasks, should be useful in design­
ing cockpits. For example, discussions with air-to-air pilots 
served to eiJ1lhasize the iiJ1lortance of what the pilots called "situa­
tional awareness." The fact that 75 percent of pilots "shot down" 
in the Red Flag training exercise never saw their attackers docu­
ments the problem. 

A common characteristic of cognitive skill is the expert's abil­
ity to think in terms of larger scale units. Expert COIJ1luter pro­
granmers, for ext:~nple, may consider the effects of four or five 
assembly language instructions that do an integrated task as one of 
their building blocks, rather than in terms of what a single 
instruction may do. Similarly, pilots' representations of their 
tasks are likely to be in terms of "pop-ups," defensive "jinks," and 
other tactics, rather than in terms of the coiJ1llicated control 
manipulations by which these maneuvers are effected. PLitomation 
that would make such maneuvers easy to perform (the siiJ1lle button on 
the F-15 and F-16 that sets up all the displays and armaments for a 
dogfight), or provide pilots with information that would enable 
them to react faster, as in identifying approaching missiles so as 
to know the proper "jink" to use, would probably be worthwhile. 

Human Performance Characteristics of Cockpit Components 

Successful design of automated systems also depends on an under­
standing of how pilots respond to and use the individual components 
in cockpits. Although there are great numbers of automated devices 
aboard modern aircraft, only a modest number of techniques have been 
used to create the interfaces between these devices and the pilot. 
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Much research on human performance characteristics in aircraft cock­
pits has focused on the runerous dials and knobs that are used to 
convey information to the pilot, or are used by the pilot to perform 
his tasks. But as technology advances, these dials and knobs are 
being replaced by nultipurpose cathode-ray tube displays, c~uter 
merus, and control sticks containing buttons. Theories and data 
relating human performance to these new methods will be essential in 
the design of future cockpits; nuch existing data on dials and knobs 
are no longer applicable. (See Ramsey and Atwood, 1979; Brown et 
al., 1980; Davis and Swezey, 1981, for the current state of the art rn this area. ) 

As an example, one area in which research would be helpful is in 
methods for designating items on a display. Several methods are 
possible, such as the use of push-button merus, a system in which a 
button carries different sets of instructions according to which 
mode is selected; dedicated buttons, a system in which each button 
carries only one instruction; or cursors that are controlled fran 
the throttle. 

Each of these methods has its own performance characteristics. 
For example there are already theory and data about devices that 
move cursors on a cathode-ray tube (Card, English, and Burr, 1978), 
as well as research on the design alternatives. According to this 
theory, a person with an optimal device should be able to move a 
cursor and select a target in a time given by Fitts's Law (Welford, 
1968): 

Movement time = K + 0.1 log2 (D/S + 0.5) second, 

where D is the distance on the an between where the cursor starts 
and the target, S is the width of the target, and K is a constant, 
usually about 1 second. A spring-loaded isometric joystick with 
velocity proportional to the square of the force (like that on the 
F-16) will probably be slower, moving the cursor with a constant of 
proportionality of about twice the optimal rate: 

Movement time = K + 0.2 log2 (D/S + 0.5) second. 

This cursor-moving device may make it more difficult to position the 
cursor on the target and may have higher positioning error than the 
optimal device. The tradeoff of speed for convenience of location 
may be necessary in the context of a certain cockpit. But designers 
nust have mcxlels and performance profiles for the various cockpit 
canponents in order to understand the tradeoffs they are making. 

Codification of the Science Base for Human Performance 

Designing the controls and displays with which pilots operate 
airplanes rests largely on the following: 
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• A data base of past experience with controls and displays 
(now partly obsolete because of technological change) 

• Time-line analysis tools, such as the McDonnell Aircraft 
Pilot Simulation Model and the workload analysis techniques 
of General Dynamics and others 

• Simulation 
• Flight testing. 

At present, there are few practical models of human performance 
that can be used to design automated systems for pilot use. There 
are excellent models that describe human performance of manual con­
trol tasks, and these have been of assistance to cockpit designers 
in the past. There is a need for similar models to describe hunan 
performance with automated aircraft equipment. 

Research in cognitive psychology is yielding some results on 
hunan performance that can be valuable in this area. If properly 
codified, these data might provide the science base to support the 
development of needed practical models. At present, the data are 
not in usable form; the sets are contradictory and need to be ana­
lyzed. Also, many studies are aimed at refining theory, rather than 
developing the approximation models needed in engineering design. 
Nevertheless, the results on chess and on moving cursors cited above 
are evidence that this emerging body of knowledge could be tapped to 
provide substantial insight into the design of future combat air­
craft. A few models of the application of conteq>orary cognitive 
psychology to system design problems already exist (Pew et al., 
1977; Lane, Streib, and Leyland, 1980; Baron et al., 1980; card, 
Moran, and Newell, forthcoming). The Lane, S£rerb, and Leyland 
study has been used for time-line simulation in naval avionics. 
Baron's study has been used to research the behavior of air carrier 
crews in performing rapid sequences of tasks. Further work may 
yield analytical tools and practical handbooks that could signifi­
cantly enhance designers' ability to engineer the controls and dis­
plays required for automated aircraft equipment. 

AUTOMATION GUIDELINES 

This section suggests guidelines on the types of functions that 
might be autanated, how to autanate them, and then warns against 
some pitfalls designers have encountered. The guidelines (sl.lllna­
rized in Table 2-4) arise from the briefings given to the subcom­
mittee, especially the TAC briefings (summarized at the end of this 
chapter) , and from experience in the autanation of carmercial air­
craft (Wiener and Curry, 1980). These guidelines are not complete, 
but are representative of. the information that needs to be developed 
in more detail to enable the effect! ve automation of combat air­
craft. Consequently, these guidelines should not be considered 
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TABLE 2-4. Automation Guidelines for Combat Aircraft 

....., to Autc:.te 
To reduce excessive workload. 

1. Consider automating to avoid perceptual saturation. 
2. Consider automating to reduce concurrent tasks. 
3. Consider autanating tasks on compressed time-lines. 
4. Consider automating to avoid pilot bandwidth limitations. 
s. Consider autanating to eliminate or consolidate small-scale 

operations. 
To reduce errors 

6. Consider autanating routine tasks. 
7. Consider automating memorization tasks. 
8. Consider autanating sequential and timed tasks. 
9. Consider automating seld0111operformed tasks. 

10. Consider autanating monitoring tasks. 
ll. Consider automating tasks pilots find boring and unmotiva­

ting. 
To !~rove performance 

12. Consider autanating precision tasks. 
13. Consider automating emergency-prevention devices. 
14. Consider autanating complex mathematical or logical tasks. 

To add new capability 
1S. Consider automating to avoid the combination of low-altitude 

flight and any other task. 
16. Consider autanating complex tasks that ~~a.~st be performed 

rapidly. 
l-Ow to Automate 

Control tasks 
17. Oesig-~ aircraft controls and displays to be compatible with 

pilots' mental representations of the tasks. 
18. Use automation to eliminate peak task demands. 
19. Provide optional capability for manual operation of the 

system. 
20. Allow for different pilot styles. 

Monitoring tasks 
21. Keep false-alarm rate low. 
22. Provide operationally-relevant information. 
23. Allow for pilot query. 
24. Design alarms to indicate the extents of emergencies. 
2S. Expose pilots to all alerts and to i~rtant conoinations. 

Plaming and Tactical Maneuvers 
(Research needed) 

Pit falls of Autanation 
26. Beware of reliability and maintenance problems in complex 

systems. 
27. Beware of unnecessary use of automation. 
28. Beware of the lack of pilot acceptance. 
29. Beware of substitution of emergency backup systems for main 

systems. 
30. Beware of the loss of pilots' manual skills. 
31. Beware of increased training requirements. 
32. Beware of failure modes for complex systems. 
33. Beware of syst .. inflexibility or unmodifiability. 
34. Beware of unknowns. 
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specifications; they lack the necessary detail, and they may con­
flict with one another under some conditions. Finally, the subcom­
mittee stresses that if automation is to be implemented success­
fully, good human-engineering practices must be followed in design­
ing automated devices. 

When to Automate 

We have already identified four ways automation can aid the 
pilot: 

• Reducing excessive workload 
• Reducing errors 
• Improving pilot performance 
• Adding new capabilities. 

These opportunities for automation are distinct, but not indepen­
dent. An improvement that reduces workload during critical periods, 
for example, will probably also reduce error and improve pilot per­
formance. It may enable pilots to perform tasks that were previ­
ously impracticable, thereby adding a new capability. The guide­
lines suggest areas in which automation may improve pilot perfor­
mance and mission effectiveness. Determining whether there is a net 
improvement to be gained in a specific instance requires, of 
course, detailed study of the tradeoffs with other factors that 
might negate advantages (for example, added weight, reduced total 
system reliability, or cost). 

Automating to Reduce Excessive Workload (Guidelines 1-5) 

Guideline 1. Consider automating to avoid perceptual saturation. 
Guideline 2. Consider automating to reduce concurrent tasks. 
Guideline 3. Consider automating tasks on a compressed time-line. 
Guideline 4. Consider automating to avoid pilot bandwidth lim! ta-

tions. 
Guideline 5. Consider automating to eliminate or consolidate small­

scale operations. 

We have already discussed these previously. Examples of automa­
tion directed at these sources of workload are automatic target­
acquisition and flight~ontrol automation that reduce the pilot's 
control order. 

Automating to Reduce Errors (Guidelines 6-11) 

Guideline 6. Consider automating routine tasks. 
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The high frequencies with which many routine tasks occur make 
them candidates for errors (even if their error rates are low), and 
the well-defined nature of these tasks makes them easy targets for 
automation. By contributing to pilot workload, routine chores cause 
errors in other tasks. Examples of routine tasks that might be can­
didates for automation are fuel center-of-gravity management, flight 
plaming, and data loading. 

Guideline 7. Consider automating memorization tasks. 

Designers can use automation to sifl1lli fy tasks requiring both 
short- and long-term memory. Ex&fll)les of memorization tasks are 
emergency responses and tasks involving detailed knowledge of the 
aircraft. 

Q.Jideline 8. Consider automating seCJ,Jential and timed tasks. 

A common error is to leave a step out of a sequence or to do one 
step twice (Norman, 1981). This may occur, for example, when chang­
ing the IFFN squawk or when sequencing fuel, selecting weapons, or 
arming weapons. · 

Guideline 9. Consider automating seldom..performed tasks. 

Pilot performance of infrequent tasks may be lower than it is 
for the more frequent tasks. In such cases, automation can be used 
to place a "floor" under pilot performance. Examples include emer­
gency responses and fault diagnosis. 

Guideline 10. Consider automating monitoring tasks. 

Monitoring is a task humans perform poorly. Moreover, this is a 
major source of workload in an advanced fighter, because of the 
large number of items that must be monitored. Therefore, it may be 
worthwhile to automate the monitoring of engine tefl1lerature, elec­
tronic countermeasures during engagement, and surface-to-air mis­
siles. 

Guideline 11. Consider automating tasks pilots find boring and 
unmotivating. 

Pilots work best at active tasks that are intrinsically inter­
esting (National Research Council, 1951). A certain kind of motiva­
tion and interest is required in a good fighter pilot. The pilots 
interviewed by the subcommittee appeared highly motivated by the 
operation of the aircraft itself and by their achievement in tacti­
cal maneuvers. Such intrinsic motivation is probably an iflllortant 
factor in the recruitment, retention, and performance of air crews 
and should be considered in the design of pilot tasks. 
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Automating to Improve Performance (Guidelines 12-14) 

Guideline 12. Consider automating precision tasks. 

The benefits of automating to obtain greater accuracy than 
pilots can achieve in important precision tasks, such as gun track­
ing, following and avoiding terrain, controlling engines, and land­
ing when visibility is low, are obvious. 

Guideline 13. Consider automating emergency-Prevention devices. 

The use of automation to help prevent departures from controlled 
flight, running out of fuel, or the like can not only reduce the 
incidence of these emergencies, but can also free the pilot to con­
centrate on his tactical tasks. Examples are angle-of-attack and 
g-force limiters, as in the F -16, and stall indicators, as in the 
F-111. care needs to be taken, however, that aircraft performance 
is neither reduced nor made more predictable to an enemy. 

Guideline 14. Consider automating conplex mathematical or logical 
tasks. 

Canplex mathematical tasks are an area in which automation can 
greatly improve mission performance. Examples are simplifying com­
putations of automatic ballistics and paraneters, warning of the 
enemy weapon fragmentation envelope, automatic weapons release, con­
tinuously computed impact points (CCIP), and flight-Path vectors on 
the heads up display {HUO). 

Automating to Add Capabilities (Guidelines 15-16) 

Guideline 15. Consider automating to avoid the combination of low­
altitude flight and any other task. 

Briefings and interviews with pilots emphasized that flying at 
very low altitudes and avoiding collision with the ground effec­
tively prohibit pilots from engaging in other concurrent activities, 
such as responding to enemy threat warnings or taking care of mal­
functioning systems. 

Guideline 16. Consider automating complex tasks that rust be per­
formed rapidly. 

Some tasks involve such sophisticated calculations and rust be 
performed so rapidly that they virtually cannot be conpleted without 
automation. These tasks include electronic countermeasures and 
electronic counter-countermeasures. 
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How to Autanate 

There appear to be three dimensions along which automation can 
proceed (Figure 2-4): (1) automation of control tasks, (2) automa­
tion of monitoring tasks, and (3) automation of tactical and plan­
ning tasks. The subccmnittee grot..ped the guidelines accordingly. 

Automation of Control Tasks (Guidelines 17-20) 

Guideline 17. Design aircraft controls and displays to be compat­
ible with pilots' mental representations of the tasks. 

A compatible system will reduce the number of mental operations 
the pilot requires to perform the task, leading to a reduction of 
the pilot's workload and probability of error. 

Guideline 18. Use automation to reduce peak task demands. 

Peaks in pilot workload can be reduced by automating tasks or 
parts of tasks. Pilot workload can also be reduced by shifting 
parts of tasks to more relaxed times in the missions. 

Guideline 19. Provide optional capability for manual operation of 
the system. 

Guideline 20. Allow for different pilot styles. 

The environment in which the canbat pilot works may be very un­
predictable. The pilot should be allowed to overcome system inade­
quacies and failures. Since pilots are highly skilled, competi­
tively selected, and highly trained, differences in pilot styles are 
probably not capricious but instead reflect methods individual 
pilots have discovered for i~Jl)roving performance. Pilots should, 
therefore, be allowed to operate automatic equipment according to 
their own preferences so long as system performance and safety re­
main within tolerable limits. Moreover, automation can be used ad­
vantageously when pilots are not as proficient as they should be. 
The advice of these last two guidelines may be summarized as: 

"Use automation to put a floor but not a ceiling, on per­
formance." 

Automation of Monitoring Tasks (Guidelines 21-25) 

Guideline 21. Keep the false-alarm rate low. 

Monitoring systems with high false-alarm rates are often ignored 
or turned off. Unfortunately, it is difficult to define the maximum 
tolerable false alarm rate because it depends, among other things, 
on how critical the alarm is and on the phase of the mission. 
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FIGURE 2-4. Automation can proceed along three dimensions: the 
autanation of control tasks, the autanation of moni­
toring tasks, and the automation of tactical and plan­
ning tasks. 
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Guideline 22. Provide operationally-relevant information. 

This guideline is intended to reduce the pilots• mental opera­
tions and to increase their acceptance of automated systems. Pilots 
are most likely to accept monitoring systems that give them specific 
information about malfunctions; a display reading "low voltage" is 
less useful than one that says "generator off line," which is less 
useful than a display of capabilities lost or retained. Suggestions 
for remedial or compensatory action are also helpful. The danger in 
systems that provide diagnostic information and recommend remedial 
action is that they may be incorrect in unforeseen circumstances. 

Guideline 23. Allow for pilot query. 

Pilots may wish to query the system to verify an alarm (or lack 
of an alarm) • Although this seems to be a useful mode of operation, 
actions critical to safety of flight should not rely on pilot 
action. The "stick pusher" system is one exanple of a critical 
action that has been automated. 

Guideline 24. Design alarms to indicate the extents of emergencies. 

An alarm that indicates the extent of an emergency enables 
pilots to allocate their attention time most effectively during 
crises. Current design philosophy is consistent with this guide­
line; alarms are classified as either warnings that require immedi­
ate action, cautions that require less immediate action, or advi­
sories that require no action. 

Guideline 25. Expose pilots to all alerts and to important combina­
tions. 

Multiple alerts arising from a single cause can be confusing 
when seen for the first time. Using a part- or whole-task simulator 
to expose the pilot to the alert system will reduce the errors caus­
ed by misunderstanding. 

Autanation of Plaming and Tactical Maneuvers 

Certain plaming and tactical tasks must be completed, in ad­
vance, by either hours (as in mission planning), minutes (as in 
long-range engagement), or seconds (as in dogfighting). Because our 
experience in this area is more limited, guidelines for these tasks 
were not as easy to list as those for control and monitoring tasks. 
The subcommittee's discussions with pilots indicated, however, that 
two previous guidelines apply to plaming and tactical tasks: guide­
line 17 (controls and displays should be compatible with pilots• 
mental representations of tasks) and guideline 20 (different pilot 
styles should be accommodated). 
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The task of planning a mission over a long period (hours) and 
subsequently loading data in bulk into flight computers can be auto­
mated. Pilots would like assistance in all phases of the mission: 
ingress, engagement, and egress. Factors to be considered during a 
mission include exposure to threats and the angle of the sun. These 
variables must be included in the program if automatic plaming is 
to be of optimal use to the pilots. 

Pilot performance of both planning and tactical maneuvers over a 
moderate period (minutes) could be assisted by decision aids. Simi­
lar aids have been developed to aid tactical officers during anti­
submarine warfare in the deployment of sensors. It appears that 
pilots' preferences regarding types of weapons and offensive versus 
defensive positions can be incorporated into aids for ranking tar­
gets, making tactical maneuvers, and other decisions. 

Automating tasks for short preparation periods (seconds) may be 
most worthwhile. For example, algorithms could be used to assist in 
maintaining "situational awareness" or aid in planning future moves. 

The greatest impediment to implementing these short-term aids is 
the lack of tactical information in the plane's computer. The com­
bination of information from sensors and the pilot •s thoughts and 
observations will determine the utility of such aids. Simulation of 
sensors and aircraft that shows actual time elapsed would be 
extremely useful in dictating sensor designs and arrangements for 
these functions. 

Pitfalls of Autanation 
(Guidelines 26-34) 

Aircraft autanation has been a learning process, involving 
exploration of opportunities offered by advancing technology and 
changing design concepts. Consequently, efforts to delegate or 
partially delegate flight tasks to machines have not always been im­
mediately successful. In fact, some attempts have had adverse con­
sequences. A study of pitfalls encountered in the past can refine 
current thinking about what and how to autanate. 

Guideline 26. Beware of reliability and maintenance problems in 
canplex systems. 

Because hardware and software systems have becane increasingly 
complex, extra effort is necessary to achieving acceptable reliabil­
ity and maintenance. Without this effort, errors and malfunctions 
seem to increase with the numbers of functions these systems per­
form. The adverse effects of system canplexity on reliability and 
maintenance of aircraft should be borne in mind. 
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Q.Jideline 27. Beware of umecessary use of automation. 

There are at least six alternatives to autanation that can 
enhance the combat performance of pilots and aircraft: (1) improving 
hlnan engineering in cockpit design, (2) improving procedures, (3) 
training pilots, (4) selecting pilots, (5) changing the compositions 
of crews, and (6) coping with stress and improving motivation. All 
six should be considered in pilot automation trade-off analyses. 

Guideline 28. Beware of the lack of pilot acceptance. 

Past experience has shown that unless pilots accept automation, 
they will not use it. Acceptance has not always followed the intro­
duction of automation. If they judge an automated system as useless 
or unreliable, they will simply turn it off and find another way to 
perform necessary tasks. Designers should elicit pilots• opinions 
and suggestions at an early date. 

Q.Jideline 29. Beware of the substitution of emergency backup sys­
tems for main systems. 

Automated systems designed for backup monitoring have been used 
as primary systems by commercial pilots. It is wise, therefore, to 
make sure that backup systems are at least as reliable as primary 
systems and are acceptable to pilots. 

Guideline 30. Beware of the loss of pilots' mai'Ull. skills. 

AA unanticipated consequence of the automation of commercial 
aircraft (human factors of flight-deck automation) was the overuse 
of automation by pilots and, as a result, a significant decline in 
their proficiency when flyirg manually (Boel'ln-Oavis ~ !.!·, 1981). 
In some instances, pilots have had to be retrained. 

Q.Jideline 31. Beware of increased training requirements. 

Although an attempt should be made to minimize the transition 
training required, in all cases training must be both feasible and 
adequate. 

Guideline 32. Beware of failure modes for canplex system. 

Failure in some automated systems has been difficult to detect, 
and failure has emerged in unanticipated areas. 

Guideline 33. Beware of system inflexibility or unmodifiability. 

lklless care is taken, automated systems can critically limit 
user options instead of increasing them. That is, they can put a 
"ceiling" on performance. For example, hardware and software appro-
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priate for an air-to-air mission may be designed so that it could 
not be converted to an air-to-ground mission either at base or in 
flight. The best of all worlds, of course, would be to strive for 
systems with versatility, flexibility, and possibilities for modifi­
cation. These could be a means not only of building a sounder 
approach to future aircraft development, but also of better respond­
ing to unanticipated operational conditions. 

Guideline 34. Beware of unknowns. 

Unanticipated combinations of conditions may limit a system. To 
the extent possible systems should be designed with conscious effort 
to avoid surprises. Other precautionary measures include thorough 
and exhaustive systems analysis and design, a rigorous trial of the 
hardware and software in the most realistic simulator available--by 
the type of people who will use the equipment--and then flight and 
field testing to validate performance and production decisions. To 
date, there is no substitute for these tests and preconditions. 

Sunlnary 

These guidelines for automating fighter aircraft are not com­
plete, but represent the type of information that must be developed 
in more detail to ensure effective automation. Individual guide­
lines should be regarded with varying levels of confidence. Con­
fidence could well be high for guidelines concerning routine, easily 
understood, and easily automated tasks. These include guidelines 
that would free pilots from a host of monitoring duties, memory and 
number-crunching exercises, and the constant attention to precise 
and sequential tasks. The committee is less certain, however, about 
guidelines for complex systems and tasks, particularly when automa­
tion is very difficult. Indeed, in many cases simple automation has 
remarkably reduced the stress and workload on pilots. So also have 
more complex systems such as those in the F -15 and F -16 aircraft, 
but not with consistent inlnediate success. Flexibility is neces­
sary, to allow response to changes in air missions and technology in 
an effort to improve pilot and aircraft performance. 

FIN>INGS AN> RECXMEN>ATIONS 

Finding. There is currently no systematic, widely applied tech­
nology for determining which tasks to automate and which to assign to 
pilots. 

Recommendation. Develop the technology for function allocation. 

Currently, the best we can do is to assign tasks on the basis of 
hunch and experience and then use extensive simulations to learn the 
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results of our decisions. This process is slow and expensive, and it 
may miss opportunities for easily obtainable inprovements sinply 
because no one thought of them. 

For many years, the Department of Defense management guide for 
human engineering in weapons systems (MIL-H-46855) has required sys­
tem developers to assign tasks to men and machines at an early 
stage. For a nunber of reasons this guideline has not been fol­
lowed. The Soviets appear to have a similar requirement (Myasnikov 
and Petrov, 1976, 19n). kly decision conceming autanation should 
not only consider human factors, but should require a multidisciplin­
ary team to examine potential hardware and software technology as 
well. Failure to emphasize this joint analysis has been one of the 
drawbacks of the Department of Defense guide and helps to explain why 
it is not followed. 

The subcommittee found few reports or projects specifically dis­
cussing automation tradeoffs. Rather, enphasis has been placed on 
how autanation should best be inplemented through human engineering 
of displays and controls, as in the Digital Avionics Information Sys­
tem (DAIS) program. In a comprehensive review of human factors engi­
neering in the Air Force (Parsons, Hendrick, .llnes, Short, Snyder, 
and Williges, 1980), essentially no attention was given to the role 
this field has played or should play in decisions about automation. 
The human factors engineering study did, however, urge more involve­
ment of human factors specialists in the conceptual phase of system 
development, where autanation decisions are made. A 1980 report to 
the Air Force Systems Conlnand on technology for human factors engi­
neering included no technology that was directed specifically at 
automation tradeoffs (Williges and Topmiller, 1980). Technology has 
been developed for measuring pilot workload. 

Findina. The effectiveness of autanation depends on matching the 
designs of autanated systems to pilots • representations of their 
combat tasks. This requires an understanding of how pilots think 
about their canbat tasks, an understanding of the performance char­
acteristics of the control and display conponents through which the 
pilots and the automated systems interact, and an understanding of 
human performance generally--all areas in which the science base is 
inadequate. 

Recanmendation. Develop models of pilot behavior, for example, spec­
ific ffiOdels of workload and menu selection, as well as general models 
of how pilots process information and make decisions. 

Recent studies in cognitive psychology appear promising but need 
to be codified into practical handbooks and models before they can be 
used by aircraft designers. One possibility would be to establish an 
intense experimental program over perhaps, a five-year interval. 
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Separate thrusts could be directed at understanding tactical pilot 
skill and the performance characteristics of cockpit interface tech­
niques, and at the codification of the basic psychological literature 
in a form that would support engineering analysis. Simulation, fol­
lowed by instrumented aircraft experiments, may be necessary to pro­
duce a useful product. 

Find!~. Tactical plaming and decision aids may be close to tech­
nlc81 easibility. 

Reccmnendation. Explore automation in tactical planning. 

The introduction of communication digital avionics into the cock­
pit, the increasing power and numbers of computers on aircraft, and 
the availability of cathode-ray tube displays have gone a long way 
toward enabling the use of automatic or semi-automatic devices for 
tactical planning. In some tasks, such as taking electronic counter­
measures, threat waming and other countermeasures, the short time 
available makes automated tactics especially attractive. 

Finding. Guidelines can be helpful in deciding what and how to auto­
mate, but current advice needs to be expanded and inproved. 

Recommendation. Gather data on existing experience with automation 
ana develop guidelines. 

More effort should be devoted to studying past automation efforts 
so that successes can be repeated and shortcomings avoided. The 
Tactical Air Command (TAC) briefing held during this study, and sum­
marized in the following section was a ccmnendable and useful effort 
in this direction. QJidelines generated from such analyses of past 
experience need to be expanded and carefully scrutinized. Out of 
such an examination should eventually emerge an engineering technol­
ogy. 

USER EXPERIENCES WITH AUTCJ4ATION 

This section summarizes some of the Tactical Air Comnand's (TAC) 
experience in automating specific systems on combat aircraft. 

Flight-Path Control 

Based on its past experience, TAC emphasized the need to automate 
tasks and functions that require a level of precision that pilots 
cannot provide. Following and avoiding terrain and aiming weapons 
were examples of such tasks. The briefings also stressed the 
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usefulness of autanation in engine control, but col4)led with pilot 
override. Automated fuel sequencing was also favored, but here too 
TAC reciJIIIIended pilot override. Preloading navigation data in bulk 
on the ground, automatic sequencing of the data, and l4)dating of the 
flight-control system's radar were regarded as helpful forms of auto­
mation. As examples of automation to assist the pilot, TAC noted the 
value of angle-of-attack and g-force limiters or "danpers," and an 
F -111 stall inhibitor. As examples of helpful automation involving 
integration, TAC pointed to combining inertial navigation and weapons 
delivery through the fire-control system. 

Some autanation received criticism. For exanple, the automated 
control of afterburning fan engines did not function properly. As an 
instance of undesirable effects of autanation on the design of the 
crew station, the TAC cited the fly-by-wire development. In this 
system, electrical control replaces the canbination of control by 
human and mechanical linkages, and pilots have been distressed by the 
loss of proprioceptive feedback and have expressed a need to intro­
duce it artificially. One can question whether isometric propriocep­
tive feedback canbined with visual feedback would actually have suf­
ficed in these instances if pilots had not become accustomed to move­
ment feedback. Thus, the criterion of "acceptability" for autanation 
rust include pilots• prior experiences with predecessor operations, 
though this criterion should not overwhelm others. User reactions 
should be matched against objective data when possible. 

Target Sensing and Acquisition 

The TAC briefings recommended the development of "rultiple highly 
integrated sensors" to improve performance and reduce workload. If 
these sensors were available, pilots could derive composite informa­
tion and would not have to switch their attention or displays from 
one sensor to another. The advantages are clear so long as the auto­
matic process of integrating sensor inputs does not exclude critical 
data from one sensor because it was missing in another--that is, pro­
duce false negatives. Implementation might benefit from some kind of 
indicator reflecting the nunber of sensors that contributed to the 
detection of the target. This approach might help the pilot avoid 
false positives. Integration of radars and fire-control systems in 
the A-7, F-111, and F-16 was acclaimed. TAC welcaned the technology 
of passive sensors to augment radar in covert missions or areas where 
heavy countermeasures are confronted. TAC also welcaned digital dop­
pler radar in the F -15 and F -16; it assists pilots by reducing the 
clutter with which they otherwise have had to cope in the F-104 and 
F-106 (with their analog radars), and thus simplifies one-man opera­
tion. LANTIRN, which is being developed to detect and track tactical 
targets at night and under the weather (condition that at present 
offers the enemy sanctuary) was hailed by TAC as reducing workload 
and improving job performance. Nonetheless, TAC expressed a need for 
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all-weather systems for better performance against tactical targets. 
In its first briefing, TAC enphasized the need for efficient pilot 
interactions with sensor displays and controls (and for overrides); 
such hunan~ngineering requirements might be present even in the 
absence of automation. 

Threat Warning and Countermeasures 

According to the briefings, the automation of threat warning and 
countermeasures is urgently needed. TAC also urged that threat warn­
ing and countermeasures be integrated. The A-10, F-16, and F-4 pods 
are not integrated, but the F-4G integrates Radar Warning Receiver 
(RWR) data with the flight control system. Although it is a critical 
area, threat warning and countermeasures did not receive detailed 
attention in the briefings, partly due to security restrictions. 
According to TAC, electronic warfare and countermeasures (EW&Oot) in­
volve a vast amount of data and a requirement for immediate actions. 
Research is needed to determine how these distinct operations should 
be arranged for pilot participation, what can be automated in each 
case, and how countermeasures systems can be made rapidly adaptable 
to the latest enemy threats. 

Weapons Delivery 

According to the second TAC briefing, automation has increased 
firepower. For air-to-ground combat, the F-16 and F-4G systems pro­
vide nunerous visual and radar modes for fire control, including 
automatic ballistic and parameter computations, fragmentation enve­
lope warning, and an automatic release option with pilot consent. 
For air-to-air combat, the F-15 and F-16 have advanced parameter/en­
velope conputation, display of dynamic launch zones, sinple "shoot 
cues," and selection of weapons preparation as well as heads up dis­
plays. The need for such computations was stressed in the first TAC 
briefing; this approach seems to be the proper way to automate weapon 
aiming to increase precision. To a considerable extent, the pilot 
remains in the loop, in air-to-air combat. For air-to-ground combat, 
TAC said that "automation of systems for low-altitude, night, or 
under-the-weather missions will inprove effectiveness," and that an 
"adequate degree of automation allows aircrews to enploy armament in 
increasingly adverse situations." Greater effectiveness has come, 
according to TAC, from the integration of tasks from different func­
tional areas to a degree the pilot alone could not achieve, especial­
ly in navigation, target acquisition, and fire-control systems. 

Support Systems 

Automation seems eminently suitable for routine matters such as 
monitoring hydraulic and electrical systems, detecting malfunctions, 
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and issuing wamings. The pilots' system for environnental protec­
tion should also be automatic, as should ejection upon pilot initia­
tion. 
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Olapter 3 

TEDNlLOGV Sl&lM4ITTEE RERlRT 

INTROWCTION 

The technology for automating combat aircraft varies in matu­
rity. Current developments aimed at autanating fli~t trajectory 
and attitude control, threat warning, and weapons delivery are like­
ly to succeed. en the other hand, technology for autanating target 
identification remains elusive, although cooperative Identification 
Friend, Foe, or Neutral (IFFN) systems may be feasible. 

Because of the difficulty encountered in target identification, 
it is suggested that automation be approached by aggregating in in­
crements beginning with flight trajectory and attitude control, 
freeing the crew to handle more canplicated tasks not yet autanat­
able. Details are in the following text. 

This section of the report discusses the technology required to 
permit automation in combat aircraft. Its intention is to illumi­
nate what could be accanplished through autanation, and what prior­
ity ranking is likely to produce better results. (See the Glossary 
for definitions of the programs and technologies discussed in this 
chapter.) 

Mission Functions 

The Functions Subcommittee identified 16 systems and activities 
in canbat aircraft (see page 15). The Technology Subcllllllittee exan­
ined how those systems and activities interact to perform certain 
essential functions during a combat mission. The key functions 
identified for air-to-air and air-to-ground missions are: 

• Fli~t trajectory and attitude control 
• Threat waming and countermeasures 
• Target sensing and acquisition 
• Weapons delivery and fire control 
• Crew escape. 

(The subcllllllittee notes that all these functions are linked to­
gether in the crew station. Since the crew station is the focus of 
interaction between the pilot and the aircraft, it was considered by 
the tunan Factors Subcanmittee, and will not be discussed in this 
chapter.) 

Table 3-1 shows how the systems and activities delineated by the 
Functions Subcommittee are related to these five mission functions. 
Because these systems and activities are used to perform the five 
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mission functions, they can be considered subfunctions. Some of the 
systems and activities, such as malfunction warning and reconfigura­
tion, are involved in all the functions. Others, such as target 
sensing and acquisition, are involved in only one function; i.e., 
the systems are identical to what the subcommittee calls functions. 
The four systems that are identical to functions are identi fled by 
circle at their intersections in Table 3-1. 

In the discussion that follows, the functions are described in 
relation to the mission phases identified by the Functions SUbcan­
mittee: prelaunch, launch, ingress, engage, egress, recovery, and 
turnaround. (The Functions SUbcommittee treated egress and recovery 
as one phase. In its more detailed discussion, the Technology Sub­
committee found it logical to consider these as two distinct 
phases.) For the sake of uniformity, however, the two phases are 
reported as one. 

The possibilities for autanating each function are then dis­
cussed for each of the mission phases. (For ex~le, see Table 
3-2. ) The present approach is described for that function, and an 
approach to automation is suggested. The technology needed for such 
autanation, as well as current programs that address that technol­
ogy, are then discussed. Following that, the subcornnittee suggested 
where new research thrusts or added emphasis on existing programs 
would be beneficial in achieving the suggested approach to automa­
tion. 

Finally, the subcommittee subjectively judged which research and 
development efforts would yield the greatest returns, and then 
established priorities for selecting functions for autanation. 
Thus, in conjunction with the findings of the Functions and ttJnan 
Factors Subcommittees, it is possible to suggest a rational approach 
to automation. 

FLIGHT TRA.ECT(R{ AND ATTITl.IE OONTROL 

All functions of a combat aircraft depend on maintaining the 
correct flight trajectory and attitude (the orientation of the air­
craft in space) as a function of time. In examining flight trajec­
tory and attitude control, the subcommittee found that the other 
mission functions (threat warning and countermeasures, target sens­
ing and acquisition, and weapons delivery and fire control) are 
intimately tied to this function. Therefore, it is logical to con­
sider flight trajectory and attitude control as the baseline, or 
"core function," in automating combat aircraft. Automated systems 
to serve other functions can then be linked with those that serve 
this core function in such a way as to form a single integrated sys­
tem. 
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TABLE 3-1 The Relation of Aircraft Systems and Activities to Key Mission Functions 
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TABLE 3-2 Flight Trajectory and Attitude Control 

Prelaunch Launch 

Pretent • Manual Million • Manual Control 
Approach Prep • Eslential pua· 

• Keyboud Data meters on HUD 
Entry 

Automa· • Auto miuion • No Change 
tion prep station 
Approach • Pre Fly Mission 

• Caaette Data 
Entry 

lngrea 

• Pilot Flys Computed 
Steering CMOS 

• Manual NAV Update 
• Manual Threat 

Avoidance 

• Preciae 40 NA V 
Coupled to FUght/ 
Engine Control 

• AutoTF/TA 
• Auto update of NA V 

and Threat Data 
• Auto Throat Avoidance 

Enpge 

• Pnot Steering to 
Accomplish Attack 

• Manual Threat 
Avoidance 

Egress and 
Recovery Turnaround 

• Same as lngrea • Repeat Prelaunch Functions 
and Launch • Replace Defective LRU's 

• Coupled Sensor/FUght/ • 
Enaine Control 

Same as lngrea • ReconfJgUration/Fault Tolerant 
and Launch Systems 

• Auto Attack and Threat 
Avoidance 

• Tult Tallored Control 
Laws 

• 100% Fault Isolation and 
Common Modules 
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Tech- • Data Base • None • Integrated f'Usht/Ensine • Coupled Fire/f'Usht/ • Same as Ingress • VHSIC 
no logy Terrain Control Engine Control and Launch • Distributed Functional 
Needed Threat • TJshtly Coupled TF (fA Partitioning 
for Auto- Tarsets • Terrain and Threat Data 
mation • CompactMaa Base 
Approach Memory • Compact Maa Memory 

• Hish Rate Data Network 

Current • DMAData • Interact (NASA) • F1S IFFC • Same u lnpetl • DIGITAC Ill 
Programs Base • LANTIRN • AFTI-16 and Launch • FawtTokrantArdUte~ 
that •CAMPS • Blended TF(fA • IFFC (NASA) 
Addrea • GPS • AMAS • Continually Reconf'J~UUble 
Needed • JTIDS FL T Control System 
Tech- • PLSS 
nololf • AETMS 

• TACTICAL Flilht 
Manapment Program 
(AFFDL) 

New • DMAData • Compact Mul Memory • Fire/Fiiaht/Enline • Same u 1ngrea • Distributed Functional Modulea 
0\ Thrust or Base • Threat Data Base Control CoupJiDa and Launch 
\0 Further • Cummt Threat • Blended TF (fA 
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Required DataBase Control 
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Because target sensing and acquisition, threat warning and 
countermeasures, and weapons delivery and fire control rely on 
flight trajectory and attitude control, they can be considered 
"operational mission functions," to distinguish them from the core 
function. These operational mission functions provide more precise 
trajectory control and extend the aircraft's ability to perform in 
different situations, and in different environments, such as flying 
at night or underneath the weather, or identifying targets that are 
beyond visual range. 

(Crew escape is a vitally important mission function, and was 
selected for study by the subcommittee. The operational mission 
functions discussed above are used to achieve the mission goals. 
Crew escape is different; it comes into play when the flight tra­
jectory and attitude control function has failed. for that reason, 
crew escape is not included in this analysis of the core function. 
It is discussed in full on page 91.) 

flight trajectory and attitude control is accomplished by the 
use of several systems and the performance of several activities 
identified by the functions Subcommittee (see Table 3-1). These 
major subfunctions of flight trajectory and attitude control have 
been defined as follows: 

• flight control 
• Propulsion control 
• Navigation 
• fuel sequencing 
• Warning and advisory systems. 

"flight control" retains its classical definition: control of 
aerodynamic surfaces to effect motion of the aircraft in space in 
response to pilot or sensory commands. In addition, the capacity to 
process steering carmands from sensors and other instruments in 
order to follow a particular path in space is also considered part 
of flight control. 

"Propulsion control" refers to the systems and techniques used 
to stabilize and control the thrust delivered by the engine in re­
sponse to pilot and/or computer carmands. 

"Navigation" includes terrain following and terrain avoidance 
(Tf/TA), as well as normal navigation modes. Thus it can logically 
be divided into vertical and horizontal navigation functions. These 
completely describe the three-dimensional points of a path in 
space. The addition of speed control to navigation, through the use 
of integrated thrust control, provides the capability of time-con­
trolled navigation. In other words, if speed control is added to 
the navigation system, the system will then control the time at 
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which the aircraft arrives at the target. This provides for four­
dimensional navigation control (latitude, longitude, altitude, and 
time), and could lessen pilot workload during certain operations, 
such as the coordination of multiple-aircraft attacks. In addition, 
by controlling the attitude of the aircraft (roll, pitch, and yaw), 
a precise seven-dimensional system for navigation could be achieved; 
such a system would control latitude, longitude, altitude, time, 
roll, pitch, and yaw as well as rates for these quantities. 

"Fuel sequencing and management" refers to the metering of fuel, 
and its transfer M10nQ the various storage locations in the air­
craft. This ensures the proper flow of fuel to the engine at all 
times, and maintains the center-of~ravity range required for air­
craft stability. 

Each of the four subfunctions just described has been integrated 
or automated to some degree in present-day fighter aircraft. Tech­
nology is available for complete integration to form the composite 
function called flight trajectory and attitude control. As these 
sub functions becane more integrated and autanated, then the final 
subfunction, "warning and advisory systems," becomes more critical. 
Such systems inform the pilot about the operation of all systems 
that contribute to flight trajectory and attitude control. These 
warning systems are expected to use both aural and visuals warnings 
to alert the pilot to situations that require his attention or 
action. The advisory function will probably be handled by a dynamic 
display of the aircraft's current situation and operational capabil­
ity. 

Table 3-2 outlines the present approach for flight trajectory 
and attitude control for each of the mission phases. It also shows 
the types of autanation that could be applied to alleviate pilot 
workload and thus increase the effectiveness of combat aircraft. 

Prelaunch Phase 

The present approach to the prelaunch phase of the mission is 
basically manual, involving verbal briefings on target data, ingress 
and egress routes, threat locations, and weapon conplements. Data 
are entered in the on-board aircraft systems via keyboards, with the 
attendant probability of human error. At present, no terrain infor­
mation is available except that fran contour maps and aerial sur­
veillance photographs. 

In an autanated system, it would be most desirable to have a 
conputer-assisted briefing system that would augment or supplant the 
verbal transmission of mission data. An important feature of this 
automation approach would be the availability of a cassette device 
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that would allow automatic loading of all mission-required data into 
the appropriate aircraft components. The mission data required can 
be categorized as follows: 

• 
• • • 

Navigation data (terrain profiles, ingress and egress 
routes, and air-to~round target locations) 
Threat locations and characteristics 
Target characteristics 
Weapons complements • 

(This presupposes a TF/TA capability.) It would be necessary to up­
date automatically this ground station data base with information 
from external sQurces (such as an airborne warning and control sys­
tem [AWACS]), via a secure information transfer system. 

If the data base were established in a ground-based mission pre­
paration station, the next logical step would be to "prefly" mis­
sions. In the station, pilots could use simulations of representa­
tive on-board displays to familiarize themselves, in real time if 
desired, with critical parts of the mission. This would instill 
confidence in the pilots and would also increase their effectiveness. 

Such automatic mission preparation stations must await advances 
in two areas of technology. The first is the creation of accurate 
data bases for navigation, threat locations, target characteristics, 
and weapons complements. The second is the development of the hard­
ware and software for appropriate displays in real time. The ground 
stations' data bases for navigation and terrain profiles must cover 
wide areas to allow for versatile mission planning; this will 
require a mass memory more compact than those now available. 

Several current programs (the Defense Mapping Agency's [D4A] 
terrain data program, the Computer Aided Mission Plaming System 
[CPH='S], and the Advanced Electronic Terrain Mapping System [AETMS]) 
address, in part, the need for data bases. This added eq>hasis to 
produce a practical and reliable approach for an automatic mission 
preparation station for combat aircraft of the 1990s. In addition, 
development of a more compact mass memory to support the antici­
pated data storage requirements should be initiated. 

Launch Phase 

The launch phase of the mission includes take-off and climb to 
the altitude at which the ingress portion of the mission begins. At 
present, the launch phase is under manual control, with essential 
flight parameters displayed on the heads up display (HJO). There 
seems to be no compelling reason to automate this phase of the mis­
sion. There is, however, some merit in supplying the pilot with 
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additional information on the HJD to aid in decisiomaking under 
urusual take-off conditions (such as an iminent threat, a damaged 
runway, or high gross weight). These conditicns can be included in 
the system data base, so that the optimal take-off profile can be 
displayed continuously to the pilot. No new technology is required. 

Ingress Phase 

The ingress phase of the mission is defined as that portion of 
the flight profile that begins after launch and is terminated by 
arrival in the target area (in air-to-air or air-to-ground missions). 

At present, ingress is controlled manually by the pilot, who is 
aided by computed steering commands displayed on the HJD, except in 
the F-111, which is capable of automatic terrain following. Naviga­
tion information (in the form of way point and target location data) 
is t.pdated manually via keyboard entries in response to voice com­
munications. Threat avoidance is pilot initiated in response to 
sensors or visual threat detection. No terrain data base is avail­
able on board: TF /TA is accomplished manually by visual control 
(except in the F -111), and this can be done only in clear weather 
and daylight. The F-111 can perform TF/TA autanatically in re­
sponse to steering information generated by on-board sensors. Time 
profiles for coordinated III.Jltiple-aircraft sorties are established 
by the pilot using on-board information. 

In the autanation approach, the core of the system should be 
precise four-dimensional navigation (latitude, longitude, altitude, 
and time) , cot-pled to a full-author! ty flight- and thrust-control 
system (for a total of seven dimensions when aircraft attitude is 
added) • The four-dimensional navigation system would include a 
capability for TF/TA and would use a terrain data base loaded during 
the prelal.rlch phase. The computed ingress route would use terrain 
masking while flying at low levels to penetrate and to avoid known 
fixed-point threats. 

Enroute to the target positions, the navigation system would be 
t.pdated automatically, using external data such as that, for in­
stance, from the Global Positioning System (GPS). The capability 
for on-board t.pdating, based on manual or automatic recognition of 
topographical or cultural features, would be retained to allow con­
tinued operation even 1 f sources of extemal data are lost. 

The flight-path control systems for TF/TA would use, in addition 
to the on-board data base, information generated by on-board sensors 
both to monitor the computed flight path and to determine the opti­
mal flight path (this is called "blended" TF /TA) • 
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The threat data base should be l.4)dated enroute to the target to 
account for semimobile or newly discovered threat sites. The infor­
mation would be transmitted over a secure information transfer sys­
tem and autanatically incorporated in the data base. Whether the 
on-board computing facilities would alter the ingress route automat­
ically to account for such threats has not been answered, but cer­
tainly their locations would be displayed automatically. 

Flight-path control can be used for threat avoidance in two 
ways. Prior to lock-on and release of the weapon, terrain masking 
would be the primary method of avoiding fixed threats. For avoiding 
weapons in flight or countering a radar lock-on detected by on-board 
sensors, a preprogrammed maneuver, which would alter the flight path 
in an optimal fashion, is envisioned. 

The technological advances required for autanating flight-path 
control are primarily the generation of a data base for the TF /TA 
function and the development of canpact mass memories (typically 
500-1000 megabits) for storing the data. Access time for this mem­
ory would not be particularly critical; the main objective should be 
storage density. Emphasis must also be given to further development 
of integrated, full-authority electronic engine controls that permit 
the precise four-dimensional control required for tightly c~led 
terrain following and terrain avoidance. 

Automation of the airplane as a whole requires high-speed data 
transfers between various systems and sensors to maintain stability 
and accuracy of the flight-path control. It is anticipated that 
this requirement will overload the present data network (MIL STD 
1553) , and that the development of a high-rate data network will 
therefore be required. 

A runber of current programs concentrate on autanating flight­
path control for the ingress phase of the mission. The Integrated 
Research Aircraft Control Technology (INTERACT) program, now in the 
proposal stage, addresses four-dimensional navigation in conjunction 
with the integration of engine, inlet, and flight controls. other 
programs, such as the Global Positioning Systems (GPS), the Joint 
Tactical Information Distribution System (JTIDS), and blended TF/TA, 
address particular parts of the control problem. The only programs 
that treat the total integration of sensory and canputing elements 
are the Tactical Flight Management Program and Pave Pillar. No 
known current programs address the development of high-density mass 
memories. 

The need for a TF/TA capability in low-visibility situations, to 
allow aircraft to take advantage of terrain masking during ingress 
to the target, requires added emphasis on programs such as blended 
TF' /TA and C»4A data-base generation program. In addition, programs 
that address the four-dimensional navigation function in general, 
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and in particular the integration of full-authority engine and 
flight controls for both the TF/TA environment and the complete mis­
sion, are necessary for successful autanation of flight;:>ath con­
trol. New efforts are needed in the areas of data-base generation, 
the development of compact mass memories, development and the syn­
thesis of a high-data-rate successor to the current MIL STO 1553 
network. 

Engagement Phase 

Flight-path control during engagement includes those functions 
not directly involved in weapon delivery, and those associated with 
the trans! tion from ingress to engagement. 

Present approaches involve pilot steering and maneuvering to a 
specified waypoint, or target acquisition and selection of the fire­
control mode for weapon delivery • . These specific modes are discuss­
ed in the section entitled "Weapons Delivery and Fire Control: 
Air-to-Air." Threat waming and target information l.4)dates are 
given orally by external sources or by audible or visible signals 
from on-board sources. Threat avoidance depends on manually initi­
ated countermeasures and manual steering, except for specialized 
countermeasures. 

Concepts are being developed for automating and integrating fire 
control and flight control. An extension of this concept to include 
propulsion control and related engine control is a needed next 
step. The coupling of fire control/flight control and propulsion 
control could sign! ficantly enhance the precision of flight;:>ath 
control, eliminate the need for the pilot to manage thrust control, 
and incidentally increase engine life. For both the air-to-air and 
the air-to-ground attack modes, task-tailored control laws are need­
ed. These are automated systems to tailor flight control to specif­
ic tasks (for example, to determine the optional route to the target 
in which the plane is least likely to be shot down) • The col.4)11ng 
of fire- and flight<ontrol with propulsion, in conjunction with 
such task-tailored control laws, would significantly enhance the 
accuracy of weapon delivery against multiple targets. 

The F-15 Integrated Fire Flight Control (IFFC) and the Advanced 
Fighter Technology/Advanced Maneuvering Attack System (AFTI-16/AMAS) 
programs are aggressively pursuing the development and demonstration 
of an integrated system for fire and flight control for air-to-air 
and air-to-ground weapon delivery. They are employing task-tailored 
control laws to generate nonpredictable trajectories for weapon de­
livery, and thus reducing vulnerability to enemy fire during weapon 
delivery. The AFTI-16/AMAS program is extending the F-15 IFFC sys­
tem to include a digital flight- and fire<ontrol system; it will 
have a capability for a six-degree-of-freedom control, and will use 
advanced display concepts. 
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Several research programs now under way are aimed at developing 
coupling concepts for full-authority digital engine, inlet, nozzle, 
and flight control. These programs should give needed information 
for subsequent developments. As will be seen later, augmentation of 
the AFTI-16 IFFC/AMAS program to include integrated digital propul­
sion control would be desirable. 

Egress and Recovery Phases 

The egress and recovery phases of the mission extend from the 
termination of the engagement phase to the aircraft's landing on the 
runway. The flight-path control functions, in terms of corridor 
selection, threat avoidance, and precise navigation, are the same 
for the egress phase as for the ingress phase; their description 
need not be repeated here. 

At present, recovery on landing is performed manually by the 
pilot, using ground-based navigation aids for steering conmands. 
Further automation in this area is probably not justified. 

Turnaround Phase 

The turnaround phase of the mission is connon to all functions 
and is addressed in the "Weapon Delivery and Fire Control: 
Air-to-Air" section. 

Sunlnary 

The basic technology for automating flight trajectory and alti­
tude control (sometimes called "flight-path control") is available 
today. To allow flight-path control throughout the mission enve­
lope, added emphasis on various technologies associated with terrain 
following and terrain avoidance is necessary. The traditional sepa­
ration of the propulsion and flight control functions cannot be con­
tinued if precise four-dimensional navigation is to be achieved. 
Control algor! thms for the integration of these functions must be 
developed, and full-authority automatic control of engine parameters 
must be permitted. 

Automatic fuel seCJ,Jencing and management are highly desirable 
and are completely within the capacity of today's technology. How­
ever, if automation of this function is to be accepted by pilots, 
the system must be highly reliable, and a dynamic display of its 
status must be available for pilot monitoring. 
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Althat.ql the design of warning and advisory displays is highly 
dependent on the overall system architecture of the aircraft, the 
technology for an integrated warning system is available now. Data 
and analysis on human factors should be a prime consideration in the 
design, with emphasis on displaying warnings only when pilot inter­
vention is required. 

An autanated system for flight-path control can form the core 
for the automation of the other mission functions, and for this rea­
son should be addressed early. care must be taken in the architec­
tural design of this system, so that later advances in sensor and 
other technologies can be integrated efficiently into the core sys­
tem. 

The main development needs are (1) the generation of a reliable 
data base for terrain following and avoidance and for threat avoid­
ance, (2) the development of a compact mass memory for data storage, 
and (3) the development of a high-speed replacement for the MIL STD 
1553 data network. 

The Tactical Flight Management Program and Pave Pillar are the 
only programs that address the system architecture and integration 
aspects of autanation, and sufficient emphasis should be applied to 
these programs to allow timely application of their results. 

~T WARNING AND OOUNTERto£ASl.RES 

In keeping with the notion of building on the core of flight­
path control, it can be postulated that the threat warning and 
countermeasures function imposes no special requirements in the pre­
launch, launch, recovery, and turnaround phases, beyond those des­
cribed in the discussion of flight trajectory and attitude control. 
The discussion here (see also Table 3-3) is limited therefore to 
ingress, engagement and egress. 

Ingress and Engagement Phases 

At present, ingress and engagement are aided by verbal updates 
on air and surface threats. Information on air threats is updated 
verbally fran the Airborne Warning and Control System (AWACS) and 
Ground Control Intercept (GCI) systems. Information on ground 
threats is updated verbally fran the EF-111 (the Air Force's F-111 
aircraft equipped for electronic countermeasures) or the Big Look 
warning and surveillance program. The on-board radar provides a 
track-while-scan capability for both air and surface threats, and 
the pilot provides manual threat avoidance. Both automatic and man­
ual countermeasures are used; for example, in the F-15 and F-16, the 
ALQ-131 electronic countermeasures pod operates automatically, but 
chaff and flares are deployed manually. 
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TABLE 3-3 Threat Warning and Countermeasures 

Prelaunch Launch lnpeu-EIIpaement ElllfCII .t. Recovery TumuoUDd 

Prelent Approach Refer to Fliaht Path Control • Verbal Jn.FUgbt Threat Info • Repeat of IDpeu IJid • Refer to Weapon 
• EF·lll Launch Functions Delivery Air-to-

• Prebrief S to A threata • On-boud TWS -Piua- Air Function 
• Manual Threat A voidance • Egreaa Procedurea 
• Auto IJid Manual CM 

Automation Refer to Fliaht Path Control Refer to Fliaht Path Control • Threat Data Bue • IFF with friendly troopa 
Approach • Real-time threat update 

• Auto reaponse to new threat 

at Techno ICilY Refer to Fliaht Path Control • Stored Threat Data Bate • New IFFN 
Needed for • MusMemory 
Automation • Data Link 
Approach • Fire/FiiahtfiWS Intepation 

Current Refer to Fliaht Path Control • PLSS 
Propam that • JTIDS 
Addreaa Needed • Purple Haze 

TechnoiCJIY • ASPJ 

Newlbruata Refer to Fu,ht Path Control • Continuoua Threat Data Bate • New IFFN 
Required-or-Added • MauMemory 
Emplwia • PLSS 

• Data Link 
• Fire/FiiahtfiWS Intepation 
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The autanated approach would involve an on-board threat data 
base, updated in real time, along with sufficient sensors to permit 
autanatic countermeasures or evasive maneuvers. 

The technologies required to provide for autanation include a 
threat data base stored in a mass memory, a data link, integrated 
fire control and flight control, and a track-while-scan capability. 
Little of this technology is being pursued. 

Present or plamed programs known to the study group include 
those working on the Precision Location Strike System (PLSS) data, 
the Joint Tactical Information Distribution System data link, the 
Purple Haze threat envelope display, and the Autanatic Self Protec­
tion Jamner equipment. 

Egress Phase 

Requirements for egress are similar to those for ingress and en­
gagement, except for a few important differences. First, u.s. can­
bat aircraft risk being shot down by u.s. surface-to-air missile 
systems and anti-aircraft weapons, such as the shoulder-fired 
Stinger. The present approach is to fly an agreed upon set of alti­
tude and check-point trajectories, while using the Mark XII Identi­
fication Friend or Foe system. 

The autanated approach would be to develop a new cooperative 
Identification Friend, Foe, or Neutral (IFFN) system based on emerg­
ing digital technology. IFFN has been difficult to accanplish elec­
tronically. 

TARGET SENSING AND ACQUISITION 

Target sensing and acquisition comes into play almost exclusive­
ly during the engagement phases of tactical missions. Therefore, 
other mission phases are not discussed here. Table 3-4 relates the 
mission phases with the present levels of automation and those pos­
tulated for future systems. 

Engagement Phase 

Currently, the target-acquisition phase of tactical air opera­
tions, both air-to-air and air-to-ground, involves high pilot work­
loads. In an environment that may include adverse weather, poor 
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(X) 
0 

TABLE 3-4 Target Sensing and Acquisition 

Prelent 
Approach 

Automation 
Approach 

Technology 
Needed for 
Automation 
Approach 

Cunent 
Programs 
thatAdclrea 
Needed 
Technology 

New Thrusts 
Required-or­
Added 
Emphasis 

Prelaunch Launch lnpea Enpgement Air-to-Air 

• Mostly Manual 
• Some Semi-Automatic 

• Automatic detection, acquisition, 
identification, and prioritization of 
targets 

• Beyond Visual Ranp J.D. 
• Multi-sensor correlation 
• External data correlation 
• Multi-target acquisition 

• JTIDS 
• IFFN Fusion 
• Jet engine modulation J.D. 

in FlS 

• Beyond Visual Range J.D. 
• Multi-sensor correlation 
• Light weight helmet sight and 

display 
• JR Search cl Track 

Enpsement Air-t<Xiround 

• Manual 

• Automatic detection, acquisi­
tion, identification and 
prioritization of targets 

• Automatic target detection, 
claslification and 
identification 

• High resolution ~ensora 

• ERIM Ultra-high resolution 
radu 

• Multiple Source Integration 
• JTIDS 
• Covert Strike 
• PAVEMOVER 
• LANTJRN 
• PLSS 
• Automatic SAR Tuget 

Clauification 
• Correlated Sensor Data 

Display 

• Auto target pattern recognizer 
• Multilensor correlation 
• High resolution IenlOr& 

• Light weight helmet liaht and 
display 

Epess cl Recovery TumuoUDd 
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illunination, electronic countermeasures decoys, and battlefield 
confusion, the pilot must make difficult interpretations, which are 
thus susceptible to error. 

Present systems, although they may employ digital processors and 
sophisticated displays, actually do little to aid the pilot in the 
interpretive task of target acquisition. Sensor data are presented 
with only minor (though inportant) processing. Even the "clean 
scope" display of modern pulse doppler radar leaves the pilot the 
task of selecting and interpreting the display. Some semi-automatic 
modes are available, chiefly in switchology or routine control func­
tions. The Low Altitude Navigation Targeting Infrared for Night 
(LANTIRN) system, now ooder development, is intended to autanate 
target detection, target classification, weapon assignment to tar­
gets, and weapon release. It will be the first operational employ­
ment of major automation in this realm. 

To realize the potential inherent in the system represented by 
the pilot, aircraft, and sensors, much faster and more sophisti­
cated data exanination, processing, and correlation must be accan­
plished. Automating the tasks of target detection, acquisition, 
identification, and assignnent would reduce the pilot •s now satu­
rated workload. At this time, the degree to which these functions 
can be autanated is not clear. The pilot is a vital part of the 
system, but the appropriate level of his participation has yet to be 
defined. Digital processing, employed to aid the pilot in sensing, 
identifying, and acquiring targets, would inprove the aircraft • s 
combat effectiveness and provide the ability to operate in environ­
ments where they cannot function now. 

CUrrent programs are exanining sane aspects of the technology 
required to automate target sensing and acquisition. The Pave Mover 
system, for exanple, could contribute data on target location and 
guidance to tactical aircraft via its own data link or by the use of 
a secure information-transfer system such as the Joint Tactical Dis­
tribution System (JTIDS). JTIDS is an advanced communications sys­
tem being developed to provide a secure antijarming network for 
two-way information transfer. Aircraft location is transmitted by 
the system to a targeting center, and target priorities are provided 
to the aircraft. JTIOS can also provide a conmon grid navigation 
system of sufficient accuracy for use in target acquisition, inter­
face with the Tactical Air Navigation Systems (TACAN), and IFFN. 
Advisories and warnings fran aircraft sensors, as well as priority 
sequencing for handling message traffic within the aircraft, are 
also being considered. 

The LANTIRN progran, begun in 1981, will exanine some pertinent 
issues, including technology for advanced forward-looking infrared 
(FLIR) sensors, autanatic target recognition, and multiple weapon 
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launch. The extent of this effort is not known to this subcommit­
tee, but our examination of hardware under development for near-term 
use indicates that additional analysis and experimentation, partic­
ularly in automatic target acquisition, will probably be required. 

Related technologies are being developed in other programs. 
Covert Strike is working on automatic target recognition and bistat­
ic radar problems. The Precision Locator Strike System (PLSS) pro­
gram could perhaps supply new capabilities for threat data, as well 
as technology for target location and identification. 

Technology in requirements for automated air-to-ground target 
sensing and acquisition include improved high-resolution sensors and 
data-processing techniques, and algorithms for high-confidence auto­
matic target detection, classification, and identification. To 
assign target priorities and control weapon delivery, the data must 
be correlated with threat warning and external data. Promising new 
approaches are high-resolution synthetic aperture radar (SAR), mil­
limeter-wave radar, C02 laser radar, bistatic radar, automatic 
target pattern recognition, and multisensor correlation. 

Target sensing and acquisition in air-to-air engagements appears 
to require an automated system to gather and correlate data from 
multiple on-board sensors. The system should be able to accept data 
from external data links so it can be combined and correlated with 
sensor data. It should also be able to acquire, track, and display 
multiple targets and to inplement a high-confidence noncooperative 
identification system suited for a beyond-visual-range multitarget 
envirorvnent. IFFN, infrared search-and-track sensors, multisensor 
correlation, and automatic target pattern recognition are some prom­
ising new approaches; others are discussed later in the section en­
titled "Current Programs and New Efforts." 

Automatic target pattern and multisensor correlation are appli­
cable to both air-to-air and air-to-ground combat. In an air-to-air 
mission, the combination of an infrared search-and-track sensor with 
radar could provide advantages in detecting and acquiring targets in 
an envirorvnent in which the enemy is enploying COU'ltermeasures. 
Beyond-visual-range noncooperative target recognition (NCTR) for 
IFFN could also be aided by combinations of sensors and sensor modes 
such as: NCTR radar techniques; engine identification by jet engine 
modulation (JEM) sensing; electromagnetic emission recognition (pas­
sive NCTR); target shape recognition employing inverse synthetic 
aperture radar ( ISAR) techniques; and multimode infrared search-end­
track systems with automatic target signature recognition. 

The automatic correlation of data from multiple sensors could 
enhance target acquisition and identification in both air-to-air and 
air-to-ground missions. The potential benefits include reducing 
target-acquisition time, increasing the confidence level of target 
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detection and identification, increasing immunity to counter­
measures, increasing acquisition range in adverse weather, minimiz­
ing performance loss in radar covert missions, and reducing pilot 
workload. 

An example of potential multisensor correlation in air-to-ground 
applications would be the use of several alignable image-forming 
sensors with autanatic target recognizers such as millimeter-wave 
radar, forward-looking infrared sensors (FLIR), and 002 laser 
radar. In addition, real-time data from threat warnings, prestored 
target and terrain data, and data from a secure information-trans­
fer network could be correlated with the outputs of the image-form­
ing sensors and processors to enhance the capability for target 
acquisition and identification. 

WEAPON DELIVERY AND FIRE OONTROL: AIR-TO-AIR 

Air-to-air missions have evolved from low-speed, one~n~ne 
engagements with guns to projected engagements involving numerous 
forces using long-range, multitargeted missiles, launch-and-leave 
intermediate-range missiles, and short-range guns employed from 
highly maneuverable (quick-kill) airplanes. Without automation the 
operational complexity of such engagements will probably overtax the 
pilots • abilities to assess situations and select the appropriate 
offensive and defensive actions. For example, in a typical air-to­
air situation (namely a defensive counter air mission) air superior­
ity fighters will be faced with numerous targets and a surfeit of 
information. Issues having a direct effect on combat capability 
will include IFFN; the setting of target priorities and weapon as­
signments; weapon employment and launch envelope conditions; opera­
tions in a very intense electromagnetic environnent; defense of 
high-value targets; command, control, and communications (C3); and 
joint operations with the friendly surface-to-air defense systems. 
It is doubtful that even extensive information processing and im­
proved displays could provide the pilot with the required data for 
decision and action; some level of autanation would seem necessary 
for effective air-to-air operations. 

Table 3-5 identifies the unique air-to-air functions for each 
mission phase. Technical considerations and possibilities for auto­
mation in each of these phases are addressed in the following dis­
cussion. 

Prelaunch Phase 

The prelaunch phase issues are fundamentally the same for all 
missions and are, therefore, discussed in total in the "Flight Tra­
jectory and Attitude Control" section. Nevertheless, it should be 
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(J) 
.1> 

TABLE 3-5 Weapon Delivery (Air-Air) 

Present 
Approach 

Prelaunch 

• Manual Mission Prep 
• Keyboard data entry 

Launch 

• Verbal comm link 
for target update 

Ingress 

• Verbal comm for target 
assignment 

• Refer to Flight Path Control 
Function 

Automa­
tion 
Approach 

• Auto Mission Prep Station • Auto target update • Real time display for targets 
designated by each attack 
plane 

• Pre fly mission 
• Cassette data entry 

Technology • DMA Data Base 
Needed for • Current threat and 
Auto rna- target data base 
tion • lOO's Meg Bit Memory 
Approach 

Current • DMA Data Base 
Progress • CAMPS 
that 
Address 
Needed 
Technology 

New • Data Base 
Thrusts • Terrain 
Required- • Threat 
or-Added • Targets 
Emphasis • Compact Mass Memory 

• Auto Mission Prep 
Station 

• Data Link 

• JTIDS 

• Refer to Flight Path Control 
Function 

• Data Link 

• JTIDS 

Engage 

• Visual and radar detect, 
visualiD, auto launch 
zone computation, pilot 
null steering, manual 
weapon release 

• BVR auto detect and ID 
• Auto threat prioritization, 

steering and weapon 
release 

• BVR lD 
• Priority AJgorithms 
• IFFC 
• lnteg Engine/Fit. 

Controls 

• Multiple Source Integra-
tion 

• JTIDS 
• TAACS • MISVAL 
• AFTI-16 
• F-15 IFFC 
• Interact (NASA) 

• AAIFFN 
• Priority AJgorithms 
• Integ Engine/Fit Controls 

Egress& 
Recovery 

• Refer to 
Flight Pati' 
Control 
Ingress 
Function 

Turnaround 

• Repeat Prelaunch 
Functions 

• Replace defective 
LRU's 

• RecoruJgUration/ 
fault tolerant 
systems 

• 100% fault isola­
tion and common 
modules 

• VHSIC 
• Distributed 

functional 
partitioning 

• DIGITAC Ill 
• Fault Tolerant 

Architecture (NASA) 
• Continuously Re­

confJgUJ8ble Fit. 
Control System 

• Distributed 
functional 
modules 
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realized that the data-base requirements vary considerably depending 
on the specific air-to-air mission. For example, in the defense of 
the continental lklited States (OONUS) there is no significant 
surface-to-air threat, so no threat data base is required. On the 
other hand, for offensive counter air missions (and particularly 
escort missions) the prelaunch data requirements equal or exceed 
those of the air-to-ground attack airplanes. 

Launch and Ingress Phases 

The launch phase is a subset of the ingress phase, since the 
only issue during launch is the receipt and treatment of updated 
threat and target information--also important during ingress. 

Currently, verbal cOfllllJnications (via ground or airborne con­
trollers [AWACS] or other attack airplanes) are the only means of 
receiving updated target data. For a single target or a target 
cluster, the pilot can enter the target coordinates into the fire­
control system to obtain direction steering to intercept and/or to 
search the appropriate volume of sky with the fire-control radar to 
obtain lock~n and fire data. This verbal loop is highly suscep­
tible to janming and electromagnetic interference. It adds to the 
pilot workload, and cannot provide the pilot with visual information 
about the battle situation (which is particularly important in a 
multi target situation). For these reasons, and the other benefits 
discussed in the following paragraphs a real-time, secure, jam­
resistant data link would be highly desirable. The JTIOS data link 
appears able to meet this need. 

Flight trajectory and attitude control is a critical issue in 
weapon delivery, particularly for offensive counter air missions. 
This includes autanatic update of threats, autanatic threat avoid­
ance and countermeasures, and automatic terrain following and avoid­
ance--all of which are discussed in detail in the sections entitled 
"Flight Trajectory and Attitude Control" and "Threat Warning and 
Countermeasures." In addition, some means of sorting targets and 
pairing them with aircraft must be done prior to engagement to en­
sure that each attack airplane engages a different target airplane. 
A real-time data link, through a secure information transfer system, 
can fill this need. The same data link can also be used to transmit 
to the rest of the force information on targets as designated by 
each attack airplane. 

Engagement Phase 

For weapon delivery and fire control during engagement, identi­
fication of airplanes as threats is fundamental. Although important 
for AIM-7 radar, this will take on added importance for the Advanced 
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MedilJR~ange Air-to-Air Missile (~AAM) program, due to III.Jltitar­
geting and longer missile lall'lCh ranges. While a secure informa­
tion-transfer system can provide prior knowledge of airplane origins 
(and hence identification [IO]) in some scenarios, it is unlikely 
that such a system will be available or effective in all situa­
tions. Similarly, a corridor-firing doctrine may apply in some sit­
uations, but not universally. Classical IFF systems suffer from the 
uncertainties associated with hardware failures. Accordingly, tech­
niques for posit! ve identification of threats beyond visual range 
should be pursued. 

Closely coupled to threat identification is the assignment of 
priorities to different threats; this is, in turn, also related to 
target assignment. When multiple targets are present, an automatic 
means of assigning priorities will be required. Even with the 
multilaunch capability of #MUW4, the missiles are fired sequen­
tially, which implies an ordering decision. On-board radars will 
have track-while-scan modes for multitarget tracking, but no method 
is now available for selecting a target for attack. In this highly 
dynamic situation, on-board systems with extensive stored data can 
automatically assign target priorities better than the pilot in most 
cases. In addition, the fire- and flight~ontrol system (augmented 
by external data if available) can accoqllish automatic flight-path 
steering and weapon release. This will require integrations such as 
those being developed in the F -15 Integrated Fire Flight Control 
(IFFC) program and in the AFTI-16 program. This integration is dis­
cussed more fully in the "Flight Trajectory and Attitude Control" 
section, earlier in this chapter. 

Although a nlJRber of Air Force development efforts address the 
tecmologies needed to automate air-to-air engagements, additional 
effort is needed in identification of targets beyond visual range, 
in development of algorittvns for determining and assigning target 
priorities, and in the automation of engine control for integrated 
fire and flight control ( IFFC) • 

Turnaround 

In air-to-air missions, the turnaround phase involves standard 
prelall'lCh phase functions, in addition to those actions necessary to 
restore the airplane to a full-mdssion capability. Typically, these 
additional actions would consist of removing and replacing failed 
electronic line-replaceable units (LRU). This repair activity could 
be significantly enhanced by (l) reconfigurable and/or fault-toler­
ant electronic designs that retain full-mdssion capability after 
canponent failure, (2) the use of coownon modules in electronic 
designs to reduce spare inventory requirements, and ( 3) achieving 
100-percent fault isolation in electronic designs to minimize the 
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need for intermediate shop equipment. The first ~rovement is 
applicable to all mission phases, since it permits mission conple­
tion even after failure. 

These improvements can be achieved through the use of technology 
for very-high-speed integrated circuits (VHSIC). Avionics designers 
need to be aware of developments in the VHSIC field. A research 
program aimed at developing a reconfigurable and/or fault-tolerant 
system that uses common modules will also be important in improving 
the current process of restoring the aircraft to full-mission capa­
bility. Although several low-level programs are addressing parts of 
this problem, a more concerted effort should be mounted. Without 
.such an effort, we can expect a significant inability to provide 
necessary equipment and to reduce logistic costs, as well as delays 
in mission completion and quick turnaround. 

In the fully automated mode, built-in test equipment could check 
equipment just prior to recovery and provide indications via data 
link of line-replaceable units (LRUs) that require replacement. 

WEAPON DELIVERY AND FIRE alNTROL: AIR-TO-CROlN) 

Air-to-ground weapon delivery has evolved from a relatively 
s~le system in which the pilot could select a delivery maneuver 
from a straightforward display and then execute it through steering 
commands and the manual release of armaments. The advent of highly 
effective defenses has resulted in a large increase in pilot work­
load by decreasing the time available for target acquisition, clas­
sification, and identification. The amount of time available for 
making the decision to attack and for performing flight maneuvers to 
satisfy release conditions has also been reduced. Superinposed on 
these tasks is the need to choose from runerous controls those 
appropriate for weapon selection, arming, and release. 

This section of the report describes the present approaches for 
weapon delivery in air-to-ground missons, and discusses the automa­
tion approach. It then discusses the technology needed for automa­
tion, the current programs that address this technology, and the 
development efforts needed to address the engagement phase of the 
mission. These are illustrated in Table 3-6. The "Flight Trajec­
tory and Attitude Control" section of this chapter describes the 
prelaunch, launch, ingress, egress and recovery, and turnaround 
phases. 

Engagement Phase 

In the present approach for conventional 111.1nitions, the pilot 
detects the target visually, manually maneuvers the aircraft to 
acquire the target, engages the fire~ontrol system, and manually 
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~ 

TABLE 3-6 Weapon Delivery (Air-Ground) 

Present 
Approach 

Prelaunch 

• Manual Million Prep 
• Keyboud data entry 

Launch lnpesa 

• Verbal comm Lint • Target uaianment via verbal 
for target update coordination 

• Refer to f'Uaht Path Control 
Function 

Enpaement 

• Pilot visual Detect and 
Manual Steerina (CCIP) 

• Pilot visual Detect and 
Auto Delivery (Dive 
Toa) 

• Pilot ID ol Dellpate 
(Radar) with Manual 
Steerina (Auto ReO 

• Pilot visualiD ol 
Delipate (Luer, E.O.) 

• Manual Relea~e 
• PUot ViluaiiD (Guna) 

Manual Steerina-Pipper 

Egress ol Recovery 

Refer to Ftiaht Path 
Controllnpea 
Function 

Turnaround 

Refer to Weapon 
Delivery (Air to 
Air) 
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CJ) 
\0 

Automation • Auto Miaion Prep 
Approach Station 

• Pre Oy nrlaion 
• Cauette data entry 

Tedlnolol)' • Data 8110 
Needed • Terrain 
for 
Automa­
tion 
Approach 

Current 
Programs 
that 
Address 
Needed 
Technolol)' 

New 
Thrusts 
or Added 
Emplwia 

• Threat 
• Targets 

• Compact Mass Memory 

• DMA Data 8110 
• CAMPS 

• DMA Data 8110 
• Current threat and 

target data bale 

• lOO'a Mea Bit Memory 
• Auto Miaion Prep 

Station 

• Auto tarpt update • Real time dilplay of tarsot 
location 

• Auto detect, 10 .t 
claaification 

• Data Link 

• JTIDS 

• Refer to Flight Path Control 
Function 

• IFFC/AMAS 
• Auto computed in 

fHght weapon fulin& 
• Voice function ~election 

and execution 

• Data Link • Hi Res. Sensora, Auto 
• Tactical fHght manasement pattern Recog 

• Auto-Correlation 
Technolol)' 

• IFFC/AMAS 
• Auto Fire Control 

Fulin& 
• Voice function 

~election (AF'I'J-16) 

• JTIDS • LANTIRN 
• Tactical FUght Manasement • PAVE MOVER 

• Covert Strike 
• JTIDS 
• F-161FFC 
• AFTI-16 AMAS 
• SAIF 

• Hi Resolution AlG 
Sensor 

• Pattern Recognition 
• Auto Correlation 

Technology 
• Distributed hlah data 

rate network 
• Advanced Aural 

(Voice) Recognition 
TedlnoloBY 

' 
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maneuvers in response to continuously computed impact point (CCIP) 
steering commands on the heads up display (HUO). Weapon release can 
be manual or automatic when the delivery solution has been achieved 
and release indicated. The dive-toss delivery mode is similar for 
target detection and fire-control engagement and maneuver. The 
weapon-release function is automated. 

For radar-guided weapons, the pilot !dent! fies and designates 
the target using the radar display and manually maneuvers to satisfy 
displayed launch commands; release of the weapon is automatic. For 
laser electro-optically guided weapons, the pilot visually identi­
fies and designates the target, maneuvers manually to satisfy launch 
conditions, and manually releases the weapon. For guns, the pilot 
visually identifies the target, engages the fire-control system, and 
manually maneuvers the aircraft in response to steering commands on 
the HJO. Firing is manual. 

Analysis of the present approach identifies three areas in which 
automation can be applied to reduce the number of simultaneous func­
tions the pilot must perform: · 

• Automation of target detection, classification, and identi­
fication through the use of automatic pattem recognition 
and correlation techniques. 

• Coupling or integration of the fire- and flight-control 
system. Steering commands, now displayed on the HUO, could 
be coupled with the flight-control system to provide more 
rapid flight;>ath convergence and stabilization for weapon 
release. An automatic release can also readily be incor­
porated. 

• Blended terrain following and terrain avoidance informa­
tion, available from the flight;>ath function, could appro­
priately be used to ensure automatically a minimum altitude 
for safe recovery. 

The automation of target detection, classification, and identi­
fication necessitates the application of advances in the technolo­
gies of high-resolution sensors, pattem recognition, and autocorre­
lation. The spec! fics of these technologies are discussed in the 
section entitled "Current Programs and New Efforts." 

~ling or integration of the fire- and flight-control system 
necessitates the functional integration of the sensors, the fire­
control computations, and the task-tailored flight-control computa­
tions. The object is to permit weapon line pointing while the air­
craft is in a nonpredictable trajectory for weapon delivery. 
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Automatic computation for in-flight weapon fusing is considered 
feasible. Though present weapon fuse timing is adjustable, it is 
set during the prelaunch phase. Since this timing is adjustable, 
automatic computation and fusing as part of the fire control system 
would increase release opportunities for weapons, thereby removing 
the present constraint of having to achieve a precise altitude and 
velocity before release. 

The programs outlined above are developing the critical individ­
ual technologies crucial to automation. They must be continued. In 
addition, continued and increased emphasis should be placed on the 
following aspects of target sensing and acquisition: 

• High-resolution air-to-ground sensors 
• Pattern recognition 
• Autocorrelation techniques. 

A new effort must be made to develop a distributed network for 
high-data-rate transmission. It should have a fault tolerance that 
satisfies the safety, performance, and reliability requirements of 
all users, as do those of the hydraulic and electrical distribution 
systems. This network would provide the core capability for 
on-board integration of mission functions. 

CREW ESCAPE 

Systems for crew escape are ranked high by pilots as an area 
that requires serious attention. A review of available data reveal­
ed that pilots of Air Force fighters who use current escape systems 
are injured or killed too often. 

The present escape systems evolved from the first ejection 
seats, made in Germany and Sweden in the 1930s and early 1940s. The 
purpose of the ejection seat was to remove the pilot (in the seat) 
far enough from the aircraft to allow seat separation and safe para­
chute opening. The speeds of jet aircraft complicates the process. 

The advent of highly maneuverable fighter aircraft capable of 
speeds greater than Mach 1 and roll rates greater than 300 degrees 
per second has underscored the need for a safe escape system. Much 
attention has been given to providing tolerable .9. loading and seat 
stabilization to avoid dangerous spin rates in a filgh1a field. How­
ever, considerably less effort has been directed at protection 
against variations in pressure during ejection; exposure to high 
dynamic pressures (g) during ejection can produce facial and flail 
injuries and can do damage to the lungs and abdominal organs. Pro­
tecting the pilot from injury will require intervention from the 
time of canopy release, because as the canopy opens it acts as an 
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air scoop, directing ram pressures momentarily into the cockpit. 
The high ram pressure is followed by pressure oscillations that at 
some points go below the local ambient pressure. 

The lower altitudes at which pilots now fly during tactical 
maneuvers further demands an improved escape system. In an air-to­
air mission, the pilot typically spends much of his time below alti­
tudes of 10,000 feet. In air-to-ground missions, the pilot maneu­
vers at low altitudes in terrain following and terrain avoidance. 
The high speeds at these low altitudes produce very high g and allow 
the pilot limited reaction time. 

The day-to-day training missions for pilots on the Air Combat 
Maneuvering Ranges, Red Flag missions, and other types of air-to-air 
and air-to-ground engagements place the pilot and aircraft in atti­
tudes in which departure from normal flight is dangerous. In these 
maneuvering attitudes there are also generally high .a loads. When 
departures from normal flight do occur, the aircraft may already be 
at the edge of the escape envelope, where the pilot has little time 
available to recover to normal flight attitudes or make the decision 
to eject. 

Statistics 

Between 1976 and 1980, the survival rate for pilots who ejected 
from Air Force fighter aircraft declined from 85 percent to 72 per­
cent. In addition, during 1979 and 1980 there were as many ejec­
tions outside the escape envelope--the speed and altitude at which 
ejection is safe--as there were in the previous three years. The 
Air Force's fatality rate for crew members ejecting below 500 feet 
has been 57 percent over the past five years. Between 500 and 1,000 
feet, the fatality rate drops to and levels off at about 15 percent. 

In addition to fatalities, various degrees of injuries have 
accompanied ejections. Many of those who manage to eject success­
fully receive major injuries; and only a few eject without injury. 
Most major injuries have been fractures of vertebrae, legs, ankles, 
feet, shoulders, and ribs. Although most of these injuries are not 
permanently disabling, they keep pilots off flight status for exces­
sive amounts of time. 

Current Programs 

Crew escape is one of the most highly automated systems in 
today's fighter aircraft. After initiation by the pilot, the entire 
sequence, from canopy release to deployment of the pilot's para­
chute, is automatic. Automation should be continued, and the effort 
should be increased to develop new technologies that will increase 
the size of the ejection envelope and minimize injuries. 
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The Advanced Concept Ejection Seat II {ACES II) provides improv­
ed performance in several flight situations {such as low altitudes, 
high speeds, and adverse attitudes) and in unstable ejection trajec­
tories. It also can iq:~rove rultiseat sequencing and divergence 
performance and reduce injuries fran parachute landing. lq:lrove­
ments planned for the ACES II seat include provisions for upper and 
lower extremity windblast restraints, a single-point harness-release 
system, continuous mode sequencing, iqlroved stabilization in yaw, 
and logistics improvements. Aircraft with less effective ejection 
seats could be improved by being retrofitted with the ACES II. How­
ever, for high-performance fighters the option of using ejection 
capsules or other means of wind-blast protection should be consider­
ed seriously. 

Conclusions 

In the past, life-support equipment has been developed by rede­
signing or modifying existing hardware. This approach provides only 
limited solutions, and it precludes a systems approach to the prob­
lem of safe ejection. 

Crew escape systems must be improved to save lives. In addi­
tion, training of fighter pilots, who are in short supply, requires 
a lengthy period and is estimated to cost $850,000. 

Cl.RRENT PRO~AMS ANJ NEW EFFORTS 

Many technology development progrMis already under way in the 
Air Force and other laboratories bear directly on automation in tac­
tical aircraft. Table 3-7 lists the applicable programs known to 
the subcommittee, and there are probably other government and indus­
try progrMis. The programs cited in Table 3-7 have their own objec­
tives, not all of which are related to automation. 

Based on briefings and analyses, the subcommittee has compiled a 
list of new development efforts necessary to achieve the recommended 
level of automation for 1986--five years from the time of this 
study. Table 3-8 provides and overview of these recommended efforts. 

Terrain, Threat, and Target Data Bases 

Several programs, such as AETMS and CAMPS, depend on the DMA 
data base. To ensure prompt availability of the necessary informa­
tion, priorities should be established to govern data compilation; 
geographic area and selected cultural features {e.g., churches and 
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TABLE 3-7 Composite-Current Programs 

Program Title 

DMA Terrain Data Base Compilation 

CAMPS 
JTIDS 
IFFN Fusion 
COVERT MOVER 
PAVE MOVER 
LANTIRN 

PLSS 
Tactical Flight Management 
AFTI-16 

\0 F-15 IFFC 
.1> SAJF 

TAACS 
MISVAL 
INTERACT (NASA) 
Blended TF fi' A 
GPS 
AETMS 
Purple Haze 
ASPJ 
UHRSAR 
Automatic SAR Target Clusillcation 
Correlated Sensor Data Display 
PAVE PILLAR 

Advanced Power Management 
HIMAR 
Voice Function Selection 

Program Thrust 

Compile 3-D Terrain Data Base 

Mission Data Preparation Unit 
Multi-Information Data Link 
Sensor Integration Simulation for IFFN 
Bi-Static and Mono-Static Radar for Non-Emission Attack 
MTI/SAR Radar, Directs Attack Airplane 
Manual TF/TA. Night Target ID, Laser Designator, Hand.Qff 

and Auto-Recognize 
Locate Emitting Threats 
Integrate Technologies for Automated Airplane 
IFFC, AMAS, Tailored Control Laws, Integration 
IFFC 
Weapon Fuzing for Unconstrained Attack 
Automate Information Processing Tults 
Dynamic Launch Zone Computation 
Integrated Flight Propulsion Control 
Blended Active and Stored Data for TF /T A 
Accurate Worldwide Grid Reference System 
Stored 3-D Terrain Data Base, Real-Time Display 
Stored Data Base Threat Profiles 
TWS and Active ECM 
Flisht Test of Advanced Radar 
Automatic SAR Target Classification 
Display of 4 Aligned Sensors 
Info Fusion, Architecture, Algorithms for 

Automation 

Optimal ECM Power Management 
Vehicle Trajectory/ Attitude Control 
Provide Alternative Channel for Pilot to Aircraft 

Communication 

Critical Technology for Automation 

Prioritized 3-D Data Base of Terrain and Selected Cultural 
Feature Data 

Preparation Unit for Cassette Load 
Data Update Link for Target and Threat ID and Location 
Non-cooperative IFFN Techniques 
High Resolution Sensor 
High Resolution Sensor 
Auto Pattern Recognizer, Hand.Qff 

Continuous Threat Data 
What and How to Integrate Approaches 
Automated A-A and Automated A-G 
Automated A-A and Automated A-G 
Automated In-Flight Fuzing 
Automated Information Processing Tults 
Activate Launch Zones for Automated A-A 
Integrated Engine/Flight Control 
AutoTF/TA 
Navigation and Potential TF /T A Blending 
Storage, Retrieval and Display of 3-D Terrain Data 
Stored Threat Profile Technology 
TWS and Active ECM 
Ultra-High Resolution SAR 
Automatic SAR Recognition 
Multi-Sensor Correlation 
Architecture, Algorithms Jointly Managing NAV, EW, 

Fire Control, Cockpit Data, Redundancy - Support 
System 

Algorithms, Situation Displays 
Techniques for Thrust Vector and Management 
Relieve Pilot Work Overload 
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TABLE 3-8 Composite-New Thrusts/Added Emphasis 

Technology Need/Emphasis 

Terrain Data Bue 
Threat Data Bue 

Target Data Bue 
Mission Data Preparation Unit 
Compact Mus Memory· 500 megabit 
Integrated Flight/Engine Control 

High Rate Data Network 
Cooperative IFFN 
Non-Cooperative IFFN 
High Resolution Sensors 
Multi-Sensor Correlation 
Pattern Recognizers 
Target Priority Algorithms 
Distnbuted Functional Modules 
lJght Weight Helmet Mounted Sisht/Display 
ALR 67/69 Update 
Anti-Jam All WX TF/TA 
Aural (Speech) Recognition and Function Technology 
Tactical Flight Management Technology 

Critical Aspect for Automation 

Blended Auto TF/TA, Sensor Correlation, Pilot Displays, etc. 
Threat Avoidance, Combined Avoidance, Evuion, Electronic and 

Lethal Defense 
Enhance Target Auto ID and Acquisition (A·A .l A-G) 
"Prefly" Mission and Auto Mission Load 
On-board Threat and Terrain Data Storage 
Automated Aircraft Fllsht Trajectory, Attitude .l Velocity 

Control 
Integrated Data Flow 
Penetration Through Friendly Forces and A· A. A-G ID 
A·A, A-G ID 
A· A and A-G ID and Recognition 
A·A and A-G ID and Recognition 
Auto Target Recognition (A·A and A-G) 
Automated A· A Target Selection and Prioritization 
Availability, Mission Succeaa, Quick-Tum 
A· A and A-G Target Acquisition and Data Display 
Include Data Bus for Input to Data Bue 
All WX Penetration in Defended Areas 
Function Designation, Selection, and Execution 
Analytic Function ADocation and Automation Technology 
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schools) are important criteria. These efforts should be closely 
coordinated with the OMA. Efforts to compile threat and target data 
bases are also needed. 

A compact mass memory is needed for storing all the data bases. 
This mass memory should be flight qualifiable (i.e., able to with­
stand flight conditions). The amount of storage needed is estimated 
to be of the order of 100-500 megabits. The information density 
used in current terrain data bases is about 2 kilobits per square 
nautical mile. In the future, even if terrain quantization techni­
ques are improved, more cultural features will probably be added to 
the data base, resulting in the same density per square nautical 
mile (nm). One sortie or mission could use terrain data covering an 
area of 100 X 500 rwn2, for a mass memory requirement of 100 mega­
bits. However, a squadron is likely to need to cover areas of 500 X 
500 rwn2, which is the present u.s. Air Force design goal. Thus 
the objective for a compact flight-qualifiable mass memory could be 
of the order of 500 megabits. 

Development of a ground-based unit to prepare data for mission 
planning should proceed. This unit could also be used by pilots to 
"prefly" missions. 

Flight Trajectory and Attitude Control Weapon Delivery 

Several programs relate to flight trajectory and attitude con­
trol: AFTI-16, F-15 IFFC, blended TF/TA, GPS, Highly Maneuverable 
Aircraft Technology (HIMAT), and others. Though this list is long, 
these programs do not address their tasks with an integrated 
approach. The subcommittee feels that further work is necessary to 
address automated flight trajectory and attitude control problems, 
including sensor inputs, threat and target data (real-time and pre­
briefed), automated flight-path and velocity control, time and space 
navigation, and automated attack sequences. This work would, of 
course, integrate many of the functions described in the sections 
entitled "Threat Warning and Countermeasures" and "Target Sensing 
and Acquisition." 

Threat Warning and Countermeasures 

On the basis of data available to it, the subcommittee concluded 
that little advanced work is being done on threat warning and coun­
termeasures. This area is of great concern to operational pilots. 
Perhaps this issue is being addressed, but information was withheld 
from the subcommittee because of the unclassified status of this 
report. Nonetheless, the PLitomatic Self-Protection Jammer (ASPJ) 
and Advanced Power Management programs appear to offer little in the 
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way of integrated, automated systems. Given the known shortcomings 
of current systems, automated tactical aircraft appear to need new 
systems with angular coverage approaching 3600 in both azimuth and 
elevation, better directional accuracy, range data with azimuth and 
elevation, adequate frequency coverage for all threats, and the 
ability for smart signal spoofing for accurate threat isolation and 
rejection. 

Target Sensing and Acquisition 

In this area the highest potential payoffs for automation appear 
to be in cooperative IFFN, higher resolution sensors, and automatic 
target recognition. The Covert Strike and Pave Mover programs are 
working on technologies for bistatic and synthetic aperture radar 
(SM) , and LANTIRN is exploring new technology for forward-looking 
infrared sensor (FLIR) technology and automatic target recognition. 
Efforts to develop new techniques for focal plane array processing 
SAR suited to smaller aircraft, and additional automatic target 
recognition seem to be appropriate for automated aircraft. In addi­
tion, the use of a lightweight helmet~ounted sight/display for this 
application should be enphasized. Multisensor correlation studies 
should be expanded from the current programs to a level suited to a 
highly integrated automated system. 

Cooperative IFFN 

Automatic identification of other aircraft as friend, foe, or 
neutral can relieve the pilot of a difficult and tactically limiting 
task. If such identifications must be made visually by the pilot, a 
significant tactical advantage of long-range detection sensors and 
long-range weapons is lost. 

Current cooperative IFFN equipment (Mark XII) will not be ade­
quate for future automated systems, and very little R&D work is 
being performed on future systems. 

Two sign! ficant problems have complicated IFFN, though both 
should yield to modem digital electronics. First, identification 
code security is likely to be compromised by wide distribution of 
the equipment; digitally authenticated signatures, perhaps by public 
key cryptography, is a promising area for investigation. Second, 
the size, weight, and power requirements of current equipment pre­
clude application anywhere but on aircraft or ground vehicles. To 
ensure that they are · not attacked by friendly forces, pilots would 
like to see every ground element on the friendly side equipped with 
a positive means of interrogating friendly aircraft. The Stinger, 
shoulder-fired rocket for ground-to-air combat, for instance, is 
just as deadly to u.s. aircraft as a Soviet surface-to-air missile 
{SAM). Again, digital systems may provide a solution. 
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Long-term solutions for IFFN could evolve from procedural tech­
niques such as the use of flight corridors and altitudes, c0l4)led 
with comunications capabilities that supply external situational 
and intelligence data. However, the development and use of reliable 
new cooperative IFFN equipment is recomended. Such equipment would 
have a significant impact on air-to-air and air-to-ground warfare by 
greatly extending the range of identification beyond that at which 
visual recognition is possible. These long-term solutions--i.e., new 
equipment-~ust be preceded by adequate short-term solutions to give 
the pilot confidence in identifying other forces. 

Noncooperative IFFN 

Significant progress has been made on identifying engine types 
by detecting and classifying jet engine modulations (JEMS) of radar 
returns; tests have shown this to be effective when approaching a 
plane from the front or the rear. 

Other promising techniques for noncooperative IFFN are pass! ve 
noncooperative target recognition (PNCTR) and inverse synthetic 
operative radar (ISAR). 

With PNCTR, a large proportion of threat aircraft could be iden­
tified by the radio-frequency parameters of their radar by using the 
on-board radar antenna in a passive listening mode. 

Inverse SAR (ISAR), the shapes and sizes of tracked aircraft can 
be determined by using high-range resolution and stepped multifre­
quencies in the radar. This information could be useful for automa­
tic identification. 

Only a limited amount of work on these techniques has been per­
formed to date. Noncooperative IFFN programs should receive signif­
icantly increased priorities. 

High~esolution Synthetic ~erture Radar. In runerous fli~t 
test programs, high-resolution AR modes have been used by multimode 
radar systems for terrain mapping. These SAR systems can be used by 
pilots in detecting, recognizing, and identifying many classes of 
targets. An increase in the SAR resolution of tactical multimode 
radars coupled with accurate knowledge of target area location and 
accurate navigation systems accuracy could not only improve manual 
target acquisition, but could also make all-weather automatic target 
acquisition and identification more likely. 
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The goal of automatically recognizing tactical targets in 
adverse weather is a very challenging technical task, and iq:»roved 
SAR resolution is a prerequisite. Ultrahigh-resolution SAR has the 
best potential of all sensors for automatic detection, acquisition, 
and recognition of tactical targets in adverse weather. Although 
ultrahigh-resolution SAR maps can be made and used for manual target 
acquisition of tactical targets, many problems must be solved to 
make ultrahigh-resolution SAR practical in tactical aircraft. 

Bistatic Radar. In a bistatic radar system, a plane flying over 
frieildiy terrain transmits a message to the strike aircraft above 
enemy terrain. The strike aircraft is equipped to receive and 
process that message passively. (When mapping in a passive mode, 
the receiver is quiet, because the illuminator is located in another 
aircraft, well behind the forward edge of battle.) The advantages 
of this approach include covert penetration, passive mapping of the 
target area, and passive acquisition of the target. The substantial 
technical challenges include coherent operation of the receiver and 
illuminator; high-resolution, distortion-free mapping; target track­
ing; and target classification. The Air Force Covert Strike program 
addresses some of these problems. 

Millimeter-Wave Radar. Automation in tactical aircraft can 
benefit from the developing technology for millimeter-wave radar. 
The shorter wavelengths in this radar yield higher resolution for a 
given aperture size, and thus better data for a given aircraft nose 
size. The range of millimeter-wave radar may prove inadequate for 
search and acquisition, but its high-resolution target data will be 
a valuable input in automatic target pattern recognition. 

Development is proceeding in at least three atmospheric win­
dows--regions of the atmosphere where electromagnetic energy is not 
absorbed or scattered. Each has certain exploitable characteristics 
related to weather penetration, resolution, component availability, 
and other factors. Most applications to date have been in terminal 
missile guidance against tactical targets. It is believed, however, 
that millimeter-wave sensors under some conditions can achieve 
longer detection ranges and better weather and smoke penetration 
than forward-looking infrared (FLIR) sensors. It can also provide 
highly accurate aimpoint data, some unique signatures for target 
classification, and spectral data cOq:»lementary to those from FLIR 
sensors and conventional radar for decoy discrimination and automa­
tic target pattern recognition. 

00 Laser Radar. Perhaps the most promising new sensor 
techno~ogy for tactical aircraft is the laser radar. This device 
promises to provide a new type of target image, higher resolution, 
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moving target indication, a very narrow beam, and few extraneous 
emissions. Although not useful in every weather condition, it does 
have good potential in some marginal weather conditions. It has 
enormous potential for automation in tactical aircraft because of 
the high-resolution images it can produce, because of its electronic 
beam agility, and because of its ability to provide guidance data 
for lllJltiple targets and weapons on a single pass. 

These laser radar problems are addressed in several Air Force 
programs, including the t-t.Jlti-Function Infrared Coherent Optical 
Sensor (MIOOS) program at the Air Force Wright Aeronautical Labora­
tories and the High-Velocity Missile (HVM) program at Eglin Air 
Force Base. Additional development work should probably be directed 
at making the laser equipment more rugged, reducing its size, im­
proving its optical and frequency stability, dealing with pumps and 
gas-flow problems, developing coherent signal processing techniques, 
and improving gas laser canponents. 

Finally, the 002 laser radar provides the means of simultan­
eously guiding lllJltiple weapons to individual targets during a sin­
gle attack pass. This function, when coupled with automatic target 
pattern recognition software, can provide a high level of automation 
in target acquisition and weapon delivery. When used with a high­
speed weapon, such as Eglin's HVM, it should help to minimize the 
exposure of aircraft and aircrews to enemy fire while greatly in­
creasing their available firepower. 

Airborne Infrared Search and Track. The current trend in enemy 
threats has been toward smaii, fast Interceptor missiles that have 
very small radar cross-sections. These missiles are poor radar 
targets, but better infrared targets. Consequently, there is a 
resurgence of interest in airborne infrared search-and-track ( IRST) 
sensors to augment the airborne radars. IRST sensors also have 
other advantages: 

• Immunity to radio-frequency jamning 
• Covertness (passive) 
• Fine resolution for raid assessment 
• lmlllJnity to radio-frequency decoying. 

Although development of IRST systems stopped in the late 1960s, 
technology development applicable to these systems has continued. 
If these advances in signal processing, detectors, and cryogenics 
are incorporated into the IRST, the system becomes even more attrac­
tive. 

Current trends in IRST are directed at applying these advances 
to achieve better clutter rejection, longer detection ranges, and 
improved reliability. In addition, multisensor correlation and dis-
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play techniques are being developed. The Air Force is funding 
development of an DRST system for the F-15. 

Future trends in IRST are expected to use focal-Plane array 
technology to achieve even longer detection ranges, faster frame 
rates, and larger fields of view. Another future trend possibility 
is the use of wide spectral coverage (i.e., 8-12,. and 3-5,.), for 
further improved clutter rejection and. target identification. 

Automatic Target Pattern Recognition 

Autanated weapon delivery depends fundamentally and critically 
on automatic target recognition, except perhaps in a few simple 
cases. The pilot's participation is limited by the time available. 
The durations for a weapon-delivery pass are measured in seconds. 
When rrul tiple targets per pass are considered (six to ten targets 
are mentioned in some current programs) the time available for 
search, interpretation, and manual decisionnaldng is likely to be 
too short for reasonable human performance. In addition, the false 
alarm rate for targets will inevitably increase as the available 
time per task grows shorter and may well reach an unacceptable level 
before the human task limit is reached. 

In theory at least, automatic target pattern recognition should 
be among the most fertile areas for autanation. The principal util­
ity of the digital computer in this realm derives from its ability 
to handle large amounts of data in short periods. It should thus be 
able to augment the pilot's abilities by processing sensor data 
using algorithms for target pattern recognition. The output of this 
algorithm would be a target data set requiring minimal pilot scru­
tiny and decision. 

Research among government, academic, and industrial laboratories 
to date has demonstrated that defining algor! thms is difficult and 
complicated. In some tactical scenarios, detection, recognition, 
classification, and identification may be required. When most or 
all of these are required, and at high statistical confidence 
levels, the mathematical definition and data-Processing task is 
formidable. Some progress is being made, however, and workers in 
the field are generally optimistic. The problem is being approached 
from a rigorous mathematical standpoint, using shape, size, depth, 
contrast, edge matching, and other geometric tecmiques. More ab­
stract mathematical transforms, using edge differentiation, negative 
space, and statistical processing, are also being used. Some of 
these lead to unfamiliar images that are more amenable to automatic 
decisionmaking, but still permit some pilot interpretation. Many 
heuristic techniques have also been defined; some appear in experi­
ments, to produce good results. Due to the COfll)lexity of image 
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mathematics, it may well be that future heuristic approaches will 
contribute to the definition of algorithms for target pattern recog­
nition. 

Assuning sensor data are available--and today' s sensors could 
suffice for many applications--the development of algorithms for 
automatic target pattern recognition is a pivotal issue in automat­
ing tactical aircraft. It is difficult to conceive of an advanced 
automation system that does not relieve the pilot of this high-task­
load mission phase. On the other hand, a mechanization that handled 
multiple targets at high confidence levels would quickly ensure the 
success and acceptance of an automated target sensing and acquisi­
tion system. Automatic target pattern recognition activities should 
be assigned a high priority in the overall automation scheme. 

System Architecture 

The new Pave Pillar program, and NASA's Integrated Research Air­
craft Control Technology (INTERACT) program are addressing avionics 
design from a systems sta,q,oint--an approach that considers the 
integration of various aircraft components. They also address the 
development of algorithms applicable to automation. Additional work 
needs to be performed on algorithms for establishing target 
priority, and on a network for high-rate data. 

The Use of Aural Cormuucation 

Pilots' desires for improved crew stations have been interpreted 
to mean that the pilots need relief from their overload of tasks and 
information. One proposed method is to parallel the ill)ut and 
output of the pilots' eyes and hands by employing their ears and 
mouth, using tones, synthesized speech, and speech-recognition tech­
niques. Research, however, has yet to show that a pilot's capaci­
ties for handling data is doubled by employing such a parallel chan­
nel. There is even some evidence that under overload conditions 
pilots generally "turn off their ears." Furthermore, speech-recog­
nition techniques are not yet well enough developed to promise early 
use in the crew station as standard equipment. (The ill)ut technolo­
gies of tones and speech synthesis, however, appear to be adequate 
for use.) 

AN APFROACH TO AUTCI4ATION 

The previous section discussed the technology for automation. 
This section describes the ways this technology might be used. 
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Early avionics systems consisted of collections of distinct ele­
ments, partitioned so c~letely that different designs were used 
for different kinds of missions, or the elements were distributed 
among crew rnent»ers. In current fighters, one design and one pilot 
can accomplish limited multiple missions. The current configuration 
has been achieved largely by automating single elements of the 
avionics systems. For example, the fire-control function integrates 
and automates several elements: navigation, target acquisition, 
processing, display, etc. Air-to-air gunnery is a typical example 
of present-day automation. In the latest fighters (F -15, F -16, 
F/A-18) the pilot's selection of a single air-to-air gun switch 
results in automatic radar search and track, automatic c~utation 
of launch zones, and autanatic display of essential flight/gunnery 
parameters. However, there is no automation anong elements. In 
firing air-to-air guns, the pilot controls the airplane manually to 
meet the firing envelope displayed by the automated systems. 

The pilot, then, serves as the autanation "core," processing in 
his brain all the data flowing in through his eyes, ears, hands, and 
body, as illustrated in Figure 3-1. By throwing switches, maneuver­
ing the aircraft, or releasing weapons, the pilot then takes what­
ever actions are needed to meet the conditions indicated. 

The practice of automating only within elements probably result­
ed from (1) improvements made to correct specific workload bottle­
necks reported by aircrews, ( 2) logical extensions of existing 
designs to accommodate new sensors and weapons, (3) autanation con­
cepts and designs funneled into elements along the lines of estab­
lished development organizations, and (4) limitations of technology 
transfer within the Air Force and between it and its contractors. 

It is clear that autanation among elements--as opposed to the 
past practice of automation within elements--will be necessary for 
the improved design of canbat aircraft. The first issue is how to 
integrate the automated elements. 

There are two contrasting ways to proceed. The "top-down" 
approach begins by tackling the difficult problems first--by attemp­
ting to autanate those elements for which such systems have not yet 
been developed. After these elements were automated, an architec­
ture could be designed to link together the various autanated can­
ponents of the aircraft. Since some of that technology (for example, 
technology to autanate target sensing) remains elusive, the final, 
integrated approach cannot yet be implemented. Another approach to 
autanation would provide a more immediate payoff. 

The subcommittee recommends the "bottom-t.4l" approach to automa­
tion. It starts with those elements that can be successfully auto­
mated, and then integrates them into a core function. As technology 
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FIClJRE 3-l. 

Multiple Sensors ---

Information 
Processing 
(Brain) 

-Threat Warn 

-Fire Control 

- Propulsion Control 

The pilot is the automation "core," processing all the 
data from aircraft elements. The result is a high 
workload and a limit on performance. 
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develops to autanate additional elements, they can be added to the 
core function. Technology exists to i""'lement this approach now, 
building on the core function of flight trajectory and attitude con­
trol. 

Flight Trajectory and Attitude Control 

All functions of a combat aircraft depend on the central func­
tion of flight trajectory and attitude control--the maintenance of 
the correct flight trajectory and orientation, or attitude, of the 
aircraft. As described earlier, this core function includes the 
subfunctions of flight control, fire control, navigation, and pro­
pulsion. When propulsion is added to the navigation function, it 
provides the capability for four-dimensional navigation (latitude, 
longitude, altitude, and time). When attitude control (control of 
roll, pitch, and yaw) is integrated into this system, then precise 
seven-dimensional navigation can be achieved. 

On the basis of this analysis, the subcommittee suggests a sys­
tems approach to automation that treats flight trajectory and atti­
tude control as the foundation for all aircraft automation. Figure 
3-2 illustrates how this approach differs from current programs on 
combat aircraft autanation. The current automation approach in 
Figure 3-2 (left) shows two current programs--essentially "top-down" 
approaches. The LANTIRN program links together weapons delivery, 
sensors (target sensing and acquisition), fire control, and naviga­
tion. Vet at this stage, technology does not exist for autanating 
the function of target sensing and acquisition--a significant stum­
bling block to the implementation of this program. 

The IFFC progran links together fire control, flight control, 
and navigation--but leaves out the important function of propulsion. 

The recommended core automation approach (the "bottom-up" 
approach) of Figure 3-2, right, links together fire control, flight 
control, navigation, and propulsion. At this stage, the crew inte­
grates the other functions of threat waming and countermeasures, 
target sensing and acquisition, and weapons delivery. When the 
technology is available to autanate these operational mission func­
tions, they can be integrated into the core function. 

If i""'lemented properly, this rational approach to autanation 
should result in standardized interfaces, processing, and hardware. 
Figure 3-3 shows this logical progression. Eventually, all func­
tions would be automated and integrated. Free from the tasks invol­
ved in flying the aircraft, the pilot would have sufficient time to 
manage and monitor the situation and to make important decisions. 
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In the current autanation approach (left), the LANTIRN programs link together 
weapons delivery, target sensing and acquisition, fire control, and navigation. 
The IFFC program links together fire control, navigation, and flight control. 
In both programs, the crew integrates all of the functions. In the recommended 
core autanation approach (right), fire control, navigation, flight control, and 
propulsion are integrated to form a composite function called flight trajectory 
and attitude control. The crew integrates this core function with the other 
mission functions. 
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FIGl.RE 3-3 

-- ~~-

In the current level of autanation (left), the crew integrates all mission 
functions. In the reconmended core autanation approach (middle) , the crew 
integrates the composite function of flight trajectory and attitude control with 
the other mission functions. In the ultimate level of autanation (right), all 
the functions are integrated, and the crew manages and monitors the system. 
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Conversely, if automation does not progress as a logical exten­
sion of flight trajectory and attitude control, or if this function 
is not handled properly, then the result will be a proliferation of 
unintegrated systems and activities. 

This raises the second question concerning the recommended 
approach: how to automate the flight trajectory and attitude con­
trol function. 

Core Function Iqllementation 

Successful automation of the flight trajectory and attitude con­
trol function will require a flexible architecture (not a collection 
of distinct systems and activities) with logical partitioning and 
standard interfaces. Such an architecture could accommodate current 
and future operational mission functions (target sensing and acqui­
sition, threat warning and countermeasures, weapons delivery, etc.) 
in a process of continual growth and integration. This core func­
tion would control surfaces, engines, crews, weapons, and sensors. 

The capabilities of this core function could be distributed 
among many processors or concentrated in a few suitably redl.l'ldant 
processors. Its processing could be iqllemented in hardware or 
software as appropriate. Its data could flow through a single bus, 
multiple parallel buses, or a hierarachy of buses. 

Reliability and availability will be critical to the design, as 
each element of this function will be vital to mission COqlletion 
and flight safety. If it is not reliable and available, the system 
will be ignored and circumvented by crews. Manual operation of a 
system designed for automation will prove less successful than the 
piecemeal automated systems of today. Redundancy eqlloying parallel 
identical equipment is a possibility, but it is better to provide 
redundancy by building in the capacity for reconfiguration. The 
latter possibility also exists for common reconfigurable modules. 

This discussion identifies the third issue of automation: What 
program is needed to automate the core function of flight trajectory 
and attitude control? This is covered in the following recommenda­
tions. 

RECXlt+£NlATIONS 

Core Program 

The current F -15 IFFC program addresses part of flight trajec­
tory and attitude control by coupling the functions of flight and 
fire control. The AFTI-16/AMAS program extends this application by 
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c~ling a digital flight- and fire-control system and by iqllemen­
ting task-tailored control laws. 

Neither program couples propulsion control with fire and flight 
control. The c~ling of these subfunctions could provide early 
information to assess automation techniques. Because of its digital 
flight control and advanced cockpit, the AFTI-16 is the likely air­
plane for this propulsion coupling. However, even though the F-15 
IFFC and the AFTI-16 will provide integration and redundancy tech­
ni~es and flight trajectory algorittvns, they do not address the 
issue of core architecture for future automated systems. According­
ly, it is recannended that the Air Force initiate an effort to 
develop the overall core architecture for flight trajectory and 
attitude control, establish appropriate standards, and produce a 
prototype for flight test and evaluation as a total system. 

Reliability, system availability, and maintenance rust be 
explicitly and thoroughly addressed in the program to develop the 
automated core system. Such things as automatic reconfiguration, 
fault tolerance throughout the system, and state-of-health reporting 
are of prime importance. 

Research and Development 

Although we have emphasized the core and building-block approach 
to aircraft automation, it is evident from the discussions and 
recommendations of new efforts that a capability for target identi­
fication will greatly extend the fighting ability of combat air­
craft. Accordingly, we recommend a new program on cooperative IFFN 
and increased emphasis on noncooperative IFFN research. 

A N>TE ON REMJTELY PILOTED VEHICLES 

Ultimately, the completely automated combat aircraft would be a 
remotely piloted vehicle (RPV). What are the characteristics and 
appropriate missions of the unmanned RPV? RPVs are relatively inex­
pensive compared to piloted vehicles, and they are simpler, smaller, 
and lower in observable signatures. Their missions are less compli­
cated, more dangerous in wartime, and lower in intemational reper­
cussions in peacetime. Good exanples are the u.s. Army's Aquila 
artillery target spotter, cruise missiles for deep penetration bomb­
ing, and the u.s. Air Force's Firebee for reconnaissance. In order 
to acc0111Jlish the mission, all functions (e.g., flight control, 
throttle control, fuel sequencing, navigation) are completely auto­
mated for all segments of the mission (launch, ingress, engagement, 
egress and recovery). It is interesting to note that the three mis­
sions above were first flown with manned aircraft and later 
converted to RPVs. One can speculate that as missions, functions, 
and tectnology are better understood, more missions could be accom­
plished by RPVs. 
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APfiEN)IX A 

TERMS OF REFERENCE 

This study is concerned with automation both of and in combat air­
craft to S1.4Jport the Air Force's mission. The term "automation" has of 
diverse interpretation. It is used variously to describe the control 
of a single ~antity by a very siqlle on-off mechanism (as in thermo­
static control of temperature). It is used to describe the concurrent 
display of data from several sources to a person for interpretation. 
An example is the displays of a modern fighter aircraft, which combine 
information from, say, a radar, an electro-optical sensor, and com­
puter-derived flight parameters. Automation has also been used to de­
scribe the control of complex processes in which the automated system 
replaces some human intellectual capabilities. 

Automation of human decision processes is the subject of this 
report. Past automation efforts have served to augment human strength 
(as with servo-actuated remote manipulators) or to provide automatical­
ly processed information about the environment (as in a radar or elec­
tro-optical tracker). In this report, the term "automation" will 
describe any effort to move the cognitive content of flying an aircraft 
and managing its weapons from the aircrew to an automated system. The 
level of automation can be measured by the system's ability to exhibit 
cognitive behavior. Table A-1 describes a scale that spans the spec­
trum from complete human control to complete automated control. 

There may be a provision for crew override of the automated proces­
ses, and there may be supervisory arrangements for the crew. Hence the 
automated system may be largely invisible or it may, in effect s1.4JPort 
the man. In the latter situation, it may still be transparent to crew 
actions. In the context of the study, "aircraft" means a fighter air­
plane performing any of the usual tactical missions. The boundary of 
the study is the combat aircraft itself, which includes sensors that 
bring salient features about the external world into the aircraft en­
vironment. Included in this context is the aircraft-end of all cormu­
nication and data exchange to and from external sources, e.g., JTIDS 
data links. Maintenance and training aspects of automated systems are 
germane, as are the interface provisions between the human and the 
machine. Issues and questions such as the following are of concern to 
the study. 

What capabilities are needed? For what missions? Why does the Air 
Force wish to automate? Is it to reduce the crew work load? Is it to 
provide opportll'lities for smaller crews? Is it to enhance aircraft 
performance in combat? Is it to provide more efficient peacetime per­
formance? How are the maintenance and training affected? What are the 
automation opportunities for each of these? 
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TABLE A-1. 

Iota 
1-k.Jnan 
Control 

Levels of Automation 

1. Human considers decision alternatives, makes ana 
implements a decision. 
2. System suggests set of decision alternatives, human 

may ignore them in making and implementing decision. 
). System offers restricted set of decision altema­

tives, human decides on one of these and implements it. 
4. System offers restricted set of decision al terna­

tives, and suggests one, human may accept or reject, but 
decides on one and implements it. 

5. System offers restricted set of decision alterna­
tives and suggests one which it, the system, will imple­
ment if human approves. 

6. System makes decision and necessarily informs human 
in time to stop its implementation. 

7. System makes and implements decision, necessarily 
tells human after the fact what it did. 

8. System makes and implements decision, tells human 
after the fact what it did only if human asks. 

9. System makes and implements decision, tells human 
after the fact what it did only if it, the system, 
thinks he should be told. 

lOta 10. System makes and implements decision if it thinks it 
P4Jtomated should, tells human after the fact if it thinks he should 
Control be told. 

Source: Sheridan (1979) • 
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What posture should the Air force take on automation? What is its 
point of view? Should it change? Should the aircraft with its auto­
mated systems be regarded as an extension of the aircrew, or should 
the crew be seen as the "operational manager" of a weapons system in 
action? In this context, the latter view characterizes new genera­
tions of conmercial transports. 

What in mission insights about "the machine" does the crew need if 
the automated systems are his extensions? If he is the operational 
manager of a weapon system? 

What minimum level of automation should the Air force insist on in 
all new aircraft or in upgraded aircraft (e.g., coordinated flight 
control as on the f-15, fuel management, center-of-gravity management, 
enroute flight control)? 

tbw much is enough? What is the depth to which automation should 
proceed? Should it be confined to constraining vehicle maneuverabil­
ity (e.g., within acceleration limits as with the f-16)? What should 
be its role in flight control? Should it be allowed to perform at 
mission level (e.g., in weaponry targeting and control, in combat 
maneuvering)? Should it even go so far as to completely control some 
missions from start to stop? 

What is the appropriate R&D program to further and support Air 
Force interests in aircraft automation? Does it address projected 
hardware and software pertinent to aircraft automation for the time of 
its development? What studies are needed to identify capabilities of 
man and his limitations in an information rich environnent? What 
studies are needed in computer systems for such applications? What 
new sensors might be needed to support highly automated situations? 
What system organization and architecture questions must be answered? 
What system-level studies are needed to examine the desirability and 
thrust of automated efforts? 

To summarize another way, the Air Force must understand what air­
craft automation is all about; it must understand why automation 
should be undertaken; it must have a point of view on the matter. 
Drawing on its own knowledge and insights, the Air force wishes to 
develop a cohesive and consistent posture on automation rather than 
depend on happenstance ideas that come along as part of weapon system 
development programs. 

As a point of context, it is noted that a man can make mistakes or 
blunders, the effect of which is to make short-term decisions inimical 
to long-term performance. Presumably the automated system must 
accommodate such aberrations; but is it possible to do so in a wholly 
unconstrained circumstance? If not, what are the minimum constraints 
that are essential to impose? It is further noted that an interesting 
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attribute of man is that he can conduct unplanned, ad hoc, short-term 
experiments to assist his understanding of what may have taken place 
in the outside environment or in his automated situation. He can be, 
so to speak, a "cut-and-try artist" in seeking a response to a chang­
ing unanticipated situation. To what extent can or should 
automation replace or serve such a capability? 

It has been suggested that appropriate jobs for automation include 
rapidly changing situations, repetitive tasks, situations in which 
excessive strength is needed, long-duration tasks in which fatigue, 
boredan, anxiety, or acceleration forces,· diminish pilot capability, 
and situations in which complexity of assessment is too high. Corre­
spondingly, it is suggested that appropriate jobs for man include 
judgment of situational changes, needed adaptations that have not been 
foreseen, improvised responses, and, importantly, the addition of 
reliability and adaptability. If the matter is structured conceptual­
ly in this way, are we unknowingly blocking insights for significantly 
different and perhaps more powerful approaches? 

However and wherever automation is to be fitted into combat air­
craft of the future, there are important collateral issues that nust 
be attended. Among them are: 

A high level of organizational acceptance as well as individual 
personal acceptance of the automated features. Otherwise, such sys­
tems may be unable to perform to maximun degree because aircrews or 
organizations will ignore or circumvent them. 

As part of the acceptance aspect, systems must exhibit high reli­
ability and high availability. The system that "isn't there" because 
of malfunctions will be seen as undesirable. 

Systems nust be highly maintainable. PA.Jtomation is expected to 
produce more canbat effectiveness (among other payoffs), and therefore 
ready and prompt maintenance features will be essential for quick 
turnaround of such sortie capability. 

State-of-health reporting to the crew must be done appropriately. 
An autanated system is likely to be highly redllldant, and it may be 
essential for the crew to know at all times how much of the redundancy 
is still operational. One aspect of this matter is that of fault 
detection and isolation, which may be reported to the crew directly, 
or conceivably, indirectly in terms of loss of capability. Another 
aspect is fault diagnosis and isolation to facilitate appropriate 
maintenance response by the ground crew. 

From the overall Air Force point of view, there are other signifi­
cant collateral issues of importance: 
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There is much evidence that a major weapon system will stay in the 
inventory a lot longer than in the past--typically, fifteen to twenty­
five years for current systems. Because both the threat and the 
available technology change significantly over such a period, systems 
typically undergo several cycles of major modification. Almost cer­
tainly, such modifications are virtually impossible to predict during 
initial systems design, and it becomes relevent to ask of an automated 
system: what effect might automation have on the next version of a 
system? Might the entire automated system have to be totally discard­
ed with a fresh start? How can such systems be designed or modulariz­
ed to minimize the consequences of change? Might necessary changes be 
accOIIIIIOdated through software or by substitution of "new invention" 
hardware at the box level? can we preserve the overall automated sys­
tem architecture from generation to generation? Is standardization an 
issue? Why? 

PLitomation-~ertainly in the classical sense--implies preplaming 
of actions. To what extent can future technology provide adaptability 
to unforeseen, unplamed circumstances? Alternatively, how does one 
define the limits for automation in order to avoid umecessarily con­
straining Air Force utilization of weapon systems? 

A troublesome, technically motivated observation causes us to note 
that automation implies extensive combination or use of information 
from a variety of sources to accomplish one or several end tasks. As 
with most situations in which exploitation of information is a central 
and salient feature, successful automation of combat aircraft may well 
transcend historical jurisdiction or organizational boundaries. The 
classical parochial and dissected view of an aircraft is not likely to 
survive. In the information sense, it can no longer be looked on as a 
propulsion system with its controls, thrusting an airframe with its 
controls, carrying some sensors with their controls, delivering 
weapons by an avionics system with its controls and displays, all in­
tegrated and managed by a crew. The interplay among all systems will 
be so tight and the exchange of information so intensive that for many 
automated applications, only a system-level aircraft view will be 
appropriate. 

In our report we should comment on how germane the established Air 
Force program is to the issues above. Are there evident gaps? Should 
additional program elements be described to the Systems Command in 
order to enhance USAF options for future aircraft acquisition? Is the 
currently approved program too rich in some areas? Too lean? Is the 
thrust of the Air Force R&D properly pointed and focused technically? 
Are there system-level issues not being addressed? 

We are not in an advocacy role. We are responsible for an objec­
tive evaluation of the state of the art and the opportunities it 
offers. After a critical examination, it is our responsibility to 
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report on the status and adequacy of programs to ertumce the options 
available to the Air Force. Finally, some advice could be offered if 
we feel the thrust of the Air Force is misaligned. 
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APPENDIX B 

AGENDA, SlMER STUDY ON AUTOMATION IN aJ.1BAT AIRCRAFT 

carriage House 
NAS Summer Study Center 

Woods Hole, Mass • 
.l.Jly 6-31, 1981 

Monday, .l.llY 6, 1981 

CBOO Registration 

0900 Review of Organizational Plans for 
the SUmmer Study 

1100 Advanced Tactical Fighter Program 
USAF Future Fighter Aircraft Plans 

1200 Lli-4CH 

1300 Fighter Alrcrew Technology Program 
Unconstrained Tactical Attack Program 

1400 Advanced System Architecture 

1500 Adjoum 

Tuesday, July 7, 1981 

0800 Function Allocation for Man Machine 
Interface 

0900 Crew Workload Study Program 

1000 TAC Design Evaluation Program 

1100 Discussion 

1200 Lunch 

1300 Integrated Fire/Flight Control 
Simulation 
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Mr. R. Duffy, AFSB 

LtCol Stewart Cranston, 
ROQT 

Mr. w. Gene James, 
AFWAL/FIG 

Mr. Frank Scarpino, 
AFWAL/AAA 

LtCol Johnny Brisby, 
AFAtft./t£D 

LtCol Robert O'Donnell, 
AFAtft./t£G 

Dr. Kemeth Boff, 
AF~L/t£A 

Mr. James Hunter, 
AFWALIFIGX 
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July 7, Continued 

1400 Fire Fly III/Integrated Fire- Lt Henry Ziemba, 
Flight Control AFWAL/AART 

1500 Continuation of Discussions 

1600 Adjourn 

Wednesda~ 1 July 81 1981 

0800 Soviet Combat Aircraft PA.Jtanation Mr. Clyde PA.Jtio, 
FlO/SONS 

0900 Summary - A Literature Survey Results Mr. Morris Ostgaard, 
of Variable Aircraft Tests on AFWALIFIG 
Control PA.Jgmentation and Display 
Augmentation 

1000 Discussion 

1200 Lunch 

1300 Advanced Fighter Technology Mr. James Ramage, 
Integration AFWAL/FII 

1400 Autanation and Flight Control Mr. O'larles Abrams, 
-- the Sensors Navy NAOC 

1500 Discussion 

1600 Adjourn 

Thursda~ 1 July 91 1981 

CBOO Technical Advances in Control Display Mr. Morris Ostgaard, 
AFWALIFIG 

0900 RPV's Mr. Starr Colby, 
Lockheed Aircraft Co. 

1000 Impact of Simulation Studies on Mr. Richard Geiselhart, 
Autanation ASOIENEOi 

1100 Discussion 
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.Ally 9, Continued 

1200 Lunch 

1300 Roundtable Discussion 

1600 Adjourn 

Friday, .Ally 10, 1981 

0800 What tUnan Factors Can and Cannot Do 

LtCol David Milam, 
Maj Harry Heimple, 

AFFTC, Edwards AF'B 

Dr. Robert Hennessy, 
NAS~C 

0900 Smart Anti-Vehicular Airborne Munition Mr. Don Shuster, 
(SAVAM) Sandia Laboratories 

1000 NASA Automation 

1200 Lunch 

Dr. Renwick CUrry, 
NASA/Ames 

1300 What the Civilian (FAA) World Sees Mr. Neal Blake, 
in Automation FAA 

1400 Design of Intelligent Systems Dr. .Allie Hopson, 
Navy NAOC 

1500 Air Force Cockpit Needs of the Future Mr. Ron Vokits, 

1600 Adjourn 

Monday, .Ally 13, 1981 

0800 PAVE KlVER 

0900 Synthetic Aperture Radar Techniques 
in Airborne Radar 

Covert Strike 

1000 Low-Altitude Navigation Targeting 
Infrared for Night (LANTIRN) 
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ASO/AXT 

capt Martin Biancalana, 
RAOC 

Mr. Paul .:bhnson, 
AFWAL/AA 

Mr. Richard Wallis, 
SPO/ASO 
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1100 Discussion 

1200 Lunch 

1)00 Air-to-Air Fire Control for Multiple 
Target Attack 

1400 Automation in Electro-Optical Sensor 
Avionics 

1500 Summarization of Avionics Lab 
Presentations 

1530 Wideband Data Processing for Aircraft 
Processing 

1615 TAC Comments on Automation in 
Aircraft 

1740 Adjoum 

Tuesday, July 14, 1981 

0800 Continuation of Briefing - TAC 
Comments on Automation in Aircraft 

1200 Lunch 

July 14, Continued 

1300 Discussions 

1700 Adjoum 

Wednesday, July 15, 1981 

0800 Avionics Acquisition and Support 

1000 Cockpit Design - F -18 
Advanced Crew Systems 

120 

Cept David Chaffin, 
AFWAL/AMT 

Or. Harold Rose, 
AFWAL/AA 

Or. William Eppers, 
AFWAL/AA 

Mr. William E. Wolf, 
RADC 

LtCol Mark Foxwell, IWS 
Maj David Yates, 

Nellis AFB 
Col Walter S. Radeker, 

Eglin AFB 

LtCol Mark Foxwell, 
IWS 

Maj David Yates, 
Nellis AFB 

Mr. Hy Shulman, 
Mr. J.R. Gebmanl 

Rand Corporat on 

Mr. E.C. Adam, 
McOonnell-Oouglas 
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.lJly 15, Continued 

1200 Lunch 

1)()() Discussion on the F -18 
Tour of Otis AFB 

1800 Adjourn 

Th.Jrsday, .lJly 16, 1981 

0800 Identification Technology 
Synthetic ~erture Radar for Weapon 

Delivery 

1200 Lunch 

1)()()-1600 Daily meetings of the three study 
subcornnittees 

Friday, .lJly 17, 1981 

LtCol Peter Field, 
USMC 

Mr. M.E. Radant, 
1-kqles Aircraft 

0800 Navigation, Terrain Following, Threat Mr. Willian Weber, 
Avoidance Using the OMA Terrain 1-kqles Aircraft 
Data Base 

1200 Lunch 

1300-1600 Daily meetings of the three 
study subcornnittees 

Monday, .lJlY 20, 1981 

csoo-1200 Speech Recognition 

1200 Lunch 

1300-1600 Daily meetings of the three 
study subcornnittees 

1600-1700 Daily meetings of the subcan­
mittee chairmen, technical 
directors, the study chairman and 
study vice chairman 
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Mr. M. Kabrisky, 
AFITIEN:i 

Mr. E. Werkowitz, 
AFWAL/FI~ 
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Tuesday, .l.Jly 21, 1981 

0000-1000 Daily meetings of the three 
study subcommittees 

1000-1100 JTIDS 

1200 Lunch 

1300-1600 Daily meetings of the three study 
subcommittees 

1600-1700 Daily meetings of the subcommittee 
chairmen, technical directors, the 

Col Norman Wells, 
ESD, Hanscom AFB 

study chairman, and the study vice chairman 

Wednesday, .l.Jly 22, 1981 

CS00-1600 Daily meetings of the three study 
subcommittees 

1600-1700 Daily meetings of the subcommittee 
chairmen, technical directors, the 
study chairman, and the study vice chairman 

Thursday, .l.Jly 23, 1981 

0000-1200 Tactical Air Operations 
- 1990's 

1200 Lunch 

1300-1600 Daily meetings of the three study 
subcommittees 

1600-1700 Daily meetings of the subcommittee 
chairmen, technical directors, the 

Mr. Conrad Martinez,Jr., 
AFWAL/Fite 

study chairman, and the study vice chairman 
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Friday, July 24 - Thursday, July 30, 1981 

(SOQ-1600 Daily meetings of the three study 
subconmittees 

1600-1700 Daily meetings of the subcamtittee 
chaimen, technical directors, the 
study chairman, and the study vice chairman 

Friday, July 31, 1981 

090Q-1200 OUtbriefing 
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Mr. R. Duffy, AFSB 
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APPENliX C 

GLOSSARY 

ACES II (Advanced Coreept Ejection Seat II): Advanced seat, used in 
the F-15 and F-16 with inproved low-altitooe, high-speed, 
adverse-attitude unstable-trajectory safe ejection envelope. 

AETMS (Advanced Electronic Terrain Mapping System): Air Force 
Wright Aeronautical Laboratories research and development 
program to develop algorithms for displaying, in real time, 
terrain contours and features, using digital mapping data. 

AFTI-16/AMAS (Advareed Fighter Technology Integrator/Advareed 
Maneuvering Attack System): Flight Dynamics Laboratory Flight 
Test program to demonstrate the capabilities of integrating 
into an F-16 the actual control; digital flight director fire 
control, electronic display, and helmet mounted display. 

AFWAL (Air Force Wright Aeronautical Laboratories): A designated 
Air Force Laboratory canbining programs in the Propulsion, 
Materials, Flight Dynamics, and Avionics under a single 
management to achieve inproved technology development and 
integration. 

AIM-7: Air Force designation for a production contiruous wave (CW) 
radar-guided homing air-to-air missile. 

ALQ-131: Designation of electronic countermeasures pod and 
equipment used on F-15 and F-16 aircraft. 

~= Advanced Mediun-Range Air-to-Air Missile. 

ASPJ (Automatic Self Protection Jarnner): Development program to 
autanate jam~ing capability. 

AWACS: Airborne Early Warning and Control System 

Big Look: Nickname for several ongoing early warning and 
surveillaree programs. 

Blended TF /TA: Terminology used to describe a Flight Dynamics Test 
Development program attenpting to integrate digital land mass, 
navigation radar, and infrared technology to provide a near 
pursuit terrain following/terrain avoidance capability. 

C2: Command and control. 

C3: Command, control, and communication. 
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CAMPS (Computer Aided Mission Planning System): Ongoing development 
program to computerize and mechanize the planning and 
prelaunch loading of mission planes. 

CCIP: Continuously Cooputed Inpact Point. 

Covert Strike: Wright Aeronautical Laboratories development program 
using bistatic or monostatic radar for nonemission attack. 

DAIS: Digital Avionics Information System. 

DMA: Defense Mapping Agency. 

E04: Electronic Countermeasures. 

EF-111: Air Force electronic-countermeasures equipped F-111 
aircraft. 

F-15: "Eagle" air s~eriority fighter. 

F-16: "Fighting Falcon" air combat fighter. 

F /A-18: "Homet" Navy air canbat fighter. 

FAA - Federal Aviation Administration 

FLIR - Forward-looking infrared. 

g Tolerance: Ability to adapt to gravity load beyond normal force. 

GCI (Ground Control Intercept): Terminology used for ground radar 
operations in directing aircraft to a target or point in space. 

GPS (Global Positioning Systems): A satellite network that provides 
a worldwide grid positioning and velocity reference system. 
Frequently referred to as NAVSTAR. 

HJD (Heads LP Display): A windscreen~ounted transparent device 
on which information such as vehicle altitude, attitude, 
velocity, and target catrnands are projected. 

HIMAT (Highly Maneuverable Aircraft Technology): NASA Flight 
Research program examining benefits of high accelerations 
using remotely piloted vehicle technology. 

H'-'4 (Hyper-Velocity Missile): An Air Force Armament Laboratory 
missile development program. 
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IFFC (Integrated Fire Flight Control): Joint Flight Dynamics and 
Avionics Laboratories demonstration program of functionally 
integrating flight control and fire-control technology to 
achieve maneuvering weapon delivery for air-to-air to 
air-to-ground missions. Flight testing is underway, using an 
F -15 aircraft. 

IFFN: Identification Friend, Foe, or Neutral. 

INS: Inertial Navigation System. 

IR: Infrared. 

ISAR (Inverse Synthetic ~erture Radar) : Rome Air Development 
Center program to develop techniques for dete~ning the sizes 
and shapes of tracked aircraft using high-range resolution and 
stepped multifrequency radar technology. See SAR. 

INTERACT (Integrated Research Aircraft Control Technology): NASA 
research program to demonstrate an interactive propulsion and 
flight control system design process and architectural 
inplementation. 

IRST (Infrared Search and Track): Avionics R&D Program on advanced 
infrared systems for high-altitude, long-range air-to-air 
operations, including integration with long-range pulse 
doppler radars • 

.EM (Jet Engine Modulation): A program of contiruing research and 
development to determine signature characteristics of jet 
engines. 

JTIOS (Joint Tactical Information Distribution System): 141 advanced 
communications system being developed to provide a secure 
antijammer network for two-way transfer of information 
including navigation data. 

LANTERN (Low Altitude Navigation Targeting Infrared for Night): A 
system development program for a pod-mounted navigation and 
terrain following radar, infrared target detection 
classification system, and fire control. 

LRU: Line Replaceable Unit. 

MICXlS (Multifunctional Infrared Coherent Optical Sensor): Air Force 
Wright Aeronautical Laboratories research and development 
program on advanced electro-optical sensors. 

MIL STO 1553: Military standard designation for !-megahertz serial 
databus used in aircraft. 

127 

Copyright © National Academy of Sciences. All rights reserved.

Automation in Combat Aircraft
http://www.nap.edu/catalog.php?record_id=19605

http://www.nap.edu/catalog.php?record_id=19605


NASA: National Aeronautics and Space Administration. 

NClR: Noncooperative target recognition. (See PNClR.) 

Pave Pillar: Air Force Wright Aeronautical Laboratories program for 
developirg advanced avionics architectures, integration 
technology, and automation algorithms. 

Pave Mover: Progrem developirg target strike director capability 
employirg synthetic aperture radar to detect and identify 
movirg targets. 

PLSS (Precision Locater Strike System): Airborne or mobile 
equipment that detects and locates sources of radio frequency 
emissions and guides weapons to targets. 

PNClR (Passive Noncooperative Target Recognition): Technology 
employirg the on-board radar antenna in a passive listenirg 
mode to determine the radio frequency parameters of threats. 

R&D: Research and development. 

RED FLAG: Trainirg exercises held at Nellis Air Force Base, Nevada. 

RPV: Remotely piloted vehicle. 

SAIF (Standard Avionics Integrated Fuse): Armanent Division program 
to develop automatic in-flight weapon fusirg. 

SAM: Surface-to-air missile. 

SAR: Synthetic aperture radar. 

TAACS (Tactical-Air-to-Air Co~lirg System): Air Force Wright 
Aeronautical Laboratories program to automate information 
processirg. 

TAC: Tactical Air Conlnand. 

TACAN (Tactical Aid to Navigation system): An operational 
ground-based position transmitter employed in the tactical 
enviroment to position aircraft and identify target locations. 

Tactical Flight Management Program: Flight Dynamics Laboratory 
research and development program dealirg with trajectory 
automation algorithms, analytic methodologies for functional 
integration, and core automation architectural concepts. 
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TF ITA: Terrain following/terrain avoidance technology and programs. 

TISEO: Target Identification System Electro-optical. 

UVs: lhnamed vehicles. 

VHSIC: Very high speed integrated circuits. 
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