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Abztract

flexible mizsiles,
stabilized optlical systems, flexible guns,
and head=-coupled displays appear
individually to have much to offer in an
advanced ailr-to-alr fighter, thelr
combined value seems very much greater
than +that of the individual systems, The
author dlEcusges - the potential
contributions of an  avionles/weapons
package based upon this concept and
contrasts the performance of a next
generation fighter so ‘equipped with the
performance of a more conventlenal system,
Arpuments are presented for redundant
development programs and redundant
aguipment rather than for redundant
operating modes of <the system, and =
development phllosophy 1s
suggested to provide the highest
performance syatem at acceptable risk,

I. Intreduction

(0} Superlority in aerial combat’ between
fighters 1z a poal requiring the utmost in
capabllity.’ If the fighter must bhe
designed to. fight offensively at short
range wlth a gun, or if it need have high
maneuverability to eszeape short-range
attacks by - - cther fighters,
maneuverabllity, -~vislbility, and large
excess speelfie power dominate the entire
alreraft desipn. Even if it is
antlcipated that clese~iln, mnaneuvering
combat will - be - necessary only a =mall
fraction of the  time, these same

ccharacteriaticzs waigh haavily in the over-

211 design. In feet, growth factors of §
ta B are eommon in advanced fipghters
(i.a,, the groes welpht increaszes by 5§ +to
8 pounds for every pound which 1s added in
& sub-system, Keeplng the maneuverability
and the range of the alveraft canstant).
Because of the strong penalty for excess
welpht, and because a =mall margln in
effective performance ar weapons can be

exnected In the fighter role to provide a.

substantlally larger c¢hange 1in relative
effestiveness, 1t ls rnecessary to have a
¢lear design philosophy of the aircraft
system. Quite different phllosophiez may
lead to equally effective fipghteps, but
the details should fit into some guilding
schema, 76 the .statement of my own
rhiloseorhy some  prelude i1s  required,
unnecezszary for asome readers but perhaps
useful to others,

Philosonhy

" emm AWACS

0//?,1/5?/
20301
. (U} 'Theatre Resources. Shooting  enemy
alreraft out of the air over enemy

territory is unlikely ever to be a hipgh-

confidence operation because of the home
team's basle advantages of a pgroundebased
air defense system, counled with the

lesser ranpge and endurance regulred of &n
alr defense fighter, 1n comparison with
the offensive atr-superlority fighter, A
réespectable exchange ratlo ean result,
however, 1f we put adequate development

.effort on theatre resources, such as

{Airborne Warning and Control
System), i

~+=Thegtre IFF,

-—-=Defense Sunppression
attack

{greatly improved
capability on grouvnd targets), and

——~Better survivability against SAM's,

Only then does the particular fighter, its
avienics, and its alr-to-air wearons enter
the pleture. Eimllerly, even the fastest,
most tenscelous, least ecountermeasurable
mizsslile 1s of no uze Aif 1t 15 on the
launcher when the fighter 15 hit from
behlnd, or if the fighter cannot achleve
2 firing position before exhausting 1ts
combat fuel. The zame is true for guns,

foreing us to develop and build highly
maneuverable Tighters with geod
visibility. A vlable alternative 1s +to

develop the theatre resources for command
and econtrel, ete., necessary to do the
whole Job with lenger-range missiles,
That alterpative, however, 18 no%t . the
sublect of this paper. I must emphaesglee,
however, that even an alr superiority
fighter must survive the 5AM apvironment
if 1t 15 to pet a ehance to carry out its
Job. Thus, one muat choose among the
various alternatives for countering SAME,
and 1n practice apainst advanced migsiles
probably has to combine meveral of thesge
in & c¢oherent program. The alternatlives
apparantly are suppression, warning,
maneuvering, Jamming of varlouse elemants
of the ZAM system, and finally active
defense by destroying the SAM iteelf at
shart range.

(U} Depraded Modes,
concent of a
performance 1in

Basie to the design
gyatem 1s the guestian of
"degraded modes." A
philasephy of unreliabillity has cost us
degr, We pay the price 1n development,
procurement, and tralning for high-
performance avionies and other systems,
but we do
the materiel

cannct be maintalned in
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gperational eondition. Worse, the pilot
.then = ordlnarily trains for many
contingencies, and with a system bullt of
many subsystems, even a foilure at the
sub-system level can present  the pllot
with a task quite different from that with
the allaup system, For instance, an
"4pnertial navigation system is  often
buttressad with a doppler navigator, and

further with an alr-data-derlved
navigation system. The pilot must be
prepared to operate his aiperaft and to
carry out his misslon 1f any of these
Elements  fallis. Specific items of
equipment have been in the past 8o
unreliable that pilots have Just not
turned on the eguipment, thus reducing
substantially the number of configurations
he wag  regquired to menage. This
philosophy of unreliability has arlsen

because in the past we have apeclfied what
.we would have 1llked to have, without
insisting on obtalning 1%, As regards
safety of flight, we ineist that the
contractor  dellver, but neither the
gentractor nor the olient has aimllarly
insisted on reliability in the misslon
avioniea and weapons, elther by limiting
the avionics to that which ecan be counted

on for the 1ife of the alrcraft or by
aborting the miasion 1if the avienics
falled,

(Uy 1 believe that we should specify the
performence’ and the plleting tasks for a
completely-operating  syatem, with no
degraded gapabllity to carry oub the
mizsion., It is certalnly posslble to
deslgn the system so that most component
fatlures er even sub=system failures de
not change the regquired pllot actions nor
affect the system performance very miel,
put there will always be elther individual

failures or a comblnation of failures and
damage which will effectively change the
sonfiguration, At this point, my
philosophy 1& to  have doctrine and
hardware which allows the pllot to take
over coptrol of an  effectlvely simpler
aireraft with the capablllty of returning
tes baze but not of carrylng oot the
mizsion.
- (u) Hipp=Cenf

Advanced - 8 BMmS . Equipment fallure 1s
ane threat to the effectiveness of an .
alreraft, but development failure 1s
another, The greater the emphasis on all-

up system capahllity, the more Aimportant
1t iz that every element of the system be
availahle for integration into the whole,
In order to sachieve hiph confldence of
ebtaining on schedule and at reasonable
cost a highly-effective advanced aystem,

T lay great stress on competitive
prototype demonstratlon.

---demonstration (as  oppesed to pure
analysis) =o that the declsion and =2

cammitment can be made by the people who
count=-the VEErs.

[
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-—=prototype 50 +hat we ¢an move forward

demonstration., One way of
achieving the desired performance will
have been demonstrated, and only
development for productlon will have to be
done.

rapidly after

~——gompetitive so that there are

alternpntives in case one contractor falls.

{0y Thus I have sketched an grgument
leading one to consider an advanced alir-
to-pir system whilch works perfectly or not
at all, and which would be produced
following competitive demonstration and
validation of completely functional
prototypes of gvionics plus weapons,
installed in modifled current-generation
In this appreach, redundancy 1in
equipment 1se in part supplanted by
redundancy in programs, which i ebviously
better 1f one 1s golng to make large
numbers of alreraft,

{U)} Indeed, making assumptions with about
the =mame validity ‘as one dces in
peiliability analysis of hardware, ane can
ghserve that & development conzisting of
fhree sub-systemsa wlll have enly about 3UE
probability of guccessful completlion if
each of the sub-systems  has T04%
probability of success. on the other
hand, if there &are three alternative
development programs for each of the sub-
systems, the entlre program fails only if
all three competitlve programs fail in one
orT more areas, piving an over-all
probebllity of suceess of 92%. A system
manager wauld of course use this
additional assurance to undertake sub-
programs of hipher benefit &nd perhaps

thus higher risk, but for a system 1n
which the development costsz are falrly
small compared with the total buy, it is
clear that redundancy in the development

program, together with a highly reliable
enoice (requring prototype demonstration)
has real virtue. I firmly belleve that
compatetlve demonstration programs working
ta the same lnterfaced specifications will
each be substantlally leas expensive than
would a gingle development program.
Competition really can work, if only fto
allew the system manager to eancel one of
the developments of programs if 1t shows
signs of getting out of hand, Experlence
shaws that the contractor willl keep his
beat c¢rew on the Jjob &6 long as he 1a
st111 in competitlon, rather than using
them to win another contract dward.

(Y with the phllosophy of single-
confipuraticn operation, and with
redundancy in the development program, it

1z st1ll impertant to make cholees now.
fralent, experlence, and funds are SCArce,
We must preserve the bezt af the past and
add new capabllitles, Ve must leook for
those s=mall elements which added to the
pegt yleld extraordinary banefits, Ve

must &apk what each element contributes to
the total, and we
expenaive,

incorporate
sub=

not
unreliable

must
and
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gystems because of traditien or because of
excess conaervatlsm.

(U) In deseribing a set of equipment
which will implement this phllosopny, I
shall concentrate en the air-to-alr Job.
We Bhould not forget that this task must
be embedded in a mission and 4n a force
"structure, but the detalls of these latter
go beycnd the scope of the paper. As an
example, however, the saving of omne minute
of non-cembat flight . time for a 40,000
pound fighter reduces the fuel consumptlon
by about 100 pounds, yet much more affort
is spent on reduclng avionles welght by
100 pounds than gees into equipment and

"tactiecs for minimizing non-combat fuel

"eonsumption.

II. BSystem Elements

(U) The pffectiveness of U.8, alr
operations over enemy territory would be
enhanced greatly by an effective AWACES  or
sther eommand and control system. In
_principle, such CLC would maintaln A real
time cooperative radar track on our own
aircraft and could see enemy alreraft as
they took off and began to enpage.
Alerting of our own aireraft by giving
relative position information, as well as
receipt of track information from our QwWn
fighter yadars,  could contribute
substantially to economy of force and
avoidance of surprise, while we should
work vigorouzly toward this goul, my
concern here 1 the outlining of a set of

equipment which  will maximize the
autonomous filghter capabllity of an
alreraft. : ’

Radar

(U) The air-intercept radar on an alr-
superiority fighter must detect and track
enemesy aireraft. It can also provide an
affactive means of dernignating the terpat
and of guiding missiles to it, as in the
zemi-actlive cw homing Sparrow ar
ai{dewinder, The radar must be a&ahle to
deteet closing enemy fighters agalnst the
ground rclutter, for which a high«prf
pulsa-doppler system 1s an establlshed
solution., Mechanieally-seanned intercept
. radars are adeguate for the primary Job.
The cholee between X-band and K-band must

pe made not only en the basls of the

inereased system gain available from a K.
band radiator in =2 glven envelope, but
alse on the basis of clutter due to raln.
More important than the cholece of
fregueney 1s the degree of countérmeasures
resistance which can be bullt inte & radar
by the provisied af four-channel
monopylse, ‘

(U} Gground Mapping and Terrain Following.

The usual argument for shorter
wavelenpths, 1.e. better ground-mapping
reselution, cen be eliminated 1n this

eystem philesophy, because the operating
navipating system provides the aireraft
wlth 1tz own position, and the avionies

F L GARWIN + 918588054249
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_and scan angle.
éan provide verification that the alreraft

arits
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can more readily display stored terrain
information A% an averlay on the radar

thap ean the radar itself provide such

maps. Terrain-fellowlng radar Bseems to
add 1ittle to the effectlveness of an air-
superiority fighter and should probably
not be ineluded, The terraln-aveidance or
the terrain-following funetlon, on the
other hand, ¢an be incorporated by use of
the navigation system and the radio
altimeter, topether wlth facilitiesn for
storlng 2 terraln map of the theatre.
pircraft knowledge of present position and
orientation allows a flight path to be
generated in  the vertical plene (or
avoldance maneuvers to be planned 1n the
horizental plane) Just as if one had a
terrain-follewlng radar of infinite fange
The radic altimeter then

i1z making good its planned courae. The
altimeter can even be used, 38 in TERCOM,
to update the navigation system. In any
cage, the ground map function of the radar
should not determine 1lts characteristics
or its Frequency, and in particular is not
an argument for &an electronically~ecanned
phased array radar Aas opposed to the
simpler and lighter mechanically-scanned
radar. L

Tdentifiecation

(U) Although good electronic IFF ¢an and
should be developed to obviate the need
for visual identificatlon, visual
jdentification of radar-tracked tarpets is
the present rule, and may in fact De
reatiired 1n the future. That %the pilot
ean  see alrplanes to some degree vwith hi=s
naked eye is no excuse for the abgence of
optical aids for this task,
optics can provide magnification even in
the presence, of motion and wvibratien.
Blectronically-viewed stabllized optics
can provide contrast enhancement as well.
The stabilized optles can readily be
slaved to the radar %to ensure that the
target i within the rield of view and to
provide adeguate tppcking signals until
the target ls clearly visible, At eloser
range, the optics itself can provide the
tracking with higher resolution than 1s
available from the radar, but wth some
built-in intelligence to avoid losing the
target because of temporary obecuratlion by
cloud.,
an adeaquate viewing  mechanism, then
provides visibility beyond that realizable
with a physieal ecockpit. The .optles can
look down and backwards, thus avolding the
dangerocus loss of target location during
maneuver. with little additional welght,
atabllized optilcs c¢an be used to Increané
the rilotts .abllity to locate

predesignated ground tarpets, to do route
reconnalssance, and to
accuracy in

improve his
delivery
miz=slcons.

Mizgiles
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Although experlence with air-to-alr
in Vietnam has revealed

in reliability and in
affectivenezs, oo far gz I know, no pllet
inaists on going I1nto combat wlth guns
alone., With a lowok~down radar, missiles
of intermediate and shert range (20 mlles
ta 1000 feet) will become more and more
important. The gide whieh  has no
ceffective missile will lose perial
engagements. DBut mlsslles are heavy and
comtribute drag. It 1s important to make
the most of theee negsesgary penaltles.

()
misslles
deficiencies

(U) Guidance Choices. We must provide
alr-to-air migsiles which will be
effective in a reasonable envelope of

On the other hand,
preceded by

weather and lighting.
every missile firing will be
gither ragar tracking or vizual
jdepntifieation or both, 1t is logically
unzatiafying to provide for the missile &
ecompletely autonomous guldance system,
glthough infrared mlsslles are avallable
now, and improved infrared and eleectro-
aptiecally tracking misslles cén  be
available in the future, For radar
guidance, both fully active and sSeml-
Active seekers have been considered. Por
the longest ranges, 1t is useful to
contemplate command guidance of the
miszsile, T belleve that the semi-active
cw seeker has been glven less prominence
than 1t deserves even for Ehort-range
intercept., The eentral spectral line of
a high-prf pulse-doppler radar can be used
for puildanece, without the necesslty to
incorporate a special illuminator.
Although semi~active e¢w heming is adeguate
in principle, in this case we are fighting
not nature and unrellabllity, but also a
determined enemy. It might be deslrable
to incorporate home=on=jJam, or &ver
infrared terminal homing to inerease the
diffieuity of ° mounting effective
countermessures.

(1) Loek-on at Large Off=angles. Qur
present guided misslles are for the moszt
part sevaerely constralined by the
requirement that the pilot polnt the
siparaft accurately at the target in order
to leelk on the missiles. The misalle thus
has many of the characteriztics of a gun,
although 1ta maximum effectlive range far
exceeds that of a gun, A misgsile
develoned fpr launch 1in combat
maneuvering target need not and should not
provide the enemy with a chance to prevent
launech by maneuverling away from the
foryard direction of our fighter, Indeed,
combat fuel ean be saved and our own
vulnerability reduced by providing our
missiles with the' capability to lock en
before launeh at  large angles  to the
aireraft axls and with wide gimbal limits
for the seekers.

(1) Maneuver Before Boost. Agalnst
subsonie =2nd barely supersonie Fighters,
our present miszslles are probably too
fast. Further, they boost immediately to
about Mach 3 above the launching platform

at a -’

I

Utk Rgdii iU

velocity and maneuver at full epeed,
Sinee the turning radlus at a given
tgansverse atceleration 1s proporticnal to
v a
narrows the envelope of effective
lzunching positions. Further, boosting
immediastely to full speed and coasting the
rest of the way leaves the missile with
shorter range or lower veloeclty at long
range than would be the case elther if the
same propellent had been burned in =&
number of pulges or if 1t could have been
burned continuously at An adjustable rate.
Thus, two gulte substantial improvements
in the effectiveness of a fighter armed
with missiles might be obtained by '
—e-providing lock on befere launch and
maneuver before hoost, and

—wproviding multiple-pulse capability
freom the rocket motor in order to malntain
an optimum velowity over the trajectory.

Maneuver before boost 1 not favored by
operational people, from concern that the

misslle will attack the launching
aircraft. Tetter communleation with the
missile before launch, providing & minimum
fusing delay ‘appropriate to the
ecireumstances, together with an initlally
long seeker time constant can eliminate
this danger. In view of the poessible
benefits, close attentlon to the cost of

theze features seems in order.

Thus I supgpest one seml-active cow
homing missile to he used both 1in the
intermedlate range and in the dop-fighting

made, with loek-on hefore launch and
maneuver before boeost, with the seeker
commanded by the position of the radar

and/or that of the etabjlized opties which
i1g tpacking the enemy alreraft. A second,
short-range, dog-fight missile may be more

economical in cost and paylead, but this
ie not entirely obvlous. Az we ghall
indicate, there exizta another mode for

launch of self-guiding (i.e., infrared or
electro-optical misslles).

Short-Range Desigrator

(UY It often happens in aerial
that an enemy aireraft appears 1n the
pllet's peripheral field of view, With
the present generation of geml-active éw
homing missiles, it is then neceasary to
lock the wadar onto the target (thus
pointing the cw 11lumipetor) to bprovide
energy for pulding the miesile.
Unfortunately, the ease of use of present
radars 1s not such as te make thls
trensitlion one  without pain, In
principle, once the pilot or the observer
zsees the enemy alreraft, he could
designate that alreraft to the 11luminator
and fire the missile without ever
achieving ' radar loclk-on. Present-day
fighters 1n general contain ne means for
sueh deslgnation, although 1% oan be
imnlemented simply and eonveniently with
other substantisl benefits.

combat

bl

DA A ;

the high speed of the misslle greatly
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(U) Helmet-Mounted Sights, If the piliot for landing, nor for a gunsight. Further,
and the cbeerver are provided with hegmet- ap aireraft with a helmet-mounted display
meunted s&ights, providing before the eye doesn't need a radar indlcator nor &
a peticle at infinity, 1t 1s a simple vertieal or a horizental situatlion
matter for a man to turn hls head so that display. The ordinary central digital

the reticle lies on the target and follows computer ¢an readily provide any of these
it in its maneuvers. The pllot in the AH- presentations at  the push  of  the
E6 compound helicopter uses guch a2  sight approprlate button. Furthermore, scales,
to steey the gunner's turret and periscope ranges, intensity, ete., ecan  &ll - be
toward a target on the ground. remembered from the previous view, and

Lightwelght and frangible mechanical displayed together with the presentation.

linkages as well as optical systems, can

glve puténtial accuracles on the order of (U) For those unfamiliar with helmet-
O D th types of angular pick-off ~ mounted dispiays, let me sketch thres

mechanigms have received extensive work, poseible types of presentation and their
and others are also feagible, An uses. Images or portions af the
effective righter should have such helmet- presentation can Dbeé stabllized with
mounted &ights to enable the men tTo respect to ‘

designate an aerlal target to the misslles
orfr to the ew illuminator, a process whiech
can take place much more qulckly and

wenthe pllot's head,

reliably than the aireraft itself ean be ---the airframe, or
maneuvered to point a2t the target. ‘
Naturally, the angular information from ---the earth.

the head-coupled sight can be used to
position a cursor In a dizplay, to provide Head-stabllized Images can be used for
an input to a theatre cormunlcations important status 1ﬂformation, such ag
cystems in order to inform theatre CAC of fuel, armament readiness, ECM status,
the locetion of enemy aireraft, to altitude above ground level, etc. This
designate ground Gargets, ste, If =some infermation can be displayed in a cluster
display capabllity (even a driven retiele) at the bottom of the field, or around the
is incorporated into the helmet-mounted borders. 1f the diesplay 1s to be used as
sight, then the sight can serve as a means & gunsight or for polnting missiles, &
of communication between the two men in an reticle can be generated at the center of
airplane, c¢dn be driven by theatre C&C the fleld, so that the superposltion of
(via the alreraft computer) to aid in the this retlcle over an image seen Lhrough
acquisition of distant or 1ndistinct the effectlively seml-transparent sight
targets, and (driven by the computer) can provides relatlve target position
aid in navigation, in the acquisition of information via the angles of the helmet

ground targets, -in head-up approaches to with respect to the alrframe.
landin in ground attack, etec.
B & ! (V) EBarth-stablllzed imapes would be uzed

(U) Hesd-Coupled Displays, 2everal for presentatlon of tepraln maps, for one
examples exist of TV-type displays, using type of output from the stabilized opties,
miniature cathode~ray tubes mounted on for television or rorwerd-leaking-infrared
helmets. A fixed miniature cathode-ray (FLIR) obgservatlon Df“the ground, or for
tube, viewed through a magnifier, provides artificially generated synthetle runways
brightneszs and Iimage quality, together for use in inetrument landing approaches.
with freedom from reflection, superlor to
that of the ordinavry radar or TV-display. (J) Displays stabilfzed with respect to
Helmet-mounted displays have not thus far the airframe might find the greatest
been completely satisfactory, but  very applieation in transferring to the helmet-
1ittle development affort haz been mounted dizplay many of the funetions now
expended to date, T want to indlcate here gerved by status indicators, ZAUFES, and
the great value of sueh a dlsplay and to switehes ~ in the cockpit. The visual
record my convietlon that a head-mounted aculty of the eye (0,2 to 0.5
display can soon be developed which will milliradians) is not in 1taelf
have better performance and greater appeal extraordinary, It 1s the combination of
than stanpdard cockpit-mounted displays. this 0.5 milliradian resolution with the
ability of the eye and the head to view
(U} Because it is important for the alr- more than a hemisphere whieh allows the
superiority fighter pllot to keep hls head pilet to assimilate Bo readlily so much
aut of the gockplt, there 15 an unusual informatlion from his cockplt Instruments.
benefit in incorporating  heademounted On the other hand, the physical packing of
dizplays into this  avionles system, visual indleators - leaves much to be
However, serious consideration of a head- desirend, presenting problems of
mounted display for this purpose leads one peliability, of legibility, and of optimum
to percelve many other beneflite and diasplayed format. Many posaibillities
applications in the same avionies Buit. exlst for computer-generated displays,
Thus, the head-meunted display 1s the ranglng from the ridiculous—-e,g., &
head-up display par excellence, An miniature photograph of tha cockplt
aziveralt with a helmet-mounted diaplay has instrumentation, viewed by a  small
ne need for a conventlonal head-up display vidieon, serving Aas background  for
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computer-generated needles or numbers, to
those which mateh better the ecapabllitles
of the display and of the computer-—e.g.,
a completely synthetlic display with
indicators coded by shape as well as
legend, the diaplay gtabllized wlth
respect to the airframe so  that only &
portion of 1t 1s generated and ashown
within the field of view at any one  time,
To view the other indiecators, the pilot
simply turns his head and finds that they
tove mnaturally I1ntc the fleld of view as
gome of the old indicatore move oub,

(UY Existing head-coupled display models
gense the position of the helemet. I6 1s
likely that improved accuracy and 1ess
fatigue would result from the
inecorporation of - erude angular
accelerometers, which need weigh but a few
grams each. Such accelerometers would
provide informatien useful 3in smoothing
the position measurements and in obtaining

fine atabilization of the image wlth
respect to the hesd.
{U} Thepe ‘are further opossibllities

inherent 4in the head-mounted display. In
an alrcraft, frequently-used controla are
distinguished by touch and are operated by
the pillot, who does not have to look atb
them, Less frequently used switches and
knobs must first be selected visually.
The pilot must then move his hend to
follow the . eye and must finally operate
the swlteh, Although the head-mounted
display canfot at present determine the
pozition  of the pllot's eye, & fixed
retiele in the display can be moved by the

motier of the piletts head untll it 1les
upon a computer-generated synthetlc
switeh, At that time, the pilet could

operate that switch by actuating a single
standard switeh with one of his hands, his
chin, or by standardizedsound.

{t) 'Thus, - the helmet-mounted disaplay
allows the pllet to ecouple mueh more
¢lasely with hia senscors, radar, TV, FLIR,
stabllized optles, data 1inmk, and with his
mizsile=, It also has tha potential to
allow him to monitor in great detall the
performance of his alreraft and to
communicate ‘with 1t convenlently. This
111 utllization of the helmet-mounted
display would =2llow the removal eof all
large cathode-ray-tube displays
eockpit. Coeckplt instrumentation eould be
reducéd to that minimum necessary to fly
the aireraft home in case of equlpment
failure. There are advantages to be
realized in improved rellabllity, as well.
The helmet-mounted display 1s small enough
and light snough thit operable spares can
be ecarried 4inside the cockplit. If one
display falls or is damaged, the pllot can
f4t another one to his helmet and have
precisely the origpinal capabllity, I am
not aware of rellable estimates of welght,
cast, and malntenance reductions
agacciated with the eliminatlion of cockpit
displays, punsights, head-up displays, amd
ipstrumentation. Nor are there available

" rounds per

from the’

" raey of tracking

- motions}
" minimum range threugh whi¢h g firing burst

MO, 492

URLLASSIRED

good estimates af the improved
effeetiveness of an aireraft in -1ts
varioue mizsions, when configured with the
helmet-mounted dleplay.

Guns
(U) Dogfighting with guns

and - hipghidy

meneuverable aireraft iz a fantastleally
“difficult control task, Mozt such
engagements end with the partielpants

runnipg out of fuel and breaking off,
guns have inherent dispersion less than 1
milliradian, whieh is often Iintentionally
broadened to about & milliradians, which,
coupled with & high rate of fire (100
second on the M~61 20-mm
cannon), about matehes the pllotts aiming

~error in a dynamle environment.

Rearward=Facing Ordnance

(U) The fixed ecannon, alipgned with the
alrepaft axis, severely constrains the
fighter pilet. The pillot may wish to
maneuver at 2 te 4 g's, in order to
maintain his posltlon with respect to the
enemy alreraft. The fixed gun, at the
moment of firing, dictates the pitch angle
and thus the aceceleration which can be
maintained at that time.

(1) The ceonstralnt which a fixed gun

introduces ecan be most readily understood

by senzidering a projectile with zero time

oft flight. Twe aireraft, both pulling

maximum g, cannot maintain thelr relatlive

position 1f the second alreraft must point

directly at the first, sinece some angle of'!
attack is needed to develop the:
maneuvering force.

(U) The Guided Gun., Ip addlition to the

simple kinematie problems of the fixed-
gun, such an  installatlon  presents
problems of control Eeystem laps &and
accuracy. A gun which could be elevabted

some 10
dogfiphting present much earllier
opportunity, particularly between
otherwlse relatlively evenly matched
fighters. Unfortunately, a gun fixed with
respect to the airframe but elevated in
piteh introduces very large errors due %o
=mall roll disturbances and 1ntroduces
conatraints on the engapement beyend those
of a rixed gun. A forward-firing gun free
te move frem -2 to +20° in niteh and
perhaps +2 or *4° in yaw would very slgni-
ficantly increase the number of opportuni-
ties for firing, could inerease the accu-
(since the gun direction
would ne longer be disturbed by alrframe
and would reduce greatly the

or 20° In plteh would often in
firing

could he extended, Some feeling for the
worth of the gulded gun can be obtalned
from the flight tezts of FProject Combat
Hazsle, a series of simulated dogfights in
F-4D mireraft flown by skilled pllots over
& fully-instrumented test range at Eglin

! AMpforee Base,l
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FIGURE 1. FIRING OFFORTUNITIES WITH
A GUIDED GUN

.Figure 1, taken from Reference 1,
11iystrates the asxtremely brief riring
opportunities aommon in aerial

" gunfipghting. In this particular

engangement, the gulded gun would have

ended +the combat =at least one minute
pefore tha first firing opportunity
available with the fixed gun. Filgure 2

indicates the integration of the gulded
gun into thp avionles and weapons system.
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(U} Indieatlons are that the guided gun
will be many times {23 much as 20 to 60
times) as effective as the fixed gun, So
that +the additional 1nstallatlon welght
can readlly be compensated by reducing the
ammunition load from 1000 rounds  to 750
rounds, thus saving some 175 pounds, The
drag added by & falred slot appears to be
less than 1% of total, and %3 thus
probably not slgnificant,

{U) Every effort should be made to strike
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enemy fighters with missiles so that . the

of guns, and in particular of
zshould be rare. However,
netther misslles nor forward guns are of
mueh use in case of gun attack from the
TEAT. fn this caze, good visibility and
good maneuverability can be very -helpful,
but gun attack In particular can be made
much more difficult by the incorporation
of rpearward-looling radar, optics, and
perhaps even of & rearward-fired self-
defense misagile,. Lt iz extremely
difficult to provide adeguate aperture
facing to the rear to allow a high-
performance radar to be mounted, On the
othey hand, & radar which will previde
indications of targets rapldly closimg in
the rear hemlsphere, out te & range equal
te pnes own altitude, would seem very mueh
worthwhile, A Beanned fan heawm, with
elevation determination by monopulse is
one approach, but one might also use four-
lobe meonopulse at VHF  to avold all
seanning. In any case, ranges up to five
miles would be quite useful. The
rearward-faeing rader could then alert the
pllot te use low-magnification stabllized
optice to look to the rear, thus &llewling
him to take evasive action or perhaps to
use a rearward-facing miesile, il one were

pctual use
guided guns,

provided, (U The 1inkage among the
helmet-mounted sight, the steering
commands to the pilot, the optieal

tracker, and the gun pointing 1tself 1s

provided by the central digital computer

which ecan perform a sstend-order lead-

angle predietion. Thus, steering commands

will be provided to the pilot to maneuver .
(which he can do very easily and.
qulckly), while the gun itself provides

mozt of +the motion 1n piteh, Of course,

fine tracking in pitch gan be performed by

the gun with fractienal-second time

conatants, as compared wlth the 2-second

settling time of the normal sight.

Computer

(U) A redundant eentral digital computer
ean oarry out navigation computatlons,
weapon delivery ecmputations, guidance,
display genaration, and can provide =a
flexible interface among the multiple sub-
systems of avionies and grdnance.
Fresently=demonstrated computers seem
adeguate for this task, but the fact that
the entire progremming package can be
installed in ap alrepraft in a minute oOr
less should not be used as an excuse to
delay the development of the software. In
fact, experience shows that the schedule
and quality control of software
development 1s every blt as demanding as
that of hardware, perhaps because there
pas been less extensive experience wilth
software development. Many of the
fupnctions of the computer demanded here
are routine, the majer exceptlon belng the
proposal to use an  accurate navigation
eystem together with stored terrain
information for high-performance terraln
follewlng, Here 1t will suffice %o note
that adeguate terrain following ecan be

RELAS3FED
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cbhtalned by storing the
maximum ground elevation for every 1000=-
foot sguare in  the theatre. Thus, I1f
operations ars belng conducted in.a reglon

probably be

200 miles by 500 miles, some Lx10% numbers
need be stered, each of some 5 bits
accuracy. Thete 1s clearly no difficulty

in storing this amount of informatlon on
standard computer tape OT probably for
thiz purpose more convenlently in digltal
form on chips of photographic £11m.

Navigation System

(1) & LORAN=Inertial system can glve
aeeuracy adequate for the fighter role.
Tm cuch navigation systems, the LORAN
glgnals continuously rageived is used to
up date the inertial system, while %the
inertial aystem adjusts fllters to track
the LORAN signal from the moving and
accelerating alreraft, fimilar radlo-
navigatlon updating of inertial systems
¢an be done with satelllte gonstellations,
and it would be shortsighted not to
inelude =uch provisions in an advanced
air-to-alir system 1lald doWn now. An
accurate radic-inertial navigation system
of this type, coupled with & =stored
terrain map, ean enahle a fighter %G uae
thae ground offensively against an enemey
fighter not S0 equipped. A pilet
confldent of a computer indieation to roll
and pull cut c¢an keep his mind en combat,
while his opponent must be ever fearful of
getting too close to the ground. A
reliable, accurate navigation system can
alsc be ‘very valuable Iin planning and
carrying out productive missians, with
consequent transformation of fuel load to
payload.

ITI, Preferred System and Summary

(U) Frem the foregoing 'discussion, it 1s
avident +that a coherent wsystem can be
Bullt af the follewing elements:

—=-Radar

forward looking high-FPRF X-band. Four-
lobe monopulsze, with ground map mode.
-w=Ngvipatlon System

LORAN imertial, with gatellite~inertinl
provided.

—--Stabilized Optics

One to ten power gzoom,  Wlth 360°

vigibility and prezentation on the head-
coupled di=plays. .

~==Dilzplays

Head=-coupled dlsplay for vlewlng radar,
stabilized optles, terraln map, status
information, ™ and forvard-looking
infrared. Por usze #lso as & gunsight and
to point the radar and the missiles.

==={(UNE

. useful in meeting resl needs.

Guided gun with % 2° in yaw and -5 to A15°
travel in pitech.

—a=Migslles

Semi-actlve cw heming missiles for short
to intermediate range (0,15 to 20 miles),
with lockeon at large angles before
launch, and with manewver before boost.

—-==Computer
Redundant central diéital computer to

communicate among the sub-systems and to
drive the displays.

(U) Much development remains te be. done
on  the concepts outlined here. However,
At seems to me that anything less

teohnically aggressive than such a program
would not provide the superlority which we
need in our future alr-to-alr systems,
Many of the elements of this system, In
particular the head-coupled display, have
applicability to existing airecraft and
pould well be developed and fielded for
this purpose, before new alrframes are
avilable.

Challenges
(UY Beyond the

s

system deseribed here,

which seems well within the state of the
art, there are real needs for Esystems
whinh will provide an active defenge

against enemey mlssiles, and there seem to
be opportunities for more advanced head-
coupled display aystems, aleong the
following lines:

-=-Lower welght by incorporation into the

helment, with provision made for
-peplacement in flight to incure syatem
rellability.

a==Higher central field {foveal)
resotution to make Deuter usé oI LlaE
2eNBOrS, transmission  bandwldth, and

can be obtalned

display =ystem, This
by Tibep-ppticel

gither By optleal or
MEANs . '

~~~Eye tracking. The head~coupled sight
requires the pilot teo designate by moving
hits head. It 1s more natural to designate
by maving the eye and several approaches
have been demenstrated In the laborzatory,
hut at present no accurate convenlent eye
tracker iz avallable. GSuch a device would
further improve the utility of the system.

(§y I belleve 1t most important  to
distinguish between the potential utility
of @ system and 1its technical feasibllity.
Many individuals who  are superbly
gualified to judge utility do not have the

hesls for evaluating feaslbllity. On the
other hand, systems have been judged
feasible and have pometimes been
succeasfully developed wilthout belng

I hope that
T have avolded these twln perlls, but I
would like eritics to specify whether they




A2-02 . 28689 168: 39 F L GARWIN + 918386054249

Imly

differ wlth'me on the grounds of utility
or of feaslbility. Finally, I thank my
eolleagues, both 1n govermment and out,
for thelir many contributions to these

‘thoughtg,

References

1. Greene, T, E., "Engineering Aspects

of a Oulded Gun for Fighter Alrcraft?
(W, {Confidential), Journal of
Defense Researche-Serlez B: Tactical
Warfare (Spring 1969).

I e

MO, 492 PE3



