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NOTICE

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely Government-related
procurement, the United States Government incurs no responsibility or any
obligation whatsoever. The fact that the Government may have formulated or
in any way supplied the said drawings, specifications, or other data, is
not to be regarded by implication, or otherwise in any manner construed, as
licensing the holder, or any other person or corporation; or as conveying
any rights or permission to manufacture, use, or sell any patented
invention that may in any way be related thereto.

The Public Affairs 0Office has reviewed this paper, and it is releasable to
the National Technical Information Service, where it will be availatle to

the general public, including foreign nationals.

This paper h:s been reviewc? and is approved for publication.

MICHAEL C. LANE, Colonel, USAF
Chief, Operations Training Division
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SUMMARY
\
\

Advances in microcomputer and communication techn-logies make a network of relatively Tow-
cost, interconnected combat simulators possible. Such a network would allow tens or even
hundreds of aircraft to fight each other in simulated but realistic battles. It would also allow
aircraft to interact with ground vehicles and surface-to-air missiles (SAMs). Such a network is
already being constructed for Army tanks.

This conceptual research effort examined a range of questions and options that might be
considered with a network of tactical aircraft combat simulators. Although the main emphasis of
the research was on training, some consideration was given to the use of such a network in
atrcraft development and in pilot selection. While such a network of aircraft simulators remains

to be built, the results of this study suggest that such a network shouic he given serious

consideration. < g1ty o - [ e
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This document consists of several papers written, but not ,utlished, during the
course of an analysis of future requirements for aircraft combat training simulators.
This study was primarily an in-house effort at the Operations Training Division of the '

by
: Afr Force Human Resources Laboratory, Air Force Systems Command. It was requested by
' Colonel Dennis W. Jarvi, AFHRL Commander at the time. Russell M. Genet, an Electronics '
;: Engineer, was the principal investigator, although he had considerahble assistance from a j
! number of people, including Harold Geltmacher, Rebecca Brooks, Philip Handley, ‘
Roger Bas?, and others. . N
N d
The term "WARNET," suggested by Col Jarvi, captures the very essence of what ‘
. networked combat trainiag simulators are all about. Colonel Jarvi not only suggested - '
the study and gave it its name, but gave his enthusiastic support and provided many q
! ideas of how the concept could be expanded at the theater, inter-Service, and even
free-world levels. )
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THE WARNET PAPERS

1. INTRODUCTION

In May 686, (oi.rcl Dennis W, Jarvi, then Commander of the Air Force Human Resources
Laboratory (AFHRL)}, asked that Kussell M, Genet, Operations Training Division (AFHRL/OT), examine
some cost-effectiveness aspect of aircrew training research, Genet suggested tactical combat
training as the focu~ of such an examination, with emphasis on the potential use of training
simulators, Laboratory .aansgement .oncurred with this suggestion, and Genet was given 6 weeks to
accomplish this task with the relp ot 2Lt Roger W, Basl, who was working with AFHRL/OT while
awaiting reassiunment,

It became immediateiv odnviout that fighter pilot input would be needed--specifically, from a
fighter pilot witii s:ccrvafu! combat experience and with an interest in and an understanding of
aircrew combat training. Such a pilot, Col Fhilip W. Handley (USAF, Retired), was located, and

on 12 May 1986, was iriorviewcd by Geret, Col Handley explained in detail what was immortant in
combat, as well as wheore tne shortfalls occurred in current training.

It wis realize" ~ariy that simulators could fil1l a gap--1f there were enough of them
connected 0 simuiate trwe rae numbers of human players involved in real battles, and to provide
sufficiently ir-cuent rictice for achieving and maintaining a high degree of combat pilot
skills. It »35 cuit - .- that: {a) the combat training simulators would have to be low in
cost; {b) thev - wid »i.x 1o be interconnected to allow large battles; and {c) simulator research
and developmert (R&D; in the Air Force was not currently heading in this direction,

Genet set out to find if anyone was or had been working on Tow-cost, networked simulators,
He was quickly informed, from a number of sources, that the Defense Advanced Research Projects
Agency (DARPA) and the US Army were working on a program called SIMNET, an R&D program to network
a large number of tarnks (M-1) and armored personnel carriers (M-3). They were also considering
adding combat helicopters to their network, What DARPA and the Army had accomplished was
examined, and had a pronounced influence on consideration of this problem, Lt Col Jack Thorpe at
DARPA provided information and briefings on what had been accomplished, afforded an opportunity
to "fight” in the tank simulators at Ft Knox, and joined in researching this problem,.

To discover what experienced fighter pilots might think of the idea of low-cost, networked
simulators, sever:l piiocs were intervieweds Their responses were most encouraging., Also,
various ideas for low-cost, networked, combat simulators were discussed in detail with Harold E,
Geltmacher, AFHRL/0T. He expanded on the ideas with suggestions for wusing such combat
siwiatsre, not only for trairing but for RED and pilot selection.

Many of tro 42a- wrpresced in Sections [ through !V were based on four short papers written
by Genet. Col #anc.c' ard 20t Basl provided inputs to the first two of these papers; Mr,
Geltmacher, to tre remaining tuc, These four papers, collectively known as the "WARNET Papers,”
have been combined here, alon) with a short introduction and some conclusions.

II. WARNET: LOW-COST, NETWORKED TACTICAL COMBAT TRAINING SYSTEM

Tactical uir warfare i1 cortinue to be a ~rucial element in future conventiona! wars.
Without air supcriority, ou~ oround forces will he subject to air attack, and cnemy ground forces
canriot be interdicted and disrupted, Altnough we expect enemy aircraft to outnumber allied
aircraft, o believe our superior technoloay, training, and combat teamwork wil! give our forces
an edge,
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We (Genet and Basl) were asked to examine how front-line pilots might best train for and :

practice tactical combat missions in the year 2000, We did this by 1interviewing a number of ‘
highly experienced combat pilots, We asked them to describe tactical air combat, with emphasis "
on those aspects that were crucial to combat, yet difficult to train. Cur consultants pointed oL
out that a large number of human players would be involved--inter-Service American and allied

forces. Strike packages, which include escorts, strikers, airborne warning and control (AWACS), -‘
defense suppression, reconnaissance, electronic countermeasures, and tankers, can number more

than 100 aircraft for a single mission, An even larger number of aircraft piloted by a smart and iy,
determined enemy would be encountered, and the surface-to-afr missile (SAM) and anti-aircraft "2
artillery (AAA) activity would be 1intense at strategic points. In this environment, O

communications become overloaded; plans laid out in detail go awry; and the amount of information
to be assimilated quickly passes beyond the capability of all but the most experienced combat
pilots.

y
4

Our combat-experienced consultants stressed that the ability to handle the many-player,
fast-paced, information-intensive and unexpected situations with creativeness and teamwork
separates those pilots who will survive from those who will not. Air combat experience in World
War Il, Korea, and Vietnam all showed that surviving exposure to the actual combat environment
improves a pilot's future survivability., Loss rates are highest on a pilot's first few missions
as he {(quickly) overcomes gaps in training realism,

5 5% wh

-
»
-
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The philosophy be~ird RED FLAG and theater area exercises is to reduce these training gaps by
providing as highly realistic corost training as possible., In the RED FLAG combat training
exercises, "9-day wars" are fought with as many as 100 aircraft of various types flying both
air-to-air and air-to-ground missions 1in the southern Nevada desert, Front-line fighter
squadrons depl y t the home of RED FLAG, Nellis Air Force Base (AFB}, where pilots have a chance
to engage the experienced Nellis Aggressor Force and use live munitions against ground targets.
RED FLAG is the most realistic peacetime training currently available. The training experience
is not only highly sought after, but something our front-line tactical combat pilots cannot get

Lh T@

oL S5

o ‘-M .

enough of.,
."
As good as RED FLAG and simitar exercises are, and they are very good indeed, it is still :f
expected that los<ec of pilots and planes on the first few missions of future wars will still be Ny
much nigher than orn later missions, This will be due, not only to too-infrequent combat-rich
training, such as RED FLAG, but also to differences betwe~n such training and the actual combat o
environment, These differences result from unavoidable safety restrictions such as designated },:
practice floors and ceilings, fair weather flying, and limited use of live missiles and (;
ammunition, Differences are also due to practical considerations that result in the expected .
rather than the unexpected (e.g., familiarity with the terrain, and the established direction, ;{:
timing, and number of the enemy). e
e
The i{mportance o: .- ding high loss rates on pilots' first few missicns cannot be ‘i?
overcmphasized, as it cou'd wasily change the entire course of an afr battle and hence, a war. :jr]
Perhaps RED FLAG and similar experiences could be complemented by an fnnovative approach to =X
combat trairing that wou'ld allow, by the year 2000, much more frequent multiparticipant practice }i:
under hign worklcad ceonditions, If this anproach could avoid some of the constraints of current o
exercises, even while adding different limitations of its own, it would be cumplementary to the ~
existing exercises; and together they could fully prepare pilots for their combat missions and ?ﬁf
minimize “training” during actual combat, f:
',\
One possibility we considered was tictical aircraft simulators, Without <afety restrictions, ::
engagements could be heyd-on with all weapons, Pilots could fly right down t- the deck in dense iﬁ‘
concentrations of ircraft, Kill removal could bhe instantaneous and dramatic, The unexpected -
coult be enharced by the injection of unplanned weather and by large uncertainties in the number, }f}
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direction, and timing of enemy aircraft. Not only could the terrain be new and unfamiiiar each
time; 1t could also be "actual” terrain, where a battle has or will be fought.

In the past, flight simulators have been alequate only fzr training basic skills and
nrecedures, and not up tc the demands of tactical combat training., Even worse, they were so
expensive %o build and dverate {not to mention problems of operational reliability and basic
pilot dislike for them) that the hundreds of simulators needed to provide realistic combat
training would cost a siqnificant portion of the Tactical Air Forces' training budget. But does
this have to be the case, and would we expect it to be so in the future? We found that while
aircraft simulators on the “ieading edge" were rapidly approaching the performance capabilities
needed to simulate tacticai combat, they were still an order of magnitude too expensive and
unreliable to Le given serious consideration,

However, cie int<re-tina exception to the generally gloomy outlock was brought to our
attention: the Deferse “uvinced Research Projects Agency (DARPA} and US Army project called
“SIMNET."™ Although SIMNET involves US Army tanks, the approach already allows for high fidelity
at low costs per simulator {$200K). In addition, a large number of simulators (over 200) will be
engaged together at the s:zme time in a single battle. Lt Col Jack Thorpe, the DARPA SIMNET
Director, explainesq how this was possible., First, they studied the actual combat tasks in

detail. They car>- ' -orted out the critical combat tasks requiring trainirg with
high-fidelity <imulation v (hese tasks requiring only low-fidelity simulaticn or no simulation
at all, Seco.d, tie: - * very-low-cost, state-of-the-art, 32-bit microcomputers instead of the
larger, mo ¢ expensi. ., iess :liable minicomputers. Finally, they used distributed computing,
usi:g both lczal area art satellite comaunication networks which allowed them to interconnect

hundreds of wndividual simulators.

we considered how the DARPA/Army SIMNET concept might be applied to Air Force tactical air
combat--an apnlicaticn giver the name “WARNET."™ The "nodes" in WARNET would consist of bases
nousing squadrons or wings of tactical aircraft and ground coatrol intercept (GCI) operators. At
each node would be 1 1-ship simuiator, and some nodes would also contain a &7 capability. At
times, the netwnrk wouic not he activated, and squadron pilots could get individual practice, fly
air-to-ground, © ver:uy ', or ? versus 2. A ncarby node might be challenged for a 4 versus 4; or
an ares ¢f the neftwork night be activated for large-scale practice, Major exercises involving
mary nodes and 100 or sr simylatars/pilots would be scheduled regularly. In times of potential
national emergercy, spucidal mizsions might be flown several times in full dress rehearsal, with
all the erpected players<, 2ver the expected terrain,

As attrective as wARAWE! scunded, it was not immediately obvious that tre technology which
curnarts A retwore of 50-mpn lanks would also support a network of 50C0--10t jet aircraft,

Howevar, nur imitiel  exemination of the technical feasibility, ccsts, and benefits was
encouraiing.,

I a Aderyaens tie <ere  syccessful, the doors would be open for final development,
production, oo Zepioyme t of combat simuiators to every tactical fighter hise worldwide. The
benefits of a rnetwerk of fiiunt simulators would be a thorough supplement 13 those aspects of
training nnt possitiie n tae current flying exercises, with much more frequert practice of those
skills needed ¢ handle peak combat worklcads without saturation, The result would be a higher
charce of -, yival in r2al combat. The lower initial loss rates and increased early mission
effecrivencss wou'ld xciierate enemy aircraft jo..es while conserving cur own, leading to our
domingtioa of tie 3ir wer, the disecuption ot their ¢round forces, and victory.
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u Details for the Technically Inclined
0 .
; Everr the latest ltow-cost, h.gh-performance microcomputer distributed processing technigues, !
e and networking and <atellite commurications technologies, would have reon irsufficient for a i
large-scaln simuiatinn network if a clever approach had not been devised to overcome two crucial
problems, One wa: weaping the data rate over the network low enough to make the phone bill i
s affordabie, The r*nar was cvercoming the adverse effects of communications transport
delays--especially if i-ais thrcigh synchronous satellites were used, These crucial problems can N
‘ be overcome by storing tne entire terrain data base in cach individua) simulator; by storing the g
‘ rosition, velocity, and acceleration {i,e., the state vector) of all vehicies in each simulator; :
ard b communicating orn' . wignificiot state wvector changes over the network. i
__' «.oor s ogircraft is oat 3 constent velocity, ail the simulaitors can compute its location from
. its latest state wec .o ‘. 'ulity, zero acceleratios),  As Jong as it continues at constant
N velacity, no updatas a0 nenet over the retwark, Wher any individual simulator “looks" in the !
directign ~f tnic aircraft, cure encough it s still tlying along at constant velocity. When,
hewever. tre ai-scraft harks, climbs, fires a cannon, or launches a missile, etc., the exact
current state vector f *he aircraft--when compared with the state vectcr lacst communicated to, '
: ang stored Uy, the burdred or 50 other simulators--will be different., If *ne current actual
v vector 15 approlighl. dirfew * fresm o the last communicated vector, then an ujpdate is sent out.
‘: The trice~ ~iro ave: {311 atiico (ne "appreciable difference” such that t-e network is not :
y overlaided with und . . ¢ smoothing over any “jump” in the position, velocity, etc. of
' cthor gircrafy 0 o 1y o (erved.  The smoothing algorithm works by placing constraints on 17
- Fow rapiasy ieoente oy dorn, celerate, etc,, and whern an updated state -ctor is received, .
" 27 0w tne rew At yectsr te e reached in 3 nen-jumpy manner that is perceived as realistic, .
; Cleverly soegigned < ogthirg aigorithms net only allow larger appreciatle differences before K
K upiatincg state vectors, Pence redycing communicetion bandwidth requiremenrts, but they smooth over -
] il omaisede eliringte 271 the nptentially adverce effects of communications deliys. Without this
tatter «ffoct, motworving nigk-sreed aircraft together from around the world through satellite A
. comunicatizas would ot ke 505 thle,  (See Malone, Horowitz, Brunderman, & Eulentach, 1987,) .
: .
. .Y
! ITI, FIGHTER PILOT INTERVIEWS g
) Eocaer o TR and PR fighter pilots were interviewed, To clear tne air, they were asked K
> ara_t thedr o eescions ot simulators in gereral, The response was swift ana Zecisive, and went
:f oo A Tiv. o this: "Sims are a waste of time and money as far as operational units are iy
" concerastl o They are much too expensive, therefore bheing too few in nrumber to do much good. C
3 Troge <m0 U mters glso cars people to he scheduled for them at ungedly hours, or worse yet, N
- prorte mase tnoteavel omewnere to use them, Sims are complicated and unreliable devices that
- darv FTwn yo. *ov ts use them, They are often out of date with respect to the mods made ;
3 arLte e et they gro - teved to represent, thus providing negative training, Worst of all, ':.
thiy, or st soly for i req lad safety and procedures training.” '
-.
| towas them pxpiaines, very dricfiy, that future technology might allow low-cost yet capable 3
b cimglativs to ba necwnrked tonother acrcs. the Air Force, It this were possibie, how did they -
think tris cirgi7i'v might hest de used, and what advice would they hive? They very quickiy -
'y wirmel o tne i1 3 ord went iuto g most impressive urainstorming session.  Trough many of their n
. jaage duplicater vrcas 3lreacy developed ¢ver the previous several montrs, they had many 5
: gerut e, new rrl o jead idoas,  What fellows is a summary of trneir ideas snd recommendatiors. *:
0 -
Trere o e e YLt of tne Jow-cco Lt simulators so that pilots can get plenty of time in
thor - % Lt opdee e edigrty, At earh wing, or preferably at each <juadrcn, there srould be 3
: a4 4-ivvr e Sty oo tualiy, 3 Beship, as there shou'd be a complete spare. It is imperative i
L L]
' L]
A [
L)
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that the capability nct be centralized at jus® a few locations, as the time to travel, TDY cnsts,
and time away from famiiies (airzady mcre than enough) would be *oo mi-h, These Tuw--0st combat
simulators should provide training at three levels: (a) basic fligkt maneuver<--1 v 1, ¢ v 2,
{b) intermediate--4 v 4; ind 7c) cosmic level, where sizable nuiders could get realistic combat

practice on aircravt of aifferent types., and where package and ¢ i5 . ior commanders could also get

w_*_a_&-

xr,

practiTe,

{
E
[
:: At the cosaic tevsl, wiion ds most important, there would be nG reason to practice takeoffs M
“: and landinge, ctueiing:, etc,; only the premerge, the merge itself, and the postmerge (for o
! gir-te-air coe-ba2t) woule e necessary. The premerge would be the most important to practice, ::
fFolloved by the uoc e 36 The merge itself, while necessary to do in ,rder to get to the [
Lestmerge. cannct be foily austicated on ANY simulator and takes plenty of practice using actual
A a1ocreft iuiiicl 6's o0 iccrsft's edge of performance.
{
E Coothe s o0 et e ned siressed the diuortance of having simuiator out-the-window visual ’
, cieptee in the premw o 4, of course, the merge and postmerge), Visral cues are used o keep X
wingmer in wignt ord o oviatair situational awareness, Often the enemy is also in sight in the .
Tater Liot o oof the croecoge, Ge visually spotted smoke trails of SAMs are abseolutely vital !
inputs nesdad, 2lonn w7 io Uoe radar warning receiver (RWR), to evade them, The pilots pointed
out that ~imuiatirs were tne onty place where this vital SAM evasion could be practiced., The
silots also civicss ©othe ¢pposing (red) force aircraft should look different (dflerent )t
CLAETICS B TV A 1 s ,irg them or what performance characteristics they actualiy had .
@ lever e e 5 - Dlue forces to tnemselves, and like red forces to the oppositior--
IS il s e . AMirecaft, when seen visually, snould have the right size and _
o Lo iwielh expenadsc missiles nct showing wp),  ihe sun and its position are -
aysrtart, cod Gonds ed weether shoild Le oregransed-in, One pilot remarked that despite all ”
the feouy F-15 0 aar and eloctreonics, visuai cues were 5till the most importart, even in the -
proe e, ::
S N ~.¢d the need Tn cosmic Tevel combat practice of having the command andg N
Lot oY el et toele O They believed that computer simulation of GCI would not work *
N R wit L0I cperators, were needed; and that opposing pilots (red forces} :
5 Tore Ty ot mal ot computere,  They thought, however, that computers could fire the :
- ,oma Cy substitute vor opposing pilots wher note was availabie, »
e
Tl ©oeda to the regticm enouah to overcome their nuisance factor and r
T S R coie terrain masking The simulaters and their network should bhe -
P S oWt ot setn vime reauired,  There should nct be a bia bdureaucracy and 4 ':
oo e el oaath tredr e One squacdron cught to be able to call up ancther )
e o cul te tae “world's greatest video game.” l"
siocaroong impertance of 2 replay capability--something similar v
AR : Cveore e gy cenzhillty for the radar screens 2'so,  The ©rlct, :
N S : . ST wact ey ot of performance evaluation capebility.,  This s 1y
P R . e ilote, gt ne computer is going to do it right.  They i, N
oot L ety g e 2 odislayed to aid them in making appropriote evaluationns of !
n m LI ~
il T eeme o anaingt even tne o ponsibility of the networked simulaters beirg used for
sifety o e e toeTo T, They rvecommended that all safety/procedures-type switches, dials,
ThiL o oo ont o o Ywellpapered” over so et upper management could not redirect triir
e ot wrateyes L Telv training,
o s P FLYR ppdarcene sigrificant changes about every € oroaths, and thece
o . cvnorowed b tae muiater s aTso, or negative learning woii aCcour.

‘nyece, fer the WP,

[
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AL the end of the <ession, we asked For any summary/narting advice tiey world like to aive
us, They stadesied:  tad Call it eoythipg BUT a cinclater--a comban oo device, pert -
(b} Dor'l cut Vlying or try "¢ substrtuve simulator time tor fiying: (0 Daa’* operdte it at ?
a,m.: [aY vor toallow gy St tval procedures/satety <tuff; (e) Get 91 keen working-level
corht ne cveliod G ovnry taen and aspect of the project. (Tho worr tired of seeing
"eqaheac Lveo T oceme o8 hem aiter s croject was finished, and it was very refreshing to see
s helo N CCur o rrajecs ‘hey pointed out, as an instance, that the: would quickly be
Al cootel 1ot - 4 obe "gamed"; i,e,, if there were urrva istic clues that were
o tiracts of Teia o cies could Le picked upoand used unfairly fy student pilots,)

torevarned of the dinterview and 2iver 1itt'e prompting, they
ot xnowledgeadle in the Alr Force, cond their responses are
cet ivem o4 much more extensive sel of irterviews, It s
cLreated most all of the 510 WARNDT cercerts and then added
17 ot sucpeising, however, a5 the WIRNET concept was

. Crinits from s xvosierced combat nivote i the first place.

WARNET /5 A RESEARCH 1061

“bot training, the operational «qudacrons would each have

Wnilte  these con b: o Lsed  fer  dnaividual  practice or
voerezial cheracteristic is the ability to be networked

: iceraft to meet in large-scale red-versus-blue exercises
1ireratt oon hoth cides, as well as aporopriate ccemmand and control
frasiont, key RED crserizatiens would be given "nodas® in the WARNET,
cat entirely now airoraft, portions of new aircratt, or command and
crment,  Ghic would allow the new developments to be tried out either
e edth o pjue foree aircrait atiyinst red forcr airaraft in realistic

I
!

“iveluable in gssessing the performance cof mansmachine systems in
sovicus in recent years, ccmplex new sersors and weapens are

Seat o of ceambLat, the miiot can properly assess the situation and
tocla, Witr yecearch pode , in WARNET, the »ilitres of pilots and
A vrepesed new technologies could he accessed at an early

viwore Jhaices wers made,

sovisps e best o iliustrated by example,  Consider, for

dispirved te pilots. The traditional mar-er of displaying

pr-itoovictow yicuals, head-up displays, Multi-Function Lisplavs

o eeniaoed witt a synthetic display integrete’ from the various

aomerner that weuld meore clesely matcr pumar sensory input and

cwowe bgosuch g cystem perform in comrat?  which of the many
soticuretions would be rnost effective?

test cockpits with the bacic WARNET capability at

creron A, Corat pileote would bte called in to train in these
st Feur saipe at overious squadrens with sperational WARNET
eng. ottty with additiong) hlue fories gaainst red forces,

Aanle quick Ty become apparent, the best configurations would
Jbowire 270 with Conventional cocrite could be assessed

,.__ Lo -' o LR LRSI
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As ancthsr exampie, copsior the many new "Battle Manageront” 4idy to pilots, cantrollers,
and command 2'ements peinc Zuncidered for implementation, How cen o true utitity of these new
concepts be assessed’ e wiuid 4 "Super Joint Tactical i emeation Distribution  System
{JTIDSY" really de tor 0 <itiational awareness of the individi ilcts and mission commanders
Jirring tre coarse ot o ~~rbat?  Although there are commard and contrel simulations that
purpert o aress s 0 rrese guestions {at least at the higher levels), the actions cf the
individue? Jilata, Lerr oo oand red forces, are represented by randcm number luok-up tables, We
feel that *hi.: e sperly represent the comulex human pilat clement, the true shilities of
a smert and caravle ¢« . or the actusl compiexity and suarprisc of real combat. Furthermore, we
believe *he “raniom ¢ Lo -' soprocch cerves to further hroaden the 37 :2dy too large gap between
the commund and coteyt o) entc g the pitots they intend to serve,  Pilots are not random,
mindless o wns | Lo chess g ame.

With WARNET oo seavar s omd certrel vosearch facilities, new tecnnologies could he tried
out, rot only a:ld o Lanandercs and centrollers, bul with live pilots on both cides c¢f the
conflice.  Trag wonio eisn @ to see how well the na2w devices or procedures work under these
conditions. ani wrav frco 2ok pilets at operational cquacdrons rave regarding the researchers'
approaches for impro.ieg Lutdie management, This feedrack would d-inc the command and ccatrol
resacrch commurity o iocos Lo tie pilots, 1o the benefit of both sides,

e w2 that the Army, with help from DARPA, s aiready plenning a
"Skurbworest 1 S " rFt Knox that wit! allow future tank concepts to be tried ocut on
siwuiate s oo T PEe wleres.  OF course, the Armmy's larce retwurk of hundreds of tank
TN G IOTL Lt : Coour-Tine in only 2 years) will be used, witn the new tanks and weapons
fighting Lis alvsady [ie:ded varicties with their regular Army operztors. The Army and DARPA are
already tiinking zheout how their facility can flexibly changs cockpits, controls, etc, in 3
matter of hours or deys, to aiiow new configurations and ideas to be tested,

A similar Afr roccs c-pability would, we believe, benefit the development of future aircraft
systems ard ~ommand and contrgi elements. Its center might be at Wright-Patterson AR, with
outlyi-a nrides <t sthoes Taversment, industry, and academic facilities as apuropriate, and, of
course, wits tull ric-ine to ine regular WARNET training system, we b»elieve that the Human

faion (tre Fristrong Aercspace Medjcal Research Laooravory and AFHRL) could play a

3 iz new apnreach to PED--a “Fignt with real pilots in ‘combat' before you

e Areiagn gonrath, A+ Ylazt, insteag of the humarn clement's being corsidered only

tengentialty ond Tate B0 fre wogasition process, it would play @ lesding role--in recogniticn of
wooritical dmportaacs of e human element in man/macnine systems in comhat,

A W bl e

n

IGHTER OR COMBAT PILOT SELECTION 1 ITH WARNET

In case ... . Pave youns sons and thus don't 3lready know about "The Liast Starfighter,”
here is a sumu:iry (. you. In 2 distant corner of the Galaxy, the Forces of *reedom were being
overwhelmey bty tre Liniite Fowdes of Evil, who had produced lots of cneap little space
fighters. The forces of Trocder rad almest 2xhiusted their supply of space fiqhters and piloets,
The only thing that could nove ine™ was 2 super pilot with a lightning-swift brain that wioig
take in all the data frem the space fichter's many sensory and battle manajement systems, ard
translate it -t swift 2ction nn the multinle weapons that would zap the enemy hordes into the
oblivion tney seo ricily descrved,

But where could suct a2 .uoer combat pilot be fcund? How coulc he te sc'ected” Of course,
the torces of Foeedos resq'ized that the clever descendants of the tree sa'rg>r~ that used (¢ ‘um
from trec-to-tree whiln 2ndging branches, catching fruit on the fly, d scussiry "o weather, and
plarning {he nighl - romantic activitie: woul1 rave an innately hijh “sit. tronel awaroness,
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Thus, a representative of the Forces of freedom was teletransported to planet tarth to find tre
best of the best. Their approach to combat pilot selection was to devi u; er acvanced videc game
that wes, for 2all intents and purposes, exactly like real space comba*, with a full array of
sensors, battle management aids, and weapon controls, and of course, the Sinicter Hordes of Evil
intent on ~2e.truction., These advinced video games were placed at videc -, :»> parlors where kids
hung ouz. Fur only 7% cents, *he kids could play it. True, most kids didn't get very far--it
was an unusually tough game. However, some of them found the challenge irresistible and the
tcugh oppesiticn exr: ~~ating, and they became very good and won lots of free games,

Our young herd Alex was, o° course, the best of the best. Soon he could take on the enemy
Horde, in the Super-Advancea level of thne video game, A visit from afar, a fast sales pitch on
s2.ing the entirc free universe, anc Alex was whisked off and placed in a real space fighter,

“ore Gwes there ever any doubt?) he handily defeated the Sinister Hordes of Evil without any
turthcr training.

Te therg o ogom of trath {n this taie? Could advanced video games be used to select combat
Cighter siletr:? In the past, oilct selection was geared toward basic flying skills, such as
~udimentary rard-eye coordination, These were the kinds of skills required to fly early-type
aircratt where "stick ond rudder” dominated., In these aircraft, the main sensor devices were the
piloc's two eyeballe, and el-ctronic aicds were limited to a few instruments ard a simple radio.
£ typical rilot seieciicr pro.cwsr was intended only to distinguish between those who would be
able to hergle easic 71 ¢+ <bi™1: well enough to complete undergraduate flying school from those

Sha*t were "oy uhlOlr S sened to .. .. This does not fit today's situation, let alone tomorrow's.

Currori troet-l.ae, fly-by-wire fighters such as the F-16 are well-behaved from the flight
cotrol viewpoint, without adverse yaw, etc. Many of the former problems with basic flight, such
a3 viller stalls, have heen eliminated electronically. However, the proliferation of electronics
na. also resulted in & larger number of electronic sensors--different types of radars and
infrared sys:ams to warn azainst enemy aircraft and missiles, The offensive weapons have become
mere complex also, with missiles of various sorts to be launched, Even npavigation and
communriczlicrs have heceme complex systems, with a myriad of controls and procedures to master
and opera*c as second nature ‘n tight combat situations.

inooATioyssing this situation, experienced combat pilots suggested to us that the key
vequiearenl iz the ability to assimitate from the large number of informaticn sources a mental
Giorgre of the corrent situanior.  Thnis is given the name "situational awareness,” and we believe
trat it iz no~ this ability, mereso than eye-hand coordination, that is the key to success. How
could one agaess the ability of potential pilots to mentally process the vast amounts of sensory
al time, selectivelv concentrate on the key inputs, and from this develop a mental
picts~- «1 ¢ rapicly cranging battle situation? One could, of course, cdevise all sorts of
spacial t3.s oot ATreslly related to flying combat aircraft in any way, anc then through many
stadies and statistic ~ilyses find which were the best predictors. Thi: approach has the
di=tirct advantage of tenc -~hle to select those tasks that are easy and ¢ -ap to apply, and
le.ds to, in the oxtreme, <imply paper-and-pencil tests., One suspects 'nat in spite of
sssarances of the high carrelation coefficients, something might be lost alonc the way, although
it wiould veap psychologists and statisticians fully employed.

3
irput o orore

Altern:t-yelv, rne right concentrate on the actual tasks themselves: Put the candidates who
would 1ike *o he tighter pilots in fighter aircraft in a combat situation and see how they dc.
Pesl air.-oit would not do (for cost and safety reasons, if nothing else), but the use of
Tew-rost and realistic combat fighter simulators in WARNET could be considered. While we would
expiett use of WARNED by combat pilots {to maintain their skills and practice mass engagements) to
toke prececence tver the pilot selection use of WARNET, pilots really prefer to sleep at night;
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in the wee hours cf the morning or on wee.ends, the college student pilot candidates could use
WARNET,

These candidate fignter pilots would not be expected to be ..stant aces, We envision that
there would be a progrestion through which potential candidate: «o'.'d 20, First they would learn
basic procedures on a home-type video game system, using a self-teaching course. Then they would
be allowed to use a WARWET cockpit off-line for completion of procedure- familiarization., Then
they would graduate to take on fellow candidates in one versus one, “radually, their horizons
would be expanded up to and including the final "National Exercise,” where hundreds cf top
candidates would compete with each other in mass battles, (Television networks could negotiate
for coverage of the "Top Gun" Bow',)

0f course, the orrfomance of gach candidate would be recorded and analyzed to assess
learning speed, situaticns! awsreness, leacership, and other qualities deemed appropriate to
combat., The seler v .. <ess might even be enhanced using the performance on WARNET of our best
front-line combat pii<t., and our most experienzed ,eterans, with the number of kills under their
belt as tne validity ~<riterion,

The author asked hiy 3-vear-old son, Rusty, about this concept. Rusty, who was, of course,
completely familiar +ith “The last Starfighter," pointed out that the young pilot's name was

"Alex," ‘“How else w . ==lect them?" he asked, not realizing that there was any other way.
An explanation of par-: .nd-pencil tests was quickly interrupted with a “Got eml” as Rusty
brought the .uper o - 7D tu bear and shot down another MIG on the F-15 Strike Eagle game on
his Commodore < .pu o » having <hot down the remaining 17 MIGs in only 23 minutes and totally

vanquishing ctne enemy, Kusty wa- now ready to discuss the tupic again, "Dad," ne announced, "I'm
ready to take on real combat aces in WARNET. Do you have a node at Williams AFR?"

vYI, CONCLUSIONS, IMPACT, AND CLOSING THOUGHTS

A, Conclusions

Tactical aerial coriat 1s a vital Air Force function., In future wars, the ability to obtain
ard maintain ai* sup-riority cver the ground combat zone will have an importint influence over
the outcomes of battias, interdiction strikes weil behind the bLattle lines will disrupt and
diminish the enemy's capabilities. Keeping enemy aircraft away from our rear areas will allow us
to remain organized ind effective. For the Air Force to achieve these goals in future wars, our
pilots must be trained and maintaired at peak combat readiness--especially as it is expected that
the erery will have more aircraft and pilots than we will, 2y being in peak comhbat conditicr,
cur 2itots will be able to avoid the higher loss rate of the first few missions that was

chzrytiorictic of arrijer wars, 317 well 3s being more effective in destroying tre enemy.
ihe WRRN: ( «ty cenciuded that low-cost, networked comoat treining simulators could help
reduce early missicr i35035 and increase effectiveness by providing aspects of combat practice

that are difficult or iipossihle to provide in peacetime aircraft trainir;, and thus would
provide an importart supplemert to aircraft combat training, Combat training simulators can
"fly" over enemy terrain, need no r.les of engagement (ROEs) for safety's sake, and can routirely
use "live" ammunition, make head-on passes, etc, There are, however, no G-forces, and pilots do
not have tc worry about being killed, etc.; so, simulators are, at best, orly a supplement to
training in real aircraft, They could, however, te 4 vitally important supplement with respect
to early mission 'osse. and effectiveness in ccmoat, Low-cost, networked combat training
<imulators could provide that extra edge of combat readiness that could affect the outcome of
future air battles,
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The WARNET study concluded that networked combat simulators are technically feasible. Such
feasibility was demonstrated fcr Army tanks while tne study was in progress, and the study
concluded that the extension *to jet aircraft, while not inconsequential, was entirely do-able. It
was not concluded, however, that such simulators could be very low cost, at least today.

The primary di ficulty was that an appropriate visual display (at Tow cost) was not
available. Rapid piogress in Tow-cost visual displays appears likely cver the next few years,
and while immediate depioyment of networked combat simulators might not be appropriate,
taboratory development certainiy is,

The WARNET study cencluded that retworked combat aircraft simulators would add an important
new dimension {0 resea:ch and development, As discussed belocw, AFHRL/OT changed its plans for
tuture simtdlators so trnat they will be networked together to increase research capabilities and
effectiveness.  wo coclusiens were drawn in the WARNET study with respect to the use of
retworked comnat cimiiaters in pilot selection, This idea {s a total departure from current
approaches to pilot selection,

B, WARNET Study Impact

Tre WARNDY dn-p. w2 itudy end @ joint study with DARPA had an immediate and sizable impact on
AEnRU--especiyliy Ab:T 0. o $48 million Aircrew Combat Mission Enhancement (ACME) program
ws totaniy restrotouced a3z on resuit of the WARNET study. The near-term portion of the ACME
progran ruvalvine o v renearsel was made the far-term one, due to severe problems associated

#it> the rees .o rnerate data bases rapidly (difficult enough to generate when there is no
pueh) The far-ters portinn of Yow-cost netwrrked combat trainer: was made the near-term portion
0f Llie ACME pregrar because it was found to be much more achfevable and potentially more

hemelitial,

A tri-Service st !y rat heer initiated to establich a protocol for communications between
oAl Afrcioeft simuiiiers, if ¢ protocol will build on the SIMNET protocol established by DARPA
for Army tanks,

AFHFRL —eseapch oo 1iw-teot displays and low-cost simutators has received increased emphasis,
15 this war found %o he he wzakest link in the low-cost chain. A new research program on

very~tow-ccen fligre e dior s, a1 praver staticne has been inityaten, The A-10 and F-1%
aircraft were stodict in detedil ro rart of the wARNET stydy with DARPA,  DARPA ysed the knowledge
gained i ikic stucy thocorstruct a o low-coct A-TC simulator, and has added it to the tank
samulator o e ket vt knce, wnere 1t Car shoot tenks and be shot at in turn. It is clear that
s New wra 1 arvand e odr combhat imuieticn has darrived, and that the WARNET <tudy played a key

role in its o1.0%

C. Closing Thoughts

Tror iantes pilote fopryvicwed dyrioq the study realiy provided the key, central thoughts
that, fn clocing, 3.v w *h empiasizing,

Sircreart ctimgtat e e 4ty doonet have 3 qood name amang fighter pilots, In the Tactica)

Air boroen o adar o0 e we et oaninTy ter catety and procecures training, While these types of

treining tre opuctent gt s datoas cee useful i quct training, they co not provide the sort

ef comperatiy g e gt o fighter pilets, Generally, the simulators with which fighter

Cibire g o a0 v ld-techrology devices that were expensive, unreliable, and had

it o0 e o adave . Friots 40 onot Take the idea of such devices invading the sacred
1
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combat arena. Also, with some justification perhaps, they have the concern that the money and

effort spent on any massive simulator effort would be at the expense of aircraft and flying.

However, the fighter pilot's tove of competition is so high, that if there were devices that
allowed many aspects of multiplayer combat to be practiced, and if these devices were very low in
cost so they would not impact budgets significantly, and if the devices had no provisions for
safety and procedures training, and if the devices were called something other than simulators,
all the fighter pilots we talked to would welcome them. Thus, the challenge is: (a) to come up
with an effective, low-cost display; (b) to demonstrate to combat pilots that Ilow-cost,
networked combat aircraft trainers are effective (and fun); and (c¢) then to move out of the way
as the pilots rush out to obtain and use the trainers. It will take the enemy a long time to

catch up, because, as is the case with Xerox machines, they cannot trust their people with
microcomputers.
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