


L | . DOCUMENT RESUME |
Ep26 866 T . . . 1RO 1%

F
. AUTHOR - .  Finegold, Layrence S.; And Others
- TITLE . - - ’S1mu1ated Three-Dimensional Computer Graph1cs.
i - -+ Training D1sp1ay for Air Weapons Controllers. F1na1
S Report. .
" INSTITUTION .. A;r Force Human Resources Lab., Wr1ght Patterson AFB, '
' , . Ohio.- ~ '
SPONS AGENCY Air Force Human. Resources Lab., Brooks AFB Texas.
. 'REPORT NO: AEHRL—TP—BB 62(1) C ,
PUR DATE ., Apr 84° : U 1
NOTE .- 54p. R
PUB TYPE - Reports - Research/Techn1ca1 (143) ‘
' ol :. - I - Co o
™ EDRS PRICE \MFOl/PC03 Plus Postage. i
j DESCRIPTORS “*Animation; *Computer Software- Display ‘Systems; -
I SRR K Instruct1ona1 Materials; Microcomputers; *Military/
Tra;n ; *Simulation; *Three Dimensional Aids; JA
R Trai 1ng Methods R i
IDENTIF1ERS *Computer S1mu1at1on : e e
ABSTRACT . ' ' ‘ ' ' ',/

' The 'research and development project demonstreted the
- V1ab111ty of a s1mu1ated tra1n1ng system to address training issues
. Pedated to three-dimensional,air intércept tactics and geometry, and
. resulted in the production of two. videotapes for use in the United
- 'States Air Force Interceptor Weapons School. An introduction : g
‘discusses the overall development of the system, which provided the
capacity to display and control up to three aircraft in a defined
a1rspace; Additional supplemental graph1cs to address. spec1£1c
~ training uses were also'developed u51ng full-color, rastd% scan,.
animated microcomputer display technélogy. Project backg&ound
objective, approach used, and results are discussed, including a
summary . of the major' technological difficulties encountered. An
overview then describes the system and provides details on hardware
and firmware, app11cat1ons software, - the visual scene” two versxons
of the aircraft d1sp1ay and control software, speC1a1 graph1cs ’
‘relating to training issues, and system use. A final’ discussion
: includes a summary, an outline of technical issues,/ and conc1u51ons.
\'S1xteen references and -a 28—1tem b;b11ography are 1nc1uded (LMM)

+*- / /‘ .-
) / ’ .

A .

/ < v
./ . :

N - ¢ / T T A

\j_ B ' ‘/ / -
.'***********************************************************************

Lk Reproduct1ons supplied by EDRS are ﬁhe best that can be made - *

Ry from the original’ document, LS
************h**********************************************************

Q .. . /. # S

~ ' . N . N -
: B _ .
.. = . -/ o [ ] . 4 . —




" ’u,8, DEPARTMENY OF EDUCATION -+ X
*: NATIONAL INSTITUTE OF EDUCATION ~ -
_ EDUGATIONAL RESOURCES INFORMATION
v ff - GENTER (ERIC) T 2
Y/ This' document hay been reproduged ‘ax - &

ecaived from the person or arganizaflan 1
&

 originating it . co
L} Minar changes hava been made to improve

reproduction quality, -~ - : B

N

L L
i
ishi
(s
YA

e
A




t

' \ ’ . b »
' \ P !
P
. : . : . .
[ R
M L i ' -
\ . 5 .
v . X Y L N g
. -« NOTICE | R
. . . o= . . . : : a »
. . . . = . - . . f
: . \
- - - N B ‘-b L . 'S

When. Govemment drawnngs. sgeclﬁcauons. or other data are used for any purpose other than ,
-in connection ‘with a defi mtely Govemment~related procurement, the United- States
Govemment incurs no responslbllny or arly obliggtion whatsoever.. “The fact that the =~ . .
mment may have formulated orin any way shppged the said drawmgs. specifications, : - A'
other data, is not to be regarded by lmpllcatlon. or otherwise i in any manneér construed,
a8 licensing the holdel‘, or any olher person or corporation; or as conveymg nny rights or *

permlssmn e manufacture. use, orsell any patentedlnvenuon that may in any wpy be related .
therelo o : e R : R
o - . S . Y A

. The Publi¢ Aﬂ'mrs Oﬂ'lce has reviewed lhlsfpaper and it is- reT\sable to the NAtlonal-A

. Technical Information: Semce where it will be nvmlable to the general publlc. mcludmg

foreign nauons - o S '
v This paperhas been reviewéd an‘ei is appmved?érfpublication. ’ . .

SO B

- JOSEPH ‘A. BIRT, Lt Col USAF S S

Technical Advigor o L , _ L

Loglstncs and Human Factors Division o Y

. . ¢ : : S . X v 1
" DONALD C. TETMEYER, Colonel, USAF ~ ‘

.o

Chlef Logxstlcs and Human Factom Dmslon




]

O

Lot

NN o

’

Tee

ALY

huloal Paper 83.62():

SIMULATED THREE.DIMENSIONAL COMPUTER - e
GRAPHICS, TRAINING DISPLAY FOR e
AIR WEAPONS CONTROLLERS . - |

;,mgs;wm. I

o

“lr - / . A . .' \.o X : .I*'

LOGISTICS AND HUMAN FACTORS DIVISION .°
!rlg!gl-PjungmnAlerrce Base, Oblo 45433 .

i

-
d R PO

Anthony J. Asth -

o ~‘.Ahilwny.l.Asch,lnc.
28 Cadman Plaza West, Sulte 7E
Brooklyn, NewYork 11201

o jh;lmc.n.ugha;

Universal Plorgy Systome foe, AR
. '440YDayjon-XemisRosd LT
.. Deyton, Oblo 45432 T

- ow

: Reviewed and submitted for Pnl;ucnt_ign by

BertranW.Cream _ R < -

- » Chief, Ground Gerations Branch S
_ Logistics and HumanFactors Division o
. AirForce Human Resources Laboratory Vo
. 'Weight-Patiorson As Force Base, Okio 45333

. . ~ . .‘ ¢

o . . r



‘ / : ' - t . . o ' 9
X /” e ! v te ' - )
Yy . ' . ' .

[ . . s ‘v : v, c : f .
R | ) . v
/ . . -
) Vi R ‘ . ] S ) D
o . ! P s . S v E
. ; .

Thih fhort% wag - ;requeated by . ‘the Headquarters Tactical Air Command -

S A S suMMaRy o e

through'h Reqdeet for Personnel Research (RPR 79~ 08) ) Tho objective of

the RPB was - to improve the training of Air Force air weaponu controllers

by development 'and application of advanced training technology lhei

techqplogy ‘to

‘three- dimensiona] Zairspace intercept tactics ‘and geometry. Succesefully

\\\‘ performing Ehe ob cof an air weapons controller requires a thorough. ‘

understanding of these issues = ,' : ‘N\_v ' N
. - .‘ » ..‘ o . . |
;o Since current training devices and operational equipment provide only

lf oa two dimensional display. the: complexity of intercept geometry has been

dvfficult to display and teac Specifically, the desired capability

~ included simulation ‘of heading cr/ssing angles, intercept vectors, turn
B points for intercepts, and bearing and range to target * A simulated
three—dimensional computer graphics display system was developed to.
address these’ issues Videotapes of complete alrcraft intercept mission.

scekgrios were made for use by students at, the USAF Interceptor Weapons

School (INS), Tyndall AFB FL. These tapes have been incorporated,into ‘

the 'stf; training progrgm. s ~.‘-_addition '.to7 reporting the work

) identified during ‘this effort; Volume II provides a users guide to the
computer system and explains in detail how the system is operated both

for interactive (l;ve~f1ying) control of the aircraft and for developing )

N scripted mission scenarios for producing videotapes ‘-;"u .,
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be .developed waa a’ computer. graphics simulation off.,

-

o accemplished Volume ,I‘.of‘ this paper discusses technical 'issues._"



" examine the feasibility 'of 3developlng ' nimulatod three*dimenaionalni‘

'_Force Human Reaourcee Laboratory.. Thla effdrt anpporta Projéct 3017 - , "‘
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An exploratory reaoaroh ;and."developm t” project"waa condicted t

computer graphics training ayetem for Air Force air weapone controllers.

f'Thli%work was performed as part of the - reeearch “and development aupport'

bei provlded to the . tactlcal command -and control community by the

'Ground Operatlona Branch. Loglatlca and Human Factora Divlalon of the Air

Technloal/Team Performance and. Tralning.A Hr. Bertram Cream, Project'c
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) SKCTION 1 - INYRODUGTION

RACKGROUND D

\ . : ‘-(‘:(
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The primary Efunctlon of Alk Porce ale weapons controllers in o
direct the flight of frilondly alreraft an they intercept unknown or
hout\lo tnraot alreraft, Thiw e uooompliahod through  the usa  of
two~dimenaionn1 graphica radar dlaplays and’ voleo communications with Hm
alroraft puotn. (Although an inoronaina number of alr weaponn‘ v
controlloru are involved in gulding nirornt’t to ground tnrsetn. thioe

)- projact addroaaod iuuuoq primnrii’y rolovant to tralning’ for alp-to-alr
intercepts,) Trnining for this demunding ocoupatzion is ncoomplinhod at
geveral Air Forco ‘training oraanizationa and at operntional units’, At
“4he - technical training nchooln. high fidolity training uyutemu. which
- emulate the operational systems, provide the primary nource -of simuldtiow
for intercept trainins. a8, well aa providing radar input for "livo
flying"” training sorties. This equipmont. While quite useful  for g

| familiarizing studenta "with the eguipment ‘they wxii use aty their
operational units’, lacks certain graphics slmulation capabilities that
could significantly improVe the.quality‘of«intercept training.

- A .serles of discussions with instructors from various air weaponsb‘
" controller training organizations identified a set of¢ critical training
- 1ssues which have been particularly difficult to teach because they were///
difficult to display visually to students Most of these igsgues inyolved
"the’ concepty of intercept geometry and tactics. airspace‘/situational K
‘ awareness ;Zd flight safety. The capability to demonstrate these
concepts v1sually in a dynamic simulated three-dimensional airspace was

expected.to have the most significant impact on/training.

equest for Personnel Research (RPR "9 08) from Headquarters,‘>i

Tactical Air Command to the Air Force Human Resources Laboratory ' &
8 . ' '

PN
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~

10




' ¥

H . ' -

\ L ; , ' -
identirsiﬂ the nsed for a graphlcs simulation capability and basked ‘this
Laboratory to Adavelap “Epaaial purpoee 3=D [thraa- dinauaian&li-displawa
Lhat @an provlde pdrspective informatinn nud visually present complex

! givnrnft gaomatsy and aipapape relablonahips® flor' ale weapens eontrallaer

~ tealning., N
‘ﬁ i . 1 § R ’, =" ,

ik '
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In support of this objaotlive, the afFort deseribad n this PAPEE WaB
inipLlomant.ed upactfiﬁaliy to aypport Lhe irninlnk pnnvided by the URAY
Interceptor Houpona 8chool (IUﬂ) al; Tyudull AFH ¥, Btudenta ln the WA
training _program have Alragdy nnmpleted hasto alr “WeApans. uontrallepi
tealning  and Qpe beinﬁ intrnduaud ic» cbhe aami Automut@d Around
Knvieonment <8AOR) -~ 'lue «Upelnturcupt Contreol (nutn) uutomniad radae,’
equlpment, They aloo roeoifo conglderable additional traininu at W3 to

lmproveo thoir nklllu An porfo:‘ Intercepto uelng Varioua glrwhattle

tlthiCﬂ. 7 . { 1 ! ' . ‘. ' ) ;4’:

i Co . ' 4
i

The IW8 inatruction relatinu to Pluhtuq guidunco for lnt«rcoptu

L

' connumoa tho largoat amount: oP time for atudont training nnd roqulres

3

that students be knowlodaeable about intorcopt tncticn and procedures,’
including intercept geometry. airepaco utllization. and Fflight aafoty
_’ *Training lsa accompliahed through a serles of clanaroom locturen. combinod
with intercept prnctice unins both the BUIC " simulator and live nortiea
Howevor. the simulated BUIC radar eyetom. verbal locturoq. ‘and ututic
displayn such ag vugraphn -or ‘chalkboard drawingn cannot .show the dynamic
nature' of the geometry involved in performing alreraft: intercepts,
eapecially the relevant three—dimensional aspectn e
The primary training problem, then. is the difficulty of effectively
; presenting the dynamic geometry involved in performing intercepts ?or
"example, instructors cannot easily show students the,,effects of the
timing of a turn on the 5eometry of the intercept nor‘can they easily
demonstrate how a heading correction given ‘at a particuiar time will
s ’affect the intercept 2 or 3 minutes later. Most importantly, students
cannot oe shqwn_’_ie reiationship ,betwe}na two-dimensional ‘intercept.
geometry. and the fact that aircraft “are actually"flging in a

oA ' . } o B n

) ; -' ?l‘. - 11 J
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Ehiee- dmansinnal réal world. The two-dimepsional radar display doag unt
EFQPM‘-&UY ‘ghow  Ehe ﬂ'fﬁkt of altitude aa;mmtism an sither intercapt
gaomakey of Ellghk aﬁrn;y.' Aua»dntnl cmwaantn fram inal;uptnvﬂ indicated
that  the HOEs prﬂfiﬁlﬁnt ale weapans ‘sonbenllees ¢ have devalopad  an
ability to mug;m what ' ia acourelng tn Ehe third dimenaion (height).

Pradanting Lhia theas dimanglonal dufapation Lo dlilants ia diffisult
bevaude (the Lealinbng eyuipment peasents only o top down, Ewo-dimensional
Nviaw of l.\m intaroapt , B

: t
! ' .

Tha only tgabning gystem that prnvidaa ) aimulatad thaa dimeuﬂ&nnal,

dynamle view of 4n alvervaft latevcupl la thu Aavial Cumhnt Haneuvering
Inateamentation (ACHL) system (Altmdn. IQIN). whiah 1 uaad for pliot.

bealnlng.  This dyalem provides an 4nnuvn!a. dataltad papresantation . of
“the flight of ‘lntavvapthv and \nvgat u\vnvut! Tand  thus presents an

coxeallgqat dlmulated thv@ dimenslonal dvnnmlu papvaﬂuntntlﬁn of -airveratt

manouvard duedng interceptsa, Howaver, 1t ha# Lwo deawbacks thu(\tlmlﬂ

ite  ugefulnewy forp ,uddruunlnn lhn bysuen  erlfloal  for ale waaponn

.controllers. . Thae flrnL i that lL LnanL uimlilate lntnrcopta. lﬁ»cudmrwﬁ

only collect and rocord goographlc pnuitlon dntg from liyg flylng sortles
andf praesont thaéo data graphlcally., Thus, it 14 .lmpnnalblﬁ for. an
instructor: to dovalop an 'pxact plan foﬁ a miuulon to domonateate a

particular l#gue and have the computer . simulato this wpociflc wcenarlo.

1hh6u3p It would be possible Lo record Lho pun\Llonal data from 1live

intorcepts, 1live lnLorcopLﬁ are vory dltfhcult -to fly oxactly according

. to a prebriefed pnttorn , leo;m}nuionu would have orrors and positional’

changes that would change the g%omotry of the fﬁtorcept from that
'orlginally planned. Thué, it would be ;ery difficult for an instructor
to plan a mission scenario to demonstcate speclflc'tqaining iésdes and
ﬁdve the mission Fflown .preclsely as brlefed, to show these -‘partigular

situations -One of the major advantages of a simulation system is that

scenarios can be planned exactly. and the computer sofhware will fly the"‘

o

mlssion precisely as planned.

\‘ . . . ~

t

LY
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S” ,"i The second major drawback is that it is currently impossible to '

\ develop and present any-. special graphics as overlays dﬁ top of the visual,’
\scene. This type of display is absolutely essential to demonstrate the
geometry involved in the various intercept tactics ’ Students need to q
‘shown both the two-dimensional and three- dimensional aspects of intercep

j%eometry, tactics. and procedures Conceg§s~that need to be presented _
include Heading Crossing Angle,.Bearing and Range to-Target, Turn Point,\-

) ' Effects “of Timing of Turns, Cone of Attack Interceptor Approach and
Attack Vectors, Patterns for - Continuing Intercepts, Effects of Al&itude
Separation, Direction of Initial Turn-to-Target, Re-attack Profile,
" Offset and, Transition _Points, Maintaining Air9pace ‘Integrity, and
'Shoosing Target Headings ‘These concepts are illustrated‘in Section II

.of this paper and are- illustrated and- discussed on’the two videotapes'

developed during this effort.

/

_ Altho&gh all of these issues’ are initially addressed in the basic air

’ weapons controller training course, the enter1ng IWS students typically .
have only a rudimentary understanding of how they affect the outcome of. a,f:
‘mission. In order to provide a review and more in—depth presentation of
these concepts and techniques via videotapes, the IWS instructor staff
participated_ in ' .the bdesign of .the aircraft display and control
capability, - ‘the’ special graphics needed to demonstrate the intercept'
geometry.issues,.and the ngssion flight scenarios the simulated;aircraft

would fly. . . *

OBJECTIVE

\

“

" This ‘research and. development effort was initiated to 'assess :and
‘demonstrate the feasibility of developing a simulation training system'to

’ address the set of training issues discussed .previously. . The primary -
purpose was to supplementvthe training currently being offered by the
instructor ‘staff of the IHS by providing them with an improved capability
to display and demonstrate critical aircraft intercept concepts and

n techniques that are very diffdigult to address adequately using the =

’

existing training equipment.: " -

o 13




- APPROACH S o -

» 0 Lox

3
- R v . . > o '

- In orden to develop a graphics simulation training capability that
would address the issues deemed critical to the IWS training program, a
lose working relationship- was developed ‘with the IHS management and
instructor staff. Frequent discussions and meetings were held with these
personnel zto identify the training issues needing supplemental training
and to design computer graphics that would demonstrate these critical
‘concepts and techniques Periodic reviews were held with these'~l-
personnel both in the form of 'face to-face visits and hy reviews of
sample vidEotapes (of the various’ displays) which were sent to the IWSF -
,staff for their critique, along with a written review-questionnaire ' In
addition, the IWS 'instructor_ and student manuals, plus other training
materials,“were ‘used as 1illustrations for vseyeral of the required

‘displays relating to intercept geometry.

ﬁin.this effort was to: deyglop the capability'to .

display and’ control three aircraft in a defined airspace This allowed

The initial 'step

two 1nterceptors to be controlled against one target, whichv‘is the
ability level required by graduates of the IWS training program. The
hardware chosen for&this effort was an Aydin Controls. Inc., Model 5216
graph1cs -microcomputer and high resolution color monitor This effort
required color capabilities,v a high resolution pixel configuration,A
‘raster scan technology, system reliability, and sufficient memory)planes
to allow for visual scené animation. Aydin Controls Inc. .also supplied
an off-the-shelf ° basic three-dimensional simulation software ' display
system,v encoded in Programmable Read 6nly Hemory .(PROM) . The
applications software was' written using the FORTH programming language
and was stored on a 5.0-megabyte hard,disk. Th@s configuration provided
the high resolution, full-color, animated'display of either two or three
aircraft. All of the flight parameters of the aircraft (e.g., heading,
speed, altitude) were designed to be controllable interactively via a
standard Aydin_Controls, Inc: ,microcomputer‘keyboard A grid display was

developed. to simulate the airspace-boundaries,’and several other basic

. . _—
4 . . . “ D)




. display and control features. to be descrihed later, were established..

- feedback. . ./

Reviews and critiques by air weapons. controller instructors ‘were quite
beneficial in defioingJall of these features, many " of which underweht
major.revisions._égpecially the airspace display, on the basis of this

i
VA .
3 L

. : Q. \
Once the/capability to display and control the aircraft was achieved.

-« more detailed discussions with . the IWS prOJect officers led to ‘a set of

;o

.

3
S

'training issues for which special graphics were to be developed v These

focused on the geometry involved in performing stern and cutoff intercept

tactics As before, frequent discussions were held with the IWs staff to

'1nsure‘ that these graphics were hccurate and addressed the issuesi of

1

primary importance Mission - scenarios were then developed to illustrate
h'the tactics and procedures involved in. performinga stern .and_ cutoff
nntercepts SRR ;' ;'J_ . Ly ""”,' S
/ : . _ , e .
{ . ) . .
Finally, after the graphics were deemed acceptablep.one of the iws
prOJect officers prepared scripts- which addressed “the ' “training issues

being displayed and recorded these 1nstructor scripts on" the videotapes

for the stern and cutoff mission scenarios This resultedf in two
videotapes to be incorpotrated into the IWs training ‘program. ' y'

) ; Y.

RESULTS

This~effort'Successfully:demonstrated the feasibility“of addressing
critical air weapons controller training issues that had previously been
very difficult to teach '

> .

Although this effort successfully accomplished its %éé:ctive, many

'limitations were_‘encountered while this prototype system was ~ being

developed Alth ugh the - state-of the-art in microcomputer'technology has

'advanced considerably since this effort was in1tiated-_and the hardwage

v,( and‘_software described Fhere have many excellent capabilities, several

-

/r . ) :,"v ¢« . v ) . . ‘ o . .

-

-
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wissues need to he considered in the planning. of future relaté&-research

',\\,

and development efforts. - These capabilities; and - limitations aref,

discussed in more detail in saction 111, but are listed -here to provide a.

(]

summary of the major technological difficulties encountered during this
effort. | v L

)

L . . : . “ . .
e T I . D ¢ . ’ ’ . ) _.“ . - . . \' .
. - . \ ,i/ [ . N .

4 .

> - 1.  The programming language uéed on the graphics computer in

*" conjunction with .th firmware ' limits - the " user to

o _: approximately 32 Kbytes of usablé applications software.@

‘whereas ‘the computer can be configured to store 768 ijtes .

of program=- -.code. _ Several graphics features had to . be

eliminated because of the requirement to stay within the 32

' Kbytes : of‘ primary . emory. f This limitiation N cannot'f

currently be overcome, - although it is possible @hat systems
using other languages might allow an adequate amount of -
primary memory for use of additional graphics and program

management software

tive control. Bf- the aircraft by an operator using
yboard 'is very difficult. ‘A different type of input

the 3
system. _such - as voice..recognition technology, should be

examined if research and development continues on. this type

o
.

of system. ™

. - - . " ’
o c3. though raster scan display technology is superior in many
.Wways to other- types of display techniques. ways to minimize

'display flicker and to increase the frame- drawing rate need

to be found. At the present- time. the/,visual scene is,

redrawn only approximately twice per second. The. realism .'

J

of the animatiOn would be improved considerably if the
& . '

scene were redrawn at a much faster rate

gn

@
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' -, A Very little research- and develo pment  has been performed on

the optimal method to- (disp v this type of simulated
three-dimensional animation an on - how_to maximize the use
" of the zvailable simulated- three-dimensional cues. More
fa.\ . b ; human - factors/human performance data sre needed cdncerying
- , !~;;” the display and perception -of - simulated three—dimensional
oy scenes. L sy, e :
j;l} 5. There were‘ many ‘possible training applic;tions- discussed ’
. o :during the - course of this effort including use of this
?‘ ',‘-'. display as'a basic introduction to aircraft intercepts. as%a
'.7~} . } A s refresher system to address intercept 5eometry. and as a ![
| part—task trai for teaching advanced concepts spch as ?d
ag;ial combat tactics (dog fights) and pop- up maneuvers.
. This- type. of display eapability could ble usgd at these -
‘various ‘levels “of difficulty and complexity. but would

require that the. specific training issues at each level and

-

Y

_the required graphics capabilities be clearly idehtified Co

Both of the videotapes¥ developed Auring this rofeét have been
incorporated into the IWS' training program Speci@icéily. they will bm
shown to all students during the third week of the/lo—week IvS training
program. At that - ‘time students will have completed their famfliarization
with the BUIC equipment and will be ready to bggin performing simuiated
intercepts Thus._ these tapes will primarily iserve ‘the® purpose of
'reviewing }ntercept tactics and” ageometry,,before students become

: intensively involved in controlling intercepts on the BUIC equipment

s' 2 '_ . ':\ Lo : .
. d

C “Time and manpower limitation{ ‘on this effort did -not permit a
full~scale evaluation of . the training effectiveness of the v1deotapes,
although student comments have generally been quite favorable. Although
it was not included,in this_feasibility_demonstration effort,'future work.
'in this area should.include a formal'evaluation of the usefulness of the

simulated three-dimensional training display. -
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'f)""' In order to‘ address the training issues discussed;i in the pre#?ous \y

E section, display design “?nd~\operations r?quirementg were ‘' developed, )

<'1nclud1ng descriptions of . the special training-related graphics Thqgc.

. '1nitia1 requirement was for an animated disp1ay with full: control ,of
three a1rcraft within a’ confined airspace The second requiremenﬁowas
'for .a set of special graphics displays to be shown as overlays to the *

. daircraft)and airspace visual scene to- address the training issues lThe
:thirdxgequirement was for the capabi1ity to develop and record complete vfs
missifﬂ\ scenarios irectly from the digital computer output onto a. i.~
videotape Dur;n work on eaqh «of these requirements, pre1iminary and

‘\final products were’ evaluated by air weapons controller instruct?rs and

many modifécations were 1mplemented as } result of the1r feedback ‘/ ' {’.

) 1 . . . ) L, : .
vy . : . o . ‘ . PEEEY

- " The @computeﬁi hardware‘ system vcomponents included 'a"/graphics
kmicrocomputer;f'standard keyboard, program storag disk and @ «color.:gg
viewing monitor This basic system was sup{f;ted y a%computer signal "
encoder, p1us a standard v1deotape recordeééf d color. television monitor f
for making videotapes o L O (\' - d‘;"‘lﬂlf?“.i

~ - N . . . .
¢ . . B - t .’

" The *basic' simu1ated thrse dimensional graphics software andy theéﬁ'

" opérating system reside on the microcomputer “in Programmable Read oﬂly '
Memory. (EROH) m1croprocessor chips. This computet code is supplemented :
-~ .by an . additiona1 applications package that contains the instructions fqr'

pdisplaying and controlling the aircraft, vis_al scene. and//speci&l ‘
graphlcs L : oo R~ % % (J . “x,fﬂ,v

LS
,.u

There are two versions of the software system The first is for
'"livj flying” (i.e., interact:ve control) of the aircraft This versxonf

1s d1sp1ayed on the color viewing monitor, using a thh resolution visual

i RN . . .
" S oL o BN ‘ .
.‘ . . Tt - . . ) ’

e
.-
L _Sac




fsplay, and 1s used primarilyyfor giving system demonstrations ‘This,
version xnll ﬂ%} referred to, °as the high resolution: GRT version. The™
:second version ‘is ’for produclng videotapes and is displayed ‘on the

: {

jtelev1sion screen using a low resolution version of the display This
The difﬁerences

-

versxon will be referred to as’ the TV/videotape version

- A PR . v
| The microcomputer Uuséd to develop this graphics JEfaining displayf
system was a standardﬁhydin ControlJ Inc. model 521 “display computér‘
w1th nine memory planes and. six other display and control microprocessor .,jj
bo&rds.' This is a; 16—bit computer with* an Intel 8086 eLtral :
microprocesson uInternal to this systen;ﬁare a' number of hardware

.;i modules,-‘including a hardware vector g eraton, which e&hance the - Yﬁﬂ

)

graphic& and alphanumeric display capabilities S )
.f BN e T ’ ’ " LI o _". \ . ¢ . ’ . . ¢
: .'i {.3'4, o T } !
& . The’ applications soztware is stored on a PerkinuElmer VF—1221
. cartridgeidfsk drive wit L
. the appldkations software is* loaded from -the storage disk into - the “n\"
computer primary memory.,' The operator work station for- interactive

‘&‘ flying consists of an Aydin Controls, Inc. Model 8026 high -resolution .. |
. ///color mon1tor?and a uodel 5116 keyboard/}ith ‘16 user—definable functi)y

N . . h.;,. . ..
eys . : - : ‘." i 3 ) . ’ : ’
key T s f, L ‘ e :

- For ' making and’ viewing videotapes, ‘the system also ‘includes a Lenco Tl
PCE—A62 Color Encoder ‘and a Lenco CSL—710D Synchronization Generator..

co troller when the computer is" init1alized

- A

These “two pieces of" equipment convert the- anang RGB (red-green—blue)

output from the. computer to a fo{mat suitable for’ direct input to a Sony

v1deotape cassette recorder and.a Sharp television, although any standard

+ -

coior videotape recorder and television can hé used
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The ' Aydin 5216 "is- a stand-alone, . raster scan,h fu11 color M
m:ﬁcrocomputer display system capable of %w?’f* by 1024§-pixe1 displax,u "
)hough the prxel *confxguration is. p oggantmable t% allow & lower- ~

,"' resoiuti’on.format for. signa1 °’conversion to standdrd; television scan rates‘ ) B
, “for direct v1deotapin A stand—alone systﬁem yas chosen because it

.providés an) @Lfernative to fhe t;aditionally hhgher-—cost host-—bound. _;
‘ d by : d‘ 1arge,>genera1 purpos )

-

s1mu1ators (1 graphics displays gener

com uter)' DR ST

e A ..n. \ . ’, » ",4 &
. . [

',k. B

IS

f'syst‘em,,was achieved in two phases
' ”ydin }!ontrols, Inc ] of a general
‘i - graphics instruction v's'et~'\.',"' ¢ 'rhis :
.ihow an.- off-—the helf software package s "

4 'y}-“{h’g&&d ;only‘ memory (PROH) ohip 'rhe second
f;th{a app1icatigﬁs software described ‘in

. @ % # : y”\ :
S T IR S Wt S
(Y . 4 o Vo

fo : . ) ' e V.

;[rcraft "fly"' is definéd as part of the ’
ace. dontained in the graphics nucleus o

"graphics primitives, including surfaces,

and text are described in “terms .. of this .. .-

fnaI» coordinate : space ‘ These primitives are grouped-':"'j.,t;'__.

T vectors, , spheres,'
three dim

together v3’1nto¢disp1ay lists known as "graphics objects " Each aircraft

by separate graphics objects ' An image transformation is ssociated with
each graphics object' whxch causes the object to rotate, transl_ate, and )
‘, scale: in a simulated three~dimensiona1 world coordinate space Thus, it
v, s possible to position pnd orient each aircraft indi(iridually w1thout
,:% a1t.er1ng the graphics peimitives " that' vdescribe it the image
transformatxon, trans1at10n1, and r‘btation factors associated with *the

aircraft | This technique improves the anima!’ion re pdﬁse time for thé :-‘
Ky/

)sxmulation of aircraft mwement o S P T
\ . .\“ , ,‘, " ‘, o - l . ,\:\r P 'l;‘v_%‘.. K
- ‘ o Sy T . ' C h e L
. ' i a N
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ddit}gnb the graphics obJects are nested nn the form of a tree
structure allowiﬂg the development-of complex hierarthxgal data bases.;‘

jThus, éomplex and different transformations of separate graphics objects ?
.can be modeled throtfh the use of hierarchically structured simﬁle b

,,‘- ;ansformations of eac graphic ‘object in the tree A roe
. . : el -
{f .1 ' TV1ewlng transformations make it possible to. alter _the apparent!'l'

. &
‘\)-rpos1t10ndbf the°v1ewer and to con?rol the amount of the*scene that is ‘
.;)”:robserved "In the applications software. the location of.’ the viewér in -

h‘f{simulated three—dimensional space is specified,” and also ‘the;

o T

g direction in which to look If the viewer were looknng through ‘a’ window,-”f
the pos1tion of the window. would be specified, as well as’ the height and
width of the w1ndow and the distance from the viewgp to the window

' Together,:* all. of these < s1mu1ated three—dimensional ' viewing~'

g transformatio allowed the . development of thebpanning and visual sce e.
4 . . f
zoom capabili:?;;\described later. Tk ‘.' '

Fxnally, thec basic simulated three—dimensional instruction

. graphics control through the use of the function keys This a7 owed many
‘often-used’ routines to be invoked by the use of the function keys, rather -

‘.tha? requ1ring ‘an operator to type commands on the keybOard

,_ L 1.'1':' ':.vh-' ,‘:ﬁ. i'_ T é’. e

APPLICATIONS sorfrwaﬂna_’_"_';' S R
y ﬁaﬁ' if f ' " ," S : L
.~ The  use:of" the'_ AYGRAF/BD basiec simulated three—dxmensional .
instruction ‘set required that the applications software be written in theh
FgBIH programming language. This language uses English type words to
‘build a graphics dictionary through the use of a threaded 1inked list
. Bach command, procedure, and variable must be defined at some point in
- the' program before it is actually used, because initially, the,progrmu
‘:has‘,yeryv few _predefined¢ ‘words that it recognisesv Following the f

_gprinciples‘of‘structured“brogramming, FORTH allows the- definition of a

D
N . . ) S




hierarchy of 'procedures ' This permits the execution of complex tasks
through the chaining of simple procedures T ' ' . ‘
. : , | .

. Under the AXGRAFIBD FORTH multitasking operating system, .thére are

'tﬁo separate major tasks. One drives the animated visua1 scene via the N

'cbnstru;t:?and‘ displ
services' eyboard cor

f handles inputs from the interactive keyboard Inputs from the keyboard

ueither from the a1phanumer1c typ1ng keys or. from the function keys, will

direct the commands to the, gnimation” task to alter the aircraft f1ight

b

provides all’ of the user-friendly interpretation and messaging necessaryh

for the systemzoperator or. student interface to the app1ications program

- In order to preserve the "realism" of the display, a°major'priority

was to achieve smooth animation of the a1rcraft flight. To do thlB. a

spec1a1 technique was used in which each successive frame image is bui1t ‘
in a1ternate frame buffers and displayed in turn. = While a given frame is‘L'
being displayed ‘the next frhme is being bui1t into refresh memory by the_'
graphics routinés and. hardware. When the entire next frame is’ bui1t the
old frame is made 1nvisib1e and the new frame is made visib1e This -

dping pong" effect is achieved through the use’ of . video lookup tab1es\ :

Thls procedure achieves ‘a smooth transition between frames and. the
observer does not have to watch the separate frames being bui1t on the

viewing screen.-‘

. VISUAL SCENE, S o S K

o
\

Figures 1 through 3 show the whole visua1 scene. - As can be seen from

. these figures. the. disp1ay can be divided into four separate areas: ~the
S S PR ' . ,

’ e | 13

Q po by 22

routin%s 1nterna1 to the program The second :
ands. The first is a timer—driven task to hand1e;
e actual. animation f the scene It ca1cu1ates the path and rate of L
fﬂjgbnge of each aircraft for ‘each’ frame’ and creates a new frame of picture'

%Q- data on the screen from updated. image transformations ~ The secondfll

parameters or otﬁer components\ of the visual" scene Th18 task also,'

T
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_ airspace display, the aircraft information display)// he zoom/position
. = |

f;xndicgtor, and the text line v , L

In the center of the display is a grid Viewed:from the’top—down

position in' F1gure l which represents the ground over which the aircraft-

fly. The airspace lies above this“ground representation Although thef

ground defines the geographic area in which the a1rcraft are to be. flown.

they can actually be flown throughout a larger airspace that includes

'some area outside of the displayed geographic area This reflects the

‘*A "realjworldﬁ situation in which air weapons controllersf are normally

assigned a particular airspace, but sometimes have the aircraft fly

-outside-of the assigned area, either accidentally or on purpose .

. . » o !
- 4 . . o .“ﬂ, L

~The’ airspace directly above/the grid display (ground) simulates an

_area roughly 70 miles on each side and 28,000 feet in altitude EIhew

v1sual scene may be viewed from a number of viewer perspectives

tog—down. 45--angle, and front. views. as shown in Figures' 1 through 3'
These diffgrent angles of view allow a better understanding ‘of. the = -
three—dimensional aspects of - the display because of the differqpt :

“perspectives‘aVailable The visual scene may also ‘be shifted ver’ically.'7

‘,,horizontallyh or diagonally through the usé of the‘directional panning

keys located - on ‘the keyboard This movement is usually done in order to e

keep the aircraft centered in the viewing screen as they move throdgh the

. airspace i _ Q§'

.

Dynamic informatidﬁ\about each aircraft is displayed in the upper
right ~hand corner of the display This information is provided for each:
aircraft that is being flown at’ any given. time and includes data on;-f

" aircraft heading. speed altitude. type rof attdbk committed to, current f'_
heading crossing angle. and 'bearing and ° range to the target.J _This.;}-

display was organized S0 as to be similar i’to- that actually used on

automated operational equipment When any of ’ ‘these -data chanfe for any

d}splayed aircraft. the data - display is automatically updated thus

: providing accurate data constantly to the student ; _,' .
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'f . he amount of ‘zoom being used (i.e. 5 the' proportion of the total':_
airspace being shown on the vxewing screen) and the positions of the"
aircraft in the . airéSEEg are d1sp1ayed in the upper left hand - corner of-
the viewing screen A zoom value indicator (1 e., X1, X2, X3, etc ) isp
. positioned-at the lower 1eft—hand ‘corner of the zoom position indicator
.'vThere are nhine zoonl values available, with a zoom va1ue of one (X1) -
1nd1cating” that 811 of the airspace is being shown and nine (X9) -
1ndicating that the 8 llegt available segment of the a1rspace is being o
f expanded “to . £il11 the vieuing area. 3jThe background color of the, fﬁi |
';zoom/position indicator - is colored light blue to- indicate the whole ;f
Tairspace, and the portion of the airspace actually being displayedfis l
o 'dark blue. Thus. 1t is simple to determine quickly which portion is..
5 '”being displayed»at any given times The positions of the aircraft within

the airspace are. represented on . the zoomfpositlon .indicator by short

: straight lines ' similar to the processed radar return seen on manual '

'} operational radar equipment

e communications between the air 'weapons contro_ ‘rs' and the pilots

ey

Although the aircraft are cohtrolled using a command language similar to L

“that used thh actual aircréft pilots, there are differences caused by

o sﬁtypins

'programmed to perform

PR
.

fhmcmr'r.;nrsémz. m;combx,ﬁ;;.,*"'-. '

vxdeotapes .
1n¢geta11 1ater in
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these. two versions is the manner by which the a1rcraft are controlled
- In the interactive version. the interceptor a1rcraft are. controlled via
the keyboard whereas _the target aircraft may e1ther be keyboard .
. controlled or fly a scripted route prof11e (flxght plan) This latter~ ;
. 'capability allows an operator to control interceptor aircraft flying
f'against a. target whose fl?ght path is unknown to the operator In the-
flight plan version. a1though some 1nteractive control 1s available, all

'”t;aircraft ‘are’ primarily controlled from scrlpted flight plans and the

'7ikeyboard 18 used only to modify ‘the vxewing controls (zoom, pan, “ete.).

Either two or tHYee aircraft may bq displayed and controlled at ‘the same <~:‘

ff:“ time, providing the capability to nEly” either one or two interceptors

against a target aircrgft Through a series of intervxews with training

personnel and a review of relevant braining material a set of commands

dae

R

; After moit of th' 'ftware for v1sual scene and a1rcraft display and

.'Ef cpntrol was deyelope . discussions were . conducted with st instructors to

1dentify the-specific ti
graphics and 'ission scenarios The intent was to use these. additional

A L %
graphios, when 'appropriate,e
AR

_ying issues to. be depicted through specialized

overlays on. the visual sScene and. to

..‘ £ (a— Lot

describe them as part of the”instructor voice script on the videotape

.a Hhen an interceptor is approaching a target it is\criticaljthat

it be within the "cone of attack" that is. appropriate Eor the intercept

"'tactic being used JFigures 4 and S present the ‘cones of attack for the
“ﬁifstern‘and cutoff attacks.. Although the appropriate cone ‘of attack was

o

S udeveloped for the pursuit attack it was not photographed These: cones

g >

v
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| FIGURE 4. 'CONE-OF-ATTACK DISPIAY (STERN ATTACK). ‘ S
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fmuch correction, if any, is needed. i » .o

"
mC;é/be displayed for either the left or *right ‘side of the target
-depén

cone of—attack display is quite useful for quickly establishing whether

ditg -“on which “gide the interceptor 'is’ approaching - The

v.the interceptor ‘is "hot" (the heading crossing ang1e is too great) or

"cold" (the heading crossing angle is _too small) on- an intercept and how.

“Intercept Vectors,

7

-

The intercept vectors display (Figure 6) is a triangle that can

bube shown on the display and is composed of the target heading 1ine. the“ﬁrﬁﬁ
‘Qinterceptor heading . line. -and: a’ line representing the bearing from the¢ﬂ”;t

'"aintercegtor to the target.t» Hany of ‘the conceptual issues concerning o

aircraft 1ntercept geometry are bagsed on this: tr1ang1e “From a practical-

:standpoint this display focuses a student's attention on the expected_'

;weapons ¢

' flight paths of the interceptor and the target and on the point at which"
yﬂthey interact hich 1s roughly equivalent to the interce t point ,In

using this display. students can quickly tell if an int rceptor heading

_correction is needed and if so, in which direction . Also, the graphici"
. differen'e between the direction of the interceptor heading 1ine and the -
: bearing to'target 1ine demonstrates the “ang1e off, " which the air -

troller verbally gives the pilot as a number. a concept ‘which

is sometimes diff1cu1t for students to understand

Bearingrvecébr,' - //'.sgi., .

The. bearing vector. ‘as shown in Figure 7, is a simple graphics
display of ‘the bearing from an identified aircraft to the. target ‘It is
identical to the. bearing vectpr line used as. part of - the: intercept'~
vectors display - The primary purpose of the bearing vector display is to

’focus a student's attention on the direction of this vector, since it'

provides a graphic portrayal of information given a pilot by the air
weapons controller as a number and, again, is,avconceptuoften“difficult

‘for students to visualize and learn to use.

Ll
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RN | Aircrgftiﬂliihtiﬁggﬂ pisplay. - o . e
‘ﬁ.wu' b b ‘ .'."'-‘,,., ’, '.d.- . : ,ﬂf‘" . a o “
" one of the more intereating “graphica displays isithe flight path
. display, shown in Figure 8. This display is similar. to %he data trail
ugsed in SAGE~- and BUIC-type bauﬁomated raircraft \control aystemn., The
primary difference is that the flight path diaplay in this*experimental :
syatem is cohaide ably longer. nllowing the student to obaerve more of.
_the flight path ~f10wn by the' aircraft during an intercept and thua?"
'better underatand the geometry of the intercept It is especiﬁlly uaeful
' after mgjor aircraft turns. are made. because it allows the' student to ‘e
' ""look back” and see what path the aircraft. have taken.':z’-‘ '% -
AircraftfFlight.fredictor (Look—Ahead)TDiaplaiﬁ

L ~_,.,' .

Although both the high—resolution CRT

. l : videotap_e.
' oftware versions } contain ‘ the preceding ' speciallyf

g lesg - the
__TV/videotape version has “an . additional graphic, the - fli;"<‘prediCtor .
"f;display shown in Figure 9, with this graphic, it is pgﬂiibleﬁto show the )
flight path of ‘each aircraft that is predicted for approximately ﬁhe nexti
50" frames, or approximately 30 aeconds of flight This allows a student '
to observe the effects - of having the aircraft continueaonftheir currentm
headings or - to  see where heading changes e .
complete a successful intercept Ihis display can.also be ua{
the transition point (XP), offset point ‘

intercept point (IP). although normally only the OP'Jﬂ"' :

SYSTEM USE -t

§ . C
¢

' As described earlier. this experimental system can/be used two ways: .
either to fly the aircraft and perform "live" intgrcepts using the

£ system demonstrations, or  to develop f'

'interactive - keyboard during
’videotapes of scripted mission scenarios for later viewing in. a training

environment This section will discuss briefly how. the system is used

P o
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T‘Eor thene two purponou. and-a more inwdopth digscugalon of uvntom netnup

,and oporntlon ig lncluded in Volume. IT of this tochnioul paper,

t

When an oporntor wiuhea to "fly" the nircrnft interactive1y. the
)‘proper aoftware storage dink (high resolution CRT vernion) must be loaded
‘into the disk .drive. the ayatenn ‘muot  be initinlized. and the propor

softwnro‘ loading inetructions must be typed on the keybonrd Thoye

procedures are outlined in Volume II of this technioal paper.

After these steps are accomplished the aircraft appear in .

‘preset positions on the vieuing scrgen and are under interactive controlt
 starting with preset headings,S speeds,.qnd altitudes. After the number

of aércraft to be displayed (either two or three) is chosen, the keyboard"

and viewing -controls - are used to manipulate the visual scene and to

bcontrol the . aircraft for performing intercepts‘ It is ppssible to f1y~

" either one or two interceptor aircraft against the target

The keyboard consists of standard typewriter-style keys (letters

‘and numbers) ‘These are used to input most of the "verbal" commands (to
 the aircraft) into the - computer, usxng 1anguage quite similar to that
'used with actual pilots. The' operator simply types the command (e g
‘GP02 LEFT’lBO)land’then depresses the . carriage return key. While the
command is being typed. it is displayed on the text line at the bottom of

the visual scene SO that the operator can. see if - there are any typing

*

errors.
. u !i

‘ V, : Above these typewriter—style keys are two rows of user—definable

function keys. " Use of these keys allows software routines  to be

activated by -pressing a single key Host of these keys gare used to

- display special graphics routines and to control ‘the angle»from which the

'vxsual scene is viewe\_}top~down. 45 —angle, and front yieys) ..




T

Jf‘interactively from

fkeyboard o '.fgﬁ' -

On the i,iahl. nido of the keybonrd are th_ dlreotiqnal pnnnlng
koya and tho numa‘lc pad - for changlng “the 1eve1 ] \\:%m;n of the soono
boing diaplayed, 'lhone two oots of viewing onntrhln. along with the
nngla ot’mview functlon keys, are uaed both whc:;t contro‘funa the alroraft
lntornctlvoly and when' mo.kins vidootaponﬁ 'Ijho\? fanotjioh koys are furthor

L "

'doacribod in Volumo II of thias paper. } o . . (”

*’b 0 the difficulty of keyboundfintorcoptor control, it was
deeided tha “the graphi diaplay would be\ presonted via videotaped
miasion aceﬂarios. rather t) an have the aircraft controlled by atudenta

,,,,,

interactively from keyboard. Thus,g a second version of the

-

U'applications software was developed to provide this capability.

B . ; ! N . .
Vo .'. (“\N oo . “ .

In the second software version (TV/videotape ‘version), scripted -
‘flight plans are developed for each aircraft using software commands and4

are thén integrated to fqgm'a/missibn scenario that can run automatically

from beginning__t Lend "rather/,than having_ thel_aircraft flown

Yhe keyboard # | This alloWs ‘thef development of

‘4‘.( . .
scenarios, that focus ﬂon " the | specific intercept issues to be .

demonstrated It also minimizes the aircraft* control mistakes which

,would Mecessarily exist if the* videotape development process simply

'consisted of recording a "live";;mission flown: using ‘the ‘interactive

it
AR AR
S
A v

l’ The actual process .of developing mission scenarios is quite

time—consuming but has many advantages over other approaches ' The target

and 1nterceptor flight paths are . sketched on, paper and. reviewed by

training instructors to make sure that the correct . 1ntercept tactics re

repeated until

' developedlwhich allows the aircraft to fly the mission under software

L

of the commands used to control the aircraft. is compiled - This step is

'?set of gsoftware commands (i.e. . a flight plan) is -

‘ ‘being displayed Then .the. aircraft are flowniTnteractively and a listing .

3
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control, paLhev than from bhe.lntacaqtlva keyboard. Finnlly.:iha dtéplay

of the relevant apeulul grﬂﬂhioa relnttns Lo Lha 1ntavcepr geomatyy
{aoues la added to the anthwape 11abina and Any ?lnnl changes lhaL may he

neqeauavv are mnda ko Lha fllahb plan, - when tha process lu nomplataﬂ.
the entire misulon can ba run by, the &) plng of a uningle conmand to

initlate tho flight plan, ‘axcept . Cor the vlowlna qon!roln ng dtuauuaed )

: pvoviouuly. and . the who\o mioalon 1s vocovdad dlrncLly from thn compuLor

output onto a v!daotnpa, ,
L
v

i

The final atep in’ dthloping vldootnpmn ;fon lnuhrnutlonnl

purpouoa la to dovolop an lnutructqr geript to ntcombnhy the mleslon f‘

1 i

\acenarlo nnd to' . recard thin acrlpt onto the" voleo track of the -

vﬁdeotnpo .Thua far, two vldootapou have been produced using thls

~ system: one to address the stern jntercept tactle and onefor tho cutoff

v'intercept tactic.

‘;..‘. !"* - ) ! <
\_,J S o .



7 BEQTION 3 ntauuaftou

. AUHMARY . R
‘* ,I ‘ oY :"f;,;ew,.) |

A Thiu effovt wua eondunted at the reqngul of- Lhe antioal Alr’ command,
to improvo the hrainin; of Ale Forey ale weapond " aonteallerh . by
 development and ~application of advanced computer graphies braining”x
~tonhnoloay. More spec)flceally, the iseue pF tealning atravaft inthroopt"
taatioa and  geometry, ' especially those nelevant to three- dimonnional'-
airupaco lusues, were: the Pocug of thle resharch and dovalopmnnt affort.,
In * ordor to diwplay these  types of ooncaptn. 'y uimulated. '
’ thrordimonnional' computer }graphiou "'air’crni\t intercopt animation ym
- devoloped, | ’ \ S * .
-, Thig dinpluy'capubility wag dovolopod‘bocaunO'inunon‘doomod‘critioal
to the training of alr.weapons contrOIlorn aro' very difficult to addreaa
adequately with. either standard two~dimenaional radas;;giﬂplayaa or by
classroom lectures and demonatrationa. , The animated diaplay that was
developed provides the- capability to dinplay qhd control up to three
aircraft, a low fidelity vinual scone. a dynamic aircraft information
diaplay. and apecial 5raphica which illustrate\ the critical training
concepts involved in performing aircraft intercepts . This developmental
system may be used ta plan complete -scripted migsion #&cenarios and‘ to
videotape them for later'stddent viewing 'Two 35-minute ‘videotapes were
<4evelopedg for use in the USAF Interceptor Weapons School (IWS)“ air
'.weapons controller training program one to address the issues critical‘
l for performing the stern intercept tactic and one for - the - cutoff
c intercept tactic. Preliminary feedback ‘from IWS indicates that 'the
students are ~pleased with the display and believe. that it helps them in'

better understanding intercept tactics .and 5eometry

¥
o . —-
» h .

Although this effort demonatrated the feasibility of addressing

~ issues critical to the training of air weapons controllers, there were

- 3F
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many technological issues that were encountered for which fully adequatef

solutions were not able to. be found within the scope of this initial e

effort. The remainder.of this section will discuss these issues

N o . t
e E . : ]

- TECHNICAL ISSUES

v aster Scan Technology

. Because of Cits superior display qualities.' including the
‘capability to display many colors, and the necessity of presenting more
than just a.plain, black background, it was decided.to use a raster scan,
'_instead of a vector .graphics, display 'systemif'however; "a . major
disadvantage to the raster .scan technology is that it has a slower
'animation display rate. One option available for future systems is the
use of two microprocessor centralhprocessing units (CPUs)-instead of- the
normal single CPU; one manufacturer estimates that this will'produceva
refresh rate that is 10 times faster.

‘
%

Sim lated Three—Dimensional Cues

-_—-

e,

Providing adequate simulated three—dimensional depth cues was. a
primary concern during this effort. Three options were available for
displaying the aircraft vectors (with an open body). filled (with the
body of the aircraft drawn). and shaded (with light and dark shadows from
a simulated external ljght source) _ Although these ‘three - options,
irespectiVely._ have an increasing degree of simulated three—dimensional
depth perception cues associated with them. increasing these cues caused
a, ;ggnificantly glower refresh rate Ehus.iit was necessary to use the
‘vector %gproach which has- the least amount of simulated
.th;ee dimensional cues.”kn order to maximize the framing rate . '

3%

~i7r3_ The only other visual simulated three—dimensional cue on the'

-

i display is the representaEion of ‘the airspace and the ground Because

v ?
A

<o
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!
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most of the arailable 'visdal depth cues are, associated with _the
‘““\\\relationship between the aircraft and the,ground. the choice as to how -
. best to display the airspace 'and ground was a critical one. Se\(eral
o different options‘were developed and evaiuated during the project. The
'results of these evaluations were that the more complex'displays. such ‘as
a gridded cube representing the airspace. dreQ'.the attention of the
operator and interfered with observation of the a1rcraft The final‘
choice was a simple ‘representation of the ground which rotated to
provide views_of the scene from different angles. One possibility.for‘
future-gystems is to provide a ground representation that.is similar to
the one developed in this effort, but which inclydes low fidelity
representations of. terrain features, such as - hills .and avalleys.‘ and
man-made structures, such as buildings‘and-roads., The ise of dual CPUs -
- could make the use of this more .complex ground display possible ‘andd
| . should increase the perception of a simulated three—dimensional‘
.airspace Other ideas, such as vertical lines from the aircraft to the

ground to represent\aircraft altitude. also deserve attention.

‘ X .
N . .
¢ N

Interactive Control.

The major technical difficulty encountered during this effort
was the use of a keyboard to -control the movement/ of the aircraft
interactively. The majority of the evaluations by persons from Various‘
air weapons controller training staffs.indicated that using the keyboard - °
to. control .the aircraft would be too difficult for many students.-
Because focusing attention on the visual scene and the issues being':
displayed was nore important than actually controlling the aircraft, the

B 4 work was redirected toward producing videotaped mission scenarios for
‘students to ' observe. In this way, students could concentrate onl
observing the visual scene and the special graphics oriented toward the
aircraft intercept issues without interference from the task of typing

“commands on the keyboard.

N ./
One possibilitp/that should be considered for similar systems in -

the future is to use a voice recognition system to handle the task of

33
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in—putting commands to the aircraft. In this manner, it would be

‘ possible to maintain an interactive system where .students could practice

controlling the aircraft but not be distracted from viewing the visual

scene. Other trainin§~ systems for students performing less complex

fcommand and control functions have successfully used voice recognition
ﬂ technology to allow a student to speak natural language commands - directly»h

f‘to_ the computer.  (e.g., Breaux. Curran, * and  Huff, 1978; Breaux,

s r ‘ . -
McCauley, and Van Hemel, 1981;° Chatfield Klein and Coons. 1981; Dixon

.. and Martin, 1979' Hicklin, et al. » 1980; Lea, 1980 HcCauley. Root, and
.Huckler. 1983; Poock, 1980)

v ' e
H -Type of~Training.

Three primary issues are involved in the conceptual design of

this type of training system. The,first. and most important .deals with

‘whether the system will be used to train air weapons controller students

on concepts ‘and taska that are primarily procedural’ in nature or will be

used to develop higher—level cognitive skills. Most of the applied
research in this area has focused on the more procedural and visual

perception aspects of the type of tasks performed by the -air weapons

controller. However. many higher—order 1nformation—processing and

decision-making functions are being performed, such as those being

*investigated by Kelly, Greitzer, and Hershman (l981i and by Kelly and

Greitzer.(l982), These. researchers examined decision—making performance

in a simulated command and control operations task " and found that

information—processing and decision—making performance were significantly

affected by task load.f They developed a  heuristic model including

executive review, detection, and decision-making as’ the .- major

'information—processing components - These types of skills are not

addressed in the training .programs curren€ly available . to air weapons

'_controllers Further R&D is needed to delineate the procedural,
automated . aspects of .this job versus the higher-level, .
';informationéprocessing and decision-making aspects'and.to decide how each’
of these .shoald be addressed by *future trainfhg systems‘ for this

} occupation.,“t A - o ) -
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, The second issue concerns the importance of individua1 versus
team training. Although the job of the air weapons controller |is
predominantly an . individual one, many ‘team taskm‘are required for the
'_effective functioning of the weapons teams in their command and controlr

'.environment such as the coordination of resource allocations Although

the system developed in this effort deals only With the individual."

aspects of this job follow~on efforts should be expanded to address the"h,

information flow and communications requirements of the weapons teams.

v
Y,

;The third issue.related to the type of. training to be provided
concerns the rolé of the instructor in. ‘the training process There are
'trade—ofes to be made between assigning taskgs to an actua1 instructor'
Versus having the. computer perform the training _and; performance
assessment functions At one end of the continuum, the computer.can he
used only to provide .the graphics_ simulation, with the instructor o
performing all of the other tasks. This is similarﬁto the way in which
the current training equipment is used. At ‘thd' other end of. the
continuum, the : computer '.can perform the bdisplay. training, and
. performance-'measurement. tashs ‘through the implementation. of advanced
computer-managed instruction techniques. The latter alternative includes
having the computer present coherent, ‘branched lesson plans, as well as
performance assessment and feedback to the student A separate study
would need to be performed to evaluate th&i cost effectiveness of
sassigning training tasks alternatively to an instructor or to the

computer in such a way as to maximize the effectiveness of both.

Visual Display. - , o N

. ’ P —— . .
Although considerable R&D work on visual perception and training

device display requirements has been conducted (e.g., Biberman, 1973;
Christ, 1975; Huggins and Getty, 1981; and Lenzycki and Finley, 1986).
:_~the difficulties encountered in this effort indicate that additional. R&D
is needed on the visual display requirements for this particular type of
system, primarily because of the new technologies involved and the fact

\ . ! . \ . . ,J ’ )

to-
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~ that it is a simulathd,three~dimensional‘display. Issues which needlto o

‘be addressed in.'further -research include: -Itype of display (single

gscreen, split»screen, or dual displays); level of visual resolution in

the pixel configuration (high -~ 1024 X 1024, medium - 480 X 512, low —.,‘

240 X 240), color coding choices for different components of the display.‘j
level of fidelity of the aircraft and visual scene, aircraft shape and
drawing style (vector outline. filled block ‘full shading), manner. in
which the airspace and ground are represented (cube, flat surface,

-

. ,contoured surfaceT; and alphanumeric information display requirements

Simulated Three-Dimensional Perspective. =

One of the major issues of importance.to,this effort concerned

<

"how : much emphasis ) should be placed - on _the simulated:

thrée- dimensional-perspective view of the airspace versus presenting the

A

special intercept geometry graphics using.. the top—down, two-dimensional

perspective At the beginhing of this effo?t

it was expected that the -

three- dimensional geometry of an intercept would ‘be of prime importance w:.”;

However, as - the. work prosressed and more discussions were held with~
various instructors. it begen to appeare/that" _a1though some important
benefits could be derived firom observing-the'three-dimensionalwaspects of
.intercepts, the intercept geometry, itself, was most‘easily understood by
viewing it from a 'two-dimensional perspective The final videotapes,
.then. incorporate both perspectives. depending on what concept the

recorded instructor voice is addressing atgeach point in the intercept.

This area needs much more study in order to specify the need for each of _

these two,perspectives in training systems for air weapons controllers.
Virtually all of the‘instructors”involved in this effort agreed that the_
.simulated three-dimensional perspectivc was beneficial in understanding
how aircraft intercepts occur, but so far, no applied research has been
conducted to address the issue of which concepts need the use of this

type of display and which do not.

.
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" CONCLUSIONS - . '

J.hi This exploratory research ‘and. development effort has successfully
-demonstrated that ' a simulated three—dimensional computer graphics.‘

supplémental training system for air weapons controllers is a viable

concept. The - simulation display that ‘was developed resulted, 1n the

| production of two videotapes for use 'in the WS training program It is
¢ .planned that these videotapes will be shown to all IWS students during]
0 their third week of training as 'a review of intercept tacticsmja nd
procedures and will be- available for individual student vi

ing
' throughout their training :

N

- Initial use of 'the stern intercept" videotape indicatesj that the:
students believe it’to be beneficial in understanding aircraft intercept'
-geometry, whereas some of the instructors are much less certain about its
value. It was not possiblei within “the scope of this effort to |
empirically evaluate the effects of stu%ent viewing of the. videotapes on

actual performance. ' ‘Thus, no defini ive conclusions can be drawn
PN regerding the | usefulness of the videotapes Future research and

o development projects in this area need to include this type of evaluation

“It 1is believed that an: interactive -simulated(“three—dimensional;
display system Gcan be developed to address training ‘issues'*for air
weapons controllers that other training technology cannot adequately
train. However, “there still remain several technological and training
systemyﬁdesign‘ issues which need to be resolved through ' additional o
research and'development.-'lt is.believed-that}the more recent advances
in_mibrocigbuter technology'make continuationrof'eiploratory and advanced

n

J developme_ ‘on this;type of training system worthwhile; ' dﬁ
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