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Preface

Theconceptof planning a missiofor a military aircraftis probablyasold andwell established as thaff the military aircraft

. itself,but until recentlythemethodologyandtechnology associatesith mission plannindnadreceived only limitedittention
from scientistsand engineersT helast few years havehowever,seena marked increas@ the attentiongiven to mission
planningboth by the userswho aredemandingmproved facilitiesandby thesupplierswhoare abldo provide increasingly
morecapablesystemsAs a resultthe Air Forcesdf manyof the NATO countriesreprocuringnewand advancechission
planning systems that hagapaltilitiesfarin advancef thosepreviously available.

Theprincipal reasoffior this changés to befound intheway informationtechnologyis beingapplied throughout thairborne
andon-ground elementsof theAir ForcesModernmilitary aircraftareequippedwith avionics suitein which theindividual
functionsof navigation, flight control, communication, e&ceinterconnectetio form a singlecoherensystenhavingatleast
someof the characteristic®f intelligence On the groundjnformation on terrain,enemyandfriendly forces targets etc,is
correlated andlistributedin networksto becomeavailableatground stationsr shipswhere itmaybeneeded foplanning
purposesPriorto thestartof a missiorit isnecessaryoinitialize theavionics systeray providingtoit alargeamountof data
from the on-ground networkand this formsone of the mostimportant function®f the modernmission planning system.
Includedin thedatato be loadedarethe plansof the specific missiorandthe generationf these, that typicallinvolvesthe
aircrew,introduces the idea thalhe planning process aldocludesa significant elementf review andrehearsalModern
missionplanning systemssethenew techniqued information technologgo streamline thevholeproces®f planning review,
rehearsaldatafiltering anddatatransfer.

AGARD JointWorking Group 15wasestablishedo reviewmission planning systenasidto considetow theyarelikely to
evolve inthefuture. Itstermsofreference specifically includex-flight mission planningndmission rehearsandspecified a
two-phasegprogramof study Thisadvisoryreportcovershework of PhaseéDneonly.

The Working Group'smembersnetfive timesduring Phas®ne. The Group'swork wasconsiderably assistdy presentations
anddemonstrationpgrovidedby organizationgn host countries. Additionallgomenembersf theGroupattendedh meeting
organizedby NAFAG where problems of interoperabilitgf mission planning systenwere discussedThe value of the
contributions thusnadeby manyindividualsis gratefully acknowledged.

TheWorking Group's studieduring Phase Twowill concentraten specificareasn which rapidly changing technologiese
expectedoresultin major newcgpabilitiesinsystenperformance. Thesewiledescribedn asubsequenteport. Duringhis
phasehe Groupwill continue itgarticipationin thefurther NAFAG activitiesonmission planning system interoperability.



Préface

Le conceptdela planification des missiorestsans douteussi ancien et aussbnnu quecelui del'avion militaire lui-méme,

mais jusqu'a cesderniers temps lacommunauté scientifiquen‘avaitprété qu'une attentioimitée 4 la méthodologie etla
technologie associées ala planificationdesmissionsOr, cesdernieres années ontété marquées parun regaind’intérét pource
sujet, tant de la part desutilisateurs, quitclament deséquipements améliorés, quedesconstructeurs, qui sonten mesure

d’offrir dessystemes deplus en pluperformants. Parconséquent, les forcesiériennes deplusieurs paysmembresliel'OTAN

s'approvisionnergnsystémes modernes abphistiqués deplanificationdemission quidipassenteloin les capacités deceux
jusqu'alors disponibles.

Ce changement s'expliqussentiellement par la fagon dontles technologiesle J'information sontutilisées par lesunités
navigantegtles unités ausoldesforcesaériennes. Les avionsnititaires modernes somourwsdecompartimentavioniques
ou les fonctionsd e navigationcommandelevol, télécommunications etc.. sontconjuguées €nunseul systéme cohérent quli
possede aumoins certaines caracthistiquedel'intelligence humaine.

Au sol,les renseignements concernant léerrain,les forces amies ehnemies, les objectifsetc.. sontcorrélés etacheminés par
desreseaujusqu'aux station®rriennesu auxnaviresi ils sontexploitespourlaplanification.

Avantdelanceramissionlesysteéme avioniquedoit étre initialisé eny entrantungrandvolumed edonnées fourni parleréseau
ausol.Cestunedesfonctiondes plusimportanteslesystemes modemesleplanificationdesmissions. Ledonnées quiy sont
introduitescomprennerits données spécifiques & lamission quisontélaborées aveda participationdesequipages. Ainsies
activités de planification comportentur: élément non négtigeable d’étude et de simulation. Les nouveaux systemegs
planificationdela missionfont appela denouvelles techniquesnformatiques qui permettente simplifier etd’accélérer la
planification, I'actualisation, la simulatidefiltrage etle transfertdesdonnées.

Le groupedetravailcommun 15del’AGARD aeupour mandatd’étudier les systémes deplanificationdela missionetde
réfléchir aleurs évolutions possible Cemandat fait mention en particuliedela planificationdela mission ervol, etdela
simulationdela missiondansle cadred'un programmel'étude endeux phaseserapportconsultatiftraitedela premiére
phasedestravauxuniquement.

Les membredu grouped etravail sesontréunis cing foispendantettepremiergphasele groupe &énéficié également d'un
certainnombrede présentations et deséances de dimonstrationorganisées par les différents payshétes. Aussi, certains
membresiu groupeontassisté a une reuniororganisée parle NAFAG durantlaquelle les problemes dePinteropérabilité des
systemesle planification des missionsont été discutés. Nous tenonsa exprimer notre gratitudepour les contributions
apportées ainsipardenombreuses personnes.

Les travawdela deuxi¢me phase porteront sur ddemainespécifiques oit destechnologies en pleingolution devraient
permettref’accroitre considérablement les performanceslesystemes, Cesaspectseront examinés dansunrapportuliérieur,
Pendant cetteleuxiéme phaseles membres du groupecontinueront a participer auxactivités NAFAG concernant
Pinteropérabilité dessystémes deplanificationdesmissions.
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1.1. THE SCOPEOF THE WORKINGROUP.

AGARD JointWorking Group15was authorizeth 1988 and
commenced workn February 1989. Its members were

nominatedyy thetwo AGARD Panels (Aerospace Medical and

Avionics) that wereresponsible forstablishing the Working

Group andfor its operation, together witltwo other Panels

(Guidancef Control andFlight Mechanicswhoseareas of
technicalinterestwerealso relevanto the subject mattesf the
working group. The involvementof thesenominees from four
AGARD panelscan be see#s anindicationof theinterest that
has recentlybeen generatelsy advancementin the field of
mission planning.

The authorizatiorof the Working Groupwasin recognitionof
therapiddevelopment in the stateof-the-artin various prdlight
activitiesthatcanbegrouped underthe title" missiorplanning'.
that areaimedat maximizing the effectivenes$ a military
aircraft, includingaircrew,in the subsequentission. It was
perceivedduring thepreparatiornf theterms of reference, that
much commonalityexisted betweethe datausedin preflight
planning and thatsedduring the missionandthescope of the
Working Groupwas defmedo encompass plannirgndre-
planningboth preflight andin-flight. It alsobecamepparent

that the usef powerful airboom@ndgroundbasediata storage

anddataprocessing would allow aircrets examinen detail

some criticaphase®f the missionbeforeactually flyingthem.

leadingto the concepof mission rehearsab anextension of
missionplanning.

TheWorking Groupvasauthorizedo conduciits studiesn two
phases.Phasene wasto coveran assessmemtf the overall
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Chapter 1
Introduction

because they arainable omnwilling to communicatevith other
assetswhile in other typesof mission a high degreeof
collaboratiorandcommunicatiomay be an essentiafeature.
Thus, although théWorking Grouphad originally intendedto
developa generic modebf a planning system thawould
encompasthewhole rangeof possibleaircrafttypes and types
of operationfis provedto beanunproductive concejpecause
of the dissimilarities in the control aidthe flexibility allowed.
Our studiesthus concentratedipon four specific typesof
operation thatould be specified and analyzedith some
exactness, in theelief thatthesecontained a sufficient rangé
different control and planning constraints ie reasonably
representativef all current andfumeoperations.

An essential elemewf the Phas©ne studiethatarereported
in this Interim Reporthas beena review of the methods
currentlyused for mission plannindy the Services eachof
the participating nations.Thesemethods rangdrom very
simple formulatiorof plans,usng standard paper maps, the
use of cunentstateof-the-art computeibasedsystems. Also
reviewedwere the systems thatecurrentlybeing offeredby

manufacturersn several countries that incorporate further

refmement and advancement over curredéployedsystems;
theseve have called'emergingystems."{ Studies of thecurrent
andemerging systems provideah essential basefor looking

further aheado systems that are liketg be developedn the

middle-to-longan®

12 FORMAT OF THE INTERIM REPORT.

Followingts introduction, Chapte provides éackgroundo

concepts andhe technical possibilities, together with theine remainderof the reportwith {dutline descriptionsof a

identification of critical technologiesThe Working Group
decided during’hase Onethat their studies shoulk oriented
. towards system tasks and featuresas well as towards
technologies, and hendee conclusions ofthe PhaseOne
studies includedhe listing of a variety of topics that were
. assessed tbe worthy of further examinatioin Phase Two.
This report has been producedhe conclusion oPhaseDne.
and hence formaninterim report thais intendedto providea
foundatiorfor thefollow-on activitiesof Phase Two. Theareas
identified as potential Phase Two study topics are lisin:d
Chapter8of therepot

The planning and execution af military aircraft mission,
whetherfor practicein a peacetime situation orin times of
tensionor of war, impliesthat authoritjhasbeen givenandtis
authority will usually incorporate some constraints sasch
timings, routes. or rules of engagement.The planning and
authorizatiormay involvea numbepf levelswithin a chainof
command, thelegreeof detail increasing progressivelytae

mission planningystemandof thechainof command irwhich
it hasto operate. It also describes the four missiahat were
choserfor studyby theWorking Group. {

Chapter3 defines ninecharacteristicof mission planning
systems fthat the working groupiregarded as importanin the
subsequerdssessmeni<Chapteriis devotedo a description
of the methodologyof mission plannindor eachof the four
chosen missions, together with evaluationof the procedures
currently being used.

The largenumberof systemghat haverecently beenandare
currently being brought intase arecoveredn AppendixA and
Chapters. Appendix A [provides outline descriptionsof a
sampleof them/and Chapte provides,some commentsn their
performancei‘n relation to the characteristics defineth
Chapter3. Usingthesesystemas a baselinetherequirements
for futyre systems that will give improved performarmes
outlined ’m Chapter 6;ts is primarily concemeavith ground

lower levels. TheWorking Group decided to concentrate itsbased systems but some thouglgivento theuse of mission

studies at the lowest levels;. atthe levelof a squadrorof
aircraft operating frona singleair baseor from a singleship.
Evenattis level, the interaction between the planniegd
controlof asingle aircraft oa small groupof aircraftandthe
control of awider battlethat may involve otherassets sucts
seaand ground forcesasa profoundinfluence uponthelow-
levelplanning systenmequirements. In sometypes of mission
theaircraftmaybeoperatingn anessentially autonomousle

planning systems itheair. ;

Chapteﬂaé’qmmarizes theresultsof the Phase Onstudiesand
Chaptes8provides alist of sometopics thaareconsideredo be
appropriate fofurther studyin Phase Two. *
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Chapter 2
Background

21. DEFINITION OFMISSION PLANNING.

21.1. Functional Description.

In functionaltermsa groundbased missioplanningsysterris a
system thaallows allthe availableandpertinent informationto
be usedto plan amissionto achieve certain objectivés an

implementedisng workstationhardwareand softwarethat is
commerciallyavailable.

The inputs to the system comprise data arrivinga
communication  netsinto which thesystenis coupled. Someof

the datamay be entered manuallfput it is anticipatedthat,
increasinglydata willbe in aform that canbe directly input

optimum or neaoptimumway, and also allows data that jnto the mission planning system computeF.he principal

describe the missiorto beloaded i theaircraft. Theearliest
systemsandevensomeof those in us¢oday,areno morethan
an assemblyof printed data (maps, manuals, intelligence
reports, etc.) together witha simple menuatly operated
calculatorthat allowsmutesto beplanned,These haveevolved
into themore modermquivalenthatcomprises acomputer with
variousinput/output channelsnda rangef peripheralsuchas
displays.

Systems that conformo these descriptiongenerally havea
shape similarto that shownin Figure2-1. This diagram
illustrates that a mission plannisgstem is similarto many
other datgrocessing systems based aroursthall. powerful
computer, ands is confirmed by the picture of a typical
modem groundbasedsystem showim Figure2-2, However.it
hasnot generallybeen the practiceto use general purpose
workstations for mission plannipgrposes, and t5  is because
mission planningequiressome unusudlardware featuress
well as unique software. Principal amongsske is theneed to
store. process, anprint highly detailed maps. Recent
developmentsn commercial workstations haggnificantly
improved their capabilitiesn these areasand it appears
probable thatfuture mission planningsystems may be

output isthe mission datao be loadedinto the aircraftvia
cassettesr similardevicespr carried aboardly theaircrew in
paper form. A mission planningystemsecome linked into
networksgdistributing missiondatavia the network willbecome
an importanrequirerment.

Theinterfacewith the operatotis providedby various pointing
devices,i.e.,, the mouse, trackballdigitizing puck keyboard,
and display. The keyboards fairly typical and the displaig

now usuallyfull color andof a higher resolutiothanprovided
in manyworkstations.

Because mission planningystemsof tho form shownin
Figure2-2. have the capabilityp accept and processtaand to
formatit so thatit can beloaded into an aircraft, this capability
canbeused for data notoncernedvith mission planninge.g.,
dataon IFF codes. Similarly the systemeanbeused for down
loadingand subsequently processitata athe endof aflight,
(e.g., maintenancelata onavionics anditility systems).Such
usagehasnot been considered duringhe AGARD Working
Group studies, butouldbe significantin the contextof future
NARAG studiesn interoperability.

OPERATOR

INTEL
SYSTEMS

KEYBOARD LOCAL DATA
STORE
COMPUTER
LINKS TO OTHER
DISPLAY \ MISSION PLANNING
| STATIONS
r ~ AIRCRAFI
PRINTER LINK
N {e.g., Cassette)

Figure2-1. Schematiof a Typical Mission PlanningSystem.
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Figure 2-2. A Typical Mission Planning System

2.1,2. KeyObijectives

Therapid advances in the techniquésnissionplanninghave
to beseenin the contexbf paralleladvances imther areaef
informationtechnology notablyin on-boardavionicssystem
andin communications networksRe-flight missionplanning
can thenbe describedas a processn which data is fused.
filtered and compresseeforebeing transferred intdhe on-
boardsystemfor subsequer-flight use. With theincreasing
complexity of on-board systems. and particulartheir
incorporation ofterrainbasedinformation, the neefbr much
improved missionplanning systems becomes cleand
inevitable, otherwise the planning proceg# be slow and
difficult to use.and thedata supplied ttheon-board avionics
systemwouldbe inadequate.

Thematrixin Table2-1 ks eightkey objectives for future pre
flight mission planning systems. Although afl these are
estimated tobe of real importance for most operational
missions, thelegreeof importance doegary accordingo the

mission. For eacbf the4 missions studied byhe Working

Group, theobjectivedhatareparticularlyimportanthave been
shown withanasterisksome othebackground justification for

this assessment is providéd subsequent Chapted$ this

report.

The matrix shows thak objectives are regardesl of primary
importance fod the missions studied:hefust3 of these are:

» Improved Attack Effectiveness
+ Increase@usvivability

+ Improved Coordination

satisfactorynission result.Thethird is anacknowledgement of
the importancef optimizing the mission plans withascenario
of acomplex arrayof collaborative force assetisatmust be
properly coordinatedb produce thebestchanceof mission
success. The fourth objectiveof primary importance is
interoperability the needfor which is clear onbotha national
and aNATO basis. It is unfortunate that interoperability
becomedess easyto achieveas the complexityof mission
planning systems (particularly th&iput/output characteristics)
increases. It is clearly a topicthat will require considerable
attention aneffort in the future andit is addressed in several
subsequent Chaptefsts report.

22. CHAIN OFCOMMAND IN MISSIONPLANNING.

The differencén mission planningunctionsbetween wartime
Vs peacetime is decision authority. responsibiligee, and
amouniof assetontrol. After higherauthorityissies the strike
planning order, probabilityf success fowarious mission
optionsis evaluatecdby command leveplanning teams.The
decisionto execute missionis contexspecific. Forexample,
the strike orderto demonstrate national resolwuring
peacetime at the National Commdadel; during wartime,
however, thestrike order originates nlaigherthan thetheater
level. The mission planning function is differeffior levels
witbin and betweenthe various levelsof the command
hierarchy. To illustrate these differences,Navy command
hierarchywasselected that composed of four levels: theater
or commandein-chief (CINC), battle force or battle group,
strikewarfare commandr carrierwing commander, antbute
plannergargeteer, andweaponeer.

B 1 _ 2 Antn e ntntn nf thae
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TABLE 2-1. Key Objectives for Pre-flight Mission Planning.

r MISSION
OBJECTIVE AR CLQSE AIR SUPPORT AlR
DEFENSE (Fixedwing) (Helicopter) NTERDICTION
ReducePlanningTime& Errors * I *
Reduceanning Workload
Improve Attack Effectiveness * * s
Increase Survivability * * *
Improve Coordination * * *
Increase Safety
ImproveResourc#fanagement *
interoperability ¥ ~ * ™

Note:“*" indicateghatfor themission concernetthereis a high priority associatedith thatobjective

BattleGroups/Forces, landbasesanddetacheainits. Typesof
detailed informatiorrequired include extenf damagenumber
of aircraft availabldy tpe, and critical shortagesf weapons.
fuel, or othermaterial. Othertypesof information include
political climate, rule®f engagementyeatherconditions, and
intelligence information.

The Battle Force/Battle Group command level requires
informationsuchas position, damaglevel. statusof armament,

same conditionwiill preval  for theNATO wmmandstructure.
The questionis, "at what echelon should thpanel focushe
studyeffort?' If the focuds on the lowestevel (the squadron
level) the problemis muchmoretractablethan for higherlevels
in thecommandstructure. However the problemsatthehigher
levelsmay bemorerelevantto design considerationfor future
mission planningystems.The fundamental objectivesf ts
studyareto address thgate of technologyfcr missionplanning
systemsand to recommendlirections for futureesearch. To

principal sensorsystemscritical shortages of surface ships,5ccomplistthe objectivesttis  studypanel focusesn mission
political restrictions, rulesof engagement, and Weatherplanning systemthatareemployecht the squadrorevel. with

conditions. This information is criticalfor review of pre-
planned missionsediting the strikeplan, and effectiveness
assessment integratednilitary assets.

The strikeplanningcommandevel requiresnore detailedbut
similar informationasthe Battle Group. Statusformation
requiredincludes readiness informatia@m ships: position,

consideratiomowardexpanding the scope includeinteroper
ability issuesamongcommand echelon structures.

2.3, MISSION DESCRIPTIONS.
As mentionedn Section1.1, the Working Groupfound it

course. enduranceensor data. weapons available, damaggecessaro restrictits studiego four differenttypesof mission. °

levels.andtime to repair. andon aircraft availability, time to
repair, complete weapons inventory strigiadweather, thais
critical atthislevel.

Suchdatawould likely come from sourcésigher inthe chainof
command.Themajorfunctionof the smkeplanning boards to
review and modify strike plans. The level»f detail required
includes parameters such as individual fuel statespons
loads,routing to the target. intelligencedata aboutthe target
areaandenemy defenses.

The final command level echelon i#ht: route planner/
wcaponeerltargeteerAt this level. detailed informatioris
neededon weather atthe target andalongthe planned ingress
andegress routegnddetailed informatioron the targetrea,
layout of geography(defensesand assigned targetsfuch
requiredinformationwould alsoincludeupdateson defense
strengthsand positions, changing political conditionand
informationon allied or neutral forceghat would benvolved.
Plansbasedon this information are iteratedntil the teamis
comfortablewith theprobabilityof success.

Since the mission planning informatidas requiredat all
commandechelonsvithin theNawv. it will beassumed that the

These arevest described irrelationto NATO definitionsof
tacticalair omrations.that arethemselvegiven in the NATO
unclassified publication NATO Tactical Air Doctrine ATP-33
(11 March1976).

.

23.1. NATO Definitions o TacticalAir Operations.

Thefour maintypes of tacticalair operationgddresseth this
documenére:offensiveair, air defense, tactical reconnaissance.
andcombat air support. Someof theseoperations arefurther
subdividedy function.

Qffensive Air_Qperations if conductedn an air/sea
environmentare classifiedas antisurface operations,
attack operationgindstrikeoperations.If conducted in
an air/ground environment, theyare divided into
Offensive Countekir (OCA) operations. (Battlefield)
Air Interdiction((B) Al) operationsand CloseAir
Support(CAS) operations.

Air_Defense Operatiens if conductedin an air/sea
environmentare classified as antiair (air defense)
operations.If conducted iran air/ground environment
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theyareclassifiedas Defensive Countek (DCA) (Air
Defense).

. areconducted in
both the air/sea and air/ground modes. They are
classified & reconnaissance operations. surveillance
operationsad shadowing operations.

Combat Air-Support Operations are classified &
Electronic\\BBE  (EW), Searchand Rescug(SAR)
operations. Specidir OperationsAirborne Control
andwaming OperationsMining Operationsad Aerial
refuelling operations.

233. RepresentativivErs
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enhance survivab operate. In the contextof this study,only
activear defenseare of interest.

2.3.22 The CloseAir Support Mission.

Closeair support missionare designed to support friendly
ground forcedy attacking enemy forceim and around the
FLOT. The typicalclosed supportnissionis a ground attack
against eithera fixed installation or againsa column of
troops/vehicles approachingthe FLOT. The missions are
usuallyinitiatedby the army. Aircraft frequently attacks a
group of four, butothergroupingsuchas pars or larger groups
are also used where appropriate. Pilotay fly a seriesof
missions withougettingout of their ava,  returning to their
base to refuedndrearm; in these circumstances thienning of

The four different typesof operational mission that were fe next missioris lesssophisticated and musecarried ouby

selected for studyvere chosento coverarangeof different
constraints and features, believedto be reasonably
representativeof most current and future operationsThe
examples were selectexllustrate:

= aspectghatcanbeplanned predlight andaspeds that
canonly beplanned inflight,

= interoperabilityproblemsdueto collaboratiometween
NATO-countries, or dueto one forceintervening in the
battleof another,

operationgy theairforce,by te navyandby thearmmy,
« fixed-wing operationgndrotary-wing operations.

= timeconstraints.

» identification(*'friend or foe") and

« communication problems.

Basedon thesecriteria, the followingfour types of missions
have been analyzed.

2.3.2. 1. The Air Defense Mission.

Air Defense missionare designedo nullify or reduce the
effectiveness of hostilair action. These missions argime
critical becausthe initiativels with theenemyrequiring thate
majority of the planning be performeth-flight. Moreover.
warning of & attack may originat&om one country (or force)
while the intercepis executedby anotheicountry(orforce)thus
illustrating problemsthat may occur in interoperability and
communication.A defensds gearedo a potentialair threat
andconsistof all measures designed to nullify reducethe
effectiveness athe attack aircrafor guided missilesn flight.

te groupkady individually.

23.23. The Attack Heli Missi

Attack helicopter missions are designeddestroy massed
enemyforceswith aerialfirepower, mobility, andshockeffect.
Theattack helicopter mission encompasses a vasietytivities
including: rear area operations; coordinatirigdirect fire;
suppressinggnemyair-defense artilleryreinforcing ground
maneuver forces; conductijgint air attackteamoperations
with closeair-supportand field artillery assets; destroying
enemy communication and logistics assets; disrupding
destroying enemysecond echelorand follow on forces:
protectingair assault forces; and destroy@gemyhelicopters.

Air Interdiction missions areair operations conducted to
destroy, neutralizegr delay the enemy'smilitary potential
beforeit can be broughto beareffectively against friendly
forces; theyare conductedat sufficient distancesom friendly
forces,that detailed integrationf eachair missionwith thefire
and movemerntf friendly forcesisnat required.

Targets forthis gpe of mission include: groupsf tanks,
ammunitionor fuel depotsas well as communications or €3
nodes. Deepir Interdictionis specificallpimeda defeating
second echelon forces.

Air Interdiction missions areonductedy at leastwo aircraft
flying at verylow altitudes. Mosbf thetime, such missionsare
integratedin araid with specialized aircraft supportirige
mission sucles defense suppression, electromarfare, and
exot  fighteraivat

Air defense involves active and passive defense measur@nningair interdiction missions takes muebork and can
Activeal defense is conducteadetectjdentify, and destroy takeas longthe missionitself. However, in someases deegir

hostile airbomevehicles that threatefriendly forcesand
installations anhas less varietyin scenariogndis moretime
critical thanpassiveair defensewhichconsists of measurethat

interdiction missions attacking secathelordivisions(follow
on attack forces) may be executed usifasuppliedby
reconnaissaneeat — obtained minutelseforetheattack.



3.1. ASSESSMENT FRAMEWORK.

The fundamentapurposeof future missionplanning systems
will not vary significantly from the fundamental purpode
current mission planning systems. Future systevik
capitalizeon advance# technology, butrust supporplanning
for more advancedircraftundertakingnorecomplex missions.
For these reasondoth currentandfuture mission planning
systemsanbe characterizedithin the samdramework. This
frameworkis comprisedf 9 basicelements. ani$ describedin
thefollowing Sections.

3.2. IMPORTANT CHARACTERISTICS.

The effectivenessf current missiomplanning methodologies
andof emerging anduturemission planning systemsan be
assessed relatiie a setof performance characteristitst
comprise the assessméamework. In this Section, welefine

9 characteristicthat are critical elements determining the
effectivenesand functionalityof a mission planning system.
These characteristicswill then beused to evaluatethe
effectivenes®f the currentmission planning methodssedin
thefour NATO tacticalmissionsdescribedn Sectior2.3. The

9 characteristicare:

(1) Interoperability
(2) Database

(3) Communication
(4) Time

(5) Flexibility

(6) Ergonomics

(7) Deconfliction

(8) MissionRehearsal
(9) Growth Potential

Thesecharacteristicare defmedbelow. The definitions given
are derivedin part, from the followingwo documents.

(1) “Dictionary of Military andAssociated’erms.” Joint
Chiefs of Staff, Washington,DC 20301, Dept of
DefenseJune1979

(2) “NATO TacticalAir Doctrine,” ATP-33(B).

3.2.1. Interoperability.

Interoperabilityis defmedas () the abilityof systemsys  or

forcesto provide servicego, andaccepservices from, other
systemsyinitsor forces,andto use theservices so exchangedo

enablethem to operate effectively togetheand (ii) the
condition achievecamong communicationsor electronics
systemsor items of communicationgquipment when
information or servicescan be exchangeddirectly and
satisfactorilypetweerthemand/or theirusers.

Interoperability includes compatibility with commaiedd
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Chapter 3
Assessmeniethodology

navigational aids,data transfermedia. electronics,.
communications procedures aeghipment for identifying
friendfrom foe, andcross-servicing facilities.

322, Database,

The database forraission planningystemcomprisesall the
datathat canbe madeavailable foruseduring the mission
planningprocess. andhat canbe entered into the mission
planningsystenmcomputer. It will principally comprise digital
databut some reconnaissandatain the form of images may
also be used. A large parof the datas eitherunchangingor
very slowly changingso that updatef tis is rarely necessary
andis in no way critical. However. somef the information
(e.g., thepositionof bothfriendly and enemyssets) shouldbe
changed frequenttp correspontb rapidly changing reakorld
situations.

Database updates mbg requiredfor both groundbasedand
airbomemission planning systemd®atabase updatinig the
changingof information utilizedwithin the missionplanning
systemby replacement, addition, or subtractiof existing
informationwith more current informationthe accuracyf the
information dependsn the timelag between the occurrencef
the changén the physical world andhe occurrencesf the
changawithin themission planningystem’s (databasEhe size
of anacceptable timéag depend®n thetype of information
andon how the information isto be used withinthe mission
planningsystemThemission planning system must account for
both timeskew, the differenceof arrival time betweentwo
connected piecesof newinformation,and the utilizatiorof an
incorrect mix of old andnewinformation(versionskew).

Databasepdatescanbe performedn groundbasedmission
planning systemer in the mission planning avionics-dioard .
theaircraft In groundbased systems, tlxeput may bemade
eitherby the operatoor by directik (see Figure2-1.) In the
airbomecase, updatesanbe performed prdlight. in-flight or .
postflight by eitherthe pilot or automaticallypy mewsof a
datalink.

333. Communication.

Communicatioris amethocor means of conveyingnformation
of any kind from one person or place to another.
Telecommunicatiois any transmission, emissiaor reception
of signs,signalsyriting, imagesand soundsor informationof
any nature,by wire. radio, optical or other electromagnetic
systems.

If thereareno tactical constraints. communicatiaranbe used

betweenaircraft and betweemrircraft and controller (for
interceptcontrol, database updates,-flight deconfliction).
Communications mayield delaysf they haveto beencrypted.
Transmissionsay becorrupted by noiseor othersources. The
mission planning systemmust make assumptions aboutthe

validity of communications datavhenreceivingit and must
displaymeasuresf validity regarding th@ata to the mission

control systems. intelligence information and source®l@nneronthegroundor in theair.

procedures, weapon systermarbome and grounebased
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3.2.4. Tme

Timeis defmedas thedimensiorof the physicaliniversethat,
at a given place,orders thesequenceof events, andany
designated instamh this sequence, sucls the time of day.
Aspectsthat arerelatedto timemay be on arelative oron an
absolutdime scale. Examples of relative time scdis are
related to mission planning are spesfdmission planning.
frequencyof database updates, response time between
inquiry to a system andts responseandreadiness for useof a
system. An absolute time is required for -@rdinationand
deconfliction with other friendly forcegr their weapons).
notably a desire@ime-Over-Target (TOT).

3.2.5. Flexibllity.

Flexibility expresses the willingnessyield to the influenceof
othersandcharacterizes the ready capabildymodificationor
change,by subsequent adaptabilite a new situation.
Flexibility of amissionplanningsystemis important in thaft
supportghe creative application ofveaponryagainstargets.
Flexibility of the mission planning systenmenhances
survivability and lethalitypf theweaponsysternby allowing the
human component of the weapon systerhe utilized most
effectively.

3.2.6. Ergonomics

Ergonomicsor humanfactors, is the discipline thases the
understandingdf human limitationsand capabilities when
designing mission planning systems. Ergonoisies applied
science that drawsupon severaldisciplines, including
psychology, physiology, anatomy, mathematé&gjineering,
and thephysicalsciences. Achievingn optimafit of system
requirements to operator's perceptual. cognitvelperfor
mancecapabilitiesof the mission plannes dependentn a
complex sebof factors dictated by the nature of desitre
inclinationsandbiasof designers, and the availabildfusable
dataresources. A mission planning system designed for
intemationalisemust consider theharacteristics of the human
from agenerigerspectiveanindividual perspectives well as

scheduled such that their proximity violates the established
separationcriteria for those parameters. Deconfliction is
obtained by separation parametersuchas time, spaceand
electromagnetitequency. Deconflictionisrequired witbin a
force,between forcesmnd betweerservice{e.g., army, navy,

air force). Examplésclude:

Qffensive Counter Air, In large groupsof attacking
the aircraft, conflicts may occur between aircrafand the
fragmentationf their weapons.

» closeAir Support. TheAir Forceintervenesn (or
operates close to) tleemy's battleandoperates amidst
friendly air defensdightersor by surfaceto-airmissiles.

Air Defense. Attacking enemyaircraft can be
intercepted by other friendlgir defense fighters day
surfaceto-air missiles.

The four examplesn Section2.3.2. illustrate deconfliction
aspectshat arealso applicabléo othertypesof missione.g.,
air interdiction tacticalreconnaissanctgcticalair supportand
combatupport operations.)

3.2.8. Misslon Rehearsal.

Mission rehearsakfersto somespecific activitieghatmay be
performed (before thetartof themission)y thepilot andcrew
that serveto improve mission effectiveness. Such activities
includepreviewingcritical mission phases usingsual, radar,
and/orIR imagery,practicing critical mission activitie(e.g.,
popup, weapons release) and rBale simulation of the
mission using computer generaidgery.

3.2.9. Growth Potential.

Growth potential, within the contextf this report,is the
capabilityof amissionplanningsystem to expand or increase
performance or functionalitin the characteristics described
above. As anexample, a singleisermissionplanningsystem
that has the capabilityp increase the realismof its mission
rehearsal ability by not excluding the capability of

acultural or national perspective. Examples of ergonomiccommunicatingwith other singleser mission planningystems
design considerations includew themission planning system has growth potential. Another examplethe ability of a

. detects and displays whatletermineso beincorrecentries by
the missiorplannerand whatresolutionis required for visual
displayautilizedin mission rehearsal.

3.2.7. Deconfliction.

Deconfliction is the avoidanceof situationswhere specific
parametersof two or more friendly delivery vehicles are

mission planning system addanew display devicesuchas a
helmet display.that would enhance the ability tperform
missiorrehearsal.
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Chapter 4
Current Mission Planning Procedures

41. AIR DEFENSE. degradeo the pointwhereindependerddon  is requiredoy the -
defensasystems.
41.1. Mission Planning Methodology. Themajorconcem of thesectorcontroller(on the ground, iran

Air defense planning fanAir BaseDefense or Aircraft Carrier  AWACS, or E-2C) is to taskdifferent defense systemsth
BattleGroup,Battle Force{(CYBG/BR) isihe responsibilityd  targetsthatmay consst  of multiple elements, withira limited
the respectiveommanders. Air defenseaequires dlexible  timespan. If thesector controller decidego usanterceptorshe
controlof resourcethatincludesurface-to-air missiles(SAMs),  has various optionsaircraftwith beyondvisualrange (BVR)
airborne early warning (AEW) aircrafaWACS/E-2Cs,  capabilities; aircraftwith multiple target engagement capability;
tankers.interceptorsand fighteraircraft. The resources are or aircraftwith within visual range(WVR) capabilitiesonly,
applied to the defenseof air bases orarrier groups,as  Aircraft maybein an alreadyestablished Combat APatrol
appropriate. (CAP) or still on the ground and scrambled fromn Quick
. . ) Reactiort (QRA)dependingn the defense context.
Air defenseof the airbase/battle group requiresa plan to
respondto the flexibility andsped of enemy forcesto counter  In interceptmissionsdetailectargetingcantleperformecy the
the enemy'effectiveair power. Speed attainedby early flight-lead (within30 ssconds)  Simultaneous, but separate,
detectiorandwarning of anattack,andflexibility iSattained by ~ offensive counteair operationdy the enemymay intendto
having a set of air defensesystems thatover a large attackthe interceptor's recovery bases; this may mie
geographical areaandvariousaltitude ranges. interceptforce vulnerableif it returns during orimmediately

) ) prior to the attack because theircraft areexposed.
The method employetb address these requirements involves

the distributionof resourceso defendiones around the air base PlannineProtocol. Initial planningis theresponsibilityof the
or the battlegroup. Thegeneric sequence of functions inar Command with the delegatedesponsibility for air defense.
defenséor boththeair baseand battle groupre: Panning  andtasking dataconcentrate on air space management
(1) early detection and warningf air attack, and information and cqmbined AlliedTactical Operat.ions
determinatiorof locationdirection,sizeand possible Centers/Sector Opergtlons Cent.er(SATOC,‘SOC) opergtlons.
intentionsof the attackingorce Proto.collconcernsnclude:. point of intercept; airspace
coordination order6ACOs); fighterengagement zoneREZs);

@ Eomrtnmik?aﬁon ?f anacld%tail_sto acf:ttiv((ladefensenit7 missile engagementnes (MEZs); forwardline of owntroops
y lasking ol manned aircraft (inierceptors (FLOT); offensive missions that pagsough the combati
AEW/AWACS/fighters), or by lanching - SAMs patrols(CAPs); tankenracks; centerpointsof racetrack orbits
(3) control of interceptorand/or SAMs by point defense ("bull's eye$), also thoseof other CAPs;IFF switching;
commandenters jamming proceduresand political boundariesln addition, the

tasker hasto consideralternatives (whab doif the defenses

4) t t isiti didentificati
(4) target acquisitioandidentification fail? and whatare the proceduresndrulesof engagemernf -

(5) useof weapons communicationgreinterrupted?).
(6) simultaneous but separatfensive counter air As with anymissiontype, the timespan betweetasking and.
operations e S
launchcanbe reducedby splitting theplanning into a ground

Early detection, warningand determination of location. —basecpartandanairborne part. Planning mayeperformedy
direction. size,andpossible intentionsf a hostile air attack thetaskingagencyby experts fromwing or squadron, or by the
force are essenti# the successful provisioof d defense. pilots. The planningxoioco  involves grounebasedr pre-
Traditionally. earlywarning of anair attackhasbeen provided —missionplanningandin-flight functions.

by groundbased systems. Conventional ragtaxvepropagation . . L .
¥ 9 Y avepropag Regardlessf theway in which a missioris executed, activities

is restrictedo line-of-sight, however, mounting the radar in .
airborne platformsand spacecraft technology significantly thatpanbeperformecbrefllght (andarenot performecby the
taskingcenterjre:

increaseshe theoretical horizon.Early detection of hostile
forceswill remain &ey challenges developmenti stealth « decision®n weaporemployment

technology proceed.
« drawing upof rulesof engagemen{ROE "identify or

The air defensecommander's tasis to ensure that defense not?")
forces are effectively deployed to intercept #ieckforces

assetsand toefficiently use interceptor§AMs, guns, etc., for * Missioreltitude

point defense. Key to effective defense ieommunicating, to + fuel calculations'Jokerfuel")
the defensaetwork.theintruding aircraft's positiorype. and
number.at a sufficient distancérom pointdefensego permit » lost procedures

full useof thedefense screen. Air defense depamds pre-
assignment of defense assets, interceptars] SAM systemso
pre-determined engagement coordination of communication. optimizatiorof engagementoptions atattics.
among thedefensessets andcontingency planning fonditions

+ standard approa@nd recovergrocedures
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. deconfliction (intra-flight, and airspace coordination counterto speed is earlydetectiorof the attacking forces, and
relativeto anti-air defenses) rapid planning and deploymaeftfriendly forces.

CAPsusevisual lookoutandradar search to detect hostilem Thecounterto theenemythreatis to have.in place,

aircraft Consequently. additionpte-flight planning activities anair defense systethatcoversalarge geographicareaand
for CAPSa various altitude ranges with sufficiemteaponryto neutralize

the enemyforce.

_ Ergonomics. Air defenseplanning is currently largely
+ radar searctequirements performed manuallyPreflightmission plannings restrictedo

collatingup to date informatio@nwar procedures, safanes,
etc. This musttake theminimum amountof time when aircraft

« expected directioof enemyttack

« mutual coverof theaircraftof theCAP

» thepatterns thatare flown withinte formation areon Quick Readion  Alert. It-flight mission planning is
. restricted taipdating t5  information via the dathnk dueto
« thepattern thatis flownby thedefensdorceas awhole te rapidly changing situatiorlhis situatiorplaces &ighlevel

Activities that haves beperformed inflight are: of decision makingn the aircrew,decisions that need to be
9 ' madeonthe basisipto dateinformation.

+ fuelcalculationgbeforeengagement) Deconfliction, Deconfliction is an integral partof the pre-

« selectiorof pre-planned opios mission planning proces&xtensiveracticeof defensaystem

. N , o routeseducede importance of s issue.
» target assignment (intffight, andrelative toanti-air

defenses) Mission Rehearsal. Mission rehearsals not currently

Theratio between preand inflight planningat the squadron performedor the airdefensenission.

level depends on how the missionis tasked:CAPs are estab  Growth Potential, A digitized databaseipdate capability,
lishedin aknown areaand maybepre-planned. On theother  discussedn Section52 is essentiato a timely updateof
hand, missions that are scramblédm a QRA, havetobe  defense systemactics. This capabilityis central taimproved

almostentirely plannedn-flight (including someof thepre-  intemperability for near redime adjustmentso protect point
flight activitiesked ~ above). defensessets.

4.12. Evaluationof CurrentProcedures

Interoperability,. A defense planning isaorided manual
and automatedrocess thatis dependentipon theskills and .
experienceof g())mmandstaﬁs. Ir?ter—com?nunicatioramong 42.1. Mission Planning - Methodology.

assetds essentialfor the executionof optimum screening Planningstartswith anorderto attack a particulaiarget There
patternsto prevent hostile actions. Assuming reliable aretwo levelsof the planning task. THat is wherean order
communication equipment, interoperability among defensemes intamissionplanning roomthe cycle ofthis planning
system asseis effective for routineoperations. Theproblem  activity can take from oneo twenty-four hours. The seconds

emerges during hostile action whtte enemy assault force where the next attack takes plaeih the pilot still in the
deploysdeceptionss.g.,, ECMb disruptcommunications.Such  cockpit; thecrudeplanningtaskin this situationcantakess little

action severelyeduces the overall effectiveness the 31 & five minutes.

network. Couplingheeffectsof deception with the continuing

" requirement for commantb control and manage multiple | "€MOost common mission plannirgjuipmenusedfor CAS

communicationnetworkanddaa fl§ tonmdth  cognizance &€ theubiquitous mapspaperand pencils. Other more
for detectionreporting andracking of enemytargetdmposes SPhisticatedequipmenthas eitheenintroduced recentlyor is
" high workload andstresson the unaided operator, aitds ~mminent These arereviewetsewherén thisreport

possible thauheexpectedJ3I requirementaremovingbeyond Thetypical orderprovides the aircrew

operator capability. andsupport staffwith such informatiorss the type of target
~ Accuratgresentation and interpredictiorof {e.g. troopg, storestanks), Ithe type of attack{e.g. haras;,
the latest availabldata areessential for speed and flexible desttroy)i g;|dezr(§ncesf pcr;:nz:ry ttgndsecon?arys(tjarfggts,dtllme
responseo hostileaction. Improvementsrecurrently required on target(piann Ime andlates .|m<.a),p03| lonsa-_iriendly
to upgradethe sophisticatiorof display systemto improve troop_sand appropriate communications frequencmsﬁllght
situational awareness withihe defensaetwork. Additionally, ;ﬁg S|gn§fn d g;eqoune;ocﬁl;?ezeragq:y:; Sg;g;rcraftc;?lén;\t’iﬂe;
digital datamanagementchniques are requiredor reattime type_ weap Sed, posit types Of O A
transmission andupdate to the database(e.g., threats, protegtmgeachtarget. With t&  information the mission
meteorological conditions, position of friendlies, and Planningoegns i eamest.

transmissionf the resultef thedefenseystem).

42. CLOSEAIR SUPPORT.

For amulti shipattack,the planningleds areusually allocated
Communication. For nonconflict area defens&/HE/VHE  in @ preordained manner between the crieambers who will
radios and data links are used for the transmission of SXecute that attack.The main task typicallystartson a

infomationrelevantto the defense screem.helimitationsof 1:500,000 scale map First the currerfLOT, Fre  SupportCe

thecurrent technologyarerelatedn Sectiord.1.1 above ordination lineandIFF switch-on/switch-off hes aredrawn.

. ) ) . Then thesetroutesandtumning pointsaredrawn. These are
Time, Theenemyair forceincludingmissileandECM system normally changeevery24 hours.

will attempto exploit itsstrengths, flexibility, and speed.he
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Next theattack executiois planned. Al:50,000 scale majs
usedfor fis task; ts provides a detailedew of theterrainand
otherlocalfeatures.Thelevelof detailassociateavith ts  part
of the planningtask varieswith the type of aircraftand the
proceduresisedby a particular force. At the simplest level,
attack plannings basedipon an immediaténterpretatiof the
map. At its mostwmplex, it may includez 3-D previewof the
targetzone constructed fromadarand/or map dataOncean
appreciatiorof thelocal terrainhasbeen gained]Ps are chosen
androutesareplottedthatinclude cross ovegattems for each
pair of aircraft. Typically a separatiaf? secondss planned
for eachaircraft over flying the target. Collision avoidance
during crossoveis the responsibilityof the following aircratft.
Frequently aoute isalsoplottedto an altemative ordump
target,so that if anaircraft misses its opportunity attack the
prime targefor somereason, thenissionwill not havebeen
wasted. Finally routedrom either themain or dump targetare
plannedo taketheformation backo theday'ssetmutes.

Airbome Plapning. The sophisticatiorof mission plannings
effectively limited by the levels oftechnologyavailablein
todays wckpits. The setroutes drawron the 1:500,000 scale
mapwill probablysufficefor the next missionwhen sucha
quickturnaround is expected. Planning these circumstances
will usually be doneby theleadpilot usinga 1:50,000 scale map
restingon his lap. Consequentlthe planningactivities as
describediboveare donevery crudely within a few minutesf
receivinganorder. Therestof the squadrornis briefedoverthe
radio and the new missiondatais entered into eacdircraft
systemywhile the aircrafre beingefueledind rearmed. It can
takeas little as 5 minutes for somsquadrongo tum aroundand
bereadyfor take off.

4.22. Evaluationof CurrentProcedures

Interoperability, Certain featureswill berequiredf aneffective
level of interoperabilityis to be achieved for the CAS mission.
The most significantwill be the introduction of compatible
command andcontrol systems, thatenable the timely
disseminatiorof intelligence informatiorand of effectivelFF
systems integrated with friendly forceequpment. INshort, a
well designed information distributi®ystermmustbe a central
featureof aninteroperablenissionplanningsystem.

Database Update. Most currentsystemsare notasedipon a
digital database, ansb the questiorof updatedoesnot arise.
However, as will be apparent fronChapter5 (on emerging
systems)such databasesll be thenormin the future. It is
importantthat each database should habe ability to be
updatedeasilywith the currentinformationfrom elsewhere in
the system, without imposingn oneroustask load upon the
relevant operator.

Communieation. Communicatioiis atthecore oftheplanning
task, and yets a generalule,onceairborne, anytransmission
during aCAS missionis undesirablédrom the point of view of
stealth. Thisgenerates the requirement for a comprehensive
boardplanningcapability. with theassociatedbility to transmit

a completeew planto all interested parties. witihe absolute
minimum of emission.

In the NATO scenario, problemareto be expected, arising
from the variety of equipment beingisedby the different
nationsand alsoby the different forcesvithin each nation.
Evenif tis wereto be overcometheproblemwould remairof
ensuringthat the intendedrecipientof any messagehashs

equipment configures such.a way as to enablenim 1o receive
notificationof a changéo a particulaplan.

Time. Planning aCAS missioncantakefrom as muchas 24
hours to as little as minutes. The quicker the plan is
constructed, the less likely it isto be effective,in that with
currentechnologythe available timevill reduce te numberof* -
parameters that can be taken irtensideration. More
comprehensive missigslanningtools shouldredresghis by
evaluating darge rangef altemativesnd alargenumber of -
relevant parameteis avery shorttime. VWewould thus hopeto
beableto produce sophisticated plans inesy short time: afew
minutes on theground,a fewseconds in theair.

Elexibilitv. Flexibility in the contexbf theCAS mission refers
to the abilityto adaptto lastminutechanges. This mightbe to
new informationreceivedwhilst the missioris actuallybeing
planned, or to information received whilé: theair. Currently
the amountof flexibility is curtailed bythe limited amountof
data available once airbonaadthe limited amountof time
availableto dedicatao the replanning functional. Typically,
the extenof planningis limited in this situationto a quicklook
atthe mapand a snapshot decisidyy the pilot,based upon an
amalganof his current appreciatioof the situatiomndhs past
experience.

Anothercommoncauseof inflexibility arises when aflight hes
hadto deviate fromits planned route.The groupghen typically
follows the leader, ansb from thatpoint the missiorstartsto
become inflexible. It would thus appear thaurrentequipment
does notenablegroupsof aircraftto operate afiexibly aswould
be desirablén adense hostile environment. Mission planning
systemsshould be developed specificalljfo meet this
requirement.

Ereonomics.Theplanningof closeairsupport missionss still

predominantlycarried out using maps. pencils, and stop

watches. Routes arglannedas a series of waypoint® an
initial pointfrom where the attack planned. This would take
advantageof terrain maskingand aircraft targetruns from
differentdirections to surprise thenemy;andpreciseiming to

reducetherisk of fratricide. Missions maymeed to beplanned
in 2-3minutesallowingminimal preflightplanning or may need
to be re-plannedn flight.

Currentmissionplanningis hampered by thelack of integration
of thedatasources andthe separation dhe planningask and .
theentryof thedatainto theaircraftsystem. To speed up the
process, thaircraftsystem shoulte capablef being updated
in flight and/orof allowing quick planningof missionson the
ground withthe crewremainingin theaircraft, to increase sortie
rate.

Deconfliction. Deconfliction is plannedatanoperational level.
above thabf the squadron, andis wordinatedhy referenceo
times on andoff the mutesss set forthatday of the battle. In
theregionof the FLOT, IFF equipment isused to ensure the
deconfliction of theairbmeand groundbased forces.

Mission RehearsalAt presentmissionrehearsais performed

by studying themission planusing paper mapsnd through
crewbriefings.

Growth Potential.In the shorterm, aircraft with databuses
suchas 1553B, potentiallyhave the capabilitio extend their
missionplanning capabilities (albeit that expeocessingnay

be required). However, thfinancial andcontractual hurdles
that would have tohe overwmein ordertc introduce such
facilities. areto saythe least, considerable. Nonetheless,



expansion of the capabilitigs fis area carbe expectedas
updateso current CAS aircraftandas a centrafeaturan the
future.
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The semimission independent planning encompasses
monitoring the weather conditionie the AOI during the
mission performance periothe communications needghe
weaponization of the aircraftin accordancevith the mission

Current ground based planning systems. other than thQggective,performing the weighandbalance for the aircraft.

introducedquiterecently.would seemto offer little in the way
of growth potential, anadie might expecthemto bephaseaut

andfmally calculating the performance characterishicghe
aircraft basedon the airframe capabilitiesIn otherwords,

andreplacedy moreup to datesystems.Of those introduced geterminingf the aircraft carmccomplistthe plannedmission

recently,suchas TAMPS, andthose thatareimminent,suchas
AMPA, a growth potentialo incorporate newfeaturest a later
date musbeanessentiatequirement

43. ATTACK HELICOPTER.

43.1.

Theattack helicopter mission plannimgethodology,ss it is
accomplished today, ia manual.labor intensive and time
consuming procedureT heoverallplanningfor themissionis
primarily done athe Aviation Battalion basedntheOperaions
Order (OPORD) whiclis developedndreceivedirom higher
echelons.The OPORDis analyzed and decompostech level
that addresses each helicoptmmpanywithin the Battalion,
andthen forwardedto the attack comparfpr refmement.The
attack company refineand tailors the Battalionplan in
accordance witlts specific capabilitieandlastminute situation
changes.

MissionPlanningMethodology.

TheOPORD consists afescriptions of thecurrentsituationin
termsof theenemy friendlyforces,andweatherstatus; mission
tk in a clear.concise statemeat thetaska hand(who, what,
when,andas appropriate, why and wheraxecutiorplan. to

overthe AOI terrain. A it is determined thatthe aircraftcan
perform the mission, the performance characteristics (weight
and balancefuel required, etc.) are retumedto the route
planners andthenecessay kneeboardtards argenerated. The
semimission independent planners also generate kneeboard
cardsfor thecommunications andweatherinformation required

in the cockpit Thecommunications requirements gr@ssed
alongto those responsibléor the command ansignal portion

of theplanningprocess. The commandsand signal planners
developthe kneeboard cards delineating the communications
combat netadio assignments alomgth authentication codes.
unitnamesandsub-unit individual addresses.

The output fronthe Intel analysis and theute generation are
consolidated withthe original mission requirements arad
conceptof operationis developed. This encompasses
examining theschemef maneuver foboth theaviationassets
andthe groundforcesbeingsupported by the aviatiormission,
thefire supportequirementandavailabléeire supports  assets,
and accounting fosub-unit tasking ordersn supportof the
overall missiorplan. Theconcepbf operatioris then annotated
as an overlayto those tactical mapsf the AOl. This
information is also passed those responsible fagenerating
the coordination instructions.

include the planof all supporting assets; service supportyhe coordinating instructions takieto account the required

including, ForwardArea Rearm/Refuel Point (FARP) sites,
munitions, logistics. anHealth servicesnd commansign
including communications, navigationdfF, code require
mentscommandta and time synchronization.

The attackhelicoptercompany commandés responsibldor

planning the mission ondade OPORDis received. He is

assisted bya planning cell which consistsof designated
personnel within theompany, Theplanningprocesss divided

" into several phases: mission analysis, conogmperation.
fogeis andcommand signal.

* Thecompany commander provides guidatod® planningeell

logisticalsupport necessaly  to accomplisithe mission. Based
on the conceptof operation. the mission objectivand the
planned ingress and egreshe refuel and rearmament
requirements are determinalbng withthe optimal locations
andtime-on-site. Coordination requirementgith otherus
aredetermined and the pertinent informati®ritherannotated
as anoverlayto the tactical majpf the AOI or the appropriate
kneeboardards aregenerated.

The overall output ofthe mission planning cell isll the
pertinentdata.forms. and maps needed performthe assigned
mission for each individualircraftwithin the attackelicopter

which is responsible for accomplishing intelligence analysisc,ompmy'

route planning. and semimission independent planning

functions. The intelligence analysis consisté updating the
current enemy threamvironment, the friendly air defense
artillery plan, their present locatiomsdprojected course of
actionas dictatedoy knownenemy tactics.Thecurrenintell
picture is then annotaten a tacticalchart/map (typically a
1:250,000 Joint Operational Graphi¢JOG] map andlor
1:50,000 Tactical Line Map[TLM] of the operationahreaof
interesfAOI)). Theoutputof thelntell analysis feeds theoute
planningoperation

The routes (singleand multiple aircraft)are selectedin
accordanceith the mission objective requiremenRoutesare
typically selected toavoid enemy threats in termsof
detectabilityandlethality along withconsideration ofeadily
recognizable terrairfeaturesto be used for navigational
reference/check points. The selected routes atBenexamined
by the personnaedf theplanning cell who areresponsibléor the
semimissiondependent planning functions.

43.2. Evaluation of CurrentProcedures.

Interoperability. Thecurrentattack helicopter mission planning
procedure, at the company leved,done manually by the
companycommander andssignegbersonnel Theplanis based
wholly on the OPORDreceived from Battalioand whatever
locally developed informatiois availableprior to themission.
The attackcompanyhaslimited communications asseasd
interfacego otherbattlefield assets which couldbe usedfor
coordination. Therefore, comparigvel interoperability/
coordinationwith other battlefielcassets is done primarilyat
Battalion. However, where limited coordination. situation
update.and command ancbntrol areabsolutely requiredt is
accomplisheckither over voice radiherepossible through
written communicationga messengersy through faceo face
meetings. The Battalion level missioplanningassets have
more communications capabilities availabledtilt arelimited

in access to othénttlefield areas. Here again dependenon
voice radiowritten messageraffic, andfaceto facemeeting are
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prevalent.However.futuredevelopmenti automated systems target, what should be donéo the target (e.g., destroy or

will enhancéoththeBattalion and Companinteroperability.

Database UvdateSince the attack helicopterission planning
processs not automatethereis no electronically maintainable
database.The data baseisedfor planning is in the formof
tacticaloverlays obtainegs partof themissionOPORD. These
overlays.or annexesdetailthe necessary informatidrom the
other battlefield areasuchas Fire Support, Air Defense, etc.
Database updatekerefore consistf annotatingthe various
tacticaloverlaysas newinformatiorbecomes available.

Communication. Curregommunicationsielimited, sincethe

organiccommunications asseisthe attack helicoptezompany
aregenerally restrictetb combat net radiosThese arén the

YHF/UHF frequencypectrum andareinherentlyline of sight
limited.

Time. Timeis alwaysa criticalfactorin mission planning. It
cantakeas muchas three hours of planning foreveryhour of
actual mission flightime. Underthe typical pressured the
heatof combat, thetime factor becomezrucial,andimpactsthe
quality of the planandthe abilityto successfullgompletethe
mission.

Flexibilitv. Flexibility in the attack helicoptenissionplanning
process is extremely limited.The OPORD is generally
sufficiently detailed at theompanylevel to precludeany
significant deviations. The only flexibility exists in the
objectivearea fomplanning attack and alternate positioriids
is primarily dueto the limited communicationsapabilitiesat
thelower echelons.

Ergonomics. Attack helicopter missionareplanned using
maps,tactical overlays, pencils, stegatchesand mission
cardswhichcontain basic mission dat&he methodis simple,
robustandsoldierproof. Theperceptiorof these featuresieeds
to beretained in the developmesftfuture automateanission
planningsystemso provide thebridge from the currenmanual
processo themachine aidegf® planning. Thisis essentiain

order to gain user acceptance amthfidencein the new

automated system.

Deconfliction.Deconflictionis currentlydona manuallyln the
rear areasleconflictionis accomplished through Aifraffic
Control(ATC) standard procedureandin theforward areas is
left up to the plannerdy picking the properingressandegress
routesandtherigorousexecutiorandadherence theplan.

Mission Rehearsal, Therecurrentlyis no missionrehearsal
capability other than reviewiribe availablexaps, photographic
dataandflight plans priorto the mission. A mission rehearsal

functionisnecessary.

Growth Potential. The current procesgeingtotally manually
oriented, hawery little growth potential. Future growthcan
only be achievedby replacingthe present systemvith new
computetbasedystems.

44. AIR INTERDICTION.

441. Mission PlanningViethodology.

The missionplanning process athe squadron levemainly
involves the crevef thelead aircraft; howevertherestof the
formationdoesparticipate. Theplanning procesbegins upon
thereceiptof a missionorderthatincludesa descriptiorof the

neutralize)and when théargetshouldbeattacked.Thetactical

situation isalso described; it includes tH8.QT, transit roads
andocaionss  andknownsurfaceteair missile sites irthe battle
area.

As apreliminary, thepilot estimateshefeasibility conditionsof -
the mission{e.g., speed.need forexternal tanks. in-flight

refueling) on a1:500,0000 scalemap. When the gross
characteristicef the mission have beatetermineddetailed
planningbegins.

First thetargetis carefully examinedna 1:50,000 mapin order
to determinghe attack phasandthe escapenaneuver. The
target'sphysicalcharacteristics arenalyzedand weaponsare
selectedif they arenot alreadyprescribedn the attack order).
Next theweaponsielivery sequende detenninees well as the
attack axis and spacinfpr the different aircraftof the
formation. Thesdtems areselected accordirtg target location.
terrain. weatherand defensesn the target area. The initial
pointis then selected and the rejoining prooedures and escap
maneuvergreplanned. In most casethesesteps ardéterated
until asatisfactory missioplanemerges.

Thenextstepin the planningrocesss to plan the ingresand
egressroutes. This steprequires waypointte be selected
between thetarting baseand the initiaboint andbetweerthe
rejoin point and the landing base.Waypoint selectionis
determinedy terrain, the tactical situation,andfuel andtime
constraints. Theknowledgeof thepilot about his own abilities
is also taken into accountf-or acrewof two or more,thisphase
of planningis performedoy the navigator.Oncethe waypoints
havebeen selected fuel consumption éimeimissiontime-he
arecomputed.Thetimesoverthe FLOT arecommunicatedo
troopsin thebattle aredor fire coordination.The entirgorocess
is iteratedto optimizethe mission planandto perform error
checking.

During theiteration phasef planning,if tine permits. alter
native plangreinvestigated and secondary targetsanalyzed.
The fmal step iso prepare for the missiomaps areprepared,
IFF proceduresand COMM frequencies are obtainedhis
informationis thenloadedinto the aircraft'sn-boardcomputer.

4.43, Evaluationof CurrentProcedures.

Theplanningprocessis acomputationallyntensive processhat .
is heavily influencedby pilot experience. Current systems
address theomputationahspectf planningair interdiction
missions(e.g., computingfuel andmissiontime lines)but do
not address the issue$ data collectiorandpilot experience.
Gatheringthe information requiredo plan the missionis a
particular problem. Much time ikst folding mapsand
searchingfor information that sometimes does nexist.
However themissionplanners do favorsomemanualwork and
reflection becausi¢ allowsthemto becomemore familiar with
thedetailsof themission.

Interoperability. For automated planningystems, interoper
ability is very limited because almost every clasfsaircraft

within NATO has itsown mission planningystenthat cannot
interactwith other systemsThislimitation doeshot existwhen

missions are planned usipgper mapandpencils.

Database Update. Facilitiesto updatedatabasesn the ground
are quite extensivéyut there is currently no mechanism for
providingdatabasapdatego theaircraft.
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Communication Communicationarevery limited: mostof the
timeradiosilencdsrequiredso almostothing is plannedabout
communications.

Time, Thetimerequiredto planana interdictionmission
rangesrom about0.5 to 2 hours.

Flexibilitvy, The flexibility of the current missionplanning

process is very limited becausdime of arrival atthetargetis
- critical and thereforethereis little flexibility to modify the

missionwaypoints. However,pilots are able to make minor

deviationsto the missionplan to avoid SAM sitesor to avoid
arriving atthetargettoo early. Mae significantdeviationsare
not currentlyperformedbecause¢hey imposetoo greata work
loadon thecrewand becaus¢heymakeit difficult for multiple
aircraftto maintainformation.

Brzonomics, First generationmissionplanning systems are
usedin someaircrafttypes in producingar interdictionmisson

plans. Butthesegenerallysufferfrom a pooruser interface that
discouragetheuserandincreasethelikelihood Of user errors.
Air Interdictionmissionscantakemanyhoursto planbut in
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mostcasegime is not critical. Planningis performedusing
photograph<FLIR or radarpictures of thewaypointsandtargets
ta allowsthemissionts berehearsedin-flight circumstances
are plannedfor, suchas attackdy enemyaircraftandswitching
to secondary targets, MNIMIZing the need for in-flight planning.
Once the mission begins, the plan is strictly adheredp,
particularlyatnightor in poor weather.

Deconfliction, Deconfliction is currentlyperformedmanually
by the pilot. Deconfliction in the targetareais achievedby
rigorous adherence to theplan. Pilotsrely on IFF andfight
altitude for deconfliction in and around the FLOT.

Missfon Rehearsal, Currently, mission rehearsalis not
supportecby electronicaids; at this timeit cosss only of a
missionleaderbriefing othermissioncrewsor of asinglecrew
memberstudying his mission folder or being briefed by

intelligence officers ghout threat and target characteristics.
Growth Polential. Thegrowthpoel  of currentplanning

proceduresndsystemsds limited andit is expectedhey will
soon bereplacedvith newerand morecapableystems.
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In the past decadethe tremendous growthn computer
technologyhas madet possible to automatamany of the
mission planning functions that in past yearseperformed
manually. Many automatednissionplanning systems are
currentlybeing developedhat offer the potentiafor mission
planningto be donefaster.more effectively, andwith reduced
errors.  In Appendix A andin this chapterwe review the
capabilitiesof emerging automated mission planngygtems,
In AppendixA we give adescriptionof nine mission planning
systems thatvere selected as representatisfethe typesof
systemainderdevelopmerand reviewthesesystemsn terms
of their applications. implementati@amdcapabilities. Dy
the review, thesimilaritiesanddifference®f the systemsare
discussed. In tis chapterwe assess the systemausing the
frameworkdescribed irChapter3.

51. ATEROPERABILITY.

Interoperabilityof mission planningystemis desirablén two
respects:

(@) Interms ofthe ability of suchsystemgo communicate
with arangeof other componegtements in anoverall
C31 network.

() In termsof their ability to interfacewith a rangeof
aircrafthaving differentcharacteristicand different
hardwarend software interfaces.

In both the above respects thereare three types of
interoperability which needo be considered, electronic,
physical,andergonomic.Electronic interoperabilitmeans that
theemerging mission planning systemst e ableto interface
to variousinter- andintra-serviceandintemationaloice and
data networks. This implies that eith&immon protocols
(standards) mustexist orbe implementedr that sophisticated
andcomplex protocainterrupters mustbedeveloped. Thereare
currently communicationsandards suchas JINTACCS (Joint
Interoperabilityof TacticalCommandand Control Systems)
which can be exploited immediatelfipr the exchangeof
information. JINTACCS, althougha US managedsset, has
been extendetd the intemationadommunity throughNATO
agreementsind therefore contains a significaatmountof
defmedmessage formsvhich arerelevant to the needs of
missionplanning interms of gathering pertinerdata fronthe
various battlefield areas. In addition to the protocol
interoperability. there muste some&ommon communications
media available at thelanning sitesin orderto obtain the
necessary planning data.This translates into common
communications equipment such eslio:; and frequency
allocations, facsimileand possiblyacommon languageie.

Physical interoperability impliea multitude of common
characteristicsvhich mustbe satisfied. In termsof mission
planningts relateso common planning hardwargatabases.
maps.etc., However,paramount, is how avariety of different
systemsnterfacewith oneanotherandhow the ultimate output
from themissionplanner interfacesith theaircraftand howthe
variety of different aircraftcan utilize the different mission
planning systems whighill populate the future battlefieldThe
standardizationf acommonData Transfe€artridgeg(DTC) is

Chapter 5
EmergingMission Planning Systems

required, however becaueéthe diversaircraft missionand
physicaldifferencesvithin theintemationacommunityts is
not likely to occur. Thereforemerging mission planning
systems must havthe ability to readily accept physically
different DTCs along with the proper dataformatting and
electrical interface requirements for eawfhthe compatible
DTCs.

Ergonomically, emerging mission planning systems magée
an operator interface which is somewhat transparenhéo
operator. This means thatanypilot/planner can sitdownatany
planning system, with a minimuraf familiarization, and
perform the basic planning functioris:. route generation,
associated with his own planning system. This approac
requires a standardizatioof menus. presentation formats,
symbologyandto some extent a missigslanning language.
One approach couldeto implement Graphical Us¥ Interface
(GUI) running in a Windows environment. The GUI is
dependenbn iconsto depict functiongndcould bridgethe
language barrier impediment associatéth the intemational
community

Some emerging systerhavelimited capabilityin these three
respectse.g., theU.S. Navy's TAMPS system describéal
A.1.8 that operates withia U.S. Navy command andcontrol
network ands designedo plan missions for severdJSN
aircraft. Other similar systemse listedin TableA-1. But it
may alsobe seen from TableA-| that thereis currentlyno
interoperability between the servicesbetween theNATO
countries,andthis could seriously degrade the abilitf the
NATO forcesto cooperates aneffectivegpanNATO force.

52. DATABASE.

The datathatis to beusedby a pre-flight mission planning
systemtakes a variety offorms. It canbe characterizeithto
three main types: dataabout geographifeaturesandweather;
dataaboutfriendly assets thatinclude bothphysicaldataand
tactical plans for their use; adéta abouthe enemy'sassets.
Muchof ts daa does nothange rapidiyand canbeheld atair
basesn alibrary or archivdform. But somedata.suchasthe
locationof friendly or enemyassets, is likely to change rapidly
andhence mission planning systearegenerally coupletb a
communications net frorwhich updateinformation can be
obtained.Thetypes of datalikely to beusedin future systems
arelistedin Tables-1.

5.2.1, GeographiandMeteorologicaDel

Terrain data has historically been availablemap form.
typically at scalesof 1:50,000 or greater. This is being
supersededy digital data that, in some areas, provides
resolution approximatelquivalento a 50,000 scalemap,that
is sufficient for most planning purposesiowever it must often
be supplementely more accurataltitude datan those areas
wherevery low flying isplannedg.g., in thetargetarea

Culturalfeatures are also showon maps;andincluderailways.
roads, towns etcMost of these ardeng includedon digital
data bases and most will require to be updated fairly
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infrequently. It shouldbe noted,however.that somefeatures
that arecritical to aircraftoperatiorandto missionplanning
maynot be reliablyrepresentedndatabases, examplesf these
are tall structures suchaschimneys,andpower cablesand
masts.Bothterrain andculturaldatamay also existin theform
. of imagesbtainedromreconnaissancarcraftandsatellites.
This canprovidemuchhigherresolutionten the digital data
referredto abovewhich canbeparticularlyusell  in generating
_ visual scenesfor exampleof potentialtargetareas. Current
systemdaveonly a limited capabilityfor fusing togetherthe
informationavailablein digital and imageform; aslistedin
6.1.2, futuresystemsnaybe expectedo be muchimprovedin
this respect.

Meteorologicabatahas alwaysbeenof high importanceto
mission planning. It will be mostuseful in the form of
predictionsand hencecannotbe deriveddirectly from sensors
but requiresadditionalintelligentjudgemento be appliedin
mergingthe weatheratathatwill be availablefrom arangeof
sources. A networkexiststhatis dedicatedo the supplyof
weatherdatato NATO operationalunits; muchof the datais
currently handled manually and improved capabilities to
manipulate,display and apply this dataare currentlybeing
implemented.

52.2. Dataon Friendly Assets.

Muchofthe datdl  in Table5-1isin theformof numerical
informationon the physicalassets thatwill be deployediuring
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the mission, especiallythe characteristicsof the aircraft
platforms,their weaponsandtheir avionicssystems. For the
most part, thesecharacteristicwill requireinfrequentupdating,
althoughthecharacteristics of individualaircraft(e.g. measured
engineperformancejnay needto be updatedat a higherrate.
Informationon number®f aircraftandweaponstheir statusand
availability is alsoimportantin planning and will require
frequentpdaing  in awartimescenario.

Fo land-basedhircraftthe airfields that canbe usedarewell
establishedyut sometypes of helicopterandfixed-wing aircraft
may operatefrom remote sites whose characteristicsand
locationmustbeknown. For aircraftandhelicoptersbasecbn
shipsthe ship position (and anticipatedposition during the
durationd the mission)must be availableto the planning
system.

The statusof thedoaw  is animportantparametein mission
planning,althoughcharacterizationf individualcrewsis not
easilyquantifiableandit is unlikely thattis canbeinputto a
missiorplanningsystenmexceptasajudgemenmadeby human
operators.

Missionplanning systemsarenormally usedasa methodfor

lading datainto an aircraftbeforeamissionbegins;somedata
mayberequiredfor ts purpose thatis notnecessary mastrict

planningsense. Examplesn s categonge frequencieto be

usedfor radiocommunicatiomuringthemission,IFF codings,

and weapon fusingandaimingdata

TABLES5-1. Data used in mission planning systems.

Requed  for
Re-Flight
Planning

AdditionalData
Requiredfor
In-FlightMPS

ts from
MP Stothe
Aircraft

Geographical & Meteorological
Terrain
Cultural Features
ImageData(e.g., Photographic)
WeatheData

* % ¥ ¥

Update

Data on Friendly Assets
Airfields/Aircraft Carriers
Aircraft

TypeData
Individual Aircraft Data
Yulnerability Model
Alrcraft Status
Crew Status
Weapon€haracteristics
IFF& comm
Other Assets

*

*% * ¥ O 0w

Update

Data on Missions and Tactics
Pre-planned Missions
Corridors/Routes/IPs
TacticsandRulesof Engagement

* ¥ *

Dataon Enemy Assets
Threat Data(Aircraft)
Threat Data(Weapons)
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The extent towhich knowledgeof other friendly assets
requireddependupon thetype of mission;otheraircraftmaybe
integrated into the plar,g. for in-flighi: refueling. Ground
assetssuchas observers ottargetlocatorsmay needto be
included. For themostpart. these assetsill bemobileso that
data concerninghem will changewith. time. Up-to-date
informationis fed intothe missionplanning systermwith manual
inputs fromliaisonstaff.

523  DataonMissionsandTactics.

Many of themission plannindsds undertaken in wartime will
correspond closelyp mission planningasks required during
peacetime trainingMuch of the information generated during
such training can thereforge drawn upon provided itis
availablan ausable form. A databasef pre-planned missions
is frequentlymaintainedn theform of bothcompleteandpartial
missions. This facility is particularly useful in the attagihase
on pre-plannedargets.although transitoutes arelikely to be
highly dependeridn thebattlesituation.

For thosemissionsand mission segments whepee planned
datais inappropriatethe tacticsandrules developed in training
andrehearsal mudie usedby the planner. Thesarecurrently
input manually intahe planning systerby the operatorbutin
some current systems a degmele automationis already
provided,particularly inthe deconflictiorof aircraftinvolvedin
amultiple aircraft operation.

5.2.4. DataonEnemy Asss

As with thedataon friendly assets describedabovemuch ofthe
dataon enemyassets describes theformance of aircraftand
weapongpe. e.g. thecharacteristicef SAM systems thanay
berequiredfor lethality calculations. Fdixed SAM sites such
data requires infrequempdating. Thepositions andotherdata
onmajorfixed facilities suctes airfieldsis alsolargely static.

Otherdata orenemyassetse.g. thelocationandmagnitudeof
moving assets. together with informatiom perceivedactics
andstrategyjs availableto intelligencestaff from avariety of
sources and at uncertain intervals,e.g. following a
reconnaissance mission. It is necessary fothe mission planner
to accept data from the intelligerseaft in asuitableform. after
it hasbeenfiltered and collated. It is ccnceivable that the
mission planning system couldelf beused for ts filtering
andcollationprocess.

Theneed forrapid updatingf informationon the enemy's
mobileassetémpliesthatin some casekhe communicatiorand
filtering processesnay take so long that the information's
validity may be seriouslydegraded.In such cases inay be
appropriateo considerdirect communicatiorlinks between
mission planning systenasdreconnaissance sourcaschas

satellites.

§3., COMMUNICATION.

Communicationg)r thetransfernf informationfrom onesource
to anotherjs acomponentf current mission planningystems.
The extento whichcommunicationarefunctionally supported
by current mission planning systenis not consistentcross
systems. Communication requiremeifds future mission
planningsystemswill remain animportant componertut will
nt remain constann relation to currentnission-planning
systemsThe communicationrequirements for future mission
planning systemsill increaserelativeto the capabilitiesof

current systemsThesencreased requirements wiicludethe
amount.quality, security,and numberof different rypes of
information. Therequirementsare drivenby several sources,
particularly the integratioof the missionplanningsystem into
c? systems. The mission glanning systewf the fume will
communicatelirectlywith C* networksin reattime. This rapid .
exchangeof information between planners and controllers
supports the effectiveneskboth systemas well as increasing
capability relativeo conventional mission plannirgystems. .

54. TIME.

Timeproblemsan emerging systemnage of varioustypes:

(1) Mission Planning Duration, Theaverage value(45

minutes) is noffar from acceptable values for air
interdictionmissions, butvould be quiteinadmissible
for otherkinds of missions.

(2) DataBaseUpdate. At presenttactical information
(friendly forces.intelligence) ismanually updatedso
its average ageanreach several hours.

(3) Mission Timing, Exceptfor AMPS. CAMPAL, and
CINNA 3, thatcanhandle multiple aircraft formations,
the considered emerging systerase for single
aircraft; and every timingproblem detected at the
single aircraftplanning level mustbe solved athe
upper level. whichcosts planningtima.

55. FLEXIBILITY.

In SectiorB.2.5, flexibility has beeriefined as "expressing the
willingnesso yield to the influencef othersandcharacterizing
the ready capabilitfor modification or changby subsequent
adaptability to a new situatidn Key ta flexibility is the
developmentf aninfrastructure of interactive hardwarand
software tailored tahe unique mission planning functional
requirements. Importafiinctional requiremenisf emerging
systemsinclude: improved design of humanrcomputer
interaction; inclusionf automated subsysteritg analysisand
calculation; and the capabilitp flexibly createand display
information.

Particular emphasis being placed on usefriendly design
featureghatresultin easiercontrolof theduectionand pacef
the planningprocesswithout extensive trainingn computer
operation ordata processing. Such design features are
fundamentato rapid, accurateandvaried useof the mission
planningsystem'snherent capabilities.

Critical to the speedandaccuracyf theplanning processs the
developmenandautomatiorof algorithms for database analysis
and calculation. Algorithms that arenetworkedamongreat
time, large and accurate databases for navigation, tactical
intelligenceandaircraftandweaponsiatapermitthe planneto
concentrat®n the practical factors thareintegralto mission

planning.

Display generation, modificationand fidelity are being
emphasizedin emerging systems. The combination of
capabilitiesin color graphics.3-D perspective.reaktime
databasepdatemultiple database integraticendknowledge-
based systems are beingegratedo provide high fidelitypre-

missionplanningwith potential forin-flight management.
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5.6. ERGONOMICS.

Thesecond generatiasf missionplanning systemsow being
developedrefar more ambitiouin their scope andsize. This
increases thanportance oensuring that the ergonomiafsth®

~ systemareconsideredht theinitial stageof the designproce8s

andthatthe useinterfacdully supports theuser.

Much effortis being placedn providing an optimum user
interfacethatis easyto use, particularly forusersuntrained
computing techniquednterfaces using windowtechniques &hd
menu or question/answer based dialoguepredominate.
Familiarity for the users is enhanced by time of familid¥
symbology and planning technique# well designed uder
interface should helin reducing theigh preflight workloaéd
and timetaken to integratethelarge amountf informationt8
the useonthe database.

Thedesignof theoutput of the missiorplanning procesalsb

needs carefidrgonomic consideratiorMany of theemergirkg
systems produdgrdcopy mission information theform of &

mission card or folder. Information fed directly intah®

aircraft'ssystems requires carefdiésignas to how. when. aﬁd
what information is presented tihe aircrew and howit i§

integrated witteing ~ systemsg.g., AMPA isto displayrouté.

threatandeomm dataon a digitalmovingmapdisplay.

The developmentand deployment of data link systenin
aircraft will enable irflight plan updatingto takeplace. Th&
effect on pilot work load will require investigationan¥
subsequently will influencesystendesign.

SystememployingAl techniquesuchas MARPLES, shoufd
havea highlevel of system logicand transparencyAircrew§

will notaccept a missiotinathasbeen planned fadhem,if the¥
donotunderstanthereasonindor each decision.

Generallyd thesystemdeing developedin to speedip thé
initial information integratiortasksof the mission plannég
processwhile automating thce:omplexcalcuIatiorstages.AI
techniquesnayhaveanimportant applicatioim this area.

Finally, emerging planningystemsmay needto conformtd
programssuchas MANPRINT, that will requireergonomicg®

" beconsidereditd stages ofhe system design process.

" 57. DECONFLICTION.

In Section3.2.7 deconfliction hasbeen defined as "the
avoidance of situations where specific parameters ofawo
more friendly aircraft arecheduledsuchthat their proximity
violates the establishegparationriteria for thosgarameters
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At presentdeconflictionbetween forcesandbetween servicds
covered by secondary conditioses statedin the Air Task
MessagdéATM); examplesare: time constraintdie time-on-
target,speciakoutings (ACOs}, and communication frequency
settings. Becausthis datais aninputto presensystemsthese
types of deconfliction are notery flexible; the detour through
higher commandandonid — echelonsnakesieconfliction very
time-consuming. If at all, the present emerging systesnty
deconflict intraforcebetween aircrafor betweenaircraftand
the envelopes of theiveapons.Thisimpliesthat there should
be some communication betwetreplanningprocess for each
aircraftin thetarget area. Implementespects for intra-force
deconfliction depenan the missionphase.,{e.g.. take off,
ingress, attack, egressJanding).

Mission effectivenesds increasedby increasing attack
effectiveness and survivabilitfPeconfliction in thetargetarea
is requiredbecaus¢éhemeango increasenission effectiveness
conflict:

« Attack effectivenessand survivability increaseif
saturation carbe obtained. By concentratingne's
assets in asmall areavithin a shortime sparit ishoped
that theenemy willbe too confusedo defend himself
effectively.

« Survivability also increases by attacking at the lowest
levels thatare possible without flying through the
fragmentatiormf explodingarmament.

Someof the systems thate reviewedclaimto deconflict in the
targetarea. Fragmentatioenvelope deconflictiois limited to
deconfliction with one'sown armament. It appears tde
irrelevant to helicopter operations and hastbeenimplemented
in planning systems dedicat®edrotary wing operation(e.g.
HOP).

Deconfliction with otherfriendly air assets thetarget areahas
been implementedn ISMP. TAMPS, and CAMPAL. JSMP
checksthe routeand timeof arrival of eachwvehicle to prevent
in-flight conflicts. TAMPSdeconflicts with cruise missks and
differentiatesthe routder multipleaircraft in a given mission
areaby displaying themwith different colors. CAMPAL
displays anatrix with differences between the tiro€arrivalof
the individual aircraftin a force at the initial point, pullip
point, andatthe desireagneanpointof impact.

Deconfliction with otherfriendly forcesnroute is handled quite
differently.Preflight enroute deconfliction isonly performedby
tasking agencies (tirrglots lie  TOT and ACOs)andregional
air rraffic control agencies thansurehat thereareno conflicts
with other friendlyair resourcein the areaof operation.At the
wing level, TAMPS seems to betheonly preflight planning

Potential conflicts can arise either from unacceptably clostystemthat differentiateghe routesfor multiple aircraftin a

distances between aircraft ameaporfragmentatiorenvelopes.
by inadequate spatial separatioetweentwo aircraft during
ingress, attack, or egress, or by uncoordinateduse of
communicatiofirequenciesr jammers. In generaldeconflic-
tion is required: within aforce, between forces, amgtween
servicegarmy. navy. aiforce).

None of the emerging automated mission planning systkats
were reviewedperforms deconflictiorbetween forces or
betweerservices. This function is currently performely
highercommand and control echelonAutomationof these
types of deconfliction is a requirement for future mission
planningsystemgseeSectiont.1.7).

given mission areby displayingthem with differentcolors
(thoughroutedeconfliction mustbe donananuallyby viewing
the color display for overlapping route segments)-flight
deconflictionis not planned prdlight butis typically basedon
the pilot'suse of visual contactto ensure adequate spatial
separation.

Deconflictionduringtakeoff andanding is performetly the
local airtraffic agencies: its notincorporatedn anyof the pre
flight mission planning systentsatwerereviewedwithin the
contextof this study.
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5.8. MISSION REHEARSAL.

A level of mission rehearsal capability embedded in all
emergingmissiorplanningsystems However,in mostcasesit
is restrictedto displaying photographior sensorimagesof
portionsof the mission,particularlyin the areaf the target.In
some casesnission planning systenmave the the capacityo
generatestaticterrainimagesrom digital terrain datahatcan
be viewedfromdifferent orientationsFor some systemse.g.,
TAMPS) rehearsas anintegrategbanof the planningrocess;
once the mission ba®en planned,rehearsals used inan
iterativeprocessto optimizethemissionwith respecto attrition
andsurvivability.

Somemission planning systems provide the capabiliy
simulateghemission;the simulatiorcanbenm atvariousspeeds
(e.g., slowerthanreattime, reattime. fasterthan reattime).
This allows thecrewto become familiawith the mostritical
phases ofhe missiorby rehearsing faster than reahe inthe
noncritical mission phases and rehearsing-tiea in the
critical phases. Currentlgp mission planning system hése
capabilityof performingmissionsimulationin reattime while
providing 3D bird’s eye terrainmages. This capability is
expectedo beimportantfor futuresystems.Input of unplanned
eventso mission rehearsal simulatiossiot yetafeature of the
emerging mission planning systemdowever,ts capability
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will become important fdoure  systemss in-flight mission
planning systems becorimtegrated intahe avionicsof military
aircraft.

5.9. GROWTH POTENTIAL.

Thegrowth potentiabf emergingsystems cabe discussedn
hee differentcategoriesFirst, emerging systems temolhave
the Capabilitye linked to C3 networks. This will speedup the
data gatheringrocess duringplanpreparatiorbecause¢he latest
intelligence information wilbereadily available C3 networks
may alsdoeused to transmit preplanned missionsoming from
ahigherevelin the commansgtructure.

A second extensidn mission planning systenisthe abilityto
couplethemwith knowledgebased systenthatmay assist the
pilot in the preflight computation of the mission plaend
exploring alternatives.

Finally, emerging systentendto usecommercial hardwareo
suppot  mission planning systemdhis allows the systemsio
benefitrom newhardwareandsoftware upgrades thus allowing
their capabilityto evolveinto the future.
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The requirements ofuture mission planning systems will
remain fundamentallythe sameas for emerging systems.
However, the demandsmade upon their capabilities may
increaseas demandsupon the weapon systenas a whole
increasedue to the presenceof more capablethreats.
Furthermore, wholeequirementsnay alteras experiencas
gainedwith theemerging mission planning systems.

Developing technologiesuchasAl will beemployedoreduce
crew work load by increasing the level of automatioithe
increased automation capabildfythe mission planning system
will requirecarefulconsideratiotto ensure thatthedivision of
tasks between theperatorand machinds optimal. This
Section reviewghe criteria identified as important for both
ground-badandin-flight automated mission planniggtems.

@ GROUND-BASEDMISSION PLANNING,

6.1.1. Interoperability.
Thelack of properinteroperability characteristics & major
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Chapter 6
Future Mission Planning Systems

6.1.2, 1, Geographical andMeteorological Data

Future systemsrelikely to have increased capability to
represento the aircrewthevisual scenérom the aircraftas it
flies through the mission. particularljuring critical phasesuch
as operatingn the target arealts implies thattheterrainand
cultural datamust have higheresolin  then is currently
available. It isbecoming possibleo integrate togethesuchoea
with image dataobtained from satellite or aircraft
reconnaissance, andthe storage and processinfsuchoda will
becaman increasingly importamartof futuresystemslmage
datato beusedin ts way will beoflng term validity andwill
bestoredm a libraryin the form ofphotographs; otherdatawill
beof transient value aneélil! requireto be sorted andprocessed
very rapidly after being obtainedrom satellite or
reconnaissance aircraft missions.

6.1.2.2. Data on Friendly Assets,
Little changes expectedh tis area.

6.1.2.3. Data on Missions and Tactics.

impedimento the use of current mission planning systems he move towardsncreasing capability for automatiofthe

within the context of combinedNATO forces or NATO
operdions. Because these characterisiies notfully available
in currentandemerging systems, it is npossiblefor aircraft
from one NATO country tousefacilities available at other
NATO country airfields. The significanceof this lack of
interoperabilityhasbeerrecognizedoy NAFAG who haveset
up a serie®f meetingso discuss and resolve theoblem.

Thereappearso be no fundamental reasowhy, in future
systemsa muchgreater degreaf interoperability coulchotbe
provided. Asnotedin 5.1,t6 wouldrequire theadaptatiomand
maintenancef standards for mission planning hardwanrel

, software interfaces.In addition, the adoptionof common
humanstandardsor formats keyboardsdisplaysetc.. would
be highly desirablef theperformance of visiting aircrewin the
mission planning process not to be degraded. National
sensitivitiesmay preclude theull integrationof 4 the MPS
features inta NATO missionplanning standardyut it should
be possible toprovide a basic "minimum standard of
capabilitieghatwould allow theessentiafunction ofplanning
and loading missiordatato be prepared. For such basic
functions itmay be desirable tausecommercially available,
opensystem software that coulsthostedon a rangeof host
computers.

6.1.2. Database.

The description giverin 5.2 of the data usedn currentand
emergingmission planning systenis generallyapplicableo
the requirementfr futuremission planning system®ut the
improvementin computer powerlata storageapabilitiesand
in the techniquesf artificial intelligence and rule-based
computing all suggest that some future growmtldatabase
requirementss likely. Thefollowing Sectionsuggestreas of
changeascomparedvith theequivalenBection$.2.1 t05.2.4.

planning process implies that tactia#i have tdoberepresented
in a formalway, thatcan bausedmnile-based computations.

6.1.2.4. Data on Enemy Assets,

The needfor rapid updatingf informationon the enemy's
mobileassets implies thatin somecases the communicatiand
filtering processnaytakeso brg thattheinformation's validity
maybeseriouslydegradedIn suchcasest maybe appropriate
to consider direct communicatidinks betweenthe mission
planning system arreconnaissance sources. Informatiofiow
of s fpe will alwaysrequiresomeelements ofdtering and
collationand increasinglys  will becomepossiblewithin the
missiorplanning system itself.

6.13. Communication.

Communicationswill continue to be a critical areain
determining the required characteristiob future mission
planning systemsThecapabilityof groundbasedsirborne and
spacebome sensaogyatheidataon theenemy'sassets is likely
to increase, withthe corresponding needo processand
distribute thedatato the groundbased mission planning
stations. Thisdistribution will form part of thetotal communi
cations, command, and contsalicture thatwill beneededor
the operatiorof airbome assets. Suchstructure will be
requiredto operatewith some performance degradation, even
whenelements are malfunctioning asn-functioning dueto
damagenflicted by the enemy. It may also be necessaryo
havethe capability to relocatéhe missionplanning function
within the C3 network toallow for damageo local mission
planning workstations oo the communicatiofinks. The
current practice of loading daitzto the aircraft by the useof
cartridgeseeds to bere-examined in ts context.
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6.14. Time.

Missionplanningis a processhat takes time.In mostmilitary

scenarios, timavill be in very shortsupply. It is therefore
critical thatfumamission planning systems enathle mission
plannetto generatenissions withirthetime constraintsimposed
by theprevailing tacticatituation

Time constraints imposed upon the planning procss
primarily a function of the mission. Referringo the four
missionghatwerereviewedin Sectior2.1. recallthatfor some
tactical mission{e.g., deep interdiction,) thetime available for
missionplanningis measuredn hours, while for other missions
(e.g., closeairsupport,) thetime available for missioplanning
is measureth minutes.Even withinthesame mission classhe
amountof time availablefor planningcan vary frommissionto
mission. For examplefor the closeair support mission thigme
availableto plancanrange fron2 to 30 minutesdependingn
thetacticalsituation.

Therearetwo basicapproaches for guaranteeittgit mission
planningcanbe performed witbirthe time constraints imposed
by themission.

(1) Guarantetat the missiomlanning system caaways
generatea plan in lesstime than the worstase
situation

(2) Make the mission plannirgystentflexible, so thatthe
time requiredo generate a missigtancan vary.

Thefirst approacthastwo majordefects First of all it assumes
thata worstcasgminimumtime) seraio  can beidentified for
each mission. Ifor examplewe assume thatfor the closeir-
support  missionthere will alwaysbe5 minutes availabl® plan
the missionyve arein deeptroubleif we areeverfacedwith a
situation in which thereis only 4 minutesto plan. Thesecond
approach is moreflexible It allowsthemissiorplannerto spend
more time planning the mission when line available
(theoretically enablinghe plannerto do abetier job) andyetis
still capableof generating a missigolan whentime is limited.
Of thetwo approacheghesecond is themore:desirable.Future
mission planning systems should provitie capability to
functionin variable planningme.

615  Flexibility.

Flexibility will continue to beacriticalarea for desigaf future
mission planningystems(MPS). Future systems willneed
increased focuen the softwareinterfacehatlinks the system
user to application software via hardware interfai.e.,,
displaysandcontrols. Theimportance of the softwardnterface
is underscoretly the factthat amodern hardwarenterface is
drivenby software.and that the softwarés the mediumfor
dialoguebetweenthe user andhe applicationsystem. The
functionof the software interface it recognize events athe
hardware interface and at the applications interféoer,
translateheseevents fronone sideof theinterfaceto theother.
Researctfocusedn the developmentf designhguidelinego
insurecompatibilityof software interfacéeatureqe.g., device
handlersevenipresenters/recognizers, dialogue controllers.and
data filters) with MPS goals and user characteristisessential
for improvedspeed and accuracyof MPS useaswell asto
facilitateadaptation oMPSto situationatiemands.

6.1.6. Ergonomics

6.1.6.1. _Introduction.

Based upomourevaluatiorof current mission planningystems.
thefollowing observationsan bemade.

(1) Thereis still alargerelianceon mapspens, ang@aper.

(2) Theintegratiorof pertinent mission informatiaa ¢
largely a manuaksk performedy the aircrew.

(3) Themanualaspects of mission planningireimportant
as amission rehearsal functidn that the process
itself provides the aircrew with a detailed appreciation
of manyfacetsf the mission. Witthighly automated
systemsts appreciatiormay bebs  particularlyif
no meandor anin depth examinatioof the planor for
someormof mission rehearsalreprovided.

Much time is spenbn entering relatively mundane
information, such as communication frequencies,
waypointcoordinatesgtc.

Mission plansonstructed avera periodf timetendto
bemore sophisticatethanthosedone in hurry. As a
wnsequencesomeof te more elaborate featurtrt
would improve combat effectivenesisd survivability
are lostwhenthereis only a limitedtime available for
planning. Furthermore,sglanningin-flight cannotbe
doneto the samdevel of sophistication, with the same
consequences.

@

Basedupon our evaluatiorof the emergingmissionplanning
technologieshe following observatiorsan bemade.

(1) Thepenandpaperids arediminishing.

(2) There isa definite move towardhe use of more
centralized databasésat support the integrationof
information and facilitate coordinated planning.

Facilitiesfor alimited form of mission rehearsaind
for the previewof importantintelligence information
(e.g., FLIR and radar imagery}re emerging as
importanfeature of somesystems.

@

Thereis clearly a reductionin the manual tasks
associateavith the entry of radio frequencies, safe
corridors, IFF codes, etc.

(5) Emerging systems enabke reduction in mission
planningtimeson the groundandtransfer facilities
(cassetter directlink) havebeen developechat can

@

rapidlytransferts  informationinto on-boardsystems.
(6) In-flight mission planning systermare still at the
laboratory stage.

Thekey featurewith significancefor the futureis the move
toward computer based systertimtwill place relianceipon
someform of centralized databased=rom the human factors
standpoint therareconsequentlywo significantaspects that
wiill affect the developmeat futuresystems; thesare:

(1) Theimportancef ensuringthat the user'sneedsare
adequately represented during the system design
Process.

(2) The importance of establishintpe relevant criteria
upon whichto base the interfacelesign.

The latteraspecis of greatimportance.lt is likely that future
systemswill be highly capablewith avariety of featuresand
with potentiallysome fornof decision making capabilityThe
success of the whole systenn suchcircumstances will be
impactedy thedesignof the user interface.
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6 162, Criteri
A short description is providedf someof the criteria that
shouldbe taken into accounin the designof a useroriented
interface.Despite thaifferencedetween the humamachine
interfaces ofthe on-ground and irflight mission planning
. systems, the interfaces should be desigasghrts ofa total
system. Thecriteria utilized to developoth interfaceshould
remain valid acrossiterfacedesigns, buiaydrive the design
toward different mechanizations dué the operating
environmentsf the on-ground andn-flight mission planning
systems. Characteristiobthetwo operatingnvironments that
aredifferent includespeeaf mission replanning yulnerability,
numberof concurrentasks, etc.

(1) Lsuels of Automation, Thelevelof automation should

be basedupon a general principled “human-
automation compatibility, This principle stateshat
monitoring and control functionshould be
dynamically balanced based upon the worklgad
capabilities. andaskingof the operator. The levels
mustdifferentiatdetweerpreflightand inflight tds

(2) Capability 1o react quickly to a variety of inputs. The

mission planning systems should provédall times
rapid access tany of the information helcbn the
database whichthe usehasauthorized access.This
means that the system shoulddi#eto processn
parallekommands coming fromdifferent inputssuch
as a keyboard, aouse, 2 trackball.a touchscreenpr a
voiceinput.

(3) Menu driven. The specificequirements for amenu
driveninterfaceasopposed to command driven Menu
tpe interfacesequireonly a shortearning period for
the userto becomeproficient. A potentialdrawback,
however, is that experiencedusers can find the
interface slow and tediousess careful design allows
the interface to adapt to use by experienced users.
Some taskse.g., entry of meteorological dataare
moresued to formfilling ype dialogues. WIMRype
interfaces shoulde ableto combine differentformsof
interface where appropriate tbe task and user.
Menusshouldhelp theuserknow whereheis in the
planning process. baelp easilyto previoussteps as
needed, andtartoverquickly fromthe beginningas
desired.

4 Qui i Theuser should be
given the opportunity to interrupt his taskto obtain
feedbaclkn thetasks completedThis meansthatthe
interface shouldbe ableto display the resultsf the
ab-tass.  underthecontrolof theuser.

(5) Transparency, Thiscriterionconcerns theuser under
standingof the process that productt®e automated
planning soutors. This means that the interface
should displaypnrequest, the respectivieelationships
betweerthe solutionsind the rationalby which they
werederived. Thereforghe user shouldbe ableto
understandthe decision process, by being ahée
understan@nd evaluattherulesandknowledge that
the systemases. Furthermore, thieterface should
reflect the intentionsf the userby representinghe
mentalschemaomodelof theuser.

Reduction of Semantic Distance, Thisis thecognitive
model andeontro! that theuser haof the decision

making process by whickhe systemderivesits
solutions.It is essentiathatts modelmatcheghat of
themachine process to reduce therkloaddemand
imposedon information interpretatiorand error
reduction. Thesystenshouldbe transparent anthe
rules shouldoe representedn the interfacein an
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unambiguousvay. Symbolsandiconsmustbe self
evident intheir meaning.

Eror Detection and Correction. The automatiorof
certain mission planning tasks will not reduce the
occurrencef operatoerrors. It is thereforedesirable
that the systembe designed to bothreduce the
occurrencef errorsaswell asbe faulttolerant. For
example.all manual actions shoulde able to be
changed andhe user shouldoe ableto view the
consequences afuchactions. The user, viahis
cognitive model, shouldbe ableto predict the
consequences a&fachaction andwhere necessary
update hismodel. The system shoulde able to
validate inputs and highlighihosethat areincorrect,
while aiding in their correction (althougts would
dependn the formof theerror). This form of input
verification can be utilized &figher levels by usef
expertsystems techniques that wouldgafiaboration
with other systems, analyz¢he feasibility of a
command anderify and monitorthe consistencyf
decisions. An "undd' facility shouldbe providedso
that the user can easily recofem anunintended
operation.

(8) Weighting Rules. |n missionplanningsystemshat
utilize formalized knowledgeandartificial intelligence
techniquesdifferent emphasisiaybe appliedtorules
or parameterso affect theoutcomeof planning. The
weightingmustbeeasily changed.

Q)

6.17. Deconfliction.

At present, only intra-force deconflictioron spacingbetween
aircraft (and fragmentatioof their weapons) and between
aircraft and cruise missiles is handled pre-flight mission
planning systems. Deconfliction across nations (and even
acrossservicese.g., Army, Navy, Air Force) is performeby
higher comman@ndcontrol echelons. Future developments
may wellincorporate these capabilities into wirigvel mission
planning systenmaswell.

Feedbaclof mission plans to higher command and control
echelons mudie anessentialequirementor futuresystemsas
only thencan deconfliction be performed by individual
planning systems without the requirement to interface with
command andontrol elements. Becauseof the rapidly
changingsituationn the battlefield, deconfliction with other
forces is only possiblg lastminuteupdatescan bemade in
flight via JTIDS orMIDs type system

6.1.8. Mission Rehearsal.

The capability to rehearse the planned mission aosingle
segmends soon asits planned canbe considereds anoptional
feature, buta i’ * rehearsatapabilityshouldbe included
& a basic function, particularly the capabilitfiyexamining the
mission orits segmentsto verify (automatically as faas
possibleput always undepperator'said)  thatno mistakes
arepresents ifie fmal plan. Thisfeature couldhedefmeds

« Add friendly,interactive debugging capability. Mission
rehearsalan be aimedto other two objectives:

- missionoptimization+through the possible identifi
cationof better solutions

- crew trainingfor thatspecifiomission.

ThePreFlight mission planning systemightconsistof several
rapidlyreconfigurable cockpits thatvould serveas workstations
for nonflight activitiesas well as cockpitstructures for mission
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rehearsal. lis conceivable thathis cockpit would allow the
pilot to interactively plan his missioin a workstation
environment. flythe missionjust planned from takeff,

interrupt the mission in midourseto change someparameters.

return to the mission rehearsal motiecomplete the mission,
refly the mission fromiake -off to landing.andthenproducethe
missiondata cartridgec be takento the aircraft. Several
cockpitswould be requiredto support multiple aircraftlying
the same mission.
could be performedsimultaneouslwith all pilots.

.1.8.1,Mission Plan Debugei
Errors thatanaffectthe final missionplan canbe of different
types:

WroneInput Data Wrongdatacaneitherbe includedin

thedatabasesised foplanningor beinput manuallyby
theoperator.

- Invalid Assumptions, some general statements theg
consideredduring the planningprocesscould be not
applicableo somespecificcases.

A siepwise mission rehearsal proceduteit automatically
verifies congruityof evolving missionstatus, submittingn

operators request criteréand datausedandflexible enougho

easily accepany changdor re-planning could be a useful

debuggingod  Extensiveuse shouldhe madeof pictorial

displaysandeasy inputnediato allow quick andsafeexecution
of thisphase.

6.1.8.2.. MissionOptimization,

The achievabléevelof optimizationis probably dependanh
the timeavailablefor this phase. The optimization canbe
addressetb factordike:

+ reductionof risk exposure

« reductiorof pilots workloadand possible errors
+ reductiorof active signature (emissions)

+ reductiorof missiontime

increasef attack effectiveness

+ economyof expendables (including fuel)
* improvementf deconfliction

+ integration withothermissionson the samer adjacent
target(s)
= improvementf flight safety.

Automatic computatiof suchparameters, whepossible.
should take place durintipe planningphase and meansto
parametricallyevaluatethem during rehearsal shouluk

provided. A 3D color graphic display should provide a
computer generatedht of the window scene prediction from

view-points on the plannedflight path thatcanbe moved and
steered around.

This facility is desirable fottarget, visualroutepoints. critical

Missioplanningand mission rehearsal

CHNICAL LIBRARY

ABBOTTAEROSPACE.COM

» the mission planningperator
» thepilot (may notbethe samegerson)
« aseniomilot/advisor

andby anautomatic evaluatdinat applying generalilesshould -
beable to ratehedifferentsolutionsin terms of effectiveness,
survivability,etc.

183, Rel 1 for Traii
Mission rehearsahallalsobe usedfor training crews.In this

caseit can takeplacein a widerange of differentforms.
Synthetic generationf imagesf whatthecrew is goingto see

bah out of thewindow andon the aircraftdisplays (radarR,

LLTV. etc.), integrated whepossiblewith realimages from
any available sourceis of course an important supponb

trainingfor that missionas well as for the studyof optimized
solutionsas discussetefore.

Anotherimportant fornof trainingis for the crewto familiarize
with the sequencef actions and withthe timing of that
particular mission; fols purpose the planned missiareld be
flown automatically- in terms of basic aircraft control in a
CPS (cockpiprocedure simulatowhilst thecrewinteractswith
cockpit displaysindcontrolsandbecomes familiar with sensors
management, communications, weapee8ctions, attack
procedures, etc.

The ultimate stepof training couldbe to perform the whole
mission ina full missionsimulatorwhereit could take place
exactlyas plannedor wherea numberof possible changesnd
unforeseen situatior®uld occur, including those requiring in
flight re-planningof the mission itself.

6.19. GrowthPotential.

Requirementdor future missiorplanning systemarebroken
down intofour categories. Regardimgrdwarenew mission
planning systems shouldse standard commercial hardware
adaptedo military needs, to alloweasyevolutionandeontinuity

o hardware, software, anthteroperabiiity. Artificial
Intelligence shoulchave arole in future mission planning
systems. Librariesf missions shouldemaintained irorderto
reusepartsof a mission that havelreadybeen generated,
Finally future mission planning systems shaotd be thought
of as groundbasedsystems, buts parts of a morecomplex
structure including inflight mission planning systems.

63. AIRBORNE MISSION PLANNING.

TheMission Planning functiois conventionally thoughuf as
beingapreflight activity thatis performedat awork stationthat
is separated from thercraft However the concepof in-flight
ortboard mission planning notnew. In current aircrafafter
the aircrew boardthat aircraft, change® the plannednission
can be accomplishedy modifying theplanning datas it &
enterednto the avionics systeror by editingthe dataafter it
hasheen loaded intahe avionics. Themaodificationof planning
data by the aircrew, orre-planning, is on-board mission

areasetc. Simultaneously, whenapplicablegn boardsensors planning. and, ift is donewhile airbome, the modificatiocan

displays shoultbereplicated showing sensionages prediction.
A digitized imagestorageapacity shouldlsobeprovided to
allow real photograph® bereviewed,whenavailable. In this
context,the missionor portionsof it couldbe virtually "flown"
in anoperator controlleglow/fast/real time andreviewedby:

be considered ifflight on-board mission planning,In the
future, the capabilitiesof the in-flight on-board mission
planning function can be greatly extendedin terms of
functionalityandcapacity. In-flight on-boardmission planning
differsfrompre-flight mission planningn that thecapabilityof
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future inflight on-board mission planning system will be aircraft. the operationf themission planningystenwouldbe

tailoredto the constraints imposed by the flightvironment,
suchastime pressuresn theaircrew.imited space angower
availability,numberof aircrewmembersandthe use of flight
qualified controlanddisplay devices. Mission plannirfgr
"dynamic' tactical missions, sucas closeair support,may
" requireadvancedn-flight re-planningon-boardthe aircraft to
effectively performthe missionor to evenmakethe mission
possible.

6.2.1. In-Flight Interoperabilify.

It is expectedhat futurein-flight mission planning systermsll
be implementedss integral parts of the avionics suitekste

controlledby switches placedn the stick and throttle. The
systemwould allowfor limitedmission rehearséle. for air-to-
ground,a targetm in sequenceandwould permitthe pilotto
interactively controtheremainingpain  of theflight. The
system would present options the pilot for selectionand
would allow the pilot to manipulate tactical decisioresd
outcomesandnot require the piloto mentally compute items
suchas fuelremainingor ordnance delivemgquirementsThe
systemwould via a ddia link receive changem the threat
environmengandthe missiorStatusof otherfriendly aircraftas
well as transmitting aireraft mission statuto the otherfriendly
aircraft. Increased #iight planningandre-planning capability
could requiremore communication with differing security

aircraftin which they are fitted. Consequently, interoperability requirements.

will berestrictedo ensuringhatthe necessary mission planning

informationis available, andhat the resultant plangan be
rapidly disseminatedto applicable friendly forces.
Communication issuess notedin Sectiors.2.3, aretherefore
of major significance. For singleseattactical aircraft.
particularly, it will be necessaryto minimize the workload
associated witlestablishinghe Communicatioitinks in-flight,
andtheneed to maintain security angbvertness will inhibitthe
amounbf dataexchange.

6.2.2. In-Flight Databasdssues.

Thedatageneratetby the preflight mission planner anidaded
into the aircraft prioto commencemenf themissionis usually
that necessaryo execute both the mission amadfew pre-
plannecklternatives. Ths will include asignificant part,butnot
all, of the totaldataavailableto thepre-flight mission planning
system. Table5-1 showgheinformatiorthatis typically output
from the preflight mission planning system theill include
routestimings, IPs, fuelloadetc.

f a degreef re-plannings to becarried outin flight, additional
informationwill need to beloaded intahe aircraft foin-flight

use. The amount of additional informatiowill be directly
relatedto the extendf re-planningallowedfor. It is unlikely

that additional geographior weatherdatawould be required,

except that. for missiors$ long duration.a weather updataay

become available and usefuUpdateson the dispositiorof

friendlyassets mayalso beused.

It will be seenfrom TableS-1 thatno dataon missionsand
tactics neede loaded into the aircraft re-planning is not
requiredbutifre-planningis to becarried out in-flight thendda

on availablecorridorsandiPs will needo be updatedn flight.

Similarly,as well as carrying andreceivingipdaied information
on enemythreatsandtargets.the inflight re-plannerwill need

to use available knowledgen enemy tactics.

The amountof additionaldatathat will be required ighus
relatively smalland unlikelyto present problemin termsof
storage. Therecould. howeverpe substantial difficultiesn
providing satisfactorydataupdates irflight, particularly as
informationon enemy movements mépe of uncertain quality.
Thecorrelation andiltering thatis normally carriecbut on the
ground maynot bewithin thecapabilityof the aircrew in flight,
and the quality of in-flight re-planning may be seriously
degradetyy inaccurate information.

6.23. In-Flight Communication Issues.

The InFlight partof themission planning system woube an
integralpartof the on-boardavionics systemln a single place

63.4. In-Fiight T h elssues.

In-flight planningwill require fastecomputation®f planning
parameterandsimplified cotd  anddisplay utilizationben
preflight operations.

6.25. In-Flight Flexibllity lssues.

Theflexibility required of te in-flightmisson  planning system
will beboth greater and lesser ththatrequired for the ground
based system.The interfaceto the pilot mustbe more
automated. and thysovidefeweroptionsto the pilot, itmust
be flexiblan its solutiongo planning situations. If thia-flight
systems alwaysespondsn a predictable fashiomo enemy
actions, forinstance, thenemycanule  this predictability
against the friendly forces.

62.6. In-Flight Ergonomic Issues.

261 M f Cockoit Prioriti

Mission replanning inflight hasto be managed anglut ib
relationshipwith the other cockpiactivitiesin orderto avoid
dangerous interferencesAny significant breakdowrn the
mission hagmportant implicationgor thepilot's activities. The
pilot is rapidly involvedin the cognitivetask of updatinghis
mental schemandts current situationariorities. Whemre:
planning mustccur thecoordinatiorof activitiesis basedn a
carefubalance between twdifferentrequirements. nametihe
rapid evaluation ofvhathasto be changed irthe planand the
continuatiorof critical activitiesn thecockpit.

An automated planningsystem can fruitfully assist this
coordinationtask either by accelerating the process by
intelligentlyaugmentingilot capabilities.

62.62. Re-planning Decision Aid

It is possible forthe inflight mission planner to evaluate
objectively the thresholdbat suggestvhetherto change the
plannedmissiononceit has been started. Objectmealuation
is the resulof rules, usuallynot explicitly statedn reference
manuals anéh Air Forceregulationut learned by the pilots
during the training proces3hesaules helpthepilot to decide,
for example, howto cope with overcominghreats that might
affect the mission,how to face emergencieswithout
compromisingsafetylimits, etc. It is adirect derivatiornf the
known limitsef: the typeof aircraft, the complexityndthe
timing of the mission and, more generally, any important
constraints evaluatedisnecessarfor thesuccess of the mission.
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Theexistencef thesdimis  gives riseto careful consideration
onhow to utilizethemduring the design processlthis maybe
some sorbf automatedhssistancthatrelieves theilot of part
of ts decisiorek Theimportant poinis. however. thathe
pilot might find himselfueteh  while deciding whethethe
plan hago be changedndto whatextent. Predictions of the
implicationsof re-planning shouldbemade availabl® thepilot
aong with explanationsf how thosepredictionswereobtained.

6.2.6.3. Monitoring Planning Decisions.

An important consideratioim the mission planning proceiss
that changeso one segmentof the mission will have
implications for theentiremission. An important examplés
time-over-target. Time-overtargets oneof theconstraintshat
must be maintained evewhen the decisionto changethe
planned mission has betaken, unlessit results froma new
battlefield situation.

Giventhe unpredictabliming of thearrivalof the information
thatmay causehe planto changéi.e., it can arrive early during
the missionbut also atan advancecstage) it is evenmore
important thanin on-ground ptanning thatin-flight the pilotwill
he able to select the desired leveind possibly method of
interactionwith the planning systemlt is critical that the
automatedssistance iadaptive, takingnto accounton one
side, the level of detail the pilot wants toexplore the
implication®f themodification

6.2.64. Di C f ing Results.

The decisionto modify significantly aplan might imply a
changen the levelof complexity of the mission. Thetime
availableto insertnew data, tomake evaluations necesséoy
changethe plan andto establish anew route mightnot be
sufficientto accomplish théurther taskof verifying the plan.
For example. the pilot's selecteduteto the targetmight be
affected. Giventhe short time resourcgdan reviewis often
notpermitted.

An airbomemission planningsystemmay detect andorrect
errors ormakea quick evaluation ofhe tradeoffs among
different routes.Of course, the pilot may not accept solutions
and suggestions without having clear understandingf how
theyhavebeerreached.

ABBOTTAEROSPACE.COM

Anotherrelevant pointo becarefully considered in the design

d airborme mission planning systems that displaysand

controls haveo be appropriateo thepilot's operational needs,
This means that consistency between the philosophy
information presentation antthe philosophy of automated
assistance IS Of primary importance,

Themodesof wntrol onmission planning tasks ardbtasks
wuld bemaodified in reaHime accordingo thetsk time-load.
Infg, time availableandsubjective timeappraisal to perform
tasks seemto be the two pertinent criteria pilots use to share
these attentiveresources among subtashs.is thuspreferred
that automatiorassistancalso fe determined orthe basisof
suctcriteria

62.7. In-Flight Deconfliction ISsues.

Changesn a missionplan will require someaspecs to be
disseminatetb other aircrafin thea arid to groundbased
mission planning systems to perndiécenfliction. ThiS is
especiallytrue of airbome aircrafin the samegeneralarea.
Deconfliction maybedoneon the othearvat  in an automated
way to reduce aircrewvorkload. It is possible that thplan of
one aircraft is dependeot the actionsof' a secondaircraft.
This functional coupling requires a decision processl
communications System capablef disseminsting therevisedin-
flight missionplansto the appropriate aircraft.

62.8. In-FlightMission Rehearsal.

It is likely thatin most tactical aircraft. flight mission
rehearsalvouldnotbe utilizedin anactuamissioncontext. In-
flight mission rehearsal may haaplacebefore takeoff. during
engineunrup andpre-flight if time permits. Duringthe it
the only potential usef mission rehearsal might bfer
embedded training, btiiis is only forpeacetimetrainingand
notin anactual missiorontext.

62.9. In-Flight Deconflictionlssues.

Thegmwth potential for irflight mission plannings only a
fractionof the growth potential fopre-flight groundbased
systems. Anynodificationgo the airbome avioniasustbe ,
validatecbeforeit is releasedo thefleetandthis testing is more
wmplex.and rigorousthanits grounchasectounterpart,




The major focus of the PhaseOne effort wasto assess the
currentstateof missionplanningtechnologyin the various
NATO countries. Our objectivewasto identify the existing
capabilities poth strengths andweaknessesf currentmission
planningtechnology. We setout to achievets objectiveby
first establishinga setof performanceharacteristicandthen
proceededo assess both existingmissionplanningprocedures
andemergingnissiorplanningsystemaisingthe performance
characteristics.

A reviewof e missionrequirementsor four tactical aircraft
missions(air defense,close-air support,ar interdiction,and
attackhelicopter)eadto thedevelopmentf nine performance
characteristicsThecharacteristicare:

(1) Interoperability
(2) Database

(3) Communication
(4) Time

(5) Flexibility

(6) Ergonomics

(7) Deconfliction

(8) Mission Rehearsal
(9) GrowthPotential

Thesecharacteristicarerethenusedto evaluatethe mission
planningproceduregurrentlybeingused for the four aircraft
missionsdescribedabove. The major conclusionfrom tis
investigationvas:

« Existing missionplanningproceduresare extremely
labor intensive. Much of the planningis doneusing
greasepencils and paper maps; fuel and timing
calculationsnustbe performedby hand; andmission
related datamustoftenbe enterednto the aircraftby
hand.

It became clearthatmissionplanningdoctrine andtechnology
has lagged far behind many of the aircraft technology
developmentsnce world War 1l

Most of theNATO countrieshavealsocometo i conclusion
as our investigatiorof emergingmissionplanningtechnologies
revealeda large number of efforts underwayto develop
computerbasednissionplanningsystems . After reviewingte
existing mission planning proceduresthe Working Group
proceeded  with themajoreffort for Phas@ne: theinvestigation
of theseemergingmissionplanningsystems.This investigation
lookedat a wide cross sectionof emergingmissionplanning
systemdrom avarietyof NATO countries including:

« AAFMPS U.S. Ar Force
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Chapter 7
Conclusiondor PhaseOne

« AMPA Ul KingdomR.A.F
« AMPS U.S. Army

+ CAMPAL Netherland&® .N.LAF.
« CINNA 3 Frenchk Force

+ CIRCE 2000 FrenchAr Force

* MARPLES ItalianAr Force

» TAMPS U.S. Navy

. TEAMS U.S. Navy

In generalthese emergingmissionplanningsystemsare built
arounda computemorkstationcoupledwith a high-resolution
color graphicsnonitor. Althoughcapabilities/aryfrom system
b systemmostof the emergingsystemprovidethe following
capabilities:

« Digitalmapdisplays.
« Threabverlays.

« Automatedcomputatiorof fuel consumptiorand ETA
ateachwaypoint.

« Graphicainputof waypointsusingamousetrackbalbr
joystick

« Routeplanningfunctionsthat perform intervisibility
computation$o generatéhesafest routes.

= Large missionplanningdaiabases  of that include:digital
terrainelevationdata (DTED); operationaland pilot
reports;weathemdata;threatlocations;andlocations of
friendly andenemyforces.

+ Handheld cartridgedor transfering missionplanning
dataintote aircraft.

In additionthe following capabilities,althoughlesscommon,
wereprovidedin someof thesystems:

» Radarsatellite, andIR imageryof thetargetarea.
» Realtimeandfasterthanreakttimemissionrehearsal.
» Deconfliction.

During fs analysisamajor observationhat came out of the

Phasedne effort wasthatthefocusfor theemergingplanning
systemss on groundbased.pre-flight planningtechnology.
Limited effort is currently n progressto developin-flight
missionplanning systems. The Working Groupfelt thatin-

flight planningcapability will become increasinglyimportant
for future missionplanningsystems. A numberof in-flight
capabilitiesvereidentifiedthat will beaddressenl Phase Two
(See Chapter 8).
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Chapter 8
Potential PhaseTwo Topics
81. INTRODUCTION. Mission RehearsalT heprimaryfunctionof missionrehearsai -

The Working Group'sPhaseOne studies concentratagbon
currentandemergingsystemsndhence wetéargelyconcerned
with systems thatarry out theplanningek in workstation®n
thegroundpeforecommencement of theflight. Phas@wo will
be directedtowardsfuturepossibilitiesandwill assess both the
potential value ofnew systemsin the contextof specific
operationakcenariogindtheresearclanddevelopmento bring
them into use. Future systemscan be envisioned that
conceptuallyvill be muchiess constrainethanpresensystems
andmay consistof networks inwhich some mission planning
capabilitymaybe basedandinstalledwithin the aircraft. It also
appears likelythat missionplanningand re-planning will be
carried outoth beforecommencememf « mission andfter
takeoff.

In the remainderof Chapter8 are listed the topics thahe

working Groupidentified duringPhaseOneas being potentially
worthy of studyin PhaseTwo andconsistentvith the wider

concepts outlinedbove. It will be seenthatthe listis along

one (althouglmot necessarily exhaustive), indicatitigt there
aremanypossibilities forexpansiorof therole of futuremission
planning systemisyond their present capabilitiesT hetopics

havenot beenarranged in any orderof priority; it will bethe
task of Phase Twao assess their relative importanaed
perhapgo addfurther topicsas the studyprogresses.

82. SYSTEMCONCEPTS.

DistributedMissionPlanring Process.Themissionplanor its
modificationscanbe the result of aprocess involving several
stationsand responsibilitiesboth before and after mission
launch. Theresultingplan carbein ts  way very effectiveu p
to-date andreliable, providedhe systemupstream of the fmal
outputis tolerantandflexible.

Dynamic Predictionof BattleEvolution. This maybepossible

if intelligencedata isavailableandthe systenhasa reaitime
war-gamingcapability;Al techniquesare foreseeto be one
methodof achievingts capability. Such prediction capability
can beusefulin collecting appropriate informatiandin setting
up database® meetpossible replanningneeds andto adopt
proper tactics.

Interoperability. This concephas alreadyscen investigated
during Phas®©neof the Working Groupbut the interest shown
by NATO ontis topic indicateshatfurther examinatioris still
required. In particular. the conceptof distributed mission
planningprocesses - working within a €3 network raisesnany
inter-operability issues.

Airborne Mission Planning, Theconcepbf medular avionics
recentlydeveloped for thA&TF is likely to beadoptedy future

aircraft;tis emphasizes thahe on-boardmission planning
functionshall notbeof astandalonetype hut will beembedded
and share other aircraft functionsot only avionics. Also in

to increase mission effectivendsg allowing the aircrewto
becomemore familiar with all or part of the mission
(specifically thecritical parts) thais currently being planned.
Mission rehearsal can also hseedto testthe ability of an
aircrewto performamissionthatwes plannediy another crew.
An aircrew maytestits ability to performagiven plan while the
mission rehearsalystemmay acquiresome characteristicsf
theaircrewto beintegrated in the mission plannigigtem.

In orderfor mission rehearsab beeffective, it should provide
theuserwith fixed ormoving imageryof differenttypes (visual,
radar,IR, computergeneratedetc.) and shouldbffer more or
less realistic or detailed viewascordingo collected datand
aircrew needs. Accordintp the goalof the aircrew,such a
system wouldfferdifferentlevelsof interactionranging from
previewing imagesr mission phaseso full interactiorwith an
aircraft simulationallowing the crewto testalternative pathsto
thetargetor avoidance maneuveirs thecaseof newthreats.

Mission rehearsamay be usedat any stepin the planning
process irorderto testa justcomputectcritical phaseor atthe
endof the planning process review partor all of themission.
The rehearsal itself should lableto run at different rates,
slowerthan reaktimefor examiningcritical phasesteattime for
evaluating workloadr time pressuresp fasterthan reatime
for rough evaluatioor for in-flight use.

83. SYSTEM TECHNIQUES.

DataFiltering/Fusion, Filtering andfusionof data formission
planning systems is required to reduce the total amafunt
informationandcombine (differentinformatronfrom different
sourcesndto eliminate inaccurate data. .

Data Proteciion, In-flight on-boardplanning on the basisof
externally suppliedata(or plans),or prefflight planningon the ,
basis of datafrom external sources, requires tlla¢ mission
planner haveccess to highly sensitive information. Thestorage
of s data inamission planning system htsbe suchhatthe
datais:

» Automaticallydestroyedhftera crashor capturejn the
caseof anon-boardsystem.and

« protectedagainsunauthorizedaccessn the caseof a
groundbasedhissionplanning system.

Communication. The concept a networkedgroundbased
and/or airborne) mission planning system aaatasources
implies communicationlinks betweemnrkstations. Though the
availability of communicatiofis increasing(e.g., satellites)
these communications and dditeks haveto be secureand
unjammable, and maynot always heuseable becauseof

covertnessequirements.

Testing/Validation. Testingandvalidationwill beperformedoy

this case,it is foreseeable that such integration can takifieSystemdeveloper beforéhe systemis fielded,as well as by

advantagef Al techniquege.g., cooperaling expert systems).

the end user during each mission planning session-flighe
testingcan behighly interactive put in-flight testing will be
muchmore automatedThelikely possibility of the useof Al



knowledge based technology within theborne mission

planningsystenin conjunctiorwith uncertain information and
asynchronouseventsill increase the complexitf testingand

validation. Themissionplanningsystermwill need to produce

plans that are not predictable to the enemy.This non-

. predictabilityalso complicates thetestingandvalidationof each
mission plan.

Artificial Intelligence. Atrtificial Intelligence(Al) or similar
" techniques mayoe required to support decisions within
mission planning systemptablyif it ison-boarda single seat
aircraft. The degreeof support dependsn the planning
workload ofa particular missiophase.

Computer Graphics, Thegenerationf a synthesizedreaborld
imagewill beincreasingly importanespeciallyin the context
of mission rehearsalSuchimagesmaybebasedn DTEDand
DFAD databasesbut alsoon photographiaatafrem RECCE
aircraftandsatellites.Considerable computer poweis needed,
especiallyf the graphickaveto begenerateth reattime. The
graphicshardware should be suitalitg use in day anchight
timeunder variousveatherondiions. Fumemisson planning
systemsnayrequiregreater displagapabilities thapresently
available.

System Architectures, Future mission planningystems will

generally become more capablapre complex, and have
increasing ability for intercommunicationwith other
componentsn a networkedC3] system. Consequentlythe
architecturef anyfuturemission planning systermustallow
for progressive change and update, to take acoofutite
changes thawill occur to theelements of suchnetworks, and
alsotake advantag®f improvements in thetateof theat in
mission planning technologyhis implies that the architecture
should bebasedon a seriesof modules thatan be developed
andmodified independentlyhereby minimizinghe ¢ost and
difficulty d both maintenancandupdate.

Themodularconcephasthe advantage that, iresponding to a
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software, communicatioandsystem standards are agreed
and supportedThis could create major difficultiesspecially
in thoseareasn which technical advancesebeing madeinder
commerciallffunded developments.

It is highly likely that,in the more complerissionplanning
systems, both hardwamnd softwarewill be built up ina
modular fashion. The single single CPU system shownn
Figure 2-1. will be replacedby a number of dedicated
computers,eachworking on only a part of the overall
computationaled AS anexampleof ts  a dedicated graphics
processowill be needed to providineprocessinghroughput
required for reatime generationf highly realistic mapsnd
3-Dimages. It canbeexpected thananyof thealgorithmsand
therulesrequiredin on-board mission planning systems vioi
similarto thoseusad in preflightplanning. Theextento which
the same software packages bausedin both applications
will requirefurther study.

Man/Svstem Desien. Increasingautomation, desigaf higher
leveltass into the avionicof mission planningsystemsand
psychophysiologicdimitationsof systenoperatorsraise issues
of: crewtrust andconfidencén theplanning process, impaat
operator fatigu@n the planning process, mission execution,
effectof environmentalactorson missionsuccesgglationship
of operatoskill levelto speedandaccuracyof the planningand
mission execution procesandrole of electreopticalsystems
(helmet mountedsystemsyirtual image display systems) in the
planned mission functions. Consideratiohthese issues
extendsthe conceptof ergonomicsn Section3.2.6 but are
considered integrab the successful plannirapdexecutiorof
the mission.

All topics aboverefer to both groundbased ancairbome
mission planning system# morerefined analysis willreveal
thecommonalities andiffereucedbetween theswo types of
mission planning systems, but weigindspace constraints will
always makenairborneplanning systerfess capable than its
groundbasedcounterpart. Subsequent studies have to deter

requirementor anew mission planning system, the developemine the acceptability level of such reduced capabilities.

shouldbe ableto utilize a significant number of modules
developed undereviougprograms. It also has theadvantages
in makingit moreeasyto insurethat interoperability between
+ differentmissionplanning systems ardifferentaircraftcanbe
achieved. To achieve these advantages requires that

orderto makeairbornemission planning systeras effectiveas
possible.
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Appendix A
Surveyof Emerging Mission Planning Systems

In the pastdecade.the tremendous growth in computer
technologyhas madeét possible to automatmany of the
missionplanning functionthatin past yearsereperformedby
hand. Many automatechissionplanningsystemsrecurrently
being developed that offehe potential for missioplanningto
bedone fastemoreeffectivelyand withreducecrrors. In this
Section,we will review the emergingriutomatedmission
planning systemsFirst we give a descriptionof nine mission
planning systemghat wereselecteds representativef the
types ofsystemsinderdevelopment.Subsequentlyye review
these system# termsof their applicationsimplementation and
capabilities.During thereview. thesimilarities and differences
of thesystems are discussed.

Al AUTOMATED MISSIONPLANNING SYSTEMS.

A surveyof theNATO countieswill quickly confirm thatthere
is a tremendougffort underway to develomnd deploy

automated mission planning systems for tactical aircra;

missions. We haveselectedo review 9 systems that are being
developed or have recentheendeployed These systems
representvork underway in thdive countries participating in
the working groupFrance.ltaly, the Netherlands, thenited
Kingdomand theUnited States. However,automated mission
planning systemare alsaunder development iatherNATO
nations.

The 9 automatednissionplanning systemsvere selectedo
represena wide cross sectionf differentaircraft andaircraft
missons.  The9 systemshat were selectedre

+ AdvancedAir ForceMission Planningystem
(AAFMPS)

+ AdvancedMlission Planninghid (AMPA)
+ AutomatedMlission Planningystem (AMPS)

+ ComputeAided Mission Planningit Air Baselevel
(CAMPAL)

« CINNA3
+ CIRCE 2000

+ Military Aircraft Route PlanningxpertSystem
(MARPLES)

* TacticalAircraft Mission Planning SystertTAMPS)

TacticalEA-6B Mission Suppor{ TEAMS)

ALl AAFMPS.

AAFMPS is the next generatiorlU.S. Air Force mission
planning systemthat replaces the current missiphanning
capabilityin US fighterunits consistingof flight planningand
weapons delivery programs runnimmg Zenith Z-150/248
computers, MissioBuppert System (MSS) andMSSTL. The
capabilitiesof the AAFMPS have beenobtainedfrom the
unclassifiedJS Statementf Requirement®ocument (SORD)
for mission support systemBAF 31287-1-A. The AAFMPS
will be capableof completingthe entire niissiopplanning

process for thetactical aircrew.It will performaircraftspecific.
mission plannindor all US TAF aircraftconfigurations(R/RE-
4,F/EF-1ll, F-15,F 16, andATF), includingweaponsarried by
thoseaircraft, atall systenlocations.

The AAFMPS will connect to TAF commandand control
systemssuchas EIFEL. ACCS. andConstant Watckwhich are
directly linked to multinational systemsAAFMPS will be
capableof being interfacedvia electronic communication
systems throughout the TAFThe AAFMPS will accept
automatectlectronics communicatidretweenforce and unit
level systemssuches intelligence weather ATO andimagery.
Ths allows the user to readily accegd update weather,
weaponsimageryorderof battle, and intelligencgatausng an
automated interface. Weathdata bases including both
conventionalweatherinformation (ceiling, visibility,winds,
hazardsetc.) andweathedatanecessaryor the planningand
operational delivergf electreoptical(TV, IR, laser) precision
g{:ided munitiongndtarget acquisition systeraserequiredto
pporthemissionplanning process.

Mission datapreparedby the missionplanner will be loaded
ontoatransfer mediunfor subsequent initializatiaof on-hard
aircraft avionicsand weapons systemsogrammed via the
AAFMPS. Major areas requiringutomatedsupport include
navigation.fuel managementweapons initialization. combat
mission folder preparation, targetrea tactics planning,
electroniccombat planningsignature management, avionics
initialization. target scene predictiopensatration analysis,
optimum route selection. weapons delivery planning (all
weapons) andrecording of in-flight maintenanceand
operational data.The AAFMPS is envisioned agproviding
planning for departurejngress. attack.egress, andrecovery
phasesf amission.

To allow forinteroperability andhe requiremento operate
from other thara unit's homestation.all US TAF AAFMPS
locations will have complete flightplanning capabilities.
accessiblandinternally availableonthesystem foall USTAF
aircraftto permitotherservices/atlied nationsto usethesystem.
To increaseinit flight planning efficiency, théd AFMPS will
support atleast four userssimultaneouslyvia separate
keyboard/video displayunitsconnectedo eachmainprocessing
station. Thesystenwill useDefense Mapping AgendpMA)
standard products inputin themission-planning process.The
systemwill be capablef displayingmapsof varying user
selectable scale®isplays willbeavailablen theater-type data
bases.

The AAFMPS should provide information required fdaily
peacetime aircrew training AAFMPS will be capableof
providing missiorspecific information as requestéy the
aircrew. This information includes enemy ordef battle. safe
passage, airspace coordinatimder(ACO) information,S AR
orbits, escap@ndevasioB&E) safeareas.Air Tasking Order
(ATO) information.sucheas restricted operatingonesweapons
free zones,tactical/sector frequencies, fighter engagement
zones, low level transit zone§AC information, FLOT
information. modeX/HI squawks, missile engagemeiunes,
base defense zonesght/IMC parallel track information,
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AWACS orbits. optimizedroute planning and large area
chart/situation overview.will beprovided.

AAFMPS will be capablef providing conventionahndnon-
conventional weapons releataa,multi-ship employmemith
timing deconfliction, andotherattack informatiorto the user.

. Other provided information includes weapons fragmentatibn
aircraft deconflictionfor multi-ship ingress/attack/egress.
Deconfliction will be basedon weapon fragmentation envelope
" andtiming. AAFMPSwill be capablef providingthemissiorr
specific information for nuclearweapons,in addition to
conventionalveapons.

The AAFMPS will display enemythreatand friendlyoder  of
battle informationo the aircrewand selecta minimum risk
routebetweertwo userdentified pointsor betweersets of user
identified points, The algorithms will take aircraftsignature

modeling into account when that information is available.

Additionally. the usemwill be ableto input adesired minimum
flight altitudeabovesround level (AGL) , and then cqlculate the

inhest siirvivable altitnide whigan be flown for each leg of
Eur:] Tolute down‘:fo the minimum altitude selected by theusg'

The user shall be able 10 select anY ingress altitude, and the
system wili compute and display the correct radar terrain mask

and lethality centours. Route pathand order of battle
information “}gu?se stored for future reurtlteval. The route pa

optimization routine should consjder factors spehaircraft
ype. speedaltitude. threat ype  location relative to the zirerafy,

terrain, threat reactiotime, time visible to the threat(time
segments and cumulativgklectronic countermeasures)d
effectsof mnltiple sitesin its solution.

The AAFMPS software will use standarddMA databases,

intelligence target/turnpoint and background data inputs, and
weat erdatamgutsto dggict, on ah.igh-grgsolution videodisplay,

‘ﬁ{]h?ﬁ Sﬁfgc point may logk like when usin

ard coplies “of thes&O/IR pre
available . _ target/tum _ .. : -
folder. ﬁorwillgalso cg?gjtlg%%isasl}grﬁn ;%?g?n%?gtrg gﬂgg
acquisition,lock-on, anddesignation rangeasndpolarity. for
BO/IR systems. The AAFMPS will display, on a high-
resolution video displayt  aircraft specific radgpredictions
basedon user input aircraft altitude, viewing angle, fiadtl

. view, scope range, intervening terrain. and aircraft rad
characteristics and radar scope magkhard copyof these
radar predictions wilbe availableandthe predictiormay be
stored for future retrievalThe systenwill have thecapability
toue  DMA DFAD to displaycultural depictions fouse in
realistic radapredictions. The systemwill be ableto generate
synthetic aperturadarmpredictionss well.

é_EO/]R Sensors
ictions will be

The AAFMPS will prepare botfull colorand blackand white
strip maps,aircraft lineup card, weaponsdatacard, and the
navigationsequenceda card. The usemwill beableto design
the format and determinesizing of formsto satisfy local
requirements usingvaordprocessostyle ofinput. The system
will be ableto plan theoptimum orbit placemerfior standoff
jamming platformssuchas the ER-1LA and Compass Calllhe
algorithmswill take refractive effectsf the atmosphemenRE
energyinto account whents  informationis available. Given
the location of these platformsthe system will display the
effectsof these systen@ntheenemyelectronicorderof battle.

The AAFMPS will possess  selectable capability displaythe
effectsof on-board jamming podsand expendables agairise
electronic orderof battle with or without the presence of
standoff platforms.
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The AAFMPS will display awide perspectiveepresentationf
the outthewindnw-viewatuser specified altitudesangesand
look anglesIn atin  to singlescene perspectives, the system
shall providea fiy through capability. This capabilityshall
provide at least thability to definearoute segmeriietween
two points and generat sequencef scenes whicltanbe
playedback forthe operator creating the effect of flyiapng
the selectedrue segmentThe user willnot haveheability to
deviatefrom the planned mutend airspeed factorsdonot have
to beconsidered.

« An AAFMPS user will have the capability to
simultaneously display tHegress/egress routes ofs
entire composite force, and also have displdythe
relativepositionsof all aircraft at anypecified time.

» The AAFMPS shouldbe ergonomically designetb

allow rapid input/output of datawhile operatorsare

wearing & chemical warfare defense . cooble.

The igjtal terrain map/display Will be capable of being
i t it 1 routine basis,
%ﬁ%\’,ﬁ,’.’h‘g}a%lﬁ’fé‘%%ﬁ%ﬁ vt\I/}ﬁ %Iénpreg\?ll Btto the usgﬁﬁorjt.ﬁee
Combat Mission Folder preparation: highest leg obstacle,

minimum enroute altitudes(day/night), all obstacles above

selected penetration altitledes, minimum and emergency safe
altitudes, leg closestdivert field data, intersecting” Victor

Airways/VFR routes/IFR TOUS (for peacetime training
scenarios), artillery ¥MPa%t areqs, safe passage corridors, and

low-level transition routes.

K AMPA.

To ensure  that modem tacticalir operationsare successfully
carriedout in the faceof increasingly effective air defenses,
meticulous mission plannirgndpreparatioris vital. Missions
mustbeplanned using accurate andtopdateinformationfrom
numerous sources amdl information entered mudte made
availableto otherinterested agenciefue to theneed for fast
aircraftturnarounds and highsortierates planning musake the
minimum of time.

The UK proposed Advanced Mission Planning Aid (AMPA) is

designed to assist in the planning and preparation of Harrier
GR7 missions by:

* reducing both planners and aircrew worklogh 8
aircraft missiorwould take 30 minutesto plan from
receiptof the task order.

. PPy transferring
Gegféffg%i?él oéﬂlltyﬁf'é&v‘dlé%%%@’dnap displa

productionof a missiorbriefing cad

SRS MRe

sincreasing effectivenessby providing more

comprehensive mission plangade possibléy giving
plannersetteraccesso all relevant and upo-date data.

« allowing mission feasibility to be initially examined
before detailed plannirig undertaken.

AMPA consists of text and graphics configured computer
workstations, networked locally via an ethernet or more widely
by a secure communications network. It is designed for use by 2

variety Of users in mission planning centers, the Forward Wing
Operation€enter/Combat Operations Cent€FW OC/COC), as

well as in tents or cabins at Harrier field sites.
Thegraphics workstations widlisplaymapsof different scales,
sred on optical disk, andallow informationto be overlaidon
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the mapusing thegraphics capabilities. The useris ableto
zoom in to showgreater detaihind'pan’ ovethe map. AMPA
can displayfive overlays simultaneously over the map
showing:

+ intelligenceinformation(SAM sites,FEBA. friendly
forcepositions).

* routeinformation (waypoints, initial points, fuel states
andtimings).

Onreceiptof the mission tasking ordéom FWOC/COC the
routeis plannedby theentry of target positioror patrol line,if
thereis nodefinite fiied targetwaypoints, weapon load, speeds
and heightsand required timeon target. A route is then
generatedhat maybe alteredby the planner viahe keyboard
andmouse/trackball. The input of a few initial parameters
allowsthefeasibilityof the missionto be establishedndpartial
plans developedndpassed between sitesfar developmerand
multi-sitetasking.

All fuel and speed calculations ammade withreferenceto
performancedata held by AMPA on individual aircraft,
Timings generatedor individual aircrafttake into account
aircraft positionin formation. typeof tum and collision
avoidancever thetarget.

A methodby which AMPAspeedsip theplanningprocesss by
referringto storedtemplatesof pre-plannedauacks. formation
turns and standardecovery procedures. Also referredto is
informationon possible threathatis usedto produce a routeof
leastrisk by referenceo terrainandthreatdata,

AMPA produces missiotiatain theform of:

= printedmap(s) with overlaidinformationand Mission
Briefmg cardooanng ~ specificmission information
e.g., callsgs

« data forthe avionics system via a data transfer unit
misting  of

- video map and overlays
- waypointsandmuteinformation

- action points, wherahe pilot is alerted to
perform araction(e.g., in-flight report)

adn  points,wherethe avionicsystem performs
an actionand informs the pilot (e.g., change
radiofrequencies).

Thedisplayby AMPA of imagerye.g., daylight photographs.
FLIR picturesetc. allows aircrewto previewthe appearancaf
specific pointsin the mission allowing a level of mission

rehearsatb becarriedout.

Postmission reportsMISREPS, will be sentvia the electronic
messaging facilitto FWOC/COC for evaluation who will
provide siteswith an upto-date databasef intelligence,
meteorologicaland NOTAMS. It may also provide route
informationb theproposed\utomaticLow Flying Enquiry and
Notification System.

The Advanced Missiofflanning  Aid allowsfl advantagéo be
takenof theincreasdn capabilitiesofferedby the advanced
avionicssuitesnstalledin the GR7as well as in otheraircraft
suchas the Tomado, givingand increasein both mission
effectivenesand potential sortie rate.

Y THE ABBOTT AEROSPAGE

CAL LIBRARY

ABBOTTAEROSPACE.COM

A.1.3. AMPS.

STheAMPS currently under developmemgsinitiatedbasedon
requirementsf the US Army's special operatiorf®rcesthat in
turn, have fosteredsignificantinterest within the Army's
aviation communityto the point of MissiorPlanning System
(MPS) requirementdor conventionalArmy aviation assets
being formalized bythe Training andDoctrine (TRADOC)

Command.

TRADOC MPSrequirements documents address levelsof

mission planningcapabilitiesthoseat the Aviation Battalion
and Aviation Companyln general the compargvel systems
is a subsebdf the battalion systenn that all thecompany
capabilities can function at battalidsut not all battalion
functions carbe done atthe company. ?he overall salient
operational characteristicas specified in the TRADOC
requirements documentare detailed in the following

paragraphs.

The aviationcommunity requiresameansof iransferring tactical
andoperation data, developed prioitheinitiation of amission.
into theairbome missioncomputerin atimely manner. The
processs currentlydone manuallyhichis time wnsumingand
errorprone. Armyaviation assets are developimgissdata
transfer capabilities predicatemh a small, portable, Data
TransferCartridge(DTC) capable oftransferring upto 256K
bytesof data. Thedatais developedformatited, andstoredon
the DTC by theMPS atboththe companyndbattalionAMPS.

Performance plannings essentialto the mission planning
processdn that it providesthe ability to evaluate a specific
aircraft's capability (physicaland aerodynamicflight
characteristicsjo perform the designatethissionover the
battlefield terrain anénemythreatenvironment The weight
and balance computations are ads@ntial, not only in the
missionplanningstages but alsan subsequent stagefsmission
execution wherditat  load distributions havehanged.The
currentmethodologyfor accomplishingperformancglanning
and weight and balance computatioase manually labor
intensive andime wnsuming. The MPSwill automate these
functionsin the planning process and a subsfethe MPS
weightand balance capabilityill beimplementedor airborne
applications.

The aviator currentlydevelops mission essential information,
suchas communications frequencies, navigation preference
points. flight routesete. during the missioplarming procedure
andtansaibes 5 informationto a paper formathat canbe
carriedon akneeboardor accessluringthe missiorexecuion

This form of the missiordatais essential fothose aircraft that
are not capable for accepting>@C andis also requiredas
backupreference foaircraftequippedo accept aDTC. The
AMPS will providedataformatted ineccordance with specified
requirements for a varietgf aircraft and will printout the
necessary kneebodtdms.

Thedirect utilizationof DMA productds necessarfor mission
planning in ordeto minimize the battlefield logistics support
requiredto providemap and imagerproducts at the various
echelons.DM Anas standardized produetailable in theform

of CompactDisk Read Only MemoryCD-ROM) thatwill be
useddirectly hy the AMPS to provide Areaof Interest (AOI)
map, imagery,and various overlay data bases for planning
purposes. The AMPS will supportDMA's ARC Digitized
RasteiGraphicfADRG) mapsSPOTimagery)Levell Digital
Terrain Elevation Data(DTED), Point Position DatdBase



(PPDB), andbther CD-ROM based productss they become
available.

Route plannings aprimary functionof theAMPS, andas such
the MPS must have the capabilityf supporting both manual
andautomatedouteplanning functions.The automatedoute
planningalgorithmtakes into consideration theerrain.threat,
andmission objectivef planning a flight path. The system
generatedoute isdisplayeds an overlayo acolorbackground
digitalmapso that theplanner canfine tune andeditthe flight
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The CompanyMPS will be basedon IBM compatible laptop
technology.Thebasiadesign philosophis to minimizeweight
andsize to providea manportableplanningcapabilityto the
aviator. TheCompanyAMPS W behousedn a transportation
casethat will also includean extemalflat panel display
(optional) smalldotmatrix printer, and datatransfer device.

Al4. CAMPAL.
The RoyalNetherlanddir Force(RNLAF) begarworking on

path. Thesystem automatically stores the pertinent missioBomputerized systemis the late1970s, aboutthe time it

parametrics associatedith the selected flightpath for
utilizationin othemMPSfunctions,i.e. performance planning.

Theaibome digital maprequires anapandimagery data base
in orderto produce coloimagesin the airbomenvironment.
Typically. the areaof coverage associated with tactical
mission formattedn theDMA CD-ROM configurationusedin
the ground basePS, requires hundredsf megabytes of
memorystoragen theaitome  processor.Currentweight and
size restrictiondr military aircraft preclude thesed such
standard memory devices. Therefanegrder to implementan
efficient, flight worthy, hardware suite the map amdagery
data basesustbesignificantly compressedhis compression
functionis accomplished by theAMPS in atimely fashionanda
suitableDataTransfer ModuldDTM) is loadedwith the data
basefor utilizationby theairbome digitalmapsystem.

Mission rehearsal. especially rdahe (flicker free CRT
presentation) anfhsttime (fasforward) fly through capability,
is anessentigbartd the mission planning procesHie out-of-
cockpit perspectivis necessaryo familiarize the pilotsvith the
ingressandegress terrainthe objectivearea, and in general
what to expectin terms of terrain and surface featurés
unfamiliarareas. TheAMP Swill support reaktimeperspective
view generationfor fly through mission rehearsal. throudie
utilization of Level | DTED for slope shaded perspective
generation, photographignagery draped overDTED. and
ADRGopographic maps draped o&TED.

The AMPS will interface with the ATCCS Battlefield
Functionalreas (BFAs) along with various battlefieldndUS
national intelligencassets. TheBFAs areManeuver Control.
Fire Support, Air Defense.Intell/Electronic Warfare. and
Combat Servic8uppot  Aviation is anam of Maneuver and

introducedSeneral DynamicsF-16 aircraftin largenumbers. It
was believed that muchbf the capability of the modem aircraft
waswastedf adequateommand andonholsystemsverenot

in place. NATO and individual nations were working
:improvedC2 systemdor useat levels abovéhe airbase; the
Netherlandslecidedo concentrate on the airbaséevel(notably
OCA and CAS missions), The ComputerAided Mission
ReparatioratAr Baselevel(CAMPAL) as availablenowdays
hasheen agreedo meet the requirements farpport of the 16
aircraft.

CAMPAL hasbeendesignedo operatess a subsystenof the
AirbaseCommandandControlinformation SysterfABCCIS).
The major objectivef this interconnectiors theprovision of
up-to-date, actual informatiomy otherABCCIS subsystemi®
the CAMPALsystem. Theinformationis mainly a modeo act
as a standalone systemin this mode, all mission relevant
informationis suppliedrom CAMPAL's ownstoragefacilities,
excludingasking information (whictis manuallyinserted).

The CAMPAL systemalso supports thetactical mission
preparation procesy various analysisds including:Enemy
Defense Analysis Model&EDAM), Digital Terrain Analysis
Models(DITAM), and MunitionandDelivery AnalysisMats
(MADAM). EDAM vyields effective rangefor enemydefense
systemss a functionof flight altitude and tactical condition.
DITAM presentserrain masking diagrams fodefenseystems
with known coordinates. The MADAM package s an
interactiveweaponeering computeprogram, basecn the Joint
Munitions Effectiveness ManudMEM).

CAMPAL provides several additional functions including:
integration ofall available intelligence datan enemydefense
systems;an aircraft performance package that immediately

thereforethe majority of the command directives and eyajuatesthe aircraft's capabilities anéliel requirements;
intelligence comesthrough  the Maneuver Control System generatinghe on-boardcomputerdata filethatis transferredo
(MCS) atthe Aviation Brigade level. Echelons below Brigadeye sircraftvia the DataTransfeCartridge; generating thiight

mustinterface directlyto theindividual BFA assets becausef
thecurrentATCCSarchitecture.

The mission planning process willy addion  to thetactical

plan (for peacgime missions);and generatingcthe Combat
MissionFolder.

Nowdays the CAMPALsystem isn thepreproductiorstate. As

kneeboard forms, provide the aviator with topographic anglission Suppoiystem/CAMPAL (MSS/C) the systenwill be

photographic map imagery witte tactical data and flight
routes depictees overlaysin colorhardcopycompatiblewith
the kneeboardireconstraints.

TheAviation BattalionAMPS will bebased on IBM compatible
PC technology. The systendesign philosophys to utilize an
open architectureo take advantagef the availabilityof special
purposeco-processing  capabilitiesandthe multitudeof second
and third party suppliexf PCcompatible productsThebasic
processomwill be supportedy thefollowing peripherals; full
colorscannergigitizertablescommunicationinterface, hi-res
color andmonochrome display$ull color/dot matrix printer,
CD-ROM andread/write optical disk drivesanddatatransfer
devices.

deployedby the Netherlands Air Force.MSS/C will also
support othetypes of missions.

A.1.5. CINNAZ,

CINNA 3is the newest missigolanningsystemin the French
Ar Force. It isintendedo beusedfor preparing multiaircraft
missions. CINNA3 is basedon a SUN Workstation;its
hardwarencludes:ahigh resolutiorcolor screerf1152x 900),
keyboard, mouse, 68020 CPU witbating pointcoprocessor.
16MB of RAM, a 527-2900MB hard disk, directinks to the
aircraft and a color printerlts Capabilitiesnclude: theability to
display digitizedmaps;route planning usingintervisibility
calculations, fuetomputation. planninghe tactical approach
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using spot imagesor 3D visualizations createffom digital
fen  data. andplanningtheattack. Thesystem is designedo
plan missions consistingf up to four aircraft. In thefume.a
mission rehearsalapabilitywill be addedhatwill allow the
pilot to simulatethe missionprior to takeoff,

A.1.6. CIRCE 2000.
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= airfields

« tasklist: thegoalsto accomplish during thission
+ aircraftconfiguration

« fuel availability

By considering missiodata,the mission plannetalculates all

Circe 2000 is anautomated ground planning system intended forlikely solutions. The calculationtakesplaceon the basiof a

the FrenchMirage2000N and SuperEtendard. It providesthe
pilot the ability to selectvaypointsandnavigation checgoints;
performs flight profile. fuel consumptiontiming, andweapons
delivery computations; angrovides thecrew with digitized
maps, terrairelevation data, tacticalnd weather data, and
navigatiorpints, thatarelinkedto thesystenhrough atactical
network. Thepilot interactswith the systenusinga keyboard,
mouse,and menus. The Circe 2000generates variety of
outputs including: color flightdocumentsaircraft plugin
memory inscription, andmission rehearsal. The systafso
providesintervisibility diagramsandsatelliteviews, andcanbe
networkedwith upto 8 otherwork stations

Al7. MARPLES.

MARPLES s amission planningystenbeing developedor
theltalianAir Forceby Aeritalia MARPLES(Military Aircraft
Route PlannindexpertSystem)s an expert system prototype
for mission planningvith anobject-oriented data basandan
userorientedinterface. The data base holdgeographicand
tactical informationand gives inputsto the interface. A
generatorand an evaluator of likelypaths are the main
componentsf the database. Themain MARPLES'functions
are:

+ To displaymapinformationandto update thedatabase.
« To assist the pildh planningthemission

This function allows the utilizationf the geographi@and
tactical information througfe) amap visualization.(b) inspec-

tion of its components(c) an updatingof its contentsand,
finally, (d) it allowsto modify thestructure of thedatabase. A

descriptionof thesecharacteristic®f the Map Displaywill

follow.

TheMARPLESI nterface is splitnto two windows: Themap
itself and themenu. By makingconnections amongall the
available tacticahndgeographicainformation, MARPLES is
able to show the degreeof risk that eachirea on the map
presentgColor-codingis usedto displaydegreeof risk). In
orderto evaluatehe degreeof dangerMARPLES takesinto
accountrelevant informatidife altitudeandthe pre-identified
terrainpints (suchaswaypoints, linearcheckpoints,threats).
Mapscalecanbe changedind thdevel of detailrelativeto any
singleareaand/or terrainpoint onthe mapran be selectedvia
menu.

The mainpurpese of MARPLES is missionplanning.i.e., to
help the pilotto choosethe best routeamongthe various
possible routesMission planningthroughMARPLES consists
of:

+ Missiondefinition
+ Mission planningandevaluation

Among the informatiorthat mission planners need in order
calculatédestroutesare:

taskdisentanglememirincipleandthe overalltaskis subdivided
into subtasks.All thesub-tasks areprocessed and calculated in
parallel. As soonasthis processas been completed'task
scheduléer triggersa procesghat combineghe different local
solutiong(i.e., those concerninthe subtasks)n orderto fmd
globalsolutions.This processakes intoconsideration rulethat
allow rejectionof local solutions.

At the endof t6 processmany globalsolutionsare available
and theproces®f evaluatiorcan begin.Theevaluation process
takesinto accountvellestablished criterithnat allow selection
of the mossuitableoute. Tothis dn bayesian algorithmsae
utilized. For anypossible solutiorany parameter receives a
weight at theglobal levelandarereferredo eachother. Among
thesgparameterghe followingcanbementioned:

+ Riskexposure@ndacceptance
+ Waypoint recognizability

» Amountof turn

» Initial point tactical evaluation
= Altitude profile

« Fuel consumption

At theendof the evaluation proceassingleglobal solutionis
displayedandsuggestetb thepilot asthebes: candidate for the
mission. Theothersolutionsarestill available andhepilotis in
chargeof thefmal evaluatioranddecision.

This prototype can be considered as &irst step for the
realizationand implementationof a fully-developed expert
system. Theoreticandpracticalwork is in progress fothe
purpose of integrating this produatith airborne systemsandof |
rendering it flexible according to evolutionary tactieald
environmental conditionsind the pilot's style in planning
missions.

Al8. TAMPS.

The Tactical Aircraft Mission Planning SystefTAMPS)
supports operational militaglanners for avariety of aircraft
typesandmissions. It speeds thproces®f planning missions
for bothtraining andcombat sortiesThesystern &0 providesa
comprehensive analysif penetratiomprobabilities in complex
defensive networksThesystem software can ladapted to a
variety of computer hardware, providirfgexibility in meeting
unigueoperationalequirements.

Thekey objectivesf TAMPS arew:

= provide acommonmissionplanning systemfor rapid
processingof largedatabasegterrain, environmental,
weapon systerperformancethreat)

= perform interactive detailed traddf analysis and
digitally transfer datao/from supported weapons
systems
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« maximize reusabilitpf government-owned software

« minimize new software procurements whifeeting
specific weaponsystemmission planning requirements

« provide evolutionary acquisitiarfi incremental software
releasesnd hardware installations.

Designof theTAMPS systenis focusednimprovedexchange
. of informatiorbetweerthecomputermandtheus.  If theman-
computerinterfaceis designed tdeuser-friendly, the usercan
more easily controthe direction and pacef the planning
procesdy initiating specificactions. To accomplislﬁhls design
goal, the computer softwarevill be tailored tothe unique
requirementsf planningfunctionsandte softwarewill usea
plain Englishmenuand promptso eliminate theneed for users
to be trainingin computeror dataprocessing. The TAMPS
softwareiglesignedo provide:

= the capabilityo defmediciat  routesby specifyingum
points, speeds, and aircraft configurations

» an analysisof known threats relative to the selected
missionroute

« the Capabilityto easilymodify any part of an existing
missionbecaus®f changingequirement®r to reduce
the probability of attrition

« a hardcopyoutputdateof the planned mission

Themethodusedfor routedevelopmenis simple. Theplanner
moves arelectronieursor onthecdor graphics screeto select
locationsfor mm points and other essential missicexctions.
This cursor isconnectedo previouslyenteregointsby aline
definingthe aircrafiground track.A varietyof graphic displays
supportheplanning process arateeasily selectedtanypoint
in themission.

The interactive operationf TAMPS, using analphanumeric
(A/N) keyboard and digitizer tablet inputsffers an easy
altemativedo manual mission routing aradrcraftperformance
computations. Threat analyss also provided to support
routing decisions. TAMPBasautomated théme consuming
elementsf analysis and calculatiowhile keeping decision
makingunder theuser'scontrol.

The Tactical AircraftMission Planningsystenwill operaten
theMicro YAX II computersystem. Thecolorgraphics screen
will bethefocal pointduring planning.lt ison ts devicethat
the missionwill beconstructed by displaying awide variety of
background pictureshat provideinformation necessary plan
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copier produces hard copy outmft any graphics terminal
display.

The Tactical Aircraft Mission Planning Systemvolves two
inter-related tasks: database administration armdission
planning. Prioto mission planningthe databasgdministrator
(DBA) creates althe databases needed during gianning
process. Detailsf that &k may be foundin the Database
AdministrationOperator's Manual.

Themission planner generates the grotmadk of theroute,
produces aircraft performance results,and analyzes
environment. Personnel familiar withe basic elementsf
aircraft mission planning. navigatiothreats.and/or flight
dynamics willbe best suited tasethe system. Thosewith
aircrewexperiencavill quickly adapt. TAMPS is designedo
make the planningrecess logicaland straightforwardith few
special proceduredt is basedn English languagmessages,
queries, and responses; theeof selectable functiokeys; and
terms andymbols familiarto theplanning process.

A TEAMS.

TheTacticalEA-6B Mission Suppor{TEAMS) systemwas
implementedo demonstrate the capabilityexpandr EAMS to
accommodate the requiremeatsntegratedstrikewarfare. To
deliver maximumordinancesn target whileincreasingaircraft
survivability the system musbnain  the following mission
essential functional characteristicsThe systemmust be
flexible, incorporating command structurasd all platform
requirements. The system mustbe fully integratedfor
coordinatiorof all battle grougstrikecomponentsThesystem
mustbe quick andreactiveto completely assimilate the latest
tactical dataandadoptive for response servicechanges.The
goal of the integratedstrike warfare support system is to
increase mission success and survivability.

TEAMS was designed specifically asan integrated
hardware/software Systento supportthéEA-6B strike warfare
mission. On receipt ofthe strike planningorderfrom higher
authority, thestrikeplanning board initiates thptanto strikethe
designatedarget(s). Strike plannersnust provide information
to guide preparations. This information includes target
identification and location, levels of damage(or number of
weapons)desiredoutes.critical timing, and other constraints
importanto planning.

TheTEAMS mission support system consistghe following
elements thatare integratedinto hardwareand software
components. Fdhreat preparatioimtelligence, trainingand

asuccessfuhission. Terraincontours. threat locations, charts, g3 ndard operating procedure doctrine data are accumulated.
and geographgreexamplesof screen background content thatrpege data anesed to derive tacticatiataand processes for area

might beusedto lay in an appropriateground track. As the
routeis built. analphanumericdisplay wibeupdatedo display
the characteristiasf the mission in a tabul&orm.

Therearethree input devicesn TAMPS: a mouse, a digitizer
tablet.andanalphanumerickeyboardh graphics screesused
to display available functidkeysto the mission plannerBy
selecting &ey name withthe electronicurser theappropriate
function will be performed. Themouseanddigitizertabletare
locator deviceshat positiorthe cursoionthe graphics screen.
The alphanumeric keyboard is used to tygpeesponse t@a
prompt,usuallyonthe alphanumerscreen.

A printer produces hard copy output of several alphanume

formats. Oneof theseoutputs, the Flight Plan,isintended for
aircrewuseduring the flight of the planned mission. Aolor

operationssupport  contingency planningandhigh leveltactical
preparation. Dependingon the strike targetandwnstraints
imposed by the strikplanner. specific strike preparation is
initiated. Specific strike preparation consisté analyseof
availabledata forgeographics, threat analysisroute fuel
planningoadout, and threaplatforms andsystem capabilities.
Resultsof these analyseare convertednto flight plou and
mission plan. Apost-strike analysiss conductedhatfocuses
on threat location damagaircraftmaintenanceimmaries, and
correlatiorof dataand functions performed missionplans.

The mission support systens supportedby graphics
rkstations that display@anoverviewof the target objective.
ework stations areonfigured withsoftware algorithmthat

permitflexible exercise athe planninglatain remoteterminals
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in the EA-6B ready-room suitableto pre-mission preparation.
Thereadyroom capabilityconsist®f textsand graphicoutputs
that are networked. Specific features tbé workstation
capability are theecomputationof, e.g., fuel, speed, and the
critical iming of the planto speedup and increase thipre-
decisionof the planning processand a flexible graphics
capabilitythatprovides rehearsaf themissionprior to mission
execution.

A2. EVALUATION OFAUTOMATED SYSTEMS.

The emerging mission planning systems that have been

reviewedin this report represent wide cross sectiorof
missions, aircraftgions  andcapabilities.The intentionof ts
subsectionis to discussandcompare these missig@anning
systemsin a manner that illustrates their similaritiaad
differences.

The comparisonwill bemade ford of the missionplanning
systems reviewepreviouslyin five categories.

(1) System_Overview, Describesan averview of the
mission planning systems thiatludes (ajnformation
on thedevelopernyserandapplication aircraft for each
mission planningystemand(b) a descriptionof the
mission planningcapabilitiesof each system (route
planning, intervisibilityweaponsleliveryandaircraft
performancenanuals).

(2) Hardware. Describes the hardwamnfiguratiorof
the missiorplanningsystemin termsof the computer
andits datastorage capabilities (hard disk, optidisk
andge

Databas€avabilities. Describesvhat databases the
mission planning system suppoirtsluding terrain,
satellite photography, intelligence data, operational
data,weatherdatapilot reports. radar imagenFLIR
imagetyandcommunications information.

(4) Ergonomics. Describesthe computer interfatethe
mission planning systems (mousegkball, joystick,
touch screen)whetheron-line helpis available and
whetherthe system camdjust thetime requiredto
generate a flight plan to respond to limitéte
planning situations.

Mission RehearsalDescribesvhatmission rehearsal
capabilitiesare availablein the migsion planning
systems includingvhetherthe system supporzD
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viewing, 3D viewing, variable speedsimulation
capabilityanddynamic events.

A21. SystemOverview.

An overviewof the automated missigslanning systemsis
providedin TableA-1. For each missioplanning systemfis
tableprovides:the developeof the system, the servictmt are
usingor suppoing  thedevelopmentf thesystem, the aircraft
that thesystemis designedo supportwhetherthe systemis
groundbasedshipbasedpr anairborne systzm, andwhetheror
notthe systens currently operational.

Developers. The development of themerging mission
planning systems hadveenperformedby a combinatiorof
large, wellestablished avionics compani@sritalia, General
Dynamics McDonnell Douglas,Ferranti)and by a groupof
smaller companies specializiing mission planning systems
(Horizon Technology, Merit TechnologgpmmandSystems).

ServicesThe automated mission plannirgystemsarebeing
developed foralmost every service (army, navy, air force,
marines) of every NATO countrthatwassurveyed.

Applications. Mission planningsystems arbeing developed
for awidevariety of aircraftandaircraftmissions as shownin
TableA-1.

Basing Mode. All of the automated mission planning systems
reviewedherehave been designed feseon the grounadr on-
boardaship.

Operational Status, Approximatelyhalf of the mission planning
systems reviewedre currently operational.However those
systems that are operationate available in very limited
numbers. Thefew systemshathavebeendeployedare,for the
most part, in the field for evaluationby operational forces.
Those systems thare not operational, rangérom near
operational level® laboratorystudies.

An overview of the mission planningcapabilitiesof the
automatednission planning systenisprovided inTableA-2.

For each missioplanning systemthis table indicateshether

or not the systencan support intervisibility andmasking
calculations foreithergroundto-air (G-A) or air-to-air (A-A)

threats, route planning, weapons delivgtgnning (where
applicable)andon-line aircraft performance.

TABLE A-1. Overview of Emerging Mission Planning Systems.

System Developer Service l Application Based Operational

Not selected USAF F-15,F-16, F-111, ATF, ATA | Ground No

N/A RAF Harrier GR7, Tormalto Ground No

Not Selected USA AH-64, OHBR, UH-60A, CH-73 Ground No

NLR RNLAF F-16 Ground No

MATRA FAF Miragelll, ¥, FICR, Jaguar | Ground Yes

CIRCE2000 SAGEM FAF Mirage2000M, Super Etendard] Ground Yes
MARPLES Aeritalia IAF AMX Ground No
M. Douglas USN F14.18.A-6,7, AV-8B Gr/Ship Yes

TEAMS PRB Associates USN EA-6B Gr/Ship Yes
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TABLE A-2. MissionPlanning Capabilities of Emerging Mission Planning Systems.

system Jl— Intervisibility : Roue Planning : WegpasDelivery :_ Aircraft Performancé
AAFMPS l G-A ! Yes : Yes ! Yes
AMPA Masking Yes Yes Yes
AMPS Yes Yes Limited Yes
CAMPAL Yes Yes Yes Yes
CINNA 3 In Progress Yes Yes Yes
CIRCE 2000 In Progress Yes Yes Yes
MARPLES In Progress Yes No Yes
TAMPS G-A,A-A Yes Yes Yes
JEAMS ] Yes 1 Yek 1 yeg 1 Ye&

Intewisibility. Most of themission planning systems surveyed

performedater-visibility calculations for ground-to-air threats.
Only three of the systen{and only one of the operational
systems) performed intervisibility calculations for-tmirair-
threats.

Routeplanningwas providedy all of the
mission planning systems thagre reviewed.

Weapons Delivery, Weapongieliveryplanningwasprovided
by a majority of the missiorplanning systems argy mostof
the systems that wedeveloped for fixed wingaircraft.

Aircraft Performance Manuals, All of the missiorplanning
systems supporn-lie access to the aircraft's performanc

manuals. Performancénformationis requiredto assessuel
usage duringhe courseof the mission and is therefoo#
criticalimportance. Any missionplanningsystemhat cannot
providets capabilityis of limited use.

A2.2. Hardware.
An overview ©f the hardware used {5 jmplement the automated
missionPlanning systemds provided in Table A-3. For each

. mission p|anninwstemthis table describes: the computer and
storage capabilitiesf thesystem.

Computer. Almost all of the automatedmission planning

systems that were revieweate implementedon computer
workstationsthedominate choicebeing theMicro Vax 1.

TABLE A-3. Hardware Configurationsd

All of the automated mission
planning systems providethta storageapabilitiesisng some
combinatiorof harddk  opticaldisk and/or tapedrive. All of
the systems thaterereviewedrovided a hard diskThesize
of the hard disks varied fromlow of 80MB to ahighof 630
MB. Someof the systems provide an optical disk capability.
Theopticaldisk is usedby mostof the systemgo storegran
data. Ova half of thesystemprovide tape drivesThe useof
the tapedrive seems to spléquallybetween usasa primary
datastoragenedium andas a backupdevice.

Thecapabilitieof a mission planningystemaredirectly tiedto
the numberof types of mission datthatit can accesand

é)rocess.ln TableA-4, the datdbasessupported by eachmission

planning systenareil Thedatabasethatwere considered
in this surveyare digitaterrain elevatiomlata(DTED). satellite
photography (Photojntelligence datdintel), operational data
(Ops), pilot reports(Pireps).radarimagery(Radar), infrared
imagery(FLIR) and weathedata.

It is difficult to make anygeneratonclusions aboulata base
capabilities. Withthe exceptiorof digital terraindata. nonef
thecategoriesvas supportedby all of the systems. Mosf te
systems supported several categoried data but theseategories
varied from System tosystem.In generalit appearssif each
planning system supports only thadatabases thaare of
primary importanceo the missiorfor whichit was designed.

Emerging Mission Planning Systems.

system Computer HardDisk Opt.Disk Tape _J' Weight
AAFMPS 1 N/A 1 Yes ) Yes ' Yes N/A h
AMPA N/A N/A N/A N/A N/A
AMPS 386PC 200MB 600VB ND N/A
CAMPAL NIA N/A Yes NIA N/A
CINNA 3 SUMWrkst 527 MB NO NO N/A
CIRCE2000 N/A 40-150MB 3-6GB ND 130Kg
MARPLES Symbolics 370 MB NO N/A NIA
TAMPS MicroVax It 630MB NO TKS0-AA NIA
TEAMS WorksSiplien | 2430MB Yes 9irack 680Kg
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TABLE A-4. Database Capabilities of Emerging Mission Planning Systems.

System DTED | Photo | Intel Ops | Pireps | Radar | FLIR | Comm |Weather
Yes Yes Yes Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes No No Yes Yes Yes
Yes Yes Yes Yes Yes No No Yes Yos
Yes Mo Yes No Yes No No No No
Yes Yes Yes Yes No Yes No Yes No
CIRCE2000 Yes No Yes Yes Yes Yes No No Yes
MARPLES Yes No Yes Yes No No No No No
Yes Yes man man man Yes No No man
TEAMS Yes No Yes Yes Yes No No No No

A23. Ergonomics

Ergonomicsare an important part ofany mission planning
system.Theprimary benefitsof amissionplanningsystem(the
ability 1o generatemore effectivemission plans ilesstime)
cannot heachieved withouta well designed useinterface.
Three ergonomic factorsvere reviewedfor each mission
planning systenthe madmachinénterface the availability of
ortline help, and the ability of the systemo vary the time
requiredto plan the missiomo supportsituationswhereonly

limited time is available for planning.

Interface, The man/machine interfacds oneof thecritical areas
affectingergonomicsn automatednissiori planning systems.
Of particular concertis the ability for thehumanoperatorto
enter dataand commands quicklyandeasily. To meetthis
requirement allof the new missionplanning Systemshave
supplementethetraditional keyboaréhterfaceo thecomputer,
with a variety of pointing aids includinghz mouse, trackball,
digitizer crosshair, joystickandtouch soeen.  Many of the
systemsoffer a packageof severalpointing aids, adding
flexibility to usingthe system. Pointingidsareparticularly
useful for mission planningecaus¢hey caneliminatetheneed
for entering latitude, longitudecations via thekeyboard. This
not only reduceshetime requiredo planthe mission,but also
reduces the likelihoodf errors. Pointing aids also allative
usero interactwith the system usingenu?, insteacf keyboard

TABLE A-5. [Ergonomics of Emerging Mission Planning Systems.

commandshatreduceshe amounof information the operator
mustmemorizein ordero effectivelyuse thesystem.

On-line Help, All of the mission systenthat were reviewed

providesomeform of or+line helpto the operator. althougtne
quality of that helpwasmuch more limitedin someof the
systems thaathers.

VariablePlanTime. AU of the missiorplanning systemswith
the exceptionof TAMPS, did providesomevariable planning
time capabilities. Again aswith the online help, some systems

provided greater capabilitidsanothers.

Mission RehearsalCapability. The computetbasednission
planning systems whammmbined wittcolor graphics hardware
makeit possibleto rehearsehe mission via simulationlt is
expected that this capabilitgn dramatically enhance pilot
performance durinthe executiorof the mission. The mission
rehearsal capabilities themission planning systentisatwere
reviewedaredisplayed in Tablé-6. Informationis provided
indicating whether each mission plannsypport2D and3D
(bird's-eye) viewsluringmissionrehearsalwhetherthesysiem
supports avariable speed simulation (slowerfastethanreat
time), andwhetherthe system support§ynamic eventuring
therehearsal All of thesystems that provide missioghearsal,
capabilitiegabouthalf of the total) support boti2D and3D
viewingduringtherehearsal.

System Interface . On-lineHelp l VariablePlan Time

AAFMPS unspecified unspecified Yes
AMPA mouse, trackball Yes Yes
AMPS graphicalfrackball Yes Limied
CAMPAL trackball Yes Yes
CINNA 3 mouse, Yes Yes
CIRCE2000 mouse . Yes ‘ Yes
MARPLES mouse | Yes Yes
TAMPS mause L Yes l No

TEAMS keyboarcandmouse I Yes I Yes .
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TABLE A-6. Mission Rehearsal Capabilities of Emerging Mission Planning Systems.

system 2D View 3D View VariableSpeed | Dynamic Events
AAFMPS Yes (=S Yes Yes
AMPA No No No No
AMPS Yes Yes No No
CAMPAL, Yes No No No
CINNA 3 Yes Yes Yes Yes
CIRCE2000 Yes =] Yes No
MARPLES Yes No No No
TAMPS Yes Yes Yes No
TEAMS Yes Yes Yes Ng

VariableSpeed, The ability to vary the speedf themission increasedamiliarity with the missionbeforeit is flown andto

rehearsal isvery usefl  because itallows the pilot to “fast
forward” through missiophasesvherework loadis low andto
thus spend more time rehearsing the critical misgibases.

Abouthalf of the mission planningystensurveyed provided a

variable speed missioahearsatapability.

Dvnamic Events. The capability to simulatelynamicevents
enables thpilot to rehearse “whaf* situationgwhatif a threat
popsup here,what if you losean enginehalf way into the
mission, what if the primary target changesin-flight).
Unfortunately, onlytwo of the planning systen{f&AFMPSand
CINNA 3)provides this capability.

The automated mission planning systems tlae being

developedo replace papemapsandgrease pencils represent & become necessay  for missionplanning

major step forward for tactical mission planninghe new

systems enablbepilot b planamoreeffective mission, faster,

and with lesslikelihood of error. In addition, the mission
rehearsal featured the new systemsenablethe pilot to gain

identify critical areaf the missiorwhere workloadnay be
high.

The new systems represem major stepforward however,
significant improvements remain be made. Of particular
importance is theequirement for moving missiorplanning
systemdrom theground andnto the aircrafthut noneof the
emergingmissionplanningsystemseviewedin Phasene is
addressing this problemln addition, the emerginmission
planning systems needimprovetheir data baseapabilitieso

that they can support widervariety of the intelligenceand
operationatiatathat will beavailablein fiue  conflicts. In the
NATO arena interoperabilitis a critical concern. AS mission
planningbecomes moredependentn automatedystemsit will

systemso supporthe
mission planningeeds of NATO aircraft of othercountriesor
ge reducethe abilityof theNATO a forces tooperate oubf

any NATOair base.
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