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ABSTRACT

Intherapidlychangingaircombatenvironment,itisquitedifficultforpilotstomakespeedyand
reasonabledecisionsinaveryshortperiodduetolackofexperienceandtheuncertaintyofperception
situation.Hence,theauthorsproposeanintelligentcognitivetacticalstrategyframeworkofaircombat
onmulti-sourceinformationinuncertainaircombatsituationsfordecisionsupport.Afuzzyinferring
treemethodisproposedtosimulatehumanintellection.Then,tofurtherimprovetheaccuracyofthe
reasoningresults,ageneticalgorithmisintroducedtooptimizethestructureandparametersoffuzzy
rules.Thesimulationresultsshowthattheproposedmodelisreasonable,fast,accurate,repeatable,
andfatigue-free,whichlaysagoodfoundationforfuturehigh-endunmannedcombatexplorations.
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1. INTRoDUCTIoN

Withthedevelopmentofscienceandtechnology, theadvantageofartificial intelligenceinman-
machinegameshasgraduallyemerged,andithasmadebreakthroughsingamessuchasthetwo-
personzero-sum,in-depthdecision-making,multi-agentcontrol,andincompleteinformationgame
scenarios.InMarch2016,AlphaGobeattopplayerLeeSe-dol4:1inreal-timegogames(Joshi&
Shashank,2016),andlaterin2018and2019,artificialintelligencebasedmachinesbeattheworld’s
tophumanplayersinreal-timestrategygamesDota2andStarcraftII(Raiman,Zhang,&Wolski,2019).

Inthesystemofsystemoperations,theconfrontationisnotonlylimitedtotheperformanceof
weaponsbutalsoincludestheintelligencecompetition.Relyingsolelyonpilots’independentevaluation
anddecision-makinghasbeenunabletomeetthecomplexandchangeablecombatenvironment.The
futureaircombattimewillbereducedandtheconfrontationwillbemoreintense.Pilotsshouldpredict
thesituationandmaneuverdecision-making.Greaterdemandswerebeingplacedonthepilotsbya
largeamountofbattlefieldinformation,However,thecurrentcontrolsysteminusemainlydisplays
thestatusinformationofthetargetandtheaircraft,whichincreasesthecontrolburdenofthepilotin
targettracking,attackoccupation,andmaneuverevasion.Thiswillinevitablyleadtoanincreasein
pilots’decision-makingerrorrateandthedecreaseofpilots’survivalprobability,whichwillaffectair
combateffectiveness.Therefore,itwillbeofgreatsignificanceforfuturewarfaredecision-making
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problem.Forexample,insevereclimateareassuchashighandcoldareas,militarypersonnelhave
limitedactingabilityanddevelopunmannedcounterequipmentforunmannedintelligentcontrol,
assisteddecision-making,simulatedcountertraining,etc.Thistransformationreducestheburdenof
pilots,liberatesthemfromtediousmicro-operations,andhassufficienttimeandenergytocommand
Macromissioncombat.

Aircombatdecision-makingreferstothechoiceofattackanddefensestrategiesaccordingto
thebattlefieldsituation.Aircombatdecision-makingisaNPhardproblem(Leitmann&Skowronski,
1977).Inthiswork,wefocusonthisproblemintoasequentialmulti-stepproblem,andagenetic
fuzzyreasoningbasedandintelligentassistantdecision-makingmethodisdesigned.Byusingfuzzy
reasoningmethodtoextractthebattlefieldfeaturevectorincludingtheopponentcommander’semotion,
behaviorandthedecisionstateoftheevolutionprocessofthebattlemethod,thenusingtheruletree
methodtosimulatethedecisionprocessinseries,andbasedonthegeneticalgorithmtosearchand
evaluatethefuzzyruletreeuntilthebestactiondecisionsequenceisobtained.

2. RELATED woRKS

2.1. Technology Research
Warfare is complex and chaotic behavior, with the battlefield environment is uncertain and
unpredictable.Aircombatisnotconstrainedbytherulesofengagement,andtheinfluencingfactors
aremorecomplex.Itisagameundertheconditionofincompleteinformation,whichismoredifficult
thango.Theconstructionofanintelligentassistantdecision-makingsystemistosolvetwokindsof
problems:battlefieldsituationawarenessandautonomousdecision-making.Scholarsathomeand
abroadhavestudieditandputforwardmanymethods.

2.1.1. Research on Situation Awareness
Situationassessmentisthebasisofaircombatdecisions,andtheobjectiveassessmentresultisthe
keypartofaircombatdecisions.Thesituationdatasensedinaircombatisunstructureddata,andthe
unstructuredinformationoftenshowsthefollowingcharacteristics:thedataformishigh-dimensional,
massive, and dynamic; at the same time, the content is incomplete and uncertain. Unstructured
environmentalawarenessisbasedontherealobjectinformationcollectedbyphysicalsensorsand
thevirtualobjectinformationofthecombatsystemtoreconstructtherealphysicalscene.Itisvery
difficult for theUCAVto realizehigh reliabilityandstrongreal-timeenvironmentperception in
acomplexenvironment.Atpresent,therearetwomaintypesofaircombatsituationassessment:
non-parametricmethodandtheparametricmethod.Thenon-parametricmethodistoquantitatively
analyzethesituationinformationofbothsidesofaircombat,andextractthesituationfactorsthat
canfullyreflectthesituationcharacteristicsofaircombatandfacilitatequantitativeanalysis,mainly
includingAdvantagefunctionmethod(Zhou,Wen-Hai,Zhi-Gang,&Zhu,2011),artificialpotential
fieldmethod(Wang,Zhang,&Chen,2015),fuzzyevaluationmethod(Duan,Guanjun,&Zhao,2013),
andneuralnetworkmethod(Xiao,Huang,&Xu,2013).Theparametermethodisalsoknownasthe
uncertaintytheorymethod.Itdescribestherelationshipbetweenevaluationindexesbyprobability
theory,includingBayesiannetwork(Das,Grey,&Gonsalves,2002;Girija,2008),DSevidencetheory
(Yu,Chen,Bai,&Ling,2013),etc.

Environmentalawarenesshasmadegreatprogressintheoryandapplication,butitcannotdealwith
complexenvironmentalawarenessproblems,especiallyinthefutureintelligentaircombatprocess.

2.1.2. Research on Autonomous Decision Making
Aircombatautonomousdecision-makingisadynamicdecision-makingproblem.Itneedstotake
correspondingmaneuveractionsaccordingtothesituationassessmentresultsandtheautonomous
decision-making model. At present, experts and scholars have carried out a lot of research on
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