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ABSTRACT

Inthisarticle,theauthorinvestigatesinformationprocessingalgorithmsinordertodeterminethe
relativeUAVmotionparameters in a group flight andproposes an algorithm for estimating the
leadingUAVmotionparametersfromtheresultsofrelativemotionmeasurements.Suchresearches
areespeciallyimportantnowadaysinallthesphereswherethedronesareusedand/orwillbeused.
TheauthorconsiderstheproblemsofmanagementoftheUAVinthegroupflight,formulationof
theproblemforprocessingoftheinformationinsuchtheconditions.Thearticleconsidersrelative
motionequationandthesynthesisofinformationprocessingalgorithmsinthemaster-slavemodel
oftheflyinggroupofUAV.
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INTRodUCTIoN

Currently,thereisanincreaseinthelevelofinterestinunmannedaerialvehicles(UAVs).UAVs
arefreelyusedaroundtheworld.UAVs,asarule,haveonlytwomainpurposes:scoutsandtargets.
Todate,theUAVfortheapplicationandcapabilitiesofUAVshasexpandedsignificantly,thereare
manynewchallengesforexistingandpromisingUAVs,bothmilitaryandfree.Forexample,theuse
ofweapons(Predator),hours-longflights(“GlobalHawk”),agriculturaltasks,etc.

Inthisseries,oneofthemostimportantisthetaskofensuringgroupUAVflight.Whensolving
it,anumberofsignificanttechnicalproblemsarise,thesearchforsolutionstowhicharecurrently
beingcarriedout inanumberofcountries.Theexistingdevelopments in the fieldofautomatic
controlofgroupflightsofUAVssofarhavefocusedmainlyonthecontrolofthesystemofmanned
aircraftwithlongrangesbetweenthem,andforUAV,flightrequirementsareputforwardinflight
withdistancesandintervalsof10-100meters.

Inthisarticle,theauthorinvestigatesinformationprocessingalgorithmsinordertodetermine
therelativeUAVmotionparametersinagroupflightandproposesanalgorithmforestimatingthe
leadingUAVmotionparametersfromtheresultsofrelativemotionmeasurements.

Themoderndevelopmentofaviationhassetthetaskofperformingajointflightofagroupof
unmannedaerialvehicles.Inthisregard,thetaskofmanagingUAVinagroupwithhighaccuracy
isofparticularimportance.TheneedtodevelopUAVflighttechnologyintheranksiscurrently
puttingforwardaveryimportantdirection:thecreationofinter-aircraftnavigationsystems(IANS)
forUAVswithverylimitedweightandvolume.Thisneedisalsodeterminedbythefactthatthe
absenceofUAVIANSinon-boardequipmentcansignificantlylimittheircapabilitiesinsomecases.
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Forseveralreasons,thetaskofautomaticflightcontrolofaircraftinagroupmannerisoneofthe
mostcomplexandspecificscientificandtechnicalproblemsofaviation,requiringacomprehensive
solution.Itconsistsintheneedfortacticalsubstantiationofrationaltypesoflines,thenumberof
UAVsinagroup,indeterminingtheideologyofcollectingUAVsinagroup,inchoosingmethods
forsynchronouslycontrollingeachUAVsofagrouptoensureflightsafetyandforeachUAVgroup
tomaintaintheirplaceintheranksinstraightandcurvedsectionsflightofthewholegroupasa
whole.Moreover,theabilitytocontrolthegroupiscomplicatedbytheunsteadinessoftheflight
parameters.UAVmanagementmethodsdefinethebasicprinciplesthatareusedinthedesignof
UAVcontrolsystemsinagroup.

Itisclearthattoensurethenecessaryaccuracyoftheflightcontrolprocess,UAVIANSshould
bebuiltintheformofasystemwithfeedbackoninformationabouttherelativeposition.Thisallows,
fromasinglepointofview,toconsidertheUAVflightcontrolsystemintheranksandgiveaunified
mathematicalbasisforitsdescription.UAVflightcontrolautomationinagrouporderisassociated
notonlywiththedevelopmentoftheoreticalflightfundamentals,butalsowiththedevelopmentof
on-boardtechnicalmeansformeasuringrelativepositionandcontrolsystems.Theanalysisofthe
stateofthemeansfordeterminingmutualcoordinatesshowedthatnoneoftheexistingandcurrently
beingdevelopedmeasuringtoolsprovidesmodernrequirementsfordeterminingmutualcoordinates
indensegroups.

ThecreationofinstrumentsformeasuringtherelativelocationofUAVsinagroupdoesnot
completelysolvetheproblemofensuringUAVflightoperations.Itisalsonecessarytosolvethe
problemofautomatingtheprocessingofinformationontheparametersofrelativemotionandflight
parametersinordertoformcontrolalgorithms.Duetothecomplexityofthetask,variousapproaches
toitssolutionarepossible,differingbothinthedistributionofcontrolfunctionsbetweentheground
controlpointandtheboard,andinthechoiceofprinciplesthatcanbetakenasthebasisofthecontrol
systemandwhichdetermineitsstructuralanddynamiccharacteristics.

Themathematicalbasisof themethods for solving theproblemsof inter-aircraftnavigation
consideredinthispaperisthetheoryofestimationandfiltering.

AnanalysisofanumberofworksshowsthattheirresultsarefocusedontheconstructionofIANS
forflightinformationwithlongrangesbetweenthemandthereforecannotbefullyusedinUAVIANS,
sincetheyputforwardtherequirementsofflightinformationwithdistancesandintervalsof30-150m.
Intheseworks,theproblemsofchoosingthecontrolstructureanditsparameters,studyingdynamics
andstabilizationaccuracytakingintoaccountnon-linearitiesintheUAVmathematicalmodeland
themodelofrelativemotionwerenotfullyconsidered.Atpresent,standardIANSalgorithmsarenot
developed,asisdoneinnavigation.Therefore,thetaskofdevelopingalgorithmicsupportforUAV
flight,includingUAVinoperation,isveryrelevant.

ThedevelopmentoftheIANSgoesintwoways:thecreationofautonomoussystemsthatare
notdependenton terrestrial facilities,andsystemsusing terrestrialbeacons.Eachof thesepaths
has itsownadvantagesanddisadvantages.Thesecondwayhasoneof thedrawbacksassociated
withtheaccuracyofdeterminingthemutualcoordinatesofUAVsmovinginagroup,whichdoes
notallowusingthisprincipleforUAVflightindensegrouporders.Thus,errorsindeterminingthe
relativepositionofUAVsinagroupcanreachvaluesof30-400mdependingonthedistancetothe
beacons(forexample,modernradionavigationsystemscandeterminecoordinateswithanaccuracy
of0.13-1.3km).Atthesametime,thisideologycanbeappliedfortheflightofalargenumberof
UAVsoverseveralUAVsindensegroups,moreover,theseUAVgroupscanbeamongthemselves
atdistancesofuptotensofkilometers(ontheprincipleof“leadingwithleading”).Anotherand
maindisadvantageofthispathisthatitprovidesUAVdrivingingroupordersonlywithintheline
ofsightofradiobeaconsystems.

Accordingtosomeexperts,theuseofground-basedequipmentforautomaticflightcontrolof
theUAVgroupistechnicallyeasiertoimplement,doesnotimposerestrictionsontheweight,volume
andoperatingconditionsoftheequipment.However,theseconclusionsarenotconvincingenough,
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