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ABSTRACT

Nowadays,dronesplayasignificantrolenotonlyincivilventures,butalsointhemilitarysphere.
Planningthetrajectoriesofthehivesofthedronesisnotatrivialtaskandrequiresdeepresearch.In
thisresearch,theauthorconsidersdifferentstrategiesofbiologicalcreaturesandthenextrapolated
onthedrones.Theauthor’sresearchdemonstrates themathmodelof thedronesbehavior in the
hive,providesalgorithmicarchitecture.Theauthordescribesinthedetailthelayersofthesystem
formanagementofthedronesandtheirresponsibilitiesandarchitecture.Theauthoralsoprovidesa
softwarealgorithmwhichdemonstrateseffectivegroupingofthedrones(creatingaswarm)which
islateronusedinthemovementoftheswarm.
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INTRoDUCTIoN

Nowadaystherearemanytypesofdronesonthemarket.Onecanpurchasenotjustareadytousedrone
butalsodifferenttypesofthecomponentpartsusedindrones’modeling.Thetypesofthedronesalso
varyalot:fromthesmallestones(usuallyusedforgaming,videostreamingormilitarypurposes)to
thebigonesusedfortransportingdifferentkindofcargoandevenpeople(suchasEhang-184).It’s
possibletopurchaseeventhecontrollersandthesoftwarewhichcanalreadyimplementthebasic
operationsnecessaryforthedrone,suchasdifferentkindofmovements,etc.So,adeveloperhaving
theSDKcanworkonmorecomplextopicssuchasmanagingthehiveofdrones,applyingAI,etc.

Adeveloperwillhavetoimplementmanydifferentfunctionalitiesandapplylotsoftechnologies
workingonsuchtheprojects.

Forexample,belowarelistedsomemoduleswhichwillbenecessarytodevelopforsuchthework:
Computervision,whichisusuallybasedonOpenCVorsimilarframeworks.
Voicerecognitionsystemwhichisbasedontransformingofvoiceintotextandthenabotsystem

whichwouldbeabletoproperlyprocessthetextandselecttheproperactionfromtheTODOlist.
Therearelotsofdifferentframeworksandlibrariesforthispurpose,forexampleMicrosoftbot.Some
advancedsystemarebasedondifferentkindofneuralnetworksanddifferentkindofframeworks
likeTensorFlow,etc.

Themoduleresponsiblefordifferenttypeofcalculationoftheflightpathandtrajectories,which
woulddependnotonthemostshortpathbutfirstofallonthephysicalabilitiesofadrone,taking
intoconsiderationtheangleofrotationadronecantake,thespeed,theweightofthedrone,thetype
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ofthedrone(cargo,taxi,etc.),etc.Asanexample:it’snottheproperpathwhenweconsiderataxi
dronecarryingpeopleandthepathoftheflighthasarotationof90degreesandhighspeed.

• Themoduleforcheckingthepositionsandthestatusoftheotherobjects(notonlythedrones)
intheareaandapredictablesystemwhichcouldsendurgentsignalstothedronestoavoidtheir
collision.

Duringtheresearchandtheworkoftheauthor,theauthordevelopedmulti-layeredarchitecture
andsoftwareformanagementofthehiveofdrones.

Thesystemmanagesnotonlythedronesbutthewholedrone’strafficoversometerritory.This
couldbecomparedwithmanagementoftheregularroadtraffic.

Theauthordevelopedseveralarchitecturesforsuchthetask,oneofthemisrelatedtomanagement
ofthehiveandnotrelatedtothedrone’strafficmanagement.Suchthesystemcouldbeusedinthe
militarysphere.Anothersystemmanagesthetrafficandthedronesanditcouldbeappliedincivillife.

Inthisarticlewewillconsiderthefirsttypeofthesystem,formanagingthehiveofthedrones.

Inertia-weighted Particle Swarm Algorithm
Inthemid90softhelastcentury,J.KennedyandR.Eberhartdevelopedandprovedanewmethod
foroptimizingzero-ordernonlinearfunctions,basedonanevolutionaryalgorithmthatsimulates
thebehaviorofindividualsinapack(EberhartR.&C.,KennedyJ.,1995).Otherresearchershave
developedotherversionsofthisalgorithm.

Aswarmofdrones/beesisasetof{Pi,j=1, L}ofLdrones/beeswithpredeterminedconnections
betweenthem.Eachdrone/beePjandthewholeswarmasawholeischaracterizedbyanumberof
parametersthatdeterminetheirstateataparticularpointintime:

x=(x1,…,xn)
T–thepositionofthedrone/beeinthespaceofinternalparameters

V = (V1,.., Vn)
T–drone/beespeed

p = (p1,…, pn)
T–thebestlocalposition

g = (g1,…, gn)
T–globalsolution

VectorVcharacterizesthechangeinthepositionofthedrone/beeperunitoftimeequaltoone
iterationoftime.

At the initial stageof thealgorithm, thevectorsxandVare independent randomvariables
uniformlydistributedinthetolerancebarBT.Ateachiterationofthealgorithm,thedirectionand
lengthofthevelocityvectorofeachdron/beeareadjustedinaccordancewiththeinformationabout
thefounddrones/beesPjlocaloptimapinaccordancewiththeformula:

V’i=ωVi+α1∙rnd∙(pi-xi)+α2∙rnd∙(gi–xi)

where

V’i–thecomponentofthedrone/beevelocityvectorinthenextstep;
Vi–thecomponentofthedrone/beevelocityvectorinthepreviousstep;
ω–inertiacoefficient;
α1,α2-constantacceleration;
rnd–randomvariableuniformlydistributedontheinterval[-1,1];

After theinitialization,aniterativeprocessisstarted.Ateachiterationof thealgorithm,the
drone/beepositionchangesaccordingtotheformula:
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