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Abstract

The report presents the development of a digital twin based on machine learning to quickly determine the
optimal programming to achieve the desired tactical behavior, similar to the behavior of a swarm of several
drones. The goal is to create a system with fully autonomous behavior by optimizing the values of the operating
parameters embedded in the coupled differential equations of the dynamics of a swarm of drones. Ways to achieve
minimization of the "cost-error™ function are presented. A discrete element method (DEM) has been developed for
the rapid design of a quadcopter of any complex shape, the attachment of engines, and then its exposure to an
aggressive environment in order to determine its performance.
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The goal of this work is to develop a machine-learning enabled digital-twin to rapidly ascertain
optimal programming to achieve desired tactical multi-drone swarmlike behavior. There are two main
components of this work. The first main component is a framework comprised of a multibody dynamics
model for multiple interacting agents, augmented with a machine-learning paradigm that is based on the
capability of agents to identify (a) desired targets, (b) obstacles and (c) fellow agents, as well as the
resulting collective actions of the drone-swarm of agents. The objective is to construct a system with
entirely autonomous behavior by optimizing the actuation parameter values that are embedded within
the coupled multibody differential equations for drone-swarm dynamics. This is achieved by minimizing
a cost-error function that represents the difference between the simulated overall group behavior and in-
field behavior from observed ground truth synthetic data in the form of temporal snapshots
corresponding to multiple camera frames. The second main component of the analysis is to deeply assess
the structural performance of drone-swarm members, by studying chassis design, deployment and
dynamic-structural performance. As an example, we investigate a tactical quadcopter drone under
attack, specifically by subjecting it to series of launched explosions. A Discrete ElementMethod (DEM)
is developed to rapidly design a quadcopter of any complex shape, attach motors and then to subject it
to a hostile environment, in order to ascertain its performance. The method also allows one to describe
structural damage to the quadcopter drone, its loss of functionality (thrust), etc. Furthermore, the use of
DEM can also capture fragmentation of the quadcopter and can ascertain the resulting debris field.
Numerical examples are provided to illustrate the two components of the overall model, the
computational algorithm and its ease of implementation.
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U ®POBI IBOMHUKU BAT'ATOJIPOHHUX POEBUX
CUCTEM HA OCHOBI MAIIIMHHOT'O HABYAHHA

AHoTanis.
B nmonosini npencrasieHa po3poOka MUQpPOBOro NBIHHWKA Ha OCHOBI MAIIMHHOTO HAaBYaHHS JIJIS
IIBUIKOTO BH3HAUEHHS ONTHMAIBHOTO MPOrpaMyBaHHS JUIsl JIOCSTHEHHS OakaHOI TaKTHYHOL
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MTOBEIIHKH, TTOAIOHOT JO MOBEAIHKHA POIO KITBKOX JPOHIB. METOI0 € CTBOPECHHS CHCTEMH 3 TIOBHICTIO
ABTOHOMHOIO MOBEIIHKO IUISXOM ONTHMIi3allii 3Ha4eHb apaMeTPiB CIIPaIlbOBYBaHHS, BOYIOBaHUX Y
3B's13aH1 AUdepeHITiabHI PIBHAHHS THHAMIKH POIO IpOHiB. HaBeneHo MIIIXu qoCcATHEHHS MiHIMi3aIlii
¢yHKIIT «BapTicTh-IOMMIKaY. Po3pobrmeHo meton muckperHux enemeHtiB (DEM) mrs mBuakoro
MPOEKTYBaHHs KBaJpOKoNTepa Oylb-SKOI CKIAAHOI (OpPMH, TPUEAHAHHS JBHTYHIB, a MOTIM HOTO
BIUIMBY Ha arpeCUBHE CEPEJOBUIIE 3 METOK BH3HAUCHHS HOTO MPOJTYKTUBHOCTI.
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