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Pegepar
Jlurnomuast pabora, 48 crpanun, 32 pucyHka, 3 Tabmunsl, 11 dopmyn, 14 HCTOUHHKOB.

HEMPOHHLIE CETH, [NTYBMHHOE OBYYEHUE, BECIIJIOTHBIE ABTOMOBWJIN,
JIOJITOCPOYHOE  IIPEJCKA3AHUE, IIPEJICKABAHUE TPAEKTOPUM, GOAL-
ATTENTION-CAUSE-STIMULUS (GACS), HONDA DRIVING DATASET, SELF-DRIVING
CARS, SDC, GTA V, OBJECT RECOGNITION, ENVIRONMENT RASTERIZATION,
TRAJECTORY PREDICTION

JlurnomHast paboTa OCHOBaHAa Ha JBYX IOIXOJAaX K PEIICHUIO 3aJadd TpeICKa3aHus
JIOJITOBPEMEHHOTO TIOBEICHUSI TPAHCIOPTHBIX CPEICTB: YAYYIIEHUH CEMAHTUYECKOW TITyOMHBI
JAHHBIX U UCIOJIb30BAaHUH PEBOIIOLMOHHOIO METOJAa PAacTepU3aALUK OKPYXKAIOLIel 0OCTaHOBKHU IS
W3BJICYCHUS CEMAHTHUKU C IIOMOLIBIO CBEPTOYHOW HEMPOHHOM CETH.

B xome wuccienoBaHus Obll pa3pa®OTaH NPUHIUIMAIBHO HOBBIM CHOCOO TIeHepaluuu
CHUHTETUYECKUX JIaHHBIX Ha OCHOBE KOMIIBIOTEPHOM UIphl ¢ OTKpHITHIM MupoM GTA V u olydeHa
CeTb Ul UX NOCT-00pabOTKHU B BHJIE pAaCIO3HABAHUs aBTOMOOMIIEH.

O06a BbIlIEHa3BaHHBIX MOJXOJa ObUIM peaJu30BaHbl HA OCHOBE pPa3IMYHbIX HEWPOHHBIX
CBEPTOYHBIX apXUTEKTYyp U ppeiimBopke PyTorch, mosydeHHble ceTr ObUTH YCIICIIHO O0YYCHBI, 8 KX
Pe3yabTaThl COMOCTABIIEHBI C IPYTUMHU aHAJIOTUYHBIMU PELIEHUSIMU B CCIIeAyeMOl 001acTu.

Oobvexm uccnedoéanus — UCNOIb30BAHNE HEHPOHHBIX CETEH IS MPEICKa3aHUs JBUKEHUS
Y TIOBEJICHUS TPAHCIIOPTHBIX CPEJICTB.

Ilenv pabombr — aHanu3 CyIECTBYIOIIUX IOAXOJOB K JOJITOBPEMEHHOMY IIPEICKA3AHHUIO
HOBEJICHUST TPAHCIOPTHBIX CPEICTB; HccienoBanue State-of-the-art moaxomoB k mocTpoeHmHIO
HEHPOHHBIX ceTell M UX OCOOCHHOCTEH B KOHTEKCTE MOCTABICHHOH 3a/1auu; U3y4eHUEe MPUHIUIIOB
peanu3aiuy HeHPOHHBIX ceTell ¢ ucmoiab3oBanueM QpeiimBopka PyTorch; paspaboTka u BHeApeHHE
ONTUMU3ALMNA B yXK€ CYIECTBYIOLIME MOIXOAbl K OObEKTY MCCIEAOBAHUS; peaau3alus MpUHIINIA
pacTepu3anyy OKpPYyKaroIllew cpebl U €ro OILIEHKA B CPAaBHEHUH C JPYTMMH IOJXOIAMH.

Memoowvl uccnedoéanuna — NOCTPOECHUE HEMPOHHBIX apXUTEKTYP PAa3IU4YHOW CTPYKTYpHI H
UX ONTHMHU3ALUS C YYETOM OCOOCHHOCTEW MpeaIMEeTHOM 00JacTh M JAaHHBIX; HCCIEeIOBaHUE U
paspabotka cucrembl Goal-Attention-Cause-Stimulus (GACS) nans  end-to-end moaxoma K
NPEeACKAa3aHUIO MOJUTHK JEHCTBHS JUIsl OECIIMIIOTHBIX aBTOMOOMIIEH; pa3paboTKa METOOIOTHUHU U e
npUMeHeHHne K ucrnoib3oBaHuio GTA V B kKaduecTBe cUMYNATOpa JUIsl T€HEPalMHd CUHTETUYECKHX
JAHHBIX; peanu3alusl apXUTEKTyp, 0OyueHne HEWPOHHBIX CETEH M COIMOCTAaBJIECHHUE PE3YJbTaTOB C
y’Ke TOCTUTHYTBIMH B TaHHOH cdepe

Obnacmov npumenenuss — JIONTOCPOYHBIM AaHANW3 W IPEACKA3aHHE IOBEICHUS
TPAHCHOPTHBIX CPEACTB Ha AaBTOMAruUCTpalsX MU TmepekpecTkax. Kiaccudukamus MaHEBpOB
TPaHCIOPTHBIX  CPEACTB, NPEICKA3aHWE TPAeKTOpui MaHeBpOB. (CHCTEMBl OLEHKU W
ABTOMAaTUYECKOTO MPHUHSITHS PEIICHUHN 111 OECTTMIIOTHBIX aBTOMOOUIIEH.



Abstract

Diploma thesis, 48 pages, 32 figures, 3 tables, 11 formulas, 14 sources.

NEURAL NETWORKS, DEEP LEARNING, SELF-DRIVING CARS, SDC, LONG-
TERM PREDICTION, TRAJECTORY PREDICTION, GOAL-ATTENTION-CAUSE-STIMULUS
(GACS), HONDA DRIVING DATASET, GTA V, OBJECT RECOGNITION, ENVIRONMENT
RASTERIZATION

The diploma thesis is based on two approaches to the problem of long-term vehicle motion
prediction: enhancement of dataset semantics and the use of revolutionary technique - rasterization
of surrounding environment for better semantic features extraction by neural network.

As a part of study a brand new way for the generation of synthetic self-driving dataset was
presented, based on the open-world videogame GTA V used as a simulator, along with the training
of object-recognition neural network for its post-processing.

Both approaches were fully implemented with different back-end network architectures
using open-source framework PyTorch, the corresponding networks were successfully trained and
compared to other solutions in the investigated field.

Object of research — usage of neural networks for vehicle long-term motion and behavior
prediction.

Objective —  analysis of existing approaches to long-term prediction of vehicle behavior;
investigation for state-of-the-art approaches to the construction of neural networks and their
specifics in the context of the problem; the study of the principles of the implementation of neural
networks using the PyTorch framework; development and integration of different optimizations to
existing approaches to the object of study; implementation of the principle of rasterization of the
environment and its evaluation in comparison with other approaches.

Research design — construction of neural architectures of various structure and their
optimization taking into account the specifics of the subject field and the data; research and
development of a Goal-Attention-Cause-Stimulus (GACS) system for an end-to-end approach to
prediction of action policies for self-driving vehicles; development of the methodology and its
application to the usage of GTA V as a simulator for generating synthetic data; implementation of
architectures, training of neural networks and comparison of results with those already achieved in
this field.

The scope — long-term analysis and prediction of vehicle behavior on highways and
crossroads. Classification of vehicle maneuvers, prediction of maneuver trajectories. Systems of
evaluation and automatic decision making for self-driving vehicles.



