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1. Incepranifina po60Ta IPUCBIYEHA PO3BSI3aHHIO aKTyaJIbHOI HAYKOBO-IIPUKJIAJHO]I 3a1a4i NigBUIEHHS
e(eKTUBHOCTI NlepelaBaHHs BileoaHUX y KOMITIOTEPHill MepesKi 6e3MiNIOTHUX JIiTa/IbHUX alapaTiB MJISIXOM
PO3pOo06JIEeHHS METONy Nlepeayi BileoaHuX Ha PiBHI 3aCTOCYHKIB 3 aJlaliTUBHUM KEPYBaHHSIM, SIKUH 3a6e3reuye
BUOIp cTparTerii lepeiaBaHHs 32 KpUTepieM iIMOBIPHOCTI CBO€YACHOI JOCTABKY BileOKaipy B YyMOBaX CTOXaCTUYHOI
MIHJIMBOCTI KaHaJly 3B's13Ky, BapiaTUBHOCTI 3aTPUMOK, MOXJIMBUX TIOBTOPHUX Nepefad i AMHaMiYHOi TONoJIorii
mepexi. O6’eKT JOCIiIKeHHS — MPOoLecC llepeiaBaHHs Bineonannx y KOMITIoTepHil mepexxi BITJIA. [Tpenmert
IOCTiIKEeHHS — MOJIeJli Ta METOIY Nepeiayi BileoaHuX Ha PiBHI 3aCTOCYHKIB y KOMITIOTepHill mepexxi BITJIA 3
aJanTUBHUM KEPYBaHHIM. MeTOI0 IYcepTalifiHOi poOOTH € NiBALIEHHS e(PEeKTUBHOCTI IIepelaBaHHsI BileOJaHUX Y
KOMITI0TepHil Mepeski BITJIA misxom po3pobsenHs ctoxactudHoi GERT-Mopeni npoliecy 1oCTaBKU BileOKanpiB Ta

METONy Nepeiavi BileofaHMX Ha PiBHI 3aCTOCYHKIB, OPi€HTOBAaHOrO Ha MaKCUMi3allilo IMOBIPHOCTI CBO€4YaCHOI



IOCTaBKY Bimeoindopmaliii. Y BcTyni BKa3aHo, 10 1711 JOCSITHEHHSI MeTH PO3B’s13aHO TaKi HAyKOBi 3aBIAHHS:
[IPOBEJEHO aHaJli3 peIMeTHOI 06J1aCTi Ta YMHHMUKIB, 10 BIVIMBAIOTh HA SIKiCTh IIepelaBaHHsI BileOJaHNX Y Mepeskax
BITJIA; 06IpyHTOBaHO HEOOXiAHICTb NepeXoly Bifl cepeIHiX OKa3HMUKIB SIKOCTi OOCIYyrOBYyBaHHSI 10 OLiHIOBaHHS
IMOBIPHOCTi CBO€4YaCHOI JOCTaBKH BileoKapy; po3pobseHo anantuHy croxacTuiny GERT-mogens npouecy
repenadi Bileo4aHNX; OTPMMAHO aHAJITUYHI CIIBBiIHOMIEHHS 1151 OLIHIOBAHHS CEPEINHbOI 3aTPUMKHU, IUCIIEPCil,
IkuTTepa Ta QyHKIUil po3ofiny 4acy LoCTaBKY; BUKOHAHO IOPIBHSJIbHE OCTiIKEeHHs 3 MozessamMu Queueing,
Simulation Ta Markov; po3po6sieHo MeTog, rnepefadi BileoJaHUX Ha PiBHI 3aCTOCYHKIB 3 aJallTUBHUM KE€PYBaHHSIM,
KWl BpaxOBYe Jie[iJIaliH NOCTaBKY, CTaH MEPeXi, TpaBujia NOBTOPHOI Nepenadi Ta 6ydepusatiii. Y nepmomy posaii
[IPOaHAaJIi30BaHO MIpeIMETHY 00J1acThb IlepelaBaHHsl BileOaHNUX Y KOMITIOTepHUX Mepeskax BITJIA. BuzHaueHo, 1m0
BiZle0o/laHi € 4acOBO YyTJIMBUM iHPOpMaALIIHUM PECYPCOM, IIPUKJIATHA LiHHICTb SKOTO 3aJIEXKUTh He JIMIIe Bif pakTy
IOCTaBKH, a 1 Bifi CBO€YaCHOCTi HaIxOpKeHHs. [TokazaHo, 0 OCHOBHUMHU YMHHUKAMU BIJIUBY € AMHAMIiYHa
TOIIOJIOTiS Mepexi, BApiaTUBHICTb 3aTPUMOK, IPKATEP, BTPATH MAKeTiB, IPOIYCKHA 3[0aTHICTh KAHAY, 0OMEXEHICTDb
O0OpTOBUX pecypciB Ta NapaMeTpu BifileonoToKy. CGopMyIbOBaHO HAyKOBY IIPOOJIEMY, SIKA [10JIsITae y HeOOXiIHOCTI
o6y 081 (OpMasizaoBaHOI CTOXaCTUYHOI MOJeJli IPOLeCy JIOCTAaBKY BifleOKaIpiB Ta METOAY alallTUBHOTO
KEPYBaHHS NepeJavelo Ha PiBHI 3aCTOCYHKIB. Y IpyroMy po3fijii po3pobyieHo afanTuBHy croxacTuyHy GERT-
MOJeJib IIpoLiecy rnepezadi Bineonanux 3 6opty BITJIA. Mogesnb BpaxoBye eTanu 3aXOIJIeHHs Kaipy, ollepeaHbol
06po6ky, 6ydepusallii, OL[iHIOBaHHS CTaHYy KaHajly, BUBOPY cTparerii nepenadyi, npuiiomy, 4eKOLyBaHHS Ta
BUBEIEHHA Bifieo. Y MOJeJli peasli30BaHO TPU aJIbTEPHATUBHI I'JIKU Nlepefadi 3aJ1e5KHO Bifl PiBHS PU3MKY BTPAT:
nepenava 6e3 HaJJIMIIKOBOCTI, nepenava 3 BukopuctanHsam FEC ta nepegaya 3 FEC i 3HMKEHHSM 4aCTOTH KaipiB.
JIJ1s1 ONMCY 4aCOBUX XapaKTEPUCTUK BUKOPUCTAHO JEeTEPMiHOBaHI, TPiaHTyJIapHi, EKCIIOHEHILiMHi Ta JIOTHOPMaJIbHi
posnoginu. Y TpeTboMy pPO3Jijli NPOBeneHO YUCeIbHE JOCiIKeHHS po3pobieHoi moaedi. [I1s cueHapiiB A, Bi C
BMKOPHCTAaHO IIapaMeTpu JIOTHOPpMasibHOro po3dnoainy u = 3,0; 3,3; 3,5 tao = 0,7; 0,8; 0,9 BianosigHo. BcTaHOBINIEHO,
110 clieHapill B 3abe3nevye HallKpaIuii KOMIIPOMIC MK cepeHbOIO 3aTPUMKOI0, CTabiIbHICTIO Ta IMOBIpHiCTIO
CBO€YaCHOI focTaBku. [y moporis nocrtasku 20, 40 i 60 MKC OKa3aHo, 110 Npu AesaiHi 60 MKC iMOBiIpHICTD
CBO€YACHOI J0CTaBKU gocsrae npubansHo 0,85-0,95 3anexHo Bif cueHapiio. Y yeTBepToMy po3/isi po3po6sieHo
MEeTOoJ, Iepeayvi BileojaHuX Ha PiBHI 3aCTOCYHKIB 3 aalITUBHUM KEPYBaHHAM. MeToz, I'PYHTYETLCS Ha
BHMKOPHUCTaHHI pe3yJsbTaTiB CTOXaCTUYHOI MOJIeli 4J1s1 BUOOPY cTpaterii nepenadvi Bieokazpy 3a KpuTepiem
MakcuMizanii IMOBIPHOCTI Or0 JOCTaBKY A0 33JaHOr0 JelaiHy. 3alpolOHOBAHO [IPABUJIa KEPYBAHHS
6ydepusalieio, MOBTOPHUMU NepefadaMy Ta BiIKUIAHHSAM KapiB, SIKi He MOXYTb OYTH JOCTaBJIeHi B MeXXax
IOIIyCTUMOrO 4acy. [TokasaHo, 1o peasisalis METOAY CaMe Ha PiBHi 3aCTOCYHKIB JO3BOJISIE€ HE 3MiHIOBATU
disnyHMI, KaHaJIbHUI i TPAaHCIIOPTHUI PiBHI MepeXxeBoi apXiTeKTypH, a iHTerpyBaTu afjaliTUBHY JIOTIKY 3
IIPUKJIAJHMMY [TPOTOKOJIAMU Bifieoniepeadi. Y BUCHOBKAaxX HaBeJE€HO OCHOBHI Pe3yJsbTaTy AUCEPTalilfiHOI poO60TH

moa0 BI/IpiI.LIeHHH INOCTAaBJIEHNX HAYKOBUX 3a1ad4.

2. The dissertation is devoted to solving the current scientific and applied problem of increasing the efficiency of
video data transmission in a computer network of unmanned aerial vehicles by developing a method of video data
transmission at the application level with adaptive control, which provides the choice of a transmission strategy
based on the criterion of the probability of timely delivery of a video frame under the conditions of stochastic
variability of the communication channel, variability of delays, possible retransmissions and dynamic network
topology. The object of the study is the process of video data transmission in a UAV computer network. The
subject of the study is models and methods of video data transmission at the application level in a UAV computer
network with adaptive control. The purpose of the dissertation is to increase the efficiency of video data
transmission in a UAV computer network by developing a stochastic GERT model of the video frame delivery
process and a method of video data transmission at the application level, focused on maximizing the probability of
timely delivery of video information. The introduction indicates that to achieve the goal, the following scientific
tasks were solved: an analysis of the subject area and factors affecting the quality of video data transmission in
UAV networks was conducted; the need to move from average service quality indicators to assessing the
probability of timely video frame delivery was justified; an adaptive stochastic GERT model of the video data
transmission process was developed; analytical relations were obtained for estimating the average delay,



dispersion, jitter, and the delivery time distribution function; a comparative study was performed with Queueing,
Simulation, and Markov models; a method of video data transmission at the application level with adaptive control
was developed, which takes into account the delivery deadline, network status, retransmission rules, and buffering.
The first section analyzes the subject area of novideo data transmission in UAV computer networks. It is determined
that video data is a time-sensitive information resource, the applied value of which depends not only on the fact of
delivery, but also on the timeliness of receipt. It is shown that the main influencing factors are dynamic network
topology, delay variability, jitter, packet loss, channel bandwidth, limited onboard resources and video stream
parameters. A scientific problem is formulated, which consists in the need to build a formalized stochastic model
of the video frame delivery process and a method of adaptive transmission control at the application level. In the
second section, an adaptive stochastic GERT model of the video data transmission process from a UAV is
developed. The model takes into account the stages of frame capture, preprocessing, buffering, channel state
evaluation, transmission strategy selection, reception, decoding and video output. The model implements three
alternative transmission branches depending on the level of loss risk: transmission without redundancy,
transmission using FEC and transmission with FEC and frame rate reduction. Deterministic, triangular, exponential
and lognormal distributions are used to describe the time characteristics. In the third section, a numerical study of
the developed model is carried out. For scenarios A, B and C, the lognormal distribution parameters p = 3.0; 3.3; 3.5
and o = 0.7; 0.8; 0.9, respectively, were used. It was found that scenario B provides the best compromise between
the average delay, stability and probability of timely delivery. For delivery thresholds of 20, 40 and 60 us, it is
shown that with a deadline of 60 s, the probability of timely delivery reaches approximately 0.85-0.95, depending
on the scenario. In the fourth section, a method for transmitting video data at the application level with adaptive
control is developed. The method is based on using the results of a stochastic model to select a video frame
transmission strategy based on the criterion of maximizing the probability of its delivery by a given deadline. Rules
for controlling buffering, retransmissions and discarding frames that cannot be delivered within the permissible
time are proposed. It is shown that the implementation of the method at the application level allows not to change
the physical, channel and transport levels of the network architecture, but to integrate adaptive logic with applied
video transmission protocols. The conclusions present the main results of the dissertation work on solving the
scientific problems set.
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