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AnHoranmus. CTaThsi  TOCBSIIEHA  COBEPIICHCTBOBAHUIO  BUJCOMOHHUTOPWHTA  TEPPHUTOPHMA,
OCYIIECTBISIEMOr0 Ha OCHOBE IPUMEHEHMsI JIeTatolel OecipoBoHOM camoopranusyomeiics cetu (Flying
Ad hoc NETwork, FANET). BuneoMOHUTOPUHT MPOBOAUTCS B MOMCKOBO-CHACATENbHBIX Hemsax. Jlis
obecrieueHusi BbICOKOoro kadectBa FANET-BupeoTpancissmud TPEeMTOKEH alTOPUTM  IOAEPKKA
MPUHATHUS PEIICHUN 110 YIPABICHUIO TIEpeIadeil BUCOMOTOKOB. AJTOPUTM MPETyCMaTPUBAET OIIEHUBAHUE
BEPOSTHOCTH O0ECIeYeHHs BBICOKOTO KadyecTBa BHUICOTPAHCISAIUMH. B 3aBHCHMOCTH OT 3HA4YE€HUH 3TOM
BEPOSATHOCTU PEKOMEHIYETCS OJTHO U3 CIAEAYIONIUX PEIIEHU: epeiaBaTh HOBbIN BHUIEOMOTOK, COKPATUTh
CPEHIO0 UTMHY OECITPOBOIHBIX KAHAIOB MIIM OTKITIOUUTE ITepeaady MajJonH(pOPMaTHBHOTO BUICOTIOTOKA.
B craThe npeanokeHo cuuTaTh, YTO MPUHATO MPABUIBLHOE PEUICHUE MO YIPABICHUIO XapaKTePUCTUKAMU
mepenayd  BHUICONOTOKOB, €CIM B pPE3yJbTaTe €ro IMPUHATHSA 00ecleueHO BBICOKOE KadyeCTBO
BHJICOTPAHCIISAIUN. Pe3ynbTarel BBIUMCIUTENBHBIX OJKCIEPUMEHTOB IIOKA3ajld, YTO IPHUMCHEHHUE
MPEAICTABICHHOTO AJITOPUTMA MO3BOJSET CYIIECTBEHHO MOBBICUTH BEPOSTHOCTh HPUHATHS MPABUIBLHOTO
pelIeHus 1o yIpaBleHuIo nepeaaueii BuneonotokoB B FANET.

KuroueBble cJjioBa: Jeraromas OecnpoBogHas camoopranusyromasics cetb, FANET, mommepxka
MPUHATHUS PEIIEHUN, BUACOTPAHCISALNS, BUIEOIIOTOK, BUJCOMOHUTOPHHT TEPPUTOPUI
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Control of Video Stream Transmission in a Flying Ad Hoc Network
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Abstract. The article is devoted to improving video monitoring of territories, carried out through the use of a
flying wireless self-organizing network (Flying Ad hoc NETwork, FANET). Video monitoring is carried out
for search and rescue purposes. In order to promptly detect victims and people in need of help, it is necessary to
organize in real time high-quality transmission of video streams recorded by cameras of flying aircraft to the
monitors of the control center of the rescue unit. To ensure high quality FANET video broadcasting, a decision
support algorithm for controlling the transmission of video streams is proposed. The algorithm involves
assessing the probability of ensuring high quality video broadcasting. Depending on the values of this
probability, one of the following solutions is recommended: to transmit a new video stream, to reduce the
average length of wireless channels, or to disable the transmission of a low-informative video stream. The article
suggests that the correct decision has been made to manage the characteristics of video stream transmission if,
as a result of its adoption, high quality video broadcasting is ensured. The results of computational experiments
showed that the use of the presented algorithm can significantly increase the probability of making the right
decision on controlling the transmission of video streams in FANET.

Keywords: flying ad hoc network, FANET, decision support, video broadcast, video stream, video
monitoring of territories
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BBenenne

becniunoruele neratenbHble anmnapaTthl (BIIJIA) akTHBHO HCHONB3YIOTCS B Pa3IMUHBIX
npukiaaaaeix obmactsx [Cruz, 2018; Khan, Hassan, Alshehri, 2021; Mahdi et al., 2021;
Polshchykov et al., 2021; Agrawal, Tomar, Kapoor, 2022]. BIIJTA MoryT ycnemHo npuMeHsAThCs
B IIOMCKOBO-CIIACATENIbHBIX OIEpalusax [JIs PeIIeHUs 3aJad MOHUTOPHHIA TEPPUTOPHI,
MOJABEPTIINXCS JIECTPYKTUBHBIM BO3JIEUCTBHsIM. B 1ensx omepaTHuBHOrO OOHApyXEHUs
MOCTPAJIaBIINX U HYKJAIOIIUXCSA B IMOMOIIM JIIOJACH HEOOXOIUMO OpraHHW30BaTh B PEAIbHOM
BPEMEHU TPAHCJISALMIO BUACONOTOKOB, CHUIMAEMbIX KaMepaMu JIETAIOIINX CPEICTB, HA MOHUTOPBI
JTUCIIETYEPCKOTO IIEHTPa CHacaTeIbHOTO TMOApa3fcieHus. B  yclIoBHSX OTCYTCTBHS WU
MOPAKECHUS TEIICKOMMYHHKAIIMOHHON WHOPACTPYKTYphI I Mepenadd BUICOMH(GOPMAIIUU Ha
3HAYMTEIIbHBIE PACCTOSHHS XOPOIIMMH BO3MOXKHOCTSAMH 00JIaJlaeT TEXHOJOTHS JICTAOIIeH
OecripoBoHOM camoopranusytomieiics cetu (Flying Ad hoc NETwork, FANET) [Dinh et al.,
2019; Srivastava, Prakash, 2021; Wheeb, 2022]. V3nubI Takoii cetn pa3memarorcs Ha BITJIA u
CIIOCOOHBI BBITIOHATh (PYHKIIMK PETPAHCIIAIUMU M MaplIpyTH3AlMH TIEPeIaBacMbIX IaKETOB
JnaHHbIX. Takas JeleHTpaIn30BaHHAs CETh MO3BOJISICT IIepeaaBaTh MIOTOKU BUACOMH(POPMAIIMH B
YCIIOBUSX CIy4alHOM TOMOJIOTHH, OBICTPO U3MEHSIOIIENCS B TPEXMEPHOM MPOCTPAHCTBE.

B mnporecce BBIMOTHEHUS TMOMCKOBO-CIIACATEIBHBIX OMNEpaliii W CBOCBPEMEHHOTO
OOHapy)XCHHUSI IOCTPAJaBIIMX HEOO0XOaUMO oOecrneunTh BbICOKOEe KadecTBo FANET-
BUJCOTpaHCIHAMKH.  [IpoGieme  TOBBINIEHHWS ~ KadecTBA  CBsI3W B OECIPOBOIHBIX
CaMOOPTaHU3YIOIIUXCS CETAX MOCBSIICHBI MyOJUKAIIMM MHOTHX HcclienoBaTeneit [Konstantinov
et al., 2017a; Noor, Al-Zahrani, Khan, 2020; Lee, Hosseinzadeh, Ali, 2021; Polshchykov,
Shabeeb, Lazarev, 2020; Abdulhae, Mandeep, Islam, 2022]. Oxnako BompocaM oOecreYeHHUs
KaueCcTBeHHOU TpaHCsiuu BuaeonoTokoB B FANET yneneno HemoctaTouHoe BHUMAaHHE.

K OCHOBHBIM OCOOCHHOCTSIM Tepe/layd BHJICOIIOTOKOB B JICTArOIIeH OECIPOBOIHOM
CaMOOPTaHM3YIOIICHUCS CETH CJIeyeT OTHECTH TOBBIIICHHYIO JUHAMHUYHOCTh CETEBOM TOMOJIOTHH,
YacThble W3MEHEHUS PACCTOSHHM MEXKIy JBWXKYIIUMHCS Yy3JaMH, KOTOpPhIE MOTYT JOCTHTraTh
HEJIOMYCTUMO  OOJNBIIMX  3HAYeHWH. OTH  OCOOCHHOCTH B  YCIIOBHSX  OTPaHUYCHHOM
MIPOU3BOJIUTEIHHOCTH CETEBbIX KaHAJIOB IMPUBOJIAT K OTKa3aM B IIeperade BHJICOTIOTOKOB
[Konstantinov et al., 20176; Polshchykov, Lazarev, Zdorovtsov, 2017; Pandey, Shukla, Agrawal,
2020; Souza, Jailton, Carvalho, 2020], a Takke K TOTEpsSM TAKETOB, BHI3BAHHBIX OMTOBBIMHU
HCKOKEHUSIMHU BCJICJACTBHE BO3HUKAIOIIETO BpEeMsI OT BpPEMEHU CHUXEHHSI YPOBHS MOIIIHOCTH
npuHUMaeMbIX curHayioB [Konstantinov et al., 2016; Kim, Lee, 2018; Bharany, Sharma, Badotra,
2021; Rezwan, Choi, 2021]. VYka3zanable (aKTOpbl CYIIECTBEHHO YXYAIIAIOT KadyeCTBO
Busieorpancisiiiii B FANET. Eciu npennosiokuTh, 4TO BIXOAHAS MOIIHOCTD Y3JIOB, TIEPEIAIOIINX
BH/JICOTIOTOKH, YCTAHOBJICHA HA MAKCHUMAJILHO JTOITYCTUMOM YPOBHE, TO JOOMTHCS BHICOKOTO KauyecTBa
BUJICOTPAHCIIAIIMN MOYKHO, YIIPABIIsisl 3HAYCHUSIMU psfa Ipyrux mapametpoB. K aTuM mapamerpam
OTHOCSITCSI WHTEHCHUBHOCTh TIOCTYIUIGHHs 3allpOCOB Ha TMepenady BHICOTIOTOKOB, CPEIHSS
JUTUTEIIEHOCTD TIEPE/Iauyl BUICOIIOTOKA, a TAK)KE CPETHSS JITTHHA OSCITPOBOIHBIX KaHAJIOB.

VrpapneHve 3HAYEHUSMHU TApPaMETPOB, BIMSIONIMX HA KA4ECTBO BHJICOTPAHCIISAIINH,
OCYIIIECTBIISICTCS HA OCHOBE MPHHITHS pElIeHUN O mepenade (MM OTKa3e B Iepejade) HOBBIX
BHJICOIIOTOKOB, OTKJIIOYEHUHU (MJIM HEOTKIIOUCHHUH) TepeaBaeMbIX BHJICONIOTOKOB, M3MEHECHUHU
pacCTOSTHUS MEXK Y y3JaMu ceTd. O4eBHIHO, JTUIIaM, OCYIIECTBIISIIOIINM BUICOMOHUTOPHHT, TS
NPUHATHS TPABWIBHBIX  PEIICHUH TpeOyrOTCS CpPEACTBA, BBIJAIONIME OOOCHOBAHHBIC
PEKOMEHJIAIUK O TOM, KaKHe JCHCTBUS HYXKHO BBIITOJIHATH JUIsl 00OSCIIEYEHUsST BRICOKOTO KauyecTBa
BHJICOTPAHCISIIUK. B CBSI3M C ATUM HCCICAOBAaHMS, IOCBSIICHHBIC pa3pabOTKEe aaropuTMa
MOJICPKKA TPUHSATHS PEIICHHH B TMPOIECCE BHICOMOHUTOPUHTa HAa OCHOBE NPUMCHEHUS
FANET, npeacraBisitoTcst aKTyaJIbHBIMU.
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Ob6ocHOBaHMe pelieHUi M0 YIIPaBJICHUIO Nepeaayeil BUAeONOTOKOB

Jomyctum, B mpouecce  NOUCKOBO-CIIACAaTENbHONM  ONEPALlMM  BBIOJIHAETCS
BUJICOMOHUTOPHUHT Tepputopuii ¢ ucnonb3zoBanueM FANET. Jlng oOHapyxkeHHs OCTpaaBIINX
Ha MOHHUTOPBI JIUCIIETYEPCKOIO LIEHTpa CHAcaTEeJbHOIO IMOAPAa3JCJICHUs IEepelaroTCs
OIpe/ie/IEHHbIE BUACONIOTOKH, KOTOPbIE CHUMAIOTCSl KamepaMu, pa3MenieHHbIMU Ha BITJIA. Tlpu
9TOM BPEMs OT BPEMEHU B CHITY PA3JIMYHBIX IPUYNH BO3MOXKHO IPEKPAICHUE TPAHCIALUN KaKuX-
TO TIEpeAaBaeMbIX BHJICOTIOTOKOB, a TAK)KE€ BOSHUKHOBEHHE HEOOXOIUMOCTH B Iiepeade HOBBIX
BUICONOTOKOB. UTOOB!I HAOMIOAATENHN JUCIETYEPCKOrO LEHTpa MOMIN 3((EKTUBHO BBINOIHAThH
oOHapyXeHHe JIoACH, TpeOYIOIUX CHaceHus, HeoOXOauMO O00eCMEYHTh BBICOKOE KA4eCTBO
FANET-BuaeoTpaHcasiuy Ha UCIIOIb3yEMbIE MOHUTOPBI.

ITpousBogutenbHocTh cetu FANET orpanuuena u ciydaiiHa. B 3TuX ycioBusX, 4yTOOBI
nepesaya HOBBIX BHUJCONOTOKOB HE IIPHUBEJA K CHUKCHHMIO KAauyeCTBAa BHMJICOTPAHCILILMM J10
HEJOIyCTUMOI'0 YPOBHSI, IpejjiaraeTcsi Habop PEeKOMEHIYEMbIX PELIEHUH, MPEICTAaBICHHbIN B
tabauue 1. B npouecce npuHATHS pelIeHUH yUUTBIBAETCA MIPEXKIE BCEro, KAaKOe 3HaUeHUe Oyer
IpUHUMATh BelnurHa HQ (BEposATHOCTH 00ECIIeUeHUsl BBICOKOTO KaueCcTBa BUICOTPAHCIISILIM) B
clly4ae Ilepeladyd HOBOIO BHJEONOTOKAa. Ecin oOLieHMBaeMoe 3HA4Y€HUE 3TOM BEJINYMHBI
cocrasisieT He MeHee 0,95, To nepeaya HOBOro BUAECONIOTOKA pasperiaercs. B npoTuBHOM citydae
YUHTBIBACTCSI JONOJHUTENBHBIN IPU3HAK: UIMEETCS JIU B UUCIIE IIEPEJaBacMbIX B TEKYLIUI MOMEHT
BUICOTIOTOKOB TaK Ha3bIBa€MbIil MATTOMH()OPMATUBHBIN BHICONIOTOK, I€pelady KOTOPOTO MOXKHO
OTKJIIOUNTh. ECiM B TEKyIMi MOMEHT TaKOM BHIECONOTOK IEPENAETCs, TO €r0 PEKOMEHIYETCs
OTKIIIOYNTh. Ecim ke He mmeercs MaJOMH()OPMATUBHBIX BHICOMOTOKOB, TO MPEIINHCHIBACTCS
COKPaTHTh CPEIHIOI0 JUTMHY OECIIPOBOAHOIO KaHalla JI0 PeKOMEHIyeMOro 3HaueHus rd.

Tabmuma 1
Table 1
PexoMeHmyembie peleHus
Recommended solutions
YduTHIBaEMBIC IPU3HAKA
Pexomenmyembie
3HaueHue [epenaercst / He Hf:pCI[aCTCH pelenus
Hq MaJIOUH(OPMATHBHBIN BHICOTIOTOK
>0,95 He nmeer 3nauenns [TepenaBaTh HOBBIH BHUICOIIOTOK
CoKpaTuTh CPEAHIONI JIMHY KaHala 10
<0,95 He nepenaercs p ped JUTHIY A
rd meTpoB
OTKIIIOYUTH IEpegady MaaonHbopma-
<0,95 Ilepenaetcs peraty bop
TUBHOT'O BUJACOIIOTOKA

[Tpu olleHWBaHWH BEPOSTHOCTH OOECIEUYEHUS BBICOKOTO KAa4yeCTBA BHJICOTPAHCIISIMU TIO
CETH ClIeJlyeT MPUHUMATh BO BHUMAHKE, YTO B CAMOM HEKEIATeILHOM CITydae BCE BHICOTIOTOKU
NIPOXOJIAT 10 OJIHOMY M TOMY K€ HauboJjiee 3arpykeHHoMy KaHany. Tornma BenumunHa HQ paBHa
BEPOSTHOCTH TPAHCIISIIUU BHICOTIOTOKOB C BEICOKMM Ka4eCTBOM I10 3TOMY KaHaTy U MOXKET OBITh
BBIYHCIICHA 110 hopmydie [Jameel et al., 2022]:

b
al a—x X
Ho= 2 ———[1-(p+ +9)", 1
q gxl(a_x)![ (p+9)] " (p+9) (1)
rje a — YUCIIO TOCTYIUBIIKMX 3allPOCOB Ha Tepeaady BHICOMOTOKOB;, D — BeawmuuHa, KOTOPYIO

HE JTOJDKHA MPEBBIIIATh CyMMa YHCIia 0TKAa30B B Iiepeaue BUACOMOTOKOB U YHCIIa BUACOMOTOKOB,
TepeaHHbIX ¢ HEIOIyCTUMBIM yPOBHEM TOTeph makeToB, mpudem D < 0,5a; p — BeposaTHOCTH

OTKa3a B Iepeaye BUJICONOTOKA; § — BEPOATHOCTH IMepeAadyd BUACONOTOKA C HEAOIMYCTUMBIM
YpOBHEM MOTEPh MMAKETOB.
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BennuuHy P MOXHO BBIYMCIUTH KaK BEPOSTHOCTb OTKa3a B OOCIIy’)KMBAaHMM 3allpoca B
MHOT'OKaHQJIbHOW CHCTEME C OTPAaHUYEHHOM JUIMHOM OYepeau:

(20)®" (m]m

_ (R/M! L R
o (M)(R/r) U (lrr]” +(%€)(ﬂr)x | @
R/t SR = X!

rae A — MHTEHCHUBHOCTH TOCTYIUICHHS 3allpOCOB Ha IMepejiady BUICONOTOKOB; T — CPEIHSAS
JUINTENIHOCTh Mepeiaun BUJEOnoToka; M — obbvem Oydepa it ouepeu 3apocoB Ha nepeaavy
BHJIEOMOTOKOB; R — GUTOBast CKOPOCTH Mepeau JaHHbIX 10 KaHay; I — pOM3BOAUTENILHOCTD
KaHaJla, HeoOXoauMmasi JJis Mepefauyd OJHOrO BHJICONOTOKA C JOMYCTUMBIM YPOBHEM IOTEPh
MAaKETOB.

Bripaxkenue (2) cpaBeyIMBO IIPU BBINOIHEHUH yCIOBUS — > AT,
r

I[JI?I BBIUUCIICHUSA BCPOATHOCTHU HEpEAadyu IO KaHally BHJACOIIOTOKA € HEAOIYCTHMbIM
YPOBHEM IMOTEPH MAKETOB MOKHO HMCIIOJIB30BATh CICAYIOUICC BBIPAXKCHUC!:

PL
=1 L=+ Yy A=WV, (3)
z=1
raie W — 9HCIIO MAaKeTOB B MEPEIaBacMOM BHICOMOTOKE; V — BEPOSTHOCTH IOTEPU IaKeTa B
npoiecce nepegayn mo Kanany; PL — mormycrumoe 4nciio moTepsHHBIX aKeTOB MPH Mepeiade
BH/ICOMOTOKA.
Benuuuny PL MoxHO Beraucauts o hopmyote:

PL_[W—Z-CP"I @
| cP+1 |

rae CP — uuncio maketoB, KOTOpbIE HY>KHO MOJIYYHTH MOAPS 0 M HOCIIE YTPAYEHHOTO TIaKeTa,
YTOOBI KOMIIEHCUPOBATh €T0 MOTEPIO.
Koo puuuentsr Y, , MOTyT ObITh BhranciIensl ipu W > 2CP 1o dopmyie:

w-2CP, z=1

Ywz = 0, z>1, w<3CP+1; , (5)
w—z-1
> Vi1 2>1L w>3CP+1.

i=2CP+1

Bripaxxenus (3)—(5) y4uThIBalOT BO3MOKHOCTh BOCCTAHOBJICHHUS MOTEPSHHBIX MAKETOB HA
HpI/IeMHOM y3ﬂe C IIOMOIIIBKO BBIIIOJTHCHUSA HpOHGIIyp aHHPOKCI/IMaHI/II/I. HpI/I 3TOM, I-ITOGI:I Ha
MMPUCMHOM Yy3JIC BOCCTAHOBUTBH IMOTCPHO IMAKETA, HYKHO IOJYYUTH HNOAPAA HE MCHCC CP
npenpiayiux 1 He menee CP mocnenyromux makeroB. BeposTHOCTb MOTEpH MaKeTa B MPOIECCEe

nepeaadu 1mo KaHajly MOXXHO BbIYUCIINTH C IIOMOIIBIO BBIPAXKCHHA:

(72}

/12 )]
2| B +10|g(47zd)2L5

R-K-Tr-Ng ! (®)
I 1

v=1-1-Q
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rae Pr — mommocTs nepenaun curnana; C — CKOpoCTh pacnpocTpaHenus curnaina; f —uacrora
curnana; d — cpenHee paccTOsHME MEXIy IEPENAIOIIMMH M NPUEMHBIMH y3iamu; Lg —
cucremubie norepu; K — mocrosunas Bomsumana; Tr — temmeparypa; Ng — xosddurment

myma; S — GuTOBas JUIMHA MAKeTa.
Jlns moaaepkKu MpUHATHS penieHui B mpouecce mpoeaeHus FANET-BugeomoruTOprHTa
IpeUIaraeTcs peaan3alys MpeICTaBISHHOr0 HIDKE allrOpUTMa.

IMpennaraeMblii aJropuT™M

biiok-cxema anropurmMa NOMIEPKKM NPUHATUSA PELICHWM MO YIPaBJICHUIO Iepenaden
BUJICONIOTOKOB B JIeTaroleil 0ecripoBOJHON CaMOOpPraHU3YIOLIEics ceTH oKa3aHa Ha pucyHke 1.

ANTOpPUTM IpeIoiaraeT BHIIOJHEHUE CAEAYIOUX IIaros:

[Har 1. Hauano anropurma.

[ar 2. BBogsTCst HICXO/IHBIE TaHHBIE: T — CyMMapHO€ YUCJIO HHTEPBAJIOB BPEMEHHU BbIIIOJI-
HEHMS aJITOPUTMA; YUCIO BUACONOTOKOB /1 =1; cymmapHas JJIMTENbHOCTh MepeJadyn BHUJIEOIO-
tokoB ST =0; cpeansist NIMTENBHOCTD NIEPEIAYH BUACONOTOKA N0 KaHany 7 = 0 ; HHTEHCHBHOCTD
MOCTYIUIEHHS 3a[IPOCOB Ha nepeauy Buaeonotokos A =0.

[ITar 3. Homep nHTEpBana Bpemenu t yBennunBaercs Ha 1. Eciiu Homep TeKyero uHTep-
Bajia BpEMEHHU IIPEBBIIIAET 3HAUEHUE, TO OCYIIECTBIIsAETCS nepexo k mary 20. B nporusHoM city-
yae BBIIIOJIHEHUE aJITOPUTMa NEPEXOANT K mary 4.

lar 4. Homep BuaeonoToka i yBenuuuBaercs Ha 1. Eciin HoMep BHIEONOTOKA MPEBHIIIACT
3HaueHue /A, TO OCYyIIECTBISAETCS Mepexo] K mary 7. B mpoTuBHOM cilydae BBIIIOJIHEHUE aJro-
pUTMa MEePEeXoIuT K 1ary 5.

lar 5. Eciu nepepavya moToka HOMep | OKOHYCHA paHee TeKYyIero HHTepBaia BpeMEHH, TO
OCYILECTBIISIETCA Epexo/ K mary 6. B mpoTUBHOM city4ae BBIIIOJIHEHHE aJITOPUTMA BO3BPALIA€TCs
K mary 4.

[ar 6. 3naueHre CyMMapHOW ATUTENBHOCTH NEpeau BUACOMOTOKOB ST yBEIMYUBACTCS
Ha €IUHULLY.

[ar 7. Jluy, npuHUMAIOEMy peIIeHHe, MpejyiaraeTcs OTBeTUTh Ha Bompoc 1: «Tpely-
eTCsl JIU Iiepejaya HOBOTO MTOTOKA?»

[ar 8. Ecnu TpebyeTcs nepenaya HOBOTO MOTOKA, TO OCYIIECTBIISETCS Mepexo K mary 9.
B nmpoTuBHOM ciiy4yae BHINOJHEHUE aIrOpUTMa BO3BpAIaeTCs K Imary 3.

[IIar 9. BeimonuseTcs Iporeaypa OleHUBaHKUs BEIMYMHBI Pd — MPOrHO3UPYEMON cpeaHei
JUTMHBI OE€CITPOBOJTHOTO KaHAIA.

[ITar 10. Beruucnstorcs 3HaYEHUs] MHTEHCUBHOCTU IOCTYIUIEHMS 3allpOCOB Ha Mepenavyy
BUJICOTIOTOKOB IO KaHAly U CPeJHEH JUIMTEIbHOCTH NEepeJauyd BHUJCONOTOKAa I0 KaHally IO
dbopmynam:

Tz%. (8)

BelunciisieTcs 3HaUEHHE BEPOSTHOCTH 00ECIIEUYEHHs BRICOKOTO Ka4eCTBa BHEOTPAHCIIAIIUM
¢ McIoib30BaHueM Boipaskenwuii (1)—(6).
[lar 11. IIposepsercs Boimonnenue ycnosus: HQ>0,95 . Ecam ganHoe ycimosue

BBITIOJTHSIETCSI, TO OCYIIECTBIISIETCS Mepexo]] K mary 12. B mpoTHBHOM city4ae BBITIOJHEHUE
aJropuTMa NepexouT K mary 13.

[ar 12. Jlunmy, npuHMMaoIieMy peuieHue, Bblaaerca coobmenue 1: «llepemaua
BUJICOTIOTOKA CYIIECTBEHHO HE MOBIMSIET Ha KAyeCTBO BUICOTpaHCIALMU. PekomeHmyercs
NPUHSATH peneHne 1 — nepegaBaTh BUACOMOTOK». BEITOIHEHNE anropuTMa nepexouT K mary 18.
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Fig. 1. Block diagram of the algorithm for controlling the transmission of video streams in FANET

[ar 13. JTuiy, nppuHUMalOIIEMY pelleHre, mpeiaraeTcs OTBETUTh Ha Borpoc 1: «meercs
J1 MaJIOMH(QOPMATUBHBINA BUEOMOTOK B YUCIIE NIEPEIaBa€MbIX BUEOIIOTOKOB?»
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[Tar 14. Ecou manonHoOpMaTUBHBIN MOTOK NIEPEAACTCS B TEKYITUH MOMEHT BPEMEHHU, TO
OCYILECTBIIsIETCA Mepexo/ K mary 17. B mpoTUBHOM ciiydae BBIMOJIHEHUE aJTOPUTMA MEPEXOUT
K mary 15.

[ar 15. BeimonHsieTcs npoueaypa OleHUBaHUS BEIUYUHBI Id — peKOMEHIyeMON CpeIHEeH
JUTMHBI 0€CIIPOBOAHOIO KaHaja.

[ar 16. Jluiy, npuHUMarOIIeMy pelieHue, BoiaaeTcs coobmenue 2: «llepegaua motoka
MOXKET YXYIINTh Ka4e€CTBO BUIACOTPAHCISAINU. PEKOMEH TyeTCsl MPUHATH PEIICHHE 2 — COKPATUTH
CPEeHIOI0 JUTHHY KaHaja 70 I'd MeTpoBy. BeinoiHeHe anropuTMa nepexoauT K mary 18.

[Har 17. Jluy, npuHUMaroieMy pelieHue, Bbiaaercsa cooduenue 3: «llepegaua motoka
MOXET YXYJIUIUTh KayeCTBO BHUACOTPAHCISALMU. PeKOMeHayeTcs NpUHATh pelieHue 3 —
OTKJIIOUUTH Nepeauy MaJIOMH(POPMATUBHOTO ITOTOKA.

[Tar 18. Ecnu npunsaATo peuienue 1, To ocyuiecTBiaseTcs nepexo Kk mary 19. B nporuBHOM
Clly4ae BBIIIOJIHEHUE aJlTOPUTMa BO3BpallaeTcs K mary 3.

[ITar 19. Homep Buaeomoroka . yBenuuuBaeTcs Ha 1. BrimonaHeHue anropurma
BO3BpAIaeTcs K mary 3.

[IIar 20. Konery anroputMma.

[IpemioxeHHBI  aNrTOPUTM  HUCIIOJIB30BAaH TPH  MPOBEACHWHW  BBIYUCIUTEIBHBIX
SKCHEPUMEHTOB, BBINOJHEHHBIX C MOMOUIBI0 WMHUTALMOHHOM MOJENM Ipolecca NPUHATHUS
pelieHuii o ynpasieHuto nepenaveit Bugeonotokos B FANET.

BoruncianreabHbIe IKCIICPUMEHTBI

byneMm cuutaTh, 4TO NPUHATO MPABUIIBHOE PEILEHHE [0 YIPABICHUIO XapaKTEepUCTHKaAMU
FANET-BUI€OMOHUTOPUHTA, €CIIH B PE3yJIbTaTe €ro MPUHATHS 00ECIeUeHO BBICOKOE Ka4eCTBO
BUJICOTPaHCISIMU. BBeneM BennduHy Sb — cymMma ducia oTka3oB B Hepeaade BHICOMOTOKOB U
YKClla BUJIEONIOTOKOB, MIEPEAaHHbBIX C HEIOIYCTUMBIM YPOBHEM MOTEPH MAKETOB. Bricokoe kaue-
CTBO BHJICOTPAHCISIIIMU Oy/eT 00ecreveHo, eciu BeandrHa SH He OyeT MpeBbIaTh BEIHIHHY
f,npuuem S <0,5¢ .

JonycTtum, BenrurHa SO HE JOJDKHA MPEBBINIATh B MPOIIEHTOB OT YMCIIa TMOCTYIMHBIIMX
3aIpOCOB Ha Tepeiavy BUAEONOTOKOB. Bennurny £ MOXHO BBIYUCIUTE 10 GOpMYyJIE:

B-o
f=| | (©)
100%

B Hpouecce BBIYHUCJIINTCIIBHBIX 3KCHCpI/IMCHTOB C UCIIOJIB30BAaHUECM HMHTaHHOHHOfI MOoAaCIn

JUTSl OLICHUBAHUSI KOPPEKTHOCTH TPUHSITHS PEIICHHI BeAeTCs MojcyeT BenuduHbl Sh. B koHie
KaJJ0r0 SKCIEPUMEHTA 9Ta BEIMUMHA CpaBHUBaeTcs co 3HaueHueM [ . Eciu SO < S, 1o cunTa-

€TCsl, YTO B JAHHOM DKCIIEPUMEHTE OBLIO 00ECIIEYeHO BBICOKOE Ka4eCTBO BUACOTPAHCIISAINH.

BeposITHOCTE MPUHATHUS MPABUIIHLHOTO PEIICHUS 110 YIIPABJICHUIO ITepe/iaueii BUICOTIOTOKOB
B FANET olieHuBaeTcs ¢ moMoOIIbI0 BEIPAKEHUS:

Pcorr = Ehq . (10)
Etot

rae EhQ —uncno skcnepumenToB, B KOTOpPBIX 00€CIIEUEHO BBICOKOE KAYE€CTBO BUACOTPAHCIISAIINHM;
Etot — cymmapHOe 4uciIo MpoBeACHHBIX IKCIIEPUMEHTOB.

B mporniecce ucciienopanus BeimoiiHeHOo Etot =520 BRMUCIATETBHBIX SKCIIEPUMEHTOB 10
OLICHUBAHUIO KOPPEKTHOCTH MPUHATHS PEUICHHUH MO YMPaBJICHUIO Mepenadyeil BUICOMOTOKOB B
FANET c npumeHeHneM npeyioxKeHHOro anroputma. [Ipu BeIMOIHEHUN SKCIIEPUMEHTOB BEJIHCh

MOJCYEThI BENMUMH & | Sh, Berumcnsuics 3nauenus S no gopmyiie (9). B KoHIe Kaxkm1oro sKc-
TIIEpYMENTA BEMYMHA Sh cpaBHUBaach co 3HadennemM [ . Ecimu SO < £, 10 B nannoM skcnepu-
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137¢

MEeHTe (PUKCUPOBATIOCHh 00eCIeueHne BHICOKOTO KauyeCTBa BUACOTpaHCIsIUU. B Tabnume 2 mpen-
CTaBJICH (bpaFMCHT peBy.HI:TaTOB, HOJIy‘-IGHHBIX B XO04€ BBIYUCIUTCIIbHBIX BKCHepI/IMeHTOB. 3a;[aH-
HOe 3HavYeHue BeauunHbl B cocTtasmsio 10 mporieHTOB.

Tabmuma 2
Table 2
P €3yJIbTaThl BBIYUCIUTCIIBHBIX 9KCIICPUMCHTOB
Results of computational experiments
Howmep
OKCIICpHMEHTA @ ﬂ Sb Sb < ﬂ
1 52 5 4 +
2 46 5 3 +
3 48 5 7 —
519 56 6 5 +
520 50 5 4 +

Ha ocHOBe sKCniepuMEHTaNbHBIX AAHHBIX BBIOJHEHO OLIEHHBAHHWE BEIMYMHBI PCOrr 1o
dopmyie (10). B pesyabrare yCTaHOBJIEHO, YTO C IPUMEHEHUEM IPEI0KEHHOTO alroOpuT™Ma Be-
POSITHOCTBh TPUHATHS IMPABHIBHOIO PELICHHs II0 YIIPABICHUIO IIepefadeld BHIIEONOTOKOB B
FANET cocrasnser 0,924. BoinoaHeHb! aHAJIOTHYHBIE SKCIIEPUMEHTSHI 110 OLIEHUBAHUIO KOPPEKT-
HOCTH NPUHSATHUS PEIICHUH 110 yrpaBieHuto nepeaayeii Buaeonotokos B FANET 0e3 npuMenenus

HpeIUIO)KeHHOFO aJ'IFOpI/ITMa. B pGSYJ'ILTaTe 9TUX 3KCHepI/IMeHTOB HOJ'Iy‘{eHO 3HAYCHHUC
Pcorr =0, 761.

3aKJao4YeHue

Takum oOpa3om, pazpaboTaH aarOpPUTM MOAJEPKKU MPUHATHS PEIICHUN O YIIPaBICHUIO
nepeaadeli  BUIACOMOTOKOB B JIETAKONIEH OCECIPOBOJHOW  CaMOOPTAaHU3YIOIICHCS  CETH.
B cooTBeTcTBHM ¢ STUM QJITOPUTMOM OIEHUBAETCS BEPOATHOCTH OOECIICUEHUS BBICOKOTO
KadyecTBa BUICOTPaHCIISIIMU. J[ajiee B 3aBUCMMOCTH OT 3HAYEHUM 3TON BETMYMHBI PEKOMEHIY€ETCS
OJIHO U3 CJIEAYIOIIUX PEeLIeHUN: TepeaaBaTh HOBBIA BUJICONOTOK, COKPATUTh CPEHION JIUHY
OEeCIIPOBOIHBIX KAaHAJIOB WM OTKJIFOYUTH TIEpeiadyy MaIOMH()OPMATUBHOTO BHJICOMIOTOKA.

[Ipemioxeno cuurtarth, YTO TMPHUHATO TNPABWIBHOE pEHICHHE IO  YIPaBICHUIO
XapaKTEepPUCTUKaAMU Mepeaady BUJICONIOTOKOB B T€X CiIyyasX, €CJIM B pe3yJibTaTe €ro MPUHATHS
o0ecrieueH0  BBICOKOE  KaueCTBO  BHUJICOTpaHCHAlMH. [IpoBefeHHE  BBIUYMCIUTEIBHBIX
SKCIIEPUMEHTOB MMOKAa3aJI0, YTO MPUMEHEHHE MPECTABICHHOTO aJITOPUTMA MTO3BOJISIET MTOBBICUTH
BEPOSITHOCTh TMPHUHSTHUS MPABWIBHOTO PEIICHUs] MO YMPABJICHUIO Tepefavyeil BHUICONOTOKOB B
FANET na 16,3 %.

JlanpHeWIe HCClIeoBaHus B paMKaX PACCMOTPEHHON TEMAaTUKH OyIyT IOCBSIICHBI
CO3JJaHUIO MMPOTPAMMHOI'0 00CCTICUCHHSI JIJIS1 PeasT3aIlii TIPEIJI0KEHHOTO aJlTOPUTMA.
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