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JAOCTIAXEHHA TEXHONOTIA ABTOHOMHUK TPAHCIOPTHUX 3ACO6IB
A4 BUKOPUCTAHHA B MEPEXXAX SMART CITY

eSIM, Wi-Fi, DSRC, Bluetooth Ta ZigBee.

CUCTEMMU; iHTEPHET TPAHCMOPTHIAX 3aC06iB.

HaBepeno nepegymoBn BHKOPHCTaAHHA AaBTOHOMHHMX aBTOMOGINIB. TaKoX BH3HAYEHO LiNi, AKHK HaMaraTbca JOCATTH
ix 3acTocyBaHnam, i npobnemH, KoTpi 3aBawaloTb AaHil KoHyenyii. 3gilicHeHo aHani3 noTeHYiHO BHKOPHCTOBYBAHHX
KOMYHIKayihHWX TEXHONOT i y aBTOHOMHMX TpaHCNOPTHHK 3acobax. B ananisi gocnigwyeanuce 1aki rexnonorii: 56, LTE,

KniouoBi cnoBa: aBTOHOMHI TPAHCNOPTHI 3aC06W; TPAHCNOPTHI MEPEeXi; caMOKepoBaHi aBTOMOBINI; IHTENeKTyanbHi TPaHCMOPTHi

Bcemyn

Huni monas mosoBUHY HaceJIeHHA CBITY MEIIKAa€e B
micrax. 3a gauumu OOH, go 2050 poxky m0 HUX IIpH-
eTHAETHCA II1e 2,5 MIpS Jtoae. I 6iabIIicTh i3 1uX 1o-
poaAH MaTuMe aBTiBKY. 3a ominkamu CBiTOBOTO Oam-
Ky, 10 2030 poky Ha moporax 0yze 6iasIr aK 1,2 Mmuapsa
aBTOMOOiTiB. BoueBup, 1110 e()eKTHBHE IIepeCyBaHHS
JIIOJIeN IeHTpaMu MicTa i3 MiHiMaJIbHUM BILIMBOM Ha
HABKOJIUIITHE CePeIOBUIIE € 3POCTAIOUOIO ITPOOIEMOIO
1A MiCbKMX IJIaHYBAJIBHHUKIB. IXxHA Haiikpalma Ha-
Iis B pO3B’A3aHHi I[bOTO MUTAHHS — PO3yMHE MiCTO.
JlaBaui BCTaHOBJIIOIOTHCA BCepefUuHi iH(MPACTPYKTY-
pu, AK BYJIUYHI JixTapi, B OyaiBii i HaBiTH y JopOoKHI
TOKPUTTA. AJie B IeHTpi 1iei Mmepe:ki Oyme migiMKHe-
HO TPAHCIIOPT.

o cmucky HeBil'€eMHUX KOMIIOHEHTiB, 0e3 SKUX
aBTOMOOLJIb HE € aBTOHOMHHM aBTOMOOijIeM, HaJe-
JKaTh yJILTPa3BYKOBi 1aBaui, Kamepu, pagapu, iHdpa-
YepBOHUU HOPT, JifapH, JOKaJbHI IIPOIECOPU JAaHUX
Ta MPUCTPOL TJI00AJIBHOI CHUCTEMMU IO3UI[IOHYBAHHA
(GPS). YabpTpasByKoBHUiT JaBay JomloMarae BUABIATH
00’eKTHU i BUsHauaTu posmimienusa. BopToBi Kamepu
3abe3meuyioTh OesmeuHuii pyx aBToMo0Oinasd. Pamap
BUKOPUCTOBYE TEXHOJIOTII0 PamioXBUJIb IJis BU3HA-
YeHHS PO3CTaBJIEHHA, KyTa Ta MIBUIKOCTI HaBKO-
auinHix 06’exkTiB. IH(ppauepBoHUIT MOPT 3a0e3meuye
HiuHe OaueHHd AJd 0e3IIiJoTHUX aBToMo0OiaiB. Jligap
JoIrioMarae y BUMipIOBaHHI AiamasoHiB i BUABJIEHHI
cTon-cUTHaJIiB. JIOKaJmbHI IIpomecopu JaHUX OAIOTh
3MOTI'y BUKOHYBAaTU aBTOMAaTUYHE BUPAaXyBaHHA B pe-
aJIbHOMY dYaci, 1[0 YMOJKJIMBJIIOE IIBUIKE IPUNHAT-
Td pimeHHA mig yac momoposki. Takosxk HezaMiHHOTIO
CKJIA0BOIO0 aBTOHOMHOI'O aBTOMOOIJIA € MITYYHUIT iH-
TeJIEKT.

MerToro cTaTTi € aHAII3 Ta JOCIiIKEeHHS TeXHOJIO-
rifi aBTOHOMHUX TPAHCIOPTHUX 3ac00iB A BUKO-
puctaHHS B Mepeskax smart city.
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OcHo6éHa wacmuHa

ABTOHOMHI aBTOMOOiJi ITOJErHIYIOTH HaBaHTa-
JKeHHS BOMiiB-TIonell, BUKOHYIOUM iHTeJeKTyaJbHi
omepariii, 3okpeMa 3amobiramHsa 3iTKHEHHAM, IIOIe-
pPeIsKeHHs PO BUI3M 31 CMyru pyxy Ta BUSBJIEHHS
ITOPOsKHIX 3HakiB. OKpiM TOro, TeXHOJOTril aBTOHOM-
HOTO KepYBaHHA MOXKYTh e(eKTUBHO KepyBaTH TPAH-
CIOPTHUM ITOTOKOM i 3MEHIITyBAaTH 3aTOPU, a TAKOK
MiABUINYBATH €KOHOMiIO MAaJNBa, 3HUKYIOUN BUKUIN
[1].

Huni KoHIenmia aBTOHOMHMX aBTOMOOLIIB cTae
pPEeaJIbHICTIO 3aBOAKUW CTAHAAPTy H-TO IOKOJiHHSA
(5G), 1m0 3abe3meuye HU3bKY 3aTPUMKY Ta BUCOKY
MIBUAKICTD IIepelaBaHHA JaHUX. ABTOHOMHI aBTOMO-
0ini HaACHJIAIOTH i OTPUMYIOTh JaHi 3 KiJIbKOX iKe-
peJsi, TakUX AK CBiT/IoOhopM Ta mapKyBaJIbHI MicIid,
aBTOHOMHI TPAHCIIOPTHI 3acobu Ta XxMapa, AJA AKUX
noTPiOHI BUCOKOHAAIMHI KOMYHiKaIliliHi TeXHOJIOTII.
KirouoBumu rexuogoriamu, sagigaumu B 5G, € mii-
MeTpPOBi XBuJIi, (GopMyBaHHA TPOMEHA, 3B’ A30K MiK
MPUCTPOAMHU Ta TEXHOJOTisA MaJuXx cOoT. ABTOHOMHI
aBTOMOO1JIi HEII[oaBHO OYJI0 JOCIiIMKEeHO B KOHTEKCTi
BU1JIEHOTO 3B’A3KY Ha KOopoTki Bigcrani (DSRC) Ta
CTaHJAPTY CTiTBHMUKOBOTO 3B’A3KY Mi’XK TPaHCIIOPT-
HuMu 3acobamu. Kinbka HesaMiHHMX XapaKTepuc-
THUK, 30KpeMa HU3bKa 3aTPUMKAa, BICOKA IIPOIIYCKHA
3MATHICTH, CE(rMEeHTYBaHHSA MepeKi, THyYKiCTh, BHCO-
KOCIIPAMOBAHICTD, OiJIbIII KOPOTKI TOBKUHU XBUJIb i
JOCTYIHICTD IMIUX TEXHOJIOTiH pobIAThH iX HaaA3BUYA-
HO 3PYYHUMU [JIsI aBTOHOMHUX aBTOMO00i1iB [2]. Kpim
TOT'0, MOEAHAHHS Mepe:k DG 3 BipTyasisaliero mepesk-
Hux Gyukniin (NFV) i nporpamHEO-KOHGMDIrypoBaHOIO
mepeskero (SDN) mepeTBopioe #0ro Ha AyKe MOTYKHE
IJIsS aBTOHOMHUX aBTOMO0OiniB. Takok po3polbsieHHS
Hagitaux MmoxyaiB eSIM, AKi MoKHA HpUIIasgTH, Ha-
IacThb BUPOOHWKAM MPAKTUYHUM cHOCi6 mifiMKHYyTH
cBoOi aBTOIIAapKU 10 Mepexki 5G.
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JTOBrocTpoKOBa €BOJIOIiA AJIs TPAHCIOPTHUX 3a-
co6iB (LTE-V) — 1e TexHoJOTiA, KepoBaHA 6a30BUMU
crarniamu. Huui LTE-V rpyHTy€eThCS HAa TEXHOJIOTIT
4G, ongHak y MaiOyTHBOMY 1i MOKe OyTU PO3IIUPEHO
no 5G. Texuosoria LTE-V zabesmneuye 1mupoke 0xo-
IJIEHHA Ta IMiATPUMAaHHA ClleHapiiB BUCOKOIIBUIKIC-
HOr0 aBTOHOMHOTO BOoAiHHA nmopiBuaHo 3 DSRC. Bes-
npoBogosuii 3B’a30k Wi-Fi ta DSRC HameXuTsh 10
cimeiictBa IEEE 802.11. B aBTOHOMHUX aBTOMOOiIAX
Wi-Fi MmoskHa BUKOPUCTOBYBATHU JJIS IIOIIIUPEHHS iH-
dopmarrii Ta focrymny B inTeprer [2]. DSRC — 11e B10-
ckoHaseHa rexHosioria Wi-Fi, sxa € BucoxoedeKTus-
HOIO Ta CHeIiaJbHO PO3POOIEHOIO JIA ABTOMOOIIBHUX
mporpam. Bluetooth — 1e masonorysxHa TexHoOris
3B’ A3KYy MaJIoro pajgiyca aii Ta megoporuii 38’ a30k. Ox-
HaK I TeXHOJIOTiA He MOXKe Oy TU BUKOPUCTaHA 1)1 aB-
TOHOMHUX TPAHCIIOPTHUX 3ac00iB y peaJbHOMY Uaci.

BigmiTai pucu ZigBee, 30kpemMa HuU3bKa BapTiCcTh
poOsTOpPTaHHs, IIPOCTOTA OOCJIYrOBYBAHHSA Ta TPUBA-
JUH yac aBTOHOMHOI po0OTH, POOJIATH HOTO MpUIaT-
HUM JJIA 3B’ A3KY Mi’K TPAHCIIOPTHUMU 3acobaMu Ta
imdpacrpykTyporo. Hammupoxocmyrosuii (UWB)
epeBasKHO BUKOPUCTOBYETHCA IJIA 6€3IPOBOIOBOTO
3B’A3KY BCepeauHi TpaHcmopTHOTO 3aco0y [2]. Criab-
Ha PETPAHCJIAIA Ta THYYKa MapIIPyTHU3aIlisd MisK aB-
TOMOOLIAMHI MOKYTH JOIOMOI'TH B IIOJOJAHHI mepe-
puBuacToi iHppacTpyKTypu 3B’ a3Ky [3].

Jo HOBUX TeXHOJIOTili AJid aBTOHOMHUX aBTOMO-
O0iyniB Hajse:KaTh: mepudepiini obUMCIeHHA, XMap-
Hi obumncieHHA aasa TpaHcmopTHux 3acobiB (VCC),
SDN, NFV Ta imeHoBaHi Mepe:ki IepemaBanus ga-
Hux (NDN). Po3BuTok nepugdepiinux o6uncaeHb 1aB
3MOTYy aBTOHOMHUM aBTOMOOiIAM e(peKTUBHO 00p00-
JATHA OaHi Ta BU3HAYATH 3aKOHOMipPHOCTI B pesKMMi
peasbHOTO Uacy, mepeMilllyioun JaHi JaBadiB 6IM35b-
KO J0 aBTOMOOLJIBHOI Mepe:Ki, III0 3yMOBJIIOE IIBUJ-
Ke npuiHATTA pimens [4]. ITigxoxu Ha ocHoBi SDN
3maTHi 3a0e3meUYnTH B3aEMOMII0 MisK pisHOpimZHUMUT
JaHUMU, IO FeHEePYIOTHCA E€JIEKTPOHHUMU MOIYJIsA-
MU KepyBaHHA aBTOHOMHUX aBTOMOOiTiB. Baemonisa
MiK IIUMHU AKepeaMyu JaHUX MOKe IPUHECTH iHHO-
Barii Ta HOBi iHTeJeKTyanbHiI (PyHKIII, 3HAYHO IIO0-
KpalquBIIn 0e3IeKy Ta 3PYUYHICTh IJs HacakKupiB.
VCC mae moMiTHUI BIJIMB HAa aBTOHOMHI aBTOMOOGiTi
3 IOTJIAAY KePYBaHHA MOPOKHIM PYyXOM Ta 0e3leKu
JIIOPOYKHBOTO PYXY 3aBIAKU BUKOPUCTAHHIO pPecypciB
aBTOMO0iJIs, a caMe KOMII I0TePiB, CXOBUIIA Ta iHTEep-
HeTY AJid NpuiHATTA pinens. [Ilogo aBTOHOMHUX aB-
Tomo006isiB, NFV nae 3mory socepeiuTy TpPaHCIOPTHI

3acobu 3 migzTpuManHaM 5G Ha THUX IOCJIyrax Ta Mic-
IAX, AKi mepeBakHo HeoOximwui. o Toro :x NFV mo-
nmomarae B 3a0e3IeUueHHi MOMKJIMBOCTI MOA1JTy MepesKi,
cupuyuHioloun (OpMyBaHHS KiJIBKOX JIOTIUHUX Me-
pesk moBepx iHGPaCcTPYKTypH aBTOMOOLIBLHOI Meperki
Ha 6a3i 5G, me KoKeH CerMeHT BUOKPEeMJIeHO Ta 3aX -
IIeHo IJist meBHOI PyHKINiI. OgHieio 3 OCHOBHUX IIepe-
Bar IOAiJly Mepe:Ki € Horo 3maTHICTh rapaHTyBaTH,
110 aBTOHOMHi aBTOMOOG1JIi MATUMYTh TOCTYI O KPU-
TUYHO BAXKJINBUX JAaHUX, AKi MOTPiOHO 6e3IeuHo BU-
ropuctoByBatu. NDN ycyBae mpobiemu, mMoB’s3aHi
3 agpecaMu, Ta 3abe3meuye KellyBaHHS B Mepe:Xi Ta
Oe3nmeuyHril OOMiH JaHUMH Mi’K aBTOHOMHHMU aBTO-
Mobimamu [5].

Bucnoskxu

Ycmimae posropraHHA aBTOHOMHOI'O aBTOMOOiI,
imoBipHO, 3ymoBuTh 90% BamobiraHHA TOPOKHBO-
TpaHCcmopTHUM mpurogam. OgHAK Xodya aBTOHOMHI
aBTOMOOiJIi 3a3BUYAl OCHAIIEHO MOTY:KHUMU O0YUC-
JIIOBJIBHUMU Ta CEHCOPHUMU TeXHOJOTiAMHU, icHye
f6araTo HeBix’eMHHUX MIpPoOJieM, OB’ A3aHUX i3 KOMY-
HiKaiiHUMU Ta MepeXHUMU TeXHOJIOTiAMU, KOHQI-
IEeHI[IMHICcTIO Ta 0e3IIeK00, aHAJITUKOI JaHUX y pe-
aJbHOMY dYaci, ImepefaBaHHAM JaHUX Ta 00MeEKeHOIO
TPOIYCKHOIO 3MAaTHICTIO, IO 3aBa’KAIOTh PO3BUTKY
aBTOHOMHUM TPAHCIIOPTHUM 3acobaM.
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Yu. Yu. Voinov, A. P. Bondarchuk, K. P. Storchak
RESEARCH OF TECHNOLOGIES OF AUTONOMOUS VEHICLES FOR USE IN SMART CITY NETWORKS

The article presents the prerequisites for the use of autonomous cars. The goals that try to achieve their use and the problems that
hinder this concept are also identified. The analysis of potentially used communication technologies in autonomous vehicles is carried
out. The following technologies were investigated in the analysis: 5G, LTE, eSIM, WiFi, DSRC, Bluetooth and ZigBee. The very concept
of autonomous transport has become a reality thanks to the fifth generation (5G] standard, which provides low latency and high data
rates. Specialized equipment used by an autonomous vehicle moving on highways is indicated: artificial intelligence, cameras, radar,
leader.

The analysis of new technologies was also carried out, which included: peripheral computing, cloud computing for vehicles (VCC),
SDN, NFV and named data networks (NDN). With the advancement of edge computing, autonomous vehicles have been able to ef-
ficiently process data and find patterns over time, moving sensor data closer to the automotive network, leading to faster decision
making. With interaperability, autonomous vehicles can mitigate risks using SON. VCC has a big impact on autonomous vehicles through
traffic management and road safety by leveraging vehicle resources such as computers, storage and the Internet to generate solutions.
NFV provides the ability to distribute network functions with an emphasis on processing power so that they can be used efficiently. NFV
enables 5G-enabled autonomous vehicles to focus on the services and locations that matter maost.

Autonomous vehicles make it easier for human drivers to perform intelligent operations such as collision avoidance, lane departure
warning and traffic sign detection. At the same time, autonomous vehicles strive to reduce fuel consumption and the number of ac-
cidents, as well as improve the mobility of people with reduced mobility and the elderly. Autonomous transport can reduce the large
number of accidents that occur due to unsteady driving, bad weather or pedestrian disruptions, as well as speeding and human error.
By successfully completing the development of an autonomous vehicle, accidents can be prevented by 90%.

Keywords: autonomous vehicles; vehicular networks; self-driving cars; intelligent transportation systems; Internet of vehicles.
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