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PEDEPAT
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CHUCTEMA, CBITJIO®OP, BE3IIEKA, ABTOMOBUIb, PO3ITI3HABAHHAI,
JITTI, TIOTTEPEKEHH S, HEMPOMEPEXI.

06 ’ekmom Oocnioxcenns € KiOeppizMuHa CUCTEMa MOMNEPEKEHHS IOPOKHBO-
TPAaHCIOPTHUX TPUTOJl, a came 1i MIJCUCTEMa pPO3Mi3HABaHHS CBITJIOBUX CUTHAIB
PETYIIOBAILHUX 3aC001B JOPOKHBOTO PYXY.

[IpenmMeToM MOCHITKEHHS € METOAM Ta METOAW MAIIMHHOTO HAaBYAHHA JIIS
pO3Mi3HaBaHHs CBITIO(POPIB HA 300paKEHHSIX Ta BIJIEO.

Meroro kBanmiikamiifHOi poOOTH MaricTpa € po3poOka €PEeKTUBHOI CHUCTEMHU
po3mi3HaBaHHS CBITIO(OPIB HA JOpOrax 3 METOK ONTHMI3aIli pyXy TpPaHCIOPTY Ta
IJIBUIIICHHS O€3TIEKH Ha IOPOTax.

Jl5is po3B’si3aHHS MOCTABJICHUX 337]a4 BUKOPHUCTOBYIOTHCS METOIM TOCIIKCHHS
MaIlIMHHOTO HAaBYaHHS, KOMIT'FOTEPHOTO 30py, 0OpOOKH 300pakeHb Ta aHAlI3y JaHUX, a
TaKOX METOJI TEeCTyBaHHS Ha OCHOBI1 CUMYJISIIII.

HaykoBa HOBM3HA OTpUMaHUX PE3yiIbTaTiB:

1. HalGyB momanbioro po3BUTKY METOJ BHU3HAYEHHS CBITJIIOBUX CHUTHAJIB
peryJIroBaJIbHUX 3aC001B TOPOKHBOT'O PyXy Ha OCHOBI KOJIK0poBoro npoctopy HSV, 1o
JTI03BOJIMIIO KOPEKTHO BU3HAYaTH CUTHAIIM CBITIO(OpA;

2. BaockoHasieHO apXITEKTypy CHCTEMH aBTOMATHYHOTO aHai3y BiCOJaHUX Ha
OCHOBI MAIIMHHOTO HABYaHHS, L0 3a0€3MeYMSi0 BUCOKY HAIINHICTh Ta MOXIIMBICTDH

poOOTH CUCTEMU TIPU OOMEKEHUX pECYpCax.



3 NorauOJIeHHSIM TEXHOJIOTIM 1 BIPOBAKEHHSAM KOHIEMIIT "po3yMHOro" micra
BUHUKA€ IOTpeOa y pO3BUHEHUX CUCTEMAaX PO3Mi3HABaHHS TOPOKHBOIO pyxy. Cucremu,
31aTHI €(peKTUBHO pearyBaTy Ha 3MIiHM Ha JJOpo3i Ta 3a0e3meuyBaTu Oe3neKy yYaCHUKIB
pyxy, abo x mpUHaWMHI 3[JaTH1 CTIOBIIIATH BOAIS PO aBapiiiHy 00CTaHOBKY, CTAIOTh BCE
Ounpn 3aTpeOyBaHUMHU. Po3mi3HaBaHHSA CBITJIOBHX CHTHATIB Yy I[bOMY KOHTEKCTI €
KJIIOYOBOIO CKJIa/I0BOIO JUISl OKPAILLEHHS 0€3MEeKH TPAHCIIOPTHOTO PyXy Ta 3MEHUICHHS
rmosipHocti JITII.

3acToCyBaHHs TaKUX METOIB HE JIMILIE MMiIBUILY€E PIBEHb OE€3MEKH Ha JI0PO31, ajie
M cropusie onTUMI3alii TPAaHCIOPTHOTO TNOTOKY, 3MEHIIEHHIO 4Yacy OYIKyBaHHsS Ha
CBITJIOQOpax Ta MOKPAIIEHHIO PYXOBUX TMOKa3HUKIB B MicCTi 3arajoM. [lpu npomy
BpPaxoBYIOUM OOMEXKEHI pEeCcypcd CHUCTEMM, BHUKOPUCTAaHHS €(EKTHUBHUX METOJIIB
pO3IMi3HAaBaHHS J03BOJISIE JOCSATTH LIUX 1[I HABITh MpU OOMEXEHUX OOYMCIIIOBAIBHUX
MO>KITUBOCTSIX.

TakuM 4YMHOM, aKTyaJbHICTh 3aCTOCYBAHHS METOJIB PO3Mi3HABAHHS CBITIIOBHUX
CUTHAJIIB B KOHTEKCT1 ONTUMI3AIIl TOPOKHBOTO PyXY 1 3aXUCTy O€3MEKH YUYACHUKIB PYXY

€ BUIIIOIO 32 BCE, OCKIJIbKYA BOHU JIOTIOMAraroTh Mmooy 1yBaTu O€3medHi Ta MicTa.
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CKOPOYEHHA TA YMOBHI IITO3HAKH

LED — Light Emitting Diode (CBITJIOBUITPOMIHIOBAJIBHUH T10]1)
PIN — IIpemis inaexcy Oe3neku Ha Joporax

bJ1 — 6a3a manmx

OC — omeparriifHa cucteMa

[13 — mporpamue 3a0e3nedeHHS

T3 — TpancniopTHUii 3aci0

YOLO - You Only Look Once

HSV — Hue, Saturation, Vaue

HSB — Hue, Saturation, Brightness



BCTYII

MammHHe HaBYaHHS JO3BOJISIE CTBOPIOBATH MOJIENl Ta METOAM, SKI MOXYTb
BUUTHCS Ha OCHOBI JJaHUX 1 IpUKAMaTH pillieHHs 0e3 SIBHOTO MPOrpaMyBaHHS.

AKTyanbpHICTh POOOTH TMOJSATaE B PO3poO0Ill HOBUX METOJIB Ta METOMIB IS
po3IMi3HaBaHHs CBITJIO(GOPIB HA JOpPOrax 3 BUKOPUCTAHHSM MAIIMHHOTO HABYaHHS Ta
KOMI'IOTEPHOT0 30py Ta iHPOPMYBaHHS BOAIS PO CBITIOQPOP Ta HOTO KOJIIP.

Meroto kBamiikaiiiHoi poOOTH € MONEPEKEHHS JOPOKHbO-TPAHCIIOPTHUX
MPUTOJT HUIIXOM PO3pOOJICHHSI TIJCUCTEMHU PO3Mi3HABAHHS CBITJIOBUX CHUTHAJIB
PEryIIOBAIbHUX 3aC001B JOPOKHBOIO PyXy

[TocTaBneHa MeTa T0CATAETHCS PO3B’SI3aHHSIM TaKUX OCHOBHUX 33]1a4:

— HEOOX1THO PpPO3pOOUTH METOA PO3MI3HABaHHS CBITJIOBHUX CHUTHAJIB
PEryIIOBAIbHUX 3aC001B JOPOKHBOTO PYXY;

— METOJI TTIOBMHEH MpaIoBaTi e()eKTHBHO B peajbHOMY HYaci Ta B yMOBax
3MIHHOi OCBITJICHOCTI, @ TaKO 3a0€3ME€YMTH BHUCOKY TOYHICTb PO3Mi3HABaHHS CTaHy
CBITJIO(OPIB.

OO0'ekT  JOCHIKEHHST — TPOIEC PO3Mi3HABAHHS  CBITJIOBUX  CHTHAJIB
PEryIIOBAIbHUX 3aC001B JOPOKHBOIO PyXy

[IpeameT nociiKeHHs] — METO/ 1 MiJICUCTeMa PO3ITi3HABaHHS CBITJIIOBUX CUTHAIIB
PETYIIOBAILHUX 3aC001B JOPOKHBOTO PyXy

HaykxoBa HOBH3HA OTpUMaHUX PE3yJIbTaTiB:

1. HaGyB momaspmioro pO3BUTKY METOJI BHU3HAYECHHS CBITJIOBHX CHUTHAJIIB
peryJIroBaJIbHUX 3aC001B JOPOKHBOT'O PyXy Ha OCHOBI KOJIL0poBOro npoctopy HSV, 1o
JTI03BOJIMIIO KOPEKTHO BU3HAYaTH CUTHAIIM CBITIO(OpA;

2. BnockoHaneHo apXITeKTypy CUCTEMHU aBTOMATHYHOTO aHaJi3y BiJEOJaHUX Ha
OCHOB1 MAIlIMHHOTO HaBYaHHS, 110 3a0€3MeYnI0 BUCOKY HAAIMHICTh Ta MOXKIIMBICTb
poOOTH CUCTEMH NTPU OOMEKEHUX pecypcax.

[IpakTyHa 1IHHICTD OTPUMAHUX PpE3YJbTATIB TOJATAE B  MOMKJIHMBOCTI
3aCTOCYBaHHS PO3POOJIEHOI CUCTEMH B pEAbHUX YMOBaxX MJisi ONTHUMI3alii pyXy

TPAHCTIOPTY Ta 3a0e3neueHHs Oe3MeKu Ha JOpOTrax.
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Y npaHiii poOOTI BHUKIAACHO BHUMOTH JO METOJOJIOTIi PpPO3POOKH CHCTEM
po3mi3HaBaHHS 00'€KTIB Ha JOporax 3 BHKOPHUCTAaHHSIM MAIIMHHOTO HABYaHHS Ta
KOMIT'FOTEPHOTO 30DYy.

JIsist po3B’si3aHHS TMOCTaBIIEHUX 3a/1ad BUKOPHUCTOBYIOTHCS OCHOBHI ITOJIOKEHHS
MalIMHHOTO HaBYaHHS, KOMIT'FOTEPHOTO 30pY, 00pOOKH 300pakeHb Ta aHai3y JTaHUX.

3a TeMoro kBamidikaiiHo1 po60TH MaricTpa 0yJio ormy01iKOBaHO YOTUPH CTATTI B
SKHX 51 OpaB yuacTh sIK criBaBTOp (H0AaTOK B):

1. Hovorushchenko T., Pavlova O., Binkovskyi Y., Bilinska A., Holovatiuk A.,
& Melnychuk D. (2023, October). Road Accident Prevention System. In 2023 13th
International Conference on Dependable Systems, Services and Technologies
(DESSERT) (pp. 1-7). IEEE.

2. A. bininceka, . binbkoBcekuit, A. l'onomatiok, JI. MenbHuuyk, T.
['oBopyIlleHKO. ABTOMATHYHE BUSIBJIIEHHS aBTOMOOUIBHUX MOPYIIHHUKIB 32 JIOMIOMOTOIO
KOMIT FOTEPHOTO 30py B paMmkax KiOep(]i3uuHOi cHUCTeMH 3aroO0iraHHs aBapiiiHUM
cuTyauisM. BumiproBanpHa Ta OOYHMCIIOBaJbHA TEXHIKA B TEXHOJOTIYHUX MIpPOLIECAX.
2024. Nel. C. 176-185.

3. . A. biminceka, S. binbkoBchbkuid, A. l'onoBatiok, J[. MenbHuuyk, T.
["oBopy1eHko. AHami3 JaHUX YISl MIATPUMKHA aBTOMAaTUYHOTO TTOTIEPEIKEHHST BOIIS TSI
ki0epdizuyHOi cucTeMu 3amoOiraHHs aBapiiHUM cuTyalisMm. BicHuk XMenbHUIIBKOTO
HallloHanbHOTO yHIBepcuteTy. Cepist « TexHiuni Hayku». 2024.

4, O. IlaBnoma, A. bimnceka, A. TomoBatiok, . binpkoBchkuid, [l.
Mensanuyk. Automated system for determining speed of cars ahead. Computer systems

and information technologies. 2023. Pp. 35-39.
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1 AHAJII3 BIIOMUX METOAIB PO3III3HABAHHS CBITJIO®OPA

1.1 Ornsa cucteM Ta MOHATTS «CBITIO(OP»

VY cyuacHOMYy CBITI O€31eKa Ha JJOPO3i € OJTHIEIO0 3 HAWO1IBIIT aKTyaTbHUX TIPOOIIEM,

gKka TOTpedye TMOCTIMHOIO YAOCKOHAJIEHHS Ta IHHOBAIIMHUX pimeHb. OgHuM 13

BOKJIMBUX €JIEMEHTIB 3a0e3rnedueHHs Oe3MeKu Ha JI0po3l € CBITI0(Oop, SKUM BHUKOHYE

KIFOUYOBY POJIb Y PETYJNIOBAaHHI JOPOKHBOTO PyXy Ta TOMEPEIKEHHI KOHQIIKTHUX

cutyartii [5].

IcTopis cBiTIIOMOPIB € IKaBOIO MOJIOPOAKIO y CBIT O€3MEKU JOPOKHBOIO PYXY Ta

TEXHOJIOTIYHUX YJOCKOHaJIeHb. [ToyaTok icTopii cBiTiIOopa MOKHA BIAHECTH JI0 KIHIIS

XIX cromitrs. Ilepmni excrnepuMeHTanbHI CBITIOGOpU 3'IBUIMCA B cepenuHi 19-ro

cromitts. OfHaK, nepmmid Biomui cBiTiiopop (pucyHnok 1.1), skuii HaramyBaB OUIbIIIE

cyuacHi, OyB BcTtaHoBieHHM B JIoHA0H1 y 1868 porri.

JEHN
PEAKE KNIGHT

POLICE NOTICE.

BRIDGE STREET, NSw PALACE YARD.

THR NEW -TREET SEMAPHORE AT WESTMIN:TER.

| ALTERNATE

RED £ GREEN
OLASSES

3 '_‘-‘.:1,;1;;L!|Hlli!!!|iﬂ§§
\\\.. i

v

Pucynoxk 1.1 — Ipuniun aii nepiioro ceitiodopa (cemadopa) [5]
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Le#t cBiTnodop Bunaiimos Jxon [lik Haiir. Bin cknananacs 3 1Box cemagopHUX
KpWJIL, sIKI OyJIM IPUKPIMIIEH] 10O TOBOPOTHUX TAT 1 KEPYBAJIUCS 3a JOIIOMOTOIO BaXKEJsl.
Jns  miaBUINEHHS BHAMMOCTI CTOBI OyB oOmajgHaHuii ceMagopoM 3 Ta30BUM
ocBiTiieHHsAM. OJHaK MEHII HDK 4Yepe3 JBa MICALl Bl MOMEHTY BCTaHOBJICHHS,
cBiTIIOGOp BUOYXHYB, 110 MPU3BEIO O TPaBMU MOJILEUCHKOTO, KU MpaIfoBaB 31
3HAaKaMH.

[lepmnii  gBOKOMIpHMM CBITIOGOP, IO BUKOPHCTOBYBAB EJIEKTPUKY, OYyB
BcranoBnenuit y Knisnenni, CILIA, gepes3 46 pokiB micns Tpareaii B Jlongoni. [1izHimne
Jetpoiit i Hero-Mopk nomany »%oBTHi CHTHAI MiX YepBOHM i 3eneHuM y 1920 pori. 3
TOTO Yacy CBITIO(OPH CTaIN CTaHAAPTOM Y BChOMY CBITI.

[IpoTsiromM HAaCTymHMX JECATHIITH CBITIOPOPU MOCTIHHO BJOCKOHATIOBAIHUCS. Y
1910 pomi B CIIHA Oysio BCTaHOBJICHO MEPIINN €NEKTPHUHUIN CBITIOPOP, PO3pOOICHHIA
nominercbkuM Jlecrepom Bipruem. Llel cBitiodop ckiagaBcs 3 4epBOHOTO Ta 3€JICHOTO

CUTHAJIB 1 OyB yNIpaBIiHHAM 3 TIOCTa MOJIIEHCHKOTO.

Pucynok 1.2 — [epmmii cBiTio¢op, 10 MpairoBaB Ha JaMiax po3kaproBaHHs [5]
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[Ipore mepmmii aBTOMaTUYHHI €JIEKTPUUYHMNA CBITIIOGOp OyB BCTAHOBICHHM Y
Kninenni B 1914 poui (pucynok 1.2). L{g cucrema Bxke mMania TpH KOJIbOPH: YEPBOHUM,
YKOBTHUH Ta 3€JICHUH, SIK1 TPaIfOBAJIM MOCIIIIOBHO, a HE MapajelibHoO.

3rogom, B 1920-1930-x pokax, cBITI0()OpH CTaM CTaHAAPTOM TSl 6araThb0X MiCT
M0 BCHOMY CBITY. Y MOJaNbIll POKH, 3 POSBUTKOM TEXHOJOTIH, BOHM OTPUMAJIM HOBI
GbyHKIT, TaKi K TaliMepH, TaTYUKU pyXy Ta BOYy0BaHI CUCTEMH 3ByKOBOT'O CUTHAITY JIJIs
0ci0 13 00MEKECHIUMH MOXIIUBOCTIMH [5-7].

CBiTnOQOpH € KIOYOBUM €JIEMEHTOM 1H(QPACTPYKTYpH JOPOKHBOIO PYXY, KUK
BIIMBA€ Ha Oe3MeKy Ta €(PEeKTUBHICTh TPAHCIIOPTHOIO MOTOKY. BOHU perymioTs pyx
TPAHCIIOPTHUX 3aCO01B 1 MIIIOXOMAIB 3a JIOMIOMOI'OK0 CBITJIOBUX CUTHAJIIB, SIKI BKa3yKOTh
Ha pi3H1 Aii, 1100 YHUKHYTH KOH(DIIKTIB Ta 3a0€3MEYNTH MIaBHUM PyX YCIX YYACHUKIB
JTOPOKHBOTO pyXy. OCHOBHI KOMIIOHEHTH CBITJIO(OPIB BKIIOUAIOThH 3€JICHUM, )KOBTUH 1
YEpBOHUII CBITJIOBI CUTHAJH, SIKI MOKa3ylOTh JO3BUI Ha pPyX, MONEPEHKEHHS PO
HaOJIMKEHHS JI0 3yIIUHKU Ta 3a00pOHY PyXY BIAMOBIIHO.

KpiM OCHOBHMX CHUTHamiB, JI€sKl CBITIIOGOPU MOXKYTh MAaTH JAOJATKOBI CEKUIi 31
CTpLJIKaMH, 110 JI03BOJISIOTH 3/I1MCHIOBATH MTOBOPOTH 200 PyX Y KOHKPETHUX HAMPIMKAX.
Hanpuknan, 3eneHa cTpuika MOXK€ BKa3yBaTH, 110 PyX JI03BOJICHO TIJIbKH Y TIEBHOMY
HaIpPsIMKY, HaBITh SKIIO TOJIOBHUM CBITJIOBUI CUTHAJ MTOKA3Yy€ YEPBOHUI.

BaI1MBOIO XapaKTEPUCTHKOIO CBITIO(OPIB € iX po3TallyBaHHs Ta OpraHizaiis. Ix
PO3MIILYIOTh Ha TMEPEXPECcTIX, /1€ MOKE€ BUHHUKHYTH KOH(MIIKT pyXy, 1 J0JATKOBO
O0JaHYIOTh MIMIOXITHUMH TiepexofamMu. TakoX BOHM MOXYTh OyTH pO3TalioBaHI Ha
BEJIMKUX MariCTpajibHHUX JA0POrax JAJisl peryJIOBaHHS PyXy Ha rmepexoaax ado 3'eTHaHHSIX
3 IHILIMMU MaricTpaJisiMH.

[HIIMM PI3HOBHIOM € MMIOXiAHI CBITIIOMOPH, SKI MpHU3HAYEH] i1 OE3MEeUHOTO
nepexo1y MiIoxoAiB uepe3 popory. BoHu MOXyTh MaTH CHelliajibHi CBITJIOBI CUTHAJIH,
0 BKa3YyIOTh MIMIOXOJaM, KOJW iM MOXHA MEPEXOJUTH JOPOTY abo KOJIM MOTPIOHO
yekaTd. Lli cBiTmodopu 3a3Buuail po3TanioBaHi Ha PiBHI JOPOXKHIX MEPEXO[iB abo B
paiioHax 3 IHTEHCUBHUM IIIOX1THUM PYXOM.

Taxox iCHYIOTb crieniaai3oBaHi CBITI0(QOPH, HAPUKIIAI, 17151 BEIOCUIIEIUCTIB 00

rpoMajicbkoro TpancropTy. Lli cBiTiodgopu MOXyTh MaTH J0JIaTKOBI CBITJIOBI CUTHAJIU
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abo0 pexxumMH, 11100 BpaxoByBaTH crieludiKy pyXy HUX KaTeropiii y4aCHUKIB TIOPOKHbOTO
PYXYy.

Ha pucynky 1.3 300pakeHO pi3HI TUIIH CBITI0(OPIB, KI BUKOPUCTOBYIOTHCS Ha
noporax Ykpainu. Cepen HUX € (3711Ba HaIllpaBo): 3BUYAHUN BEpTUKAIBHUHN CBITIO(OD
0e3 T0AaTKOBHMX 3HAKIB Ta CEKIlIH, CBITIO(OP, IKUN JT03BOJISE MIOBOPOT MPaBOPyU IMpHU
YEepBOHOMY CHUTHAJI, ajie 3 HaJIaHHIM MepeBaru B pyci IHIIUM yYaCHUKAM JI0POKHBOTO
PYXy, 3 TOJaTKOBOIO MPaBoio Ta (a00) JiBOIO CEKITIETO, sIKa HAJa€ MepeBary B pyci Haj
iHmmMu T3, ropusoHTanbHUN ayia HepedikoBux T3 ta T-momibHuMil cBitiodop s
petikoBux T3 (TpaMBaiB), AJig BEIOCUIICUCTIB Ta 3BUYAHUN CBITIO(OP 3 J0AaTKOBUM
MO3HAYCHHSM TMPO MPU3HAYCHHS ISl BEJIOCUTICUCTIB; APYTUN PSAIOK (3J11Ba HAIMpPaBo):
JBOKOJIPHUM THUMYAcCOBUW [l PETYyJIIOBAaHHSA pPyXy B MICISX, HalpuKIad, e
PEMOHTYIOTh JIOPOTY 1 MOTPIOHO BUKOHYBATH 00’1371 pEMOHTOBAHOI AUISTHKU JJOPOTH IO
CYCIIHIM 3YyCTpiuHIN cMy31 (Tako>X BHUKOPHUCTOBYIOTBHCS Il PETYJIOBAHHA PYyXy
NII0XO0/1B, 200 Ha MINPUEMCTBAX, A€ MOTPIOHO HAJATH MepeBary B pycl TH UM THIIUM
T3), oqHOKOMIpHI CBITIOGOPH, K1 IHPOPMYIOTh PO HAOIMKEHHS 10 AUISHKH TOPOTH,
Jie TIBUIIIEHA aBapiiHICTh, PEBEPCUBHI CBITIIO(OPH, sIKIi BUKOPUCTOBYIOTHCSI HA CMYyTax
31 3MIHHUM HampsIMKOM pyXy, a TaKoX CBITIO(QOpH, MpPU3HAYEHI ISl PEryIOBaHHS

NpOT3/y 3aTi3HUYHUX TepeisaiB [8].

Pucynok 1.3 — Tunu cBiTi0¢opiB, 5Ki 3ycTpivaroThCs Ha Aoporax Ykpainu [8]
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B npesxux Bumagkax MOXXKYyTh BUKOPHCTOBYBATHCS TaK 3BaHi "IHTENEKTyasbH1"
cBiTIO(opH, SKI 3AaTHI aIanTyBaTUCS 0 00'€My TPAHCIOPTY, TMOTOKY IIIIOXOMIB Ta
1HIUX (pakTopiB. BOHNM MOXKYTh BKIIFOYATH CUCTEMHU JETEKIllT pyXy, METOIU ONTHUMI3aIlli
pyXy Ta 1HII TEeXHOJOTIi /i 3a0e3neueHHs] MaKCUMaJIbHOI e(eKTUBHOCTI PETYIIOBAaHHS
pyXy Ha I0porax.

[Ile oaHuM pI3HOBHUJIOM CBITJIOQOpPIB € THUMYACOBI CBITIOQOpH, SKI
BCTAHOBIIIOIOTHCS HA JOPOTax IiJl yac MpOBEACHHS OyIiBeIbHUX a00 PEMOHTHHUX POOIT.
IxHe npusHayeHHs - 3a0e3meunTH OE3MEeKy PyXy Ta OpraHi3yBaTH TMMYAcOBi PeKUMM
PyXy JJIsl BOJIIB Ta MIIIOXOAiB M00aM3y podounx 30H [9].

Kpim Toro, icHyt0Th cBiTIIOhOpH 3 JOJATKOBUMH (PYHKI[ISIMU, TaKi SIK CBITIO(OpU
3 KaMepaMH B1IEOCIIOCTEPEKEHHS a00 CCTEMaMU aKyCTUYHOT'O OIOBIIIEHHS JIsI TITyXUX
moJiert ado ocid Bagamu 30py. L1 1o1aTKOB1 GYHKIIT AOTIOMAraroTh MOJIMIIUTHA OE3MEeKy
Ha JI0po3i Ta 3a0e3nMeYnTH OUIBII IMUPOKUI JOCTYII 10 iHdOopMallii Ipo CTaH PyXy.

BaxxnmBo Tako 3a3HAYUTH, 1110 CBITIIO(OPH MOKYTh OYTH BCTAHOBJICHI HE JIMILIE
Ha MOBEPXH1 I0POTH, aje i Ha MEePEeXPeCTSIX PI3HOTO PIBHS, B TYHENAX, HA MIIIOXITHUX
MOCTaxX Ta B IHIIMX MICISX, J€ MOTPIOHO PEryJroBaTH pyX TPAHCIOPTY Ta MIIIOXO/IB.
Take po3rairyBaHHs CBITI0(OPIB 103BOJIsIE 3a0e3MeunTr O€3IeKy Ta OpraHi30BaHICTh
pYyXy Ha Ioporax y pisHUX YMOBaXx 1 MICIIEBOCTSIX.

VY cBiTnodopax BUKOPUCTOBYIOTHCS Pi3HI TexHOJOTI1, BKitodaroun LED Tta ixmm
TUIH OCBITJEHHS, 11100 3a0€3MeUnTH SICKpaBl Ta BUANMI CUTHAIIU Yy OyIb-sSKUI Yac 100U
Ta B OyIb-KMX MOrogHUX yMmoBax. KpiMm Toro, jeski cBiTioGopu OCHAIIEH]
JIOIATKOBUMU (DYHKI[ISIMU, TaKUMHU SK 3BYKOBI CUTHAJM JIJIsl HE3psiuux abo 1udposi
Ta0J10, 1110 BKa3yIOTh Yac 10 3MiHU CUTHAJIIB.

[IpoTsirom TpuBasoro yacy cBiTiohopu OyIu BBOKAIUCS ONTUMATLHUAM PIIIEHHSIM
JUIS KepYBaHHs TMEPEXPECHUMU TPAaHCMOPTHUMH mMoTokamu. OJHAK CHOTOAHI ICHYE
mi703pa, 10 CBITI0POPH MOXKYTh CIPUATH MOSABI aBapiiHOI MOBEAIHKHU Ha J0po3i. Uepes
e 6arato MiCT MoYaliv MeperisgaTd CBOE CUCTEMaTUYHE BUKOPUCTAHHS CBITIO(OPIB 1
HAJAI0Th MepeBary 1HIIMM METOAaM 3HUKEHHS IIBUIKOCTI TPAHCTIOPTHUX 3aCO0IB.

[Ipobnema cydacHuUX CBITIO(OPIB MOISITAE B TOMY, 100 3a0e3meunT Oe3meKy

HalOUIbII BpPA3JIMBUX YYACHUKIB JOPOKHBOTO PyXy, TaKUX SK MIIMIOXOAUW Ta
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BEJIOCUTICANCTH, 1 30€perTH iXHIO HE3AJIEKHICTh y CEPEelOBUIIl 3 MOCTIHHO 3MIHHUMHU
yMOBaMHU pyXy. BukopucTaHHs cucTeM po3mi3HaBaHHS CBITIO(POPIB MOKE BUSIBUTHCS
JOIUIBHUM PIIIEHHAM Y I[bOMY KOHTEKCTI, OCKIJIbKM BOHU JO3BOJISIOTH €(PEKTUBHO
KepyBaTH TPAHCIOPTHUMU TOTOKAMH, BPAaXOBYIOUM TOTPEOM PIZHUX KaTeropii
YYaCHHUKIB TOpOkHBOTO pyxy [10].

XKaxnuBa cTaTUCTHKA aBapiii Ha Joporax YKpaiHU € TPUBOXHUM CUTHAJIOM, IO
BUMara€ HETaWHWX i 1 3MiHM CHTyallli Ha jgoporax kpainu. Ha xanb,
0e3B1/IMOBIIaJIbHA MTOBE/IHKA TIEBHUX BOJIIiB, HEOACP>KaHHS MPABHII IOPOKHBOTO PYXY
Ta TEXHIYHUWA CTaH TPAHCIIOPTHHUX 3aCO01B 4aCTO MPU3BOAATH /10 TPAriYHUX HACTIAKIB Ta
JOJCHKUX BTpaT. Lle He nuiie cipyudnHsie OUTb 1 CTPaXKIaHHA CIMEN MOCTpaXKAaluX, ae
1 Mae cepiio3Hi colliabHI Ta EKOHOMIYHI HACIIJIKY JIJIs1 CyCIIBCTBA B I[IJIOMY.

[Ingx 10 3HMKEHHS aBapIMHOCTI Ha JOporax Ta 3a0e3reueHHs 0e3MeKH YYaCHUKIB
JOPOKHBOTO PYyXy JIEKHUTh Yepe3 IMOCWIECHHS KOHTPOJII0 3 OOKy IMpPaBOOXOPOHHUX
OpraHiB, MPOBEACHHS MOMEPEPKYBATIbHUX KaMIlaHid Ta MiABUIIEHHS YCBITOMJIEHOCTI
KOKHOTO Y4YacHUKa JOPOXHBOTO PYXy MIOJAO BaXXJIUBOCTI JOTPUMAHHS TpPaBHI Ta
BI/IMOBIAAIbHOT MOBEAIHKH 3a KepMoM. Boii, mimoxoau Ta 1HII YYaCHUKH JOPOKHBOTO
pyXy MOBHHHI OyTH YBOXHUMH Ta OOEpEKHUMHU Ha JOpPO31, a JAep)KaBa Mae CTBOPUTHU
HEOOXiaHI YMOBH Ta iH(pacTpyKTypy st 6e3neunoro pyxy [11-13].

TinbKK CIUIBHUMHE 3yCHJUISIMU CYCIIUTBCTBA Ta IEPKABU MOYKHA JOCSITTA O€3MeKU
Ha JIOporax Ta 3MEHIIUTH KUIbKICTh kepTB I TII. AHani3 Ta 0OTOBOpPEHHS CTATUCTUYHUX
JAaHUX PO aBapii Ta X HACIIIKUA € BAXJIMBOIO CKJIAJOBOIO B IbOMY IMPOIIEC], OCKIIBKU
BOHU JIO3BOJISIIOTh BUSHAYMTH OCHOBHI MPOOJIEMHI MICIls, TEHAEHIIT Ta TPIOPUTETH IS
NOAANBIINX [ y HAMPAMKY MOJINIIEHHS 0€3MEKH TOPOKHBOTO PyXY.

VY tabmumi .1.1 HaBenena odiiiia craructuka [latpynsHoi nmomimii Ykpainu mpo
KUIBKICTh JOPOKHBO-TPAHCHOPTHUX Mpuroa B mepion 3a | kBapran 2024 poky,
MOPIBHAHHA 3 CTATUCTUKOIO 32 TOM cammuii mepioa 2023 poky Ta BiICOTKOBHI MOKa3HUK

OINIHKY 301TBITIEHHST 200 3MEHIIICHHSI TCH ICHIII aBapiifHOCTI B 00JIACTSX.
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Tabmuus 1.1 — JlopoxkHbo-TpancnopTHi npuroaum 3a mepiox 3 01.01.2024 mo
31.03.2024

JTII 3 3aru6iaumu Ta/abo TpaBMOBaHUMU
Perion 3aruHyJI0 TPaBMOBaHO

2023 | 2024 % 2023 | 2024 %
PiBHEHCHKA 20 34 70,0 161 73 7,5
*3amopizbka 14 20 429 181 187 3,3
YepHiriBchka 16 21 31,3 130 141 8,5
Kutomupcbka 23 30 30,4 239 210 -12,1
XMenbHHUIIEKA 22 28 27,3 188 186 -1,1
3akaprnaTchka 18 21 16,7 81 113 39,5
IBano-®dpankiBChKa 22 24 9,1 286 233 -18,5
Kuiscbka 39 40 2,6 411 432 51
JIbBIBCBHKA 52 52 0 506 564 11,5
ITontaBchbKka 22 22 0,0 228 205 -10,1
UYepHiBelnpka 9 9 0 119 125 5,0
Onecwka 36 35 -2,8 325 362 11,4
XapkiBChKka 41 37 -9,8 383 358 -6,5
KipoBorpaaceka 20 18 -10,0 151 181 19,9
MukonaiBchka 26 22 -154 | 215 234 8,8
JIHinponeTpoBCchKa 69 55 -20,3 | 483 589 21,9
Binaumeka 26 20 -23,1 | 184 161 | -12,5
CymMchka 14 10 -28,6 | 160 142 | -11,3
* JloHeIpKa 52 36 -30,8 | 198 201 1,5
TepHomiabchbka 21 14 -33,3 152 138 -9,2
Kuis 29 13 125 | 455 412 -9,5
Bonunceka 27 16 -40,7 | 141 174 | 234
Uepkacbka 31 16 -48.4 161 171 6,2
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Kineus Tabmui 1.1 — JloposxkHbo-TpancnopTHi ipuroau 3a nepiox 3 01.01.2024 o

31.03.2024

Perion 2023 | 2024 % 2023 | 2024 %
*XepcoHchbKa 6 2 -66,7 36 48 33,3
AP Kpum
*JIyranceka
CeBacromnosb

3ATAJIOM | 655 595 -9,2 | 5574 | 5740 3,0

Tabmuua 1.1 npeacraBisie HaHi NMPO JIOPOKHBO-TPAHCIIOPTHI MPUTOAU, IO
TpamuiIuCs y pi3HUX perioHax YKpainu mpotsarom mnepiogy 3 1 ciuns 2024 poky mo 31
oepesns 2024 poky. Bona micTtuTh iHQOpMaIIito mpo KUTbKICTh 3arH0JIUX Ta TPABMOBAHUX
3a e nepio. OO6nacTi, MO3HAYEHI CUMBOJIOM * 11€ PEriOHHU, B SIKUX PIBEHb aBApIHHOCTI
MOXe JICII0 PI3HUTHUCS Yepe3 THMUYACOBY OKYMaIlilo Ta BeJeHHs OoioBux aiit. i gaHi €
KOPUCHUMH ISl aHajidy Ta IUIaHyBaHHA 3axO[IB IMOJO0 MIiJABUIICHHS Oe3MneKu
JIOPOKHBOTO PYXYy Ta 3MEHIICHHS KITBKOCTI JOPOXKHBO-TPAHCIIOPTHUX TPUTOI Y
MaiOyTHHOMY.

[Mpemis PIN (Ilpemis inaekcy 6e3mneku Ha goporax) [14] — 1e mopidHa Haropoa,
sIKa BPY4a€eThCs KpaiHaM, SIKi BXOASITH JI0 €BPOTEHCHKOTO COI03Y 3a IOCATHEHHA Y cdepi
Oe3nekn JOpOKHBOTO pPyxy. llelt iHIeKC CTBOpeHWH Il TOPIBHSHHA Ta OINIHKH
pe3yJIbTaTiB KpaiH y BIPOBAKEHHI 3aXOJdIB JJIsi 3MEHIIEHHS KIJIBKOCTI JOPOKHBO-
TPAHCIIOPTHUX TPHUTOJ] Ta MOCTPaKIATUX Ha Joporax. BoHa BpydaeThcs KpaiHam, sKi
MOKa3yl0Th HAWKpalll pe3yibTaTd Y 3MEHIICHHI KUIBKOCTI CMEPTEIbHUX BHUIAJKIB Ta
TpaBMaTH3My Ha jgoporax. KpaiHu, 10 JOCSTIM 3HAYHOTO TIOKPAIICHHS Yy CBOIX
MOKa3HUKax OE3MEeKH Ha JOporax, OTPUMYIOTh BU3HAHHS 32 CBOi 3yCHJUISA Ta CTUMYJI JI0
MOTAJIBIIIOTO PO3BUTKY B I[bOMY HAIPSMKY.

A Tomy, 115 ipemist (pUCYHOK 1.4) € BaKJIUBUM 1HCTPYMEHTOM JIJIsi CTUMYJTFOBAHHSI
KpaiH 10 BIPOBAKEHHS HOBATOPCHKUX MIAXOAIB y cdepi Oe3neku JopoKHBOTO PyXy Ta
MOKpAIICHHS JI0POXKHBO-TPAHCIIOPTHOI 1H(pacTpykTypu. BoHa Takox crpusie oOMiHy

JIOCB1IOM MK KpaiHaMu Ta MOMyJspu3allii HaMKpalux MpakTHK y il ramysi.



16

PIN Award 2016 l

PIN Award 2019

» PIN Award 2020

PIN Award 2013
5 PIN Award 2022

PIN Award 2014

PIN

AWARD

2023

PIN Award 2017
PIN Award 2015 ’

PIN Award 2021

Pucynox 1.4 — BignocHa 3MiHa cMepTHOCTI Ha foporax Mixk 2012 ta 2022 pp. Ta

Kpainu-orpumyBaui npemii PIN npewmii 3a mepiox 2012-2022 pp. [15]

3 nepioay MoHiTopuHry 32 kpain 3a nporpamoro PIN mume 13 3adikcyBanu
3MEHIIIEHHsI KUTBKOCTI cMepTed Ha joporax y 2022 poii mopiBHsiHO 3 2021 pokowm.
CroBeHist mocijia mepiie miciie 31 3MeHIeHHsIM Ha 25%, 3a Heto WayTh JlaTsig 3 23% Ta
JIutea 1 Kinp 3 18%. KinbkicTe cmepTeil Ha goporax 3pocia B 19 kpaiHax, mo 6epyTh

yudacTb B mporpami PIN, mixx 2021 Ta 2022 pokamu.
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€BpOMENCHKUI COI03 BCTAHOBUB METY 3MEHIIUTH KUIBKICTh CMEPTEH Ha A0porax
yaBidi 10 2030 poky, Buxonsuu 3 piBHA 2019 poky. KinpkicTe cMepTeil Ha goporax B
€C27y 2022 poti 3MeHmmiIacs B uutomy Ha 9% nopisasiHo 3 2019 poxowm. 1106 3pobutu
HeoOximHui mporpec gocaraeHHs it €C go 2030 poky, cepeaHe MOpiuHe 3MEHIIIECHHS
Ha 6.1% MoBUHHO OYJI0 MPU3BECTH /10 3MEHIIIeHHS Ha 17.2%.

Ornsaaroud OCTaHHI JECATh POKIB, 3arajJbHUM MPOTpec y 3MEHIIEHHI KUIBKOCTI
cmepreit Ha noporax €C 0yB noopum y 2012 ta 2013 pokax, 31 3MeHueHHsIM Ha 8%. Aue
NO3UTUBHUI cTapT OyB HACTYIHHUM 3a LIICTh POKIB cTarHauii 3 jaume 6% 3MeHIIeHHIM
npotarom nepiogy 2014-2019 pokis.

VY 2020 pomi cnocTepirajiocs BUHSTKOBE 3HMKEHHS Ha 17% mopiBHsHO 3 2019
pokoM. OHak el pe3ynbTaT O0yB CUIIBHO MOB'SI3aHUN 3 0OMEKEHHSIMHU Ha TIOJJOPOKI IO
BCilt €Bpori yepe3 mangemiro Covid-19. Y 2021 pori Takox OyJo cTilike 3HIKCHHS Ha
13% y nopiBusiaHI 3 2019 pokom, ajne KiUIbKICTh CMEpTed Ha Joporax 3pocia Ha 5% y
nopiBHsAHHI 3 2020 poOKOM, BIUIMHYBIIM Ha TMOCTYINOBE MOCHA0JEHHS OOMEXEHb Ha
MOJIOPO3K1 Ta BUMOT JI0 JIOKJIayHY IO BC1id €BpOITi.

39,553 cmepreii Ha goporax Oyio BiagBepHyTO B €C mpoTsirom niepioxy 2013-2022
POKIB TMOPIBHSHO 3 KUIBKICTIO, sika O Oyya 3adikcoBaHa, KO O KOXHA KpaiHa-4JieH
MIPOJIOBXKYBAJIa 3aMUCYBaTH Ty caMy KUIbKICTh KOXeH ik, sk y 2012 por. Ille 40,987
YKUTTIB MOTJI0 O OyTH BPSITOBAHO, sIKOM OYyJI0 JOCSITHYTO IMIOPIYHOTO 3MEHIITeHHS Ha 6.7%,
HeoOxiaHoro i nocsruenHs 1t €C 31 3menmends Ha 50% 3a 10 pokis.

Hopgeris € Haitbe3neunimoro kpainoro PIN ajis ygacHUKIB JOPOKHBOTO pyxy 3 21
CMEpPTIO Ha MUIbHOH xuteniB y 2022 poui. Hopseris cnigye Hopgerii 3 22 cmepTsaMu Ha
MUIBHOH >KUTEJIB.

Y €C27 3aranpHuil piB€HH CMEPTHOCTI Ha Joporax OyB 46 cMmepTell Ha MUTbIOH
xuteniB y 2022 poui nopiBHsHO 3 54 Ha munbioH y 2012 poui. HaiiBummii piBeHb
CMEPTHOCTI crocTepiraethcss B PymyHii Ta Cep0bii 3 86 Ta 83 cMepTsMu Ha MIILHOH
KUTENIB BIANMOBITHO. B mBOX kpaimax — Manbti Ta Higepmangax — CMEpTHICTH Ha

noporax B 2022 poi Buia, Hixk y 2012 pomi [16].
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Buxopuctanss cucteMu po3mi3HaBaHHs CBITIIO(opa Mae Oe3nocepeHii BIUTUB Ha
0e3rmeKy TOpOKHBOTO PyXy Ta MOKE BHUPINIYBAaTH TaKi 3aBIaHHS, SK 3MCHIICHHS
aBapIMHOCTI.

Cucrema po3mi3zHaBaHHS CBITIO(GOpa J03BOJISIE aBTOMOOUTEHUM CHCTEMaM JI0/1aTh
(G YHKITIOHATBHICTB, 1110 MOTMEPEIKY€E BOIIB PO CTaH CBITIO(POPIB, TUM CAMUM YHUKHYTH
CUTYyaIlli, KOJU BOJIl HE NMOMIYaOTh 3MIHY CUTHAJIIB CBITI0(Opa, 110 MOXKE IIPU3BECTH
710 aBapii.

Takox, 1151 cucTeMa JloroMarae ONTUMI3YBaTH MBUAKICTh PyXY, HAJal0UU BOISIM
1H(opMallito Mpo OYiKyBaHUM Yac 0 3MIHU CUTHAJIIB, 110 JIO3BOJISIE BOAISIM alanTyBaTH
CBOIO TMOBEIIHKY Ha 10po3i. KpiMm Toro, iHpopmarlis, HagaHa CUCTEMOIO PO3Ii3HABAHHS
cBiTIO(oOpa, MOXKe OyTH BUKOPUCTaHA JJIsl IUIAHYBAHHS ONTUMAJIBHOTO MapuipyTy 3
MiHIMaJILHUMH 3aTPHUMKaMH Yepe3 OUiKyBaHHS Ha cBitiaodopax [17].

Y cyyacHUX TEXHOJIOTiISIX aBTOHOMHOIO BOJIHHS CHCTeMa pO3IMi3HaBaHHS
CBITJIO(Opa TAKOXK € BAKJIMBUM KOMIIOHEHTOM JJI BUSBIICHHS 1 IHTEpIIPETALlli TOPOKHIX

CUTHAJIIB JIJ1s1 O€3MEYHOr0 pyXy aBTOHOMHHUX TPAHCIIOPTHHUX 3aC001B.

Pucynok 1.5 — OcHoBHI curHaiu citiogopa [18]

CeiTinodop — 1e He Julle NPUCTPiH, 10 BiJoOpa)kae Pi3HI KOJbOPU CBITIOBHUX
curHaiiB (pucyHok 1.5). Lle cknagna TexHIYHA cucTeMa, sika 3a0e3Meuye KOOpIMHAIIIO

pyXy Ha IIEpexpecTsX Ta 3MEHIIY€E pPHU3HK JAOPOKHBO-TPAHCIIOPTHUX IPUTIOA. Y
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JOCTIKEHHI TIIMOOKO PO3TJISAAI0THCS MPUHIUIHN poOOTH CBITIOQOPIB, IXHI TUIMHU Ta
POJIb Y TIOKpAIIIEHHI O€3MEeKH Ha J0PO3i.

Cam cBITIOGOp CKIAAAETHCS 3 Psy CBITJIOBUX CHUTHAJIB, SIKI 3MIHIOIOTHCS 32
TaitMmepoM, abo 3a JOMOMOTO0 KHOTIKH, SIKy MOK€ HaTUCHYTH MIIIOX1J AJis1 0€31MeYHOro
nepexoy mpoizHoi yacturu [19].

Tunu curnanis y cBITI0(OpP1 BKIIOYAIOTh YEPBOHUH, KOBTH 1 3eN1eHuid. YepBoHUM
CUTHAJI O3HAua€ 3yMHUHKY, )KOBTHUI - TOTYWTECh J0 3YIMUHKHU 1 HAJAa€ MPABO TUM, XTO BXKE
B’1XaB Ha MMEPEXPEecTs 3aKiHUUTH MAaHEBD, a 3eJICHUI CHTHAJI CBITI0(Opa HA/la€e MpaBo HA

PYX TpaHCIMOPTHUX 3aCO01B.

Pucynok 1.6 — CBiTinodop B pexxuMi 3eI€HOTO CUTHAITY 3 TAMEPOM
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[Tpunumn aii cBiTI0QOpa MOJIATAE B YEPTOBIN 3MiHI KOJIBOPIB CBITJIOBUX CUTHAIIB,
K1 BKa3yIOTh BOISIM, KOJIM MOXHA PyXaTUCsA 1 KO MOTpiOHO 3ynuHuTHC. Lle poduthes
3a JIONOMOTOI0 EJEKTPOHHOI CHCTEMH, sIKa Kepye JamiamMu poKaploBaHHSA abo
cBiTiomiogauMu manensimu [20].

Ha pucynky 1.6 300paxeHno cBiTi10¢op 3 TalkMepOM ISl 3pyYHOr0 MPOTHO3YBAHHS
yacy, He0OX1THOTO J1Jisi OE3MEeYHOT0 MPOoi3ay IepeXpecTsi.

[Ilo6 posmizHatu cBITIIOGOPH HA MOpPO3i, MOKHA CKOPUCTATUCS TIUOOKUMU
Heliponnumu Mepesxxamu (DNN) ta 30kpema 3ropTko HeipoHHuME Mepesxkamu (CNN). 11
Mepexi (PaKTUYHO HABYAKOTHCS PO3YyMITH 300pa)K€HHS, MOAIOHO O TOro, SIK MO30K
JIOJIMHU BUUTUMETHCS PO3PI3HATU 00'€eKTH Ha PoTorpadisx.

Konu 300paxkeHHs mogaeTbes Ha BX1J A0 TaKOi MEpexi, BOHa po30uBae HOro Ha
O0araro MajauxX YacTUH SIKI Ha3uBarOThCA (QuibTpamu. KokeH QuIbTp HaMaraeTbcs
BUSIBUTHU TIEBHI XapaKTEPUCTUKU HA 300pa’KeHHI, HAMPUKIIAJ, KyT a00 KOHTYp 00'ekTa.
[ToTiM Mepeka MOEHYE 111 XapaKTEPUCTUKH, 1100 3pO3YMITH, IO came 300paxeHo Ha
dororpadii [21].

Konu Mepexa HaB4YaeThCsI Ha BEJMKIA KUTBKOCTI 300paykKeHb CBITIO(MOPIB, MOXKE
Jy’)K€ TOYHO pO3MI3HATH IX Ha HOBUX 300pakeHHsX. HapiTh gkmio cBitiodop Ha
300paK€HH1 3HaXOIUTHCS B PI3HUX MicCIsIX ab0 BimoOpaskeHui mia pisHUM KyTom, CNN
MOX€ YCIIITHO BIIOpPATUCS 3 ITUM 3aBJIaHHAIM. Takuil miaxia 03BOJIIE HaM €()EKTHBHO
BUSIBJISITH CBITJIO()OPH Ha 10pO31 Ta BAKOHYBATH J1ii, MOB's13aH1 3 0€3MEeK0I0 Ha A0PO3i.

['muboxi HeHpPOHHI MEPEekKl MOXKYTh HABUUTHUCS PO3PI3HATH KOJIHOPHU CBITIOhOpa
Ta BU3HAYaTH iXHE CTAHOBHILE (YEPBOHMM, KOBTUM, 3eneHnit). KoxeH komip mae cBOi
YHIKQJIbHI OCOOJMBOCTI, 1 HaBYaHHS MEPEXKl PO3PIZHATH iX MOXKe OyTH CKIIaJHUM
3apnaHHsAM. [Ipore, micias JOCTaTHHOTO HABYAaHHS Mepexka Moke e(DeKTUBHO BU3HAYATU
KOJIbOpHU CBITJIO0¢opa Ha 300pakeHHsX. [Ipukiian po3mizHaBaHHs cUrHaly cBiTIodopa
MOKAa3aHO Ha PUCYHKY 1.7.

[Ticas BusBiAeHHsS CBiTIO(Opa Ha 300pa)KeHHI, MOXKHAa 3aCTOCYBATH TEXHIKH
BIJICTE)XXEHHS PyXY, 11100 CII1JIKYBaTH 3a HOTO MOJIOKEHHSM Ha B1JCOMOTOLI1, SIKUM 3aUCy€

KaMmepa, sika, B CBOIO 4epry, HampaBiieHa Ha nopory. lle mo3BonuTh cucTemi MOCTIiHO
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BIJICTE)KYBaTH JOPOXKHIO 00CTaHOBKY B IMOIIyKax CBITJIOGOpa Ta pearyBaTH Ha Oyab-aKi

3MIHHM OTO CUTHAJIIB.

@ mai

Pucynox 1.7 — BuzHaueHHs KoJbopy CBiTI0(Opa Ta BUIITICHHS 00J1acTi B K1

PO3IMI3HAHO 3€JIEHUI KOJIp

Tomy, BUKOpUCTaHHS TJIMOOKUX HEHPOHHUX MEpEX JUIS PO3Mi3HABAHHS
cBiTiioopa Hajgae ePEeKTUBHUN Ta TOUHUM CHIOCIO aBTOMATUYHOI 1AeHTU(DIKAILT 1[HOTO
Ba)XJIUBOTO €JIEMEHTa Ha JI0po3i [22].

Cucrema posmizHaBaHHS CBITIOGOpa BaXJIMBa JUIsl BOAIIB, OCKUIBKM BOHA
JTIO3BOJISIE aBTOMATUYHO BUSBJISITH KOJIP CUTHATY 1 HaJlaBaTH BIJMIOBIIHE MOIEPEIKEHHS
BofisiM. lle momomarae yHUKHYTH MOpPYIIEHb TMPABHI JOPOKHBOTO PYXY, 3MEHIIUTH
PHU3HK JOPOKHBO-TPAHCTIOPTHUX TPUTOJ Ta IMiJBHIINATH 3arajbHUN piBEHb OE3MEeKH Ha
JIOPO3i.

Cucrema posmizHaBaHHs CBITJIOOpa HaJae BOJISAM BAXJIMBY 1H(POPMAIIIIO PO
NOTOYHUH CTaH IOPOKHBOT CUTYyallii, 0COOIMBO Y BUIAIKAX, KOJIU BUIUMICTh OOMEKEeHa
a00 KoM BOJIT HE MOXKYTh YITKO 0auuTH CUTHAIU CBITIO(Opa uepes pi3Hi pakTopH, Taki

SIK TIOTOJTHI YMOBH, 3aTEMHEHHS 200 1HIII TEPEIIKOIH.
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BaxnmuBicTh cucTeMH po3Mi3HaBaHHSA CBITIOQoOpa MoisIrac B TOMY, IO BOHA
JIOTIOMAarae BOJIisIM CBOEYACHO pearyBaTH Ha 3MiHU CHTHAJIIB 1 BUKOHYBAaTH HEOOX1THI il
BIJIOBIJTHO /10 IPABWJI JOPOKHBOTO PYXY.

Hanpuxnan, sikio cBitiaodop nokasye 4epBOHHIM CUTHAM, @ BOAIM IPOAOBKYE PyX,
TOJl CHCTEeMa PO3Mi3HaBaHHSI MOKE aBTOMATHYHO CIIOBICTUTH BOJIisI TIPO HEOOX1THICTh
3YNUHUTH aBTOMOO11b. e 0c00M1MBO BaXXIMBO /111 YHUKHEHHSI aBapiit a00 KOH(IIKTHUX

cUTyalii Ha mopo3si [23].

1.2 Ormsin BimoMux pimieHb

Oruisizt BiJOMUX pillieHb Y KOHTEKCTI pO3Ii3HaBaHHs CBITJIIOBUX CUTHAJIIB Ha JJOPO31
PO3KpHUBA€ PI3HOMAHITHI MIAXOAU Ta TEXHIKHU, 110 3aCTOCOBYIOTHCS IS i€l 3ajaadi.
[lepeBaxkHa OUIBIIICTH CYyYaCHUX CUCTEM IPYHTY€ETHCA Ha BUKOPUCTAHH1 KOMIT'FOTEPHOTO
30py Ta MAaIIMHHOTO HAaBYaHHS [JIsI aBTOMATHM30BAaHOTO pO3Mi3HABAHHS CBITIOBHUX
CUTHAJIIB Ha IOPOKHIM 0OCTAaHOBIII.

B cydacHoMy cBiTi Ge31eka Ha I0pO3i € OJIHIEI0 3 HAWBAKIIUBIIIUX MTPOOIIEM, IO
BUMArae IMOCTIMHOTO YJOCKOHAJIEHHS Ta PO3BUTKY IHHOBAIIHUX pilieHb. OAHUM 13
KJIFOUOBUX €JIEMEHTIB BUPIIICHHS I1i€i TpoOJeMu € po3mi3HaBaHHS CBITIO(Opa, sKe
BUKOHY€ BAXJIMBY POJIb Y KEPYyBaHHI TOPOXKHIM PYXOM Ta MOMEPEIKEHHI MOKIUBUX
KOH(TIKTIB Ha JOPO3i.

PosmiznaBanns cBiTIOhOpa 3a JOMOMOTOI0 CHEIIaTi30BaHUX CHUCTEM JI03BOJISE
e(EeKTUBHO KOHTPOJIIOBATH PyX TPAHCHOPTHUX 3aco0iB Ta 3abe3neuyBaTH Oe3MeKy
YYACHHUKIB JIOPOKHbOTO pyxy. IlomepenHi MAOCHIIKEHHS TakKOX BHUCBITIIIOIOTH
3aCTOCYBaHHS TEXHOJIOT1M KOMIT'TOTEPHOTO 30py Ta 00pOOKU 300paskeHb JJIsi BUPIIIICHHS
npoOemMu po3Mi3HaBaHHS CBITJIOBUX CHUTHAJIB Ha PI3HMX THUIAX JIOPIT Ta B yYMOBax
PI3HOTO OCBITJICHHS.

[limxomu, siKi BUKOPWUCTOBYIOTH QJAaNTHBHI METOIW OOpPOOKH 300pakeHb Ta
HABYaHHS 3 YYMTEJIEM, BUSBISIOTHCS OCOOJIMBO €()EKTUBHUMU B yMOBaX HHU3BKOTO

KOHTPACTy, PI3HUX MOTOHIX YMOB Ta Pi3HOMAHITHUX apXiTeKTyp cBitiodopis [24].
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VY 3B'S3Ky 3 IIUM BaXKJIUBO IPOBECTH OTJIS] BIIOMHX CHUCTEM pPO3Ii3HABAHHS

CBITJIO(GOPIB, iX METOAIB Ta XapaKTEPUCTUK 3 YpaxyBaHHSIM IXHBOTO MOTEHIIITHOTO

BUKOPUCTAHHSA Y IIJICUCTEMI pO3Mi3HABAHHSA CBITJOBHUX CHTHAJIB pEryJTIOBAIBHUX

3ac001B IOPOKHBOTO PYXY.

Tabmur 1.2 — Ot BiJOMUX pillieHb

(CNN) ta momyns
MPUNHSTTSA

pIIICHHS.

Tema Meron [lepeBaru Henomniku

Bussnenns s HOG: OoOunaBa
Ta PO3MI3HABAHHSA | PO3MI3HABAHHS JI03BOJISIE ONKCYBATH | METOAM  MOXKYTb
cBiTIOpopa IS | CBITJIOBUX dopMy Ta TEKCTypy | OyTH BUMOTIMBUMU
aBTOHOMHUX CHUTHAJIIB Ha OCHOBI | 00'€KTIB y | no 00YHCIICHD,
TPAHCTIOPTHUX KaMepu 300paxeHHIX 0COOIUBO npu
3aco0iB [25]. BUKOPHUCTOBYIOTBCS | IIJISIXOM aHamizy | oOpoOIli  BETUKOl

Meroan  (GYHKIIH | TPaJli€EHTIB KUIBKOCT1 JTaHUX Y
ricrorpam gackpaBocTi;  SVM: | peanbHOMY 4Yaci.
Op1EHTOBAaHUX JI03BOJISIE TOYHO

rpanientiB  (HOG) | Bu3HauaTu CTaH

Ta METOJ OMOPHHUX | CBITJIO(opa Ha

BekTOpiB (SVM). 300paKeHHSIX.

Busisienns Cucrema Buxopucranns HesBaxaroun
HIIOX1THUX BUKOPHUCTOBY€E rIMOOKO1 3rOpTKOBOI | Ha HIBUIKICTD
CBITIIO(OpIB y | KoMOiHaIio Mepexi JI03BOJISIE | 0OPOOKHU Ha
peanbHOMY  4Yaci | rIIuOoKoi JOCSTTU BHCOKOI | IEPCOHATILHOMY
[26]. 3rOPTKOBOI MEPEeXki | TOYHOCTI BHSIBJICHHS | KOMI'TOTEPi, METO/T

MMIIIOX1THAX
ceiTiioopiB Ta iX

CTaHy.

€ CKIQAHUM IS
pobotu B
pealbHOMY 4acl Ha
MOO1TEHOMY

TenedoHi.
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Tema Meron [lepeBarn Henomniku

EdexTuBHe Cucrema Bukopucranns s
BUSBJICHHS BUKOPHUCTOBYE JEKUIBKOX  METOJIB | BAKOPUCTAHHS
CBiTIIO(OpIB Ha | komOiHaIito CNN, | m03BOJIsi€ TOCATHYTH | TEKLITHKOX METO/IIB
ocHoBl TexHiuHoro | HOG, SVM Tta | MakcuMalibHO pO3IMi3HaBaHHs
30py ta | MSER. YITKOTO cBiTIO(opa
pO3Mi3HaBaHHs pO3Mi3HaBaHHS BUMAarae BEJIUKOI
CTaHIB TUISt oOnacTei 00YHUCITIOBAILHOT
ABTOHOMHHX cBITIO(OpA. NOTYXHOCTI
TPAHCTIOPTHUX CUCTEMH, 110
3aco0iB [27]. NPU3BOIUTE IO

BUOODY
MOTYKHIIITUX
MIPOIIECOPIB Ta
anapaTHHUX
CUCTEM.

IMinxin bi (o) MeTton [Ipocrora Ta 3aexKHICTh
BUSIBJICHHSI Ta | 6a3yeThes Ha | €pEKTUBHICTB: BiJl OCBITJICHHS Ta
pO3Mi3HaBaHHs aHaji3zl  KOJhOPY | 3aCTOCOBAaHUN METOJ | KOJIbopy: MeTon
CBITIIO(OpIB Ha |Ta  MAIIMHHOMY | I0O3BOJISIE€ MIBUAKO Ta | Maloe(hEKTUBHUI
OCHOBI TEXHIYHOTO | HABYaHHI, TOYHO pearyBaTH Ha |y CHUTyalisix 31
30py IS | 30Kpema Ha | iXHIM CTaH Ta He | 3MIHHUM
IHTEJICKTyJIbBHIX Meroai SVM s | BuMarae TOTYXKHUX | OCBITJICHHSIM — Ta
TPAHCIIOPTHUX kiacudikarii anapaTHUX CUCTEM. | KOJIbOPOM, 101(0)
3aco0iB [28]. KOJIbOPIB MOJKE€ TPHU3BOIUTH

CBITIIO(OPIB. 0 HETOYHOCTEH y

BU3HAYCHHI CTaHy

cBiTiodopa.
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VY Tabnumi 1.2 posnucaHi BioMi pillIEHHs, 3aCTOCOBaHI METOIM, iXHI OCHOBHI
nepeBard Ta HEJOJIKHU, 110 BUKOPUCTOBYIOTHCS Y CUCTEMaX pO3Mi3HABaHHS CBITIOBUX
CUTHAJIIB PETYIIOBAIBHUX 3aC001B JOPOKHBOTO pyxy. KokeH psgok TabiMIll MICTUTH

1H(pOpMAaIIifO TPO KOHKPETHUI METO1 a00 TEXHOJIOT110, HOTo TiepeBaru Ta HeJoiku [29].

1.3 IlocranoBka 3amaui

Cucrema posMmi3HAaBaHHS CBITJIOBUX CHUTHAJIB CBITJIO(oOpa CHpsiMOBaHAa Ha
MOKpAaIIeHHs OE3MEeKH Ha I0porax Ta 3anodiranHs aBapisiM. B naHiidl poOOTI MIaHy€eTbCs
BUPIIIUTH 110 TpoOJIeMy dYepe3 po3poOKy Ta BIPOBAIKEHHS €(PEKTUBHHUX CHUCTEM
KOHTPOJIIO 3a JOACpXaHHSIM MPaBUI JOPOKHBOIO PYyXy, aHam3 (akTopiB, L0
MPU3BOATH 0 aBapiid, BIOCKOHAJIEHHS O€3MEKH TOPOKHBOTO PYXY, a TAKOK MOCTIHHUI
MOHITOPHUHT Ta aHaJ3 CTATUCTUYHUX JIAHUX 010 aBapiHOCTI.

[ToTpiOHO po3poOUTH KiOEpPi3UUHY cUCTEMY, sKa 3abe3nedyBaTUMe O€3NeKy
JOPOKHBOTO PYXy UIUIAXOM TIOMEPEeKEHHS TPAaHCIOPTHUX TPUTOJ Ha J0po3i 3
pEryJIbOBAaHUM PYXOM 3a JIOTTIOMOTOIO PO3Mi3HABAHHS CBITJIOBUX CUTHAJIB CBITIOdOpA.

Cucrema MOBMHHA MaTH 3[aTHICTh PO3Mi3HABATH KOJBOPH CBITIOBUX CHTHAJIB
(uepBOHUM, >KOBTHI, 3€JICHUI) Ta BU3HAYATHU BIJCTaHb JI0 CBITIOQOpa IJII BYACHOTO
MOTIEPE/KEHHST BOAIIB Tpo 3MiHy curHainy. Lle Moke OyTH JOCSATHYTO ILISIXOM
MOETHAHHS TEXHOJIOTIH KOMIT'IOTEPHOTO 30py, OOpOOKHM BIJCOJAaHUX, a TaKOX
BUKOPHUCTAaHHS JAaTYMKIB BIJICTAaHI, SKI BCTAHOBJIIOIOTHCS Ha aBTOMOOLIAX. I 0JIOBHOIO
METOI0 CUCTEMH € MiJIBUILEHHS 0€3MeKH Ha JI0pO31 Ta 3MEHILIEHHS PU3HUKY JOPOKHBO-
TPAHCIIOPTHUX MPUTOJI UISIXOM HaJIJaHHSI BOJIISIM JTOCTATHBOI 1H(OpMaIIii Jj1s1 CBOEYaCHOT
peakiiii Ha 3MiHy curHany ceiTiodopa [30].

Takox, cucTeMa NOBHUHHA:

1)  ckiamaTucs 3 JOCTYIMHUX KOMIUICKTYIOUHX;

2)  OyTu HaIiHOIO Ta CTIHKOIO JIO MEPEIIKO/I Ta BTPYYaHb;

3)  MaTH BHCOKY TOYHICTh PO3ITi3HABAHHS CBITJIOBUX CHUTHAJIIB;

4)  mBUAKO 0OPOOJISATH BiJICONOTIK Y PeaTbHOMY Yaci;

5) 3AA4THOIO IMpalOBaT B piSHI/IX IIOT'OJHHUX Ta OCBITJIIOBAJILHUX YMOBax.
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1.4 BucHOBKH

Y upoMy po3auii OyJio pO3IJIIHYTO 3arajibHe MOHSTTS PO CBITIOGOp, HOro
icTopifo, mpuUHIMN [ii, Woro Buau. Takok Oyi0 MPOBEACHO AHAIITUKY ITOPOKHBO-
TPaHCIOPTHUX TpUrod B YKpaini 3a ciuyeHb Ta Jotuil 2024 poky, a Takox Oyyo
posrisiHyTo naHi 3 mporpamu PIN 3a nepion 3 2021 o 2022 pik, 3 AKUX MOKHA 3pOOUTH
KUTbKa B@XJIMBUX BHCHOBKIB IOAO0 O€3MeKd JOPOKHBOTO pyxXy B KpaiHax
€BpOIENCHKOTO COI03Y.

By1no po3risiHyTO pi3Hi METOAM, Taki sik rianOoki HelpoHHi Mepexi (CNN), meTos
onopHux BekTopiB (SVM), ricrorpamu opieHToBanux rpaaieHtis (HOG) ta inmi. Koxen
3 IIUX METO/IIB Ma€ CBOT MEpEeBaru 1 HEJIOJIKH, ajie BUO1p ONTUMAIILHOTO METOTY 3aJICKHUTh
BiJl KOHKPETHHX MOTPed Ta 0OMexeHb cuctemu [31].

Y miacymky, BUOIp ONTUMAIBHOTO METOMY ISl PO3Mi3HAaBaHHS CBITIO(OpIB
3aJIEKUTH B1J KOHKPETHUX YMOB 1 BUMOT IIPOEKTY. BaxkiauBo 3abe3neunTtu 0amaHc Mk
TOYHICTIO PO3MI3HABaHHS, MPOAYKTHBHICTIO Ta BapTICTIO pO3pOOKH, II00 CTBOPUTH
edeKTUBHY Ta HAJIWHY CUCTEMY JJIsl aBTOHOMHUX TPAHCIIOPTHUX 3aCO0IB.

Takox OyJ0 HaBeIEHO OTJIsi PI3HUX METOIB BUSIBJICHHS Ta PO3Mi3HABAHHS
CBITIIO(OPIB JIJI1 aBBTOHOMHHUX TPAHCIIOPTHUX 3ac001B. KokeH MeTo1 Mae CBO1 miepeBaru
Ta HEJOJIKHU, SKI TOTPIOHO BpaxoBYBAaTU MpPU BHOOPI ONTHUMAIBHOTO PIIIEHHS JIJIS
KOHKPETHOI CHUCTEMH. 30KpeMa, METOJAM, IO BHUKOPUCTOBYIOTH TIJIMOOKI 3rOpTKOBI
mepexxi (CNN), 3a0e3neuyroTh BHCOKY TOYHICTh, ajieé MOXYTh BHMAaraTd 3HAYHUX
00UYHCITIOBATILHUX PECYPCIB. 3 1HIIIOTO OOKY, METOAH, 1110 0a3yIOThCS HA aHaJ131 KOJIbOPY
Ta MAallMHHOMY HaBUYaHHI, MOXXYTh OyTH MEHII BUMOTJIHMBUMH JI0 OOYHCIIOBAILHUX
pecypciB, ajie OUIbII YYTJIMBHUMH [0 3MIH OCBITJIEHHS Ta KOJbopy. BpaxoByroum
creniuiky KOHKPETHOTO 3aCTOCYBaHHS Ta HasBHI OOMEXKEHHs, BUOIp ONTUMAaIbHOTO
METOJy pO3Mi3HaBaHHs CBITJIO(GOPIB Al aBBTOHOMHHUX TPAaHCIMOPTHUX 3ac001B MOTpedye

YBXHOTO aHAITi3y Ta eKCIIEpUMEHTIB [32].
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2 BUBIP ATIAPATHOI CKJIAJIOBOI TA MOJIEJII
PO3III3BHABAHHA CBITJIOBUX CUT'HAJIIB CBITJIO®OPA

2.1  Ornsa amapatHoi CKIag0BO1

JIist amapaTHOi CHCTEMHM pPO3Mi3HABaHHS CBITJIOBUX CHUTHATIB PETryJIOBAIBHUX
3ac00iB JTIOPOKHBOTO pyXy Oyzae Bukopuctana Raspberry Pl 3. Ileir moTyxHwMiA
OJIHOTUJIATHUHM KOMITIOTEp BIJOMHUH CBO€I0 HAJIWHICTIO, HEBEIMKUMH pPO3MIpaMH Ta
HU3BKOIO BaPTICTIO, 1[0 POOUTH MOTO 1€aIbHIUM BHOOPOM sl BOYZOBaHUX CHCTEM Ha
ocHoBI Linux.

Bukopucranus Raspberry Pi 3 (pucyHok 2.1) B cucTemi NONEPEHKCHHS
JOPOKHBO-TPAHCTIOPTHUX TIPUTOJT TO3BOJISE 3a0€3MEUUTH MOTYKHICTh OOYHMCIICHD IS
00poOKHM JaHUX 3 JATYUKIB, PO3Mi3HaBaHHS 300pak€Hb Ta BUKOHAHHS aJITOPUTMIB
IITYYHOTO iHTENeKTy. MIOro MOXIMBOCTI 3a0€3Meuyi0oTh CTabLIbHY Ta MBUAKY POGOTY
CUCTEMH, 110 BXKJIUBO JJIs1 €)EKTUBHOTO pearyBaHHs Ha 3MiHU Y JOPOKHIN CUTYyaIii Ta

HoTepeHKEHHS MOXKIIMBUX aBapii [33].

v
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Pucynok 2.1 — OgHorutatauit koM’ rotep Raspberry Pi 3 (Burisizg 3sepxy) [33]
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[Tnarpopmu Raspberry Pi Halfyactimie BUKOPHCTOBYETHCA TaM, J€ Opakye
MOTY>KHOCTEH MIiKpOKOHTpoJiepi pomuHu Arduino ta ii momiOHux. Xoua 3arajiom
nporpamu it Raspberry Pi € MeHmmM#, mpoTe BOHA HAWOUIBII TOMYJISIpHA TPHU
po3pod1i  BHCOKOpiBHeBUX gonatkiB. Kpim Toro, Raspberry Pi € Bigkputoro
maTGopMoro, Jie MOXKHA 3HAMTH OaraTo BIANOBIAHOI 1HdOpMaIii, TOX I MOXHa
HaJaITyBaTH BIAMOBIIHO 10 TOTPEO.

OcHoOBHI TiepeBaru Ta Kiibka MpHUKIaniB, komu Raspberry Pi 3 e maiikpamum
BUOOpPOM MDK I1HIIMMH MIKPOKOHTPOJEpAMH, MIKPOKOMIT IOTE€paMH Ta IIaTaMu
PO3pOOKHU:

1)  oOpoOka Benmkoi KimbkocTi gaHux: Raspberry Pi 3 Mae mnoTyxHwmiA
YOTUPBOXSJICpHUM mporiecop 3 TakToBol udactoToro 1.2 I'T ta 1 I'b onepatuBHO1
nam'siti, o J03BoJIAE€ ePEKTUBHO OOpOOJIATH BEIUKI OOCATU JAHUX 3 KaMep Ta 1HIIUX
CEHCOPIB JIJIsl pO3Mi3HABAHHS CBITJIOBUX CUTHAIIB;

2)  miarpumka 6e3apoToBOro 3B's3Ky: Raspberry Pi 3 Mae BOymoBaHUI MOIYJTh
oe3npotoBoro 3B's3ky Wi-Fi ta Bluetooth, 1110 103BoJ1s€ 1eTKO MIAKIIOYATUCS JO MEPEXK1
[aTepuer Ta oOMIHIOBaTHCS JaHUMHU 3 IHIIAMUA 1npuctposmu. lle mo3Bomsie
BUKOpUCTOBYBaTh Raspberry Pi st oTprmMaHHS 10JATKOBUX JaHMX a00 HAJCUIIAHHS
310paHMX JTaHUX JO 1HIITUX CHCTEM;

3)  miaTpuMKa 30BHIMIHIX MPUCTPOiB: Raspberry Pi 3 mae pisHOMaHITHI MOPTH
BBOJIy-BHBOJIY, 110 JI03BOJISIE JIETKO MiJAKIOYATH 30BHINIHI CEHCOPU, KaMepu Ta 1HIIII
npuctpoi. Ile poOutes #oro imeadbHUM BHOOPOM ISl IHTETpaIlii 3 PI3SHUMHU THUIIAMH
oOnajHaHHS, SIKI MOXKYTb OyTH BUKOPHUCTAHI I PO3Mi3HABAHHS CBITJIOBUX CUTHAJIB;

4)  MoxJIMBOCTI mporpamyBaHHs: Raspberry Pi mpairoe Ha onepariiiiHiit
cuctemi Linux i1 miarpumye pi3HI MOBU MPOTpamMyBaHHS, IO JIO3BOJISE PO3POOHHKAM
JIETKO PO3pOOJIATH Ta HANAITOBYBATH IMpOTpaMHE 3abe3meueHHs U pO3Ii3HABAHHS
CBITJIOBHX CHTHAJIIB 3 ypaxyBaHHIM KOHKPETHUX MOTped cuctemu [34];

5)  HagBHICTH PIZHOMAHITHHX JOJATKOBUX MomBocTel: Raspberry Pi 3
MIATpUMYE pi3HI PYHKINIT, Taki K MOTOKOBE Bijeo B HD-po3aiapHOCTI, 110 MOXE OyTH

KOPHCHUM JIJIs peastizallii CUCTEeMH pO3Ii3HABAHHS CBITJIOBUX CUTHAIIIB Y BUCOKIH SKOCTI.
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3aBAsKM CBOIM XapaKTepUCTHKaM Ta THy4KocTi, Raspberry Pi 3 3abe3neunts
eeKTUBHY Ta HaJliHy POOOTY CHCTEMHU 3 MOKJIMBICTIO PO3IIUPEHHS Ta HAJAIITYBaHHS
1] KOHKPETHI NOTpeOu MPOEKT B MailOyTHHOMY, a TaKOXX € BIIMIHHUM PIIICHHSAM IS

BUKOPHUCTAHHSA B CUCTEMaXxX OE3MEeKH Ha I0p03i Ta 3a0e3MeYeHHs O€3MEKN YIaCHUKIB pyXy

[35].

Pucynok 2.2 — Raspbery Pl 3 ta moxyns kamepu Raspberry Pi V2.1 [35]

OparM 3 KJIIOYOBMX KOMIIOHEHTIB TaKWX CHCTEM € Kamepa, sKa 37aTHa
3axXOIUTIOBaTH 300pakeHHA CBITIOQOpIB Ta iX craHiB. Y MHiil migcucremi Oyze
BUKOPUCTOBYBAaTUCh MOJyJib kamepu Raspberry Pi1 V2.1 3 po3ainbHOIO 31aTHICTIO 8
METaITKCeNIB BUSIBISETHCS YK€ NEPCHEKTUBHUM 1HCTPYMEHTOM. KOMITaKTHICTD,
JETKICTh BUKOPHCTAHHA Ta BHUCOKA PO3/AUIbHA 3AATHICTH POOJATH MOTO 11ealbHUM

BUOOPOM JIJIs1 BAKOPUCTAHHS B CUCTEMAaX pO3Ii3HABaHHS CBITJIOBUX CUTHAJIIB Ha JOpOTax.



30

Hwxue, pucynky 2.2 300paxkeno Raspbery Pl 3 3 min’ennannm moxynem kamepu V2.1, a
TaKO’X HABEJCHO JOKIAAHWHA OTJISA AOUIIBHOCTI BUKOPUCTAHHS [TaHOTO MOAYJS Yy
BIJIMOBITHOMY KOHTEKCTI.

Monyne xkamepu Raspberry Pi V2.1 3 po3aiibHOIO 3aTHICTIO 8 MeEramiKceliB €
MNOTY>KHUM 1HCTPYMEHTOM [IJIsl 3aXOIUIEHHS 300pa)KeHb y CHCTEMaX pO3IMi3HABAHHS
CBITJIOBUX CUTHaJIIB Ha Joporax. OCk OCHOBHI MEpeBaru Ta JOLUIbHICTh BUKOPUCTAHHS
I[LOTO MOJTYJIS B TTIICHCTEMI PO3Mi3HABAHHS CBITJIOBUX CUTHAIIIB PETYIIOBAIHUX 3aC001B
JIOPOXKHBOTO pyxy [36]:

1. Bucoka po3minbHa 31aTHICTB: MOAYJb Kamepu Raspberry Pi1 V2.1
3a0e3reuye BHUCOKOSKICHE 3aXOIUICHHS 300pakeHb 3 PO3JAUIBHOI 3JaTHICTIO &
MmeramikceniB. lle mo3Bomsie 3a0e3meunTu nAeTanizoBaHy 1HGOpPMAIID MPO CTaH
CBITJIO(OpPIB Ta HABKOJIUIIHE CEPETOBUIIIE.

2. KoMIakTHICTP Ta JErKICTh BUKOPUCTaHHS: PO3MIpU MOMYJIS KamepH
Raspberry Pi V2.1 103Bosisit0Th Jierko BOyJJOByBaTH MOT0O B Pi3HI MPUCTPOI Ta CUCTEMHU.
Bin npairtoe pazom 3 Raspberry Pi, 110 3a0e3nedye 3pyuHuii 10CTyn 10 300pa)keHb Ta ix
00poOKYy.

3. CywmicHicTtb 3 Raspberry Pi: Moxyns kamepu po3po0ieHul cemiaabHo s
BUKopucTanHsa 3 Raspberry Pi, mo 3abe3nedye onTtuManabHy CYMICHICTh Ta JIETKICTh
iHTerpamii. BiH mpairoe min ympaBiaiHHSAM onepariiiiHoi cucreMu Raspbian, sika mae
HIMPOKI MOKIIUBOCTI JJis 0OpOOKH 300pa)keHb Ta B3a€MO/IIi 3 1HIIMMHU KOMIIOHEHTaMU
CUCTEMHU.

4, EdekTuBHICTD y pI3HUX YMOBAX OCBITIIEHHS: MOJyJib kKamepu Raspberry Pi
V2.1 noGpe mpucTocoBaHuM 10 POOOTU B PI3HUX YMOBaX OCBITJICHHS, BKJIFOYAIOUU
SICKpaBE COHSUHE CBITJIO, TIHB UM MITYYHE OCBITJICHHS Ta CyTiHKH. Lle 103B0sI€ HAMITHO
3aXOIUTIOBATH 300pakeHHsI CBITJIO(OPIB y OyAb-SIKUX YMOBaX.

5. BapricTh: oaHi€l0 3 IepeBar BUKOPUCTAHHST MOy sl kamepu Raspberry Pi
V2.1 € iioro noctymHa BapTICTh MOPIBHSAHO 3 1HIIUMHU BHCOKOSKICHUMH Kamepamu. Lle
pobuth #oro mnpuBabIMBUM BHOOPOM JJisi BHUKOPUCTAHHA B PI3HUX CHCTEMax

PO3Ii3HABAHHS T MOHITOPUHTY IOPOKHBOTO pyXy [37].
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Taxox B cuctemi Oy/1e BAKOPUCTOBYBATUCH 7-MU JTIOWMOBUI TUCIUICH 711 BUBOTY
300paxxeHHsI, IHAMKAII] CTaHy CBITIO(]Opa, a TAaKOX THIIOT KOPUCHOT 1HGOpMAITii 3 IHIITUX
nigcucteM. Ha pucynkax 2.3 ta 2.4 300pakeHO AUCIUIEH 13 CIeliaJbHUM KOPIIyCOM, B
SKOMYy € MiCIle JJIsi YCTaHOBKM  Mikpokomm torepa Raspberry Pl 3 Tta inmoro
€JIEKTPOHHOT'O HAUYMHHS.

Januii jpucryied € KOPUCHUM KOMIIOHEHTOM B CHUCTEMi PO3IMi3HaBaHHS
cBITIO(OpPIB, OCKIIBKK 3abe3medye 3pydyHUd 1HTepdeHc sl BiIOOpaKeHHS
BIJIMOBITHOTO 1H(MOPMAIIHHOTO Ta BI3yaJlbHOTO KOHTEHTY. BinoOpaskeHHsS JaHUX IMPO
cTaH cBITJI0(Opa, BUABICHHS MIIIOX1THUX CBITIO(POpPIB a00 BITOOpaKEHHS JOJATKOBUX
BIIOMOCTE 3 IHIMX IMJCHCTEM CIPHUSAE TOKPAIICHHIO OC3MeKu Ha J0po3i Ta
MIJBUIICHHIO e()EKTUBHOCTI CHCTEMH posmi3HaBaHHS cBiTiiodopiB. Kpim Toro,
30epekeHHs Oe3MeKH Ta MOOUIbHICTh KOPITYCY JOTIOMOKE 3a0€3MeUNTH HAAIHY poOoTy

CHUCTEMH B PI3HUX yMOBaX €KCILTyaTaIlli.

Pucynok 2.3 — ucruteti s Raspberry Pl 3 B+ (Burisan ciepeny) [37]
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[TepeBaru mucmuies 1o Raspberry Pi 7":

1)  3pyYHICTh y BUKOPUCTAHHI: JaHWHA JAWCILICH Mae JiaroHaigb 7", mo poOUTh
HOT0 1IcalIbHUM PIIISHHSIM JJIs Bi3yasizarllii 1anux abo podotu 3 iHTepdericom Raspberry
Pi:

2)  iHTErpoBaHa KOHCTPYKI[iS: KOPITYC JUCIUIES CICI[ialbHO pPO3POOJICHUI JIJIst
3py4HOi 30ipKH pa3om 3 MiHiKoMITIoTepoM Raspberry Pi Bepciii B+/2/3. 1le mo3Bose
BUKOPHCTOBYBATH iX SIK €IMHY CHCTEMY 0e3 He0OX1THOCTI OKPEMOTO MOHTAXY;

3)  MOBHHUI JOCTYN 10 TOPTIB: KOPIYC MAa€ BCi HEOOXiJAHI OTBOPU IS
NIJKITI0YeHHd KalOenmiB A0 Bcix noptiB Raspberry Pi, Bkmouwaroun USB, HDMI,
JKMBIICHHS, KOMITO3UTHHUI Ta 1HIIII;

4)  30epekeHHs Oe3mneku: auciviel 1 Raspberry Pi 3HaxomsThcss B MillHOMY
KOPITyCl 31 3HOCOCTIMKOTO m1acTuky ABS, 1110 Jomomarae 3aXuCTUTH iX B1J MTOITKOKEHb
Ta 3a0e3neuye 4yJJ0Be BUKOPUCTaHHS B yMOBaX aBTOMOO1JIs;

5)  TrHYYKICTh Y BCTAHOBJICHHI: KOPITyC OCHAIIICHUH CIOTOM JJIsi KaMEpH 1 Ma€e
MO>KJIUBICTh MOHTaXy Ha CTiHY, 11O pOOUTH MOro BIAMIHHMM BHOOPOM MAJI PI3HUX
npoekTis[38].

Henoniku nucmiest 1o Raspberry Pi 7":

1)  oOMexeHa CyMICHICTh: JaHWH KOPIYC MPU3HAYCHUN IS BUKOPUCTAHHS 3
KOHKPETHUMH BepcisiMu MiHikomm'torepa Raspberry Pi, mo moxke oOmexyBaTu Horo
yHiBepcalbHICTh. Tak 5K B AaHiil cucteMi BUKOpUCTOBY€eThCsl Raspberry Pi 3 B+ motpeba
B YHIBEpCaJIbHOCTI BIIA/IAE;

2)  BIJACYTHICTh 3aXHCTy BiJl BOAM: XOua KOpIyC 3a0e3leuye JCSKUW piBEHb
3aXHCTY, BIH HE 30BCIM IMIIXOAUTH /i1 BUKOPHUCTAHHS B YMOBAX BHCOKO1 BOJIOTOCTI 200
1] BIUIMBOM BOAM. Tak SIK 11€ € MPOTOTHUI, TOMY TYT NEPIIOYEPTOBOIO € MPOrPaMHa Ta

amaparHa CKJIaJloBa, TOMY HEMa€ NOTpeOu B MOBHIN TepMETUYOCTI.

2.2 Bubip Mozeni ans po3mi3HaBaHHS CBITIOPOPIB

Bulip Moaeni € KpUTUYHUM €TaroM Y po3po0Oili CUCTEMU KOHTPOJIIO T0POKHBOTO

pyxy. Lleii Bubip Bu3Hauae ePEKTUBHICTb Ta TOYHICTh POOOTH CHUCTEMH, ii 37aTHICTH
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a/IalTyBaTUCh 70 PI3HOMAHITHUX YMOB JIOPOKHBOTO CEPEOBHIA Ta BIUIUBY (PAKTOPIB,

TaKHUX K OCBITJICHHS, TIOTOTHI YMOBH, PyX TPAHCTIOPTY TOIIIO.

Pucynok 2.4 — Tucnneit s Raspberry Pl 3 B+ ta cam MikpokoMIT’ 1oTep B KOpIyci

(Burmsiz 33a7ay) [39]

ITin yac BuOOpPY MoOJeNi CJiJi BpaxOoBYyBaTU pPI3HOMAaHITHI (aKTOpH, Taki sK
MOTY>XHICTh OOYHCIIOBAJIBHUX PECYpCiB, BUMOTH JO IIBHUIKOCTI OOpOOKH JaHUX Y
peaslbHOMY 4Yaci, a TaKOX TOYHICTb Ta CTIMKICTH MOJENl 10 IIyMiB Ta apTedakTiB y
BXIIHUX JaHUX.

KpiMm ToOro, BaxJIMBO OIIIHATH Tpare3JaTHICTh MOJENl y PI3HHX yMOBax
eKCIUTyaTallil, BKJIOYat0YH pi3HI OCBITIEHICTh, KYTH OTJISIAY Ta Pi3HI THUIH CBITIOHOPIB.
BpaxoByroun 111 (dakTopu, BaxJIMBO TMiAIOpaTH MOJEIb, SKa HaAWKpallUM YUHOM
BIJINOBIIa€ MOTpeOaM KOHKPETHOI CUCTEMHU KOHTPOJIIO JOPOKHBOTO PYXY 1 3a0€3MeUuTh

HalBuIy ¢(eKTHBHICTh Ta HaaiiHICTh poboTu [40].
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Jnsg cucteMu po3mi3HaBaHHSA CBITIO(OPIB, sKa TMpaIloe Ha OOMEKEHUX
OOYHUCITIOBAILHUX pecypcax, TaKOXk CTa€ BAKIWBHUM IMMHUTAHHS ONTUMI3AIli Ta BUOOPY
e(EeKTUBHOTO METOJIy pPO3Ii3HABAHHS.

Ha cnabxux cucremax, Takux K BOyIOBaH1 MPUCTPOi ab0 MOOLIBHI MIaTopmi,
BKJIMBO OOMpaTH METOJIU, SIK1 3a0€3MeUy0Th JOCTATHIO TOYHICTh PO3Ii3HABAaHHS MPU
MIHIMaJbHOMY HaBaHTa)XKCHHI HAa CUCTEMY.

Y nanomy Bumanky, BuOip mixk merogom YOLOvV4 Ta MOmemio KOJIbOPOBOI
CEerMeHTaIlli Ha OCHOBI IMpocTopy KoaropiB HSV motpebye yBaxkHoro anamizy. Xoda
YOLOv4 Moxe 3a0€31eunT BUCOKY TOUHICTh pO3Mi3HABAHHS 00'€KTIB, BIH MOX€E OyTH
BUMOIJIMBUM JI0 PECYPCIB CUCTEMH, OCOOIMBO IIpH 00pOOLIl BEIUKOI KIIBKOCTI JaHUX Y
peanbHOMY 4aci. 3 iHIIOro 60Ky, MOJEIh KOJHOPOBOI CErMEHTAIlii MOXKe OyTH MEHII
BUMOTJIMBOIO JIO PECYPCiB 1 3a0€31euyBaTh JOCTATHIO TOUHICTh PO3ITI3HABAHHS HA OCHOBI
aHaJIi3y KoJbopiB cBiTIOdOpPIB [41].

BaxxnmBo BpaxyBaTH, IO MOJENbh KOJIHOPOBOi CErMEHTAIlii MOXe OyTH MEHII
HAJ1HOI0 B YMOBaX 3MIHH OCBITJIEHHSI 200 HasBHOCTI IIyMy y 300paxeHH1. Takox ciif
BPaxOBYBaTH MOXJIMBICTh KOMOIHYBaHHS 000X METOMIB IS JOCSITHEHHS O1IBIIOq
TOYHOCTI Ta CTIHKOCTI cucteMu. ToMmy BHOIp ONTUMAIBHOTO METOAY NOBUHEH
3MIICHIOBATHCH 3 YpaxXyBaHHSIM CIENU(]PIKA KOHKPETHOI CUCTEMHU, ii OOUMCITIOBATILHUX

MO>KJIMBOCTEN Ta BUMOT JI0 TOYHOCTI PO3ITI3HABAHHS.

2.3  Mogens YOLOV4

YOLOV4 posumdpoByerbes sik YOLO (You Only Look Once), Bizomoro cBoimu
MOJIMBOCTAMM BUsIBIeHHS 00’ekTiB. Bin OyB 3amymienuit 10 ciuns 2023 poky
kommnaHniero Ultralytics, 3namenyrouu 3Haunuii nmporpec y cepii YOLO. I{to Bepcito Oyio
po3pobieHo micist MacmTabHux gociipkenp Ultralytics 3 MeToro mepeBepuinTi
MPOJAYKTUBHICTh CBOIX IMOINEPETHUKIB IIJIIXOM BBEJEHHS PI3HOMaHITHUX MOAMQIKAIINA
[42].

L{s MOoeTh HANIEKUTH 10 KaTeropii HAWCy4YacHINIMX MOJIeIICH BUSBIICHHS 00’ €KTIB

1 cermeHTalii 300paxkenb. Bin OyB po3po0OsieHU# 1J11 BUKOHAHHSI BUCOKOIIBHUJIKICHUX 1
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BHCOKOTOYHHX 3aBJaHb Yy IIMX 00JIACTAX, 10 POOUTH HOTO KIIFOUYOBUM TpaBlieM Yy cdepi
KOMIT F0TEepHOTO 30py [43].

Apxitektypa YOLOvV4 € eomworieio nonepeanix monaenedt YOLO, B sxii
BUKOPHCTOBYETHCS 3TOPTKOBA HEMPOHHA MEpeka, PO3/lJieHa Ha /Bl OCHOBHI YaCTHUHHU:
MaricTpajiab 1 ToJoBy. Marictpaiab 3acHOBaHa Ha MoJu(]ikoBaHIN Bepcii apxiTeKTypHu
CSPDarknet53, mo cknagaetbest 3 53  3rOpTKOBUX PIBHIB, YJIOCKOHAJICHHX
MDKCTYTIEHEBUMH YaCTKOBUMH 3’ €THaHHAMHU. [ 0J10Ba CKIIaa€Thes 3 KUTBKOX 3TOPTKOBUX
mIapiB, 3a SKUMHU WIyTh MOBHICTIO TIOB’si3aHIi IIapH, BIAMOBIAAJBHI 32 MPOTHO3YBaHHS
00MEKyBaJIbHUX PAMOK, MOKa3HUKIB 00’ €KTHOCTI Ta KIMOBIPHOCTEH KJIacy.

[TpumitHo, 0 YOLOV4 iHTerpye MexaHi3M CaMOKOHTPOJIIO B FOJIOBHINA YaCTUHI
Mepexi Ta mpamiJIHy Mepexy QYHKIIIH JIsi MACOBOTO BUSIBIIEHHS 00’ €KTIB, 1110 JI03BOJISIE
(doKycyBaTHCS Ha PI3HUX YACTUHAX 300pakKeHHS Ta BUSABISATU 00’ €KTU PI3HUX PO3MIPIB 1

MacitabiB. [Ipukinan po3mizHaBaHHs CBITJIO(OPIB I1€:0 MOACIIIIO TOKA3aHO HA PUCYHKY

2.5.

Pucynok 2.5 — Po3misHaBaHHs KoJb0piB cBiTIOPOpa Moaesutio YOLOVA [44]

3aBIsSKH MOMJIMBOCTSIM BHSIBIICHHS OO0 €KTIB y pealbHoMy 4daci YOLOv4
3HAaXOJUTh 3aCTOCYBaHHS B PI3HOMaHITHUX cdepax. Jeski 3 MOmyIspHUX BUMAAKIB

BUKOPHUCTAaHHA BKIKOYAIOTh:
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1. ABTOHOMHI TPaHCHOPTHI 3acO0M : ISl BUABICHHS OO0 €KTIB y pPEXKUMI
peanbHOTOo Yacy B O€3MIJIOTHUX aBTOMOOLISAX.

2. CrocTepekeHHsl : BUKOPUCTOBYETHCA B CHUCTEMAaX CIOCTEPEKEHHS ISl
BiJICTeXKEHHS 00’ €KTIB 1 JIIOJIEH y pealbHOMY Yaci.

3. Po3npiOHa TOPTriBis : BUKOPUCTOBYETHCS 1T MOHITOPUHTY PIBHS 3allacis,
BUSIBJICHHS KPaJIKOK Y Mara3uHax 1 CloCTepeKeHHS 3a MOBEAIHKOIO KIIIEHTIB.

4. Menuana Bi3yaumizallisi : 3aCTOCOBYETBCS JIJIsl BUSIBIICHHS Ta Kiacudikarii
MEUYHUX aHOMAaJiH, TAKUX K MyXJIUHU Ta MEPETOMH.

S. CulbCcbKe TOCIOAAPCTBO : BHUKOPUCTOBYETHCS JUIsI MOHITOPUHTY POCTY
KYJIbTYp, BUABJICHHS XBOPOO 1 1A€HTU(IKALII] IIKIJHUKIB.

6. PoGoToTexHika : qonmomarae po6oTaM po3Ii3HaBaTH 00’ EKTH Ta B3aEMOIISATH
3 HuMmu [45].

Moaens YOLOvV4 po30OuBae BXifH1 JaHi Mepexi Ha oguHMIN ciTku S X S. [ToTim
KOXXHAa OJMHHULA CITKM MpPOTHO3YE OOMEXyBalbHy paMmMKy B, 10CTOBIpHICTh
oOMeXyBajJbHOI paMKku Ta HMOBIpHicTh Karteropii C. JlocToBipHICTh mnependayeHoi
0OMEXyBaJbHOI paMKH BioOpakae, Y MICTUTH TepeadadeHa oOMeXyBallbHa paMKa
00’€KT 1, AKIIO TaK, TOYHICTh MOro po3TalryBaHHsA. TOYHICTh BUPAKAETHCA SIK MEPETUH
Hag oO'egHanHsM (IOU) mporHo3oBaHoi rpaHu4HOi o6nacti (mpor) Ta peasbHOI

rpaHuyHOi 00s1acti (peai) BiAMoBiAHO 10 GopMyIH:

pocrosiphicts = Pr(o6’exty) x 10U} o7, 2.1

JIe TOCTOBIPHICTh— 11€ JOCTOBIPHICTH 0OMEKYBaJIbHOT paMKkH, a Pr (00’ exTy) — 11€
HAMOBIpHICTH BUSBIIEHHS 00’ €KTa B citii [46].

Mepexa BunyuenHs ¢yHkuii CSPDarknet-53 3acnoBana na Darknet-53 i
ONTUMI30BaHa IIITXOM JIOJAaBaHHS MDXKETarmHol crpaterii 3muTts Gyukmin [47]. o6
3ano0IrTi OTPUMaHHIO MMOBTOPIOBAHOI 1H(POpMAIIil PO TPaIIEHTH HA PI3HUX IIapax, 17es
PO3MdIIEHHST Ta 3JIMTTS BIPOBADKYETHCS Ha eTamax, o0 MaKCUMalbHO 301TbIIATH

BIIMIHHOCTI B KOMOIHALISIX TPagI€HTIB. Y MPOIEC] MOALTY Ta 3JIUTTS MOTIK TpajieHTa
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CKOPOUYYETHCS, 10 O3HAYae, 1m0 1H(OpMallis Ipo TPaJl€eHT HE BUKOPUCTOBYBATUMETHCS
MOBTOPHO, a TEHEPYBaHHS HAIWIIKOBOI i1H(MOpMarlii Oyae 3BEICHO J0 MIHIMyMY.
3acTocyBaHHS CTpaTerii MIXKETAIHOro 3MUTTS GYHKIIA 10 JokanbHOi Mepexi Darknet-
53 MOXe 3MEHIIUTH OOYMCIIOBAIbHY CKIATHICTh MEpEeXl BUIyYEHHS (QYHKINHN 1
MIJBUIIUMTU MIBUAKICTh 1 TOYHICTH MIPKyBaHb Mepexi. CrTparerisi MIXKETarmHOTo

00’€IHAaHHS O3HAK MOKa3aHa Ha PUCYHKY 2.6 .

bazoBuit mrap

v v

3ropTkkoBHII map | 3ropTKoBHil map 2

!

Darknet-53
JlokansHa Mepeska

[epexiauuii map

v

[lepexianuii map

Pucynox 2.6 — Ctpareris Mi>KCIIEHIYHOTO 37TUTTS (DYHKIIIH.

['onmoBa ckiagaeThcsl 3 KUIBKOX 3TOPTKOBUX IMApiB, 3a SKHUMH HIYyTh MOBHICTIO
OB’ sI3aH1 IIapH, BIAMOBIJANbHI 3a IPOTHO3yBaHHS 0OMEXYBAJIbHUX PAMOK, ITOKa3HHUKIB

00’€KTHOCTI Ta MOBIpHOCTEH Kiacy [48].
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CSPDarknet-53 36epirae opurinanbHi 52 3roptkoBi mapu B Darknet-53 1 momae
CTpaTerito MiKeTarmHoro 00’eqHaHHs (QYHKIIN 10 JokainbHOi Mepexi Darknet-53, mo6
e(heKTUBHO 3MEHIIIUTH MOXKJIMBICTh AyOJIIOBaHHS B IIPoIIeCi iHTerpallii iHpopmarii.

JloaTKOBO MOYKHA BiJI3HAUWTH, IO BUKOPUCTAHHS 3TOPTKOBUX IIApiB Y TOJIOBI
MOJIEN1 T03BOJISIE BIIIISATH Pi3HI O3HAKH Ta XapaKTEPUCTUKHU 00'€KTiB Ha 300paKeHHI,
10 € BaXJIUBUM JUIsl TOUHOTO PO3Mi3HABaHHS 00'€KTIB Y CKJIaJIHUX yMOBax. MixkeTamnHe
o0'eqnanns ¢ynkmii y CSPDarknet-53 pomomarae 3HU3WTH piBeHb IyOIOBaHHS
iHdopmalii Ta 3a6e3neynTH e(EeKTUBHY I1HTErpalilo JaHUX JJs OLIbII TOYHOTO
MPOTHO3YBaHHA OOMEXYBaJIbHUX paMoK Ta kKiacudikamii o0'extiB. Takuil miaxin
MIJBUIIY€E SKICTh Ta MIBHAKOAII0 MOAETI, IO POOUTH i1 OUIbII NPUAATHOIO IS
3aCTOCYBaHHS B PpI3HHUX c(depax, BKIIOYAIOYM KOMII'IOTEPHE 30pOBE CIPUHHSTT,
po3Mi3HaBaHHA O0pa3iB Ta aBTOMATHYHE KepyBaHHSA cucTeMamMH. CxeMa CTPyKTypH

Mepexi Moka3zaHa Ha PUCYHKY 2.7 .

%2 %7 %2
— CBM CSPlI CBM CSP2 CBM CSP8 CBM — CBM CSP8 CBM — CBM | CSP4 CBM— 19x19

608x608x3

N residual
blocks

0 U Py S P 0 SO0 Sy S S U S POD S S S P —

Pucynok 2.7 — CtpykrypHa cxema mepexi CSPDarknet-53 [49]

[TopiBastno 3 Darknet-53, CSPDarknet-53 moske 3HAYHO 3MEHIIUTH KiJIbKICTh
HEOOX1THUX OOYHMCIICHb, 3OUIBIIWTA IIBHAKICT OOYMCICHHS MEpPEXKi, 3MEHIIUTH
CTIOYKUBAHHS MEPEKEBOI IMaM STl Ta MiIBULIUTH TOYHICTb MEPEXKI.

Mexanism camokoHTposit0 B YOLOV4 103BOJIsSIE CUCTEMI aKTUBHO PETYJIIOBATH

Baru Ta mnapameTpu HCﬁpOHHHX MEPECIK Hi,[[ 9aC HaBYaHHA, IO JOIIOMArac€ IoKpalmuTHu
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SKICTh Ta TOYHICTh po3Mi3HaBaHHA 00'€KTiB. BiH M03BOJIsI€ aaliTUBHO HAJIAIITOBYBAaTH
MOJIeJb TiJ] KOHKPETHI yMOBH Ta OCOOMMBOCTI JaraceTy, M0 3a0e3nedye Oiiblil
edeKTHBHE HaBYaHHS Ta POOOTY CHUCTEMH B peajbHUX YMOBaX.

[Tipaminna mepexa ¢yskuii B YOLOv4 no3Bonsie cuctemi (OKycyBaTucs Ha
PI3HUX YacCTHHAX 300paK€HHS Ta BUABJISATU O0'€KTH Pi3HUX po3MipiB 1 MacmTadiB. Lle
JTIO3BOJIIE MOJIeJIl €(PEKTUBHO BHSBIISATH SIK MaJli, TaK 1 BEJIUKI 00'€KTH Ha 300paKeHHI,
3a0e3mneuyroun OLIbIN MIMPOKUNA CIIEKTP 3aCTOCYBaHHS MOJAENI IJIsi PI3HUX 3aBAaHb

o0'ekTHOTO BUsiBIeHH:. Ha pucyHnky 2.8 300paskeHo ctpykrypy Mepexi YOLOVA.

Number of 19519
network layers 7676
i _ 23 54 107 116]117 126 127 B
*e a8 —T 88 | — 88 -_— [ 1] —_ —l| | — | —_——el —— | —--e8
4x x|
608608 IS L, 7676 4
| - -
| 150
e Feature fusion 152x152 76<76 -
|Convolutional layer 1 139
|Hierarchical feature fusion . 1525152

|Residual block

|[Maximum pooling layer
162
19+19

|Upsampling
|Detection layer

Pucynok 2.8 — Ctpykrypa mepexi moaerni YOLOvV4 [50]

Oyukuis BTpar mojeni YOLOv4 cknagaerbess 3 TPhOX YACTUH: TOMUJIKA
nepeadoayeHHss  KOOpJAWHAT  OOMEXYBaJdbHOI ~ paMKH,  JOCTOBIpHA  TOMMJIKA
0oOMEXyBaJbHOI paMK{ Ta TIOMHJIKA TiependadeHHs kateropii. dopMmyrna po3paxyHKy
dbyukiii BTpar moaen YOLOv4 moka3zaHa sk piBHSHHS 2.2, a 3HAYEHHS KOXXHOTO

napaMmeTrpa QyHKIIii BTpaT HaBeaeHo B Tabmwmmi 2.1 [51].
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Loss = Acoord Z OZ] =0 1Ob] (2

— wi x h)[(x; — %) + Oy — 9?1+
Aeoora Lo Bino 197 (2 — wi x hy) [(w; — @)? + (hy — h)°| -
Yo Eh 017 [Cilog(C) + (1 — €;)log(1 — C)] -
Anoobj Tizo 2i=0 177°% [Cilog(C) + (1 — €;)log(1 — C)] -

Z noob]

i=0 ] ZcEclasses[pl (C log(pi(c)) + (1 - pAl(C)) log(l - pl(c))] (22)

Ta6mui 2.1 — Iosicuenns g0 Gopmymu 2.2

[Tapametp 3HavYeHHS
Acoord Bara Brpatu xoopauHat
Anoobj He BpaxoBye Bary BTpatu 111
1i0]_bf Yu € i B j-ii AKipHii KopoOui i-i ciTkn
1:3_00’”' Yu He Mae j-i ONOpHUI OJIOK 1-1 CITKM MiIIEHEH
KinbkicTh BXigHUX 300paeHb y KOMIPIll PO30UTTS CITKA
B Homep K0kHOT KOMIPKH CITKH, Ha SIKY TMPOEKIIIOETHCS TPaHUYHA
KopoOKa
Ci JIOCTOBIpHICTH
p Kareropis
c=0,1,..,C Howmep kateropii
i=0,1,..S2 Homep ogunwuIli citku
j=01,.B Howmep rpanndHoi o6macti
Xi,Vi,Wi,hi AoOcuuca, opauHaTa, IUpUHA Ta BUCOTA LIEHTPAJIBHOI TOYKU
00J1aCcT1 MPOrHO3yBaHHS
XY oW il i AoOcmmca, opauHaTa, IMPUHA Ta BUCOTA IIEHTPAIBHOI TOUKH
pPEaTbHOTO TOJIS
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2.4  Mopenb, 3aCHOBaHa Ha KOJIBOPOBIM CETMEHTAIlli Ta HAa OCHOBI IIPOCTOPY

kobopiB HSV

Komipua cxema HSV 0Gasyerbcsi Ha TpboX cTaHgapTHUX Koibopax RGB —
4epBOHUH, 3eIeHui Ta cuHiil. Llei konipHuii npoctip O6yB 3anpornoHoBanuii T. MMoHrom
y 1802 porii, 1 ioro Bupas npeacraBieHuit y popmyi 2.3:

f =aR + bG + cB, 2.3

ne R — 4epBOHUI KOMIIOHEHT,

G — 3eneHuil KOMIIOHEHT,

B — cuHIi KOMITOHEHT,

a, b, c — Barm KOXKHOr0 KOMIIOHEHTA BIAITOBIIHO,

f — cuHTe30BaHUit KOIIP.

VY Mozeni komipHoro npoctopy RGB koxkeH Komip 3’ SBISETHCA B CIEKTPATBHUX
KOMITOHEHTaX OCHOBHOTO KOJIBOPY Y€PBOHOTO, 3€JICHOTO Ta CHHBOTO.

Komipauit  mpoctip HSV  (abo Bimommit sk HSB) Takox Ha3uBawoTh
TeKCaroHAJILHOIO KOJLOPOBOIO MOCIIII0 Tina xpebus [52], a TpuBUMIpHA MOJIENb
kojipHoro npocropy HSV mnoxkaszana Ha pucynky 2.9. IIpocropoBa moxens HSV — 1ie
NepPEeBEPHYTUI KOHYC, JIe V — LIEHTpabHa BICh MEPEBEPHYTOr0 KOHYCA B JIialma3oHi Bif
0 no 1 [53].

Bepmmna koHyca npeacTaBieHa sckpasicTio 1; komip H BupakaeTbes i1 IEBHUM
KYTOM HaBKOJIO Oci V, y SIKOMY YepBOHUH, 3eJIeHUH 1 cuHiM po3auieHi Ha 120 rpaayciB
BIJIMOBIHO, a I0JJaTKOB1 KOJKOPH CTaHOBIATH 180 rpaayciB BianoBiaHO. Paaiyc koHyca
nopiBHIOE 1, 110 BKaszye Ha giana3oH HacwueHHs S Bij 0 mo 1. Bepmmna koHyca wopHa
(V=0, H 1 S ne BusnaueHo). llentp Bepmmnu Ounuii (V=1, S=0, H ne BU3HaAUeHO), a
SICKPABICTh TTOCTYIIOBO 3MEHIITYETHCS BiJ] BEPIIMHU JI0 TIOYATKY KOOPIUHAT.

Mogpeni konbopy HSV (BiaTiHOK, HacuyeHicTh, 3HaueHHs) 1 HSB (BiATiHOK,
HACHUYEHICTh, ICKPABICTh) € JOCUTh CXOKUMH 1 BUKOPUCTOBYIOTHCS JIJISl IPEACTABICHHS

KOJIBOpY y (opmMi UYMCIOBUX 3HA4YEHb, SIKI BIIOOpakalOTh HOTO0 XapaKTEPUCTUKH.
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OcHOBHA BiIMIHHICTh MK HUMH TOJISITa€ y TepMiHaX, SIKI BOHU BUKOPUCTOBYIOTH JJIS
TPEThOi KOMIIOHEHTH KOJIbOpY [54].

VY wmoxeni xonbopy HSV Tperss kommoHeHTa, sIKy 1HOJI Ha3MBalOTh TaKOX
"sckpaBicTh", mpenacTaBieHa 3HaueHHsM (Value). 3naueHHs BimoOpaxkae CTYIiHB
SICKpaBOCT1 a00 CBITJIOUYTIMBOCTI KOJIbOPY. Lle 03Hauae, 1110 Beslnke 3HaYeHHsI BKa3ye Ha
SCKpaBUii a00 CBITJIMH KOJIIp, @ HU3bKE 3HAYEHHS - Ha TEMHHUI a00 MPUTITyIIEHU.

Y mopaemni koasopy HSB TpeTst kommnoHeHTa Ha3uBaeThes sickpaBicTh (Brightness).
[I1 KOMIIOHEHTa TaKOX BHU3HAYa€ CTYIIHb CBITJIOUYTJIMBOCTI KOJBbOPY, ajieé TEPMIH
"ACKpaBICTh" 4YAaCTO CHPUKUMAETbCS SK OUIBII aJeKBAaTHUM JUIsl TMO3HAYEHHS L€l

XapaKTEPUCTUKH.

ue (xporaruui kosbopy)

Brightness

(sccpabicry)

Pucynok 2.9 — Tpusumipaa Moaens koripHoro mpocropy HSB [56]

[Ilomo BUKOpPUCTAHHS KOMIIOHEHTIB KOJhOPY (BIATIHOK 1 HACHYEHICTh), BOHU
OJTHAKOBI I 000X MOJIENEH 1 BUKOPUCTOBYIOThCS JIJIsi BUBHAUEHHS KOJIPHOT TaMMHU Ta

IHTEHCUBHOCTI KOJIbOPY [55].
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Xoy4a TepMiHOJIOTIA BiApi3HAEThCA MK Moaenssmu HSV 1 HSB, Bonu B GinbimiocTi
BUITAJIKIB PO3TISAAAIOTHECS SK €KBIBAJCHTHI, OCKUIPKM BOHU HAJAIOTh 3PYYHHH CIIOCIO
MpeCTaBICHHS KOJBOPY Y (DOPMI YUCITOBUX 3HAUEHD, IIT0 BUKOPHUCTOBYIOTHCS B 00pOOITI
300paxxeHb 1 KOMIT'IOTepHi# rpadili.

Komipuuit mpoctip YCbCr mupoko BUKOPUCTOBYETHCS B TaTy31 MAITUHHOTO 30Dy
Ta mepenadi 3o00paxenHs [56].Croci6 meperBopenHs konbopiB YCbCr B RGB

npeacTaBieHui Ha popmyi 2.3:

Y 0.257  0.564 0.098 1[R 16
Cb|=1-0.148 —-0.291 0.439 |G|+ |128], 2.3
Cr 0.439 -0.368 -0.07111lB 128

ne Y o3Havae iH(opMaIlio mpo ACKpaBicTh KOabopy, Ch CTOCY€EThCS Pi3HMII MiXK
KOJIbOPOM 1 SICKpaBICTIO CHHBOTO, a Cr O3Hauya€e Pi3HHUIIO MIX KOJHOPOM 1 YEPBOHHIA
Koutip. SIKIIo BXigHMM cuUTHajIoM € 300paxenHs RGB, Cb — pisHuig Mk cuHIiM
KOMITOHEHTOM 1 ICKpaBicTio, CI — Pi3HUIIS MK YEPBOHUM KOMIIOHEHTOM 1 SICKPaBiCTIO
[57].

Hust komipHoro mpoctropy HSV  HeoOXimgHO CTAaTUCTUYHO MPOAHAII3yBaTH
3HaueHHd H, S 1 V Tppox pi3HuX cBITIO(OPIB, 1100 BU3HAYUTH MTOPOrOBE 3HAUYEHHS. 31
craTUcTUKOI0 340 cBITIOQOpPIB BU3HAYEHO JAilana3oH KOJIbOPOBUX MOPOTIB TPhOX

CBITJIOBUX CUTHAJIB CBITIO(OPIB, SIK TOKA3aHO B Ta0MII 2.2 .

Tabmuus 2.2 —TToporosi 3HadeHHs A curHaiiB cBitiodopa HSV npoctopy

Komip Binrinok (H) Hacuuewnicts (S) 3unavenns (V)
YepBoHuii [0, 16]U[349, 359] [0,6, 1] [0,6, 1]
KosTwmii [19, 49] [0,6, 1] [0,6, 1]
3eneHui [119, 189] [0,6, 1] [0,5, 1]

Takox, IUisi BHUSBJIEHHS KOJIbOPIB CBITIO(QOpa BUKOPUCTOBYIOTHCS MOPOTOBI

3HA4YeHHs, fKI BHU3HAYalOThCI Ha OCHOBI KojbipHoi marpuii RGB Ta BuOGIpKOBOi
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cTaTUCTUKU. Tabmuims 2.3 HAaBOAWTH MOPOTOBI 3HAYEHHS ISl KOJBOPIB CBITIIOdOpa

BIJITTOBITHO JI0 KOMIIOHEHTIB YepBOHOT0, 3e7eHoro Ta cuaboro (R, G, B) kanamis [58].

Tabmuis 2.3 — [Toporosi 3HaueHHs AJi KOIbopiB cBiTIohopa RGB nanitpu

Komip R xoMIOHEHT G KOMITOHEHT B xoMmioHeHT
YepBoHwuii [110, 250] [0, 90] [10, 70]
KosTwmii [110, 250] [110, 250] [0, 90]
3eneHuit [0, 90] [80, 250] [0, 80]

3rigHo 3 GopMyJIOI0 TMepeTBOpeHHs MpocTopy Koibopie YCOCr i mpoctopy
kosibopiB RGB, moporosuit niamason mpocropy konbopiB YCDCr Bu3HavaeThcs, sK

IMOoKa3aHo B Tadiuii 2.4.

Ta6mui 2.4 — Tabmuis oporiB YCbCr st KosibopiB cBiTI0hOpa

Koumip Komnonent Y Kommonent Ch Komnonent Cr
YepBoHuii [45,25, 137,87] [95,54, 116,11] [175,58, 199,66]
XKostuii [106,31, 230,07] [57,76, 79,71] [135,81, 139,36]
3eneHuit [61,12, 187,97] [77,05, 104,72] [69,83, 98,56]

B ekcnepumeHTi mpomopliisi CBITJIOBOTO KOJIKOPY B 00JsiacTi cBiTiodopa €
(bikCcOoBaHOIO, TOMY TOTPIOHO JHUINE MiApaxyBaTH MIKCENl KOJIhOPY CBITIAa B Mexkax
MOPOTOBOT0O J1ara3oHy, 1, HApelITi, BU3HAYUTH CTaH CBITJIa BIAMOBIIHO 10 KUIHKOCTI
KOJIBOPOBHX Tikceis [59].

J171s1 eKCIIEpUMEHTIB 3 po3Mi3HaBaHHs CBITIIO(OPIB OyIi0 Bigiopano 200 300pakeHb
CIIEHU PYyXy, BKIto4aroun 90 yepBoHUX cBiTI0GOpiB, 80 3emeHux BOrHiB, 30 >KOBTHUX
BOTHIB 1 OCTaTOYHI1 PE3yJIbTaTH BUSBICHHS CBITIO(POpA, SIK TOKa3aHO B Tabnuill 2.5.

ba3yrounch Ha BHIIEHABEACHUX TPHOX THUIAX 3arajibHOBKMBAHMX IapaMeTpiB

NEPETBOPEHHS KOJIPHOTO MPOCTOPY Ta aHalli31 piBHSIHb, Oy/1€ BUKOPUCTAHO I TPU THUIIH
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KOJIPHOTO TPOCTOPY Uil Tpadiky B CIEHI KOJbOPY, MOPIBHSIHHS B TPbOX KOJIPHHUX

pOCTOpax mija €PeKTOM po3Ii3HABaHHS, 1100 BUBHAYUTH HAMKPALUI KOTIPHUHN MIPOCTIP.

Tabmuns 2.5 — HIBuakicTh po3mizHaBaHHs CBITIIO(Opa

Tum curnary RGB HSV YCDbCr
UepBoHe CBITIIO 81,11% 96,67% 78,89%
JKoBrte cBiTII0 73,75% 95,00% 78,75%
3elieHe CBITIIO 70,00% 88,67% 73,33%

3riiHO 3 BIANOBIIHUMU 3HAHHIMH PO MOJIEN] KOMIPHOTO MIPOCTOPY, KOKEH KOJIIP
y KOJIPHOMY TMpOCTOpPl Ma€ YHIKaJIbHY XapakKTepUCTHUKY, TOMY B LIl Mojenl
BUKOPHCTOBYETBCSI METOJI CETMEHTAIlll IMOpPOry KOJbOpPY JUIsl BHU3HAUEHHS CTaHy
ceiTiiodopa [60].

MeToa MoporoBoi cerMeHTallii MoJyisAirae y BCTAaHOBJIEHHI TOPOrOBOIO 3HAYEHHS B
KOJIIPHOMY MPOCTOpl Ta MOPIBHAHHI 3 (PAKTUYHUM 3HAYEHHSM KOMITOHEHTA IIKCENs
300pakeHHs. TakMM YMHOM MOKHA 11€HTU(]IKyBaTHU CBITIOPOpHU, SKI MEPETUHAIOTH
TOpIT.

[TopiBasinaa Mozeni YOLOv4 Tta Mojeni KOJIbOPOBOI CEerMEHTarlii s

po3mi3HaBaHHS CBITIO(OPIB

ITepeBaru moxem YOLOV4:

1. Bucoka TOYHICTh po3mi3HaBaHHs 00'€KTIB, BKIIOYAIOUU CBITI0(DOPH;

2. 3MaTHICTh TPAIOBATA 3 PI3HUMH TUNAMU CBITJIOQOPIB 1 yMOBaMH
OCBITJICHHS,

3. MoxnuBICTh BHSIBJIGHHS Ta Kiacu@ikaiii JeKiIbKOX OO0'€KTIB Ha

300pakeHHI OJHOYACHO;

4. [linTpuMka peanbHOTO dYacy 3 BUINOBITHUMH — OOYHCIIOBAJILHUMHU
MOKJTMBOCTSIMH [61-62].

Henomiku Mmogemnt:

1. Bucoka oGuuciioBanbHa CKJIQJAHICTh, OCOOJMBO TPU OOPOOIl BEITMKOIO

MOTOKY JIaHUX Y pealbHOMY 4aci;



46

2. Bumarae Benmukoro oOcAry HaBYaIbHWX AHUX TSI JOCATHEHHS BHCOKOI
TOYHOCTI;
3. [ToTpedye nmoTykHOTO 00IagHAHHS 17151 €(peKTUBHOT podoTH [63].

[lepeBaru Mojesi KOITLOPOBOI CErMEHTAIlIT:
1. Huspka oOuncitoBaigbHa CKIAIHICTh, IO JIO3BOJIAE MIPALIOBaTH Ha

0OMEKEHHUX pecypcax;

2. EdextuBHICTh y poOOTI 3 HE3MIHHUMH YMOBaMH OCBITJICHHS Ta (HOHY;

3. 3/1aTHICTh TOYHO BU3HAYATH KOJBOPHU HA 300pa’KEHHI.

Henomiku:

1. Menma TouHicTh opiBHAHO 3 YOLOV4, 0cO0MMBO y CKIIAIHUX YMOBAX;

2. OOmesxeHa 34aTHICTh pO3Ii3HaBaHHS 00'€KTIB Ha 300paKeHH;

3. [TorpeOye m0MaTKOBUX METO/IB JIsl pO3Mi3HABAHHS cTaHy CcBiTIOo(opa [64].

Ha ocHOBI mpoBeneHOr0 TOPIBHSUIBHOTO aHaji3y METO/IIB PO3Mi3HABaHHS
cBiTiaodopiB Ha mnatdopmi Raspberry Pi 3B+, MoxHa 3poOUTH HACTYITHI BUCHOBKH

O6uaBa MeToIM MalOTh CBOI nepeBaru Ta Hepodiku. Y OLOv4 3abe3nedye BUCOKY
TOYHICTh PO3IM3HABAHHS, ajlc BUMarae 3HA4YHMX OOYHCIIIOBAIBHUX pecypciB. Mojaelnb
KOJIbOPOBOI CETMEHTAIII1 € MEHIII BUMOTJIMBOIO JI0 OOYHCIIOBAILHUX PECYPCIB, ajle MOXKeE
OyTH MEHIIT TOYHOI0, 0COOJIMBO B YMOBAX 3MIHU OCBITJICHHS.

Bukopucranas Mozeni KOJbOPOBOI CErMEHTallii isi TMOIIyKy CBiTIodopa Ta
noaaneie 3actocyBaHHs YOLOv4 st po3mi3HaBaHHS KOJIbOPY MOKE MOKPAIUTH
TOYHICTh BU3HAUEHHS CTaHy CBITJIO(Opa Mpy MiHIMAILHOMY HaBaHTaXKCHHI HA CUCTEMY.
Takuii miaxig A03BOJAUTH 3a0e3MeyuTH €(EeKTUBHICTh Ta TOYHICTh pPO3II3HABAHHS
CBITJIO(OpPIB HA PI3HUX IJIATHOPMAX 3 OOMEKEHUMHU OOUUCITIOBATLHUMHU PECYPCAMMU.

[Ticnss moxjagHOTO aHai3y Ta OMUCY METOJIIB PO3Mi3HABAHHS CBITIOQOPIB, i€
KOXEH METOJl Ma€ CBOI OCOOJIMBOCTI Ta MEpeBarv, HEOOXITHO MPOBECTU MOPIBHSIBHUI
aHaJli3 s BU3HAYEHHS 1XHbOI €(EKTUBHOCTI Ta MPUAATHOCTI B PEATbHUX YyMOBax
BUKOpUCTaHHSA. J[J1s1 11b0T0 OyIJ10 po3p00IeHO TAOIHITIO MTOPIBHSHHS, KA BKJIIOYAE KITbKa
KJIFOUOBUX MapameTpiB AJisi KOKHOTO Meroay. Llel aHaniz Mae HayKOBO-AOCIITHUIBKY
COPAMOBAHICTh Ta 0a3yeTbCsl Ha pE3yJbTaTiB EMIIIPUYHUX JOCIIIKEHb Ta TECTIB

po3mizHaBaHHs cBiTI0(OpIB [65].
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AHaJi3 [uX MapaMmeTpiB AOMOMOXKE BU3HAUUTH HANOUTBIT €PeKTUBHUI METOM JIs
po3mi3HaBaHHS CBITIIOGOPIB, IO BIAMOBIa€ BHUMOTaM MIBUIKOCTI, TOYHOCTI Ta
e()EeKTUBHOCTI Y PI3HUX YMOBaX €KCILTyaTallii.

Tabnums BKIIOYAaE Taki MapaMeTpu, SIK TOYHICTh PO3MI3HABAHHS, MIBUIKICTD
poOOTH CHUCTEMHU, BUTPATH OOUHCIIOBAIBLHUX PECYPCiB, a TAKOXK CTIMKICTh JO 3MIHHHX
yMOB oOcCBITIeHHsS Ta ¢ony. Ili mapameTpu BaXJIMBI JJIs8 OIIIHKH 3arajibHOL
OPOAYKTHUBHOCTI CHUCTEMH Ta BHU3HA4YeHHS 11 NOPHUIATHOCTI JUIsI MPAKTUYHOTO

3acTocyBaHHs [66].

Tabmumst 2.6 — Pe3ynbraTé mOMEpeIHBOTO TECTyBaHHS METOIIB  Ha

mikpokomi’rotepi Raspberry Pl 3B+

[TapameTp YOLOv4 Mogenbs KoapopoBOi
cerMeHTarli
TouHIiCTh po3Mi3HABAaHHS Bucoka [TomipHa
[IBuAKICTH pO3Mi3HABAHHS Husbka [TomipHa

(kazpiB B CEKYHY)

CrioxuBaHa nam'sathb Bucoka Hwuspka

Apantanis 10 3MIHHUX YMOB [TomipHa Bucoxa

OCBITJIEHHS Ta (DOHY

CxutamHicTh peanizaiii Bucoka [TomipHa

PecypcozatparHicTb Bucoxka [TomipHa

He3Bakatoun Ha BUCOKY TOYHICTh Ta 3JaTHICTh MPAIIOBATH B peaJbHOMY 4aci,
mozaenb Y OLOv4 BuMarae 3HaYHHX 00YMCITIOBATILHUX PECYPCIB, 110 MOXKE TPU3BECTH JI0
NEPEBAHTAXKEHHSI CUCTEMM, OCOOJIMBO Yy BHUMAAKy OOpOOKM BEIMKOrO MOTOKY JaHUX.
Binrak, HaBiTh 3 ypaxyBaHHSIM HOTO IepeBar, MpH po3risaAl BOyJIOBaHUX CUCTEM, Je€

oOMeXXeH1 pecypcH, 3a0e3nedeHHs IBUIKO1T 1 HU3bKOI BUTPATH €HEPTII € KIFOUOBUMU
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dakTopaMu, BiJIA€ThCS TEpeBara MEHII BUMOTIUBUM J0 OOYHMCIIOBAILHUX PECYPCIB
mozesm [67].

Mopenb KOJILOPOBOi CErMEHTallli, XO04 1 Ma€ MEHIINY TOYHICTh IOPIBHSHO 3
YOLOV4, npote BoHa €(heKTHUBHO MPAIIOe€ Ha 0OMEKEHUX O0UYHCIIOBAILHUX Pecypcax,
110 J103BOJIsIE€ 30epiraTty MIBUAKOIIIO TPUCTPOIO Ta 3MEHIIIYE BUTpATH eHeprii. Baxkimso
TaKOXX 3a3HAYWTHU, TpH BHOOPI MOJENl JJIS CHUCTEMH pO3Ii3HaBaHHS CBITIO(OPIB
BaYXJIMBO OpaTH 10 yBard He JHIIE 1 TOYHICTb, ajie i 37aTHICTh MpAIlOBaTH B YMOBax
OOMEKEHUX OOUYMCIIOBAIILHUX PECYpCiB 3 MIHIMAIbHUM BIUIMBOM Ha IIBUIKOJIIO Ta

CHEePIroCIIOKUBAaHHS MPUCTPOIO [68].

2.5 BucHoBku

VY po3gimi 2 Oyjo MpOBEACHO OIVIS Ta MOPIBHSAJIBHUN aHami3 IMOTEHIIMHUX
anmapatHux TiatGopMm I pearizailii CUCTeMM pO3Mi3HAaBaHHS CBITJIOBUX CHUTHAJIB
peryJioBajJbHUX 3aco0iB JOpOXKHBOTO pyxy. byno BusBieHo, mo Raspberry Pi 3 €
ONTUMAJIbHUM BHOOPOM Ui JaHOiI CUCTEMH, 3a0€3Medyroud MOTPiOHY MOTYKHICTh
0o0YHuCIeHb, CTa0LIBHY POOOTY Ta THYYKICTh HANAIITyBaHHA IiJl KOHKPETHI BHUMOTH
MIPOEKTY.

Amnaniz mepear Raspberry Pi 3, Takux fK TOTY>XHUI MPOIECOp, MIATPUMKA
0€3pOTOBOr0O 3B'SI3KY, MOIIMBOCTI NMPOTrpaMyBaHHA Ta PI3HOMAHITHICTh 30BHILIHIX
NPUCTPOiIB, MIATBEPAUB HOTO BIAMIHHICTD SK OCHOBY I PO3POOKH CHUCTEMHU
po3Mi3HaBaHHS CBITJIOBUX cuUrHaiB. Takuii BUOIp rapantye e(pekTHUBHY Ta HaJlHdHY
PpOOOTY CUCTEMH 3 MOMKJIMBICTIO TIOJANBIIIOTO PO3IIUPEHHS Ta afanTallii 10 KOHKPETHUX
noTped TPOEKTY.

Tomy Bukopuctants Raspberry Pi 3 y cuctemi po3mni3HaBaHHS CBITJIOBUX CUTHAJIIB
peryoBaIbHUX 3ac00IB JOPOKHBOIO PyXy € OOIPYHTOBAaHUM Ta MEPCIEKTUBHUM
pimenHsM [69], sike 3a0e3neunTh eekTHBHE QYHKIIIOHYBAHHS CHCTEMH Ta 3a0€3MeUnTh

0e3MeKy yYaCHHUKIB JOPOKHBOTO PyXY.
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Takox oMy po3aini OyJio MPOBEAEHO MOPIBHAIBHUN aHami3 meroaiB YOLOv4
Ta MOJIET KOJBOPOBOI CErMeHTallli JUisl po3Mi3HaBaHHS CBITJIOGOPIB 3 ypaxyBaHHSIM
iXHIX TepeBar 1 HeJI0JIIKIB.

[Tin wac BuOopy Momeni Oyn0 BpaxoBaHO Takli (PAKTOPH, SIK MOTYXKHICTb
00YHCITIOBAILHUX PECYPCiB, BUMOTH JI0 MIBUAKOCTI 0OPOOKH TaHUX Y pealbHOMY Yaci, a
TaKOXX TOYHICTh Ta CTIMKICTh MOJIENl JO PI3HUX yMOB JOPOXKHBOI'O CEpPEJIOBHIIIA.
BpaxyBanHs 1IUX mapaMeTpiB JOMOMOKE€ BHOpaTH MOJEJb, fKa HaWKpaIlluM YHHOM
BIJINOBIJIa€ MOTpeOaM KOHKPETHOI CHUCTEMH Ta 3a0e3neuuTh ii eheKTUBHY Ta HaJlIHHY
pobory.

VY BHUManKy CHCTEMH pO3MI3HABAHHS CBITIO(OPIB, AKa Mpalloe HA OOMEKEHHX
OOYHUCITIOBAILHUX Pecypcax, BaXKJIMBUM € ONTHUMI3aIlisi Ta BUOIp €PEeKTUBHOIO METOY
posmizHaBaHHsA. Po3rmsanyti meroaw, Taki sk YOLOv4 Tta Mmonenb KOJIbOPOBOI
CerMeHTallli, MaloTh CBOI MlepeBark Ta He1oIiku. BuOip onTUMalbHOTO METOAY IOBUHEH
O0a3zyBaTUCS Ha aHaji3l IXHbOI €(PEKTUBHOCTI Ta MPUIAATHOCTI Yy PIZHUX yMOBax
eKCIUTyaTallii.

Mogaens YOLOv4 [70] Big3HAua€Tbcss BUCOKOK TOYHICTIO PO3IMi3HABAHHS
00'eKTiB, 3AATHICTIO MPAIIOBATH 3 PI3HUMHU TUIIAMU CBITIO(POPIB 1 yMOBAMHU OCBITIEHHS,
a TaKoX MATPUMKOIO PEAIbHOTO0 Yacy 3 BIANOBIAHHUMH OOYHCITIOBAIBHUMHU
MOXJIMBOCTAMU. OJHaK HOro BUKOPUCTAHHS BHMAara€ 3HA4YHUX OOYMCIIOBAIBHUX
PECYpPCiB Ta BEIMKOTO 00CATY HABYAIBHUX JTAHUX IS TOCATHEHHS BUCOKOI TOYHOCTI,

Mopenb KOITbOPOBOI CErMEHTaIlli BiPI3HSIETHCS HU3BKOIO OOYUCITIOBAIILHOIO
CKJIQJIHICTIO, €(DEKTUBHICTIO Y pOOOTI 3 HE3MIHHUMHU YMOBAMH OCBITJICHHSI Ta 3/IaTHICTIO
TOYHO BU3HAYATHU KOJIbOPH Ha 300pakeHH1. OTHAK BOHA MA€ MEHILY TOYHICTh MOPIBHSIHO
3 YOLOv4, 0cobmmBO y CKIQIHUX yMOBaX, 1 OOMEXKEHY 3JIaTHICTh PO3II3HABAHHS
00'eKTiB Ha 300paKeHHI.

3acTocyBaHHA MOJETI KOJbOPOBOI CErMeHTalli Ui TMOIIyKy CBiTIOdopa Ta
nonanbine 3actocyBaHHs YOLOvV4 s posmi3HaBaHHS KOJBOPY MOXKE MOKpAIIUTH
TOYHICTb BH3HAYEHHS CTaHy CBiTIohopa TMpuU JOJATKOBOMY MIHIMAJIbHOMY

HABAHTAKCHHI HAa CUCTEMY.
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3 INPOEKTYBAHHsA MOJAEJI TA PO3POBKA CHUCTEMHA
PO3III3HABAHHA CBITJI0®OPIB

3.1 AmaparHe 3a0e3M€UCHHS CHCTEMHU

Cuctema po3smizHaBaHHs cBiTII0¢opiB Ha 6a3i Raspberry Pi moGynoBano Ha 6a3i
oxuomiatHoro komm'orepa (SBC — Single Board Computer) Raspberry Pi 3B+.
Bcranosnenuii B Hporo 4-x sinepauii mporiecop ARM Cortex-A53 13 TAKTOBOIO YaCTOTOIO
1,4 I'T 3abe3nedye MOCTATHIO MOTYXKHICTh JJIsI OOPOOKH BiFICOJTAaHMX Ta BUKOHAHHS
aJITOPUTMIB po3Mi3HaBaHHS 00'ekTiB [71].

Jlst 300py BificolaHNX BUKOPUCTOBYETHCA KaMepa, sika MOKe OyTH MiJAKII0YEHA
Oe3mocepeIHbo /10 THI31a Kamepu Ha Raspberry Pi. 115 kamepa, sika 3a3Bu4ail € Morysem
kamepu mia Raspberry Pi, 3a0e3neuye BHUCOKY SIKICTb 300pa)K€HHS Ta JI03BOJISIE
OTPUMYBATH BiJICONOTIK 3 JOPOKHBOTO CEPEIOBHUIIA JIJIS ITOAAIIBIIOTO aHATI3Y.

Kamepa , po3po6ena crieriansHo 11 BUKopucTanHs 3 Raspberry Pi, € kimrouoBum
KOMIIOHEHTOM [IJIsl 3aXOIUICHHS BiJeOAaHUX. BOHA MiIKIIOYAETHCS 10 MOPTY KaMepH
miatu Raspberry Pi 1 Bona 3a0esrneuye BUCOKY SKICTh 300pa)KeHHS Ta PO3AUIbHY
3aaTHICTB. Lle m03BoMsie cUCTeMi OTPUMYBATH BiCOMIOTOKH 3 JOPOKHBOTO CEPEelOBHUIIA
JUISL TIOAQUTBIIIOT OOPOOKH Ta aHaATI3Y.

BryTpimHs OynoBa mijicucTeMy po3Mi3HaBaHHA CBITJIIO(opa BiJirpae KiIOYOBY
posib y (YHKIIIOHYBaHHI CHUCTEMH KOHTPOJIO JOpOXHBOTro pyxy. Ll migcucrema
CKJIAJIA€THCS 3 KOMIUIEKCY €JIEMEHTIB, SIKi CIIIBHO MPAIiOI0Th i1 300py [72], 06poOKu
Ta B1JI00paXkeHHs 1H(OopMallili Mpo cTaH CBITI0(POPIB HA TOpOrax.

OcHOBYy 11i€1 cucTeMu CTaHOBIATH Kamepa Raspberry Pi1 V2.1 Ta mikpokomm'totep
Raspberry Pi 3B+, mo B3aemomitots 3 LCD aucruieem ta ceHcopuuMm expaHom. Kamepa
Raspberry Pi V2.1 BignoBimae 3a 30ip BiICOJJaHMX 3 JOPOXXKHBOTO CEPEIOBUIIIA,
3a0€3MeUyI0ud BUCOKY SKICTh Ta YiTKICTh OTPUMAHMX 300pakeHb. li BMKOpPHUCTAHHS
JI03BOJIsIE€ 3a0€3MEYUTH HAIINHUIN MOTIK BXIAHUX AAHMUX JJIS MOJAJIBIIOTO aHami3y Ta
00poOku. MikpokomiT'roTep Raspberry Pi 3B+ BukoHye (yHKIIii 0OpoOkH Ta aHAIi3y

OTPUMAaHMUX BIJI€OJAAHUX, BUKOPHCTOBYIOUHM AJITOPUTMHU PO3IMi3HABAaHHS CBITIO(OPIB.
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Joro moTyxHicTh i MOXKIMBOCTI 3a6€31e4yIOTh e(eKTHBHY POOOTY CHCTEMH HABITh ¥
pealbHOMY 4Yaci.

LCD nucmieit BucTymae sk 3aci0 Bi3yauizalii pe3yibTaTiB pOOOTH CHUCTEMH,
HA/JAI04Yd KOPUCTyBauaM 3pYy4YHHM Ta JOCTYNHUN 1HTEepdehc s BigoOpaskeHHs
iH(popmarlii npo crad cBiTIO(OpiB. CEeHCOPHUU €KpaH [OMOBHIOE II0 MOXXIIUBICTD,
pOOJISIYM B3aEMOJII0 3 CHCTEMOIO OUIBIN 3pYYHOIO Ta IHTYITMBHO 3pPO3YMUIOIO IS
KOpHCTYBaiB. 3aBJISKH TaKiil BHYTPIIIHIN OyA0B1 MICUCTEMH, CHCTEMa PO3Mi3HABAHHS
cBiTIOQOpiB 3abe3nedye HaAIMHUN Ta €PEKTUBHUI KOHTPOJIb JOPOXKHBOTO PYXY,
JOTIOMArarovy MiABUIIUTH Oe31eKy Ha qopo3i [73].

Ha pucynky 3.1 300pakeHo JiarpaMmy po3ropTaHHs HoOyJJ0BU CUCTEMHU

BHyTpilHs 6YA0Ba NiACUCTEMM PO3ni3HABaHHs cBitnodopa

Jincraer Cucrema 00poOITKY TaHHX
besaporosa
]_[I:[CI“I(‘DH Mt‘pC‘Ai'J
=<<device>>>| | |=<<device>>> | |===device>>>
CeHcop ekpany LCD marpung | | Raspberry P1
3B+
h
3aric BIIEONOTOKY ExpanoBanmit
ettt BeG-cepsep
y
. . _ <<<device=>>
<<<device>>> e et
R llepconaneunii
Kamepa —
KoMIT'roTep

Pucynok 3.1 — Jliarpama po3ropTaHHsi BHYTPIIIHbOI OYJOBH ITiJICUCTEMH
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Jist Bizyamizarii pe3yJIbTaTiB pO3Mi3HABaHHS Ta B3aEMO/IIT 3 KOPUCTYBAYEM MOKE
Ooytn Bukopuctanuit LCD gucrnied, miakmouenuii no Raspberry Pi. Bin
BUKOPHUCTOBYEThCS i1 BigoOpakeHHs iH(opMailii mpo crtaH cBiTiioopa Ta 1HIIMX
BI3yaJIbHUX JTAHWUX, KOPUCHUX JJIS BOJISI aBTOMOOLISA Ta MACaXUPiB, a TAKOXK MOKPAIIye
3pYYHICTh BUKOPUCTAHHS CUCTEMU Ta CHpusie Oe3nerll pyxy.

OnHomaTHUN MiHi-KoMI'foTep Raspberry Pi BukopucTaHuii Ik OCHOBAa CHCTEMH
JUIs 3a0e3MeYeHHs] 00UMCITIOBAIbHOI TOTYKHOCTI Ta 3a0e3ne4eHHs e(heKTUBHOI pOoOOTH
CUCTEMU BUSBJICHHS CBITJIODOPIB.

3a J0MOMOT 010 IUX KOMITOHEHTIB CTBOPIOETHCS €(DeKTUBHA Ta HalliHa 1aTgopma
JUISL pealtizalii CUCTEMHU PO3MI3HABaHHS CBITIO(OPIB, SIKa MOXKE MpPAaIlOBATH HABITH Ha
OOMEKEHHUX amapaTHUX pecypcax 1 3a0e3rneyuTd HeoOXiTHY (PYHKIIOHAIBHICTH IS
BUPIIIECHHS 3aBAaHb KOHTPOJIO TOPOXHBOTO pyxy. Ha pucynky 3.2 300pakeHO

HIIKITIOYCHHS MiHI-KoMIT 1oTepa Raspberry pi no mucrmero.

e b0 e,
B L et Tal i
WHAIIF Ay

PucyHnok 3.2 — 7 mucruieit, 10 SIKOTo MPUMOHTOBAHUM MiHi-KoMIT t0Tep [74]
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3.2  Po3pobOka cucteMu BU3HAYCHHS CUTHAJIIB CBITJIOhOopa

Po3pobka mporpamHoro 3abe3nedeHHs sl BUSHAUYCHHSI CUTHAIIB CBiTIIOdopa €
BKJIMBOIO TTPOOJIEMOIO B 00JIaCTI KOMIT IOTEPHOTO 30py Ta O€3MeKu Ha A0PO3i. Y MbOMY
pO3IUTl  PO3MIISIHYTO TPOLEC CTBOPEHHS MPOrPAMHOTIO 3a0€3MEUYEHHS, SKE MOXKE
aBTOMAaTHUYHO BH3HAYaTH CBITJIOBUU CUTHAJI CBITIODOpa Ha OCHOBI 300pakeHHs abo
BiJICONIOTOKY 3 BiJlcOKaMepH.

J171st TOCSITHEHHS 1€ METH BUKOPUCTOBYIOTHCS P13HI METOAM 00POOKH 300paskeHb
1 KOMIT FOTEPHOTO 30PY JUIsl BUSIBJIEHHS YEPBOHUX, dKOBTUX 1 CUHIX CUTHAIIB CBITIO(OpAa.

[lepen mouaTkoM po3poOKU TporpaMu OYJIO TMPOBEICHO JACTAJIbHUN aHali3
CUCTEMHHUX BUMOT, 1100 BHU3HAYUTH OCHOBHI (DYHKIIIOHAJIBbHI Ta TEXHIUYHI BUMOTH IO
porpaMHOTo 3a0e3nedeHHs [75].

Ha ocHoBi 11b010 anamnizy 0ynu chopMyIb0oBaH1 3aBJaHHs JIJIsl pO3POOKH ITporpam,
y TOMY 4YHCJIl BHU3HAQYEHHS METOMIB PO3MI3HABAHHS CUTHAIIB, METOMAIB 0OpOOKH
300paxeHb, IHTepdeiiciB B3a€EMO/IIi 3 IHIIMMHU KOMIIOHEHTAMH CUCTEMH.

ArmapaTHl KOMIIOHEHTH CHCTEMHU pO3Mi3HABaHHS CBITIOPOpa € BAXKIMBUMU
(dbakTopamu, sIKi BUBHAYAIOTH i1 €)EKTUBHICTh 1 TOUHICTb.

[lin wac mepmux 3amycKiB CHCTEMH MU BHUSBHIM, 10 BHUKOPUCTAHHS
oJHOTUTaTHOTO KoMIT totepa Raspberry Pi 3B+ craino 3po3yminio, po3poOka nmporpamu Ha
MEHII pPecypco3aTpaTHOMY METOJl € PO3yMHUM BHUOOpPOM. AJie MpU MEBHUX MOMEHTaX
poOOTH CHCTEeMH BHHHUKAIOTH mpobOsiemu. OHIEID 3 HUX € OOMEXKEHICTh pPecypciB
anapaTHOi 11aTGopMu, 0COOTUBO OOUMCITIOBAILHOI MOTYKHOCTI Ta AOCTYITHOI I1am’sITi.

[{i oOMexeHHS BIUIMBAIOTh Ha (PYHKIIOHAIBHICTH NPOrpaMH Ta IIBUAKICTH
BUKOHaHHA. OJHUM 13 3aBAaHb € ONTHMI3allil MPOrpaMHOIO 3a0e3NeUCHHS IS
eeKTHBHOT poOOTH Ha OOMEKEHHX OOUMCITIOBATILHUX pecypcax Raspberry Pi [76].

Ile o3nagae, MO mMporpaMy MOBUHHI OyTH HamucaHi TaKUM YUHOM, OO BOHU
CTHOXKUBAIM MIHIMYM I1aM’SITi Ta O0YHCITIIOBAILHUX PECYPCIB 1 ONTUMAILHO MPALIOBAIH 3

00OMEXEHOIO TTOTYKHICTIO MpoIecopa.
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Pucynox 3.3 — Po3nizHaBaHHs CBiTI0(Opa 32 JOTOMOTOI0 METOTy CETMEHTAIIli

OpnHak, 111 BUKJIUMKH TaKOX BIJIKPUBAIOTH JBEPl JJIs IMOJAJBIIOT PO3POOKH Ta
BJIOCKOHQJICHHS CHUCTeMH. Hanpukiana, MOXKIMBICTE ONTHMI3aIii  IPOrpaMHOTO
3a0e3neueHHs sl OUThIn €(eKTUBHOIO BUKOPUCTAHHS arapaTHUX pecypciB Raspberry
Pi. Takox, mnonmanpiia po3poOKa MOXKe BKIIOYATH JOCTIIKEHHS MOXKIMBOCTEH
BUKOPHUCTAaHHS OLIbII MOTYKHUX amapaTtHux muiatdgopMm abo HaBITh Creliadi30BaHUX

IPHUCTPOIB JIJIS 3aa4 Po3Mi3HaBaHHS 00pasiB [77].
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3.3 3acrocysanns 6i6miotexu OpenCV

VY pamMkax moaanbioi po3poOKH CUCTEeMH BHKOpHUCTaHHsS Oi0miorekun OpenCV
BUSIBIISIETHCSl BOKJIMBUM KPOKOM JUIsl TIJABUIIECHHA €(EKTUBHOCTI Ta TOYHOCTI poOOTH
nporpamu. OpenCV 3a0e3neuye mUpoKi MOKIUBOCTI 1Jis 00pOOKH 300pakeHb Ta BiJI€O,
1110 JI03BOJISIE€ pealli3yBaTH p13HOMaHITHI METOIM PO3ITi3HABaHHS 00pa3iB Ta KOMIIOHEHTIB
cBiTIOdOpa.

[aterpamis OpenCV  [03BOJIUTH BUKOPUCTOBYBATH PI3HOMAHITHI METOJHU
¢biapTparlii, BUOKPEMJIEHHSI Ta aHali3y KOJbOPIB, a TAKOX BIPOBAKYBAaTH METOIU
MAIIMHHOTO HAaBYaHHS JIA TOKpAIEHHS TOYHOCTI po3mi3HaBaHHA. Hanpukian, MoxHa
BUKOPUCTOBYBAaTH METOAM Kiacudikamii s TOYHOTO PpO3Mi3HABAHHS KOJbOPIB
CBITIO(QOpIB Ta BUSBIEHHA iX cTaHy. [Ipukian posmi3HaBaHHA CUTHAIYy CBITJIO(opa
NOKa3aHO Ha PUCYHKY 3.3, a Ha pUCYHKY 3.4 MOKa3aHO MOILIYK 3€J€HOI JUISTHKH Ha (OTO
[78].

Bukopucranass OpenCV [103BOJIUTH JIETKO 1 IIBUAKO 1HTErpyBaTH IpPOrpaMHE
3a0e3MeUYeHHs] 3 PI3HOMAHITHUMM THUIIAMH KaMep Ta CEHCOpIB, IO PO3IIUPUTH
MO>KJIMBOCTI CHCTEMH Ta JO3BOJIUTH OUIbII THYYKO BUOMPATU amapaTHe 3a0e3MeyeHHs
JUTSI KOHKPETHUX BUMOT TIPOEKTY.

Tomy, momanbma po3pobka cucremu BUKOpUCTOBYe OpenCV sk KITOUOBUN
IHCTPYMEHT [JIsl JOCSATHEHHS BHUCOKOI €(EKTHMBHOCTI Ta TOYHOCTI pPO3Mi3HABAHHS
curHaitiB cBiTiodopis [79], a Takok 175 3a0€3MEUEHHS THYYKOCTI Ta PO3MIMPIOBAHOCTI
CUCTEMU B MallOyTHHOMY.

Konseprauist B mpoctip koisopiB HSV: IlouaTkoBe 300paxkeHHs cBiTiIohopa
MEePETBOPIOETHCS 3 TpocTopy KoibopiB BGR (sxuit BukopuctoByeThess OpenCV) mo
npocTopy kosibopiB HSV. Ile BaxiauBO 11 mMoaibiinoi 0OpoOKH, OCKUIBKU TPOCTIP
koapopiB HSV (BiaTiHOK, HACHMUYEHICTh, 3HAYSHHS) TO3BOJISIE OLTHINT €(hEKTUBHO BUIIISITH

okpemi kospopu [80].
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Green frea

E:\Python\Traffic_light_det
Traffic light color: Green

Pucynok 3.4 — Ilomryk 3eneH0i JIISTHKY Ha 300pakeHH1

Busnauenns giana3zoHiB KoJabopiB: UepBoHMIA, KOBTHH Ta 3€JICHUNA KOJIHOPU
cBiTiiohopa MarOTh CBOi YHIKajbHI Jiama30HU 3HAa4eHb B MpPocTOpl KojbopiB HSV.
Hampuknan, 4epBoHMA Ma€ HH3bKH BIATIHOK, KOBTHH Ma€ CEpEIHId BIITIHOK, a
3€JICHM Ma€e BUCOKHMM BIATIHOK. TakuM 4YMHOM, BU3HAYEHHS J[iala3oHIB KOJbOPIB
JI03BOJISIE TOYHO BUIUIUTH 00JacTi 300paKeHHsI, K1 BIAMOBIIal0Th KOKHOMY 3 KOJIbOPIB

cBiTIOdOopa.
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Buninenns o6Omacteir kombopiB: Ilicms Bu3HayeHHS Jiama3oHIB  KOJBOPIB
3aCTOCOBYIOTBCSL METOAM TOPOTOBOi OOpPI3KM Al KOKHOTO Konbopy. Lle mo3Bosse
BUJIUIUTH OO0JIacTi 300paKeHHS, 1€ IKCeIl MalTh KOJBOPHU, IO MOTPAIUISIOTh B
BU3HAUEH] [ianma3oHU. TakuM YMHOM, MU OTPHUMYEMO Tpu OlHApHI 300pakKeHHs, SKi
MOKAa3yI0Th, /1€ 3HAXOASATHCS YEPBOHI, XKOBTI Ta 3€JI€H1 001aCTi.

[TinpaxyHOK KUIBKOCTI TKcemdiB: JImsg KoXKHOI 3 BUAUICHUX oOjactei
HiAPaxOBYEThCS KUIBKICTh HEHYJIBOBHX TIKCENIB, TOOTO THX, SIKI BIJNOBIIAIOThH
KOJILOpOBOMY KaHaily. L{e qonmoMarae BU3BHauMTH, sSika 4aCTUHA 300payKeHHSI € HalO1TbII
MpeCTaBlieHa 1 MOKe OyTH BU3HAHA K KOJLOPOBUM CUTHAN CBITIO(dOpAa.

Buznauenns kosbopy cBiTiaodopa: Ha OCHOBI KUIBKOCTI MIKCENIB Yy KOXHIM 3
oOJyacTeil BU3HAYAETHCS, IKUM KOJIHOPOBUN CUTHAT Ma€ TMepeBa)kaHHs. TaKuM YUHOM,
SKIIO YEPBOHUM MIKCENb O1IbIIE, HIXK )KOBTUM 1 3€JICHUH, TO KOJILOPOM CBITIO(Opa Oyae
YEpBOHUI, 1 TaK Jai.

Lle#t MmeTO B OCHOBHOMY BHKOPHCTOBY€E KOJHOPOBY 1H(GOpMAITit0 300pakeHHS AJIs
BHU3HAYEHHS CTaHy cBITI0(opa. Lle 103Bosie BITOKPEMUTH KOJIBOPOB1 CUTHAN Y PI3HUX
yMOBaX OCBITJICHHS Ta 00'€KTUBHMX CIOTBOPEHHSX, MO0 POOUTH HOTO €(PEKTUBHUM Ta
OOTpyHTOBAHUM BHOOPOM JIJIsl 3aCTOCYBAHHS B CUCTEMAaX JETEKIii CBITIO(OpIB.

[Tpuniun pobOTH 1€l CUCTEMH TOJIATAE€ Y BUKOPUCTaHHI aHaJi3y 300pa’keHb 3
BiJIcOKaMep, pO3TAIIOBaHKUX Ha JIOPO31, Il BA3HAYCHHS IIOTOYHOTO KOJIBOPY CBiTIIO(Opa
Ha TIePeXpPecTsX.

B 0cHOB1 po00TH CHCTEMH JISKUTH aHAITI3 KOJTLOPOBUX XapaKTEPUCTHUK CBITIIOhOpa
Ha 300paxeHHs1x. CnoyaTky, 300pakeHHs! OTPUMYIOThCS 3 BiJileoKaMepH 1 00poOIIIOThCS
JUTST BU3HAYEHHS KOJBhOPY CBiTIIOGopa HA HUX. [ 1[bOTO 3aCTOCOBYIOTHCS METOAM
KOMITFOTEPHOTO 30py Ta OOpOoOKM 300pakeHb, Takl SIK MEPETBOPEHHS KOJIbOPOBHUX
IPOCTOPIB Ta moporosa ¢inerparris [81].

[Ticast orpumaHHs 300pa’keHHSI BUKOHYETbCS MEPETBOPEHHS B MPOCTIP KOJIHOPIB
HSV nnsa OGinbmn  edeKTUBHOTO po3mi3HaBaHHSA KoibopiB. I[lOTIM BH3HAYAIOTHCS
J1arma30Hu KOJBOPIB JUIsi YEPBOHOrO, JKOBTOTO Ta 3€JIGHOIO CHUTHAIIB CBITIO(dOpa.
3aCTOCOBYIOTBCSI METOJI TTOPOTOBOT OOPI3KH I BUAUICHHS 00IacTei 300paKeHHs, K1

BIJIMOBIIAIOTH KOKHOMY 3 KOJILOPIB CBiT/IO(OpAa.
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biok-cxema poOoTH cucTeMu nokazaHa Ha pUCYHKY 3.5

v

Buninenua
obnacTeii, 1110
3aIrycK cHCTeMH BLIIIIOBIAAFOTH
4EPBOHOMY,
3aBaHTaKeHHA KOBTOMY Ta
300paKeHHS 3eJIeHOMY KOTBOpaM

[TepeTBOpEHHES
300paxeHHs B
IIPOCTIP KOJIBOPIB

OOpaxyHOK KOIbOPY
3HallIeHOT 00acTi

HSV
v Buznauenua
[Tomyk uepBoHOi KOTTROPY CBITIO(hOpa
TITISTHKH

Y
BuBenenHs KoIbopy
cBiTIO0gOpa

Ilonryx sxoBTO1
TIUISTHKI

Y
[Tomyk 3eneHol
TITISHKH

Pucynok 3.5 — biok-cxema po00oTH cucteMu

[Ticns oTpuMaHHs 300pa’KeHHS BUKOHYETHCSI TIEPETBOPEHHS B MPOCTIP KOJIbOPIB
HSV nns 6inb11 eheKTUBHOTO pO3Mi3HABaHHS KOJIBOPIB.

[ToTiM BU3HAYaAIOTHCS JiaMla30HUA KOJIBOPIB JJIs YEPBOHOTO, KOBTOTO Ta 3€JICHOTO
curHaliB CBITIO(Opa. 3aCTOCOBYIOTHCS METOJU TOPOTOBOI OOPI3KH JJIsi BUIIJICHHS
obmnacTeit 300paxeHHsl, K1 BIAMOBIIAI0Th KOKHOMY 3 KOJILOPIB CBITIO(OpA.

Jlai BUKOHY€ETBCS MiIPaxyHOK KUIBKOCTI MIKCEIIB Y KOXKHIM 00J1acTi 300pakeHHs],
sKa BIJIOBIJIA€ YEPBOHOMY, >KOBTOMY Ta 3€JIEHOMY KosibopaM. Ha OCHOBI 1bOTO
BU3HAYAETHCS, AKHI KOJLOPOBHUI CUTHAN MEPEBAXKAE, 1 LIeH KOJIP BBAKAETHCS KOILOPOM

cBitiodopa.
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Jiarpama kmaciB migcucTeMH (PUCYHOK 3.6) BimoOpa)ka€ OCHOBHI KOMIIOHEHTH
CHUCTEeMH pO3IMi3HaBaHHA CHUTHANIB CBiTIO(Opa Ta ix B3aemo3B'si3ku. KoskeH kiac
BI/IMOBIZA€ 32 KOHKPETHY (PYHKIIIOHAIBHICTD Yy Mpolieci poOOTH CUCTEMH, TTOYMHAIOUN
BiJl 3YMTYBaHHS BXIJHHUX JaHUX 3 KaMEPH 1 3aKIHUYIOUHU BiJOOpaKEHHSIM pe3yIbTaTiB Ha
EKpaHi.

I1i KOMIOHEHTH CHiBOPAILIOIOTH Pa3oM, MO0 3a0e3MeunTH ePEKTUBHE Ta TOUYHE
po3Mi3HaBaHHS CUTHAJIB CBiTIIOpopa Ta iX craHy. Jliarpama ngomomarae 3po3yMiTH
CTPYKTYpY CHUCTEMHM Ta JIOTIKY B3a€MOJIl MIXK 11 CKJIQJOBUMHU YaCTHHAMH, CIPUSIOUH
MOJIaJIBIIIOMY PO3BUTKY Ta BJOCKOHAJICHHIO IIPOTPaAMHOTO 3a0€3MeYeHHS.

Bona Bkiitouae B ce0e 4OTUPU OCHOBHI KOMIIOHEHTH, KOKEH 3 SKUX BIMOBIAAE 32
BU3HAYCHY (DYHKIIIOHANBHICTD Y CUCTEMI PO3Mi3HABAHHS CUTHAJIB CBITIIO(hOpAa.

1. Camera_Detector BimmoBizae 3a 34YHTYBaHHS BXIJHOTO BiJCOIOTOKY 3
kamepu Raspberry Pi V2.1. Bin 3abe3neuye iHTepdeiic mis oTpuMaHHs 300paxkeHb 3
KaMepH Ta Tiepeac 1i 300paXeHHs] HACTYITHUM KOMIIOHEHTaM ISl TIOJJANbIIIOTO aHaJi3y.

2. Range_Array o0po6uisic 300pa)keHHsI Ta HaKJIaJa€ Ha HbOT'O MMOPOTOBI MACKHU
3T1JTHO BU3HAYEHUX KOJIbOPIB.

3. Detect_Signal BuxoprcToBye po3po0IieHi alropuTMu 00pOOKH 300paKeHb,
BKJIFOYAI0YM CETMEHTAIIII0 KOJIbOPIB Ta aHAII3 KOHTYPY, [l BU3HAUYCHHSI PO3TalTyBaHHS
CUTHAJIIB CBITJIO(OPIB HA BXITHUX 300pakeHHIX. TaKoX, IIeH Kiac BiMOBIAA€E 3a aHAITI3
300paKE€HHSI, BUSIBICHHS CUTHAIIB CBITJIO(QOpa Ta BU3HAYEHHS iX CTaHy (YEpBOHUHU,
JKOBTHH, 3€JICHU).

4, View Display: Ileit kmac BignoBigae 3a BIJOOpaXX€HHS peE3yibTaTiB
po3mizHaBanHa Ha LCD aucmiei, migkitoueHoMy 10 MikpokoMmi'iotepa Raspberry Pi
3B+. Bin mnpuiimae pesynbratd, orpumani Big Detect Signal, Ta BimoOpaxkae ix y

3py4YHOMY JJIsl KOPUCTYBada (popmaTi Ha eKpaHi.



Camera_Detector

cap: VideoCapture

Capture_Frame()

Range_Array

lower_red1:numpy.array
upper_red1:numpy.array
lower_red2:numpy.array
upper_red2:numpy.array
lower_yellow:numpy.array
upper_yellow:numpy.array
lower_green:numpy.array
upper_green:numpy.array
maskR:numpy.array
maskY:numpy.array

maskG:numpy.array

R_circles = cv2.HoughCircles()

Y _circles = cv2.HoughCircles()

G_circles = cv2.HoughCircles()

Detect_Signal

maskr:numpy.array
maskg:numpy.array

masky:numpy.array

View_Display

—»{ cv2.imshow()

detect_traffic_light(frame:numpy.array)

Pucynok 3.6 — [liarpama KjaciB miicucTeMu
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Cucrema moxxke OyTu MoauM(piKOBaHA IJIs MOJIMIICHHS TOYHOCTI Ta IIBUIKOII1
po3mi3HaBaHHS KOJIbOpy cBiTIo(opa. Hampukman, MOXKIUBICTh TOAaBaHHS alTOPUTMIB
MaIlIMHHOTO HaBYaHHS JIJI1 aBTOMAaTHYHOTO IMiI00Py MapaMeTpiB MOPOTroBoi (iapTparrii
a0o JuTst afanTarii 10 3MiH y CBITJIOBUX yMoBax [81].

Takox MOXIHMBICTH IHTErpaiii 3 cucTeMaMHu TMepeaadi JaHuX Ta KepyBaHHS
TPAHCIIOPTOM JIJIsSI pearyBaHHs Ha OTpUMaHy 1H(OpMaIIiio 11010 KOJbOpy CBITIOhOpa Ta

3a0e3ne4eHHs 0€3MEeYHOro pyXy TPaHCIOPTY.

3.4 BucHOBKH

VY pozain 3 onucaHo anapaTHy CKJIaJ0BY CMCTEMHU PO3Ii3HaBaHHS CBITIO(OPIB,
OyJ10 TOKJIQTHO PO3TIISTHYTO KOMIIOHCHTH, SIKi CTAHOBJISITH OCHOBY IIi€T CUCTEMHU. TaKoX
OyJI0 PO3TISHYTO BIJMOBIJAIBHICTE KOXXHOTO €JIEMEHTY, MOYMHAIOUM BIJ KaMepH
Raspberry Pi1 V2.1, ska 3abe3neuye 30ip BiIcOJJaHUX 3 JOPOKHBOTO CEPEAOBHINA, 1
3aKiHYYyIO4YM Mikpokomm'torepom Raspberry Pi1 3B+, sikuii BianoBigae 3a oOpoOKy Ta
aHaji3 WX JaHWX. BUKOpHCTaHHS BIAMOBIAHUX arapaTHUX 3aco0iB, Takux sk LCD
JIMCILIEH 1 CCHCOPHUM eKpaH, Joromarae 3a0€3MeunTy 3pyYHy B3a€MOJII0 3 CUCTEMOIO Ta
Bi3yalli3allito pe3yabTaTiB pOOOTH.

Po3pobka cucrtemu po3mizHaBaHHS CBITJIO(QOPIB BUMArae He JIMIIE TMPABUIHLHOTO
BUOOpY anmapaTHOi CKJIAJI0BO1, alie i BUKOPUCTAHHS BINOBIIHUX IPOTPAMHUX PIICHb. Y
IIbOMY KOHTEKCTI Ba)XJIMBUM €TaroM cTayio BukopuctaHHs 0i0miorexku OpenCV, ska
HaJia€ 3pyyHui 1 ePEeKTUBHUN IHCTPYMEHTAPIiK 1711 00pOOKH 300pakeHb Ta BiJICOJAHHUX.

OcHoOBHa ij1es1 IbOTO MiX0/y MOJISITa€ B BUKOPUCTAHHI XapaKTEPHUX KOJbOPOBUX
nianazoHiB it ieHTUdIKamii cBiTiodopiB Ha 300pakeHHi. [licis 3aBaHTaKeHHS
300paXke€HHs CUCTeMa MEPETBOPIOE Moro B mpocTip KoasopiB HSV, mo no3Boisie neriie
BUJIUTMTH OTPIOHI KOJIBOPOBI Aiana3oHu. Jlani BinOyBaeThCs MOMIYK YEPBOHUX, )KOBTUX
Ta 3€JICHUX AUIAHOK, 1X BHAUIEHHS Ta OOpaxyHOK KoJbopy. OCTaTo4yHMil pe3yibTatr

BUBOJIMUTKLCS HAa €KpaH y BUTJISIII BIJMOBIIHOIO CUTHATY CBiTJIO(opa.
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VY nmopaTok 10 mporpaMHOro 3a0e3MedeHHsI, PO3PO0ICHOI MOIEII, BaXKIUBY POJIb
BiJIiTpae TakoXX amapatHa 0a3a cucrtemu. Jliarpama KiaciB MiJCUCTEMH BioOpaxkae
CTPYKTYpPY CHCTEMH Ta JIOTIKY B3aEMOJII MIXK 11 CKJIaJOBUMHU yacTHHaMU. biok-cxema
poOOTH TPHUCTPOIO JO3BOJISIE Kpalle 3pO3YMITH TOCHIIOBHICTh OTEpalliid, 110
B1I0YBAIOTHCS MiJ Yac poOOTH CUCTEMH, BIJl 3aXOIJICHHS 300paKeHHs 10 BUBEIACHHS
pe3yabTaTy Ha ekpaH. L{g B3aemoiisi MixK anaparyporo Ta IporpaMHUM 3a0e3MeYeHHIM
poOuTH cucTeMy epeKTUBHOIO Ta HA/IIMHOIO B POOOTI, 1110 € KIIFOUOBUM acCMeKToM y chepi
pO3Ii3HaBaHHS CUTHATIB CBITI0(Opa B yMOBaX JOPOKHBOTO CEPEIOBHUIIA.

3acTocyBaHHs BIJIIOBIIHOT aliapaTHOI Ta MPOrpaMHOi 0a3u 151 pO3pO0KH CUCTEMU
pO3Ii3HaBaHHs CBITJIO(POPIB € KPUTUUHUM aCIEKTOM, 1110 BILJIMBAE HA i1 €PEKTUBHICTH Ta
HaJiiHICTh. OOrOBOpEHi y IIbOMY PO3/I1JIi TEXHIYHI aCIIEKTU BCTAHOBIIIOIOTH OCHOBY JIJISI
MOTANBINO] peaimi3arii Ta BIOCKOHAJICHHS CHCTEMH, CIPSIMOBAHOI Ha TIABUIICHHS

Oe3rneku Ta ePeKTUBHOCTI JOPOKHBOTO PYXY.
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44 TECTYBAHHA MOJEJI HA OCHOBI CEIrMEHTALIII
KOJIBOPIB TA BUPIIIIEHHA ITPOBJEM 3 IETEKIIEIO CBITJIO®OPIB

4.1 CnocoOu TecTyBaHHSI CUCTEMHU BU3HAYEHHS CUTHAJIIB CBITJIO(opa

[lepen BOpOBaIKEHHAM CHUCTEMH B pEallbHE CEPEIOBUIIE BaXXIMBO MPOBECTU
MonepeHe TECTYBaHHS JIJIsl OIIHKH 11 €()eKTUBHOCTI Ta HaJiMHOCTI. [[1s 11bOro MokHa
BUKOPHCTOBYBAaTH PI3HI TMIAXOAM, 30KpeMa TEeCTyBaHHS Ha OCHOBI 300pa)keHb,
BiJleOMaTepialiB Ta CUMYJISIIIH.

JUist mepiioro eramy TECTYBaHHS CHCTEMH PO3IMI3HABAHHS CBITIO(POPIB MOKHA
CKJIaCTH Ha01p 300paxkeHb, K1 MPEACTABISAIOTh Pi3HI CLIEHU JOPOKHBOTO PYXY 3 PI3HUMHU
TUTIaMHU CBITII0O(OPIB Ta yMOBaMHU OCBITJIeHHs. L1 300pakeHHs MOXKYTh BKIIFOUaTH B ce0e
MEePEXPECTs 3 PI3HUM PO3MIIIECHHSIM Ta KUIbKICTIO CBITI0(OPiB, 3MIHHI IMOTO/IHI YMOBH,
PI3H1 KyTH OTJIAy, @ TAKOX PI3HI CTaHU CBITI0(OpPIB: YEPBOHUMN, KOBTUH, 3eJIeHU a00
ix kKoMOiHaIi.

ITin yac TecTtyBaHHs Oyje€ OIIHIOBATHCSl PEAKIlisl CUCTEMHU Ha Pi3HI CIIEHApIi Ta
YMOBH, Takl SK 3MIHa OCBITJICHHS, HAsABHICTb TiHEW abo0 BIJOJMCKIB, a TAaKOXX I1HIII
(dakTopu, 10 MOXYTh BIUIMHYTH Ha poOOTy alroputMmiB po3smizHaBaHHs. HaOip
300paKe€Hb JT03BOJIUTH BUSIBUTH MOXJIUBI TIPOOIeMH ab0 HEMONIKH y pOOOTI CHCTEMH,
TaKi sIK HEBIpHE PO3Mi3HAaBaHHS CTaHIB CBITI0(Opa, TOMHUIKOBI BUSIBIIEHHS 00'€KTiB, 400
HEJIOCTAaTHIO TOYHICTh pOOOTH B yMOBax 0OMEKEHOTO OCBITJICHHS.

[Ticas anamizy pe3ynbTaTiB TECTyBaHHS Ha OCHOBI 300pakeHb MOXYTb OyTH
BHECEHI KOPEKTHBU [0 AaJTOPUTMIB pO3MI3HABAHHS Ta MAapaMETPiB CHUCTEMH IS
MOMINIIEHHs 11 epEeKTUBHOCTI Ta HaAIWHOCTI. Takui MiAXix 103BoJisie 3a0€3MeUnTH
MEePEeBIPKY CHUCTEMU B KOHTPOJHOBAHOMY CEPEIOBHUIII TEpes] MEePEeXOoAOM O OLIbII
CKJIQJJHUX TECTIB Ha OCHOBI BiJleoMaTepiaiiB ad0 pealbHUX JOPOKHIX CIEH.

Jlnsg Apyroro eramy TECTyBaHHsS CHCTEMH pO3Mi3HABaHHA CBITIO(OPIB MOXKHA
BUKOPHCTOBYBaTH BijeomaTepiaiiB, fKI 3amucaHi 3 BeO-kamep abo Bijeokamep,
BCTAHOBJICHUX Ha pealbHUX Joporax abo mepexpectsx. Lle M03BOIUTH mepeBIpUTH

Ipale31aTHICTh CUCTEMH B pEaJbHOMY 4aci Ta OLIHUTH i1 3JaTHICTh aJanTyBaTUCh 10
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3MIHHUX YMOB JIOPO’XKHBOT'O CEPEIOBHINA, TAKUX SK pi3Ka 3MiHA OCBITJIICHHA, PyX
TPAHCTIOPTY, BIAOIMCKH a00 TiHI.

[lin yac TecTyBaHHS 3 BUKOPUCTAaHHSAM BIJ€OMOTOKY MOYKHA CIIOCTEpIraTH, siK
CHUCTEMa CIPABIIETHCS 3 PEATBHUMH JIOPOXKHIMHU CHUTYyAIliIMHA, TAaKHUMH SIK BEJMKa
KUTBKICTh TPAHCIIOPTY, 3MIHU B yMOBAaX OCBITJICHHS I11J1 4aC PyXy BiJl COHIIS 200 MTYYHUX
JOKEpeN CBITJIA, a TaKOX PI3HI THOU JOPOXKHIX MOKPUTTIB. Lle M03BONMUTH BUSBUTU
MOJKJIMBI MpoOJIeMu ab0 HEAOJIKM Yy poOOTI CHCTEMHU B peajbHUX YMOBaxX Ta BHECTHU
HEOOX1/THI KOPEKTUBH JI0 AJITOPUTMIB PO3ITI3HABAHHS.

Takuit miaxig 10 TeCTyBaHHS JO3BOJISAE MIATBEPAUTH Mpale3aTHICTh CUCTEMH Ta
il 34aTHICTh MPALIOBATH B PEAIbBHOMY JOPOXXHBOMY CEPEIOBHIII, 110 € KIOUOBUM JIJIS
YCIIIIHOI peaizarii CHCTeMH KOHTPOJIIO TOPOKHBOTO PYXY.

Kpim Toro, nnsi BUnpoOyBaHHsI CUCTEMHU B PI3HHX YMOBaxX Ta CIEHApisiX MOKHA
BUKOPUCTOBYBATH ITPU-CUMYJISTOPH, SIKI MOJIEIIOIOTh PI3HOMAHITHI JIOPOXKHI CHUTYaIIii.
BoHu HafarOTh MOJIMBICTh CTBOPIOBATU PEATICTUYHI YMOBH JUISl TECTYBaHHS PI3HUX
acnekTiB poOOTH CHUCTEMHU, TAKUX SIK Peaklis Ha pyX TPAHCIOPTY, 3MIHU B yMOBax
OCBITJICHHS Ta 1HII (PaKTOPH, IO MOKYTh BILTUHYTH Ha POOOTY CUCTEMU PO3Mi3HABAHHS
CBITJIO(OPIB.

3aranpHUM aHaJi3 pe3yabTaTiB TECTYBaHHS HA OCHOBI 300pakeHb, BijeoMaTepiaiB
Ta CUMYJISIIN JT03BOJINTH OLIHUTH €()EKTUBHICTh Ta HAAIMHICTH CUCTEMH Ta BHSIBUTH
MO>KJIMBI TIpo0ieMu ab0 HEeNOdIKU, sKI MOTPeOyroTh MOJAIbIIOl onTumizamii. Takuit
1IX11 T03BOJISIE 3a0€3MEYNTH BUCOKY SIKICTh pOOOTH CUCTEMU Tepe/T ii BIPOBAIKEHHIIM

y pealibHE IOPOIKHE CEPEIOBHIIIE.

4.2 Tlepmnii eram TeCTyBaHHS CHUCTEMM BHU3HAUCHHS CHUTHAJIB CBiTIO(dOpa Ha

300paXKeHHSIX

[lepen moyaTkoM peanbHUX BUIIPOOYBaHb CUCTEMH Ha BYIHUISAX Ta MEPEXPECTIX,

......

npaie3iaTHoCTI Ta TouHOoCcTi. Lleil eTam TecTyBaHHA Ma€ Ha METI OLIHUTH PEaKIiio

CUCTEMU Ha CTaHJApPTHI YMOBH Ta CLIEHApIi, K1 MOKYTh 3yCTpId4aTUCs HA JOPOTax.
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B xoxi mepmioro eramy TecTyBaHHS BHKOPUCTOBYIOTHCS HaOOpHU JaHUX, IIO
MICTSITh 300paKeHHS Pi3HUX THITIB CBITIO(POPIB B PI3HUX YMOBAX OCBITJIICHHS, TOTOTHUX
yMOBax Ta KyTaX OIIAy. 3aBASKU LIbOMY MOKHAa BU3HAYUTH, SIK CUCTEMa pearye Ha
PI3HOMAaHITHICTh YMOB Ta YM MOXE BOHA HaJIHHO BU3HAYaTH CTaH CBITIOQOPIB y
pealbHUX YMOBax ekciutyaTaiii. Tako BaxJIMBO BIJI3HAYUTH, L0 LIEW eTam J03BOJIsE
BUSIBUTH MOYJIMBI TPOOJIEMH Ta HEAOIIKM CUCTEMH 1€ 10 BUITPOOYBaHb Ha BYJIMIISIX, 11O
CHpUs€ TONEPETHHOMY BUIIPABJICHHIO Ta BJOCKOHAJICHHIO aJITOPUTMIB pPO3Ii3HABAHHS.

[lepuinii eTan TECTYBaHHS € KIFOUOBUM €TallOM Y BaJIlallii CUCTEMH Ta MIATOTOBLI
JI0 TOANIbIIUX BUIIPOOYBaHb Ha peabHUX JA0porax. BiH 103BoJIsI€ 3p03yMITH, HACKIIBKU
e(EeKTHUBHO CHCTEMA MOK€ (DYHKIIIOHYBATH B YMOBaX, KOHTPOJIbOBAHUX Y JTA0OOPATOPHUX
yMOBaxX, 1 BHUSBUTH MOXJIMBI MpoOJeMH, SKi TOTPeOYIOTh MOMANBIIOI yBaru Ta
BJIOCKOHaJIeHHs. [Ipukianu nerekiii cBITIO(OpPIB, a TaKOX MOIUIYK IUISHKUA KOJbOPY

MOKa3aHoO Ha PUCYHKY 4.1.

Pucynox 4.1 — Po3ni3zHaBaHHS Y€pPBOHOTO CUTHATY CBiTIOhOpa
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Opniero 3 mpo0ieM po3Mi3HaBaHHs CBITJIOGOPIB € T€, [0 YEPBOHUN Ta KOBTHIA
KOJIIp Mailke He BiIPi3HAIOTHCA, a00 3€JIeH] CBITJIOAI0/{HI BUBICKH, 1110 MalOTh CXOXKHM (a
MICIISIMU 1€HTUYHUN) o0pa3, Kojip, abo 1moaoly, IO CTa€ CKIAJHOI 3a7adycio s
CUCTEM JIETEKIIi Ta po3Mi3HaBaHHS 3a JOMOMOIOI0 MITYYHOTO 30py. OIHIEIO 3 OCHOBHUX
npoOseM € Te, 0 YEPBOHUI Ta >KOBTUU KOJIpP MOXYTh MaTH CXOXHUH BIJITIHOK a0o
IHTEHCUBHICTb, OCOOJMBO Yy IME€BHMX YyMOBaxX OCBITJEHHS, MOTOJHHMX YyMOBax alie
HallyacTilie Npu 3HOMIEHOMY cTaHl cBitinodopiB. Ilpuxman Takux cBITIO(OpIB

300pakeHO Ha pUCyHKax 4.2.

LI

Pucynok 4.2 — CsiTinodopu 3 pi3HIMHU CUTHaJIaMH, ajie OJJHAKOBUMH KOJIbOPaMU
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[le Moxe MPHU3BOAUTH 1O XUOHMX pO3Mi3HABAHb, KOJM CHUCTEMa MOMHUIIKOBO
11eHTH(iKye YEepBOHUU KOJNIp SK KOBTUH a0 HaBmaku, ab0 X KOJM BBIMKHEHHU
YepBOHUI CHTHAJI, ajie sSICKpaBa BHUBICKA 3€JICHOTO BIATIHKY 3HAXOIUTHLCS 3a, TIOPYY YU
nepea CBITIo(hopom, 1Mo MOKE MPU3BECTH J0 3AIUTYTyBaHHS SIK CHCTEMH, TakK 1 BOdisA. A
TaKOXX caMi CBITJIO(OpU MOXKYTh OYTH OCBITJICHI PI3HUMH JKEepeaMU CBITJIa a0 MaTu
pi3HY iHTCHCHBHICTH OCBITJICHHS, IO MOXKE BIUIMBATH HA CIOPUUHATTS KOJBOPY
CHUCTEMOIO KoMmm'toTepHOro 30py. Ha pucyHky 4.3 300pakeHO XWOHE pO3Mi3HABaHHS

CUCTCMOIO YCPBOHOT'O CUTHAILY {dK ’)KOBTHUH

Traffic light color: Yellow

Pucynok 4.3 — XubHe po3ni3HaBHaHHS CUTHAY CBITI0(hOpa

XubHe po3Mi3HaBaHHS YEPBOHOTO CUTHANY K YKOBTUM MOXE BHUHHKATU 4Yepe3

PI3HUIIIO Yy BIATIHKaX Ta HaJaAlITyBaHHSIX KOJbOPIB MDK peaJlbHUM CBITIODOpPOM Ta
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300paKCeHHSIM. Y JESIKWX BHUMAJKaX, HaBITh HEBEJIMKI BIAMIHHOCTI B OCBITJICHHI,
BiIOMMCKY a00 TiHI MOXYTh TPHU3BECTH JI0 CIHOTBOPEHHS KOJBOPY Ha 300pa)kKeHHI.
OcCKUJIbKM CcHUCTEMa BHKOPUCTOBYEThCS Ha Mikpokomm'torepi Raspberry Pi, oOpoOka
300paxeHb MOke OyTH OOMEKEHOI0 OOUYMCITIOBATBbHHUMH pPECypcaMu, MIO YCKJIaJHIOE
PO3B'sI3aHHS 11€1 MPOOIEMHU.

OnHuM 13 crnoco6iB BUPIMICHHS 111€1 NpoOJIeMH € YIOCKOHAJIEHHS aJIrOpUTMIB
00poOKHU 300pakeHb JIJIsl pO3Mi3HABAHHS KOJIBOPIB, sIKi Oy O MEHII Yy TIUBUMHU JI0 3MiH
y OCBITJIEHHI Ta I1HmMUX @akTopiB. Takok, MOXXHA PO3TJSHYTH MOXKJIUBICTh
BUKOpPUCTaHHA (UIbTPIB ab0 METO[IB KOMIEHCalli, SIKi KOPUTYBaTUMYTh KOJBbOPOBI
CIIOTBOPEHHS 1] 4ac 00poOKu 300pakeHHs. Po3mi3HaBaHHS CHUCTEMOIO CHUTHANY, IO
J03BOJIIE pyX 300pakeHO Ha pUCYHKY 4.4, a poO3Mi3HABaHHS MOIEPEIKYBAIBHOTO

CUTHAITy 300pakK€HO Ha PUCYHKY 4.5.

Traffic light color: 6r

Pucynox 4.4 — Po3nizHaBaHHSI CUCTEMOIO 3€JIEHOTO CUTHAITY CBITJI0(Opa, 1110 103BOJIsIE

pyx
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Tomy cnig BpaxyBatu, 110 po3poOKa Ta BIPOBAIKEHHS HOBHX METOIIB 00pOOKHU
300pakeHh Ha Mikpokomm'torepi Raspberry Pi moke Bumaratm m0gaTKOBUX
O0OYHCITIOBAILHUX PECYpCiB Ta 4Yacy Ha MPOTpaMyBaHHsS Ta HaJAlITyBaHHA. Tomy
BUpIIICHHS IIi€l TmpobiemMu moTpedye OanaHCy MK TOYHICTIO pO3Mi3HABaHHS Ta

00YHCITFOBAJILHOIO CKJIaI[HiCTI-O aHFOpHTMiB, 10 BUKOPHUCTOBYIOTBLC.

Traffic light color: Yellow

Pucynok 4.5 — Po3nizHaBaHHS MoOnepe»KyBajJbHOTO CUTHAITY

Kpim Toro, TectyBaHHs Ha OCHOBI 300paxKeHb MOKE€ OyTH BUTPATHHM 32 4acoM 1
pecypcamu. 310paHHs BEIUKO1 KITbKOCTI 300paKeHb I TPEICTABIICHHS PI3HOMaHITHIX
YMOB Ta CII€HapiiB Mo)Xe OyTH CKJIaJHUM 3aBJaHHSIM, OCOOJMBO SIKIIO MOTPIOHO

301BIIMTH 00CAT AaHUX JIs1 HABYAHHA Ta TCCTYBAHHA CUCTCMU MAIIMHHOI'O HAaBYAdHHA.
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Kpim TOro, oOpobka Ta aHami3z HUX 300paK€Hb TaKOXX MOXKE BHMaraTh 3HAYHUX
O0YHMCITIOBAILHUX PECYPCiB Ta Yacy.

TecTyBaHHS Ha OCHOBI 300pakeHb MOXKe OyTH 0OMEKXEHUM B TOMY CEHC1, 1110 BOHO
HE 3aBXIU J03BOJISIE OLIHUTH pPEaJbHy €(PEKTUBHICTh CHUCTEMH B pPEaTbHOMY 4aci.
OpepkaHi pe3yJibTaTd MOXKYTh HE 3aBXKIM aJIeKBaTHO BIIOOpakaTu peabHy
MPOIYKTUBHICTh CUCTEMH MiJI YaC PEAIbHOI0 BUKOPUCTAHHS B PI3HUX YMOBAX.

Take TecTyBaHHS € KOPUCHUM 1 ©€(OEKTUBHUM METOJOM Ui  OIIHKH
(GyHKIIIOHAJIBHOCTI CUCTEMHU PO3Mi3HABAHHS CBITJIO(MOPIB, aje CIij] BpaxoBYBaTH HOTO
OOMEKEHHS y KOHTEKCT1 3arajbHOi cTpaTerii TecTyBaHHSA. Tomy, 3aaiid HAOIMO>KEHHS
YMOB [0 peajbHuX, OyJIO 3aCTOCOBaHO METOJ TECTyBaHHA Ha BlieoMarepiajax 3
IHTEpHETY.

BineomaTepianu MOXyTh 3a0€3ME€UNTH KpPalyKapTUHY JOPOKHBOTO CEPEIOBUIIIA,
BKJIFOYAIOYH PYX TPAHCIIOPTY Ta MIlIOXO/IiB, PI3HOMAaHITHICTh YMOB OCBITJICHHS, & TAKOXK
pi3HI cuTyarlii Ha Aopo3i. Lle mokpaunuTh BU3HAY€HHS €(EKTHUBHOCTI Ta HAAIMHOCTI

CUCTEMU B PEaIbHUX YMOBaX €KCILTyaTallii.

4.3 Jlpyruii etan TeCTyBaHHsS CHCTEMH BW3HAYEHHS CHTHANIB CBITIOpopa Ha

JaHUX, 3aCHOBAHUX Ha BiJieoMaTepiaiax

Jist Oubln MOrAMOJEHOTO TECTYBaHHS CUCTEMHU PO3MiI3HABAHHS CBITIO(OpIB
MOXHa BHKOPHMCTOBYBAaTH Bijeodaiau, sKi 3amicaHi 3 BeOkamep abo Bijeokamep,
BCTAHOBJICHWX Ha pEaJbHHUX Joporax abo mepexpectsx. Lle M03BOIUTH mepeBipUTH
npane3aaTHICTh CUCTEMHU B pEAJIbHOMY 4aci Ta OILIHUTH ii 3JJaTHICTh aJanTyBaTUCh /10
3MIHHUX YMOB JIOPOKHBOTO CEPEJOBHINA, TaKUX SK pi3Ka 3MiHA OCBITIEHHS, PYyX
TPaHCHOPTY, BIAOIUCKH 20O TiHi.

[lin gac TecTyBaHHS 3 BUKOPUCTAHHSM BIiJEOMOTOKY MOXKHA CIIOCTEpIraTH, SIK
CHCTEMa BIIOPAETHCS 3 PEaTbHUMU JOPOKHIMU CUTYAI[ISIMU, TAKUMHU SIK BEJIMKA KUTbKICTh
TPAHCIIOPTY, 3MIHM B YMOBAaX OCBITJICHHS Mij 4ac pyXy BiJ COHIII a00 MITYYHUX JHKEPEIT

CBITJIa, @ TAKOX PI3HI TUIHM JAOPOXKHIX MOKPHUTTIB. Lle M03BOJIUTH BUSBUTH MOXKIIUBI
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npoOemMu abo HEMOIIKH Yy poOOTI CHCTEMH B pealbHUX YMOBax Ta BHECTH HEOOXimgHI
KOPEKTHBH JI0 AJITOPUTMIB PO3ITi13HABAHHIL.

Takwuit miaxia 10 TeCTyBaHHS JO3BOJISE MIATBEPAUTH MPAIe3]aTHICTh CUCTEMH Ta
il 3MaTHICTH MPAIIOBAaTH B pPEaJbHOMY JOPOKHBOMY CEPEIOBHIIN, 110 € KIIFOYOBHM JIJIS

peanizaliii cMCTeMH MOIEepPeIHKEHH aBapiil Ha 10po3i.

dfic light color: ’ ; I, JU

\N. \

PucyHok 4.6 — Po3mizHaBaHHs CUTHAIIB CBITIIOhOpa 3 BiconoToky [82]

Ha pucynky 4.6 mpoaeMOHCTpOBAaHO MOMEHT pO3IMi3HAaBaHHS CBiTIodopa Ha
Bifgeodaiim, 3amucanoro B Jlonmoni, Aurmis [82]. Takox Ha HbOMY 300pa’ke€HO JBa
cBiTiiopopH, SIKI CBITATH YEPBOHUM KOJBOPOM, a 3BEPXy B TEKCTOBOMY BHIJISII
pO3TaIllOBaHUM TECTOBUM BUBIJ JAHUX JUISI OLIIHKA POOOTH CUCTEMU

Buxopuctanus BigeoMarepialiB Ais TECTYBaHHS CHCTEM pO3Ii3HABAHHS

CBITJIOPOPIB € BAXJIMBOIO CKJIQJIOBOIO TPOIIECY PO3pOOKM Ta Bajijallii aJrOpPUTMIB.
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Bineomatepianu 3a0e3neuyroTh MOXKIMBICTh aHANI3yBaTU POOOTY CUCTEMH B peaslbHUX
yMOBax JOPOKHBOTO CEPEFOBHINA, /1€ MPUCYTHI PI3HOMaHITHI (PaKTOPH, Takl SK 3MiHA
OCBITJICHHSI, TIOTOJTHI YMOBH, PyX TPAHCIIOPTY Ta iHIIi. [{e 703B0Isi€ BUSBUTH MOTEHITIHI
npo0sieMrd Ta BIOCKOHATUTH aJITOPUTMHU JJIsl Kpamoro (pyHKIIOHYBaHHS CUCTEMH B
peaIbHUX YMOBax ekciutyaraitii. Ha pucyHky 4.7 mokasaHo po3mni3HaBaHHS Y€PBOHOTO Ta

’KOBTOT'O CUTHAJTy CBITJIO(hOpa Ha JIISHII TOPOTH.

Traffic light color: Red 0.47

Pucynok 4.7 — Po3mnizHaBaHHS 4€pBOHOIO Ta )KOBTOI'O CUTHAITY CBiTIIOopa

Opniero 3 mepeBar BUKOPUCTaHHS BijeoMaTepiaiiB € MOXKJIMUBICTh aHaII3yBaTu
poOOTy CHCTEMH B PI3HHX CIIEHApisiX Ta yMOBaX, IO MOXKe OyTH CKJIagHO a00 HABITh
HEMOKJIMBO 3a0€3MeYnTH B peanbHOMy uaci. Hampuknaa, Mo)KHa BHUKOPHUCTOBYBATH
B1JICOPOJIMKHY 3 PI3HUMHM Yacamu J00U, IMOTOJJHUMHU yMOBaMH ab0 TUIIaMH CBITIOHOPIB

JUISL OL[IHKK POOOTH CUCTEMHU B PI3HUX CUTYaIlisIX.



73

KpiM Toro, BukopucTaHHs BijeomaTepiajiB J03BOJIs€ 30UMpaTH BEIUKHA O0OCST
JaHUX JJI1 TECTYBaHHS Ta HaBUaHHS MOJIENEH pPO3Mi3HABaHHSA. 3 IIUMH JTaHUMHU MOXKHA
NPOBOJWTH PETETBHUI aHami3 pe3yJbTaTiB poOOTH CHUCTEMH Ta BJIOCKOHATIOBATH il
JITOPUTMH LUISIXOM HaBYAHHS 3 YpaxyBaHHAM PEAIbHUX YMOB €KCILTyaTallii.

[IpoTe, BUKOpHUCTaHHS BicoMaTepiaaiB TAaKOXK Ma€ CBOi OOMEKEHHS Ta HEJIOTIKH.
OauH 3 HUX - CKJIAIHICTh Y BIATBOPEHHI PEATIbHOTO JOPOKHBOTO CEpeoBHUIIa 3 yciMa
Jioro BapiaHTamMH Ta HIOaHCaMH. Ba)JIMBO BpaxoByBaTH, 1110 BiieoMaTepiaal MOXKYTh HE
B1JIOOpa)KaTH BC1 MOXKJIMBI CIIeHapii, SIKI MOKYTh BUHUKHYTH Ha JOp03i. TakoxX MOxe
BUHUKHYTHU MPOOJIeMa 3 HEOCTATHLOIO AKICTIO 00 PO3ALIBHOIO 3/IaTHICTIO 3aIKCIB, 110
MOK€ YCKIQJIHWTU aHali3 pe3ynpTaTiB. Ha pucynky 4.8 300paxeHO ¢parmMeHT

PO3ITi3HABAaHHS 3€JICHOT0 KOJHOPY CBITI0(Opa Ha BiJIEOMOTOLII.

Traffic light color: Green 0.93
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Pucynox 4.8 — Jlerekiist 3eeHOTO KOIBOPY CBITIIOhOpa
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Yci ui ¢pakTopu MoTpedyIOTh YBaXKHOTO aHATI3y Ta BpaXyBaHHS IIPH BUKOPUCTAaHHI
BiJleoMarTepianiB Al TECTYBaHHS CHCTEM poO3Mi3HaBaHHA cBiTio¢opiB. [lompu cBoi
0OME)XEHHSI, BOHH 3aJTUIIAIOTHCS BAXKJIMBUM 1HCTPYMEHTOM JIJIs1 OLIIHKU €(DEKTUBHOCTI Ta

HAIIHHOCTI TAKAX CUCTEM.

4.4  BusieHHs 1e(dEKTIB Ta TOMUJIOK CUCTEMHU PO3Ii3HABaHHS, 3aCTOCYBaHHS

QITOPUTMIB

[lin yac TecTyBaHHS MONEpPEIHIMU METOAAMHU POOOTH CHCTEMH OyJIM BHUSBIICHI
NIEBHI HEJIOMIKH, SIKI BIUIMBAJIM Ha 1 €(EKTUBHICTh Ta HaJ1WHICTb. OJJHUM 3 HANOUIbII
MOMITHUX HEJI0JIKIB OyiIH MpoOJIeMu 3 po3Mi3HABaHHSM KOJHOPIB CBITIO(OPIB Y IEBHUX
YMOBaX, 30KpeMa, IpH 3MiHI OCBITJECHHS a00 B YMOBaX B1IOJUCKIB. Y TaKuX CUTYyallisIX
CHUCTEMa HE 3aBXKIU NPAaBWIBHO BH3HAuYala KOJIIp CUTHANY CBITIO(Opa, 110 MOXE
NPU3BOJUTH /0 HENPaBUJIBHUX pilleHb abo a1 BoxiiB Ha aoposi. Lli mpobremu
CTBOPIOBAJIM PHU3UK Il OE€3MEKH AOPOKHBOIO PyXy Ta 3MEHIIYBaJIM €(EKTUBHICTH
CUCTEMHU B IIIJIOMY.

B pesynbTaTi BHUSBIEHUX HENONIKIB OyJl0 MPUNHATE PIIMICHHS JA0ONPALIOBATU
QITOPUTM PO3ITi3HABAHHSA KOJBOPIB CBITI0(OpPiB. MeTa IbOro MpoIiecy Mnojsrae B Tomy,
o0 cuctema Oyia OUIBII aIalTUBHOIO J0 PI3HUX YMOB JIOPOXKHBOTO CEpPEOBHINA Ta
MOTJIa Ha/IIITHO MpaIftoBaTH B pI3HUX cUTyallisx. [logomanHs 1ux HEAOJIKIB Ma€ Ha METI
MNOKPAILIUTH SIKICTh POOOTH CHUCTEMH Ta 3a0e3NeYuTH Oe3NeKy IOPOKHBOTO pyXYy,
3MEHIIYIOUM PU3UK HEMPABUIHLHOTO PO3Mi3HABAHHS CBITIO(OPIB 1 BIAMOBIAHKUX PIIICHb,
IIPUUHATUX CUCTEMOIO.

3 MeTOl MONIMIIEHHS POOOTH CUCTEMH OyJi0 BHPIIIEHO BHUKOPUCTOBYBATU
QITOPUTM, SIKMM ITyKa€e OKPYyTIy 00JIacTh Ha 300pakeHH1 3 OJHAKOBUMH KOJbOPAMHU Ta
BH3HAYa€ KOJIpP HA OCHOBI 1i€i obnacTi. Lle 703BosIsI€ MOKPAIIUTH TOYHICTH CUCTEMH 10
3MIHM YMOB JJOPO’KHBOTO CEPEOBHINA Ta 3MEHIIUTH XHUOHI CIIPAIlbOBYBaHHS CUCTEMHU.
ITicnst BuU3HAuUEHHS KOJBOPY CBITIIOQOpa cHUCTEMA BHUBOJAUTH HOro Ha €KpaH AJis
MOJANBIIOTO aHami3dy abo BukopucTaHHsa. llel migxigm mae Ha MeETI MOKPAIIUTH

e(heKTUBHICTb Ta HAJIHHICTh POOOTH CUCTEMH Y PI3HUX YMOBaX €KCILIyaTallli Ha J10po3i.
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[Ticast BHeceHHS 3MIH y KOJA TMpOrpaMyd Ta BIOCKOHAJIEHHS aJITOPUTMY
pO3Mi3HaBaHHS KOJIbOPIB CBITIO(OPIB, ONOK-cxema poOOTH TpOrpaMu OTpUMaja
OHOBJICHY CTPYKTYpY, 5Ky 300pakeHO Ha pucyHky 4.9. HoBa Omok-cxema BijioOpakae
nporec poOOTH CHCTEMH, 3 ypaxyBaHHAM BIOCKOHAJICHHUX aJIrOPUTMIB Ta METO/IIB

aHaJi3y KOJIbOPIB.

331’[}/’01{ CHCTEMH

v

3aBaHTaKeHHS BusipieHHsI K0BTOTO
300paKeHHd KOJ1a
IIepeTBOopeHHs Busasnenns

300pakeHHS B
IPOCTIP KOJIBOPIB
HSV

3CJICHOTI'O KOJIa

v

v

3acToCcyBaHHS
TIOPOrOBHX MacoK

I TPhOX KOJ’IbOpiB

MamroBanusa
BHUSBIIEHUX KLIT

v

v

Busasmnenus
YepBOHOIO KOJIa

Binobpaxenus
300pa’keHHS 3

pe3viibTaTaMH

l

Pucynox 4.9 — Moaudikoana 6J0k-cxema poOOTH CUCTEMU

[{s 6:10K-cxeMa omHCye€ Tpoiiec poOOTH MPOTPaMU IS 3HAXOKEHHS CBITIOPOPIB
Ha 3HIMKax ekpady. Ilicis mouaTky poOOTH mporpamu 3aBaHTaXYIOTbCS HEOOXiAHI
3MiHHI.

[Ticass mporo BiAOYBAaeTbCS TOJNIOBHUM IMKJI MPOTpamu, sSKUMl Oe3nepepBHO

MOBTOPIOETHCS /10 3aBEPILICHH pOOOTH ITporpamu. Y UK IporpaMa 3axorIoe 3HIMOK
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eKpaHy 3a JOTMOMOTOI0 BKa3aHUX IapaMeTpiB MOHITOpa Ta TMEpPETBOPIOE HOTO 0
npoctopy koibopiB HSV mns momampmioi o6poOku. Jlami 3aCcTOCOBYIOTBCSI TTOPOTOBI
MacCKH ISl KOXKHOTO 3 TPhOX OCHOBHHX KOJHOPIB CBITJIO(OPIB: YEPBOHOTO, 3€JICHOTO 1
KOBTOTO.

[Ticns 1iporo nporpama BUKOPUCTOBYE anroputm ["ada 1i1st 3aHX0KEHHS KOJIiB Ha
300pakeHH1, 1110 BIJIMOBIIAIOTh KOXKHOMY 3 TPhOX KOJBOPIB CBITI0GOPIB. SKIIO KOO
BUSIBJICHO, BOHO TI03HAYA€THCS HA BHUXIHOMY 300pakeHHI, a TaKOX JOJAETHCS
BIJINOBITHUM TEKCT (YEPBOHE, 3eJieHe a00 KOBTE CBITJIO).

[Ticnst BUSIBIEHHSA 1 MO3HAYEHHS KOJIIB IporpaMa Bi0Opakae pe3ysibTaTH Ha
eKpaHi.

3aranpHU TIpoliec poOOTH TMporpamMu TOJArae B Oe3NMepepBHOMY 3aXOIICHHI
3HIMKIB €KpaHy, oOpoOui iX M1 JETEeKTyBaHHS CBITJIO(OpPIB Ta IHIMIMX OO €KTIB 3
CYMDKHHX TIJICUCTEM Ta BioOpakeHH1 pe3yJIbTaTiB JIJIsi KOPUCTyBaya.

Takox 0yJs10 po3p00JIeHO JiarpaMy CTaHiB MIJCUCTEMHU, sIKA POAEMOHCTPOBAHA Ha
pucyHnky 4.10. Bona Biio6paxkae mpoiiec 00poOKH 300pakeHHs B CUCTEM1 pO3ITi3HABAHHS
CBITIIO(OPIB.

[TounHarouu 3 OTpUMaHHs 300paXKeHHS 3 BiJleoMaTepiaay, CucTeMa NepeXoIuTh 0
HACTYMHUX eTamiB o0poOku. [lepiuii Kpok mossirae y HakjiagaHHi MOPOrOBUX MAaCOK Ha
300paKeHHS, 10 IOTIOMarae BUIIIUTH 00J1acTi 3 MOTEHIIMHUME CBITI0(QOpamu.

[Ticns mporo cucremMa MEPEXOIUTh N0 €Taly IMOIIyKy Kpyrioi ¢opMu Ha
300pakKeHHI.

[le BaxkJIMBHI KPOK, OCKIJIBKHM CBITJIO(POPU HYacCTO MarOTh KpPyriy abo MomioHy
bopmy.

Sxio cuctema BUSIBIISIE KPYTIy 00JacTh YEPBOHOTO KOJBOPY, BOHA MPOJIOBKYE
00poOKy, 00BOIsSYM 3HAlJIEHy O0JacTh Ta BHUBOIAYM OO0poOJieHe 300pakeHHs Ha

JTUACILJIEH.
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OTtpuMmaHHS

BlICOMaTepiaty
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Haxkmaganuag
IIOPOTOBHX MacOK Ha
300pakeHHS
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[Tomryk kpyrioi
dhopmm Ha
300pakeHH1

CucTeMa 3HaANUUIA

KpYIILy 00IIacTh YePBOHOIQ

KOJIBOPY?

Cucrema 3HamIIIA
KpPYIITy 001acTh KOBTOTO
KOITBOpY?

300pakeHHq 3 <

Tax
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Tax
Cncrema 3HalNUIA
KpyITy 007IacTh 3€JICHOTO
KOIIBOPY?
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OO0BeneHas
3HaANgeHO1L
o0iacri

O0Benenus
3HANIeHO1L
o0racTi

Tak

h 4

Y Y h 4

Busenenns oOpobireroro
300paskeHHS Ha JHCILIei

OO0BeneHHS
3HANIEHOI
obacTi

Pucynok 4.10 — Jliarpama cTaHiB MiJICUCTEMHU
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VY Bumajky, SIKIIO0 CUCTEMa HE BUSBIISE YEPBOHY 00JacTh, BOHA MEPEXOJIUTH J0
HACTYITHOTO KpPOKY, JI¢ IIyKae KPYIJIy O0JIaCTh >KOBTOTO KOJBOPY. SKIIO K >KOBTOTO
KOJIbOPY HEMAE, CUCTEMA MEPEXOANTH JI0 MOIIYKY 3eIeHO01 o0acTi. KojkeH 3 UX KpoKiB
BKJIIOUa€ OOBEACHHS 3HaiieHoi 00yiacTi Ta BUBEACHHS OOpOOJIEHOro 300pa)KeHHS Ha
JTACTLIEH.

SIK10 Hi 0JTHA 3 TPHOX KOJIBOPOBHUX 00JIACTEH HE 3HAlIeHa, CUCTEMAa TTOBEPTAETHCS
0 TIOYaTKy TIpoIecy, OTPUMYIOUM HOBE 300pakeHHsS 3 Bimeomatepiamy. Taka
MOCJIIJIOBHICTh M JlomoMarae cucTemi e(eKTHBHO pO3Mi3HABATH Ta B1AOOpa3uTH

CBITJI0(OpHY Ha 300paKEHHAX 3 BiJeoMarepiay.

4.5 3akIo4HHUI eTan TeCTyBaHHS CUCTEMH BU3HAYCHHs CUTHAJIIB CBITJIOdopa 3a

JOTIOMOTOK0 CUMYJISALIIT

[Ticnst BOpOBaJKEHHS HOBOT'O aJITOPUTMY PO3Mi3HABAHHS CUTHAJIB CBITIIO(Opa B
CHCTEMY, CTA€ OUYEBHIHOIO MOTpeda y MPOBEIEHH] I0aTKOBOTO €TaIly TECTYBaHHS AJIs
nepeBipKy HOTo ePEKTUBHOCTI Ta HAIIMHOCTI. Y 1IbOMY BUMAJKY JUIsl POBEACHHS TECTIB
OyJi0 0OpaHO BUKOPUCTAHHSI CUMYJISITOpA, SIKWM JTO3BOJISIE MPOEKTYBATH PI3HOMAaHITHI
CUTYaIIi1 JOPOKHBOTO PYXY, & TAKOK BIATBOPIOBATH Pi3HI YMOBH, SIKI MOKYTh BUHHUKHYTH
Ha JI0po3i.

B sixocTi cumymsitopa Oyna oopana komm'totrepHa rpa "Euro Truck Simulator 2",
sKa BiJJOMa CBOEIO JICTANII30BAaHOIO MPOMATLOBKOIO JIOPIT, IHPPACTPYKTYpPH Ta JOPOKHIX
3HakiB. L[ rpa HAOMMKEHO BIITBOPIOE peaibHI YMOBH JOPOKHBOTO PyXy 1 Hajae
MO>KJIMBICTh €KCIIEPUMEHTYBATU 3 PI3HUMHU ClLEHapisiMu Oe3 HEOOX1AHOCTI BUI3Ly Ha
peanbHy JOPOTY Ha PaHHIX eTarax TeCTyBaHHS.

"Euro Truck Simulator 2" - e BiomMuii CUMYJISITOp BOJIHHS BETMKOTa0APUTHUX
BAHTAXIBOK, SKHW BIITBOPIOE PEATICTUYHI YMOBH JOPOXXKHBOTO PyXy Ta JO3BOJISIE
rpaBLIEB1 BIA4yTH ceOe B poJli BOJIisl BAHTAXIBKH. BuKopucTaHHS 1i€1 TPU AJI TECTYBaHHS
CHUCTEMM BHU3HAUYEHHSI CHUTHAJIB CBITIO(Opa /A€ MOXKJIMBICTh CTBOPUTH PI3HOMAHITHI
CIIeHapii JOPOKHBOTO PYXy HA PI3HUX JIOPOTraxX, B yMOBaX Pi3HOI MOTOIM Ta OCBITJICHHSI,

IO CIPUSIE PEATICTUYHOMY MOJIETIOBAHHIO CUTYAlll|, SIKI MOKYTh BUHUKHYTH Ha 10pO3i.
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Takuit TUN TecTyBaHHS [103BOJISIE MPOBOAMTH EKCIEPUMEHTH y Oe3meuyHOMY
CepeIOBHIL, YHUKHYTH BUTPAT Ha MaJUBO Ta Yac HA MOi3AKH Ha JOPOTy, 1, OIHOYACHO,
peatizyBaTy MUPOKHA CIICKTP CIICHAPIiB sl TECTYBaHHA. TaKuii IMiIXi/1 € BaXKIUBUM JIJIS
3a0e3MeYeHHs] BHCOKOI SIKOCTI Ta HaAIMHOCTI CHCTEMHU pO3IMi3HABAHHS CUTHAJIB
cBiTiIO(hOpa B PI3HUX YMOBaX JIOPOKHBOTO PYXY.

[Tpukman 3acToCyBaHHS JaHOTO CHUMYJISATOpA JJI TECTYBaHHS PO3Ii3HABAHHS

YepBOHOT'O CUTHAIY CBITJIOhOpa MoKa3zaHo Ha pUcyHKY 4.11.

/

\

Pucynox 4.11 — I[epexpects 31 cBITIIO)OPOM, HA IKOMY TOPUTH YEPBOHUN CUTHAIT

Ha 300paxkeHH] mpeacTaBieHE MepexpecTss 31 CBITIOPOPOM, SKHUM CBITUTH
YEPBOHHUM KOJHOPOM, ITI0 O3HAYA€ HEOOX1THICTh 3YMMHKHN TPaHCTOPTHUX 3ac00iB. 11l06
YIOCKOHAJIUTH PO3Mi3HABaHHS KOJBOPY CBITIOGOpa, B airOpUTMi OyJia BIPOBAJKEHA
HOBa (yHKIIOHANIBHICT. Temep cucrema aHaiizye 00JIacTi, SKi MalOTh OJHAKOBUM

KOJIbOPOBUH BIATIHOK, 1100 TOYHIiNIE BU3HAYUTU KoJip cBiTiIodopa. Ha 300pakenH1
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BUJTHO YEPBOHE KOJIO, SIKE OOBOAUTH YEPBOHUMA CBITIO(POP, CYIIPOBOIKYETHCS HAITUCOM

"RED", o € pe3yi1bpTaTtoM poOOTH HOBOTO aJTOPUTMY.

Pucynok 4.12 — Po3nizHaBaHHs CBITIO(OPIB, 110 CBITATh YEPBOHUM Ha KOBTUM

KOJIbOpaMu

Ha pucynky 4.12 300paxeHO MOMEHT pO3Mi3HABaHHS YEPBOHOTO Ta >KOBTOTO
CUTHAJIB CBITJII0(Opa, 0 03HAYAE MPUTOTYBATUCS 10 pyXy. TecTyBaHHS MOKa3ajao M0
3aCTOCOBAHMN METOJI 3HaYHO IMOKpAIlMB TOYHICTH pO3Mi3HaBaHHs cBiTIOpopiB. HoBwuii
MIiX11 JT03BOJIMB CUCTEMi TOYHIIIE 1MEHTU(IKYBATH Pi3HI KOJBOPH CBITIO(OPIB, IO
3MEHIIIy€ WMOBIPHICTh XMOHUX pO3MI3HABaHb. 3aCTOCYBaHHS I[bOTO METOJY TaKOX
1CTOTHO IABUIIAJIO CTIHKICTh CUCTEMH JI0 TIOMIJIKOBUX PO3Mi3HaBaHb. e 03Hauae, 1mo
cucTeMa po3mi3Hae cBITIO(Op B OUIBII CKIATHUX YMOBAX, TAKUX SIK 3MIHU B OCBITJICHHI

a0o0 B TiH1, @ TAKOX 3AJIMIIAETHCS HATIMHOIO 1 €EeKTUBHOIO B BU3HAYEHHI KOJIHOPIB.
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3acTocyBaHHS CUMYJISITOpa JUIsl TECTYBaHHSI CHCTEMHU Mae JieKiibka nepesar. [o-
nepiie, 1e J03BOJIIE€ CTBOPUTH IIMPOKHM CIEKTP CIIEHApIiB, sIKI MOXKYTh BUHUKHYTH Ha
J0pO3i, BKJIIOYAIOUM PIi3HI TOTOJHI YMOBH, THIHU JOPOKHBOTO TMOKPUTTS Ta
IHTEHCUBHICTH TPaHCIOPTHOTO pyXy. [lo-apyre, cuMynaTop 103BOJI€ BIATBOPUTH Pi3HI
TUMH CBITJIOPOPIB Ta iX PO3MIIICHHS, 110 A€ MOXKJIMBICTh MEPEBIPUTH €(PEKTUBHICTD

pOOOTH CUCTEMH B PI3HUX CUTYaIlIsX.

@REEN

Pucynok 4.13 — [lepexpecTsi, Ha IKOMY CBITATH CBITJIO(OPH, SIKi JO3BOJISIIOTH PyX

Ha pucynky 4.13 npencrasieHe iHIe nepexpects 3 Tpboma cBiTiodopamu. Bcei
CBITIIODOPH CHUTHANI3YIOTh 3€JIEHHM CcurHaid cBiTiodopa, mo go3Bojisie pyx. Ha
300paX€HH1 TaKOXX MPUCYTHI ABI CMyTH JOPOTH, HAJl KOXKHOIO 3 SIKMX PO3MIIICHUN
ceitiiodop. BapTo 3a3HaunTH, 110 CUCTEMa PO3IMI3HAE JIBa BEPXHIX Ta CBITI0(Op, 10

pO3TaIllOBaHUM MPaBOPYY Ha CTOBIIL., ajie € MPOOJIEMHU 3 PO3MI3HABAHHAM CBITI0(ODY,
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110 PO3TAIIOBAaHUH JIBOPYY HA CTOBIII, 1[0 PO3TAIIOBAHUIN HAJl 3yCTpiuHOIO cMyTOIO. [Ipn
3HaYHOMY HaOJIMKEHHI 0 HhOTO CHCTeMa MOYMHAE BioOpaxkatu 1 foro.

Ile cBimUMTH IIPO MOKpAIEHHsI pOOOTH CUCTEMH y PO3ITi3HABaHH1 CBITI0(GOPIB, alie
TAaKOX MIJKPECIIOE, 10 € e MPOOJEeMHI acleKTH, sIKI MOTPeOyIOTh MOJAIbIIOTO
BJIOCKOHaJIeHHs. He 3aB/I1 KOpeKTHE po3Mi3HaBaHHS TPETHOTO CBITIO0(POpa Moxe OyTH
MOB'sI3aHE 3 WOT0 TMO3MINIEI0 HA CTOBII Ta BIJICTaHI B JOPOTH, 110 CTBOPIOE CKJIAHIIII
YMOBH [/ alITOPUTMY .

[Ile onHi€ro mepeBarol0 BUKOPUCTAHHS CUMYJSATOpAa € 3HUKEHHS BHUTpAT Ha
IIPOBEJICHHS TECTIB, OCKUIBKM HE MOTPIOHO BUTpAayaTH 4Yac Ta PECYpPCH HA BHI3IU Ha
JIOpOTY AJIs POBENCHHS eKCTIepuMeHTIB. KpiM TOro, CHMyIIATOp 103BOJISIE TOBTOPIOBATH
Ta MOAM(IKYBaTH TECTOBI CIEHAPIl )i OTPUMaHHS OLIbII JETaNbHOI 1H(pOpMAIIii TIPO

poboTy CUCTEMU.

YRS -
r amwaa LT
Y

' (@) |

Pucynok 4.14 — Ceitiiodopu, 110 ropsith 5)KOBTUM CBITIIOM
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Buxopuctanus cumynstopa, Takoro sk Euro Truck Simulator 2, nanae
MOJKJIMBICTh BUKOHATH TECTYBaHHS Yy KOHTPOJIbOBAHOMY CEPEIOBHINI, J€ MOXKHA
CTBOPUTHU PI3HOMAHITHI CIIEHAPIl IOPOKHBOTO PyXy Ta MPOTECTYBATH CUCTEMY 3a PI3HUX
yMOB OCBiT/IeHHS. Takuii MEeTO/l TeCTyBaHHs A03BOJIsiE €()EKTUBHO BUSBIATU MPOOIEMH
Ta MOMMJIKH y pOOOTI CUCTEMH, a TAKOXK MEPEBIPATH 11 IpaIe31aTHICTh B PI3HUX YMOBaX
0e3 HeoOX1AHOCTI BUXOY Ha JIOPOTY.

Ha pucynky 4.14 moka3zaHo mepexpecTsi 3 Tpboma cBiTiodopamu. /[Ba 3 HUX
pO3TaloBaHi HaJl KOXKHOIO 13 IBOX CMYT PYyXy, TOAl SIK TPETii CBITIOHOp PO3MILIEHUN
npaBopyd Ha croBmi. CBiTiiopopu MOKa3yloTh >KOBTE€ CBITI0. CucTrema YCHIIIHO
pO3MI3HAE ABA BEPXHIX CBITIIO(OPH, ajie BUSBJISE TPYIHOII 3 PO3MI3HABAHHSAM TPETHOTO,
KWW 3HAXOJUTHCS Ha CTOBII. [le Moxke OyTH MOB'A3aHO 3 MOraHUM KyTOM oIy abo
HECTaHJApPTHUM IOJIOKEHHAM CBITIO(]Opa, 110 YCKIAIHIOE MPOLEC po3Mi3HaBaHH. Taki
CUTYyAIIl] MIJKPECTIOITh BAKIIUBICTh PO3BUTKY CUCTEMH, sika OyJia O TOCKOHATIIIOK Ta
OUIBII aAANTUBHOIO IO PI3HOMAHITHUX YMOB.

CaMe TOMy 3aCTOCYBaHHSI CUMYJISITOpA JAJIsl TECTYBAaHHSI CUCTEMH PO3Mi3HABAaHHS
cCUTHaIIB cBiTI0GOpa € eDEKTHBHUM Ta EKOHOMIYHO JOIUIBHUM MIAXOJ0M, SKHUN
JI03BOJISIE 320€3MEUYUTH BUCOKY SIKICTh Ta HAAIMHICTH POOOTH CUCTEMHU B PI3HUX YMOBAxX

JTIOPOKHBOTO PYXY.

46 BucHOBKH

B nmanomy po3aini Oyia0 mpoTECTOBAaHO CHCTEMY pO3Ii3HaBaHHA CBITIO(OpPIB Ha
OCHOBI CETrMEHTAIlli KOJIbOPiB, @ TAKOK BUPIIICHO P IPOOJIEM, TIOB'SI3aHUX 3 ACTEKITIEI0
CBITJIO(OPIB.

[lin yac mepmioro eramy TeCTyBaHHSA, KOJM CHUCTEMa aHalli3yBaja CTaTH4HI
300pakeHHsI, OyJ0 MOMIYEHO JEeKUJIbKa KIIFOYOBHMX MOMEHTIB. (Cro4aTKy, METO/JIHMKa
JIEMOHCTpYBajla BHCOKY TOYHICTh B PO3IMi3HABaHHI KOJIbOPIB CBITIOGOPIB, IO €

ITO3UTHUBHHUM ACIICKTOM.
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[lin wac npyroro eramy TECTYBaHHA MPOBOAMJIACS IHTEHCHBHA aHANITHKA
BIJICOJITaHUX, SKa TOKa3anda 3[aTHICTh CHUCTEMH aJanTOBYBaTUCS N0 PI3HHUX YMOB
OCBITJICHHS Ta (OHY.

Opnak y OUIbII CKJIQJHUX yMOBax, Koiu (QOH ab0 OCBITJIEHHS MOTIU OyTH
PI3HUMHM, CHCTEMa 3IIITOBXHYJACS 3 TPYAHOIIIAMH B PO3Mi3HaBaHHI OKPEMHUX CHUTHAJIIB.
[{e Moxxe OyTH MOB'sI3aHO 3 TUM, 1110 pi3H1 PoHM ab0 Bapiallii OCBITICHHS BIUIMBAIOTh HA
KOJIbOPH, IO PO3MI3HAIOTHCS CUCTEMOIO, IO 3yMOBIIIOE€ BHHHUKHEHHS TOMUJIOK Y
pO3ITi3HaBaHHI CUTHAJIIB.

[IpoTe, mijx yac aHasi3y BUSIBJIECHO HEIOIIKH B peaibHOMY Yacl 0OpoOKHU TaHUX, 110
cTaio (hakTOpOM JIJIs MOAAIBIIIOTO BAOCKOHAICHHS cCUcTeMH. He3Baxkatoun Ha yCHIITHAN
aHai3 BijeoMarepiaiiB, BHUSIBJICHHS HEIOJIKIB Y poOOTI CUCTEMH Yy peajJbHOMY Yaci
BKa3ye Ha MOTpedy B ONTUMI3ALIl] Ta MOKPALIEHH] alrOpUTMIB OOPOOKH JTaHUX.

Poznin BusiBieHHs Ne(EKTiB Ta TOMHIIOK J03BOJIUB 30CEPEAUTUCS Ha MpoOieMi
pO3Mi3HaBaHHS YEPBOHOI'O, OBTOTO Ta 3€JIEHOIO0 CHUTHAIIB, B TOMY YHCII Ha PI3HHUX
¢donoBux 3abapsrenHsx. [llnsgxom moompaifoBaHHS anTOPUTMY, OYJO OCSITHYTO
3HAYHOTO MOKPAIICHHS] TOYHOCTI Ta CTINKOCT1 PO3Ii3HABAHHS.

3aKJIIOUHMI eTan TECTyBaHHsI, IPOBEJACHUN Y CEPEIOBUII CUMYJIALIT HA OCHOBI
rpu “Euro Truck Simulator 2”, miarBepauB e(eKTHBHICTH OHOBJIEHOTO METOY
BUSIBJICHHS CBITJIODOpPIB, a TaKoXX MPOJIEMOHTPYBAaB HOro MiJBUIIECHY HAIINHICTh
pO3Ii3HaBaHHS CUTHAJIIB B MOPIBHAHHI 3 MONEPEIHIM METOJOM MPU CUMYJISILIT peaTbHUX

YMOB.
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BUCHOBKHA

Y poboTi 3a pe3yJabTaTaMi BUKOHAHUX TEOPETHUYHUX Ta MPAKTUYHUX JOCIIIKEHb
pO3pO0OJICHO MIJCUCTEMY BHU3HAYEHHS CHUTHAIIB CBITIOQOpa 3 BHKOPUCTAHHSIM
QITOPUTMY Ha OCHOBI CETMEHTaIlil KoibopiB. L{g cuctema moeanye B co01 eheKTUBHICTD
QITOPUTMY CETMEHTAIlil KOJIbOPIB 3 BHUCOKOIO IIBUAKOMIEI0 OOpOOKHM mdaHWX Ha 0asi
MikpokomiT'rotepa Raspberry Pi 3B+. B pe3ynbTaTi TectyBaHHs OyJio MiATBEPIKEHO
MOKpAIIEHHs] TOYHOCTI PO3MI3HABaHHSA CUTHAIIB CBiTJIOpOpa Ta 30UIbIICHHS
3aBaIOCTIMKOCTI cucTeMu. Po3polbieHa cucreMa IEMOHCTPY€E HailiHY poOOTYy Ta MOXKe
OyTu e(heKTUBHO BUKOPHUCTaHA JIJIsi BUPIIICHHS 3aB/IaHb KOHTPOJIIO PyXY Ha JOpOTax.

VY mepmomy po3aiai poOOTH MOKJIAJHO PO3MNISIHYTO KOHIIEMINI0 CBITIOdOpa,
BKJIFOYAIOYH HOTO (DYHKITIOHAJIbHE MPU3HAYEHHSI, OYJIOBY Ta POJb y JOPOKHHOMY PYyXY.
[IpoBenenuii orysa A03BOJIUB 3PO3YMITH BaKJIUBICTH CBITJIOQOPIB Yy PETyIIOBaHHI Ta
Oesmneri JOPOXKHBOIO PYXy, a TaKOXX BHU3HAYUTHU OCHOBHI acCIEKTH, SIKI MOTPIOHO
BPaxOBYBaTH TMpU iXHbOMY pO3pOOJIEeHHI Ta BIPOBAIHKEHHI. Big3HaueHo pob
TEXHOJIOTIYHUX PIlIEHh Y BJIOCKOHAJICHHI cUCTeM CBITJIOQopiB 1 chHoOpMyIbOBaHO
3aBJaHHS KBamidikamiitHoi poOOTH, CIpSIMOBaHE Ha CTBOPEHHS €(DEKTUBHOI Ta TOYHOI
CUCTEMU pO3II3HABAHHS CUTHAIIB CBITIO(OpPA 3 BUKOPUCTAHHSAM CYyYaCHUX TEXHOJIOTIH
00poOKHU 300pakeHb Ta MAIlIMHHOTO HaBYAHHSI.

B npyromy pozapini pobGotm Oysio MpOBEAEHO JETadbHUN OIS anapaTHOl
CKJIQZIOBOi CHUCTEMH, CIPSIMOBAaHUN Ha BUOIp ONTUMAJIbHOT MOZEINI JJI pO3Mi3HABAHHS
cBiTiio¢opiB. B ananizi Oyso po3risiHyToO Ba OCHOBHUX BapiaHTu: Mozaenb Y OLOv4 ta
MOJIeIIb, sika 0a3yeThCsl Ha KOJIbOPOBii cerMmenTairii. [IpoBeneHo mopiBHSUIBHUIA aHali3
edeKTUBHOCTI 000X Mojesnel 11t Mikpokom'torepa Raspberry Pi 3B+.

JlocmimkeHHsT BKITI0Uaao B cebe aHami3 pi3HUX KOJbOPOBHUX MPOCTOPIB, TAKUX SK
HSV, RGB Tta YCbLCR, nns Bu3HaueHHS HaWOUIbIl €(EeKTUBHOrO MiAXOAY JO
po3Mi3HaBaHHA CBITI0(OPIB. 3 ypaxyBaHHAM OOMEXKEHHX OOYHCIIOBAIBLHUX PECYpCIB
MIKpOKOMIT'IOTEpa Ta MOTPeOH y MBUIKOCTI 00poOKH OyJi0 BUPIIIEHO BiAIaTH IepeBary

MOJIEI, 110 BUKOPUCTOBYE KOJIBOPOBY CErMEHTAIIiI0 Ta MPOCTip KoabopiB HSV.
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B Tperbomy po3ninmi marictepcbkoi poOOTHM BUBYAlacs amapaTHa CKIIaJoBa
CHUCTEMHU pO3Mi3HaBaHHS CBITJIOMOpPIB. PeTenbHO TpoaHami3oBaHO KOMIIOHEHTH, IO
CTAHOBJISATh OCHOBY I11€1 CHCTEMHU, BKIIFOUaroun kamepy aiis Raspberry Pi, LCD nucrineit
Ta MikpokoMIT'roTep Raspberry Pi 3B+. Ocob6nuBa yBara Oyina mpwuaijieHa BUBYCHHIO
paiioHanbHOCTI BUKOpHUCTaHHS 0i6mioTeku OpenCV, ska Hajxana 3pydyHHd Ta
e(heKTUBHUHN 1HCTpYMEHTapik ajis oOpoOKM 300pa)kKeHb Ta BIJICOJJAHUX B KOHTEKCTI
po3Mmi3HaBaHHS CBITJIO(HOPIB.

[lin wac aHami3y TEXHIYHUX AacHeKTiB OYyJM BCTaHOBIICHI (yHIaMEHTAJIbHI
NPUHIUIIN, SK1 JISITJIU B OCHOBY MOJANbINOI peali3allii cuicteMu. Bi3HaueHa BaxIMBICTh
0JIOK-CXeM, 10 UTIOCTPYIOTh POOOTY CHUCTEMHU, HIO JAO3BOJISE Kpalle 3pOo3yMITH i
(GyHKIIOHYBaHHS Ta B3aEMO3B'A30K M1 KOMIIOHEHTaMHU.

YerBepThii po3au1 poOoTu OyB CIIPSIMOBAaHU Ha TPOBEICHHS TECTYBaHHS CUCTEMHU
pO3ITi3HaBaHHSA CBITJIIOBUX CUTHAIIB PETyJIIOBaIBLHUX 3aC001B JOPOXKHBOTO pyxy. [1in yac
I[bOT'0 PO3/1Ty OYyJIO 3aIJIAHOBAHO Ta Peai30BaHO TPU OCHOBHI TUIH TECTYBaHHS, KOXKEH
3 SIKUX MaB CBOIO YHIKaJIbHY CHelUuPiKy.

[lepmmii etanm TecTyBaHHS TmepeAdavaB aHalli3 CTAaTUYHUX 300pa)keHb, IO
JT03BOJISUIO OLIHUTH 3[IaTHICTh CUCTEMH PO3II3HABATH CBITIIOBI CUTHAIU Ha (hoTorpadisx
0e3 pyXy TpaHCIIOPTHHUX 3aC00i1B.

Hpyruii etam, y CBOIO uepry, BKIIOYAaB TECTYBaHHS HA OCHOBI BIJCOJIaHUX, i€
cuctemMa Oyjia BUNpPOOyBaHA Ha peajbHUX BlJEO3amucax JAOpoxkHboro pyxy. Ilig gac
IILOTO eTamy OyJIO BUSBJIICHO TIE€BHI HENOJIKM B POOOTI CHUCTEMH, sIKi MOTpeOyBau
MOJAJILIIIOT OITUMI3aIll].

VY 3akaoyHOMY eTami TecTyBaHHS OyJI0 MPOBEIECHO NEPEeBIPKY MOAM(PIKOBAHOI
MOJIeJIi BU3HAYCHHS KOJIBOPIB CBITIIOGOpA B CEPEOBUII CUMYJISAIIi, BUKOPUCTOBYIOUHN
rpy "Euro Truck Simulator 2". Ileii etam a03BOJMB OIIHUTH €(PEKTUBHICTH HOBOTO
METOJy pPO3Mi3HABaHHS CHUTHAJIB CBITJIOQOpPIB B yMOBAax, SAKi HAOMMKAIOTHCA 10
peaNbHUX, M0 TAKOX CHPUSIIO TTOKPAIICHHIO ONTUMI3arlii po0oTn cuctemMu. PesynbraTu
I[bOT'O €TaIy CBIIUMJIM MPO MO3UTHBHI 3pYIICHHS Y POOOTI CUCTEMHU, IO BiJI0OpA3MIIOCS
Ha 1ii 3JaTHOCTI PO3Mi3HABAaTH CBITJIOBI CHUTHAMM OUIbII HAAIHHO Ta TOYHO B

PI3HOMAHITHHX YMOBaX JOPOXKHHOTO CEpeIOBUIIIA.
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BnpoBamxkennss  pe3ynbpTaTiB poOOTH  JO3BOJIMJIO  3HAYHO  TOKPAIIUTH
e¢(eKTHBHICTh CHCTEMH pO3Ii3HABAaHHS CBITJIOBHX CHTHAJIB Ha JOpOTax. 3aBISKH
3aCTOCYBaHHIO HOBHX METO/IIB TECTYBaHHS Ta ONTHUMI3allll aJITOPUTMIB PO3Ii3HABaHHS,
cUCTeMa CTaJjia OLIbII HalIHHOIO Ta TOYHOIO B poOoTi. Lle cripusio migBUIIICHHIO PIBHS
O€3MeKn Ha J0pO031, OCKUIBKHA BOJII OTpUMalIM HAAIMHUNA 1HCTPYMEHT ISl BYACHOTO
CIIPUUHATTS CBITJIOBUX CHUTHAIIB Ta BUPIIIICHHS BIJAMIOBIIHUX JOPOXKHIX cuTyarii. Kpim
TOTO, BIOCKOHAJICHHS CHUCTEMH TaKOX IPHU3BEJIO 10 3MEHIICHHS KUIBKOCTI XHOHUX
pO3ITi3HaBaHb Ta 30UIBIICHHS 3aBaOCTIMKOCTI, 0 3pOOMIO i OLIBII MPUIATHOO IS
peanbHOTO 3aCTOCYBAaHHS Ha TOPOTaXx.
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Abstract—In the modern world, road safety remains a
relevant issue as the number of vehicles on the road continues to
grow. The alarming statistics of accidents, injuries and fatalities
demonstrate the urgent need for effective measures to prevent
dangerous situations on the road. This article discusses an
advanced system developed to address this issue by combining
various subsystems. These include speed detection, safe distance
calculation, determination of the speed of the vehicle in front of
vou, road sign recognition, driver notification, and violation
data collection. By integrating these subsystems, the system aims
to improve road safety and reduce the risks associated with
accidents.

Keywords — road safety, accidents, injuries, fatalities, system,
speed detection, safe distance calculation, vehicle speed detection,
road sign recognition, driver notification, violation data collection,
camera, recognition, fixation.

I. INTRODUCTION

The topic of preventing road accidents is extremely
relevant in the modern world. Every year the number of cars
on the roads is growing, which lcads to more traffic and an
increased risk of accidents. According to the World Health
Organization, millions of accidents occur on the roads every
year, resulting in loss of life, injuries and significant material
damage [1]. The system has great potential to reduce accidents
and improve road saflety. These subsystems help drivers detect
and avoid potentially dangerous situations, promote
compliance with traffic rules, and provide a timely response
to danger [2]. The constant development of technology allows
us to improve such systems and make them accessible to a
wide range of motorists. Ensuring road safety is a priority for
society, as it allects the lives and health of millions of people
cvery day [3-5]. Therefore, the relevance of this topic lics in
the need to implement innovative systems that prevent road
accidents and improve road safety. This will help to reduce
accidents, save lives and health. and reduce material damage
associated with road accidents.

The situation on the roads of Ukraine is disappointing and
alarming. Every day, the news reports on terrible accidents
that result in deaths. The reason for such a critical situation on
the roads is oflen irresponsible drivers who violate traffic rules
and endanger their own lives and the lives of other road users
[3]. This problem becomes especially acute during the mass
vacation period, when the number of road trips and reckless
drivers increases.
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The data from the Traffic Police Department of the
Ministry of Internal Affairs over the past six months shows
the terrible reality on Ukraine's roads. More than 12.5
thousand road accidents caused thousands of deaths and more
than 15 thousand injuries. Every 21 minutes an accident with
victims occurs, and every 2 hours a person dics. These figures
are impressive and make us make every effort to change the
situation for the better [1].

In order to study and understand the state of accidents on
Ukrainian roads, a detailed statistical analysis of data for 2021
was conducted. The results of this analysis were presented in
the form of Figure 1, which clearly shows the distribution of
accidents caused by drivers and pedestrians. Analysing the
chart that shows the accident statistics for 2021, you can see
the distribution of accidents caused by drivers and pedestrians.
This data is very important for understanding the causes of
accidents and developing cffective measures to prevent them,

B Speeding
mViolation of parking rules

8 Violation of the traffic rules of the
Intersection
® Not keegung the distance

® Exit 10 the oncoming lane
® Drunk driver

Violation of pedestrian crossing
rules

Crossing the road in an
unspecified place

Unexpected exit to the roadway

™ Drunk pecestrian

Other reasons
Fig. 1. Pie chart of statistics on the main causes of road accidents

According to the chart, 24% of accidents were caused by
speeding, making it one of the most common causes.
Violations of manocuvring miles account for 19%, and
violations of intersection rules and failure to maintain distance
account for 7%. Additionally, 7% of accidents were caused by
driving on the wrong side of the road, 6% by drunk drivers,
and 5% by violations of pedestrian crossing rules.

In the case of pedestrians, 7% of accidents were caused
by crossing the road in the wrong place. 6% by uncxpectedly
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entering the roadway. and 3% by drunken pedestrians. In
addition, 9% of accidents were caused by other factors.

This diagram emphasizes the need for a road accident
prevention system. The introduction of such systems can
reduce the number of accidents because they aim to eliminate
the factors that lead to accidents. For example, speed
monitoring and lane departure warning systems help to avoid
accidents related to speeding and manoeuvring violations.

In addition, automatic braking and pedestrian detection
systems can help avoid accidents caused by pedestrians
unexpectedly entering the roadway.

Implementing accident prevention systems is an important
step in improving road safety. They can ensure that potential
hazards are responded to more quickly and efficiently, helping
(o reduce the number ol accidents and protect the lives and
health of road users.

Therefore, based on this diagram, we can confirm the need
to use accident prevention systems to reduce road accidents
and save lives,

1. RELATED WORKS

Accident prevention systems may include subsystems
such as vehicle speed detection, determination of the safe
distance to vehicles ahead, determination of the speed of
vehicles ahead, road sign recognition, driver alerts, and a
system for collecting information about traffic violations.
Therefore, the works of other scientists on this topic were
reviewed.

The speed of a car on the road in different systems can be
determined using different algorithms. In article |6], the car
speed is determined using the method of vector motion
interpolation. Modelling in MATLAB showed that the use of
interpolation is quite effective, and the minimum error is less
than 3%. In |7], the speed is determined by analysing the
blurring of a car on a fragment. The system analyses the car in
the arca of interest and determines the final speed of the car
using the droplet tracking method.

Another paper [8] proposes (o usc a (wo-slage cascade
system for detecting objects on the road based on regression,
The system simultancously uses one-stage object detection
methods, which are extremely fast, and two-stage methods.
which have a high detection accuracy rate but have limitations
in speed. Frame recognition and road sign detection can be
performed using colour-based segmentation and detection

using the Hough transform, followed by classification using a
capsule neural network |9].

The detection of wvehicles with different vehicle
characteristics (length/height) can be demonstraled by
creating a ncural network [10]. Such a system has a low
complexity but significant measurement accuracy. Other
researchers [11] have presented an innovative approach that
uses a convolutional neural network (CNN) and an R-CNN
mask (o solve the problem of detecting and recognizing road
signs.

In | 12], the system combines the power of deep learning-
based detection with the previous maps used in the IARA
automotive platform. It allows recognizing appropriate traffic
lights on predefined routes. The process consists of two
phases: an offline phase for mapping and annotating tralTic
lights and an online phase for recognizing and identifying
traffic lights while the vehicle is driving.

A vehicle distance measurement system can be developed
using two cameras |13|. The distance between cars is
calculated using the image of the car's position on the two
cameras, the distance between the cameras, and the angle of
the cameras' field of view. The paper [14] uses an algorithm
that combines convolutional neural network (CNN) with
computer vision methods, which allows for recognition on
low-power, small-shaped platforms. Such platforms are
lightweight, portable, and can be installed on autonomous
vehicles in daylight.

Additionally, the authors considered the problem of
ensuring security, which can be solved with the help ofa smart
parking software system |[15] that uses car recognition
methods. Another article [16] is devoted to this topic. namely
the development of a cyber-physical system for smart parking
based on Google Cloud Vision compuler vision technology
and using a model based on a reinforced convolutional neural
network to detect free and occupied parking spaces in images,
which showed good performance and practical value with an
accuracy of 85.4%. Article [ 17] analyses various methods and
tools for creating smart parking lots with cvidence of the
advantage of the camera-based method, and aims to recognize
images for a camera-based smart parking system using
convolutional ncural networks.

The individual solutions arc summarized in Table 1 and
the positive and negative aspects of each study are
highlighted.

TABLE I. ANALYSIS OF PAPERS THAT PROVIDE THE EMERGENCY PREVENTION SYSTEM TASK SOLUTION

Reference Year Algorithm / Advantages Disadvantages
Model

[6] 2019 Interpolation  of | Not an expensive system, deteets several | Using charactensties [rom the comparison set

motion vectors cars simultaneously. high accuracy. high | may make it difficult to recognize real road
computing speed. conditions due to a small error in matching the
detection data.

17] 2019 Bluranalysisona | The system has great  development | Itis important to properly configure the algonthm
[ragment opportunitics and low costs. parameters and the region of interest, as the

mnformation from the comparison dataset may not
be sufficient for recognition in real-world
condilions.

18] 2019 Two-step Fast and accurate vehicle detection system, | The need to adjust the parameters and the region
regression-based | Combining the advantages of two methods, | of interest.  Using  formation  from  the
cascade  object | providing better performance. comparison dataset may hmit the effectiveness of
detection system the system in real-world conditions.
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[9] 2019 Colour-based The use of a capsule neural network, which | The use of'a capsule network may be less fast than
segmentation provides better resistance 10 spatial | other methods, which may be important for real-

deviations and high reliability. time applications.

[10] 2019 Scale-insensitive | Neural network for fast and accurate | May require high computing resources and
deep detection.Use of context-aware Rol pooling | training on large datasets to ensure optimal
convolutional and multi-branch decision network to | accuracy.
nevral network | improve detection.

(SINet)

[11] 2020 CNNand R-CNN | Utilizing convolutional neural networks with | Challenges with detecting road signs due to
mask finite leaming for eflicient detection. similarity 1o other categories, wide viewing

angles, and obstructions

[12] 2020 Distance High measurement accuracy. Using a stereo | Possible limited performance in conditions of
measurement camera and simple algorithms for efficient | limited visibility or unsmtable weather
with two cameras | real-time measurement. conditions. Dependence on correct vehicle

recognition.

Crash prevention systems in cars have become a necessary
component for improving road safety. Rapid technological
advances have made it possible to develop solutions that
actively intervene to avoid accidents, provide timely
information to the driver, and reduce risks on the road.

Toyota Safety Sense (TSS) — is a safety package that
includes a variety of features to help prevent accidents. These
features include automatic cmergency braking, pedestrian
detection, and driver attention monitoring. TSS detects
obstacles in the vehicle's path and provides warning or active
intervention to avoid potential accidents [18]. A safcty
package that includes a variety of functions to prevent
accidents, Among these functions are automatic emergency
braking, pedestrian rccognition. and driver atlention
monitoring. TSS detects obstacles in the vehicle's path and
provides warning or active intervention to avoid potential
accidents [18].

Volvo City Safety — it uses radars and cameras to detect
cars, pedestrians, and cyclists on the road. This system
provides automatic emergency braking, which is triggered if a
possible collision is detected, as well as a collision warning
system and a traffic sign recognition system. Volvo City Safety
helps to cnsure safety and avoid accidents on the road [19].

Mercedes-Benz PRE-SAFE — the system anticipates
possible emergencies and warns the driver, as well as takes
measures to reduce risks. This system includes automatic
braking, driver attention monitoring, stability control and other
safety functions. Mercedes-Benz PRE-SAFE reacts 10
potential dangers and actively intervencs to prevent accidents
and ensure passenger safety [20].

Honda Sensing — the system includes various functions
such as automatic emergency braking, road sign recognition,
and lane departure warning. This system helps drivers avoid
collisions and improves overall road safety |21].

BMW Active Protection — the system incorporates a
number of f(echnologies, including a driver attention
monitoring system, a lane departure warning system,
automatic emergency braking, and a passenger protection
system in the event ol an accident. It recognizes potential
hazards and actively intervenes to prevent accidents and ensure
safety [22].

As part of the development of this project, we also
reviewed and compared existing solutions on the market.
Table 2 provides an overview of different crash prevention
systems from different automakers. including Toyota Safety
Sense, Volvo City Safety, Mercedes-Benz PRE-SAFE, Honda
Sensing, and BMW Active Protection. Each system has its
own unique features and capabilities aimed at improving road
safety.

In general, these accident prevention systems are highly
effective and improve road safety by actively intervening and
informing the driver of potential dangers. Each system has its
own characteristics, and the choice of a particular system
depends on the driver's needs and preferences.

The main disadvantage of these systcms is that they arc
built into cars by manufacturers. Therefore, it was decided to
make the system portable so that it could be installed in any
car.

TABLE 1L ANALYSIS OF EXISTING SYSTEMS ON THE MARKET
Safety system Toyota Safety Sense | Volvo City Safety Mercedes-Benz Honda Sensing BMW Active
PRE-SAFE Protection
Automatic emergency braking High High High High High
Pedestrian recognition Yes Yes Yes No No
Driver attention control system High High High High High
Collision waming system High High High Medium Medium
Trallic sign recognition system No Yes Yes No No
Stability control High High High Medium High
Tane departure warning Yes Yes Yes Yes Yes
system
Reaction to potential hazards High High High Medium High
Occupant protection in the No No Yes No Yes
cvent of an accident
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III. METHOD AND SYSTEM OF PREVENTING ROAD
ACCIDENTS

During the project development, the system was
decomposed. The system should consist of the following
subsystems:

1. Determining the speed of the vehicle in which the
system is installed;

2. Determining the safe distance to the vehicles in front;
3. Determination of the speed of the cars in front of you;
4. Recognition of road signs;

5. Driver alerts:

6.

A system for collecting information about a vehicle
that violates traffic rules.
The method of operation of the emergency prevention
system can be as follows:
1. Determine the speed of the vehicle in which the
system is installed:

a. The vehicle speed detection subsystem is used
based on the calculation of (he time and distance
between the previous positions of the vehicle.

b. The time clapsed between two positions of the
vehicle is measured.

c. The speed is calculated based on the distance and
time travelled.

2. Determining the speed of the car in front of you:

a. A subsystem for detecting the speed of cars in
front of you is used based on the analysis of the
displacement of their positions in the image.

b. The time elapsed between the two positions of the
car in front is measured.

¢. The speed is calculated based on the known
distance, time and speed of the user’s car.

3. Determine the safe distance to the vehicle in front of
you:

a. A subsystem for detecting a safe distance
between cars is used based on the analysis of the
distance between them in the image.

b. Computer vision lechniques, such as object
detection and image processing, are used {o
detect vehicles and measure the distance between
them.

¢. The measured distance is compared 1o a certain
safc distance threshold. If the distance is less than
the threshold, the distance is considered unsafe.

4. Recognize road signs and traffic light colors:

a. The subsystem for detecting and recognizing
road signs based on image processing is used.

b. Computer vision and machine learning
techniques are used to detect and classify road
signs in images.

¢. Recognized signs are analyzed to determine their
meaning and instructions.

5. Driver alerts:

a. If the system detects a dangerous situation, such
as failure lo maintain a safe distance or
recognizes a specific road sign, the driver is
notified.

b. The warning can be rcalized by means of audible
signals, visual indicators on the dashboard or a
message system.

6. A subsystem for collecting information about a
vehicle that violates traffic rules:

a. Ifthe system detects a vehicle that violates traffic
rules, such as speeding or running a red light, it
can colleet information about that vehicle.

b. Information, such as the license plate number or
an image of the vehicle, may be captured for later
usc, such as to share information with law
enforcement.

All of the above subsystems and the relationships between
them were depicted in a decomposition diagram (Figure 2).

The following algorithm is used to determine the safe
distance to the cars ahead.

The first step is to add a cascade classifier file
(cascadeSource) to the project and specify the path to the
video footage (videoSource). Based on the cascade classifier
file, a cascade classifier for car recognition is created
(carCascade). A video stream is created from a link (o video
materials (capture). The following frame (img) is looped from
the video stream, blurred and converted to black and white
color space (gray).

The next step is to recognize cars in the black-and-white
frame using a cascade classificr. The list of detected cars is
wrilten to the "cars" variable. After that. for cach detected car,
its coordinates (x, y, w, h) are determined, based on which the
distance to them from the user's car is calculated. Also at this
stage, each car is assigned its own scrial number. The results
of the calculations arc uscd to visualize the safcty distance for
the driver.

The algorithm for determining the safc distance to the cars
ahead is shown in the parametric diagram (Figure 3).

The Haar cascade classifier is a machine learning
algorithm used to detect objects in images using Haar features.
These features include a set of rectangular regions with
variable sizes and relative pixel intensities [24],

To calculate the value of a particular Haar feature for any
image, you need to add the brightnesses of the image pixels in
the first and second groups of rectangular areas separately, and
then subtract the sccond from the first sum. The resulting
difference is the value of a specific Haar feature for a given
image.

The cascade classifier uses several stages. cach with its
own tree classifier, to sequentially filter out negative arcas and
identify the arcas containing the object. Properly trained, the
Gaar cascade is very fast and has good robusiness to various
kinds of outlicrs, This method was originally developed for
face recognition, but it can also be used to detect other objects.

In this subsystem, the file contains a description of a
cascade classifier that has been trained on a certain dataset 10
detect cars. It contains information about the cascade structure
(stages and trees), as well as parameters (thresholds, left and
right branch values) for each classifier tree. These parameters
arc used to decide whether a car is present in cach individual
frame of the video [25].
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Systems for preventing
road emergency situations
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When using the Haar cascade classifier, it is loaded using

cv2.CascadeClassifier(cascadeSource). Next, the stages of

car recognition are performed, as shown in Figure 4.

¢)

Fig. 4. Stages of car recognition in a photo: a) Reading a frame from a
video stream b) Tmage blurring and noise reduction ¢) Converting the
image to black and white d) Detected car

To read the next frame from the video stream, use the
ret function, img = cap.read (Figure 4(a)). Then, the image
is blurred and shimmer is reduced using the function
blurred = cv2.blur(img, ksize=(15. 15)) (Figure 4(b)). The
image is also converted to black and white color space
(Figurc 4(c)). Next, the carCascade.dctectMultiScale
function is executed on cach frame of the video, which uscs
a cascade classifier to detect cars (Figure 4(d)). Using the
result of this detection, the cars are processed and the
distance between them and the Y coordinate of the user's
car line is calculated. Thus, the cascade classifier file acts
as a trained classifier that determines how (o detect cars in
the video and recognize them.

TV. EXPERIMENTS AND RESULTS

For the experiment, we took a vidco recording from a
car's dashcam, downloaded from the YouTube platform
[26]. According to previous studies, the subsystem should
determine whether the distance between cars is safe. We
considered different scenarios of car location affected by
the speed of the user's car (Figure 5).

In the first case, the user's car is moving at a speed of
120 knvh, and the distance between cars should be at least
67 meters. In the second scenario, the car is traveling at 80
km/h, and the distance between the cars should be at least
45 meters. In the third case, the car is traveling at a speed
of 40 km/h, and the distance between them should be at
least 23 melers.

Fig. 5. Approximate distance between cars according to traffic rules

During the experiment, an example of a situation where
the car in front is moving at a safe distance was recorded,
as shown in Figure 6. And also, an example of a situation
with an unsafe distance (Figure 7).

Fig. 6. Example of system operation at 4 sale distance

As part of our research on this topic, we developed
soliware that processes the video stream from a camera
installed in a car. It uses computer vision algorithms to
recognize cars moving ahead of the car with the installed
system. The following steps are taken for the detected cars:

e scts the serial number for the found car;

the distance to the car is determined;

the time of passing throngh points A and B (set

beforehand) is calculated:

e Dbased on the time and distance, the vehicle speed is
calculated;

e based on the speed and distance, calculates whether
the distance to the vehicle is safe;

e display the serial number of the vehicle (Car
number);
display the vehicle speed (Speed);
display the Safe or Unsafc parameter of the distance
to the vehicle in the appropriate colour;

e displaying a square around the detected vehicle in
the corresponding colour according to the safety.
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Fig. 7. Example of system operation at a dangerous distance

Also. if the distance to the car in front of you is too
close, the user will be informed about it by a special signal.
This signal should not be loud and harsh so as not to distract
the driver from the road. Instead, the signal should be
clearly audible and casily distinguishable from other
signals. It is assumed that after hearing this signal, the user
will be more vigilant to the situation on the road and pay
extra attention to the "dangerous" car. This will make it
possible to increase the distance to it and. if necessary,
make appropriate manoeuvres.

V. CONCLUSIONS

In this article, we have reviewed the road accident
prevention system, its relevance and the rescarch of other
scholars on road safety. Given the above facts and rescarch,
it can be concluded that this system is an extremely
significant step in improving road safety. The integration of
subsystems for speed detection, safe distance, road sign
recognition, driver alerts, and information collection on rule
violators allows the system o adapl (o changing road
conditions and respond in a timely manner (o ensurc
maximum safety.

However, it is important to note that the system cannot
replace the driver's responsibility and attention. The
purpose of the system is to help and support drivers, but the
driving remains in their hands. During testing, the system
was found to be quite fast and accurate in usc. It is capable
of recognizing, analysing, and informing the driver at a
high speed. which will increase the time for the user to
make decisions based on the information collected.

While working on the system, we also reviewed more
than a dozen works by other scholars. We also analysed the
mcthods used by the rescarchers in these works, their
advantages and disadvantages. Additionally, the pros and
cons of solutions already on the market, such as Tovota
Safety Sense, Volvo City Safety, Mercedes-Benz PRE-
SAFE, Honda Sensing, and BMW Active Protection, were
considered. Based on these studies, adjustments were made
to the road accident prevention system.

In the future, it is planned to expand the system's
functionality, which will further increase its usefulness. A
number of additional tests will also be conducted to correct
previously unnoticed errors and increase the system's reliability.

REFERENCES
[1] Stanstics on Road accidents (accessed July 15. 2023) URIL:
https:/ingo kiev na/tpost/kxgvntaSx 1 -strashna-statistika-avari.
[2] Car accident statistics for 2023 (accessed July 28, 2023) URIL:
https:/www.forbes.com/advisor/legal/car-accident-statistics/.

[3] Patrol police of Ukraine. Statistics (accessed July 28, 2023) URL:
hutps://patrolpolice.gov.ua/statystyka/.

[4] Quantity of road accidents in Ukraine. Opendatabot (accessed July
28, 2023) URL: https://suspilne media/461735-kilkist-dtp-v-
ukraini-zrostae-opendatabot/.

[5] The statistics arc positive. The police reported on the number of road
accidents in 2022 (accessed July 28, 2023) URL:
https://www.rbe.ua/mus/news/statistika-e-pozitivnoyu-politsiyi-
prozvituyali-1676036106.html

[6] J. K Josephine Julina, T. Sree Sharmila and S. J. Gladwin. "Vehicle
Speed Detection System using Motion Vector Interpolation,” 2019
Global Conference for Advancement in Technology (GCAT),
Bangalore, India, 2019. pp. 1-5. doi:
10.1109/GCAT47503.2019.8978375.

[7] A. Tourani, A. Shahbahrami, A. Akoushideh. S. Khazaee, C. Y.
Suen. Motion-based vehicle speed measurement for intelligent
transportation systems. International Journal of Image, Graphics and
Signal Processing, 2019. pp. 42-44.

[8] X. Dai, HybridNet: A fast vehicle detection system for autonomous
driving. Signal Processing: Image Communication, 2019. pp. 79-88.

[91 M. IL Koresh. Computer vision based traffic sign sensing for smart
transport. Journal of Innovative Image Processing, 2019. pp. 11-19.

[10] X. Hu, X. Xu, Y. Xiao, H. Chen, S. He. I. Qin, P. A. Heng, "SINet:
A Scale-Insensitive Convolutional Neural Network for Fast Vehicle
Detection,” in IEEE Transactions on Intelligent Transportation
Systems, 2018 wvol. 20. no. 3. pp. 1010-1015, doi:
10.1109/TTTS.2018.2838132,

[11] D. Tabernik and D. Skotaj, "Deep Learning for Large-Scale Traffic-
Sign Detection and Recognition,” in IEEE Transactions on
Intelligent Transportation Systems, 2020, vol, 21, no. 4, pp. 1427-
1429, doi: 10.1109/T1TS.2019.2913588.

[12] L. C. Possatti. R. Guidolini, V. B. Cardoso, R. F. Berriel, T. M.
Paixio, C. Badue, T. Oliveira-Santos, T'raffic light recognition using,
deep lcaming and prior maps for autonomous cars. In 2019
international joint conference on neural networks (IICNN), 2019.
pp. 1-4. doi: 10.1109/IJCNN.2019.8851927.

[13] A. Zaarane, L Slimani, W. Al Okaishi. 1. Atouf. A. Hamdoun,
Distance measurement system for autonreferenceomous vehicles
using stereo camera. Array, 2020. pp. 1-3.

|14] G. Golcarenarenji, L. Martinez-Alpiste, Q. Wang, J. M. Alcaraz-
Calero, Robust real-time traflic light detector on small-form
platform for autonomous vehicles. Joumal of Intelligent
Iransportation Systems, 2023. PP 1-4. doi:
10.1080/15472450.2(123.2205018.

[15] T. Hovorushchenko, O. Pavlova, and M. Kostiuk. “Mecthod of
Increasing the Security of Smart Parking System”, JCSANDM, vol.
12, no. 03, pp. 297-314.

[16] P. Radink, O. Pavlova. [ El Bouhissi, V. Avsiyevych, V.
Kovalenko, Convolutional neural network for parking slots
detection, 2022. pp. 1-3.

[17] O. Pavlova, V. Kovalenko, T. Hovorushchenko, V. Avsiyevych
Neural network based image recognition method [or smart parking,
2021. pp. 49-51.

[18] Toyota Safety Sense(TSS) (accessed July 16. 2023) URL:
https://www.toyota.ua/discover-toyotassafety.

[19] Standard security systems Volvo Cars (accessed July 16, 2023)

URL: hitps://www.winnerauto.ua/about/sogodennya/standartni-

sistemi-bezpeki-volvo-cars-skorochuut-kilkist-strahovih-zvernen-

za-rezultatami-dtp-na-28-/.

The Mercedes-Benz $-Class presents an intelligent safety concept

(accessed  July 16, 2023)  URL:htps://mercedes-benz-

kiev.com/mercedes-benz-s-class-predstaviyaye-intelektualnu-

kontseptsiyu-bezpeky-2046.

[21] Tlonda Sensing Safety Concept (accessed July 16, 2023) TURL:
https://honda.ua’bezpeka-rukhu/#servis-cl-1083.

[22] What Is Active Prolection In Your BMW? (accessed July 16, 2023)
URL: https://www.schearers.com/what-is-active-protection-in-
your-bmw/,

[23] L. Zhang, J. Wang, Z. An, *Vehicle recognition algorithm based on
Haar-like features and improved Adaboost classifier” in Journal of’
Ambient Tntelligence and Humanized Computing, 2023, vol. 14,
no.3, pp. 807-810.

[24] T.R Tamim. S. Alam, A. Asraf, “An Enhancement in Accuracy of Vehicle
Detection in Parking Areas Employing Haar-1ike Features and AdaBoost
Algorithm” in Przeglad Elektrotechnicmy, 2021. vol. 97, no. 9.

[25] A. Luo, E. An, X. Zhang, H. J. Mattausch. “A hardware-efficient
recognition accelerator using Haar-like feature and SVM classifier”
in IEEE Access 7, 2019. Pp. 14472-14487.

[20

=

105



Mixcnapoonuit naykoso-mexuivnui zcypnan
«BuMiprosansHa ma o6YyucnioeanLHa mexHika 8 mexHono2iyHux npoyecax»

ISSN 2219-9365
https://doi.org/10.31891/2219-9365-2024-77-22
YJIK 004.89: 004 3
BUITHCBKA Apna
XMe/IbHUIbKHI HALIOHA/IbHEH YHIBEPCHTET

e-mail: bil Stagmail.com

BIHBKOBC Spocnas

XMenbHHIBKHIT HAIORAILHIH YHIBEpCHTET
e-mail: binkovsky22@gmail.com

P

TOJIOBATIOK Angpiit
XMebHHIBKHI HALTOHAILHII YHIBepCHTE!
e-mail: golovatiukao@gmail.com

MEJIBHHUYVK [lennc
XnMenbHIIBKHIT HAIOHAILHII YHIBCpCHTEeT
e-mail: deniska.melnvchuk@gmail.com
["TOBOPYIIEHKO Tersina
XMCIBHIBKHIT HAIIOHAILHIT YHIBCPCHTCT
https://oreid.org/0000-0002-7942-1857

e-mail: govorushchenko@gmail.com

ABTOMATHYHE BUABJIEHHA ABTOMOBLIbHUX IMTOPYITHHKIB 3A
JOMOMOTI' 010 KOMIT'FOTEPHOTI'O 30PY B PAMKAX KIBEP®I3HYHOI
CUCTEMH 3ATIOBITAHHS ABAPIMHUM CUTYALISAM

Y cyqacroMy cBiTi, Ae Temin PO3BUTKY TEXHO/ONN rIPHUCKOPIOIOTBCS, MUTaHHS GE3NeKy AOPOXHBOIo PyXy 3a/MIUAETLC
AKTYaNIbHUM 33BAAHHAM. ABTOMATW3auis rPoLEcis | 3aCTOCYBaHHS HOBITHIX TEXHOMOMNA VY CEDI LOPOXHBOrO PyXy MOXyTb
LIOOMOITH IMEHLMTH KiNbKICTs LTTT 13 nopyuieHt npasu.

ABTOMAaTNYHE BHSIBIEHHA ABTOMOPYIWHWKIE 3a AOMOMOIOK KOMITIOTEDHOrO 30Dy B paMKkax Kibep@iznyHoi cuctemu
3arobiraHHs aBapiiHUM CHTYELIAM € MEDCIEKTHBHUM HalpPIMKOM [OCTIXEHb, CPAMOBAHNX Ha 330e3M1EUEHHS KOMPOPTHOro Ta
6e3reyHoro [OpoXHEOro pyxy. OfHaK, ANA e@peKTHBHOI peasm3auii Liei TexHosor, HeoBX{AHO BHUPIUMTH PAA TeXHIYHUX Ta
OPIraHIZaLiiHIX UTaHb,

Y yiii crarTi byae AOCHAXEHO Posib KOMIT'IOTEPHOIO 30py ¥ BUSBMIEHHI 3BTOMOOIIbHUX IMOPYWHKIKIB Ta pPOII/ISHYTO
peanizauio KIOEpGIBNIHIX CUCTEM, CrPSMOBAHIX Ha 3arobIrakHa aBapiiHmM CUTYauIamM Ha Aopo3i. By/o po3rnaHyTo npobnemMy
TOKPALLYCHHS FKOCTI 3YHTYBAHHA 300PaXEHHS /19 €PEKTHBHOIO BUSB/ICHHS OOEKTIB 3a LOTOMOro0 KOMITIOTEPHOIO 30py ANA
3abesneqeHHs CTaHAapTIB Bearexu.

TakoX, y CTarii BKAKOYEHO GHANI3 TEXHO/OMV, METOAIB Ta fPOGIIEM, MOBA3aHUX 3 UMM [POLECOM. 30KPEMA, BUBYEHHS
MOXITHBOCTEN BHKOPHCTAHHS WTYYHOIO IHTENCKTY Ta HEHDOHHIX MEPEX Y KOMITIOTEDHOMY 30DI ANA MIABHIICHHS WBMAKOCTI Ta
TOYHOCTI BHABIEHHS MOPYLUIHHKIB.

MeTa [JOCHiKeHHs — BUIHAYUTY NEPEeBaryt Ta MepCrexTHBH NOJANbLIOTO PO3BUTKY CHCTEM BUSBIICHHS MOPYLIHUKIB Ha
A0pO3), 30KpeMa, X BHECOK Y MOKPALUEHHST Be3rexn AOPOXHBOro Pyxy Ta MOXCIHBOCTI BUKOPHCTAHHS /15 POIBUTKY IHTEIPOBaHIX
TPAHCIIOPTHHX CHCTEM MaHBY THOIO 4715 331106IfaHHS B3PI CUTYALIN.

Klo4oBi cr108a: aBTOMaTHYHE BUABIEHHS TTOPYLUHMKIB, KOMTIOTEPHMI 31D, KiGep@piznyHa arcTema, b6e3rieka Ha Aoposi,
BAPIVIHI CHTYALL, TEXHOJTONT KOMITIOTEPHOro 30Dy, MOKPALLIEHHS SKOCTI 300PaXeHHs, CHCTEMI BHABAIEHHS nopyiiers 4P, 6e3nexa
AOPOXKHEOTO PyXYy, TPAHCTIOPTHI 33C06H, CEHCOPH.
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AUTOMATIC DETECTION OF MOTOR VEHICLE OFFENDERS USING
COMPUTER VISION AS PART OF A CYBER-PHYSICAL EMERGENCY
PREVENTION SYSTEM

In today's world, where the pace of technological development is accelerating, road safely remains a pressing issue.
Automation of processes and the use of the latest technologies in the field of road traffic can help reduce the number of accidents
and violations of the rules, Automatic detection of molorists using computer vision as part of a cyber-physical accident prevention
system is a promising area of research aimed at ensuring comfortable and safe road traffic. However, for the effective
implernentation of this technology, a number of technical and organizational issues need to be addressed.

This article will investigate the role of computer visfon in detecting automotive offenders and consider the implementation
of cyber-physical systems aimed at preventing road accidents, The problem of improving the quality of image reading for effective
detection of objects using computer vision to ensure safety standards was considered.

The article also includes an analysis of the technologies, methods and issues involved, In particular, the article explores
the possibilities of using artificial intelligence and neural networks in computer vision to increase the speed and accuracy of
intrusion detection. The purpose of the study is to determine the advantages and prospects for further development of road violator
detection systems, in particular, their contribution to improving road safely and the possibility of using them to develop integrated
transport systems in the future to prevent accidents.
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[locTanoBka MPod.aeMH y 3aTATLHOMY BHTISIT
12 1 3B’ H30K i3 BAAIHBHMH HAYKOBHMH 1 HPAKTHYHIME 3aB/IaHHIMMN

3 KOKHHM POKOM aBTOMOOIMLHMI Tpadik ctac Bee IHTCHCHBHIMMM, a Ge3meka ma J0porax 3alHImacThes
OJIHIEIO 3 HAHOIIBIN aKTyanbHHX npodnem. [lopylneHHs npaBui J0POKHBOIO PYXY, Taki SIK MePeBHINEHHS BIWIKOCTI,
3MiHa cMyru Oe3 BIANOBIHUX CHI'HA/IIB Ta [POT3}l HA YEPBOHE CBIT/IO, HE JIHILE CTABITH 11ijl 3arpo3y GesieKky BOMIIB
Ta MacaKApiB, aJe i MOYKYTh MPHU3BECTH 10 CEPHO3MIX aBapifiliX cHTYyartii.

Tpajinitiiini METO/ Ta CHCTEMM PO3KPHTTS! 3[04HHIB HE TUIBKH BHTPAYAIOTH CHIIM Ta PECYPCH MO, ane i
€ BKpail Hee(pexkruBHuMu. B nanmii wac BwisicHHa nopyuicss [IJIP B ocHoBHOMY GazyeTbhest Ha pydHHX METOHAX, a
TOYHICTB i NIBHAKICTE pOSOTH CHCTEM BHABJICHHS NOPYIIEHb TPAHCTIOPTHHX 3ac00iB MAIOTh OYEBH/IHI HE/IOMIKH.
ABTOMOOLI, BUHHKAIOTh HOBI MOMUIMBOCTI ¥ cepl Oesnekn Ha goposi. Kibepdizuyni cucremu, mo Gasyiorbes Ha
KOMIT'TOTEPHOMY 30pi, J03BOJAIOTH aBTOMOGLISIM aBTOMATHYHO BHABIATH TOPYIIEHHS NPaBHJ JOPOKHBOIO PyXy Ta
HajlaBaTH BOIAM BYAcHi ronepe;ukenns abo HaBiTh BIpyHarTucs Jums 3anodiranns aBapiil. Takox, Ha ocHOBI 3i0pannx
JIAHHX iCHY € MOMUIHBICTD NIepelaBaHHA 1HPOPMALLIT PO NOPYIIHUKA J0 NPABOOXOPOHHHX OPIaHiB.

V' cydacHOMY aBTOMOOLIEHOMY BHPOOHHUTBI KiGep(i3miHi CHCTeMM BiJirpaloTh KIIOMOBY poib Y
3abesnedenti Oesllekn Ta eeKTHBHOCTI JIOpoikHboro pyxy. Kibepdisuuni cHcreMH NpejCTaBlsiors  coboio
IHTErpalito (i3HYHUX KOMIIOHCHTIB, TaKHX K JAaTYMKH, AKTyaTopd Ta Pery/uolodi [pUCTPOl, 3 [pOIpaMHHM
3a0e31eueHHsM, 110 3a0e311e4y10Th 00pOOKY JaHHX Ta IPHIHATTA PilicHb B pealbHOMY Yaci.

OmimM 3 OCHOBHHX 3aBAaHDb KidDepi3udHHX CHCTEeM Yy aBTOMOOITLHIMT MPOMHCIOBOCTI € TiJIBHINCHIS
Oesnekn Ha JI0posi NUIIXOM po3poOKH Ta BIPOBA/LKCHHS PISHOMAHITHHX CHCTEM MOMEPC/DKCHHS aBapiiiHIX cUTyariii
Ta IX yHuKHeHHs. 11i cucteMH BR/IIOYAIOTH B cede cCHCTeMH aHTHOJIOKYBAHHS I'ajlbM, CHCTEMH KOHTPOJIO cTablibHOCT,
CHCTEMH TIOTICPE/KCHIST 3i TKHCHD, CHCTEMH aBTOMATHYHOTO PO3Mi3HABaHHA JOPOKHIX 3HAKiB, CHTHANIB CBiTI0(Opa,
CBITJIOBHX CHIHAJIIB IHIIHX aBTOMOOLIIB Ta iHmi [1].

3aBjIAKH HOE/IHAHHIO PI3HOMAHITHHX CEHCOPIB, TAKHX SIK pasiap, KAMepH Ta JIa3epHi CKAHEepH 3 HOTYKHHMH
OGHHCITIOBATILIHNMH CHCTEMaMH, KiGep(hi3HIHI CHCTEMH MOJKYTH aHali3yBaTH HABKOJHINHE CEPEMOBHIIC, BHABIATH
HNOTCHUII{HI 3arpo3H Ta HaJaBaTH BOMISAM BUACHI IONCPEDKCHHA a00 HABITh ABTOMATHYHO KCPYBAaTH aBTOMOOLICM UL
VHUKHEHHS! aBapiii.

Texnomorist KOMI'IOTEPHOTO 30pY MOYKE CBOCYACHO 1 TOMNO amasli3yBaTH Ta po3ymiTH 3ibpami mami i3
300paKCHHA, LIBHIKO PO3II3HABaTH 00’€KTH Ha 300paKCHHI Ta BUACHO BILIBJTH NOPYLICHHA. 3aBIJIKH TEXHOIOILL
B3acMOUIT JIHOAMHH Ta KOMII'toTepa, IHdopMaliis 3 aBTOMATHIHUX CHCTeM MoKe 00 €jiHyBaTHCs Ul GaraTopa3oBoro
BHABIICHIIA MOPYIICHD TPAHCTIOPTHNX 3aco01B. Lle 3Menmnye npobiemu, BHKITHKaHI HECTIPaBHICTIO OIHOTO JaTanKa abo
NOMIUVIKOBHMH CHPALEOBAHHAMH, POOILITH CIHCTCMY BISBJICHHS OLIbII TOYHOIO, HAMIHOK Ta CTIHKOO 10 3001B.

TTopyiuenus NpaBii JJOPOKHLOIO PYXY € OAHICIO 3 OCHOBHHX LIPHYHH JIOPOIKHLO-TPAHCIIOPTHUX HPHIONL |
CTBOPIOC cepiosHy 3arposy Oesneni KHTIs Ta MaiiHa JioJed. 3aBsSKH B3acMOIT JHOJMHH 3 KOMITIOTEpOM i
KOMII’IOTCPIIHM 30pOM aH'mMa'ruqui CHCTEMH BHABIIEHHA 1OpYHIEHb TPaHCHOPTHUX 3acobin MOXKYTh CBOCHACHO
BHABJIATH NOPYLLUCHHA, 3MCHIIYBATH fIMOBIPHICTL JOPOKHBO-TPAHCIIOPTHHX HPHIOA 1 I ABHILY BaTH OC3CKY PYXY.

Bonrovac, MOpyTIeHHA CPHYMHAIOTH 3aTOPH Ta 3aTPUMKH, BIUTHBAlOTH Ha e(eKTHBHICTH MepecyBaHHS
mojieit Ta kompopt nojopoxkeit. ToMy. BIpoBa/GKeHHA ABTOMATHYHUX CHCTEMH BUABJICHHS TTOPYIIEHL TPAHCIIOPTHHX
3ac001B MOJKYTh 3MCHIIMTH KUILKICTL 1OPYIICHD, 3IIAMHTH PYX TPAHCHOPTY Ta 3MCHIUMTH [POOJIeMH 3aTopiB Y
MicTax.

Poarust icnylounx pinienn

V cydacHuii 1epiojl yacy aBTOTPAHCIIOPT BHCTYIIAC KINOYOBHM 3acoGoM repeMiments mojeii. Ha sxai,
TPAHCHOPTHI 3acO0H He JTHINE TOAAT0TH KOM(OPTY B TIOBCAKICHHE JKUTTA, ae if M ABHILYIOTH IMOBIpHICTE aBapiii Ta
nopylienh NPasil JIOPOKHLOro pyxy. Bupinenns iiei npoGiemin, Mo npuBeprana yBary 4HuCIeHHUX JOCHiUHKIB,
Moke OyTH JIOCATHYTE 3a JOTIOMOI0I0 CHETeM 3anodiranns aBapidinM curyaiisy [2].

Ilix wac pospobmeHHs BTacHOi cHeTeMH OyI0 TMPOAHAMZOBAHO BKC ICHYIOW JOCTiTkKeHHA. B omHOMY
POSIIIAHYTOMY pilicHHI OyJIO 3alPONOHOBAHO CHCTEMY BIICOCTIOCTEPCIKCHHS 3a JIOPOKHIM PYXOM, sIKa aBTOMATHYHO
Kepye cBiniodopamu 1a BusiBisie apapil. BHkopHCTOBYIOTE riOpHaHHii MemlaHHHH (QUIBTP Ta riOpHAHY BEKIOPHY
MAIHHY TTPHMKHN Ui 06po6KH Bijleo Ta BIICTEKEHHS TPAHCHOPTHUX 3aco0iB. CHcTeMa BUABISE HIJILHICTL PYXY,
NEPEKIIoYac  CBITJIO(OPH [UIA CKCTPEHHX ClyKO Ta BHKOPHCTOBYE HEHPOHHI MCpe#l JUIA BHABJICHHA HPHOYTTH
LIBUAKOL JA0MOMOIH. Pe3yipTaTi BKA3yIOTh HA HOKPALLCHHS e()CKIHBHOCTI YIIPAB/LiHHA Ta iacHTH(IKaUil aBapiil B
peaibHomy yaci [3].

V HacrynHiii BUBHEHIIT CTaTTl JOCIIHMKHN IIPOIOHYIOTh CHCTEMY 1HTEICKTYAJIbHOIO YIIPABIIIHHSA CHIHAIAMU
JOPOKHBOIO PYXY, 30KpeMa IXHIO aJalTalii 10 6e31poTOBHX TeXHONOI] Yepe3 BUSBIICHHS TPAHCIOPTHUX 3aco0iB 3a
JIONOMOTo10 6e3/IpoTOBOIr0 38’43Ky. ABTOPH ONHCAIN AITOPHTM 3 BHKOPHCTAHHAM [JXOMAY 13 MIJIKPILIEHHAM
HABYAHHA U1 CEKTHBHOIO KEPYBAHHA JAOPOKHIMH CHIHAJIAMH B YMOBaX OOMEKCHOIO BHABJICHHSA TPAHCHOPTHHX
3ac00iB. EQeKTHBHICTL CHCTEMH BUBYAECTBCA IPH PI3HHX YMOBAX, TAKIX AK HOTOKH aBTOMOOLUIIB Ta piBeHb BUSABICHHA,
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MOKAa3YIO4H 3aTHICTh CHCTCMH CKOPOYYBATH 4ac OMIKYBAHHS TPAHCIOPTHHX 3ac00IB Ha NMEPEXPECTi Ta HOMINITYBaTH
pyX Ha jlopo3i [4].

Y iHmiii cTaTTi A0CHiIKY€EThCs aBTOMATH30BAHA CHCTEMA BHSABIICHHS TIOPYIIEHE TIPABIUT JOPOKHBOIO PYXY.
BHKOpPHCTOBYIOYH KaMepH BifleocriocTepekeH s, CHCTeMa 3aImicye JopoXkHill pyXx Ta 3actocomye genetic algorithm
(GA) Juis BusiBiIeHHs nopyiieHs. [Tpouee Bkitoyae B ceOe BiHiManusg (oHy. BHKopucTanns texHonorii Haar juis
BHABJICHHS TPAHCIIOPTHHX 3aco0iB Ta omTuMizalio BXiaHuX Hanux Genetic algorithm s cTBopenHs edeKTHBHHX
TpaBHII BIARICHHS MOpYIeHb. MeTa Tosigrae B I0CATHEHHI HAliGLIBIT ONTHMATEHOTO Habopy Tpasu [S].

Y e ojwid crarni posrisialoThes HpodieMH KOHTPOJIIO 32 [OPYIICHHAMH 1IPABHI JOPOKHLOTO PYXY.
30KpeMa Tepe3 HeNOCTATHICTL (I3ITHOro MOHITOPHHTY Ta BemwKi obesru Tpadiky. B wilf mogamo chcteMmy, Aka
BHKOpHCTORYE Yolo-v4 y xomrmekci 3 DeepSORT fu1a BUABICHRSA NOPYTIeHs Ta Yolo-v4 y kommekci 3 Tesseract s
PO3NI3HABAHIA HOMEPHHX 3HAKIB., 3a3HAYCHO BHCOKY TOYHICTHL CHCTEMM B TECTOBHX CHEHAPIAX, 1O NIAIPHMYE /€10
BHKOPHCTAHHSA IMTYTHOTO IHTEIeKTY /TS aBTOMaTH3amii BHaadi mrrpadiB Ta TOMiMmIeHHS Oe3MeKH TOPOKHBOTO
pyxy [6].

B 3aranproMy GyI10 IPOBEICHO NOPIBHSUIBHY XapaKICPHCTHKY ICHYIOUHX MOC/ILDKCHD 1 HABCACHO Pe3yJIBTATH
B Tabumuo 1.

3aranom, JIOCHUUKEHHSA, CHPAMOBAHI Ha BHABICHHS TMOPYHIEHb TPAHCHOPTHHMX 3acobiB, jlanu meBHmi
PE3YIBTAT, alC € [ICBHI HCOOIKH Y TOMHOCTI BHABJICHHA, AKI MOkKHa Oyino O nmomimumry. Takox, nogaHi CHCTCMH
(YHKLIOHYIOTH 32 JIOIIOMOI'OI0 KaMep, sIKi po3MillieHo Ge3ocepe/iibo Ha LIeBHUX jisHKax fopir. Ie ¢ edexrusuuM
JHIE Ha 1MX JIUSHKAaX, irHOpYIoun Oumbury wactuny joporu. Cucrema, saipolioHosana y jawiii crarr, Oyie
BCTAHOBIIIOBATICH BCCPCIHHY aBIOMOOUDL, 10 3a0ce3neuye c)CKTHBHC BISIBJICHHA NOPYLICHb HA YCBOMY MaplpyTi
TPAHCIOPTHOIO 3aco0y. VY BHIALKY MAcOBOIO BHKOPHCTAHHs, CHCTEMa MOJKE IOKPUTH JIyXKe BEIHKY YacTHHY
aBToMoOUILHUX JLOpIT, 30LILITYIOYH GeslieKy YCIX YHaCHHKIB pyXy.

Anropurm podoTH CHCTEMN BHSBACHHS ABTOMODLILINX HOPYIICH
MafidyTHa cHeTeMa BHABICHHA MPABOMOPYINHHKIB Mac B3a€MOMIATH 3 IHIIMH CHCTCMAaMH B 3arabHiif
CTPYKTYpi 3anodiranms asapiiinuM cutyartism. Tak sk jurd ienmudikaiii Mo noTpibHo, MO6 cHeTeMa MoTIa
yieTndikoByBaTH HIIOXO/B, ABTOMODLIB, JIOPOKIIL 3HAKH, JIOPOAKHI CMYI'H Ta cHriaiu csitiodopis. byso crajieno
3araTbHNI arOPHTM PODOTH CHCTCMH, AKHIT IPEICTaBICHO Ha prc. 1.

TaGmuna 1.
TTopiBHsinust HapaMerpin iCHYUYNX pillieHb
IlapameTpn Ilxepeno
131 [4] [51 [6]

Bukopucran Tiopm i Mezuanmi hump, Beyjiporost Texnozoni, Kamepn Yolo-v4, DeepSORT,

TEXHOAOT 1T riGpH/IIa BEKTOPIA ManiiHa HIKPIIUICHE HaBYanis BLICOCIIOCTEPEAKCHIIA, Tesseract

HUITPHMEKN. HCHPOHHT MCpesi rexnonoris Haar, Genetic
algorithm

Zactocypanns Bizeocnoctepeskeni 3a AnanTamis cHruamn Birisenis nopyrenn BuABIeHHs MOpyIIens

TOPOXKHIM PYXOM. ABTOMATHIHE
KepyBanna cBiTaodopanmi,
BUSIRIICHIS aBapiit

JOPOKHBOIO PYXY 10

De3POTORIX
rexHooril, edexTunie

KEpyBamia CHITaIaMi

TIPABILT JOPOKHBOTO PYXY 32
sonomoroio Genetic
algorithm

NPABILT JOPOKHBOIO PYXY.
PO3II3HABAHIA HOMEPHIIX
AMAKIR

Ocobumpocn

TA0pH DUILIPI T2 MAnMIN Ui
00pobKI BICO, BHKOPHC IAHHS
HEIPOHHHX MEPEK UL BHABICHHS
npuOy i WBHAKOT A0HOMOIH

Bukopucranis
HIAKPHLICHOIO HABYAHHS
1 e(DEKTHBHOO
YHPABJLHHA AOPOIKHINMH
CHIHAIAMH

Jacrocysanus Genetie
algorithm juis BysBACHS
HOPYILIEHb Ta OITTHMI3aIiT

npasii

Bukopncranust Yolo-v4 1a
DeepSORT v sussickbs
fnopyliueHs, Yolo-v4 ta
Tesseract i
PO3NI3HABAHHA HOMEPHIX
3HaKiB

PesymbraTi

Tlokpamenng yupasinng 1a
itenTudikaryi anapiii
pewibHOMY yaci

Ckopogenisg gacy
OUIKYRANHS Ha
Hepexpecti 1a

TOTITITICITHA PYXY

CrBopenng epekTHBHNX
TIPARKIT BHABMCHHSA
HOPYHICHB 33 JIOTOMOIOI0
Genetic algorithm

BHcoKa TOYHICTS B
TECTORIX CIEHAPIAX,
MOAUIBICTE aBTOMATH3ANIT
RHla41 MTpagin Ta
nositmicHis Gesncku
JIOPOKHBOIO PYXY

Cucrema BUABICHHA aBTOMOOLILHNX THOPYHICHb BKIIO4Yae Hamynui eranmM:
1) 3axomenns 300paxenud: CHCTeMa OYHHAE CBOK pOOOTY 3 3aXOILICHHA 300paMeHis 3 BCTAHOBICHHX Y
aBTOMOOITI Kamep.
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2) Ilepenobpobka 300pakenns: OrtpuMaHe 300paKcHHS MiIAEThCA nicpe00po0dill, AKa BKModae B cele
3MEHIIEHHS HIYMY, HIABHIIEHHSA KOHTPACTHOCTI Ta THIH OIlepalii y1s NOKpallleHHs SKOCTi 300pakeHHs.

3) BusiprieHns qoposkHix ob'ekris: CHeTeMa BUKOPHCTOBYE aiTOPHTMH KOMITIOTEPHOTO 30pY UL BHABJICHHS
JIOPOKHIX 00'¢KTIB Ha 300pajkeNHi, TAKHX AK aBTOMOOLTI, IOPOKHI 3HAKH, MIIOXO0; Tomo. JlaHmii eTan BHKOHYEThCS
32 JIONOMOTOK HIINX HiJCHCTEM CHCTEMM 3anodiraHds asapiiHux curyanii. Jlo mux siaHocsthes nijicucremu
PO3II3HABAHHS JIOPOKHIX 3HAKIB, CHTHAIIB cBiTJO(GOpa Ta aBTOMOOLIB (YacTHHa (YHKIIOHATY MiJCHCTEMH
BU3HAYCHHA G3MEUHOT BIZICTAHT MK ABTOMODLITAMM):

3) Bijcniosysanns o6'ckris: [Ticis Busisienus 10pokHix o0'cKTiB cHETEMa BUICTEKYC IX PyX Ta MapuipyT.
Lle Moke OYTH BAKMIBO UIS BH3HATSHISA TPACKTOPii pyXy Ta Tepe1oavTe i MaifoyTHiX it 06'¢KTiB.

4) Knacudikaiia o6'ektis: OTprumMani fani mpo 00'¢KTH aHAMIZYIOTHCS JUIS BU3HAYCHHS, YH BiZ0YBAcThCA
HOPYLICHHS HpaBil JI0pokiboro pyxy. Lleil eran Brmouac B cebe BHKOpHCTanHS KIACH(IKATOPIB, AKI MOKYTH
PO3PI3HATH Pi3Hi BHIH MOPYIIEHE, TaKi SK TIePEBAIICHHS MIBHIKOCTI, TIPOI37T Ha TePBOHE CBITIIO, TOTIO.

5) Busmnenns nopymiens: SIkmo cucTeMa BHSBISE MOPYIICHHS, BOHA 3/IlCHIOC BiTMOBIAHI [if, a came
HAZCIIAE NONCPCUKCHHS BOAIEBI.

6) 3anuc i a3 ganux: CucreMa 3alUCYe AaHi PO HOPYILEHHS Ta NOPYIIHIKA JUL HOJJIIION0 aHAI3Y Ta
BHKOPHCTAHHA y BUTIAFIKY. AKINO BOHH Oy Iy Th MOTPIOHI JU1st 110171601 00poOki abo cy10B0ro po3risay.i

Mouatok ’

BaxonneHHn 306pANEHHS —¢
Kamepow
Bigcnigrosysatta
BusBneHnx ob'exTia
Nonepeans 0bpobka v
300pameHHn
Knacudikauin o6'exTis

BURENEHHRA AOPOXHIX
of'extis

Hi
Busgnexun agTomobinis chi nopy
(MIdcuCMEna BUIRAYEHNS
Gesneyrol eidcmari)

Tak

BUABNEHHA QOPOXHIX
3Hakia
(MOCUCMEME DOINIAHABAHNA
ma ananisy SopoxHIx 3Haxis) OnosiwerHs soais

BuasnenHn ceitnogopis
(midcucmema PoSniaHasaHHA
CBIMOBUX CuHane
PeKyIIDsaribHUX 38006i8)

36ip Ta 36epeXeHHa AaHux
npo cUTyauixo 1a asTomobine
nopywHka

BusgnexHs niwoxoais
(Godamwosi nidcucmemu)

KiHeus

Puc. 1. ATropiuT™ podoTH miICHCTCMH
Komm'roTephrif 3ip B aBTOMaTH30BAHNX CHCTEMax OE3MeKH Ha T0posi
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Kommr'torephnii 3ip npezcrasise coboro ramysb IITYMHOrO IHTCICKTY. KA BHBYAE allTOPHTMH Ta MCTOH U
PO3II3HABAHHS T4 PO3YMiHHA 300pakenb Ta Bijgeo. Y cepi Oesllekd Ha JOpo3i KOMIT'IOTEpHHIT 3ip Moxke Oyri
BHKOPHCTAHMM /ISl peaUTi3aliii CHCTeM BHABJICHHS Ta pearyBaHHs Ha aBTOMOOLIbHI MOPYIIeHHS.

OcHOBHI eTarmi pobOTH cHCTEM KOMITIOTEPHOTO 30py BKIOYAIOTH 3aXOIUIEHHs 300paienns abo Bileo 3
BCTAHOBJICHUX Kamep, 00poGKy OTPUMAHMX JIAHHX JUI BHSBICHHS O0'CKTIB Ta 1X KiIacH(ikalii, a TAKOK NPHITHATTSA
BUIOBIIHHX PillleHb HA OCHOBI OTPHMAHHX Pe3yJIbTaTIB.

3acTocyBaHAA KOMITIOTEPHOTO 30py y cHcTemaX Oeslekn Ha Joposi BKmodac B cefe po3MisHaBaHHS
JIOPOKHIX 3HAKIB, BUABJICHHS [HIIOXO/B T2 BEIOCHIICIMCTIB, @ TAKOK BHSBICHHA OPYIICHb HPABHI JIOPOKHLOIO
PYXY, TAKHX fK TePEBHIICHHS NIBHIKOCTI, TIPOT3T Ha YepBOHE CBITIIO Ta iHIIT.

Jlna peamisamii 1X (yHKIIH cHCTEMH KOMITIOTEPHOTO 30py BHKOPHCTOBYIOTH PIisHOMaHITHI METOAM Ta
AIOPHIMH, BKIIOYAI0YH MAUIHIHE HaByanHs, MOoKe Hasyanis Ta 0OpodKy curuaiis. Bonn J03B0Is10TL CHCTEMaM
aBTOMATHIHO aHATI3yBaTH BeTHKHI 00CST TAHNX Ta BHABIATH MOPYIICHHS 3 BHCOKOIO TOUHICTIO Ta IIBHIKICTIO.

ABTOMATHYHE BHSBICHHA ABTOMOOUIBHHX MOPYITHHKIB € BaKIMBOIO CKIAZOBOIO Kibep(isHuamX creTeM
Oe3nekH Ha 10posi.

JUisi aBTOMATHYHOIO BHABIEHHA IOPYIUEHbL IPABHI JIOPOKHBOIO PYXY CHCTEMH KOMIIMOTEPHOIO 30pY
BHKOPHCTOBYIOTH alropHT™H 00pobki 300paiens Ta MalMHHOro Hapdanis. 3o0paxents, oTphuMarni 3 Kamep,
MUIJAKTBCS AHAII3Y UL BISBJICHHA 00'€KTIB IHTCPECY, TAKHX AK aBTOMOOUI, JOPOKHI 3HAKH Ta CUIHAIH CBITIOhOpA.
ITiciist HbOro 3aCTOCOBYIOTLCS AIOPHIMH KIaCH(IKaLl 118 BU3HAUEHHS TOrO, YH BiAOYBAECTbCS HOPYIISHHS! LIPaBII
JIOPOIKHBOTO PyXY.

OnHiM i3 KIOYOBHX BUKIHKIB Y PO3p0o0LI TAKHX CHCTCM € MiIBHILICHHA TOYHOCTI BUSABJICHHA IOPYILICHD Ta
SHIDKEHHS KUIBKOCTI NOMMJIOK. JIJisl JOCAIHEHH:A Li€i MeTH BUKOPHCTOBYIOTBCA TEXHIKH [NHOOKOIO HaBYaHHA Ta
HelponHl Mepexi, AKI MOKYTh epexTHBHO BHSBATH Ta Knacupikysarn ob'exrn na 3o0paenisx 3 BHCOKOIO
TOYHICTIO,

3aB/iAKH aBTOMATHYHOMY BHSAB/ICHHIO TIOPYINEHb [IPABII JIOPOKHBOIO PYXY, cHcTeMH Ge3liekd Ha J0posi
MOJKYTh HaJaBaTH BOISM BYACHI TOTCPE/UKCHIS Ta HAAAI0Th MOKIHBICT: KOPHCTYBAYaM MCPCAaTH iHdopMaltiio mpo
MOPYIIeHH JI0 MPABOOXOPOHHNX OPTaHiB, BHKOPHCTOBYIOUH 3aITHCaHi MaTepiali.

TMokpatnenst skocti 300paKeHis

Ko 306paskeHIA aBTOMOOLTIB PecCTPYIOTHCA Ta TICPEAIOTHCA TH(OPOBIMH 3ac00aMH, BHHHKAIOTh YHCICHHI
TPYJHOMI, TOB'3aHI 3 BIUIMBOM 00Ia/{HAHHS Ta 30BHINHIX (DaKTOpPIB, fAKI BioOpaKalOThCs y BHIISAL HIYMOBHX
edexris na orpumannx sobpazkennsx. Cyrresuii Buecok y ekl edexr poGusits nikeenbhi Giokn abo eiemMenTH, AKi
3'IBIAOTHCA Ha 300paXKCHHI ParToBo Ta He MepeadadcHo, IPEACTABIAIOMH cOBOI0 MPOSB THOTO MIYMY.

Y 3a3HAYCHOMY KOHTEKCTi BaAI/IMBO 3a3HAYUTH, 0 HETATHBHNI BIUIMB HIyMIB Ha 300pakeHHS aBTOMOOLIIB
MOJKC BHKJIMKATH pisKe noripuienns sikoctri, poGusuy so0pakenns He 4itkum ta Menin indopmarmisuum. Tomy
HCOOXITHO 3aCTOCOBYBATH MCTON (hiNbTpalLii 718 MOJONAHHA HBOTO CeKTy.

Metoj1 cepeiboi (GUIBTpALi BUABIAEThCS SEKTHBHUM PIIICHHAM JUISt €T 3a/1a4l. 3riIHO 3 MAaTeMaTHIHHUM
BHPA30M, BiH CIHPACTLCSA HA PO3PAXYHOK CEpe/IHLOr0 3HAYCHHS rpajaniii ciporo mryMy Juis mikcess, 3aMiHIOIOuH Ie
3HAYCHHA CCPCAMIM 3HAUCHHAM YceiX fforo cyciamix mikcemis. lle TpH3BO/MTS A0 BHPIBHIOBAHHS 3HAYCHb Ta
3MCHIICHHS BIUIMBY HIYMOBHX e(DEKTiB Ha OKpeMi MIKCell, [OKPALIyFOUH 30BHINIHIA BHITILA 300paKeHHs.
MaremaTiuHii BHPa3 /U1 1OT0 BHIJI/IAC HACTYIIHHM YHHOM:

1 . 3
Grxyy = Qz(i./)sp fu’x.y’) =ty — 1), 1]

ae p —ue nablp ycix HaHOMDKYMX MHIKCENB, BH3HAuYeHHH TOukow (X.y), N mpejcrasisc KUIbKICTH
HaltGimaky X nikcenis, BusHadeny (X, y) Toukamu, f(X, y) npejcrasise 3padeHHs Ipaj@itii ciporo BHXUIHOIO
300pakeHHA B TOUKaX (X, V), ToMi AKx G(X, y) NpeAcTaB/uic 3HaYeHHA Tpalamiii ¢iporo 300pazeHs Micid ¢epeabol
(DITBTpaTIii 75 TiKCes.

Hacrynnum kpokosm OyJio 1posejieHo nopisusiis eiekTis cepe ibol pinnipaitii Ha BHXIIHOMY 300pakemti.
VY nporieci NOPIBHAIBHOTO aHali3y pealibHe 300paxkeHus (pHc. 2), ske BijoOpakae peabHi YMOBH, MOPIBHIOCTHCS 13
300paKEHHAM, JIC 10 PEaThHOTO TYMY JOTaH] 3¢pPHACTICT Ta MAanepoBHil myM (pHc. 3). ITicms 3acToCyBaHHS METOIY
cepe/tibol (pLIRTPaIl BIADYBACTLCH HOM'SKINCHHS YU BHJIAUICHIS IIYMY, 10 BUPDKACTLHCA NOKPAICHHAM HiTKOCT] T4
Jetanizaiii so6pakenns (puc. 4).

Lleit anamis OXOTMOE KiTbKa acMeKTiB, BRTIOYAOYH AKICTh BITTBOPCHHS JeTaNCH, 3MCHIICHHA MMy Ta
30epeskents KoIbopis. Bin ciykuth 00'cKTHBHOIO MipoIo e(ekTHBHOCTI MeTojly cepejiboi (hibTpaltii B yMoBax, jie
aBTOMOOUILHI 300paskelisi CYIPOBOUKYIOTLCS PI3HOMAHI THHMH ITYMOBHMH apTedaKTaMH.

Ta opurinaibHOMy 3HIMKY (pHc. 2) aBTOMOGUIS B peaibHMX YMOBAX BHABIAIOTLCH ASTATl Ta KOHTYPH 3
AKICHOIO MEpe/iaticto Kombopis. OJiHaK, HMOBIPHO, HasiBHI IIYMH Ta HEBC/IMKI apTe()akTH. CIPHYUHCHI BHITAIKOBUMH
(haxTopamu, MOXKYTh OOMEKYBATH YITKICTh 300paKeHHs T4 BIUIMBATH HA HOIO 3arajibHUIl BUITLUL
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. .
Puc. 2. OpuriaabsHe 300pakceHHs

TTicns BBejens UITYHHOT 3epHUCTOCT] Ta HAIEPOBOIO HIYMY Ha 300paKeHis BUHHKAC eeKkT BHNAIKOBHUX
OnokiB Ta T040K (pue. 3). lle MOXKe CTIBOPIOBATH BpaKCHHS HH3BKO! SKOCTI Ta BHKIMKATH BIPATy ICTalcil Ha
300pazKe HHi, BHAC/I0K BHIAIKOBOI HOABH [KCEIIIB, AKI BUITLNAIOTD SIK apTedakTH.

Ilicnsi BMKOPHCTAHHS METOJY CepeiHbol  (hibTparti crocrepiraeThesi MOMITHE TNOMNIICHHS SKOCTI
300pamenis (puc. 4). Iymu, ski panimie Oy Bueceni, BMAQISIOThes ab0 NOM'SMKUIYIOTBCS, BHACHIIOK 4OI0
300panenHs crac 6uIbII 4iTkuM i 36epirae Giibute aeraned. Koabopi 3aiMaoTbes NPHPOIHUMH, @ KOHTYPH CTaIOTh
OlIbI BU3HAYEHHMH, 1110 CHPHAE BUIIPABICHHIO BILIMBY IIYMOBHX )eKTiB.

TakuM YHHOM, B IIOPIBHAHHI 3 PCAIbHHM Ta IITYYHO 3ICKAHOBAHHM ILIYMOM 300DaXKCHHSM, 3aCTOCYBAHHSA
MeToly cepeltHbol (iibTpaii CyTTeBO NOKpalfye sKiCTh Ta HiTKICTh 300pa/KeHHs, 3MEHIIVIONH BIUIHB UIyMY Ta
TJICHTIOIYH HOTO THOPMATHBHICTD.

Iloronni yMOBH Ta NpalE3JaTHICTh BIICOKAMCPH MOXKYTh 3HAYHO BIUIHBATH HA SKICTh OTPHMAHHX
300pakenb. TakMM HMHOM, YIOCKOHAJIGHHS KOHTPACTHOCTI Ka/piB Bijleo300paeHb 3 MOPYIISHHIMH TPAHCIIOPTHHX
3ac001B CTae KPHTHHHO BAKIMBOIO 3a/1a4eio. OJIHICIO 3 MOAUIMBHX TPY/HONEB € Te, 110 jesKki obuacti na 300paxkenni
MAIOTh MEHIIY IHTCHCHBHICTb [IKCEIIB, IO MOKE IPH3BOMUTH 10 HEYITKOCTI Aetasteil. [ BUpiNIeHHS LbOTo IHTAaHHS
MOJKHA BHKOPHCTOBYBATH METO]l BHPIBHIOBAHHSA IICTOIPAMH, SIKHIf CIPHSE HOPMAJZalii IiCTOrpaMH [LILOBOIO
so0pancenna. Ilelt Meroj1 € epeKTHBHHM Ta [IPOCTUM Y BHKOPHCTAHHI 1 IIMPOKO BHKOPHCTOBYETHCH JUIH HOKpaleH s
AKOCTI 300paskeHb. Y AaHiil CHCTEMI IVTAHYETbCA Y MAOYTHBLOMY BHKOPHCTATH JaHUH METO U IiABUIICHHS SKOCTL
TMOPIBHSANIS 300pakKeHb.

CyTh BHpPIBHIOBAaHHA TIiCTOTpAMH TOMATAac B POSHIHPCHHI JAMa3’oHy 3HAYCHL BUITIHKIB  ciporo,
BHKOPHCTOBYIouH Olible mikcenis npu obpobui soOpaxkeHHst Ta of'eqHyroun 3HaueHHs rpajauiii ciporo. Lle
MPU3BOJIMTE /10 TIOKPAIEHHs] KOHTPACTHOCTI Ta yiTKocTi 300paxkenns. Ha pucynkax 5 ta 6 npejicranieni 300pakenms
70 Ta TTCTIA BHPIBHIOBAHHA TICTOTPAMI, Pa3oM i3 BIATOBIIHAMH TiCTOrpaMaMH, ICMOHCTPYIOUH BILTHB IHOTO MCTOIY
Ha SIKICTb 300pasKeHb TPAHCIIOPTHHX 3ac001B.

Tlounnaroun 3i opurinaabioro 306pasKenHs, HOMITHO, K PO3MIMPEHH fiaria3oHy 3HAYeHb BIATIHKIB ciporo
TIPH3BO/TMTE JI0 TIOKPAIICHHS KOHTPACTHOCTI Ta WITKOCTI JeTarneH. 30HH 3 MCHINOIO IHTCHCHBHICTIO TTKCCTIB, SIKi
paHillie BUIISUIAIN HEUITKHMH, CTAl0Th OL1bII BH3HAUCHIMH Ta BHAUISIOTECS YiTKO Ha (hOHI.
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Puc. 3. 300y nicnst I rocri Ta p 0 mymy

Puc. 4. 3o0pamenns micas cepearsol diasrpanii

AI\"I}'ZUli’Skllliﬂ ||apz1Me‘|pin H NpABHII HABYAHHA CTAHOBHTHL neoﬁxi;uly CKJIJIOBY B upoueci MauiMHHoro
HABYAHHS, SKa ONHCYE, AK MOJE/bL AJANTye CBOI BHYTPIIIHI MapaMeTpH Ui ONTHMIZaLli NPOYKTHBHOCTI IpH poboTi 3
HOBHMH JIaHUMH. Y BHITaJKY KOHTPONLOBAHOTO HABYaHHA 1eif Tpolec YacTo BRIMOYac y cede MiHiMI3aliio (YHKIi
BTpAT, AKa BHMIPIOE BIAMIHHICTH MUK TIPOTHO3AMH MOACTI Ta (AKTHIHMMH MiTKamu. [{7d cHCTeMM BHABICHHS
[OpYLIEHb HA TPAHCIOPTHHX 3aco0aX L MITKH BKa3ylOTh Ha IIPUCYTHICTh IOPYLICHb Ta IXHIH Xapakrep Ha
sobpakennax. TTpodeciiini anoratopn abo KoOMamM BHKOPHCTOBYIOTLCA JIisl To3Hawenus 3i0parx 3o0paxentb
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TpaHcropTHHX 3acobiB. [Ipouec mMapKyBaHHA NOBHHCH BLANOBiAaTH yHi(pIKOBaHMM KpHTepiaM, mob 3abesncuutH
TOYHICTh KOKHOro erukery. Jlis zalesnedeHHs TodqHOCTI aHoTallii jaHi MOKYTh OyTH BHIIAAKOBO BHOpaHi Ta
NepeBIpeHl U BISBICHHS Ta YCYHEHHS MOKIMBHX TOMHJIOK.
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Puc. 6. 3o00pumen st Ta NOKAINUKH WiCAs BUPIBHIOBANNS ViCTOrpamn

Craagenist CHCKY HOpyIIeHns

Jlana rijicucTema po3paxoBaHa Ha NEBHHIT HEpEIiK OpPYIIeHb, SKi BoHAa Moxe posnisHati. Hinkue HagejieHo
CIIHCOK JIAHHX TIOPYIICHD:

1) IlepepnmieHns mBHAKOCTI: CHCTeMa BHSBIAEC TPAHCTOPTHI 3acoOM, SIKi PyXaroThCA 31 MIBHIKICTIO. MO
NEpPERUIIYe BCTaHOBIEHI oOMexeHHs. [le Moxe BKIHOYATH BHSRICHHS TPAHCIOPTHHX 3acoliB, AKI PyXawThes 3
BEITHKOIO TIBHJIKICTIO Ha aBTOCTpajiaX, B MICLKHMX 30Hi ado B immmx obmactsax 3 obmexkenoro mmBuiakictio. [ami
36HparoThCS Ha OCHOBI MIBHIAKOCTI PYXY aBTOMOOIIS MOTCHMIMHOTO TMOPYINTHHKA TAa BHABICHHX 3HAKIB OOMCKCHHS
HIBHJKOCTI;

2) Pyx Ge3 BBiMkHeHHX (pap: CHCTeMa BHSBISE TPAHCIOPTHI 3aCo0M, SIKi pyXarTbes 6e3 VBIMKHEHUX (ap B
YMOBaX HH3bKOT BHIIMMOCTI, HalIPUKJIajL, BHOI 200 HPH 1OraHuX 1orojiHix ymoax. [le moe Oy Hebesneunnm juis
IHIIMX YHACHUKIB JOPOKHBOIO PYXY Ta MOJKE IIPH3BECTH JI0 aBapiii;
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3) llopymicHEst MK J0poKHBOT po3MiTKH: CHCTCMa BHABIAE TPAHCHOPTHI 3aco0H, AKI NCPCTHHATH MCKI
CcMyrd pyxy 0e3 BHKOPHCTAHHA CHIHAJIB HOBOPOTY, 0e3 HeoOXiHoro oOrpyHTyBaHHa abo y HeBULIOBIAHOMY MicIi
(TIepeTHH CYLUTLHHX CMYT, TOIHIO )

4) TlopymieHHs TIpaBII Tpoi3ay cBitioopa: CHeTeMa BHSBIAC TPAHCIOPTHI 3aco0M. SKi MPODKIKAIOTH
niepexpects 1pH YepBoHomy ceitii cgitiogopa. Lle Moxe OyTH HeGe3neqHo JUIs IHIIHX YHACHHKIB JOPOKHBOIO PYXY
Ta NIPU3BECTH J10 CepHO3HHX aBapiif;

5) Pyx B 3aboporenoMy Hanpsamky: CHeTeMa BUSBIIAE TPAHCIIOPTHI 3ac00M, AKI PYXaloThes B 3a00poHEHOMY
HaIpAMKY (110 3ycTpidniii emysi pyxy). Ile moxke npussectn o 3iTKHeHb Ta CepHO3HMX HACHUIKIB juisi Oestieky Ha
JI0po3i;

6) Ilopymenns npasua obrony: CrHcTeMa BHABRIAE TPAHCTIOPTHI 3aco0H, AKi 0OraHAIOTH iHII aBTOMOOLTI B
HeOe31eHIX MICILIX, J¢ Lie 3a00POHCHO IPaBHIAMH JIOPOKHBOIO PYXY:

7) Iopymenns mpasii1 mapkyBaHns: CHcTeMa BHABIAEC TPAHCTIOPTHI 3ac00H, SIKi MAPKYIOTHCA B 3200 POHEHHX
MicIIX abo MepeInko/UKaIoTh pyXy IHIIHNX aBTOMOOITIB, IO MoOKe MPH3BECTH JO TNepemikoj JUIS YHYacHHKIB
ZIOPOKHBOIO PYXY:

8) IrnopyBanus NOpoOKHIX 3HaKis: CHCTEMa BHAB/SE BHIAIKH, KOIM BOMI IrHOPYIOTH Bask/IMBI JOPOMKHI
3HAKH Ta BKA31BKI. TaKl K 3a00pona ob6romy, 3yrnHiKa, oOMeIKeHIs MBHAKOCTI Ta 3HAKH NPIOPHTETY:

9) IlopylicHHA HIpaBWI pyXy Hepe3 3ali3HHYHHI nepeizx CHCTGMa BILIBASE TPaHCIOPTHI 3acodH, sKI
HepelAUUKAIOTh 3alI3HHYHHI Hepel3), koau ue 3abopoHeHo. Lle Moxe HpH3BeCTH 10 HeDesle X cuTyaliH Ta aBapiit
Ha JI0po3i;

10) IlopyuieHHsi npaBw1 OpoI3ay IMINOXiZHMX mepexoaiB: CHCTCMa BHSBISE BHIAAKH, KOJIH BOMIM
NPODKIDKAE IHIIOXLIHMI [epeXxid B TOH MOMEHT, KOJIH [HIIOXOAH IepeXoiTh A0pOrY Ha 3ejleHe CBi110 abo MaloTh
TepeBary 3a 1paBHIaMK JIOPOKHBOIO PYXY.

BHCHOBKH 3 1AHOI0 JOCTULKCHNS | NEPCHCKTHBH NOJANLIINX PO3BIIOK Y IAH0OMY HANPSIMi

Y pesyapTatax mici pobotn 6y710 ACTATBHO PO3TIHYTO POTH CHCTCMH BHABICHHA MOPYIICHL TPABHIT
JIOPOJKHBOTO PYXY Ha OCHOBI KOMITIOTEPHOTO 30py ¥ MiABHINEHH] Ge3rekn Ha Jopo3i. 3acTOCYBaHHA KOMITIOTEPHOTO
30py y cHereMax OesiiekH Ha JI0po3i JI03BoIsC eeKTHBHO BHABIATH PI3HOMAHITHI 1OPYILICHHS, TaKi SK [ICPEBHIICHHS
MBHAKOCTI, pyX O¢3 BBIMKHCHHX (ap, TOPYMICHHA MEK JOPOKHBOI POIMITKH Ta 0araTo iHIMMX, MO CTIPHAC
3MEHINEHHIO aBapiifHOCTI Ta 30eperkeHHIO JIH/IChKHX JKHTTIR.

3acToCcyBaHHs TAKHUX CHCTEM CIIPHAC MOKPAILCHHIO 3araibiHoi Ge31IeKH Ha JI0po3i Ta 3MCHIICHHIO KiILKOCT
apapifinux cuTyariif. Ilogambmn JOCTITKCHAS Ta PO3BHTOK IMX TEXHOTOTIH MOKYTh TIPH3BCCTH 70 iX Oimbmr
HIHPOKOTO BHPOBA/UKCHHS Ta 3a0e3MeYHTH BUIIIMI piBeHb OE3IEKH /11 BCIX YHACHHKIB JIOPOKHBOTO PYXY.

HoBusna aBTOMaTH30BaHOI CHCTEMH BHSBJICHHS [IOPYIUCHDL TPAHCIIOPTHHX 3aco0is, mo Oasyerhes Ha
B3ACMOJTI1 JIFOTHHN 3 KOMIT'IOTCPOM | KOMIT TOTCPHHM 30pOM, TIPCICTABICHA PAIOM KITOMOBHX aCHCKTIB:

1) IHTerpoBaHe BUKOPHCTAHHS TEXHOJOTIH B3aEMOMIT MOMEM 3 KOMI'MOTEPOM I KOMIT'IOTEPHHM 30pOM:
Cucrema o6'ciye dyHKIIT B3aeMOJIT JT10MHN 3 KOMITIOTEPOM Ta KOMITTOTEPHHM 30POM, CTBOPIOIOYH MOMK/IMBICTD He
JTHINIC ABTOMATHYHOTO BUSIBJICHHS Ta UTCHTH(IKAII] TIOPyIICHD, ane # HaTaHHA (HTYITHBHO 3po3yMiToro inTepdeiicy
MOHITOPHHIY JUISl YIPABIIHIIB JOPOKHBOTO pyXY. Lle cripusie edekTHBHIM B3aeMOIT IFOAMHN | MalIHM;

2) AkuenT Ha 3pyyHoMy Jusaitii: OcoGumBa yBara NpHIISCTLCS 3pYYHOMY JI3AtHHY, 1110 BIIPI3HACTLCS Bij
TPaJMIHHNX CHCTEM MOHITOPHATY. 3aBMAKH TCXHOMOTI B3acMOli ITIOMHHA-KOMIT'IOTEP KOPHCTYBAti MOKYTh
IHTYITHBHO cHpHiiMaT iH(OPMALIIO PO HOPYIICHHS, MBUAKO pearyroun Ha Hel. Lle 3HauHO nominmye e()eKTHBHICTD
Ta 3pY4HICTh VIIPABIHHS TpadikoM;

3) JlunamiuHe HamaurryBaHes Ta ajanTHBHe HaByawms: CHcTeMa Mae MOMITHBICTH  JIMHAMIYHOIO
HAJATYBAHHA T2 aJ@AIITHBHOI0 HABYAHHSA, A TAKOK ABTOMATHYHO PEry/Iof PeskHM podoTH BUIIOBIHO 0 PIsHHX
yMOB i cepenopuil. Lle rapanTye TOYHICTb BHABJICHHS NOpylleHb. KpiM Toro, cHcreMa HOCTiiiHO NOKpamiye cBOi
HaBIIKH BUABICHHS Tepe3 MOCTIlHMI Mporiec HaBYaHHs i CaMOKOpEKILii.
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AHAJII3 JAHUX VIS NIATPHMKH ABTOMATHYHOT'O TONEPEUKEHHS BOAISA
JUIA KIBEP®I3UYHOI CUCTEMMH 3ATIOBIITAHHS ABAPIMHUM CUTYAIIAM

V eyuacnory cetmi Gesnexa wa 0opo3i 3GANUAEMBCA OORIEK 3 HAUAKIMYATbHIUUX TEM, OCKLIbKI a6MOMOGIbHI asapii
WOPIMHO RPUIGOOAMS 00 MUCAY MPAEMOGARUX ma 3acudnux, QORUM I3 KAKUHOGUX ACNEKMIG V' 3ano0ieaHKi acapiliRiM CUmyaiiam €
cucimesa nonepedxcerns 6001 npo Moxcnuel Hebesnexku Ha doposi. Bawaueo poseranymu pois nonepeoxcysaibRux cnosiljers ong
600Ii6 Ia iX 6NANG HA 3a2AIbHUN PiGEHb 0€3NEKU Ha Q0po3I.

Vit cmammi poseastdaemven 6arAcIuGIcnts NOREPEONCYEANLHIX CROGIIYEHD 015 60NIT6 K 0OHOZ0 3 BUNCTUGHX ENEMENMIG
O sabesnenenns tesnexut 0oposiciivoeo pyxy. Hesdamiicms c60cuacno nonepedumii 60dis Rpo MONCIUGT RPOOIEMH 3 AGMOMOOLIEM
ma inwi webezneuni cumyvayii Modce npuzeeciu 00 GUHUKHEHHA Ceplio3nix HACTIOKIE, GRTIOUAIONI HEWACHT GURAOKY MA MPAGML.

byno pozeranymo Gazamo pizniex RPUYLH, 10 NPUIGOOAM A0 HEOEINEYHUX CUMYAIN HA QOPO3i, INAKIX AK NOPVIHCHHA (6O
HEQOMPUMAHHS NPAGILT DOPOJICHBOL0 PYXY, IMIHA RO20OHUX YMOG | MEXHIMHT npodiemt asmomooiis. V nidcymry docrioncens
MOJCHE POTYMININ, 10O WEUOKUTE AHAMT? GXIOHIUY OGNHUX 610 MIOCUCIMEM GEMOMOOLIA A GIO0DPAIIC e IUX OaNUX Ha expart
K()pll('")}’f{ll'le&’i ()l)lll).ll{).)ll'_\f‘lnb}’)llll\‘ll)’ﬂlll HEBUNCANLY L‘lllll_)/‘lllﬂﬁ ma I7il)(flul‘(ll"b 6(!'{"{.’)\‘_\' nio uac BUKOPUCINAHNS IMPaichopniioso
3acody.

Memorw daxoi cmammi € posKpUIMMa OCHOGHUX ACNERINIE QHATEZY OGHUX 02 NIOMPUMKI QGIOMAIMUNHO20 TONEPEONCERHA
600Ti6 Ma HAOAHHA YAGIEHHS PO Mme, AK KiOEePQIZUUHI CHCmeMu MOXCYINb 600CKOHATIOEaMI Ge3NeKy Ha O0po3I Md IMEHILY6amit
PUSHK GUULKNENTS QGapiini cumyaiii.

Kmiowosi cioea: Gesnexa na 0oposi, agapivtii cumyayii, ROnepeoNcents 600N, Kioep@izuuna cucmemd, anaiis 0anux,
ABMOMUTIENE ROREPEOIICENIA, QOPOJICIIN PYX, NONEPEIICYEWILIT CROGIUENHS, MeXHivii npotieMit asmomMooUs, Rpacid
AOpodCHBOZO PYXY, GXIOHT dani, De3nera QOPOHCHLOL0 PYXY, POINIZHABANNS, Hefe3neunt cumyayil, WeNOKWT anariz Oanix, Oyinka
Hebe3NeKu, PUsNK asapiil, mpanenopmuuit 3acié.

A. Y. BILINSKA, Y. V. BINKOVSKYI, A, O. HOLOVATIUK, D. R. MELNYCHUK, T. O. HOYORUSHCHENKO
Khmelnytskyi National University

DATA ANALYSIS TO SUPPORT AUTOMATIC DRIVER WARNINGS FOR A CYBER-PHYSICAL ACCIDENT
PREVENTION SYSTEM
Abstract — In today's world, road safety remains one of the most pressing issues, as car accidents resulr in thousands of injuries and
deaths every year. One of the key aspecis of preveniing accidents is a system that wams drivers of possible hazards on the road. It is important to
consider the role of warning messages for drivers and their impact on the overall level of road safety.



This article discusses the importance of driver warnings as one of the essential elemenis of road safery. Failure to warn the driver in a
timely manner about possible vehicle problems and other dangerous situations can lead to serious consequences, including accidents and injuries.

Many different reasons were considered that could lead to dangerous sitvations on the road, such as breaking or not following traffic
rudes, changes in weather condtions, and technical problems with the vehicle. As a result of the research, i1 can be inderstood that quick analvsis of
input data from vehicle subsystems and display of this data on the screen to the user will help to avoid undesirable situations and increase safety
while using the vehicle.

The purpose of this article is 1o reveal the main aspecis of data analytics 1o support automatic driver warnings and provide insight into
how evber-physical systems can improve road safety and reduce the rsk of accidents.

Keywords: road safety, emergency situations, driver warning, cyber-physical system, dara analysis, automatic warning, traffic, warning
natifications, vehicle technical problems, traffic rules, input data, road safety, recognition, dangerous situations, rapid data analysis, hazard
assessment, accident risk, vehiele.

Beryn

V cyuacHoMy CBITI 3pOCTac 3HAYEHHA PO3POOKH Ta BIPOBALKEHHA KIOepHI3HUHMX CHCTEM. fAKI MOCAHYIOTH
(isnuni npouecy 3 iHoOpMAITIITHIME Ta KOMYHIKAI[IHHUMHI TEXHOJIOTISIMI JUIS TIOKpAIieHHS eheKTHBHOCTI Ta Oe3nexH.
OnHUM 3 HalBaKIMBININX aCHCKTIB € Oc3leka Ha JIOpO3i, OCKUIBKM aBTOMOOUIBHI aBapil MOKYTh NpPH3BECTH JIO
CCPHOBHHX HACHIKIB JUIA AKHTTH Ta Maiiia.

V [1boMy KOHTEKCTI CHCTEMM aBTOMATHYHOIO IOTIEpe/UKEHHs BOLITB 11PpO MOTeHIliiiHO Hebesneyni curyanil
nabyBaloTh Bee Oinbmoi aktyamsHocTi. 1li cieTemu 6a3yioThes Ha anatizi BEIHKOTO o0CATY JaHNX, 3i0panux 3 pisimx
jaTyukis, BOymoBanmx y aBTomobim. lle KoMmmekcHmii mporiec. fKHH BHMarac TMOC/IHAHNA PI3HHX TeXHoloriif ta
METO/liB, MO cBoeyacHo |1 ediekruBHO Oyje choimaTH BoAiiB mpo Hebesnexy. HajaBaTH JAOCTATHIO KiIbKiCTh
iH(opMaIil IIpo cHTYyalliro Ha JOPO3i Ta A0HOMaraTH IM NPHIiMaTH NPARIUIbHI PINICHHS 33 KEPMOM,

Mera wi€l HayKoBOI CTaTTi - ZOCHIAHTH METOAN AHAN3Y JAHHX UL HIATPHMKH aBTOMATHYHOIO I10IIepe /PKEHHS
BOJLTB y KiGepdizuuniii cucremi 3anodiranHs apapiiiHuM cHTYanisM.

TpoGnenu Gesmekn mHa JA0po3i MOXKYTh BHHHKATH 3 PI3HMX MPHYHN, BKIIOYAIOMH TOPYIICHHS MPaBHIT
JIOPOKHBOTO PYXY, TEXHIYHOT HEeCTPaBHOCT] aBTOMOOUIIB, 3MIHM MOTOJHHX YMOB Ta inmi (aktopn. Hanpuknan, Boii,
SKI He JIOTPHMYIOTHCH INBHKICHOTO pexuMy, 3iCHIOITh HenpaBuibHHii 00rin abo BHKOPHCTOBYIOTH MOOUIBHI
TejedOHl 32 KepMOM, IIABHILYIOTh PH3HK aBapiif Ta TpaBMaTu3My. 3 iHLIOIO GOKY, HECHPABHOCTI B aBTOMOOUIbHII
TCXHilll, Taki AK NIpodieMH 3 TrajJbMaMM, PYJbOBMM YIpPapliHHAM al0 OCBITICHHAM, MOKYTb HOPH3BECTH IO
HeOHIKYBaHHX CHTYallili Ta asapiit. BijcyTHICTh nolepe;pKyBaiibHUX CHOBIIEHb /Ul BOAIB 11ijl Yac BHHUKHEHHS
npobiieM 3 aBTOMOGLIEM MOXKYTh TIPH3BECTH JI0 CePIHO3HUX HACHIIKIB. 3aBISIKH HAJICKHOMY IH(POPMYBaHHI BOITB 11po
TOTCHINIHI HeGe3meuni cHTyarii Ha JOpo3i. Y HHX 3'4BIACTHCA MOJKIHMBICTD CBOCYACHO pEAryBaTH Ta YHHKATH
MOUIMBHX aBapiii.

IndopmyBanHs BOJIIB Npo HedesneKy BKIKOYae B cebe He JIHIIE pO3Mi3HaBaHHS npobieM, ane if nepejavy
BOIAM BLANOBiAHOI iH(opMaUil WId NPHHHATIA eQeKTHBHMX JiH. Y pa3si BHABICHHA TCXHIYHHX HECHPAaBHOCTCH
aBTOMOO1II, 3aBYaCHE CTIOBIICHHS BO/IS MOZKE JIO3BOJHTH HOMY 3YIUHMTH TpaHCHOPTHHIT 3aci0 y Gesneuanomy micii
Ta BKHTH HEOOXI/IHI 3aX0/H JUIs BUIIPABIEHHS 1IPOGIeMH.

Basicimso pospobury Ta crBopuTH KoMmiuiekcHy kibepdisuuny cucteMy 3anobiranns aBapiiiHum curyarism,
aKa Oyjle MaTH 3J@ATHICTh 3YUTYBATH JIaHi 3 PI3HMX MijICHCTEM aBTOMOOLIS, BKIIOYAIONH BH3HAYEHHS MIBHJIKOCTI Ta
BILICTAHI [JO aBTOMOOLUIM IIOIepeldy, PO3[i3HABAHHA [OPOXKHIX 3HAKIB T4 CBITJIOBHMX PperyJFOBAIBHHX CHIHAJiB,
BH3HAYCHHA TeXHIYHOIro CTany aBToMoOLLsl 3 BOYJOBAHUX Ta MOJATKOBO BCTAHOB/ICHHX AATYHKIB, IPOBOAMTH aHA/I3
HMX JaHKX JUIS BHABJIEHHS NOTEHIIHHNUX Hebe3Iek Ta aproMaTHyHo inhopMyBaTH BOJA 11po MoKkMBI npodiemu [1].

OrmsT ICHYIOMHX MCTO/IB Ta TCXHOTOTiiT

Jlis jocsirsenss niiell aBToMaTHYHOTO NOIIepe;UKeH A BOMTE PO HOTEHIUHHO nedesney i cuTyallil icHyIoTh
PI3HI METOH TA TEXHOJIOLL, SIKI BHKOPHCTOBYHOTHCH V KIOep(pI3HUHIX CHCTEMAX 3al00iraHHs aBapiiiHUM CHTYALisM.
Huxde HaBeIeHO OIVISLI OCHOBHHUX IiIXOMIB:

1) Bukopncranns JIaTHHKIB Ta KaMep:
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e Pajapn: Pajgapn BHKOPHCTOBYIOTHCS I8 BHMIPIOBAHHSA BIJCTAHCH Ta MIBHAKOCTCH 1HIIMX 00'€KTIB
P p P Y p

HABKOJI0 aBTOMOOLIA. BOHM MOXKYTh BUAB/IATH ICPCIIKOIM Ha OUDIXY Ta HaJapaTH IH(OPMALiK mpo ix

PO3TalllyBaHHS Ta PyX.

o Jligapu: Jlizapu BHKOPHCTOBYIOTBCS jUISI CTBOPGHHS TOUHOI TPHBUMIPHOI KapTH HAaBKOJIHIIHBOTO

cepefioprma. BoWH BHMIpIOIOTH BiZCTanbh 70 OO'CKTIB MIAAXOM BUIMPABIEHHA | MPHAMAHEA JasepHAX

TIPOMCHIB.

e Bijeokamepn: Bijeokamepn 3jaTHi pO3Ii3HABATH Ta BIJACHIIKOBYBaTH OO'CKTH, po3Tanmiobani B

o01acTi BHAHMOCTI aBTOMOOLDI, 3a JONOMOIOK KOMII'IOTCPHOIO 30py Ta aIropHIMIiB 00po0Ku 300pakeHs,
BOHH MOKYTh BIUIBJIATH TPAHCIIOPTHI 3aco0H, JOPOXKHI 3HAKH, CHI'HAJH CBITJIOQOpY. HILIOXOMIB Ta 1HLII
00'eKTH Ha J1I0pO3L.

2) MaiiuHHe HaBYaHHS Ta aHa/li3 JIaHuX:
e Kuacudikamis o00'ekriB: MeToIH MAlIMHHOIO HaBYaHHA, Taki AK HeHpPOHHI Mepexi Ta MeTOIH

kaacHpikarii, BHKOPUCTOBYIOThCA JuiA ifenThdikamii pisnux THMB 06'¢KTIB Ha J0PO3l, TaKUX AK NI

aBToMoO1I1, JIOPOKHI 3HAKH, CUIHAIH CBITIODOPY, MIIOXO0/IH, TOII0.

e [lporHosyBaHHS PH3HKY: AJITOPHTMH aHAJTI3y NAHMX MOXKYTh NPOrHO3YBATH PHSHK BHHHKHCHHS

aBapiifHiX CHTYarliif Ha OCHOBI ICTOPHYHHX JAHHX Ta IIOTOYHHX YMOB JIOPOKHBOTO PYXY.

3) Komymnikallist Miz aBroMoOuIsMy Ta ilppacTpyKTypolo:
e V2V komynikauis: V2V (Vehicle-10-Vehicle) texHosoris jo3Boisie aBroMoOiisM oOMiHIOBaTHCS

in)OpMa.lliClO HIpo CBOE MICLE3HAXOPKEHHS, IUBHIKICTL Ta HallpMOK pyXYy. uC J03BOJSIE BHABJIATH Ta

YHHKATH MOTCHIIHHO HeGe3meMHIX CHTyaliii.

o V2I komymnixamis: V2I (Vehicle-to-Infrastructure) Texnonoris mepemayi JaHuX MiK aBTOMODITAMH Ta

iHpacTpyKTypoio JIOpOTH  I03BOASAE  aBTOMOOLISM  OTPHMYBAaTH

iHdopMatiio  1mpo  JA0pOKHI  YMOBH,

CBITII0(OPH, JIOPOIKHI 3HAKH T4 IHIIN NapaMeTpH, SKi MOXKYTh BIUIHBATH Ha Oe3leky Ha JIOpo3i.

4) CHCTeMH MONEPELKEHHS [IPO BLIBOJIIKAHHS BOIIs:
e Bumipiosatus ¢Qizsionoriunnx napamerpis Bojis: JIeski CHCTEMH BHKOPHCTOBYIOTL JIATHHKH JUIS

BUMIproBanHs (i3ioNOriTHIX NMapaMeTpiB BOJIA, TAKHX SIK HACTOTA IYJILCY Ta piBeHL 30cepeukeHocti. Ha

TIICTaBl THX MAHWX MOKYTB TeHepyBaTHCA ayaio abo Bi3yaldbHi CHTHAIN TIOTIEpeUKEHHS TMPO BiABOMIKaHHA

BOJTAL.

ni[l Hac p060'I'H Hajl IlileML'I’CMOIO aua.vlizy JAaHMuX JUA Ili,’l’l'pHMKH ABTOMATHYHOI'O HONEPE/UKeHHA BOJIA JUI

Kibepdiznunoi cucremn 3anobiranns aBapiiuuM CUTYallisM Ha Jopo3i OyJo posrisHyTo JleKiibka crarell 1HmmX

astopie [2-5]. Vei posmmsHyTi poborn 3aHeccHo B TaGmumo 1. V HIM BKAa3aHO 3alIpONOHOBAHI aBTOpaMH METOH Ta

OLIIHCHO nepesaru 1a HEOOIKU KOKHOIO 3 HHX.

Or s/ iCHYHO4NX PillICHB

Ta6mung 1.

Hasga crarti

3aIponoHoBaHi
MeTO;H

ITepeBaru

Hexnouiku

Bu3HayeHHa nepesar
Oe3siekH 3a
JOIIOMOIOIO AHATI3Y
PU3HKY 3ITKHEHHS
Mi)l( TPaHCIOPTHHMH
3aco00aMH 3
BHKOPHCTAHHAM
JaHnnx llillKJllO‘-[EllllX
CcHCTEM aBTOMOOIS

(2]

MeTton aHanisy
IHJIEKCY TTOTEHITHHOT
apapiiinocti (CPI),
AKHH J103BONIAE
KUIBKICHO OIHUTH
NOTEHII T pU3HKH
apapiif.

CPI no3Borsie YHCENTBEHO
BHPA3MTH PH3UKH aBapiii y
BHIVEA 1HACKCY, BUKOPHCTOBYE
NaHi, 310paHi B peaqbHAX YMOBaX,
110 JIO3BOJIAC Tip()ﬁ"'l'“
JIOCITIUKEHHS 1IN
JIOCTOBIPHIMI, TO3BOJIAEC
pieHTuIKyBaTH JUIAHKHN J10pir,
Jie TPUCYTHI mpoGieMn.

TounicTh pesymsraris CPI
AHaAIII3Y 3AJICHKUTH BIL
TOYHOCTI JaHHX, OTPHMAHHX
3 TATYHKIB PYXY Ta cHCTEM
ADAS., anaiiz moxe
BUMaraTH 3Ha4HHX
OOYHCTIOBATTHHUX PECYPCIB, B
3AIEIKHOCTI BijL 0DCATy
JIAHHX.
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HasBa crarTi

3arponoHoBaHi
METOH

Ilepesarn

Hemomixkn

AHani3 J0CTyIHOCTI Merox ananizy Benuki obcsaru nanux, 316pasi TouHICTh Ta NOBHOTA JaHHX
Ha OCHOBI JJAHUX Ji1s JIOCAIKHOCT] Ha OCHOBI | Bijl aBTOHOMHWX 3aC00iB, MOZKE KapAHHATLHO
pekoH(irypanii JIaHHX, KNI J03BOILIIOTH 3pOOHTH aHAMTI3 BIIMHYTH Ha Pe3yIbTaT
CHCTEM YIIPaBIiHHS 3aCTOCOBYETHCS 10 GUIbL TOUHHM, BUKOPHCTAHHS aHalli3y, MoKe 110TpedyBaTi
TPAHCTIOPTHHMH crparerii ATOPUTMIB MATIIHHTIOTO HaraTo 0GUHCTIOBANBHHX
3acobamu [3]. pekoH(pIryparii. HABHAHHS JI03BOIE PO3POOIAITH | pecypCiB IPH BEIHKOMY
eekTHBHI cTpaTeril yIpaB/iHHi. | ofcssi JaHHX, BHKOPUCTAHHS
MalHIHOTO HAaBYAHHA MOKE
BUMAraTH CICUIAI30BaHOL
CKCHEPTHOCTI.
ITporHo3yBaHus Bukopucranss MeToH JiepeB pillieHb. Meros HaisHoro Baiieca
JIOPOIKHBO= MeTOoLIB Kiachpikanii, | BHNaAKoBHIi JIic Ta perpecis XapaKTepH3yCThe
TPAHCIIOPTHHX TAKHUX K JepeBa HIPOSIBIISIIOTH BUCOKY TOYHICTh Y | HEBHUCOKOH TOUHICTIO
[IPHIroL 3a pillieHb, BUTIAAKOBHIT nepeGadeHHi TAKKOCTI aBapiid. nependaqenss (Menie 20%)

JOIIOMOIrOI0 aHANIZY
JAaHKX 13 HIATPUMEKOIO
MaIIHHHOIO HABYAHHS

[4].

Jlic, HATBHMIT MeTOjL
Baiieca ta perpecis
JUIA aHallizy Ta
NiJ{BUITIEHHS
CeKTHBHOCTL
nporuosyBannsa JTI1.

i anropurmu eeKTHBHO
B33€MO/IIOTh 3 BCAHKHUMH
obcsTaMy JIaHHX 1 BUABIAIOTHCS
liHCDKOE(peI(THBIIHMH Juis
OararopiBHCBHX KIACH(iKalii.

I MOKE BUABHTHCH
HEJIONIBHAM JUIA ECBHUX
HabOoPIB JIAHHX.

Tnrenexryaibmi
cHCTeMH OesIeKH
pyxy(ICEP) [5].

Anaiis lannx 3
JIATYHKIB 33
JIONOMOIolo
ANTOPHUTMIB
MAIlHHHOIO HARYAHHS
Ta ITYYHOT'O
IHTCICKTY.

Edexrusie BHKOPHCTAHNA JIaHHX
J03BOJBIE CHCTEMAM ¢EKTHBHO
aHa/N3YBaTH BE/IHMKI 00CHrn
JaNHX | BUABIATH MaTCPHI
HOPYIICHb [IPABII IOPOKHBOTO
pyxy, ICEP MosyTh mijytaBatiest
TIOCTIiHif MOepHi3arii Ta
OHOBJICHHIO AJTOPUTMIB JUIS
MOKPAICHHS IXHBOT
cheKTHBHOCTI Ta peakiiii Ha HOBI
CHTyaLlil Ha Zoporax.

IMpusarnicrs 1 Oesneka
JaHuX: 30ip Ta 00podka
BEJIHKOT KUILKOCTI OCOOHCTHX
JIaHUX BOJITB MOKE
MOPOJUKYBATH TIPOOICMH 3
MPHBATHICTIO Ta Ge3I1eK010
nux manux HemockonamicTs
anroput™is: ICEP MoxyTh
MaTH Hejonikn abo
MPONYCKATH TICBHI THITH
nopyiueHs abo curyaniii Ha
JI0pO3i.

JU1s DiZTPHMKH ABTOMATHYHOIO IIONEPEIUKCHHS BOAIA IIPO NoTeHUiNHO HeOesneudi curyamil Ha Joposi
3aCTOCOBYIOTHCS PI3HI METO/IH aHAJI3Y JaHHX, 4Ki JI03BOJSIOTE CHCTEMI aHai3yBaTH iopMaliiio 3 pisHUX JKepen Ta

npuitvary ianosiam pimenis. Hikde jerasbiilie onucano JIeski 3 METo/diB, 10 BHKOPHCTOBYIOTHLCS Y Jlanii

CHCTeMi:

]) MarniHHe HaBYaHHS. BI‘IKOPHCTBHHSI HCﬁpOHHHX MEPEK JIOZBOIAE CHCTEMI BHBYATH CKJIa,'IHi 3AIEKHOCTL
MiZ& PISHHMH (paKTOpaMH, fKI MOKYTh NPH3BOJMTH 10 apapiiiHux curyanid. Hanpukiaj, ranGoki HeHpoHHI Mepexi
MOKYTh BUBYATH XapaKTepHCTHKH 0O'CKIIB Ha JOPO3i Ta OPOrHO3yBaTH iXHi Ail. 3aCTOCYBAHHA METOMB KIacHPiKauil
Jtospoisic cieteMi iteHTHdiKyBaTH pisni THIH 00'CKTIB Ha IO0PO3i Ta BU3HAYATH, YK € BOHH NOTCHINHHO HeGesneuHuMH

Juis aromobin. Hanpuiiaj, cucreMa Moske Kiacndpikysari o0'cKTH K 11T aBTOMODLI, IHIIOXO/IH, BEJIOCHIIC/HCTH

TOMIO:

2) O6pobka curHanis. 3acToCyBaHHA METO/1iB 0OPOOKH CHIHANIB JO3BOISE CHCTEMI BUABIATH TICBHI IA0IOHH

abo natepHH, SIKi MOKYTh BKa3zyBaTH Ha MOTEHIHHO HeGesneudi curyauil Ha joposi. Hanpuxiaji, cucrema Moxe

Mero/n aHAT3Y JJAHIX

BUSBISITH 1AGIIOHH PYXY, 11O MOKYTb IIPH3BECTH [0 3ITKHEHHSI;
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3) CratuctuyHuil aHamiz. 3acTOCYBaHHA CTAaTHCTHYHHX MCTOIB JI03BOJIAE CHCTCMI IPOTHO3YBAaTH PH3HK
BHHHKHCHHA aBApiHHHX CHIyallif Ha OCHOBI aHAI3y ICTOPHYHHX JAHHX T4 NOTOYHHX YMOB JOPOMKHBOIO PyXYy.
Hanpuxiaz, cHeTeMa MOXKe BpaXOBYBAaTH 4ac J00H, II0r0/IHI YMOBH, THII JOPOI'H TOLLO;

4) I'eonpocTopoBHii aHai3. ['e0NpocTOPOBHil aHAI3 TO3BOJISE CHCTEMI BH3HAYATH ONTHMAIBHII MApIIPYT Ta
TIPOTHO3YBATH MaifOyTHIO TPACKTOPIO PyXy aBTOMOOIN 3 YpaxyBaHHAM Pi3HUX (paKTOPiB, TAKMX K TOPOKHI YMOBH,
JIOPOYKHI 3HAKH, CHIHANK CBITAO(OpIB Ta Tpadik.

TloeHaHHs PI3HUX MCTOJUB aHAI3y JaHHX UL TLATPUMKH aBTOMaTHYHOIO HONCPCUKCHHA BOIA 103BOJIIE
CTBOPHTH KOMIUICKCHY Ta e()EKTHBHY CHCTEMY, Ka 3a0e3ieuye MakCHMallbHUH piBeHb Oesiekn Ha jJoposi. [nrerpauis
MAIMHHOIO HaBYaHHS, OOpOOKH CHUI'HANIB, CTATHCTHYHOIO AHAJ3Y Td EONPOCTOPOBOIO AHAMI3Y MO3BOISE CHCTEMI
0OpOOIATH BEIHKI 00CATH JAHHX 3 PI3HHAX JGKepell Ta IpUiMaTH BiJNOBIIHI pillleHHs B peaJbHOMY Haci,

TIp# BUKOpHCTaHHI MAIIMHHOTO HABYAHHA CHCTEMA MOJKE BUMTHCA 31 30epeskenmx Janux 1po pisti curyaiii Ha
Jioposi Ta Bubupatn Haitduibn edexTuBimi crocid pearysatns B KoHkpernnx ymosax. OOpodka cHIriallis jl03BOJISAC
CHCTEMI BHABJLSITH BIIXHIICHHS Bijl THHOBHX NAQTEPHIB PyXYy, M0 MOXKC BKa3yBaTH Ha MOTCHILIHHO HeOesNeuHi cutyartii,
TO AK CTATHCTHYHHIT aHAII3 JI01IOMATac [IPOrHO3Y BATH PH3HK BUHAKHEHIS aBapiii B pi3HHuX yMOBaX.

I3 BHKOPHCTaHHS I'eONpPOCTOPOBOIO aHali3y CHCTEMa MOKe BpaxoByBarH reorpadiui ocoGimBocti Jopir Ta
IHPACTPYKTYpH, M0 JIO3BOIAC OUIBII TOYHO TPOTHO3YBATH Ta YHHKATH TOTEHIHO Hebe3nmednux cHTyaii.
TMoenanis [HX METOIB JIO3BOJIC CTBOPHTH CHCTEMY, HKA MOJKE ONEPATHBHO PearyBaTH HA 3MIiHM HA J0PO3i Ta
e)eKTHBHO TIONEpE/UKAaTH BOIIB PO MOMJIMBI HEOE3ICKH, 110 JIOMOMArae 3MCHIITHTH KiTBKICTh aBapiil Ta MiBHILHTH
3aTaTbHUIT PIBEHb DE3MCKH JJOPOKHBOTO PYXY.

ANropurm HITPHMKH HPHITHATTS PIlIEHb LIS CHCTEMIE 3110011 aHNs aBapiiinuM CHTyanism

Jlna epekTHBHOTO (PYHKI[IONYBAHHSA CHCTCMHM 3aMOOITaHHsA aBapiffiM CHTyamisM HeoOXiAHo MATH aaropHTM
TIPHIHATTS pillleHb, TKAiT 6a3ycThes Ha pe3yIbTaTi aHAM3Y AHHX Ta BHABICHHI MOTCHINTHNX nebe3nek na 1oposi.

IlepiM KpOKOM B aJITOPHTMI € OLIHKA PU3HKY HOTCHIINHHO HebesneyHuX curyauiid. Lleil nponec BKIOYae B
cele aHal3 JAHUX 3 PI3HUX JDKepesl, BHABICHHA BUIXWICHb Bl THIIOBHX HATEPHIB PYXY, OLIHKY CTaHY NOPOXKHBOT
idpacTpyKIypH, ICpeBipKa CTaHy aBToMOOIA Ta 1HUIL (AKTOPH, [0 MOXKYTh BIUIMBATH Ha Oe3leKy Ha J10posi.

Ilicng omimkx pHAHKY cHcTeMa BHOHpae HafGimemr eeKTHBHHIT 3aXiq AnA 3amobiraHHsS MOTCHINTHIM
aBapiifanm cuTyanisM. [e Moxe 6yTH BiToGpaskKeHHS TOMEPe/UKYBATLHOTO CHTHAITY JUTS BOMIS TIPO TaNbMYBaHHs, 3MiHy
‘TpackTopii pyXy, Tomo. Takox ¢ BapialT 1orepe/GKe s 3a J0NOMOrolo 3BYKY.

OcCTaHHIM eTaloM € MOHITOPHHI ¢(DEKTHBHOCTI 3aX01IB G¢3IICKA TA CKIIAJAHHS 3BITIB PO IXHIO C(DCKTHBHICTS,
Ile 103BOIIsIE cHCTEMI NMOCTIHO BJIOCKOHAIIOBATH CBOT alrOpHTMI Ta 3a0e31euyBaTH MaKCHMAILHIH piBeHDb Oe3rexku Ha
JIOpO3i.

ANTOpHTM OPHIfHATTS pPilllcHb € BaKTHBOIO CKIATOBOIO Kibepdi3HaHOi CHCTEMH 3amobiraHHS aBapiifHmM
CHTYaIlisM, OCKUIBKM BiH BU3HA4ac, AK CHCTEMa pearye Ha norenuiiino nebesnedni curyanii 1a 3axuuiac BOITB Tta
nacaKupiB Ha Z0po3i. 3arajpHuil airopuT™ poboTH migcHcTeMu 300paKeHHuii Ha puc. 1.

3dip indopmanii npo cram arToMo0iIs

ITi wac 360py iHdopMarii mpo cTan aBTOMOOLTA JUIT CHCTeMH 3amo0iranHs aBapiifHiM CHTYAITiMM, BaAKIHBO
BPAXOBYBATH IIapaMeTpH, IO BLI0OpaKalOTh TCXHIYHHI CTaH Ta (yHKUioHyBaHHA aBromoOima. OjMH 13 TakHX
HapaMerTpis - 1ie piBeHb MACTHIA. BUMIpIOBaHHA PIBHA Ta AKOCTI MacTHIa B JABHI'YHI JIO3BOJAC BYACHO BHABIATH
MOZKJIHBI IPOGIEMH 3 CUCTEMOK) 3MALLCHHS, 1110 MOKE YHHKHYTH CepHO3HHX IOIIKO/KCHb JIBHIYHA,

Takox BaKIMBHM [apaMeTpoM € TeMnepatypa JBHryHa. ITocTiinui MOHITOPHNT TeMIlepaTypH JIBUI'YHa
JIO3BOJISIC BHABISTH MEPErpiB Ta iHIN aHOMAIbHI CTAHH, 10 MOXKYTh MPH3BECTH JI0 MONTKOJLKEHHS JIBATYHA ab0 HaBiTh

JIO TIOMKEXKI.
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( Movarok )

v

36ip iHdopmaull npo cuTyauiio Ha Aopoal Asania incopmauit
9 MopisxaHKHg 13 wabnosamu
BussnexHs gz €KTIB Ha Ge HOTO pyxy Ta
Aop |neHTMdIKaLIA BigxUneHs
BusBneHHa AOPOXHIX 3Hakia OUiHKa PU3MKY BUHHKHEHHA
Ta cursanis caitnogopa asapliHol cuTyaull
AHani3 AopoXHiX ymos \ 4

MpUAHATTS pilLeHHs Ha
ocHo8i 3i6panol indopmauil

OuiHKa NoTeHLIRHNX
Hebesnek Ta pusnkia

A

InchopmyBaHHs Boais

36ip iHopmauii npo cran asTomobins

MOHITOPUHI TEXHIYTOTD CTaHy
asTomobins

Cutyauis smiHunacs

5| 36ip napametpis pyxy
asTomobing

] MOHITOpUHT echexTUBHOCTI

Y

‘ KiHeub

Puc. 1. Asropim poGoTn cHETeMH analisy Ta 0noBilleHHs! BO/Lis

Ille ojHUM BaXUIMBHM 11APaMETPOM € THCK y wMHaX. MOHITOPHHI THCKY Y LIMHAX JloHOMarac 30i1blIHTH
Oe3meky Ta CKOHOMIK TANBHOTO, OCKLTBKH HCTIPABIIBHMI THCK MOKC TIPH3BSCTH JO MOTIPIICHHS KEPOBAHOCTI
aBTOMODITA Ta 3OUTBIICHHS CTTOKHBAHHS TAIBHOTO.

PiBeHp nanpHOrO B 0aKy € TAKOXK BajUIMBHM HApaMETPOM UL BUICTCKCHHS. BHUMIPIOBAHHA PIBHA HAJILHOTO
J03BOISE YHHKHYTH BHIANKIB BLIKIIOYEHHS IBMIYHA Uepe3 BHUEPHNAHHA NAIBHOLO, IO MOXKe IPH3BECTH 0
nebe3nednnx cuTyartii Ha j10posi.

JlofaTKOBO. TapaMeTPOM CTaHy aBTOMOOINA € CTaH TaTbMiBHOI CHCTCMH. BHABICHHA aHOMadbHHX abo
HeOe3MeTHNX 3HAYCHD THCKY TANTBMIBHOT PIAHHN Ta HINHX MapaMeTpiB TANBMIBHOI CHCTEMH JIO3BOIAE BYACHO BHSBIATH

npobiemMn Ta YHHKHYTH aBapiil.
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Takozk cimiji BpaXxoBYBaTH CTaH aKyMyJsiTopa, sKHil Moxke BigoOpamkatn poOoTy CICKIPHYHOI CHCTCMH
aBTOMOOLIA. BLICTCKCHHA HAanpyru Ta CTaHy 3apsiy aKyMY/IATOpPa HONoMarae 3aro0irTH MOZUIMBHM BLIMOBaM
CIIEKTPUYHOI CHCTEMH,

He MeHnI BakIHBHM € BHMIPIOBAHHSA TapaMerpiB poOOTH JBHIYHA. BHMIpIOBAHHS IIBHIKOCTI 0DepTaHHS
JIBUTYHA, TeMTepaTypH Ta iHIMIHX TIapaMeTpiB OTIOMarac BYacHO BHABIATH TpodaeMu 3 pobOTO0 ABHTYHA Ta
YHHKHYTH aBapiii Ha Jlopo3i.

36ip iHopmalii npo craH aBTOMOOLIA Ta aHali3 OTPHMAHUX JAHHX Bi0YBa€ThCs 3a JOHOMOTOK BOY/IOBaHHX
B aBToMoOLIbL CEHCOPIB Ta cHeTeM MOHITOpHHIY. OcHOBHI Kpok# 300py Ta anaiiszy iHpopMaili HacTyHI:

1) 36ip manux. CeHcopH B aBTOMOOUI MOCTIHO BHMIpIOIOTH Pi3HI NapaMeTpH, Taki AK THCK Y [IMHAX.
TeMIepaTypa JBHTYHA, piBeHb NaJbHOrO, CTaH TraJbMIBHOI cHCTeMM Ta iHmi. OTpuMani Jai 30epiraorbes y
BOY/IOBaHHX CHCTEMAX 3AITHCY JAHHX aBTOMOGLIS,

2) llepenaua manux. 3i0paHi jaHi NEepeJarOThCs 0 CHCTEMH 3alloDIraHHs aBapiHHUM CHTYalllAM, A€ BOHH
NLUAIOTHLES HOAAJLINOMY aHamizy:

3) Amaniz manmx. [Ipm oTpumanmi MaHuX, CHCTCMa BHKOPHCTOBYC ANTOPHTMH aHAi3y [UIS BHABICHS
MOJKIHBHX anomaniii abo nebesneunnx cutyamiii. Hanpukman, KMo THCK y IIHHAX BHABIACTLCS HIDKYHM 32 HOPMY
abo TeMmepaTypa ABHTYHA MEPEBHIIYC JIOIYCTHMHIT PIBEHb, CHCTEMA MOYKE CIIPAITIOBATH Ha BUSBICHHS npobiem:

4) OnoeinteHdst Boxist. Ilpu BusiBieHHi aHoMauiii abo NOMIWIOK y poboTi aBToMOOUI, CHCTeMA CHOBILIAE
Bois. Lle Moxe BiuOyBaTHes Yepes BizyalbHl Ta ayJio CHIHAIM HA ¢KpaHi abo HaBiTh 4epes3 crelialbHui MOOUILHAH
JIOZIATOK;

5) Pexomenpamii ans aiit. Kpim omosimenns npo MoMIUIKH, CHCTEMa TaK0XK MOJKE HAZaBaTH PCKOMCHIALT
BOJUCBI MOJI0 NOJANBIIKX JUil. Hanpnkmaj, y pasi HA3bKOrO THCKY Y HMIHHAX CHCTEMa MOXKe TOPajiTH BOICBI
MEpeBIPUTH THCK Ta, AKIO NOTPIGHO, HAZATH IHCTPYKIT 110/10 HAKAYYBAHHS IINH,

Omxe, ueil npouec 3adesnedye MOCTiHHNN MOHITOPUHL CTaHy aBTOMOOULSL Ta Hajae BOMieBl iH(opMALiO Ipo
MoxUIMBI tipobiiemMu abo Hedesneuni curyauii, wo jonomarae 30UILIIMTH Geslieky Ta eheKTHBHICTbL YIHPaBIiHHSI
TPAHCIIOPTHHM 3aCO00M.

BucHoBkn

V miit crarri Oyn0 XeTaNbHO PO3I/BIHYTO CHCTEMY 3alOOIraHHS aBapiiHHM CHTYaLisM ULl aBTOMOOULB, INO
Gazyerhes Ha aHali3l gaHux Ta Kibepdizmuaux cuctemax. CHCTEMA TAaKOIO THILY BHKOPHCTOBYE CY4YacHI TEXHOIOLIL,
TaKi SK JIATYHKH, AIMOPHTMH MAMINHHOTO HABYAHHSA Ta INTYYHHI IHTEJNCKT, JUIS MOCTIHHOTO MOHITOPHHTY CTamy
aBTOMOOI/ISI Ta OTOUYIOUOT0 CEPEIOBHIILA.

Takoz Oyn0 NpOAHAN30BAHO METO/M AHAIIZY JIAHHMX, AKI BHKOPHCTOBYIOTHCA [UIA BHABJICHHA TOTCHINHHX
HebesnedHnx CHTyalliif Ha JIOPO3i, 4 TAKOK METO/H HIABHICHIS HajliiinocT] cueTemu juis 3abesiedenns Gesnepebdiitnoi
Ta epekruBHOI poborn. 36ip iHdopMmauii 1po craH aBTOMOOLI BKIFOUAE B ceOc BHMIDIOBAHHS PI3HHX IapaMeIpis,
TAKHX K PiBeHb MAcTHIIA, THCK Y HIMHAX, TeMICpaTypa JBHIYHA Ta HIH, MO JI03BONSC CHCTEMI BHABIATH MOAUINBI
npoGriemMi Ta BYaCHO pearyBaTH Ha iHuX.

OnoBileHHs BOMiS TPO BHABIEHI TOMIIKH ado aHoMarii y poboTi aBTOMOOLTS € OfIHI€I0 3 Ba/KTHBHX
cKiaioBux cuctemu. Lle 103Boisie BOJIK0 CBOEMACHO pearyBaTH Ha TIOTCHINHHI HEOE3NEYHI CHTyalil Ta BAKHBATH
HeoOX1/iH1 3aX0/11 i 3a0e31edeHHsA Oe31eKH.

VY nijoMy, cucTema 3anodiranHs aBapiiiHuM CHTYAIlifM U1 aBTOMOOIIIB € BKIMBHM KPOKOM Y HalpsMKY

Oe3MekH Ha JI0porax Ta IOKPaIeHHs SKOCT! AKUTTS YCIX YHACHHKIB IOPOIKHBOTIO PYXY.
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AUTOMATED SYSTEM FOR DETERMINING SPEED OF CARS AHEAD

Road accidents and speeding violations are pervasive issues that pose substantial threats to road users on a dally basis. In
an ongoing effort to improve road safety and reduce the frequency of accidents, researchers and engineers have been dedicated to
the development and implementation of new technologies. One stich significant innovation Is the utilization of speed control systems
based on traffic cameras.

This paper delves into a thorough exploration of the pivotal role and significance of speed control systems on our roadways.
It investigates the operational principles, advantages, and various strategies employed to enhance the efficiency of these systems,
with the ultimate goal of achieving optimal results in speed control and ensuring road safety. Speeding remains a widespread concern
that significantly contributes to road accidents. Such incidents lead to injuries, fatalities, and extensive property damage, underscoring
the urgent need for effective speed control measures. Among the arsenal of solutions available, speed control systems utilizing traffic
cameras have emerged as a prominent and promising approach. These systems function by monitoring and recording the speed of
vehicles at specific locations, which is later used to enforce speed limits and penalize offenders. The advantages of speed contro/
systems based on traffic cameras are multifaceted. They offer an objective and relfable method for detecting and documenting
speeding violations, efiminating the need for law enforcement personnel to be present at all times. This aspect not only frees up law
enforcement resources but also ensures consistent and unbiased enforcement of speed limits. Additionally, the data collected by these
systems can serve as a valuable resource for traffic management, accident analysis, and road safely research.

Keywords: speed control system, traffic camera, road safety, speeding, road accidents.

Oubra [TABJIOBA, Ana BUIIHCBKA, Anapiit TOJIOBATIOK,
Slpocas BIHBKOBCBKMI, Jlennc MEJIBHUUYK

XMeTLIHIBKHIT FAIONAILINH VIIBEPCHTET

ABTOMATHYHA CUCTEMA BU3HAYEHHS HIBHAKOCTI ABTOMOBLIIB, IO
PYXAIKOTBCS ITOIEPE/LY

LOpOXHBO-TPAHCIIOPTHI IPHIOAY Ta MOPYIEHHS LIBHAKICHOIO PEXHMY € MOLMPEHMMY TPOBIEMaMI, SKI LLIOAHS CTAHOB/ISTE
CEPHO3HY 3arposy AN YHACHUKIB JOPOXHOIO PyXY. Y MOCTIHUX 3YCHANAX LOAO MOKPALYEHHS BE3reKu AOPOXHLOro pyxy Ta
3MEHILIEHHS YaCTOTH aBapiii AOCIAHUKI Ta IHXEHEPH MPHCBATUMA cebe po3pobLIl Ta BIIPOBA/KEHHIO HOBUX TEXHOMOME. OfHmM (3
TaKMX BaXITHBHX HOBOBBEACHS € BUKOPHCTAHHS CHCTEM KOHTDO/IIO WBHAKOCTI Ha OCHOBI KaMep PyXy.

Ua crarra geTasibHo AOCTIKYE KOYOBY POsib [ 3HAYEHHS CHCTEM KOHTO/IIO WBHAKOCTI Ha Hallmx Aoporax. Bin JoCiiaxKye
nApuHLMTH POBOTY, NEPEBArn Ta PisHi CTPATErT, 1O BUKOPHCTOBYIOTLCS [UIA IMABMLEHHSA EQPEKTHBHOCTI UNX CHCTEM, 3 KIHUEBOKO
METOKO [OCSTHEHHS OITTUMASIBHNX PE3YNIBTATIB Y KOHTPONI WBNAKOCTI Ta 330E311eYeHHI 6e3eKu JOPOXHLOIo pyXy. [TepesmieHHs
LIBHAKOCTI 3a/IMILGETHCA LUMPOKO ITOLMPEHOK0 NPOBIEMOIO, K3 3HAYHOIO MIPOIO CIIPUAE JOPOXHLO-TPAHCIIOPTHUM fipurodad. Taxi
IHUMAEHTH PUIBOAATL [0 TPABM, CMEDTENLHUX BUITAAKIB | 3HAYHOI MATEPIANILHOI LIKOAH, O MIAKPECTIOE HaransHy notpedy 8
EheKTHBHUX 3aX0AaX KOHTPOMO LWEBNAKOCTI, CEPES apCeHarny AOCTYITHHX PILeHb CHCTEMY KOHTDOMIO WBMAKOCTI, AKI BUKOPHCTOBYIOTH
KaMEPH LODOXHBOIO PyXy, CTa/m BUAaTHM | GararcobiusiouM niaxoqom. Lli cucremit @yHKUIOHYIOTE LASXOM MOHITOPHHIY Ta
PEECTPALT WBHAKOCTT TPAHCTIOPTHMX 33COBIB Y NEBHUX MICUAX, LUO 3rOLHOM BUKOPUCTOBYETBCA 415 OTPHMAKHS OBMEXEHs LBUAKOCTI
7a II0KaPaHHA MOPYWHNKIB. [lepesary cHCTeM KOHTPO/IO WBHMAKOCTI Ha OCHOBI BIAEOKamMep GararorpatHi. Bowu rporioHywoms
OBeKTHBHMIA | HAZANIHING METOL BUABSICHHS Ta JOKYMEHTYBAHHS MOPYILEHS WBHAKICHONO PEXuMY, YCyBarodn HEOOXIGHICTb NocTiiHor
MIPHCYTHOCTI ITPABOOXOPOHHMX OPraHi8. Lled acneKT He TifIbKH 3BITbHAE PEecypcH NPaBOOXOPOHHUX OPIraMis, ane H 3abesnedqye
IOC/TIOBHE Ta HEYITEPELKEHE AOTPDHMAHHS OOMEXEHE WIBHAKOCTY, KDIM TOro, AaHi, 316pak! LMMH CHCTEMAMH, MOXYTE CAYXHUTH LIIHHHM
PECYDCOM 415 YIIPABITIHHS AOPOXHIM PYyXOM, aHanl3y aBapiv | AOCTKEHHS 6e3rekn JOPOXHLOro Pyy.

Knto4oBi Cr10Ba: CHCTEME KOHTDOMO LUBMAKOCTI, KaMEDa LOPOXHEOI0 PyXy, Ge3nexka A0POXHbOIro Pyxy, MEpeBuUIeHHS
LWBMAKOCTI, JOPOXHI [IPUTOLH.

Introduction

On the modern roads, where road transport has become an integral part of life, cnsuring the safety of all road
users is one of the key tasks for states and bodies responsible for road traffic. Given the growing number of motor
vehicles, it is necessary to constantly develop and implement new technologies that contribute to reducing the risk of
traffic accidents and violations of traffic rules [1].

One of the promising solutions for controlling compliance with the speed limit on roads is the use of traffic
camera systems. These systems, based on advanced technologics, provide cffective traffic monitoring and detect
violations such as speeding, which are certainly one of the most common causes of road accidents [2].

A continued focus on road safety is an important task, and effective speed control systems play an important
role in achieving this goal. The use of advanced technologies and systems that allow accurate measurement of the
speed of vehicles reduces the risk of accidents and contributes to the improvement of road discipline.
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Domain analysis

Road speed is an important aspect of road safety, but the lives and safety of thousands of people are put at risk
every day because of the unconscious attitude of some drivers to this aspect. Speeding is one of the most common and
dangerous causes of road accidents. which leads to serious and tragic consequences for road users. [3].

According to the collected statistics (2011 - 2021), at least 25 percent of the total number of deaths and 10
percent of people injured in road accidents are due to speeding incidents. These statistics are detailed in Table 1 [4-
5].

The data from the table were structured and displayed in the form of two diagrams in Figures 1 and 2 [5].
According to the charts presented about the number of people killed and injured in the world from 2011 to 2021 due
to speeding, excessive speed has quite serious consequences. During the last decade, the number of people killed duc
to speeding has increased by 23% - from 10,001 people in 2011 to 12,330 people in 2021, In general, during the
studied period, the loss of life duc to speeding is approximately 29% of the total number of road accident fatalitics,
and the number of injured persons was also 13%. These arc very alarming indicators that require immediate attention
and action.

5

x®

Killed and injured people due to speeding in 2011-2021 1o
Killed Injured
2011 10 001 31 32479 459 776 21 2227209
2012 10329 31 33782 502 846 21 2369 083
2013 9 696 29 32 893 383 137 17 2318992
2014 9283 28 32744 339189 14 2342621
2015 91723 27 35484 348 16 14 2454778
2016 10 291 27 37 806 376 914 12 3061 885
2017 9947 27 37473 361 95 13 2745268
2018 9579 26 36 835 358 924 13 2710059
2019 9592 26 36 355 326 554 12 2740 141
2020 11258 29 38 824 308013 13 2282015
2021 12 330 29 42 939 328 946 13 2 497 657
35%
30%
25%
20%
15%
AR
0%

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

m Killed ® injured
Fig. 1. Percentage representation of killed and injured people due to speeding in 2011-2021
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Using the speed control system in a car is a key component of safe road operation and reducing road accidents.
This system helps drivers maintain a safe speed and a safe distance from the vehicle in front by providing timely
warning of dangerous distance, speeding or sudden braking.

Such speed control systems are becoming increasingly popular in the automotive industry as they demonstrate
their effectiveness in preventing accidents and reducing injuries. They help drivers to become more attentive and
responsible road users, and also contribute to the preservation of life and health of everyone on the roads [6]. The
application of speed control systems is an important step towards achicving a safer and more stable road traffic, which
is important for humanity.

600
500

400

300
200
100
0 — . — — — —_ — — — — =

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

® Killed ®mInjured

Fig2. Q itative rep ion of killed and injured people due to speeding in 2011-2021
Analysis of existing solutions and technologies

Preventing road accidents and ensuring road safety is a priority for every driver. In this regard, within the
framework of the development and improvement of vehicle safety systems, great attention is paid to ready-made
solutions that are available on the market. Modern technological progress offers us a variety of systems that help
monitor compliance with speed limits, record traffic situations and ensure the preservation of video with the prospect
of use as evidence |7].

Overview of the ready-made systems will allow to understand their advantages and make a significant
contribution to improving road safety and reducing the risk of road accidents:

L State speeding video recording system

State speeding video recording systems, located on roads and highways, work on the basis of special cameras
and sensors that record the movement of vehicles. Cameras can be placed on stationary posts or mobile devices. When
a vehicle exceeds the sel speed, the system automatically registers its license plate and time, and then generales a
special ticket, which is sent to the owner of the vehicle by mail or email. The owner of the vehicle receives a
notification of the violation and instructions to pay the fine. These systems help monitor compliance with speed limits
on roads and ensure the salety of road users [8].

2 Dashcam - an application for recording traffic violations

Dashcam is an application that provides video from the car camera recording and stores it in the cloud. The
application allows you o view recorded videos, download them (o your computer or phone, and share them with
others. To use Dashcam, you must first install the app on your phone or tablet. After installation, you need to create
an account and connect the car camera to the application. After that, you can start recording the video. Dashcam allows
you to record videos in Full HD (1080p) or HD (720p) quality. The app also allows you to adjust recording parameters
such as video duration, resolution, and frame rate [9].

3. Speedomelter Pro

Speedometer Pro is a mobile application that provides car speed tracking. The app is available for iOS and
Android devices and displays the current speed, maximum speed, average speed, distance traveled and driving time.
It is possible to view the history of tracking your own speed over a certain period of time [10].

After researching the available driver assistance systems and conducting the analysis, we can proceed to an
in-depth comparison of these solutions. This process will allow us to uncover the unique characteristics of such
systems, identify key benefits, and consider potential limitations. A comparison of the characteristics of the considered
systems is presented in Table 2.
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Table 2
Comparison of already existing solutions for speeding control
Characteristic State speeding video recording systems Dashcam Speedometer PRO
Principle of the Video recording of traffic violations using | Video recording of traffic violations Trickifip ¢ .d using GPS
operation cameras installed on the roads using cameras installed in the car FRCRING CALSPECO UINE LY
po— . ; " . Available for both - i0S and Available for both - i0S and
Accessibility Available in all regions of Ukraine Androidbavel deiices Afidveid based devices

Iracking speeding, recording traffic
violations, photographing traffic Speed tracking, speeding capture
violations, video recording

Tracking speeding, recording traflic

B i it G % 5 > ¥ -
Functionality violations, photographing traffic violations

Resource consumption | High Medium Low
g g soluti 20p. fi 3 g i N ¢ 3 B, 3
Video quality r_es_oluuon up to 720p. frame rate up to 30 rusolu@lc{n up to 1080p, frame rate up ifonRitens anavalb T
Ips to 30 [ps
Resource management | Automatic Manual Automatic
High accuracy, the possibility of
i O —— bringing violators to justice, the X N - N
Advantages H'Lh uccfurngy: ,"“ possibility of bringing possibility of recording violations of High AcTHIEEY: the ability to control
violators o justice 3 / the speed of the car
traffic rules on roads where there are
no cameras
Disadvantages The cost of cameras installing The cost of cameras mstalling “?’P“’l“"’f"‘y of l_raﬂw Tules
violations recording
G Liifression A successful sysiem that helps make A successful system that helps make | A successful system that helps
CNCTALIMPESSION | {1k ryinian roads safer Ukrainian roads safer drivers to control the car speed

Based on the comparison of existing systems, the authors propose to develop their own device, which will
combine various functions from these systems, to increase salety and comfort on the road. Combining the features of
existing driver assistance systems, our device will determine the speed of the vehicle in which the system is located,
determine the speed of the vehicle ahead, collect information about cars violating traffic rules and take specific
measures (o punish offenders and keep other drivers on the road safe.

The operation of automated system for determining speed of cars ahead

The system for determining the speed of the car in front can work as a separate link or as part of another
system. As a separate component of the system, it increases vehicle safety by providing the driver with information
about the speed of vehicles moving in front of him. This information helps the driver to respond in time (o changes in
the speed of other cars and ensures safer driving.

The system works according to the following algorithm: when the car engine is turned on, this system is
turned on together with it. The [irst step is to find the cars ahead. At this stage, cars arc recognized using the Gaar
classifier method. The search is conducted until at least one vehicle is found. When a car is found, the system
determines its coordinates and assigns an index (serial number) to it. For a given car, the distance traveled in a certain
period of time is calculated and, based on this, its speed is calculated.

The next step is (o (rack the detected car and its speed. This stage works while he is in the camera's field of
view. If the car begins to brake and is at a short distance from the car in which the system is installed, the user will be
notified of this by a special sound signal played from the speaker. This will focus the driver's attention on the situation
on the road and give additional time (o prevent a possible accident.

Also, when following a car, it may happen that it exceeds the permitted speed. In this case, the system will
collect data about the violator and save it in the storage. At the same time, the user will have the opportunity to inform
the law enforcement authorities about this event.

Every time the system identifies a new car, this algorithm is restarted. It is also provided for the simultancous
operation of the algorithm when recognizing more than one car.

The graphic representation of the abovementionced algorithm is presented in Figure 3.

For a detailed introduction to the operation of the car speed detection system. a parametric diagram was
created (Figure 4). Afier recognizing the car in front, with the help of a cascade classifier, the coordinates of the car
in the image arc determined [11]. An integral step will be to determine the Y coordinate of the center of the car, to
compare with the Y coordinates of lines A and B to determine the speed of the car. You also need to determine the
time of crossing lines A and B, which will help determine the time the car travels the distance between them, The
speed of the car will be calculated using the determined parameter of the distance between the lines and the passing
time.

Experiments and directions of further work
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footage from a traffic camera.

determination of the car's position.

4

User notification through an
auditory signal

Detection of vehicles ahead

Determination of the
coordinates of the detected
vehicle

v

Assignment of an index to
the detected vehicle

v

Calculation of velocity based
on the distance traveled and
time elapsed.

If a hazardous
situation is detected

A

f a speed violation
is detected

Recording data about the
offender (vehicle number)

!

option to submit an
anonymous report

The user is provided with the

During the development of the speed detection subsystem, it was decided to conduct testing on vidco

During the experiments, it was found that for a more accurate measurcment of the speed, it is necessary to
reduce the resolution of the video stream. This will reduce the load on the microcontroller and allow more accurate

Fig.3. Graphic representation of the algorithm of the automated system for determining the speed of cars moving ahead
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The test results are shown in Figures 5 and 6. They show the operation of (he system, namely:

- display found cars;

- current state of the system ("Calculating™);

- the position of two lines for measuring the time during which the car traveled the distance belween them,
on the basis of which the speed is measured:

- display of line B in green when a car crosses it;

- speed of the car when crossing line B.

par [Block] Vebicle position determination )

Coordinates of the vehicle in the image h

w h x ¥
M M M ri

“equal®

“equal” l

Determination of the Y-coordinate \
of the vehicle's center
carCenter = ((y *y + h)/ 2)

Determination of variable parameters

y carCenter [: distance: the length between

lines A and B
h J

[bllrlTlme: "The time of crossing line A™
startTime = tune. time{ )

capture: "Velocity determination'
Speed = (distance® 3600) / (time * 1000)

elapsedTime: “The time taken to traverse
the distance™
elapsedTime = current Time - stant Time

distance Speed

"equal”

start Time startTime clapsedTime time

current Tune

curvent Time: "The time of intersection
with line B. The current time"

current Time = tioe. tine()

currentTime

Fig.4. Parametric diagram of car speed determining

To develop a vehicle speed detection device, the first step is to research the necessary functionality and
requirements that are important for such a device. One of the important aspects of device development is ensuring
high accuracy of speed determination. Accuracy in such a device is a critical factor, as inaccurate speed information
can lead to dangerous situations on the road or false alerts to law enforcement.

To develop a vehicle speed detection device, the first step is to research the necessary functionality and
requirements that are important for such a device. One of the important aspects of device development is ensuring
high accuracy of speed determination. Accuracy in such a device is a critical factor, as inaccurate speed information
can lead to dangerous situations on the road or false alerts to law enforcement.
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Fig.6. Crossing linc B by car

As a result, certain requirements for the further development of the device were formed based on the main
factors mentioned above:

1) increase in accuracy - research of new methods of speed measurement;

2) integration with other safety systems - compatibility of the device with other safety systems, such as
stability control, automatic emergency braking, etc.:

3) data analysis and forecasting - using data analysis and Al to track various driver behaviors, assess risks
and improve systems;

4) cooperation with law enforcement agencies - enabling the user to send information about violators of
trafTic rules to law enforcement agencics. which can potentially reduce the number of violators on the roads:

5) anonymity - ensuring the anonymity of the user when sending a message about an offense.

Conclusions

Considering the statistics of the number of people killed and injured on the world's roads from 2011 to 2021,
related to speeding, it is clear that excessive speed is a serious problem and affects the safety of road users. Over the
past ten years, due to the increase in road traffic, the number of victims and victims of speeding accidents has remained
high.

After analyzing the ready-made solutions, such as the state video recording system of speeding, Dashcam,
Speedometer PRO, the disadvantages and advantages of these systems were taken into account and the work of the
own system for determining the speed of the car in front was developed, which will combine various functions from
these systems to increase the salety and comfort on the road. Combining the features of existing driver assistance
systems, our device will determine the speed of the vehicle in which the system is located, the speed of the vehicle in
front, collect information about cars violating traffic rules and will allow the user to send information to law
enforcement agencies for the safety of other drivers on the road.

Taking into account the negative impact of speeding on road safety, it is important to actively promote the
introduction of speed control systems in cars. These systems allow the car to determine the optimal speed and safe
distance to the vehicle in front, as well as provide the driver with appropriatc warnings of dangerous situations, such
as speeding by the vehicle in front or sudden braking.

Implementation of speed control systems is a mandatory measure Lo improve road safety and reduce the number
of traffic accidents related to non-observance of speed limits. Such technologics will help reduce the number of victims
and injured on the roads, save the lives and health of road users and make the roads safer for everyone. Therefore, the
use of a speed control system in cars is an important step in improving road safety.
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JOJATOK B
(000B’s3KOBMIN)

MPE3EHTAIIA JUILIOMHOI POBOTH

Mipcucrema
po3ni3HaBaHHA
CBITNOBUX CUrHanNIB
peryntoBanbHUX 3acobis

AOPOXHbOro Pyxy

BukoHas: ctyneHT Il kypcy, rpynu KI2m-22-1
biHbkoBCbkUI Apocnas Bacunbosuy

KepiBHWK: OKTOP TEXHIYHMX HayK, npodecop
loBopyleHko TeTaHa OnekcaHapiBHA

3aspaHHA KBanicikauinHol poboTu

06’ekTOM JoCnimKeHHs eKibepdiznyHacucTeMa nonepemkeHHs OPOXHbGTPAHCMOPTHUX NpUrod, a came ii

niacucTeMa po3nisHaBaHHS CBITIOBMX CUTHANIB PerytoBabHUX 3aC06iB LJOPOXHBOTO PyXy.

MpeameToM AOCNIOKEHHS € METOAM MALUMHHOIO HaBYaHHS ANS PO3Ni3HaBaHHA CBITNOMOPiB Ha 306paKeHHsX, Biaeo

Ta 663|'|OCEPG,D,HbO 3 KaMepwu.

MerToto kBanidikaLitHoi po6o™ MaricTpa € po3pobka edeKTMBHOI CMCTeMM pO3Mi3HABaHHS CBITIOPOPIB Ha Aoporax 3

MeTol MiABMULLEHHS Be3nekun Ha Aoporax.

[ins po3B’si3aHHs NOCTABNEHOI 33Aa4i BUKOPUCTAHO MeTOAM AOC/IIKEHHS MALWMHHOMO HABYaHHS, KOMMN'IOTEPHOTO

30pYy, 06p0o6KM 306pAKEHDb Ta aHaNi3y AaHMX, a TAKOX METOZ, TECTYBAHHS HA OCHOBI CUMyNsLi.



OdiuintHa cTtaTucTuka

Mepen po3pobkoto cucteMn 6yno NpoBeAeHo aHanis
[LOPOXHbO-TpaHCNOpTHMX Npurog, (OTIT), a came npuunHK
BMHWKHEHHS aBapii.

MatpynbHa noniuis Ykpainu 3i6pana ctamcmmky ATT 3a
nepwuit kBaptan 2024 poky B pizHUx obnacTsx. [TopiBHAHO 3
aHaNoOriYHUM NEpPiOAOM MUHYNIOTO POKY CMOCTEPIraETbCs Liikasa
[AMHaMiKa 3MiHM KiNbKOCTi iHUMAEHTIB Ha goporax. HaseaeHa
Tabnmus fae 3po3yMiTv TeHAEHLi Ta pU3MKM, NOB'A3aHi 3
[LOpOXHbOIO He3nekoto, Ta MifALITOBXYE po3pobasim ed eKTMBHI
3axoau Ana ii noninweHHs. Ha »anb, € perioHu, ki TMM4acoBo
OKYMOBaHi (BOHM NOMiYeHi 3ipOYKOH0), TOMY CTAaTUCTUKA HUX MOXe
Pi3HUTUCS 3 peanbHUMKU LaHUMM.

CuTtyauia B8 €Bponi

Mpemis PIN (MpeMis iHaekcy 6e3neku Ha Aoporax) - Lie LWopivHa
Haropopaa, sika Bpy4aeTbCs KpaiHaMm, ki BXOASTb A0 EBPOMNENCbKOro
COH3Y 33 40CArHEHHS Y chepibe3nekn LopoxHbOro pyxy.Liei
iHLeKC CTBOPEHMIA 1S MOPiBHSAHHS Ta OLLIHKM pe3y/bTaTiB KpaiH y
BNPOBaKEHHI 3aXO04iB AN 3MEHLLEHHS KilbKOCTi AOPOXHbO-
TPAHCMOPTHMX NPUrOf, Ta MOCTPKAAIMX Ha Aoporax. BoHa
BPYYa€ETbCS KpaiHaM, SKi NOKa3ykoTb HAMKpaLLi pe3ynsram y
3MEHLUEHHI KiIbKOCTi CMepTeNibHMUX BUNAAKiB Ta TPaBMaTM3My Ha
noporax. KpaiHu, Wo f4ocarm 3HaYHOro NMOKPaLLEHHS Y CBOTX
NoKa3HMKax 6e3nekn Ha oporax, OTPUMYOTb BU3HAHHS 3@ CBOI
3yCMANS Ta CTUMYA 0 MOAAMbLIOTO PO3BUTKY B LIbOMY HaMpsIMKy.
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AnapaTHa CKnapgoBa cncremMu

Kamepu

3axonnoTb BiAEONOoTiK ANs

aHanisy curHanis ceitogopa.

Datunku

OnuioHanbHa
MOX/MBICTb 360py
Ta BUBOAY Pi3HMX
KOPUCHMX AaHUX
ONs BOAis.

3amyck cHCTeMH

3amanTaKeHHs
300pamenn

Teperropenns
200paxKeHES B
TPOCTIP KOIBOPIB
Hsv

v

3actocyBaHHS

TIOPOTOBHX MACOK

SIS TPBOX KOTBOPIB

Buasnenus
TEPBOHOTO KOTA

Busenenns mostoro
KOJIa

Busasnenus
3JICHOTO KoIa

Mamopasms

BHABISHIX KL

BinoGpaxenmna
soDpaskenns 3

pe3vIBTaTaMHI

®

MNpuHuMN po3ni3HaBaHHSA
csiTnocopy

MpouecopHa
cucrtema
O6pobnstoe
BifEOMNOTIK Ta
pO3Mi3HaE CUrHanu
cBiTodopis.

Busig iHdopmauii

Mepenae naHi npo
curHanu ceimodopa
B aBTOMODisb.

3axonneHHa 306Na)KeHHA

CucTeMa OTpUMYE BileOAAHHI 3 KaMepu Ta BULINSE Kaap.

O6po6ka hoTo ana aHanisy

CaM Kafp nepeBoaMTbCS B NPOCTip KoMbopiBHSV a1 po3ni3HaBaHHS.

Mpouec po3ni3HaBaHHA curHany

HaknaparoTbcs noporosi Macku Ta MOLLYK Kpyramx obnactei.

Mo3HauyeHHA Ta BUBeaEeHHA

06B0AATLCA 3HAMAEHI 061aCTi Ta BUBOAATLCA HA AMCNNeN

134




135

AnropntMun po3niaHaBaHHA CUTHANIB

@ AHanis Konbopy

Bu3HauyeHHs konbopis
CBiTNOM OpHUX NiXTapiB 3a

BiATiHKaMK.

@ BuasneHHa cdopmu

raffic light color: Green 0.93 IneHm@ikauis reoMeTPU4HUX GOPM
curHany csimodopa Ha Bigeo.

@ AHani3 nocnipoBHOCTI

[MoenHaHHA MeTOAIB A4/ HAAiAHILLOro
pO3ni3HaBaHHSA CUTHANIB.

PesynbTtaTt po6oTn cucrtemu
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BucHoBKU

MeToto kBanidikauiiHoi pobotn Marictpa 6yna po3pobka kibepdiznyHoiccTeMU NonepesKeHHs AOPOXHLG
TPAHCMOPTHUX MPUrof, a CaMe MiACUMCTEMM PO3Mi3HABAHHS CBITIOBUX CUMIHANIB PerytoBabHUX 3aC06iB LOPOXHLOTO PyXy

PeTenbHO npoaHanizoBaHO KOMMOHEHTH, O CTAHOBASTL OCHOBY Lii€i CMCTEMM, BKItOYatoum kamepy ans Raspberry Pi,
LCD pucnneii Ta Mikpokomn'totep Raspberry Pi 3B+.

[1ns TecTyBaHHSA CMCTEMM PO3Mi3HABAHHS CBITIOBMX CUTHANIB PeryntoBanbHKUX 3aC06iB LOPOXHBLOTO pyXy 6y/0
3ann1aHoOBaHO Ta peani3oBaHO TPM OCHOBHI TMMM TECTYBAHHS, KOXKEH 3 IKUX MaB CBOKO YHiKanbHy cneumdiky.

Meplwnit eTan TecTyBaHHsA nepenbdavaB aHani3 CTaTMYHUX 306paxeHb, WO J03BOAN0 OLHUTU 34aTHICTb CUCTEMU
po3ni3HaBaT™ CBITNOBI cMrHanu Ha doTtorpadisx 6e3 pyxy TpaHCNOPTHUX 3aco6iB.

[lpyruii eTan, y CBO Yepry, BK/IKOUaB TeCTyBaHHS Ha OCHOBI BifeoAaHux, Ae cucteMa byna BunpobyBaHa Ha peanbHUX
Bife03anuncax AopoxHboro pyxy. MNig yac uboro etany 6yno BUSBNEHO NEBHI HELONIKM B pobOTI cUCTEMM, iKi NOTpebyBanm
noaanbLIoi onTMMiI3allii.

Y 3akn04HOMy eTani TectyBaHHs Byno NnpoBeaeHO nepeBipKy Bxe MoandikoBaHOI MOAENi BU3HAUYEHHS KONbOPIB
cBiTnodopa B cepefoBuLLi CMMynsLii, BUKopucToBytoun rpy Euro Truck Simulator 2".Llev eTan f03BONMB OLIHUTY edeKTUBHICTb
HOBOroO MeToAy PO3Mi3HaBaHHS CUrHaNiB CBITIOGOPIB B YMOBAX, fKi HABAMKAIOTLCS [0 peanbHUX, WO TakoX CNpUsno
NOKpPALLEHHI0 oNMMiI3aLii poboTm cuctemu.

OAKYHO 3A YBATIY!



\U) UNICHECK

by Turitin
B KapACTYBaME" D nepaEipEn
Kadegpa K 1015237519
Data nepeoipau: Tun napesipan
0B.F5.2024 1924800 EE5T DeC vE Inzernet + Library
Dara smiTy! 0 EOpACTYEaYa:
0E.0%.2024 19:55:3% EE5T 100005591

Hassa poxysenta Bleweolceani_ KiGepgiinya cucTeMa nonepoaaeiis LoposiLi-TRENCnopTHE Y nperog, Nigc..

Kineklcre cropingi: 35 Hinusicre cnle: 17013 KinkkicTs comeonin: 129587 Poamip hamay: 9.28 ME  ID paday: 1016019413

12.9%
CxoxicTe

Ha®bBinewa cxomicT. 1.97% 1 Amepenom 3 EilnioTenn (1D @Banny: 1015980763}

1EF% Amopann o Bibniocaen n 1 Cropliaa 104

0.12% LiuTaT

WRTaTS - i i gt e e SH e i eeers. CPEpinma 100
m ) - - . ':TI:FL“". o

0%
BunyuyeHs

HoMAE DHAYSOHAE 0 HEpan

Moaudikauii

EmumnnenoMonadnanli TewoTy. AeTansea indopmagis agocryasa o onnadn-zaivk

1
Aowlinenl cumonne | 1]



‘Wed May 08 19:03:25 EEST 2024, Mezarit JTMampo )

Anti-Plagiarism v-15.257

vaineperrer, XHY




MIHICTEPCTBO OCBITH I HAYKH YKFATHH
KMEJLHHT KU HALITOHAJIBI IMA YHIBEPCHUTET

PETLEHBIA HA KBAJHDIKAILTHAHY POBOTY
Jlnioniik: Biskonesknii Spocian Bacuabosu
lema: KiGeppiznupna cHcrema mnonepevkeNts A0poKHEO-TPAHCHOPTHAX TIPHIOAL.

[ligcerema po3nisHABais CBITAOBHX CHIHANIB PErymioBatbHux 3aco0iB  IOPOKHLOIO
PyXy
Chettianpiicts: 123 «Komi'iotepa inaKeHepian
O6car AMIoMHOT pobOTH:
KiabkicTh CTOPIHOK 3aITHCKH {40
|, KopoTkuit amict poboTs Ta npuitnatux pitiens: MeToio ksaniikauinol poboTH
¢ HONEPSBKEHHA JIOPOKHBO-TPAHCIIOPTHHX NIPUIOJL ULIAXOM PO3POBICHHS MUICHCTEMM
POSITHABANISA CRITIOBHX CHIHAIB PCTyMIOBAIBHIX 3aco0iB JIOPOIKHBOTO PYXY.
2. BUCHOBOK 11PO BiANOBIAMicTy, poGoTy sunaomHomy 3asaantio; PoGora nosHicTIO
BLNOBIIAC TOCTARBICHOMY 3aBJIAHHIO.

3, XapakrepueTuka BUKOHAHHA KOKHOIO po3liny, CTYHiHE BHKOPHCTAHHS OCTAHMIX
AOCHITHEHL HAYKH | Texnikn i nepenosmx meroiis poGoru: [lponeneno ornap pranux
MCTOLR  BUABACHIA T4 Po3nizHasaniy CBiTA0GOpIB s ABTOHOMHHUX TPAHCTIOPTHWX
3ac00il. Komen METoL MAC CROT HCPeBAIM T4 HEONIKH, AKI NoTpiGHO BPaXORYBATH 1IPW
pUGOPI ONTHMAALHOIO  PILICHHS  JUIS KOHKPETHOT CHCTEMM. 30KpeMa, MeTom, 1o
BHEOPHCTORYI0TE 1inboki sroprkosi mepewki (CNN), 3abezneuyiors BUCOKY TOUHICTh,
A/IC MOIEYTH BUMATATH 3HAMHHX 004HCIOBAILHKX pecypeiB. 3 inworo 60Ky, METOIH, 110
OA3VIOTHCH 1A QHANI3 KOMLOPY Ta MAUIMHHOMY HaB4aHHui, MOXYTh OyTH MEHu
BUMOUIHBAME 210 OGUHCIIOBAIBHHX PECYPCIB, aie Oiabil Y4y TAMBHMM 10 3MiH OCBITACHHS
Ta KoAKopy. Bpaxonyioun cnenndiky KOHKPETHOrO 3aCTOCYBAHHSA T4 HaaBHI oBMexKeHns,
BHOIP  ONTHMANBLHOIO  METOJYy  pO3Ni3HaBaHHs  CBITIOGOPIB  ANA  ABTOHOMHMX

IPAHEHOPTHIX 3ac00iB NOTPeOYE YBAKHOIO aHAIZY Ta EKCIIEPHUMEHTIB.

I lpoBeieno orasL Ta NOPiBHAALHIA aHANI3 NOTEHIIANKX anapaTHux niaardopm ans
PCANTIILT  CHCTEMIT POSHIZHABANMA  CBITJIIOBHX CHIHAZIB  peryioBafbiHHX 3acobin
WPORHLOTO PYXY. byao sussiacio, e Raspberry Pi 3 ¢ ontimaasium suboposm s
Ao cueremn, sabesneuyionn norpibiy noryxuicrs odunciens, crabiabiy pofory ta

PUYSRICTL HAAQUTYBANHA 1A KOMKpeTHi BMMOrM npoexty. ToMy BHKOPHCTAHHA



Raspberry P13y cHeremi posnisinanaiis coitaonmx curnanin peryiosansimx 1acobin
JOPORNLOTO. pYXY € ODIPYNTOBANNM T4 NepeHeTuBiuM pitienisM, fke sabesnequts

clher e GYHKIONYRIII CHETEMH Ta sabeaneuntn Gesneky yHacHuKin A0poKHBOro
PYNY.

B pesyanrars Jociajpkenis ta nopinisisioro  avmnizy Oyno supilieno wagary

HEPeRary MoAed KOALoposol cerMenTanil na ocHoni npocropy konwopis HSV s
postiasanis CRirnohopin Yy CHCTEMI  KOUTPOIIO  JAOPOKHLOIO pPyxy.

HpH . ODMOHEHHX

ACMOTIC TPV

Ll monens
HHCORY

CPCKTHRHIC T

O0UHCIIOBAILIMX  pecypeax.
SA0CHICHY IO P IBOMY JIOCTATINO TOMHICTL. posiisHasaiin  Kosibopip caitnodopis.

Kpim 1oro, Bona Mac HHU3LKY OOUHCHIOBAABHY CKIAAHICTh, 10 Jlo3Boge 30epiratu
HIBIKOATIO TPUCTPOIO T4 3HKkye surparyn exeprii. Lle poburs 11 ineansHum subopom
A BOYIOBANNX  CHCTEM  KOHTPOJIO JOPOKHBOIO PYXy, M€ WBHAKICTE peakuil Ta
COEKTHRHE BHKOPHCTAHHS 00YUCIIOBAIBHAX pecypeis € BakiuBumu daxtopamu. Takuit
NI A03B0JISC 3a0e3neunTH Hajiiine Ta eekTupie GYyHKIIOHYBAHHA CHCTEMU Y PI3HHX
VMOBAX JIOPOKHLOIO cepeioBHina, zabesnedyioun 0esneky Ta kKomMBoprt yuacHukin

10POIKHBOIO PYXY.

4. Hosntusni cTOpoHn podoTH: OTPUMAHHS HAYKOBOT HOBH3HH.
S. Herarusui cropouu poGoTH:

6. Ouinka  rpadiuynoro opopmicHis Ta NOACHIOBAILHOT  3aITHCKH poboTH:
losciionansia  3anucka odopmicHa KOPEkTHO, 3riAHO 3 JAIOYMMH CTaHAApTaMH
oopMACHHS AOKYMEHTALL].

7. Biaryk npo pobory B nisomy: Pobora sukomana Ha BHCOKOMY HAyKOBO-

TEXHTYHOMY PiBii.

8. I 3ayBarenns;

9. Oninka aunaomnol pobotu: siaminio/A.

Penensent (npizsuie, im’s, 1o 6arskosi, nocasa, miciie poGoTH) _&@«ﬂl; € 8.
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3asiyrauy kadpenpn KIIC
A-p.rexu.nayk, npod. l'osopymenko T, O

binbkorcekoro fpocnasa Bacumanosuua
Tk auo6yeaya sumoi oceiTh

®IT, 2 xypey, rpynu Ki2m-22-1

3ASBA
3 npaBHIaMKu

qunHoro Ilosoxkenns «llpo cueremy 3abesnedeHHs akaaemivHol
nobpovecnocti y XMellbHHIBKOMY HauioHaibHOMY YyHiBepcuteriy Bix 01.07.2022, srigxo 3

AKHM BUSRICHHS TUIANATy € MiICTABOIO JUIS BIIMOBM B J0MYCKY KBaumi(ikauiiinoi poGotu mo
3aXMCTY Ta 3acCTOCYBaHHA 3aX0jliB MCHMIUIIHAPHOI Ta aKajeMi4HOl BLUTOBLIATLHOCTI,
o3nalomennit (a).

[Ipo  BMKOpHCTAHHS NPOTPAMHO-TEXHIYHHX 3aco0iB JUIs  HepeBIpKH
kpanidikauifinux pobiT 3100yBadip BHIIOT OCBITH HA njariat onopitienui(a) Ta Halaw CBOK

3roay Ha 0OpodbKky Ta 30epeKeHHA YHIBEPCHTETOM MOE] pofoTH B IHCTUTYIHHOMY penoawtapil
VHIBEPCHTETY.

Takox Hazawo yHisepcuTeTy I1paBo Ha mnepesasy Moei pobGotu juis obpobkum 1a
sbepekerHs B Oasax gaHux nporpamo-texHigaux 3acodis (Unicheck Ta Anti-Plagiarism) ta

BHKOpHCTaHHS poOOTH JUIS BHSBJICHHS IUiariaty B IHWMX polortax, 8Kl NepesiparoThes
NpOrpaMHO-TeXHIYHUMHM 3ac00aMH Ta KOPHCTYBa4aMmH, 110 MAlTh JOCTYI A0 IMX MPOrpaMHo-
TEXHIYHHX 3ac001B, BUKITIOYHO B 0OMEKEHUX [MIUIAX JUIA BHABJICHHS TUIariaty B Tekctax pobiT.

PobGora a1 nepesipku YHIBEPCHTETOM HAJACTHCA B JIPYKOBAHOMY Ta €IEKTPOHHOMY
BapianTi. EnexTporna sepcis Moel poboTu 36iraeTbes (1A1eHTHYHA) 3 APYKOBAHOIO.
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PILIEHHSA EKCITEPTHOI KOMICII
KADEIPH KOMITIOTEPHOI IHJKEHEPIT TA IHOGOMAILIWHUX CUCTEM
[TPO JIOITYCK KBAJI®IKALIMHOI POBOTH JIO 3AXUCTY

[TigreepkyeMo  O3HAHOMICHHA 3 pe3y/lbTaToM 3BiTy nogibwocti momo poboTH.
FeHEPOBAHOIO CHCTEMOK) BHABJICHHS TEKCTOBHX 30IriB/IACHTHYHOCTI/CXOKOCTI!

Hazsa: Kibepdiznana cHCTEMa NONEpeAAKEHHA JMOPOXKHLO-TPAHCTIOPTHHX  IPHIOJL.
[TiacHcTeMa po3nizHaBaHHs CBITIOBHX CHIHAMIB PErYIIOBaNbLHHUX 3aco6ib JOPOKHBOTO PYXY.

ABTOp: binsxoBcbkHil Apocnas Bacunsosuy
CretiaibHICTh: 123 — KoMt oTepHa iHXeHepis
OcpiTHA HpOrpamMa:__OCBITHLO-HAVKOBA
HayxoBuii KEpPIBHHK: ['osopyiesxo T. O., 4.1.H, npodecop
[icas awatizy 3BiTy noaiGHoCTI 3pobieHO TaKHil BHCHOBOK:
[Ne | . BucHopok Iloznauka npo |
-I BIAMOBUIHICTD
] Jano3ndeHHs, BHSENeHi B poboOTI, € 3akoHHMMM 1 He ¢ miariarom. PoGorta Sinoniane

| NpuitMacTECA 10 3aXHCTY.
2 BugBICH] 3aN0IMYEHHA HE € TMIAriaTosM. POIMINIeHi B po3ainax, #Ki He ONMCYIOTH
Ge3nocepeHs0 aBTOPCHKE JOCAUDKEHHN, ane KUTHKICTh WHTAT MEpesHiLye obear,
BUNIpABaHKil NocTaBaeHow MeTow pobot PoGorta npHiiMacTLCA A0 3aXHCTY, ane
mac Gyru sigkopwrosasa. Bigkopuropanuil sapiant Mmae Oyrw nogasui Ha
Kaeapy 3a 2 /IHi 10 3aXHCTY, PA3OM i3 3aAB0I0 MO0 CAMOCTIAHOCTI BHKOHAHHA
l NHCLMOROT poboTH Ta i ICHTHYHOCTI ApYKOBaHOI Ta eNeKTPoHHOT Bepeii poboTy
3 BusgRAcH] 3aN03U4EHHA HE € MIAriaToM, ane YacTkono puwmem B poijinax, sxi
ONUCYIOTE GEINOCEPEINBO ABTOPCHKE AOCADKEHHS, 8 KUIBKICTL UHMTAT NepesHiLye
oBear, BUTIPABAAHMIT MOCTABAEHOIO MeTOI poBoTH. B 38'a3Ky 3 (M MeTa poGoTn
T4 MOCTARACHI 3aBAAHHA He OyaM nocarveni. Pobora moxe Oytw momyuiena 70
’I JANHCTY (HacTYMHOro poky) nicns Toro sx Gyae BAKOPHTOBANE T8 AONPALLOBAHA | l
;,fcmuum npoine. NOBTOPHY ucpcau?xv Ha aKageMiMHHMA naarar,
|’ 4 PofioTa MicTHTh HABMMCHI TCKCTOBI COTBOpeHHs, nepeaiauysani cnpobn yKpuTTs
|

sanosHyuens abo MW nposeM  akajemisWoro mpariavy. Pofora MicTHT
dabpukantiio abo damscudikanio sanux. Pobora He JONMYCKACTRCA A0 3AXHCTY.
[TinTBepkeHn:

3ano3nueHHA, BUABACHI B poBOTI, € JAKOHHAMH | HE € NIATTATOM, OCKLIBKH:

1) zano3udenHs, PO3MILUEH] B BCTYMT TA BHCHOBKY pobOTH, CTOCYIOTHCA CHUIBHHUX OMYOIiKOBAHUX
crateil, Gyayun cnisasropom. Tomy Taxi 3amosMMeHHS y BMIIAAL COMCKY CTATell HE MOXYThH
POILARAATHCA AK NOPYIUIEHHS KOACKCY fo0pouecHocTi,

2) yei 3anoznyeHnn dparMenTaphi, aG0 MAIOTh HAICHKHHM YHHOM OQOPMICHHI MOCHIAHHS;

3) okpemi BuaBieHi 30irM € zaransHOBXKHBaHHMM (pazamu abo BHpasaMM, Npo WO CBUIYHTH
NOCHIAHHA CHCTEMH Ha 30Ir 3 /DRepenaMu Ha OuH (PParMeHT peyeHHs,

4) Bei 3adikcoBaHi CHCTEMOIO 03HaKH MOLRQIKALIT TEKCTY, a came 3aMiHa CHMBOIIB, BIAHOCATECA 110
KOMOIHYBAHHA TATHHCRKHX CHMBOJIB 31 aHIMIHCHLKOMOBHHMM TIOIHAYEHHAMH B MaTEMaTHYHHX
popmynax, mo ne € moaupikaLiexd TeKeTy

Cymapnuii 06csr BCIX 3aM10314eHb, BHIHAYESHHI CHCTEMOO BUSBICHHS 301riB/ 11eHTHHHOCTI/CXOXKOCTI

Unicheck, cknanae 12.9% i anpecyerses no 962 nepuiopkepena; Ta cuctemolo Anti-Plagiarism cknanae
2%, wo, 3 ypaxyBaHHAM HaBeaeHMX OGIPYHTYBaHb, BUAIIOBIJME-XapaKTEDPY HAYKOBOTO MOC/IDKEHHS |
CBIZIMUTH HA KOPHCTE Keanigikauiinol poboru.

Kepisnuk pobori T. O. I'osopymenko
I"apant OI1 0. C. Casenxo
3asinysad kadeapu KIIC T. O. l'oopymienko
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