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CIIMCOK TEPMIHIB, CKOPOYEHbD TA ITO3HAYEHDb

Va — 3HAYEHHS CepeIHbOI MBUIKOCTI PYXy aBTOMOO1TIB.

V1 — 3HAYeHHS aBTOMOOLTHLHOTO Tpadiky.

W — matpuris BaroBux Koe(ili€eHTiB ITYYHOI HEHPOHHOT MEpexi.
X — BXiAHUH BEKTOP IITYYHOT HEHPOHHOT MEPEXKI.

Y — BUX1JHHI BEKTOP IITY4YHOT HEUPOHHOT MEPEXKi.

YT — icTMHHUI BUXiTHMI BEKTOP MITYYHOI HEHPOHHOT MEPEXKI.
IITH — mry4Huid HEMPOH.

[ITHM — mtyyHa HEHpOHHA MEPEXKA.



BCTYII

MeToro NpakTUKA € MPOBEACHHS HAYKOBUX JOCHIDKEHb 32 TEMAaTHKOIO
IIPOTHO3YBaHHSI aBTOMOOUIBHOTO TpadiKy 3a JOMNOMOIOK IITYYHOI HEHMPOHHOT
mepexxi (IIIHM), a Takoxx amapaTHO-TIpOrpaMHa peaji3allii TaKoro METOIy
MPOTHO3YBaHHS B KOMIT FOTEPHIM CUCTEMI.

Jlis  JOCATHEHHST METH TPAKTHUKH BHUKOPUCTOBYIOTHCS Taki METOAU
JOCIIIJIKEHHS: METOJ] MPOTHO3YBaHHSA aBTOMOOUIHLHOTO Tpadiky 3a JOMOMOTOIO
MTY4YHOI HEHpOHHOT Mepexi, HaBdaHHs [ITHM meTomom 3BOPOTHOrO MOUTUPEHHS
MOMUJIKH, 3aco0u nporpamuoro mojentoBanns [ITHM B cuctremi MATLAB.

3aBaHHs HAYKOBO-BUPOOHUYOI MPAKTUKN HACTYIIHI'

1. IlpoBectn omuc chepr BUKOPUCTAHHS KOMIT IOTEPHUX CHCTEM IPOTHO3YBaHHS
aBTOMOOUTRHOTO TpadiKy, aHadi3 CUCTEeM-aHaJOriB [l IPOTHO3YBaHHS
aBTOMOOLITLHOTO Tpadiky.

2. Omucatn 3aranbHy OyIOBY, NPUHIMIN poOOTH 1 (yHKIII KOMIT IOTEPHOT
CUCTEMHU JIJI MIPOTHO3YBAaHHS aBTOMOOUIBHOTO TpadikKy, aifTOPUTMIB 1 METOIIB
MPOTHO3YBaHHS aBTOMOOUTBHOTO TpadiKy, 3aCTOCYBAHHS IUITYYHUX HEUPOHHUX
MEPEX JJIsI MPOTHO3YBAHHS YaCOBUX 3aJICKHOCTEH.

3. Po3pobutn MareMaTH4Hy MOJENb CUCTEMH HEHPOMEPEKHOTO MPOTHO3YBaHHS
aBTOMOO1TEHOTO  Tpadiky, BUKOHATH amnapaTHO-TIPOTrpaMHy peai3alliio

KOMIIT IOTEPHOT CUCTEMH.

OG’eKTOM JOCHIIPKCHHS € aJTOPUTMH 1 METOJIU IPOTHO3YBAaHHS YaCOBHUX
3aJICKHOCTEM.
[IpeamMeToM  JMOCHIIKEHHS €  aIrOpuT™M 1 METOJX  TPOTHO3yBaHHS

aBTOMOOLILHOTO TpadiKy 3a JOMOMOIO0 IITYYHOI HEHPOHHOI MEPEXI.
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1. MOCTAHOBKA 3ABJIAHHS TA OIIUC MMPEJIMETHOI OBJIACTI

1.1. AKTyaJabHiCTb  PO3POOKH  KOMII'IOTEPHOI  CHCTeMH  JIA

NMPOTrHO3YBAaHHS ABTOMOOLIBLHOIO Tpagdiky

3aBmaHHA TPOTHO3YBaHHS 3HA4YeHb aBTOMOOUIBHOTO Tpadiky, TOOTO
3aBaHTaKEHOCTI aBTOMOOUIBHUX TPAHCIOPTHUX LUISXIB, € aKTyaJIbHUM, OCKUIbKU
ICHye TEHJCHIS 1O 30UIbIIEHHS KUIBKOCTI aBTOMOOUTIB Ha Jjoporax [1].
CxitaiHicTh TIPOTHO3YBaHHS aBTOMOOUILHOTO TpadiKy Ta CEpeHbOi IIBHIAKOCTI
pyXy aBTOMOOLIIB 3yMOBJIEHA BIUIMBOM 3HAYHOi KUIBKOCTI (haKTOPiB: TOJIWHU
100U, JAHS THXKHS, MICSIS, NMOTOJHUX YMOB, BYJMII Ta pailoHy MICTa, CTaHOM
JIOPOKHBOTO MOKPUTTA Ta 1H. B TOil e yac 3HaueHHs cepelHbOl IIBUIKOCTI PyXy
aBTOMOOUTIB U AUISHOK BYJHIL € AOCTYmHUMH B cepBici Google Maps [1].
[Ipote, Google Maps dopMye Taky iHdopmarliito sl MOTOYHOI JaTH 1 Yacy, a
MporHo30BaH1 3HadeHHs Tpadiky («CepelHs 3aBaHTAKEHICThY) 0OUUCIIOIOTHCS SIK
CepellHl 3HAYEHHS 3a NEBHUU NepioJl, HANPUKIAI, 3a Micsaub. Taki ycepeaHeHi
3HaueHHA TpadiKy HE BPAaXOBYIOTh 3MiHY CEpeIHbOI MIBHUIKOCTI aBTOMOOLNIB 3a
paxyHOK MOTOJIHUX YMOB, MPOBENEHHS PI3HOMAHITHUX 3aXOiB, TOMY MOXYTb
3HAYHO BIAPIZHATHUCS BIJ peajbHUX. B TOH e yac MaTeMaTHU4HO IyXkKe CKIIATHO
ONMKCATH 3aJICKHICTh 3HA4YCHb TpadiKy BiJ PI3SHOMAHITHUX 30BHIIIHIX YMHHUKIB,
npotre, sl BUSBICHHS  TNOAIOHMX  CKJIQJHUX  3aJIEKHOCTEH  YCIIIIHO
3aCTOCOBYIOThCA IITy4yHI HeuponHi wmepexi (IHIHM). V Bumanky 3amauqi
MPOTHO3YBaHHS YacOBUX 3aliekHocTe Ha Bxoau IIIHM momaroThes Bimomi
3HAYEHHS 32 MOMNEepe/IHI NePiou, a BUXOAaMu HelpoMepeki OyayTh MPOrHO30BaHi
3HayeHHs 3a HactynHi nepioau. CyrreBoro mnepeBaroro IIIHM e te, mo BoHUM
HABYAIOTHCS, & HE MPOTPAMYIOThCS, IOMY MJisi MPOTHO3YBAHHS aBTOMOOUIBHOTO
Tpadiky npocratHbo HaBuutu [IIHM Ha npuknamax tpadiky 3a monepeaHi
nepiogu. ToMmy mig 4Yac TPAKTUKH TMPOBEIACHO OCHTIKEHHS KOMIT FOTEPHHUX
CHUCTEM IMPOTHO3YBAaHHS aBTOMOOIIBLHOIO Tpadiky, a TakoX po3po0JICHO MOJENb

CUCTEMU IIPOTHO3YBaHHS aBTOMOOUTEHOTO Tpadiky 3a monomororo [TTHM.
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1.2. Onuc npeaMeTHOI 00J1acTi Ta chepu BUKOPUCTAHHS

[IpenmeTHOIO 00MAaCTIO JOCTIKEHHS € TPOTHO3YBAaHHS aBTOMOOUIEHOTO
Tpadiky sIK 3aBJJaHHS IPOTHO3YBAaHHS YaCOBUX 3AJICKHOCTEH.

Cdeporo BUKOPUCTAHHS CUCTEMH MPOTHO3YBAaHHS aBTOMOOLTHLHOTO Tpadiky €
1H(pOpMaIliiiHI CUCTEMH TNIAHYBAaHHS MapUIPYyTiB PyXy aBTOMOOIIBHOTO TPAHCIIOPTY.

YacoBy 3alIeXKHICTh OyJeMO pO3TJIAJaTH SK TOCHIIOBHICTh 3HA4YeHb
BEJIMYMHH (JIaHKMX), PO3MIIICHUX y XPOHOJIOTiYHOMY TopsiaKy [2-3]. [dani gacoBoi
3QJIEKHOCTI XapaKTEepU3yloThb OJUH OO €KT Yy PI3HI MOMEHTH 4Yacy, TOOTO €
YaCOBUM psAJOM. MaTeMaTU4YHO YacOBY 3aJIEKHICTh BEJIMYMHU Y BiJ yacy t MokHa
omucatun  ¢yHkmiero Y(t). IIpore mnpum KoM 'rOTepHili 00poOIi YacoBUX
3aJIeKHOCTEN BUKOPUCTOBYIOThCS 3HAUEHHS BEJIMYUH (ITapaMeTpiB, OKa3HUKIB) Yy
JUCKPETHI MOMEHTH 4acy ti, ae i =1,..., n, a 3HadeHHs Y(tj) OMUCYIOTBCS ILTHMHU
abo npoOoBMMH uYMcIamMH. 3HAYCHHS BEIUYMHUA Y MOMEHT 4Yacy i Ha3WBaeThCs
€JIEMEHTOM YacOBOIO PsIAy.

3aJIe’)KHICTh aBTOMOOUIBHOTO Tpadiky (cepeaHboi IBHUIKOCTI pyxy Va I
MEBHOI IJSHKA BYJIHWIN) B 4Yacy € OJHHUM 3 MPHUKIAIIB 4YaCOBOI 3aJIEKHOCTI

(puc. 1.1).
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Pucynok 1.1 — 3anexHicTh cepeHbO1 MBUAKOCTI pyXy Va aBTOMOOLIIB B1J

roauan 106m h (M. UepHisii, By ['epoiB Maiinany, 4.11.2019) [1]
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[HIIMMKM TpUKITalaMd YacOBUX 3aJIeKHOCTEW € 3aJIeKHICTh TEeMIIEpaTypu
00’€KTYy BiJ 4acy, 3aJISKHICTh BiJl 4aCy €KOHOMIUYHHUX XapaKTEPHUCTHUK Ta 1H.
3amaya TPOTHO3YBAHHS YAaCOBOTO PsAy 3BOAUTHCA N0 TepeadadeHHs
MaiOyTHIX 3Ha4Y€Hb PsIy HAa OCHOBI morepeaHix. s MoMeHTiB yacy ti, to, ..., t;
JaHl CIIOCTEPEKECHD 3aIlMCYIOThCS Y BHIIIAL 3HadeHb Y(11), Y(t2), ..., Y(tn). Toxi Ha
OCHOBI BIIOMHMX N 3Ha4YeHb dacoBoro psmy Big Y(t1) g0 Y(tn) MoximBO
nporHosyBatu napamerpu Y(tni1), Y(th+2), ..., Y(th+m) MUIT HACTYMHUX M MOMEHTIB
qacy.
3HaueHHs CEPEIHbOI IIBUJKOCTI PyXy aBTOMOOUIIB 3alie)KUTh BiJl BIUIMBY
3HAYHOI KUJIBKOCT1 ()aKTOPiB: TOAMHHU AOOHU, THS THOKHS, MICSIS, TTOTOJHUX YMOB,
BYJIMIIl Ta pailOHy MICTa, CTaHy JOPOXKHBOTO MOKPUTTA Ta 1H. BpaxyBaTu BIuIMB
BCIX KX (haKTOPIB MAaTEMATUYHO YK€ CKJIAJIHO, TOMY MEPCIEKTUBHUM HAIPSIMOM
MPOTHO3YBAaHHSA TaKWX YaCOBUX 3aJCKHOCTEH € 3acTOCYBaHHS INTYYHHX

HEHPOHHHUX MEPEXK, AKI HABYAIOTHCS HA MPUKIIATAX.

1.3. AHami3 KOMI'IOTEPHUX CHCTEM-AaHAJIOTB /Uil MPOTrHO3YBaHHS

aBTOMOOIJILHOTO TPagiKy

CepBic Google Maps [1] pnpo3Bojsie OTpUMYyBaTH, aHali3yBaTh Ta
MPOTHO3YBAaTH 3HAYEHHS CEPENHbOI IIBUAKOCTI pyXy aBTOMOOUIIB ISl JIJISHOK
BYyJHI, TOMYy posrisiHeMo cepBic Google Maps sk mporpamy-aHanor

NPOTHO3YBaHHS aBTOMOOUTBHOTO Tpadiky (puc. 1.2).
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Pucynok 1.2 — Bizyanizariist 3Ha4eHb Tpadiky B peaTbHOMY 4Yaci AJsl BYJIHUIb

M. YepHigiii 3a mormomororo ceppicy Google Maps (08.11.2019, 19:00) [1]

B pexuMmi oTpumaHHS Ta Bi3yaiizarii aBTOMOOUTEHOTO TpadiKy CepBic
Google Maps Bu3Hauae i KOXKHOI JUISHKH BYJHUIIl 3HAYEHHS CEPEIHBOI
HIBUIKOCTI PyXy aBTOMOOUIIB VA JUIsI TOTOYHOTO MOMEHTY 4Yacy (pexum
peanpHOrO dYacy) (tabum. 1.1). CepenmHiii MBHUIKOCTI pyXy aBTOMOOUTIB Va
BIJINOBIJIa€ HOpMOBaHMM Tpadik Vy Ta BIAMOBIAHI KOJBHOPOBI TMo3HadeHHs. Ha

nanuii gac cepsic Google Maps po3pi3Hsie BChOrO HOTHpH Tpanaiii Tpadiky

(tabm. 1.1).
Tabmmg 1.1

BignoBigHicThk 3HaueHb Tpadiky Vr Ta cepeIHbOI MBUAKOCTI PYXy aBTOMOOLTIB Va

V+ Va, KM/TOT [Toznauenns B Google Maps
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[Ipu nporHo3yBaHH1 aBTOMOO1JIbHOTO Tpadiky cepBic Google Maps Bukonye

ycepeHeHHs Tpadiky JIsl KOKHOI IIISTHKY BYJIHII MIPOTSTOM 3a1aHOTO 1HTEpBAITY

yacy (Hanpukias, 3a micsip) (puc. 1.3).
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Pucynok 1.3 — IIporaosyBanHs aBToM00iIbHOTO Tpadiky cepsicom Google Maps
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Take ycepenHeHHs 3Ha4eHb Tpadiky BioOpakae 3arajbHi TCHACHINT B 3MiH1
Tpadiky IpoTIroM JHs a00 THIXKHS, ajle He BPaXxOBY€E 3MIHY CEPEeIHBOT MIBUIKOCTI
aBTOMOO1JIIB 32 paXxyHOK IMOTOJHUX yMOB, MPOBEIEHHS PI3HOMAHITHUX 3aXO/iB,
gepes 11 MPOTHO30BaHi 3HAYCHHSI MOKYTh 3HAYHO BiJIPi3HATHUCS Bijl pCaTbHUX.

Tomy 3 MeTor0 MWIABUINEHHS TOYHOCTI TMPOTHO3y B JaHIid poOOTi
3allpOIIOHOBAHO BUKOHYBATH MPOTHO3 aBTOMOOLIHHOIO Tpadiky 3a JOMOMOTOIO

ITy4HOI HeiiporHoi mepexi (IITHM) [4-6].

1.4. IloctanoBKa 3aBJaAHHS, ONMUC BUMOT 10 CHCTEMHM HA OCHOBI aHAJI3y

AHAJIOTIB

Ha ocHoBi ananizy cucrem-ananoris (Google Maps) copmyinboBaHO Taki

BUMOTH JI0 CUCTEMHU NMPOTHO3yBaHHS aBTOMOO1IBHOTO Tpadiky:

1. 3HadyeHHs AaBTOMOOLILHOTO Tpadiky oOOpoOJATH SAK 3HAYEHHS YacOBOL
3aJIeKHOCTI, OTPUMaH1 B IUCKPETHI IHTEPBAJIHU Yacy (HAMPHUKIIAJ, Yepe3 KOKHY
TOJIMHY).

2. Yepes CKIATHICTh MPOTHO3YBaHHS aBTOMOOUIHHOTO Tpadika (BIUIMB 3HAYHOT
KIJTBKOCT1 30BHIIIHIX YMHHHKIB: TOJIWHU JOOM, THS THXKHS, MICSIIS, TTOTOJHUX
YMOB, BYJMII Ta paioHy MICTa, CTaHy JOPOXHBOTO TOKPUTTS Ta 1H.)
MPOTHO3yBaHHS Tpadiky BUKOHYBAaTH 3a JOMOMOTOIO0 INTYYHUX HEUPOHHUX
MEPEK.

3. IMowyaTkoBi JfaHi Jyisi CUCTEMH WIPOTHO3YBAaHHS AaBTOMOOIIBHOTO Tpadiky
OTpUMYBaTH 3a J0moMOororo cepsicy Google Maps.

4. TlporpamHy 0OpoOKy JaHUX BUKOHYBaTH B cucteMi Matlab.
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2.0V D I AXOAIB 1O BUPIINEHHSA 3AB/IAHHSA

2.1. 3aranpHa OyJ0Ba KOMII'IOTEPHOI CHCTeMH /AJsl NPOTrHO3yBAHHA

aBTOMOOLIBHOTO TPagiky

CrtpykTypa cucTeMH id TNPOTHO3YBaHHS AaBTOMOOUIBHOTO Tpadiky 3a

JOTIOMOTOIO IITYYHOT HEHPOHHOT MEpeXKi MOBUHHA MICTUTH Taki MoAyJi (puc. 2.1).

1. Moaynb HaBYaHHA 2. Moayns 3. Moayns
[ITHM tectyBanHs [IIHM MPOTHO3YBaHHS Tpadiky
4. Moaynb 34NTyBaHHS 5. Monyib 34uTyBaHHs
HaBYaJIbHOI BUOIPKHU BXIJHHUX JaHUX

6. Moaynb mepeTBOpEeHHS

PAIKIB

Puc. 2.1. liarpama MOy iB CUCTEMH ISl IPOTHO3YBAaHHS aBTOMOOITEHOTO

Tpadiky 3a nonomororo [ITHM

B monyni 1 Bukonyerbcst HaBuanns IIIHM, a nmani HaBuanbHOi BHOIpKH
3unTytoTbes B moayii 4. Sk IIIHM BubGpano OaraTtomapoBuii (TpHIIApOBUiA)
TIEPIICHITOP 3 HABYAHHSIM METOOM 3BOPOTHOTO MOIIUPEHHS MTOMUIIKH.

B Momyni 2 BHKOHYE€ThCS NPOTHO3YBaHHS aBTOMOOUIHHOTO Tpadiky 3a
nonomororo IIIHM 1 mopiBHAHHS OOYHCIEHUX 3HAY€Hb 3 MPABWIBHUMU
(TecTOBUMM). 3UUTYBAHHS TTOYATKOBUX BXIJHUX 1 BUX1JIHUX JAHUX BUKOHYETHCS B
Moy 4. [IpaBunbHI BUXigH1 AaHi (BigoMi 3HAaYSHHS Tpadiky) BUKOPUCTOBYIOTHCS

TUIBKH JIJIS1 IEPEBIPKHU NpaBuiIbHOCTI podoTu [ITHM.
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B Momymi 3 BUKOHYETBhCS MPOTHO3YBaHHS aBTOMOOIIBHOTO Tpadiky 3a
nonomororo [ITHM 3 BUKOPUCTaHHSIM TUTBKH BXiTHUX BEKTOPIB X, SKi 3UUTYIOThCS
y MOy 5.

B ™Momynmi 6 BHKOHYETHhCS TEPETBOPEHHS PSAKIB TEKCTOBUX TaHUX Y

YuCIoBHiA popmar.

2.2. TeopeTr4Hi NPUHIUNKA POOOTH KOMIT’ IOTEPHOI CUCTEMU

MITyuyni Hediponni Mepexi (ILTHM) — 1e KOMI'IOTEpPHI CHCTEMH, IO
moOy/IoBaHl Ha OCHOB1 OloJIori4yHUX HeHpoHHUX Mepex [4-6]. Taki cucremu
HABYAIOTHCS  BUKOHYBaTHM  3ajayl  (MOCTYMAJIbHO  MOKPAIIYyIOTh  CBOIO
MPOJYKTUBHICTh MPU iX BUKOHAHHI) NIJISXOM HAaBUYAHHS Ha MPUKIANAX, 3arajioM
0e3 creliajabHOTO MporpaMyBaHHs JIsl IEBHOI 3a1a4l.

IIIHM € cyKynHICTIO 3’€JHaHUX BY3iB, Kl HA3UBAIOTHCA IITYYHUMHU
HeHpoHaMH (aHAJIOTIYHO /10 O10JIOTIYHUX HEHPOHIB Y HEPBOBIA CHUCTEMI JIFOJIMHU
abo tBapuH). KoxkHe 3’€JHaHHS MK IITYYHUMHU HEMpOHAMU (aHAJIOTIYHE CUHAICY
B OI0JIOTIYHMX HEMpOHAX) MOXKE TepeAaBaTH CUTHAN BiJ OJHOTO HEUPOHY [0
iHoro. ITy4yHuii HEHPOH OTPUMY€E MOYATKOBI CUTHAIIUA, 0OpOOIISIE 1X, MICHS YOTo
HAJICWJIA€ BUXIJIHI CUTHAJIM 1HILIUM HEHPOHAM, IPUEAHAHUM JI0 HBOTO.

bazoum enementom IIIHM € mtyunuii Hedipon (puc.2.2), sKuii
CKJIQJIA€ThCSI 3 €JIEMEHTIB TPhOX THUITIB:

» TIOMHOXXYBauiB (CHHAICIB);
» cymaropa,
» HEJIHIWHOTO MepeTBOpIOBaya.

CuHarcu € BX0oJaMH HEMpOHa, BOHH 31MCHIOIOTH 3B 30K M1 HEHpPOHAMHU.
B cunancax BXiHUN CUTHAJI MHOXKUTBCS HA YUCJIO (Bary CHHAIICA).

CymaTtop BHUKOHYE€ J0JIaBaHHS CHUTHAIIB, SIKI HAIXOJSTh CHHANTUYHUMHU

3B’SI3KaMM BiJ] 1HITUX HEHPOHIB 1 30BHIMIHIX BXIJTHUX CUTHAJIB.
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Heniniitnuii mieperBoproBay peanizye HeNHINHY (QYHKIIIO IS BUXOMY
cymaropa. /lana ¢yHKIis Ha3uBaeThCcs (YHKINEIO aKTHUBAIlll YW TepeaBaIbHOIO
(yHKILI€0 HEHpPOHA.
MarematuuHo po6oTy mryuHoro Heupony (IIIH) moxxna ommcatu Tak.
MHouHa BXiTHUX cUTHATIB (BekTop X = {X1, X2,..., Xn}) MogaeTbes Ha Bxoau LITH
(puc. 2.2). KoxxeH BXiqHUN CUTHAJT MHOKUTHCS Ha BIMOBITHY Bary Wi, Wo,..., Wy 1

MIOJIA€THCS Ha CyMaTop X (TiJI0 HEHPOHA).

NET OUT=F(NET)

n

2
X, / LLITYYHUI1 HeipoH

\ L

Pucynok 2.2 — BynoBa mtyuHoro Heiipony [16]

Bara w; BiamoBimae «Cui» OJHOTO CHHAIITHYHOIO 3B’SI3Ky, a MHOXKHHA Bar
yTBOproe Bektop W. Cymatop ckiiajgae 3BaeH1 BXOJU aiare0paiuyHo, y pe3ysbTaTi
4yoro o0uncioeThes Buxignuii curnan NET = X -W.

AxrtuBamiitHi  QyHKmii HeWponiB F (puc. 2.2) 0OMeXyrOTh 3HAYEHHS
BUXIJTHOTO CHTHAJy HEHPOHY B JOMyCTUMHUX MeaX. JIJisi bOoro CUTHAJI cymaTopa
NET meperBoproeThcsi akTuBaiiitHOWO (yHKIE0 F 1 nmae BuXigHWi HEHPOHHUI
curHast OUT = F(NET). B ocHOBHOMY 3aCTOCOBYIOTHCSI TaKi aKTHBAIlIiHI (YHKIIIi
F(NET):

1. TToporosa 6iHapHa dyHKIIi€w (puc. 2.3, a)

L, NET =T

, 2.1
0, NET <T @)

OUT:{

ne T — nesika MocTiifHa BenuyuHa (TIopir).

2. Jliniitna oomexxena QyHkuis (puc. 2.3, 0)
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1, NET >T

OUT ={NET,0< NET <T. (2.2)
0, NET <0

3. @ynKis rinepboiyHOTo TaHTreHea (puc. 2.3, B)

exp(C - NET) —exp(—C - NET)

OUT =th(C-NET) = : (2.3)
exp(C - NET) +exp(—C - NET)
ne C > 0 — xoedilieHT MUPUHU CUTMOIIH O oci abcime (sk mpasuio C=1).
4. Cuemoiona (S-tiogioHO¥0) PyHKIIs (pHrC. 2.3, 2)
1
ouT ouT

1 1

NET NET
a) 0T 6) 0T
ouT
1 ouT
1
NET
-1 0 NET
B) r)

Pucynok 2.3 — ®ynkiii aktuBaiiii: a) nmoporona 6iHapHa QyHKiris; 0) miHilHA

oOMeskeHa (PyHKIIis; B) T1HepOOIIYHUNA TAHT€HC; T) CUTMOiIHa (DYHKIIIS

Buxinne 3naueHHsi curMoigHoi (yHKIIT JeXuTh B giana3zoni Big 0 mo 1.

[lepeBaroro curmoigHo1 GyHKIIT € MPOCTUI BUpa3 JJIsl OXITHOT
F/(NET)=C-F(NET)-(1—F(NET)), (2.5)

10 € BaXXJIMBUM Tpu HaBuaHH1 [ITHM.
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[ITyuyHi HeWpOHHI Mepexkl 00’ €THYIOTh HEHPOHHU, K1 3BUYAWHO 3rpYIOBaH1
B 1mapu (puc. 2.4). Buxoau nepiioro mapy HEHPOHIB € BXOJIOM HACTYITHOTO 1 T.I.
[Mpuxnagom Takux IIIHM e GaraTomapoBi mepuenTpoHHU, sSKi MOXYTh MICTUTH
onuH, JnBa abo Oumpmie mapiB. I[Ipore moka3zaHo, 1O I €hEKTUBHOTO
po3mi3zHaBaHHS a00 TMPOTHO3YBaHHS TMOTPIOHO TIOHaWMeHmie 3 T1mapu. B
OaraTomapoBUX MEPIENTPOHAX 3BOPOTHI 3B’SI3KU BIJCYTHI, MPOTE ICHYIOTH TaKOX
[ITHM 31 3BoporHMMH 3B’si3kamu. Heiipomepexxi 0e3 3BOPOTHHUX 3B’SI3KIB
HA3UBAIOTHCS TaKOX Mepekamu mpsimoro nomupeHHs (anri. Feedforward neural
network) — curuanu B TakuxX Mepekax NepeatoThes 31 BXoay Ha Buxif. [Ipote mpu
HaBuaHHi B Takux [IITHM curHanm nmoMuiiku mepenaroThCsi 3 BUXOJY Ha Baru

NOMNEPEIHIX IAPIB.

Wapu: X V1 V2 Y
: X4 W k4 . W2y, k2 [ Wi, j Y1 LA
i k1 k2 J : . K
1 O :
: o] o O @] 1
' X ° o o !
: @ Qu1 Qy2 Yiay) : LA
_ H\,—) N ~ J kﬂ_/
BxigHui wap [NpuxoBaHi Wwapwn BuxigHn wap

Pucynox 2.4 — Ctpykrypa 6araromaposoi [IIHM

[lepmi nepuentponu Oynu crBopeHi @. Pozendmnarom y 60-x pokax. [lepmn
cnpoOM HaBYaHHS TEPHENTPOHIB Oylud yCHIIIHUMHU, TMPOTE MEPUENTPOHH
BUSIBWIWCS HE3JaTHUMU BUPIIIYBAaTH JEsAKlI MPOCTI 3aaadl  (HampHUKIIA,
monemtoBatu ¢pyHkuito XOR). Henoniku nepuenTpoHiB mi3HilIEe Oyiau yCYyHYTI 3a

paxyHOK BUKOPUCTaHHS 0araThOX IIapiB HEHPOHIB.


https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
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2.3. @yHK1il KOMII’IOTEPHOI CUCTEMH

Jlo  ocHOBHMX  (yHKLIH  KOMIT'IOTEPHOI  CHUCTEMH  IPOTHO3YBaHHS
aBTOMOO1ILHOTO TpadiKy HaJICKaTh:
1. 3yuTyBaHHS MOYATKOBUX JAHUX PO aBTOMOOUTBHUN Tpadik.
2. ®opMyBaHHS HaBYaJIbHOI BUOIPKH.
3. HaBuaHHs mTy4HOT HEHPOHHOT MEpEXi 3a IAaHUMHU HaBUYAJIbHOI BUOIPKHU.
4. TlporHo3yBaHHsS 3HAY€Hb ABTOMOOUILHOTO TpadiKy Ha HACTYMHHUI mepiof 3a

JaHUMHU IIOIICPCIHBOI'0 4aCOBOI'O Hepiozxy.
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3. MPOEKTYBAHHS KOMII'FOTEPHOI CUICTEMUA

3.1. MareMaTH4YHA MOJeJIb CHCTEMHU HeHPOMEpPEe:KHOr0 NMPOrHO3yBaHHA

aBTOMOOUIBHOTO Tpagiky

Cucrema mporHo3yBaHHsS aBTOMOOLIBHOTO Tpadiky mnependavyae HaBUYAHHS
[ITHM 3a nanrmMu HaBYaJIbHOI BUOIPKHU.

HaBuanus OaraTomapoBOTO MEpIENTPOHAa BUKOHYEThCS 3 BumrTenem. CyTb
HAaBYaHHS 3 BUMUTENEM MOJIATa€ B TOMY, III0 HA BXOJM HEHPOMEpEKi MOAAIOTHCA
BXIJIHI CUTHQJIM HaBYaJIbHOI BHOIpPKH, HA BHXOJW — IPaBWJIbHI BHUXIJIHI CUTHAIU
HaBYaJIbHOI BHUOIPKM, a NUIAXOM THOpIBHSAHHSA peanbHuXx Buxoais [IIHM 3
MPaBUJILHUMU YTOYHIOIOTHCS Baru.

Binomum 1 epektuBHUM MeToaoM HaBuaHHA [ITHM e 3BopoTHe mommpeHHs
nommiiku (backpropagation). 3BopoTHe PO3MOBCIODKEHHS MOMHUIJIKH O3HAYae, 1o
CUTHAJIA TIOMUJIKA 3 BHUXOJY MEpEXi BHUKOPHUCTOBYIOTHCS JJII KOPEKIlli BaroBHX
KoedirieHTiB nonepeaHix mapis. Ctpykrypa 3-maposoi [IIHM Ttaka (puc. 2.4).

1. Bxiguuii map X; ctaHu HOro BXOJiB 3amucaHi y BekTopi Xi, ae 1 = 1... Qx.
Po3mip HaBuYaabHOT MHOXKUHU (KUIBKICTh BEKTOPIB HaBYAIBHOT BUOIPKH) HA BXO/I1
X nopisaroe Qy, HOMep BekTopa N = 1... Qn.

2. IlpuxoBaHi 1mapy MaroTh TaKy CTPYKTYpY:

[Ipuxosanmii map V! (pisens L = 1): Buxin mapy 3anucyerbes y Bektop Vi,
ne ki = 1...Qv1; Marpund Bar nosHadaetbess WY ; pisauig Bextopis Di;

[MpuxoBanuii map V? (L =2): Buxix 1mapy 3ammMCyeThesi y BEKTOP BEKTOP
V2, ne ko = 1...Qvz; Matpuus Bar Wy ko; pisauns D?;;

3. Buxignawmii map (L = 3): cTaHu BUXO/11B 1OTO HEMPOHIB 3allMCaHi Y BEKTOPI
Yi; ] = 1...Qy; maTpuns Bar W3k2,j; pI3HULSA D3j; ICTUHHHM BUX1J (true) onmucyeThCs
BekTopoM YT, j = 1...Qv. To6t1o Y'Y — ictunne 3Ha4yeHHs s enemenra j, Yj — foro
peaslbHUX BUXII.

[IIHM OaraTomapoBuii MepUENTPOH HABYAETHCS 3a TAKUM aJITOPUTMOM

3BOPOTHOI'0 PO3MOBCIOLKEHHS (pHc. 3.1).



18

1. CnouaTKy BUKOHYEThCS 1HIITIaMI3allisl (BCTAHOBJICHHS ITOYaTKOBUX 3HAUYEHB ).
[TouarkoBi BaroBi koedirieHTH W BCTaHOBIIIOIOTHCS PIBHUMH MaJldM BHITQIKOBUM

3HaYeHHsIM 3 jgiana3ony [-AW,.. AW] (manpukman, AW = 0.25):
Wi = (Rnd —05)-2-AW , i =1..9X, k; =1.qV;. (3.1)

VY BaroBux matpuisgx [IIHM psaku BiAMOBIZaIOTH €JI€MEHTaM, BiJ SIKHX
HIyTh 3B’SI3KH, a CTOBIII — J0 SKUX UTYTh 3B’ SA3KH.

2. Jlami mnpoBoauThCA HOpMaiizaiisa (MacmTaOyBaHHS) 3HAuYeHb YCIX
BekTopiB X, YT(u1sg KoxkHOro THIly oKpemo) B aianmazon (MinN; MaxN, sanpuknan
MinN = 0.01; MaxN = 0.99) 3a ¢hopmyitoro:

(X5 = Xin ) - (MaxN —MinN)
(X max — X min ) |

3. Ilpsime posnoBcromxeHHss curHainy (Direct) momnsdrae y 3HaxopKeHHI

X" = MinN +

(3.2)

BHUXI1JIHOT'O BeKTOpa Y Ha OCHOBI BX1AHOTO X 3a TAKUMH (popMyJIaMu:

[Ilap 1: Mt—%XWM VY = f L (3.3)
p L k1 = i Wikl Vki 1+exp(—Netk1) ’ -
e kl =1qV1
[Iap 2: Net q%/:lVlkl WG 1o, V2 f[ L j (3.4)
: Netyp = Wiik2» Vk2 = ! :
) 1+ exp(—Nety,)
e k2 =1qV2
[ap 3:
qY 1
Net; = Y V%2 WS i, Y; = f , (3.5)
. j=1 S 1+exp(—Net;)

ne j=1.q9Y.
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[Himiamizaris BaroBux Matpuib W
v

Howmep enoxu nHaByanus € = 0

[
L
A

y

e=e+1
v

Howmep Bextopis X, YT: n=0

»
>

\ 4
n=n+1
v

3unryBanHs BeKTOpiB X, YT

v

Hopmamizanis X, YT

v

[Ipsime po3noOBCIOIKEHHS, TOXHUOKA €k

v

3B0p0THe PO3IMOBCO?KCHH, 3MiHa Bar

.

n<gN
_w+

A 4

Pucynoxk 3.1 — Anroputm HaBuanHs [IIHM 31 3BopOoTHUM pO3MOBCIOKEHHIM

e<qE

ITIOMHMJIKH

[licns mpsiMOro pPO3MOBCIO/IKEHHST OOYMCIIOIOTHCS TOMWIKM HaBYaHHS
HelpoMepexi (11 BCIX BEKTOPIB HABUYAIIbHOT MHOKUHH):

JIHIHA TOMUJIKA

gN qY

=Y X |¥jn-Y]o, (3.6)
n=l j=1
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cepeaHs KBaapaThdyHa nmomuika (mse — Mean squared error)

T %(, VoS- 3.

SIKII0 3HAYEeHHsI CyMapHOi1 KBaApaTUYHOI MOMHJIKH € MEHIIE BiJ 3a/1aHOTO,
TO TPOIIEC HABYAHHS MeEpexi 3aBepuryerbes. [Iporiec HaBUYaHHS MOXKE TaKOX
3aBEpIIYBATUCS 32 YaCOM a00 KIJIBKICTIO €TOX.
4. Etan 3BOpOTHOTO pO3MOBCIOKeHHS ToMuiiku (backpropagation) mossirae
B yTOYHEHHI (KOpekKilii) BaroBux KoeQilieHTIB uepe3 curHamu pisauii D.
YTOYHEHHSI Bar BUKOHY€ETHCA I KOXKHOTO IIapy HEUPOHIB OKPEMO:
[Map 3:
DY =Y - (@W-Y))(Y] -Y)), W) =WZ&P +my - DT Vi, (3.9)
ne j=1..9Y, e — vomep enoxu (epochs).
B neitponax IIHM sk akTuBaliifHa (pyHKIII BAKOPUCTOBYETHCS CUTMOIIHA,
ToMy pizHuns BekTopiB (YI-Y) MHOXHMTECS HAa MOXimHY Bifil CHTMOIIHOI (yHKIIIi:
Y(1-Y).
[ap 2:
Dz_qu 2 3 w3y w2y 2(e-D) N2\l
< %sz.(l Vi2) (Dj Wiz, j) Wi k2 =Wig k2 + M2 - Dicz -Via, (3.10)
me ky =1..qVs.
[ap 1:

1 1(e-1
Dt = ZVk1 (L-Vi1) - (D2 Wi 2) W, ;(ﬁ) Wi,|(<e1 Y41 Dig - X;, (3.41)

ne ky =1..9Vq, v, Ni2, N1 — Hopmu Hasuanus IITHM (wanpukinag, 0.4).

[IIHM 3acTocoBylOThCS SIK JJisi pO3MI3HaBaHHA o00pa3iB, Tak W A
nporHo3yBanHsa. [Ipu mpornoszyBanHi Ha Bxomu [IIHM mnonmaroThcsi 3HAYEHHS
CUTHAJIy 3a MomepeAHiil yacoBuil mepion, a Ha Buxoau IITHM — 3a HactynmHuit
nepion. TakuM yuHOM, OaraTolmapoBHil MEpPUENTPOH MOKHA BUKOPHUCTATH MpPU

BUPIIIEHH] 33/1a4l TPOTrHO3yBaHHSI.
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3.2. AmapaTHO-porpamMHa peaJi3auiss KOMII’IOTEPHOI CHCTEeMHU

Slx IHM BubGpano GaraTtomapoBuil (TpUILIAPOBHIA) MEPLENTOP 3 HABYAHHSA
METOJIOM 3BOPOTHOIO mMomUpeHHs nomMuiaku (puc. 3.2). s ILIHM BusznaueHo
CTPYKTYpY BXIIHMX Ta BHUXITHUX BeKkTopiB. [Iporpamua peamzamis [IIHM

BUKOHAHAa B cucTtemi Matlab.

Wapu: X v AP
W1i W2
Month 3 ol sl 1 Vr(1)
Day of ' Xi
~Week E ki Kz Vr(2)
i o
Hour ! @ g o
| o o
| O o]
1 X(ax)
rr(OE_$—— >Qu1 Qv Vr(17)
A~ = 3 J —y—
BxigHUR Wap [MpwxoBaHi WwWapwm BuxigHun wap

Pucynok 3.2 — CtpykTypa 6aratomaposoi [IIHM, npuznadenoi ans

MPOTHO3YBaHHS aBTOMOOUIBHOTO Tpadika

Bxinuuii Bexktop X mictuth 4 enements, T00T0 IITHM Mae 4 Bxoau (Qx = 4):
1. Homep micsig (Month).
2. Homep aust Tioxus (Day_of Week).
3. TomunHa mo6wu, 1uis sikoi Bimomuit Tpadik (Hour).
4. 3navenns tpadiky Vr (Traffic) nms mis 3agaHoro gacoBoro iHTepBany (mis
BUIIEBKA3AHOTO MICSIIs, THS THXKHS, TOJUHN).

Buxigauit Bektop Y IHHM wmictute Qy enementiB (Qy=17), sxi €
3HAYEHHSAMH IpPOrHo3oBaHoro Ttpagiky Vi mns Qy yacoBux iHTepBaiiB. Tomy
[ITHM Bukonye mporHo3 tpadixy Ha 17 4HacoBUX iHTEpBajll BHEpEea BITHOCHO

MOTOYHOT'0 YaCOBOI'0 iHTEpBay (apamMeTpu IKoro nojaarwTbes Ha Bxoau [ITHM) .
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OCKUIbKM 3aKOHOMIPHOCTI 3MIHM Tpadiky Ha pi3HUX BYJHUISX Pi3HI, TOMY
JUIS. TIPOTHO3YBaHHS TpadiKy Ha KOXKHIM JIUISHII BYJMII CTBOPIOETHCS OKpeMa
[ITHM.

CTpykTypa TEKCTOBOTO (Qailily, y SKOMY 3alHCYIOThCS JlaHI HaBYaIbHOI
BUOiIpKH, HacTynHa (puc. 3.3). Y Opyromy psaKy 3alUCY€ThCS KUTBKICTh YaCOBHX
iHTepBamiB  Qy, JUIS SIKUX BUKOHYEThCS MporHo3yBaHHS Tpadiky (Qy=17). Sk
JaCOBUM IHTEpBaJ BUKOPHUCTAHO OJHY T'OJHMHY, OCKUIBKA CYTTEBI 3MIHHM Tpadiky
TPUBAIOTh, SK MPABWIO, OUIbIIE TOAMHH. B TpeThOMy pSIKY 3amHCyIOThCS
3HAYEHHSI TOJWHU JIJIi KOKHOTO 3 17-TM 4acOBUX 1HTEPBaIIB, 3HAUEHHS YaCOBHUX
IHTEepBaJiB 3amucyioTbes B MmacuB mH. Bukopucrano mani mpo Tpadik Bif
6:00 paaky mo 22:00 Bedopa, OCKITBLKH B iHIIUH Yac KUJTBKICTH aBTOMOOLTIB Ha
BYJIMIISIX € HE3HAYHOIO 1 HEMAa€ NMOTpeOH y MPOTHO3YBaHHI Tpadika.

B paakax 3 5-ro go 11-ii 3amucano jgaHi npo Tpadik sl KOXKHOIO JIHA
TWXKHS (3 TOHEAUIKA MO HEAUIS, OHOMY PSIIKY BIAMOBIAAIOTH JaHI Tpadiky 3a
OJIMH JIeHb). B KO)XKHOMY psiIKy Ha MOYATKy BKAa3aHO HOMEp MICSIIS 1 HOMEp JHS
TUXHS, a Jajdl 3anucyroThes 17 3HaueHb Tpadiky s YacoBUX 1HTEpBaJiB BiJ 6:00

10 22:00.

[=) Traf_11_2019_HMaydanu_Soboma_2td 3 l
1 py
“ :I.'T
& 7 g8 9 19 11 12 13 14 15 16 17 18 18 20 21 22

4 Month; Day of Week; VI (Velocity Traffic)

5 11 1 4 4 3 3 3 3 2 2 2 3 2 2 2 2 3 3 4
il 11 2 4 4 3 2 3 2 2 2 3 2 2 2 2 2 3 3 3
7 11 3 4 3 3 3 3 3 2 2 2 2 2 2 2 2 3 3 3
8 11 4 4 3 3 3 3 3 3 2 3 3 2 2 2 2 3 3 4
9 11 5 4 4 3 3 2 2 2 2 2 2 2 2 2 3 3 3 3
10 11 6 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 4
11 11 7 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3
12 11 1 4 3 2 2 2 2 1 1 1 2 1 1 1 1 2 2 3
13 11 2 3 3 2 1 2 1 1 1 2 1 1 1 1 1 2 2 2
14 11 3 3 2 2 2 2 2 1 1 1 1 1 1 1 1 2 2 2
15 11 4 3 2 2 2 2 2 2 1 2 2 1 1 1 1 2 2 3
16 11 5 3 3 2 2 1 1 1 1 1 1 1 1 1 2 2 2 3
17 11 6 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3
18 11 7 4 4 3 3 2 2 2 2 2 2 2 2 2 2 2 2 3

Pucynok 3.3 — [lani HaBuansHoi BuOipku [IHTHM, 3anucani y TekcToBuil daiin;
Tpadik OTpUMaHO 3a J0moMororo cepBicy Google Maps miis ainsHku ByJ1. ['epoiB
Maiinany (M. YepHisii), Big CoOopHOiI 1. 10 ByJl. baxpymmHa (Hanpsim pyxy 2 —

Bij CoOopHoi 1wtoni) 3a auctonazn 2019 p. [1]
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JlaHi HaBYaJIbHOI BHOIPKHM OTPUMAHO SIK ycepeaHeHl 3HadyeHHS Tpadiky 3a
noromororo cepsicy Google Maps. YV HaByalbHIlM BHOIpII 3aIHCaHO 3HAYCHHS
tpadiky 3a 2 TwxkHi (puc. 3.3), npu nboMy Tpadik mepmoro THXHS (psaaku 5-11)
BIJIIIOBiTa€ TOOpUM MOrOgHIM yMoOBaM, a Tpadik apyroro TwxHs (psaku 12-18)
BIJIMOBI/Ia€ TIOTAaHUM TIOTOJHIM yMoBaM (jormr). BinmoBimHO y ApyroMy BUTIAIKY
CepeHs MBUJIKICTh PYyXy aBTOMOOLIIB Oye HUKYOIO.

Ha ocHoBi ganux HaBuayibHOi BUOIpKH (puc. 3.3) (OpMY€EThCS MHOXKHHA
BXIZIHUX BEKTOpiB X Ta BIAMOBIAHUX IM BHUXIJIHHUX BEKTOpiB Y 3 HOMEpamu
n=1. Qn(Qn =14 x 17 = 238). Hanpuksaz, yist N = 1 OTpUMaHO TaKi BEKTOPH:

X=(11,1, 6, 4);

YT=(4,3,333,2,2,2,3,2,2,2,2,3,3,4,4).

To6to IIIHM mporHosye Tpadik Ha 100y BHepes: SKIIO MOTOYHUN Yac 8, TO
[ITHM mnporuo3ye Tpadik ajis yacoBux iHtepBaiiB 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22 (norouna no6a) Ta s vacy 6, 7, 8 (HactynHa n00a). 3HAaUCHHS
BekTopiB X Ta YT as Bciel HaBuayibHOT BUOIpKH 3 QN BeKTOpiB (HAIPHUKIAM, IS
Bubipku 3 Qn= 7 x 17 =119 BekTopiB) 3amucaHo y MacuBu MX Ta mMYT
BianoBigHo. IITHM B cuctemi Matlab cTBOpro€ThCsI KOMaH 100!

net = newff(mX,mYT,[128 128],{'tansig','tansig'}),
gk knacuuHa [ITHM 3 HaBUaHHSIM METOJ0OM 3BOPOTHOTO MOIIUPEHHS HOMUJIKH.

Taka IIIHM micTuth Ba MpuUXOBaHUX IIApU 3 KUIBKICTIO HEMpoHIB 128 Ta
128 BignoBigHO. K akTUBaulliHI (QYHKIII HEUPOHIB y NPUXOBAHUX IIapax
BUKOPHCTAHO TaHTEHC rinepOomiyanii (PyHKIs «tansig»), Xo4ya TakOoXX MOXKHA
BUKOPHUCTATH JIOTICTUYHY (QyHKIIIIO «logsigy.

Hapuanns I[IIHM BukoHaHO 3a aJropuT™M TPaTIEHTHOTO CIYCKY 3
napamMeTpoM IIBUIKOCTI HanamTyBaHHA (net.trainFen = 'traingda').

Sk kpurepiit saxocti HaByaHHs [ITHM BukopucTaHo cepeiHio KBaApaTUYHY
noxuoOky (net.performFcn ='mse'; % mse - Mean squared error).

Hasuaunasa IIIHM BHKOHAHO METOIOM «train» Ha OCHOBI MHOKMHHU BX1IHUX
Ta BUX1JIHUX BEKTOPIB KOMaHI0I0:

[net,tr] = train(net, mX, mYT).
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BcranoBneno Taki ymoBH 3aBepiiieHHs HaBuanHs [ITHM:
net.trainParam.epochs=500; % MakcruMajbHa KiIbKICTh €II0X HaBYaHHS
net.trainParam.goal=1E-4; % MiHiMallbHa [IOMUJIKA HABYAHHS
net.trainParam.time=120;: % MaxkcuMaabHUI YaC HABYAHHS

Takum ywmHOM, po3pobiieHAa Tporpama SK CKIaJoBa YaCTUHA CHCTEMHU

IPOTHO3YBAHHS JI03BOJISIE KOPUCTYBAaYy BUKOHYBATH PsIJI TAKUX 3aBlaHb (puc. 3.4).

[Iporpama

Bcranosutu
napamerpu [HIHM

34UTaTH HABYAJIbHY
BUOIPKY

Bukonatn
"HaByadHg [[THM

30eperty HaBYCHY
[ITHM y daiin

Bukonatu
TE€CTYBaHHS
IHIHM

34UTaTH HABYEHY
[ITHM 3 daitny

Kopucrysau

Bukounaru
MIPOTHO3YBaHHS

Tpadiky

[Toxazatu
pe3yabTatu
MPOTHO3YBaHHS

Pucynok 3.4 — J[iarpama npeneaeHTiB CUCTEMH MPOTHO3YBAaHHS aBTOMOOLIIBHOTO

Tpadiky
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ITepen nmouarkom HaByanHsa [IIHM kopucTyBau Moke 3MIHUTU TapaMeTpu
[ITHM: KiabKiCTh 1IapiB, KUIbKICTh HEHPOHIB y MPUXOBAHUX IlIapax, aKTHBAaIHI
¢byHkii HeipoHiB, MiHiManbHy moxuOKy HapuaHHs [IHM, wmakcumanbny
KUIBKICTh  iTeparii  (emox), MaKCUMaJIbHO JOMYCTUMHUH dYac HaBYaHHS
Helipomepexki Ta iH. Jlami kopuctyBau BukoHye HaByaHHs [IJHM (Ha ocHoBi
HaBYaJILHOI BUOIPKH) 1 30epirae HaBYCHY HEUPOMEPEKY B (haiii.

IIpu tectyBanui IIIHM HaByeHa HelipoMepeka 3UUTYEThCS 3 (haliry, micis
YOro BUKOHYETHCS MEpeBipKa MPaBUIIBHOCTI MPOTHO3YBAaHHS Ha OCHOBI JaHHUX
TECTOBO1 MHOKUHU.

3unTyBaHHA 3HAa4€Hb aBTOMOOUIHLHOTO TpadiKy MOXKIHUBE SIK 3 CEpBICY
Google Maps, Tak i 3 CEHCOPIB PyXYy.

VY Bumagky mporHo3yBaHHA aBToMoOuUTbHOrO Tpadiky [HIHM Takox
3UUTY€ETbCSl 3 (hailily, aje HE BUKOHYETHCS TMOPIBHSHHS OOYMCICHMX 3HAYEHb
Tpadiky 3 mnpaBuiIbHUMH. Po3poOiieHa cuCTEeMa MOKE 3aCTOCOBYBATHUCS IS
BUPIIIEHHS MPUKIATHAX BUPOOHUYUX 3aBJaHb, HAPUKJIIAJ, BUOOPY ONTUMAIIbHUX
MapuIpyTIiB PyXy JJIsl aBTOMOOLIILHOTO TPAHCIIOPTY.

TecryBanHsT pPO3p00EHOI KOMII'IOTEPHOI CHCTEMM IIOKa3aJlo KOPEKTHI

pe3yJbTaTh MPOrHO3yBaHHS 1JISI aBTOMOOUIBHOTO Tpadiky.
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BUCHOBKH

VY pe3ynbrari BUKOHAHHS HAayKOBO-BUPOOHWYOI MPAKTUKH OTPUMAHO Taki

pe3yabTaTH:

1.

[TpoBeneno onuc chepu BUKOPUCTAHHS KOMIT FOTEPHUX CUCTEM MTPOTHO3YBAHHS
aBTOMOOUTEHOTO  TpadiKy, BHUKOHAHO aHAT3 CHCTEMH-AaHAJOTy  JJIA
IIPOrHO3YyBaHHs aBTOMOOLIBHOTO Tpadiky, a came cepsicy Google Maps.
Omnucano 3araqpHy OyIOBY, HPUHUIUIU poOOTH 1 (GYHKIIT KOMI IOTEpHOI
CUCTEMHU JIJISl TIPOTHO3YBaHHS aBTOMOOUIBHOTO TpadiKy, alrOpUTMH 1 METOIU
MPOTHO3YBaHHA  aBTOMOOUIBHOTO  Tpadiky, MOXKIMUBOCTI  3aCTOCYBAaHHS
MTYYHUX HEHPOHHUX MEPEeX IS TMPOTHO3YBAaHHS YACOBUX 3aJICKHOCTEH; 5K
[ITHM BukopucTano 6araromapoBuii MepcenTpoH.

Po3po6iieHo MaTeMaTHYHy MOJENb CUCTEMH HEHPOMEPEKHOTO MPOTHO3YBAHHS
aBTOMOO1TLHOTO  TpadiKy, BUKOHAHO amapaTHO-NPOrpamMHy peasizallito
KOMIT'IOTepHOT cucTteMu B cepemoBumii  Matlab, oriHeHo MoOXIHMBOCTI

MPaKTUYHOTO BUKOPUCTAHHS pO3POOJIEHOT CUCTEMMU.

HaykoBO0 HOBM3HOKW € T€, IO NPOrHO3 aBTOMOOUIBHOTO Tpadiky

BUKOHYETBHCS 32 JIONOMOTOI0 IITY4YHOI HEMPOHHOI MepeXl Ha OCHOBI OJTHOTO a0o

KUIBKOX 3HaueHb TpadikKy 3a TOMEpeaHId Tepiojl 3 YCEepPeAHEHHSIM OTPUMAaHUX

pe3ynbTaTiB, 110 MiABUILYE TOYHICTh MPOTHO3YBAHHS.
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