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EYXAPIXTIEX

H moapovca Aumhopatiky Epyocio onupotodotel 10 mépag TV 6TovddV OV GTN GYOAN
[MoMtikdyv Mnyovikev tov EBvikod Metodfiov IToAvteyveiov.

®a Mbeha TpoTicTOG Vo guyoploTno® TNV emPAémovca kabnynTpla, Kvpia EAEvn
Blayoyidvvn v v gukoipio Tov Hov £6M0E Vo GYOANO® LE TO GLYKEKPIUEVO TOAD
EVOLAPEPOV aVTIKEINEVO, KOOMOGS Kat Yo TNV KaBodynon g o€ kaiplo {ntipora.

Eniong, 6a nBera va evyapiomiom v Mapio Owovopov, epeuvitpla oto E.MLIT. yua to
eEapeTikd KMpa cuvepyasiog Kol yio TNV TOAVTIUN Bonfela Tov Hov TPocEpepe o€ OAN
o otddw ™G Epyoacioag, cvuPariioviag ovclooTik@ otV €KTOVNON TNG TopovsOg
Aumhopotikng Epyoaciog.

Téhog, evyaplotd Beppd TNV O1KOYEVELY [LOV, TOVG PIAOVG LOV KO TOL KOVTIVE LoV TPOGMOTOL
Y10l TV VITOGTNPLEN TTOL OV TPOCPEPAV e KAOE TPOTO KA’ OAN T SIUPKELL TOV GTOVIDV
Hov.
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Avdivon TG ETPPONS TOV CVTOVORMV VT PECLAOV HETAKIVIONG 6TV KVKAOQOPIia,
OTNV 06QALELD. KOL 6TO TTEPLPaLLOV

Xuyypapéag Authopatikig Epyaciag: Xpiotiva INactapivdtov

EmipArénovoa KaOnyntpio: EAévn BAoyoyidvin

ovoyn

216y0¢ ™G mapovoas AmAwpotikng Epyacioc eivor m diepedvnon g emppons evog
CLGTHUOTOG OVTOVOUOL AE®EOPEiOL TNV KLUKAOQOPio, OTNV AGPAAE KOl GTO
neplPdAlov, oe peEAhovTIKA cevapla {Tnong KNG KukAopopiog (Tumikd Kot autdvopa
OYMLLOTO) KOL 1) EKTIUNGT] TOV GUVIEAEGTMV WETATPONMNG TOV OUTOVOU®V OYNUATOV GE
Movadeg EmPatikov Avtokivitov (M.E.A.) péca omd v €mppon TOovg oTo
LOKPOCKOTIKA YOPOUKTNPIOTIKA TG KUKAOQOPLOKNG pofg o€ emimedo dktvov. [Ma v
emitevén avTOL TOL GTOYOL OVOAVONKOV £VIEKO GEVAPLO HEALOVTIKOV GLUVONK®OV
KukAopopiog 6e TPOHYPALLLLO LIKPOGKOTIKTG TPOGOUOiwonS TG KukAogopiag. Ta cevapia
AT POPOVCAY GE EVOL TUN LA TOV S1KTHOL TG ABM VS Kot 0moTeAoVVTAY 0td £VoL GEVAPLO
LE TIC VOIOTAUEVEG KUKAOQOPLOKEG cLVONKEG Kol amd déka pe avEAVOUEVO TOGOCTO
aLTOVOUOV  OYNUAT®OV OTNV  KLUKAOQOPia, HE TOVTOXPOVN KLKAOQOPio OLTOVOLOV
Aem@opeiov. tn cvvEyela ovamTLYONKE TPOTLTO UN-YPOLLUIKNG TOAVOPOUNOTG LE dEVIPQL
armopdacewv pe e€apmmuévn petafAnt) 1o AoydpiBpo tov ocvvtedeotr) M.E.A. ko
ave&apmnteg LETOPANTES TN POT|, TOV TOTO TNG 000V, TOV TOTO EAEYYOL TNG KVKAOYOpia, TIG
KUKAOQOPLOKES GUVONKES KOl TO TOGOGTO TV OVTOVOU®V OYNUATOV. ATO TIG avaADGELS
TPOEKLYE OTL UE TNV VIOPEN UEYOAVTEP®V TOGOGTMOV OVTOVOU®V OYNUAT®V GTnV
KukAogopia mapovstaletar peimon tov oy M.E.A. avtévopwv oynudtov. Eriong,
dwmotodnke 0Tt 1M €papuoyn] avtdvou®V oYNUATOV  dhvoTol VO HEUDGEL  TIG
kaBvotepnoelg £o¢ kot 70%, to mAn0og adlhaydv Ampidas Emg kot 25% Kot TIg EKTOUTES
CO2 g xar 50%.

AéEerg Kheod: avtovopa oyxnuata, M.E.A., kokhopopia, 0dikn acedieta, mepidriov,
LWIKPOOGKOTIKY] TPOGOUOIOT  KUKAOQOPING, — UN-YPOUKY — TOAVOpOUNcn, O&vopa
TAAVOPOUNONG
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Analysis of the Influence of Automated Transportation Services on Traffic, Road
Safety and Environment

Thesis Author: Christina Gasparinatou

Supervising Professor: Eleni Vlahogianni

Abstract

The scope of the present thesis is to study the impact of an autonomous bus system on
traffic, road safety and the environment, in future mixed demand scenarios (conventional
and autonomous vehicles) and evaluate the factors converting autonomous vehicles to
Passenger Car Units (PCU) through their impact on macroscopic characteristics of traffic
flow within a network. For this purpose, eleven scenarios with future traffic conditions
were analyzed within a traffic simulation program. These scenarios refer to a part of the
Athens network and were formed by a baseline scenario with current traffic conditions and
ten scenarios with increasing market penetration rate of autonomous vehicles, with the
simultaneous operation of an autonomous Shuttle Bus. In continuation, a prototype of a
non-linear regression was developed with decision trees with dependent variable the
logarithm of the PCU factor, while the independent variables were the flow, the road type,
the traffic control type, the traffic volume and the penetration rate of autonomous vehicles.
The main outcome was that lower rates of PCU occur when higher rates of autonomous
vehicles are used in circulation. Furthermore, it has been determined that the autonomation
is able to decrease the delay time up to 70%, the number of lane changes up to 25% and
the CO- emission up to 50%.

Keywords: autonomous vehicles, PCU, traffic, road safety, environment, microscopic
traffic simulation, non-linear regression, regression trees






HepiAnyn

H paydaio avdntuoén g teyvoloyiag 6TIg GuYKOWVOVIEG KAOIGTA €PIKT TNV EIG0YWYN
VEOV LOPPOV LETOPOPAS, 0TS To. avtOvopa oynuata. Ta avtdvoua oynuata givor £vo
OTUOVTIKO L0 GTOV TOUEN LETAPOPDV KOl GLYKOIVOVIOKNG VITOSOUNG Kot 1) £vTaEN TOVG
otV kukhoeopia Ba amoterécel cOvTopa pio vEa TpayHoTikOTTO. XTOY0S TG TAPoVoag
Awthopatikig Epyaciag sivol 1 diepedhivnon g emppons evOg GLUGTILATOS CLTOVOLOV
Ae@@opeiov TNV KLKAOPOPia, GTNV AGPAAELN KOt GTO TEPPAAAOV, GE LEAAOVTIKA GEVAPLOL
Mong uiktng kukhoeopiag (TLUTIKA Kol GLTOVOUO. OYNLOTO) KOU 1) EKTIUNON TOV
OUVTEAEGTMV UETOTPOMNG T®V OLTOVOU®V oynudtov oe Movdadeg EmPatikdv
AvtoKiv)TOv péca amd TNV EMPPON TOVS GTO HOKPOGKOTIKE YOPAKINPIOTIKO TNG
KUKAOQOPLOKNG PONG OE EMIMEOO OIKTVLOV.

Mo v enitevén tov otdY0L TG Epyaciag, ekteAéotnKay HIKPOGKOTIKEG TPOGOUOLAGELS
07O TPOYPULLLO TPOGOUOImON G Aimsun 6g va TURLLA TOL 001KV dtkTHoL TS ABNvag. [To
OLYKEKPIUEVA, AoV emALyOnke N kotavoun (MTnong g KukAogopiag, vAomowdnkov
Evieka GeEVOPLL UE OVEOVOUEVO TOGOGTO aLTOVOU®MY OYnudTeov otn obvvleon 1ng
KukAOQopiog, EVO TOVTOHYPOVA VINPYE 1 KLKAOPOPI EVOG VTOVOLOV AEMPOPEIOL GE pia
KUKAKT dtadpoun| peyding onuaciog.

2  ovvéxeln, oeoL  emefepydotnkov TO  OMOTEAEGULOTO TOV  TPOCOUOIDGEWDV,
onuovpynbnke évo mhaicwo oedopévav e Poacikovg deikteg oamddoong yo TOV
TPOGIOPIGUO TNG EMPPONG TOV ALTOVOLWOV OYTUATOV GTNV KUKAOQOPI, GTNV AcOIAELD
Kol 610 MEPPAALOV. AVTOL OV APOPOVV GTNV KLKAOPOpPio €ivol 1 por, TO TOGOGTO
aLTOHVOLWOV OYNUAT®V, TO TOGOGTO KUKAOPOPIOG, TO P KOG O18vuoTg Kot 0 ¥pOvog TaE1d1o0
Kot o1 kaBvuotepnoelg avd yAMOpUeTpo. Ot KUKAOPOPLOKEG LETPIKES TOV QPOPOVY GTNV
ac@iiela etvor 1 TaydTNTA KO 0 aPOUOG aAAAYS A@PId®V, EVEO AVTEC TTOL APOPOVY GTO
nepPairov givar ot ekmopnég 610&ediov tov dvOpaka (CO2) kar o&gdinv almtov (NOX).
Téhog, mpootiBetar 0 AOyog mov ek@pdlel TO GUVIEAECTN HETOTPOMNG OVTOVOUMV
oymudtov oe M.E.A., dnihadn o Adyog 0V KLKAOQOPLOKOV (pOpTOov TOov KAOE 0510V
TUNHATOG TOV GEVaPiov Bdong avapopds mpog Tov GOPTOo ToL KAOE 001KOV TUNUOTOS TOV
EKAOTOTE GEVAPIOL.

[Tpoxeyévou va exktiunBel 0 cuvtelesTg peTATPOTNG avTdvou®Y oynudtov o M.E.A.,
EKTEAEOTNKE MO PN-YPORUIKY] TAALVOPOUNON pE OEVOPE amo@dcemv e pndnon e
enifreyn oto mpoypappatiotikd meptBdarov g R. 1o povtého, eEaptnuévn petafant
Ntav 0 AoyapiBog Tov GUVTEAEGTN UETATPOTNG o TOVOU®V oynpdtov o M.E.A., o omoiog
EKQPACTNKE LLE TOV AOYO TOV KLKAOQOPLKOD (POPTOL TOL KABE 001K0D TUUOTOS TOV
oevapiov PBdong avagopds mpog Tov @OpTo TOL KAOE 001K TUNMUOTOG TOL E€KAGTOTE
oevapiov. Qg aveEdptnreg petafintég opiotnioy 1 por, 0 THTOG 000V, 0 TOTOG EAEYXOV
™G KLKAOQOPIaG, TO TOGOGTO TG KUKAOPOPING KOt TO TOGOGTO OVTOVOUMY OYNUATOV GT1
ovvBeon g Kuklogopiog ‘Etot, mpoékvye éva 6évopo malvopounons, 6mov dobévimv
TOV LETAPANTAOV TOL EMAEYONKAV ovadelkvETOL 1] EElomoT PLEGM TNG 0ol EKTINATAL O
OUVTEAEGTIG NETATPOTNS CVTOVOLOV OYNUATOV GE HOVAOES EMPUTIKAV GVTOKIVI|TOV.
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ATOTELEG O TNG UN-YPOUUIKNG TOAVIPOUNONG NTAV EVa 0EVOPO Talvdpounong pe 172
@OAM0, OMAadn mpoékvyav 172 €£10MGEL EKTIUNONG TOL GULVTEAEGTH UETOTPOTNG
avtOvopmv oynudtov o MLE.A. avdioya [Le To GUVOLAGHO TV TILOV THE POTG, TOL TUTOV
0000, TOL TOTTOL EAEYYOL TNG KVKAOPOPINGS, TOV TOGOGTOV KLKAOPOPING KOl TOV TOGOGTOV
aVTOVOL®V OYNUdTmV. Baoikd cuunépaciio Tov 0EvOpov TaAvOpOUNonS amoTeAel OTL TO
TOGOOTO TNG KUKAOPOPIOG OV GUUUETEYEL OCNUOVTIKA 0TV €£{0MON VTOAOYIGHOD TNG
g MEA, oAAd v emnpedler éupeca, emewdn eivar 1o Pooikdtepo KpLTiplo
Jy®PIoHoy 610 Oévdpo  moAwvdpounons. Emumdéov, o ouvieleotng petaTpoOmNg
avtoévopwv oynuatov oe M.E.A. €yetl Betikn cvoyétion pe Tig HETOPANTES TOV TOHTOV TNG
0000 Kol TOV EAEYYOV TNG KLKAOQOPING , VA €YElL OpVNTIKN UHE TIS HETAPANTEG TOV
TOGOGTOV TG KUKAOPOPIOG, TOV TOGOGTOD AVTOVOU®MY OYNUAT®V Kot TNG POT|G.

Emumiéov, ommuovpyndnkav ta Ogpeiion pokpookomkd owypapporte (M.F.D.) ce
eMimedo SIKTVOV OAAG Kol o€ €MIMEdO OOPOUNG AEWPOPEIOL Yo OO TOL GEVAPLOL TTOV
extedéotnrayv. Ta dwypappota M.F.D. glyav v mpdtunn popen mov mpoteivetor Kot
LEG® QVTOV AMIGTOOINKE OTL TO dIKTVLO £)EL IKAVOTOMTIKES GLVONKES KLKAOPOPIaG, EVD
otav mpootifevtal ta aVTOVOUN OYNUATO TO diKTLO amocLPOoPifeTal Kol 0l GLVONKES
KukAogopiog BerticTomolovval.

Téhog, peleTdVTAG TA AMOTEAEGHATO OO TIC TPOGOUOIDGELS, dEPELVIIONKE N Emppon
TOV OUTOVOR®OV OYNUAT®OV 6TV KUKAOQOPid, 6TV 001Kl] 0CQAIAEL0 KOl GTO
aepiairov. Q¢ KLKAOQOPLOKT LETPIKY| EMAEYONKE O HEGOG YPOVOG AOY® KOBVGTEPNGEWV
Kot factkd copmépaco nTav 6Tl 1 TPocsOnkn Aew@opeiov otV KuKAo@opia ToOL SIKTHOV
aPYIKA TOV aLEAVEL, eV HE TNV adENoM TOL TOGOGTOD TOV OVTOVOU®MY OYNUATOV Ol
kabvotepnoelg dvvotar va peiwbovv £oc kar 70%. o v peAétn ¢ 0d1KNG aopaieio
emAéyOnke g Pacikdc deiktng amddoons 10 mANBog oAriaydv Awpidag, oamd Omov
TPOEKVLYE OTL e TNV EVTAET QVTOVOL®V OYNUAT®V GTNV KUKAOPOPIa ETLTVYYAVETOL LEIOT
0V AN 00VG aAAaydV Ampidag kotd 25%. H diepedhivnon g emppong T@v auTdOvVormv
oOYNUAT®OV 0T0 TTEPPAAALOV EKQPACTNKE e TOV PACIKO JEIKTN OTOOOCNS TOV EKTOUTADV
d10&ediov tov avhpaka (CO2) kat TopatnpHONKE OTL TO AVTOVOLLO OYNUATO GUVELCPEPOVY
070 TEPPAAAOV LELDVOVTOG TIG EKTOUTES PUTT®V £00G Kol 50%.
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EIZATQIH
1. EIZATQI'H

1.1. I'evika

Ot petagopés amoteAohv Topén (MTIKNG ONUOCIOG HOG KOWMVIOS, 0o GUVEICOEPOLV
1660 otV e&umNPETNON TOV TOATOV Kadnpepva 66o ko oty otkovouio. Ta Eveun
Yvotquoto Metagopdv, to omoiot oTOY0 £Yovv TNV avadelln g SLVOUIKNG TV
HETOPOPAOV, PEPVOLV GTO TPOCKNVIO TNV KOOTopio. Tov oavtdvopov oynuatoc. H
ovtopatny oonynon OBeswpeitar pio teyvoroyia VoG onuaciog mov Ba umopovoe va
onuavel pion omd TIC To oNUVTIKEG eEEAIEEIC 6TOV cuYKOVmVIaKO Topéa. [TAéov, givar
oaPEG OTL Ol MEPLOGOTEPEC KLPEPVNOELG KOl EMIGTIUOVES GTOYELOLV GE Uia TANPWOS
OLTOUOTOTOMUEVY] SOUN OTN GLYKOWVMOVIOKN VTodoun, 1 omoia Oo eivar moAd mo
OmOTEAECUOTIKY] amd v vrdpyovcsa. Tavtdypova, €xer mpotabel m  epoppoyn
KUKAOQOpiog ovtOvoumv Asm@opeiov yio dnuocia yprion. H ypron tov avtdovopwmv
oynuatov mhovag vo emPEPEL TOALATAG 0QEAN TOGO OGNV Kowmvio OGO Kol GTNV
OlKOVOLLi0 G€ TOYKOGLO EMIMEDO. Xe aVTO GTOYEVEL Ko 1] Tapovoa Aumhopatikn Epyacia,
otV dlepevuVNON, dNAASN, TNE EXPPONS TOV ALTOVOU®OV OYNUATOV GTNV KVKAOQOpia, TNV
acPireLn Kot TO TEPPAALOV.

[oa v onuacio g depehvnong tov mTapoOvTog BEUATOC AVAPEPOVTOL OPIGUEVES
TANPOPOPIES TOV TEPTYPAPOVY TNV VRAPYOVGA KATAGTAG 6T0 0d1Kd dikTva Tng ABMvac.

H xvkho@oprokn ocvop@épnon civar £vo avéovopevo TpoPAnpa yuo Tig LEYOAOVTOAELS
naykoopiong. H etapia mhonynong kot yoptoypaenong TomTom (2016), mpoifn ot
HEAETN KOTATOENS TOV TOAEWV LLE TO EVIOVOTEPO TPOPAN LA GLUPOPNON S, OO GTOLYEID TTOVL
&xel cLAAEEEL og TEPT0d0 EVVE YPOVMV, OVOOEIKVDOVTOS TO TOCOGTO ETITAEOV 001YNONG
AMoyo kabBvotepnoewv. ['a v ABMva dwmiotddnke 0Tl évag HEGog 0omyodg ypetdleTon
nepinov 37% meprocoOTEPO YPOVO YO VO OTAGEL GTOV TPOOPIGHO TOV AGY® avénuévng
ovueopnong. Zopewvo pe 1o EBvikd Xyédo yu v Evépyeia ko to Khipo (EXEK)
exTipdTon 0Tt 0 6TOA0G 6TV EALGSa fjtav 5,15 exatoppdplo oynuata ot téAn tov 2018,
pe vroroywlopevn avénon 920.000 oynpata xotd to €tog 2030. daiveror Ot M
KUKAOQOPLOKES OLVONKEG e TIG VLmApyovses texvohoyieg, Oa  yivoviar dapKdg
dvopevéotepes. Avon oe avtd to TPOPANHa Bo pumopohce Vo GLVEICEOEPEL M Evtaln
AVTOHVOLOV OYNUATOV TNV KUKAOQOPia, amocupgopilovtag to 0dkd dikTua.

Oocov apopd Vv 001K1] ac@arera, storyeio tng EAAvic g Zratiotikng Apyng (EAXTAT)
v 10 €10 2018, avagépovv O6tL og oAdKANpN ™ YOpa Eywvav 10.737 odwd Tpoyaio
atvynuata, ek v omoiwv to 10.092 tpokdiecay TpOUATIGLOVS Kot To VtdAouto Odvato.
H Efvikn Yrnpeoia Odikng Acedieiag Avtokivntodpouwv (National Highway Traffic
Safety Administration — NHTSA) extiud 6t 10 94% tov atoynudtov oesiletol oe
avOpomvo AdBoc (NHTSA, 2015). I'veron evkoha katovontd OtL av eEohelpbeil o
avOpomvog mapayovtag Oo vwdpéer onuaviikny peiwon omv KHpo oution TPOKANGONG
00KV OTUYNUATOV.



EIZAT'QI'H

Téhog, oyetikd pe v empapoven tov wepifpdriovrog Loyw ¢ Kukloeopiag atilel va
avaeepbel 6T Tave ond 10 70% tev emPAafodv pOTOV GTNV ATHLOCOULPO, TPOEPYOVTOL
and N xpnon tov oynuiatwv. Extypudtor 0tt pe m ooty €QopUoYn TOV UETPOV, Ol
emPAafeic pdmol otV ATUOGPOIPA TOV TPOEPYOVTIOL GO TN YPNON TOV oYNudtev, Ha
puropovcav va petmbovv émg kot 40%. Avtd dvvatar va emtevyBel pe v e@appoym
OLTOVOLL®OV OYNUAT®V, Ta oToia Oa eivol TPOGAPUOCUEVE VO THPOVV TO EKAGTOTE LETPO.

[Mopakdto Tapovstalovtal opioréva 0QEAT TOV EKTIHATOL OTL Bo EMPEPEL 1| KLKAOPOpPia
TOV GUTOVOPU®V OYNNATOV:

e Aveon

e Avvatomnta PETOKiVIONG avNMK®V, NMAKIOUEVOVY, Kol OTOU®V UE ovoamnpio M
EUTOPEVUATOV Y®PIG GLVODO.

e Beltimon g o0dwng acediewag: Tnpeltor mAnpog o Kodwog Odwkng
Kvrhopopiag kot Bertidverar o ypdvoc avtidpaong ce un ovapevouevo cuopupay.
Emiong, oev ennpedletor 1 0dNyIKN | GUUTEPIPOPA TOV OYNUATOS OO TV KATAGTOOT)
ToV/TOV eMPaivovta/dvimv

¢ BeAtimon otabung e&ummpétnong g 0000: AVTIKOOIGTOVTOG To 0OUKA GTLLOITO KoLl
YPNOWLOTOUDVTAG TO GULVIOVIGUO TV oynudtov, m avtdvoun olayeipion
KukAoQopiog okomevel Vo ALENGEL TOV KUKAOPOPLOKO (OPTO, TPOCPEPOVTOG
TOPAAAN AL KOAY EEVTNPETNON.

e E&owovounon ypovov: Apevog Aoy tng pelmong T KUKAOQOpiag Kot 0pETEPOV
AOy® ™G dvvaTOTNTOG AELOTOINCTG TOV XPOVOL UETOKIVIONG GE JPOPETIKOVGS
OKOTOVG,.

o XounAn xoTovdAmorn Kovucipov, AOy® NG AmOdOTIKOTEPNG OO0NyNnong Me
eEAOPPOTEPO OYNLOLTOL,

o  Xouniég ekmounés pOmwv 6to mePPEAiov.

1.2. Xtoy0¢

Amo T oToryEiol TOV TOPATEONKOY GTNV TPONYOVLEVT] EVOTNTA, OOV TEPTYPAPNKOV Ol
VILAPYOVGEG GLVONKES KOl OPIOUEVO GTOTYELD Y10l TOL CLTOVOLLOL OYMLLALTOL YIVETOL KOTOVOTTO
OTL TOL ALTOVOLOL OYNULATO SVVAVTOL VO, CLUBAAAOVLY 6TV BEATI®OON TOV KUKAOPOPLOKADV
Kol KOwovikov cuvinkav. Eropévoc, kpivetal avaykaio 1 diepehvnon g emppong mg
OLTOUATNG KLKAOPOPIONG GTNV IKOVOTNTO TV 0JIKOV TUNUATOV. ZTOY0G TNG TopovGag
Auhopotikng Epyaciog elvain diepedviion g emppon)g VOGS GVGTNATOS CVTOVOIOV
Ae®@@OPEiOV TNV KVKAOQOPia, 6TV 0.6QALELD KOl 6TO TTEPLPALAOY, GE PEAAOVTIKG
oevaplo {NTnomg JKTNAG KUKAOPOPIG (TUTIKA KOl OVTOVOU OXLOTO) Kol 1) EKTipuNoN
TOV GUVTELECTOV PETOTPONNS TOV CVTOVOROV oymuatov o Movaodoes Empoatikov
AVTOKIVIITOV pPEGO OmO TNV EMPPON TOVG OTO UOKPOCKOTIKE YOPAKTNPIGTIKG TNG
KUKAOQOPLOKNG POT|G OE EMIMEDO SIKTHOV.

Q¢ empépovg 6toyor ¢ Epyaciog etvor n emdoyn g kotdAAning pebodov extipnong
OUVTEAECTMOV YlO. TN HETOTPOM avTOVOp®OV oyxnudtov oe Movadeg EmPatikdv

2



EIZAT'QI'H

AVTOKIVIITOV UECH TPOYPALUATOC TPOGOUOIMONG, GE GLUVOLAGHO UE TNV EQPUPLOYT| TOL
BempntiKov vrofadpov, ®oTE Vo TpoKVYoLY 0pBG amoTeEAECUATO.

1.3. MeBodoroyia Avmhopatikig Epyaciog

Xe outn TV evoTNTa TEPLYPAQETaL | pEBodoroyia cop@mva pe TNV omoio 0o emtevyBel
0 o6T6)0g ™S Imhopatikiyg gpyacsiog. Encita and tov kabopiopud tov 010)X0V Kot
TOVTOYPOVE TOV BEHOTOC TNG HEAETNG, elval amapaitnTn 1 aval)Tnon GLVAP®OV EPELVAOV
Kot peBodoroymv aviivong amd mpdoeatn debvny Piprloypaeia, v v €bpeon TV
nmuatov mov amattovv €pevva. Bdoer avtig o opiotovv ot moapdpeTpol yio tnv
npocopoiwon mov o ekteleotel ko petd omd emefepyacio TOV OMOTEAEGUATOV TNG
npocopoimong, Ba cuykpotndei Eva odokinpwpévo TAaicto dedopévav. X cvvéyeta, o
emheyOel 10 KATOAANAO HOVTELD TOAVOPOUNGNG GTO TPOYPOUUUATIOTIKO TEPPAAAOV TNG
R ywo v ektipnomn TV cUVTEAEGTMOV PETATPOTNG TOV ALTOVOU®V OYNUAT®V 6€ Movadeg
EmBoticeov Avtokwvntov. Téhog, ta mapomdve Puote odnyovy 6Ty TPayLaTtonoinon
OA®V TOV GTOYWOV, TOL UE TNV EKOECT] TOV GLUTEPUGUATMOV OAOKAPOVOLV TO £PYO TNG
OMAMUATIKNG EpYOTiog.

1.4. Aopi

Yoppova pe tn pebodoroyia mov Ba axorovOnBel kabopiletor ko m doun 1ng
dmlopatikng epyociog yo v emitevén piag opng mapovsioong g pong . ['a tov
AOY0 avTd akoAovBel | VoY TOV KEPUAI®V TOV TNV aTaPTICOVY.

To mapdv xepdioo omoterel 10 Kepdhowo 1, 10 omoio 6mwg €yve katovontod sivat
E1I00YOYIKO Kol Topovctdlet pion GOVTOUN TAPOLGINCT) TOV OVTIKEILEVOD TWV CLTOVOL®OV
oynudtwv. Emiong, otig mponyodueves evoOTNTEG, OVOPEPOVTOL GTOTIOTIKA GTOUYEIN TOL
apOPOVV GTN YPNOT CLUPATIKOV OYNUATOV TOCO o€ €BViKO aAAd Kot og d1eBvEg eminedo.
Emunpdobeta, meprypdpetar o otOX0¢ TG OUWAMUATIKNG €pyociag, Om®G €MIoNG KOl M
peBodoroyio mov akolovOnOnKe.

Y10 Kepdhowo 2 mopovcsidlovtol opiopol yio o avTOVOpo OYNUOTO, Yo TNV TANPN
KATavONGoT TOLS Kol GUVOQPELS £pevuveg kol peBodoloyieg, ol omoieg mapEYOLY YPTOLLLOL
ELVPNUATA Y10 TN OWTAMUOTIKY gpyacio Kot aroteAobv T PipAoypaeikn avackonnon. H
oUVOYT TOV OTOTEAEGUATOV TOVS KOl 1| GUYKPIOT TOLG 00MYoUV GTov KaBopiopud Tov
OVTIKELEVOD TNG TAPOVCAS EPYNCING KO GTNV EMAOYT TNG KATAAANANG pebodoroyiog yia
TNV OAOKANP®OT| TNG.

Y10 Kepdlowo 3 meptypdeoviol GUVORTIKG To OTAdW TOL OaKOoAOLONONKaV Yo TV
exkndévnon g napovcsos Epyaciog, kabdg kot to Oempntikd vrofadpo duvdiet tov oroiov
npaypatonomOnke avtn 1 eknovnon. Eniong, mapovcidlovrar to €101KA AOYIGUIKE OV
YpNoonomOnkav 6e OAa To GTAL.

>10 Kepdroto 4 mapovctdletal avaAvTIKA T GTASN Y10 TV EKTEAECT] TNG TPOGOUOIMGONG
Kol 1 010d1Kacio e TNV omoia dlepeLVNONKE 1) ETPPOT TOV AVTOVOU®V OYNUATOV GTNV
KukAoopia, oTnV 001K acPIAEln Kot 610 TepPIPdAlov, kKabBDc Ko 1 eneepyacio TV
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amoteleopudtov. Emmpdcbeta, avaiveton mn  pebodoroyior yia v extiunon Tov
OUVTEAEGTMV LETATPOTNG QVTOVOU®Y OYNUaTOV o€ Movadeg EmPBatikdv Avtokivitov.

Y10 Kepdhoo 5 meprypdpetar cuvonmtikd 1 pebodoroyion kKot TO OMOTEAEGHOTO TNG
Epyaciog kot mapovstalovtal 1o GUUTEPAGLOTA TOV TPOKVITOVY OO T ATOTEAECUOTO.
Téhog, yivovtor mpotdoelc yioo mepotépm €pevva. Tov Bo GLUTANP®VOV TN TOPOVCH
gpyacia.

To Kepbdhowo 6 amoteiel ™ Piploypagio TG SWAOUOTIKNG €pyoaciog, o€ HOpeON
KatoAdyov, 1 omoila mEPAaUPAvEL OAEC TIC TMYEC MOV YPNOLUOTOMONKAY Yo TNV
TPOYLOTOTOINGN TNC.
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2. BIBAIOI'PA®IKH ANAXKOITHXH

2.1. Ewoayoy

210 Tapov kepdiato mopovstaletor 1 PipAoypapio, oty omoia Pacictnke 1 mopodoa
Aummhopotikny Epyocio. ITo ocvykekpiuéva, epocov 1o enikevipo g Epyaociag sivon ta
avtOVOop oynuata, avaeépoviol Pacikd otoryeio yio avtd. ‘Etol, mapovoialetor pia
OAOKANPOUEVT €KOVOL TOV OEuaToc Kol YivETOL TEPIGCOTEPO KATOVONTN 1 MEAETM.
Emmiéov, avagépoviar svpnuato omd EPELVEG TOV APOPOVV GTNV EKTIUNCT UOVAO®V
emPotikov  avtokvitov — M.E.A. ovpfotik®v Kot oTOVOR®V  OYNUATOV.
Avolvtikotepa, Tapovstaloviotl Kot cuykpivovtor pébodot ektipnong MLE.A., ue okond
v emioyn g PEATIoTC peBOSOV yloo TNV EKTIUNGCT TOV GLVIEAESTAOV WETATPOTNG
avtovopmv oynudtov o MLE.A.

2.2.To Avtovopo Oynpa

AvTtovopo Koieitor 1o 6ynpa to omoio avtilapPavetor To TEPPAAAOV TOV Kot £XEl
duvatdtnTo Thonynong xopic mv avipomvn tapéupaon (Lu et al., 2018). O avBpwmot
elval amhadg emPateg Kot LropovV va EAEYYOVV TOV TPOOPICHO TOLG 1| Vo {ntoovv omd 10
avtokivnto va otapatiost. Onwg gaivetor otv Ewodva 2.1 1o avtdvopo oynpoto
EVGOUOTOVOLV TEYVOLOYiES OTtmg GPS, pavtdp, Avtdp (pavtép mov ypnoiponotel aktives
Aéep), €101KEG KpEPES, VO SOBETOVY TPONYUEVO AOYIGHIKO TTOV GLVOVALEL OAEC TIg
dwbéoieg mAnpopopieg avakaAVTTOVTAS APEVOS KATOAANAEG SLOOPOUEG KOl APETEPOV
evtomiovTag Kot amopevLyovTos YKoipms otafepd Kot KIVOOUEVO EUTOIIAL.

Aocvppomm
Aemagn

Awbnmpeg
Yrepfywv

Awcbntpog
Kevipikog Pavtdp
Ymoroyiotig

AwoOnmpeg
Odopetpiag

Ewxova 2.1: Avorapaotaon avtovouov oynuotog (Ilnyn: EIHamdani and Benamar, 2018)

Onwg etvor avapevopeVo To LTOVOLO OYNUATO O1APEPOVY A Ta CLUPOTIKA GE dLAPOoPOL
eninedo (Forrest, Konca, 2007). nv Ewdva 2.2 eaivovtot ta tedio mov mpénet vo AneHovy
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VIOYY OO TOVG EMICTAUOVEC UE OKOMO TNV £vialn TOV aUTOVOU®V OYNUATOV o1V

KukAoopia.
Mnxavi Kol ZOgTnua
Metadoong Kivnong
ZKEAETOC STOM
AuToKIviTOU

/ Kootog

Q’?J) Kataokeung
ECWIEPIKEC % Koatog
AOOTAGEIC / X Ayopdg

Nopiko Aikaio Agpoduvapikr
Napaywyr Kai
EEumnpetnon NeAatwv

Eixova 2.2: Iedio uelétng Avtovouwv Oxnudzwv

Efwtepikeg
AlGOTATEIS

i
w/l

2.2.1. Zovdedepévo Avtdévopo Oynua

O 6poc 6UVIEIENEVO OYNMO AVOPEPETOL GE EQPUPLOYES, VIINPEGIES KOl TEXVOLOYIES TOV
ouvdéovv €va oynuo e tov mePIPAALovTa YOPO, OT®G avapipeTol and 1o Ivotitovto
HAextpordyowv ko HAextpovikov Mmyovikov LH.HM. (Ayyhkd: LEE.E.). Ta
oLVOEdEUEV OYNIOTO UITOPOVV va givor cupPatikd oynuata (0drnyovvior oniadn amd
avOpwmo) Tov €ivol EVIGYLUEVO HEGH SAPOP®V TNAEUATIKOV-NAEKTPOVIKOY GUOKEVMV
Kol avaPoadpicev Le amoTéEAECUO VA £XOVV TN dVVATOTNTO EMKOVAOVING LE AALN KOVTIVA
oyfuoto oAAG Kol PE TNV 0J1KN LTOJOUN. AVTIGTOL(M, VTEAPYOLY KOl TO GLVOESEUEVA
OLTOVOLLOL OYNLLOTO TTOV EIVOLL TOL OXLLOTOL TOL OTTOT0L AEIOTOIOVV KOl TIG AV TOVOUES OAAA Kot
ovvdedepéveg duvatdtnteg Tov oyfuatog (Ewova?2.3).

Ta ovvoedepuéva avTOVORE OYNRATOE £XOVV TN SVVATOTNTO VO GUVOEOVTOL LLE ACVPLLOTOL
SKTLO KOVIIVOV GLGKEVMV KOl VO, TPOLYLLOLTOTTOLOVV Lo Ap@idpopn ETUKOVOVIO LLE TOL GAALL
OYNMOTO KOl TV 0O1KT VITOJOUT], OVTOAALALOVTAG CNUAVTIKEG TANPOPOPIES KIVITIKOTNTOG
Kot 001kNG acpdActag. Kat’ avtdv tov tpdmo, mpoAapfavouy atuynpato Kot odnyodv e
TO OMOTEAEGLOTIKO KOl OIKOAOYIKO TpOTOo. TIpopavdg avth 1 emtkowvmvia Tpoimoditet
™V ¥XPNOTN KOTAAANA®V cvotnudtov omd opedtepovs. Télog, onueidvetor OTL Ot
TANPOPOPIES TV OYNUATOV TOL EMKOVOVOVY EIVOL AVAOVUUES KOl £TGL TOL OYNMUOTO OEV
elvat EQIKTO Vo avIYVELTOVV KOl TO GOGTN IO TPOPLVAACTETAL Oltd TaPoPLaceLC.
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Eixéva 2.3:Aiktvo pe Zovoeoeuéva Oxnota kai 0dikh Ymodoun

2.2.2. H Emppon tov Avtovopwv Oynudtov oty Kowvovia

H évtaén tov avtévopmv oynpdtov otny KUKAOQopia TpOKELTOl VO ETUPEPEL TOALATAG,
amoteAéopata 6TV Kowovia. Opiopéva and avtd eivor 1 fertioon ¢ aoceaielog, M
e€okovounon Koucipwmy, 1 KoADTEPN KLKAOQOplakn por, 1 e€&otkovounon ypovov,
aAlay€C 6TV KOVATOVpO Kot KaAvtepa cuvinpnpéva oynuota (Forrest kan Konca, 2007).

Ocov apopd omv ac@drera el avagepbel 0Tl yavovtor dioeKatoppvplo SoAdplo
£TNGIOG AOY® KUKAOQOPLOKADV aTUYNUATOV 68 TayKOG o enimedo. Evag amoteleopatikdg
TPOTOG AVTILETMOMTIONG L TOV TOV TPOPALATOS Etvar 1) EVTOEN TOV AVTOVOUWOV OXNUATOV
otV KukAoopia, ta omoia efvarl Epodtacéva te EEVTVO GLGTILLATO ACPAAELOS. ZOUEOVOL
pe 1o Adypappa 2.1, n omola meptypdpet v €midpaon TG YPNONG TOVS, TO OLEyPOLLLLLOL
Eexvaet pe 1o TpdTo TUpa (A) Kot mapovstalet 0Tt pe v £vtaén Tovg mteplopilovrot ot
EMKIVOLVEG KATOOTAGELS 0T 0d1KA dikTva. Xuvveyiler pe to devtepo tunua (B), dmov
avaypaeovToL ol EMOPACELS TOV APOPOVV GTNV ACPAAELN, KO GUYKEKPLUEVA GTN pelwon
TOV OTUYNUATOV, Kol Ol EMOPAGEIS OV OEV APOPOLV GTNV ACPAAED, ONANOY OTN
Beitioon TV KuKAoQOplak®V cvvOnkadv. Xto tehevtaio tunpa (IN) mapovcsialovton
OVOALTIKOTEPO TO OPEAT] OVTMOV TOV EMOPACEMVY, OTMG Eivol 1 HEIDOT TOV ATLYNUATOV
Kol 1 €£01KoVOUN o™ XPOVOL Kol KOGTOVC.
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A B 1y

Melwon | aneec
"1 Anymudtay
::g:cl:g:‘ Meiwon Efowovopnon
Via Ty > Atuxnuota - — Kéaroug
Aggparea
A
Efunva Meiwon N Meiwo
Zvoruata - E:";’;:s:(:; ‘771- Toppdpnon
Aogareii

Aruymsditiov
Zoflapdtna
-
Aruxnparuy

Efowovopnon
Exnopmon
Agpian, Koootug

XUV ALpioy
w1 KOaToug
i Xpovou

Kpioyseg
eidpdoek. |BEATIWON | kudogopiox)
Tow Sev — Poi)
CPOPOLV Y
Acpainio

Miaypoupo. 2.1 Emidpdocic and m ypron Eéonvaov Zvotquatwv Aopaleiag (Inyn: Forrest kor Konca, 2007)

ZyeTkd pe TNV €E0KOVOUN 6T KOVGIPN®V, T0 VTOVOLLL OYNILATO LTOPOVVY Vo EaAeiyoVY
TG ATOTOUES KO OVOTTOTEAEGLATIKES EMTOYVVOELS Kot EMPPAOVVGELS, EMTVYXAVOVTOG TNV
OTOTEAEGULOTIKOTEPT] 0ONYNOT| Kol GUVERTADS TN PEATIOT KatavdAwon kovcipwy (Forrest
kot Konca, 2007). Axdpa Kot ov autf| 1 LelmoT 6Ty KaTovIA®oT Kaucipmv ivat pkpn,
oe maykoco eminedo eivor agroonpeimt. Mo cvykekpyéva, évag embetikdg 0dnyodg
Katavaimvel tepinov 33% mepiocdtepa KOOSR ond ToV HEGO 0dNY0, eV €vag HECOG
00Myo¢ katavaravel tepimov 10% mepiocdtepa KOVGIUO A TNV OTOTEAECUATIKOTEPT
dvvartn odnynon. Etot, @aivetar 611 n yprion avtovopmv oynudtov givor agevog mo
OLKOAOYIKT] KOl APETEPOL TTLO OLKOVOLUKT).

Téhog, n petdPacm oe £va OLTOUATOTOMUEVO CUOTNUO LETOPOP®V B0 EAATTOGEL TO
apofinpata otnv kKvkiogopio. H évtaén avtdévouwv oynudtov Bo emtpémel ota
OYNLLOTO. VO YPTCLOTOOVY TANPMOS KOl OTOTEAECUATIKG TIG 000VG, £EOIKOVOUDVTOG
ypNuata Kot xpovo. ‘Epevveg éxovv amodeiletl 0Tt tar kKukAopoptlaxkd potifa Ba eivoar o
TpoPAEYIHO KO AYOTEPO TPOPANUOTIKA pHE TNV €viaén avTtéVOL®Y OYNUAT®V TNV
Kukhogopia (Block, 2004, Althoff et al. 2009).

2.2.3. Eninedo AvTouaTIGHo

Me Bdon to Babud g odnyikng mapénPaons Kot Ipocoyng Tov anatteital, 1 avtévoun
oonynon &xeL talivoun0ei o€ £€1 H10.POPETIKA EMITEIX AVTORATIGHODV COUPOVA IE TO
o1e0vi] Zovoeopo Mnyovik@dv Avtokivijtov — X.M.A. (Society of Automotive Engineers
— S.AE) (Ewova 2.4). O owebvg Z.M.A. efédmwoe €va evapUOVIGUEVO GUGTNUA
Ta&vopunong yio ovtdévopa cuotipata 0dnynong (Automated Driving Systems — A.D.S.)
kot opileton wg akolovbwg (SAE, 2014):


https://ieeexplore.ieee.org/author/37541135900
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Eninedo 0 — Kavévag avtopatiopds: O odnyog €xel Tov amoOAVTO EAEYYXO TOL
OYNMOTOC, AKOUT] KOl OTOV VTTAPYOVY GLUGTIHLOTO TPOEWBOTOINGNG 1} TapEUPaocmg.
Eninedo 1 — Zvompoata vropfonOnong g odnynong: To oOynua £xel t duvatdtnta
va oAAGlel avtopato KatevBvovon 1 va emToydvel Ko vo  emPpadvvet,
YPNOYLOTOIDVTAG TTANPOPOPIEG AT TO 0J1KO TEPIPAAALOV, TPOGIOKMVTAG O 0O1YOS
va €xeL TOV EAEYYO0 Yo OAEC TIG LITOAOUTEG AEITOLPYiEG 0O YNOTNG.

Eninedo 2 — Zuvdvacuog Aettovpytdv avtopatiopov: To oymua £xet m duvatoTnTa
pe mepiocdtepa amd €vo cvoTiuoTo vofondnong g odnynong, vo aAlalet
Katevbvvon N vo eTToLVEVETIPPAOHVEL YPNCIULOTOLDVTAG TANPOPOPieg omd TO
001KO TEPIPAALOV, TPOGOOKAOVTAG O 00MNYOS Vo €xel TOV EAEYYO Yo OAEC TIC
VTOAOITEG AELTOVPYIES 0O YNONC.

Eninedo 3 - [lepropiopévn avtopatomompévn odynon: To dynua Aettovpyet pe
€Vo QVTOLOTO GUGTNLLA 03N YNONG Y10 OAEG TIG AELITOVPYIES, LLE TNV TPOGOOKia OTL O
001Myo¢ Ba AaPet Tov ELeyy0 KATOAAMA®S OTOTE YPEINCTEL.

Eninedo 4 - TIAMpmG ovTOUATOTOINUEVT] 00NYNON, EKTOG EWOIKAOV cuvOnkadv: To
oymuo Asrtovpyel pe €va avTOHaTO CVGTNHO 031 YNONG Yot OAES TIC AglTovpYied,
aKOUT KoL oV 0 00NY0G 0 AGPeL TOV Edeyy0 KATOAANA®G OTTOTE YPELOCTEL.

Eninedo 5 - [IAMpwg avtopatorompévn odynon: To oynua Asttovpyel IANpoc pe
£V0 AVTONATO GUGTI LA 00N YNONG Yot OAEG TIG AEITOVPYIES, KATM OO OTOIEGONTOTE
oLVONKeG 000V Kot TEPPAAAOVTOG TTOL Umopel var eAEYEeEL Evag 0dnyoG.

To autopatonoinuévo obornua
emBAEnel To odnyiko nepifaliov

0 avBpwmog emBAEne:

T0 0dnyiKd nepifaliov
a
L ¥ i e - - N el
Kapia Yrnofon@nan Mepinf Autoparonalnen Yipnhn NifApng

auTopartonoinon olnyol autoparonoinon und Gpoug ouTopaTomoingn auToparonoinon

Exova 2.4: Synuotikny Areikovion Emnédwv Avtovouiog (IInyn: SAE)
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2.3.2vvaeig Epevveg kan MeBoodoroyieg
2.3.1. Zvvaeeic Epevveg ko MeBodoroyieg oe ZopPatikd Oyruato

Ytov [livaka 2.1 cvykevipmvovtol ot péBodot mov £xovv avamtoyOel Yo TNV ektipnon
T0v Movadov Empatikdv Avtokivijtov — MLE.A. (Passenger Car Units — PCU), evd
otov mivako 2.2 @aivovior ot aviictoreg €lomoelc vmoAloywopov tov MLE.A. kot

e€nyovvtat o1 LETAPANTEG TOV YPNGLULOTOLIOVVTOL.

ITivoxag 2.1: MéQodor Yroloyiouov M.E.A.

Yuyypoageig ‘Etog  Tvmog Ileproyig M£00d0¢ Ewayopeva
Greenshieldset 1947  Xnpotodotoduevol Alayopiopog Hi, Hc
al. Koppot
2 Huber 1982 Mn Actikoi KopPor  Baociopévn oto gs Qm, Pt
Babuo pong kot
TV TUKVOTNTO
Cunagin kot 1983 Mn Actikoi Kopfor  Baoiopévn oty Dij, Dpase
Messer kaBvoTtépnon
Aerde kot Yagar 1984 Mn Actikoi Koufor  Moviehomoinon Cn,Cs
ToyvTog
S Keller ko Saklas 1984  Enpotodotodpevol Baociopévn 1o TTi, TTy
Koppor xPOVO
petaxkivnong
(ITpocopoimon)
n Chandra et al. 1995 AoTtikoi Kopfot Movtelomoinon Ve, Vi, Ac, Ai
ToyvTog
70 Greenshieldset 1947 Xnuotodotoduevol Aloyopiopog Hi, Hc
al. Koppot
Tiwari et al. 2000 Mn Aoticoi KopPotr  Baocwopévn oto  Kear,Wescar, Qxi, Uxi
Babuo pong kot Woaswi
TV TUKVOTNTO
Chandra kot 2003 Aotikol Koppot Xopikn Vear,Vk, Acar, Ak
Kumar Koatdinym
(08 Minh kot Sano 2003 Aocticol Kopfot [ToAramAn FFS, 01PC, 02BUS,
Ipoppcen asMC, asHV
[MoAwopounon
11 Rahman ko 2005 AoTtikoi Koufot Movrtelomoinon Sb,Sm
Nakamura Tayvnrog (Yo
un pnyovokivina
oxnuoTaL)
Ahmed 2010 Mn Aotikoi Képpot Ao mpiopog HVheadway , PCheadway
(8 Paul xon Sarkar 2013 Aoctikoi Koppot Xopum Ai, Ve, Vi, A
KozdAnyn
14 Adnan 2014 Actikoi Koppot IToAlamAn Qi , 01
Ipoppkn
[MoAwopounon

10
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Iivoxag 2.1: Zvvéyela

20YYPOUPELS ‘Etog  Tvdmog Ileproyng Mé£00o0g Ewayopeva

Patil kon Adavi 2015 AoTtikoi Kopfot Movrtelomoinon Uc, Uy
ToyvTog
Patil kon Adavi 2015 AocTtikoi Kopfot Ayy®piopog Te .ty
17 Al-zerjawi 2016 Mn Aoctikoi KopPor  Baociopévn oto Kear, Ktruck
Babuod porg ko
™V TKvoTTO
ik}  Mahidadiya kon 2016  XEnpotodotovuevol Baociopévn to ti, te, Ac, Ai
Juremalani Koupot xXpOVO
petakivnong
19 Patel et al. 2016 Aotikoi Koppot TToAAamAn Ao, A1, Az, ..., An
poppkn Q1,Q2,...,Qn
[MoAwopounon
20 Swamy et al. 2016 Mn Aoctikoi Koppot Xopikn Velocitycar,
Katdainyn InfluenceAreacar,
Velocityvenicle ,
InfluenceAreavenicte
21 Sonu et al. 2016 Mn Xpovikn Ti, Tc, Ac, Ai
X1 UaT060TOVEVOL KozdAnyn
Koupot
22 Ahmad kot 2017 Mn Aayopropog fi, Hi, He
Rastogi >NUaT060TOVUEVOL
Koupot
23 Mohan kot 2018 Mn Xpovikn OTi, OTe¢s, Wi, Wes
Chandra ENUOTOSOTOVUEVOL Katainyn
Koupot
24 Mohan kot 2018 Mn Aly®piopog Cocs, Cpii
Chandra >N UaT060TOVEVOL
Koppor

11
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ITivaxog 2.2 E&iodoeig Yroloyiouod M.E.A. (Aviictoyes twv uedoéowv otov Hivara 1.1)

E&icoon

1 0
PCU—HC
G
PCU=q";)T +1
_ Di—Dbase
PCU = Dbase
_tn
PCU—C1
_ i
PCU = —
_ Ve Ai
PCU= Vi Ac

g4
D_PCU=1+2¢

. _k w85
PCUxi = kear (W8Scar
“—/W85xi
ux
_ Vcar Ak
PCU = Vk Acar

[
o

S =FFS + o;PC + 02,BUS + 0zsMC +
oHV

Merapintés

Hi = pécog drayopiopdg oxnpotog THmov i

Hc = pécog doympiopog emPotikod oxnuotog

gB = 160dvvapog Babuoc pong yia emPoricd
avtokivito povo yia dedopévo Aoyo V/C

qM = pktog Babpog pog

PT = 10600676 @optNnydV 6T KT KUKAOQOPIa

Di = kaBvotépnon Khaotkod enPoTikod OYNLaTOg
gEautiog Tov oynuoTog THTOVL |

Dbase = koBvotépnon kKhaoiko exaticon
oyNUaTog eE0LTIOG L0 aPYDV OYNUATOV VIO
OLLOL0YEVELG KOKAOPOPLUKES GUVONKEG

Cn = cuvteAeoTig HEI®ONG TAYDTNTOG Y10, OY1 L0
THmoLv N

C1 = cvvteleotng peimong taybmrog yo emBoTiKd
OVTOKIVITO

TTi = cuvoMkog ¥pOVOC UETAKIVIGTG OYNILOTOG TOTTOV
i

TTh = cvvolkdg ¥pOVOG HETAKIVIIOTG OYNLATOG
avoeopdc b

Ve, Vi = péon toydtnto auTtoKviTou Kot OYAIOTOS
TOTOV |

Ac, Ai = o1 avticTotyec TEPIBAALOVGES TEPLOYES TOV
oynuétov oty 060

D_PCEi = MEA Bapéoc oyfpotog tonov i faciopévn
oV Kobvotépnon

Adi = emmAfov kabvotépnon Aoyo oxfuatog tomov |
d0 =péon kabvoeTéPnon OYNUUTOG OTAV VITAPYOVY
povo emPotikd ovtokivino

PCUXi = MEA yiwo kukhogopraxny opddo Xi

kcar = mokvotnta emPBoTiKdOV CVTOKIVATMV

W8b5car = 85% mAdtog dravoung (m) yio emPotikd
ovtoKiviTa

gXi = por yio Kukho@oploxr opddo Xi oe
OLLOL0YEVEIG KOKAOPOPLOKES CLUVONKEG

uXi = péom ToydTNTA XOPOL KVKAOPOPLAKNG OUAS0G
Xi

Vcar, VK = péon taydtnto emBotikd@v autoKivitmy
(kpd oyAuata) Ko oyfuate tomov K (m/s)

Acar, Ak = gvepyn empavelo emPorikod oynuoTos
Ko oyfpoTog Tomov K (m?)

S = péomn KuKAOQOPLaKY TaYVTNTA

FFS = taydtra eAevBepng porig

PC = ap18udg emPotik®v anToKIvVATOV

BUS = ap1Bpog Aew@opeinv oty kKukhogopio

MC = ap1B116¢g LOTOGLKAETOV BTNV KVKAOPOpPia

HV = ap1Budc Bapémv oynudtov oty kuklopopia
al, a2, a3, a4 = oamotélecpo, Aettovpyiog ot péon
TOYOTNTO, KUKAOQOPLOKNG PONG

12
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[Tivoxog 2.2: Zovéyeio

E&iowon Metafintéc

Sb—Sm

PCU=1+ Sh, Sm = péon toydmTa emPoticod oxNpoTog oE

= KOVOVIKES Kot IKTEG GUVOTKEG POT|G, OVTIGTOLYOL
(km/h)
pcy="Vheadway HVheadway = diaywpiondg Bopéov oxnuitov
Blbeee PCheadway = dioympiopdc emPatikdy anToKIVAT®Y
pCU = 4ive Ve, Vi = 1aydmnTec ovToKIviTon Kot OYfLOToG TOHTOV
Vi 4l5 i, avtictotya
Ac, Ai = o1 emipaveLEg ETPPONG TOVG, avVTioTOLYN
pcu=%~ Olir = OULVIEAEOTNG Ylo KAOE TOTTO OYNLULOATOG
L al = cuvtedeoTtng Yo Eva OYNLLOL AVAPOPAGC, .-
emPatikd anToKivnTo
pcu =Y Uc, Uv = péon toydtmta autoKIvitou C Kot OY1LoTog
v KAGong V
pcu=% tc, tv = péoog eAAyLOTOG YPOVIKOG JLaYDPIoUOG
tv OVTOKIVI|TOV Kol OYNUAT®V KAAoNG V
pcu=_r Kcar = mokvotnta emiBatikdv anToKviTOV
s Ktruck = mokvotnta goptydv
Ac, Ai = empavelo empponc entfatikod anToKIVITO
Ko OYUOTog THToL |, avticTouo
tc, ti = ypovog petoxivnong emPatikod CVTOKIVITOL
Ko OYNUOTog THTOL |, avticTouo
iR Vo= AptA1Q1+AQ2+. . . +AQn V1 = taydnto avtoKvnTmV
pcu=2" Q1 = pon avtokwht@V (throt 2,3,...1)
Al AN = GUVTEAEGTEC TAAVEPOLINONG
A0 = ctabepa
N poy=—_Velocitycar /InfluenceAreacar Velocitycar = toydtnto ontokivijton

Velocityve hicle /InfluenceAreave hicle Velocityvehicle = ToyOTNTO EKAGTOTE TOTOV OYNUATOG
InfluenceAreacar = em@aveln ETPPONG CVTOKIVITOV
InfluenceAreavehicle = empdveio empponc ekdotote
TOTOL OYNUOTOG
U=% Tc, Ti ='uécn xpovu,cﬁ KOLTM,H\I’T] f:ﬂlB(XTlKOI')
gyt QTOKIVATOV Kail OYLOTOC TOTTOV i

Ac, Ai = o1 EmPAVELEG ETPPONG TOVE, AVTIGTOLYO!
PCU = fi ? fi _=cmvrskso1:ﬁg TAGTOVG OYNLLOTOG 1:1')7t01)_i

¢ Hi = péoog dtaympiopds oxnUatog THmov |
Hc = péoog daympiopds emPartikod avtoKviTov C
pcu =20t , wi OTi, OTcs = ap1Budc opdV KATEANYNG OXNHATOS

Dt i TOmoV | Kot EXPOTIKOV QVTOKIVITOV, CVTIGTOLYO!

Wi, WCS = TtAdtn katdAnyng oxnuretog tomov | ko
EMPATIKOV OLTOKIVITOV, OVTIGTOL(O

o
(@)

N N N ) = = = = = = = =
i w N [ (o] ~ (o)) ()] SN w N =

o

(@]

(e

I

2|

~

NE

C . ’ /. ’ ’
PCU = % Cpcs, Cpi = wovotnta koplag Kivnong o€ opovg
pt EMPOTIKOD AVTOKIVITOV KO OXNUOTOG TOTTOV |,
avticTor o
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Baociopévolr ot Biproypagpicc or Pooja Raj et al. (2019) avagépovv opiouéva
TAEOVEKTNUOTO KOl LELOVEKTILLOTO TOV KUPLOTEPWV HEBOOWV TOL TOPOVGIAGTIKOV GTOVG
TOPATAVE® TIVOKES Y10, SLOPOPETIKEG VITOGOUEG VIO OLOLOYEVELG Kol LUKTEG KUKAOPOPLOKES
ouvOnkeg:

M£0odoc Movtehomoinone Tayvtntogc

H tayvmra sivon pio kopla mopdpetpog mov emnpedlel v KukAopopio Kot T XTadun
E&ummpémong. Ow tiég MLE.A. yia kd0e tOmo oynuatog HeTald Tov aAl®mV eopTdvTot
Kol 0O TOV KLUKAOQOPLOKO POPTO Kot TN GVVOEST TNG. ZVVETMDC, OTOIONTOTE UETAPOAN
OTOV KUKAOQOPLOKO POpTO 1 TN ovvBeon TG KuKAopopiag emnpedlel TV ToyLTNTO TOL
exaotote oynuotoc. ‘Etol, ol emmtmoelg e avénuévng kiviiong 1 m aviikotdotoon
oYNUAT®V pHe GAAD OYNUATO SLOPOPETIKMV YOPOUKTNPIOTIK®OV £YOLV OVTIKTUTO OTNV
ToYVTNTO PONG NG KukAopopiag. H péBodog mov povrelomotetl v taydInTa £lvon omin
Kot 1 HETPNON TOV ToyLTNTOV ond 10 medio eivol oyetwkd gokoAn. H pérpnom g
TOYOTNTOG TNG KLVKAOQOpiog vroroyiletor g 1 péon TayHTNTO SPOPETIKMOV TOTWOV
oynuétov mov Bpickovtar oto diktvo (Elefteriadou et al. 1997, Chandra and Kumar 2003).

Ot péBodor mov Pacilovrar oty TEYVTNTE TG KUVKAOQOPINS TOGOTIKOTOOUV TIG
eMOPACELS TNG AALOYNG TNG TaXOTNTA EVOG GLYKEKPILEVOD TOTTOV OYNLOTOG GE GUYKPLON
pe o emPatikd oyNUoTe. ZVVETWMS, 6€ AVTEG TIS HeBOdoVS, ypnoomoteitan gite n péon
ToyVTNTO TOV KABE oyNuoToC gite TG Kukhopopiag. Avtd dnpovpyet dvo mpofAanuata:
TPOTOV, 1M ToXOTNTA TOL KAOE OYNUATOS OLPEPEL ONUAVTIKO OvOAOYo HE TIG
KUKAOQOpLoKES cuvONKeg Kot TIg 00wkég vodopés. [laipvovtag ™ péon taydnta OAmV
TV oynudtov Ba vrotiunBovdv 1 Ba vrepexTiunBovV o1 ddpopeg axpaieg ToHTNTES.
Agbtepov, o€ GLVONKES KUKAOPOPLOKNG CLUPOPTOTG, LEUDBVOVTOL O1 O10POPEG LETAED TV
TOYVTNTOV, EPOGOV TO GUVOAO TOV OYNUAT®V 6TO dikTLO £XEl petmpévn tayvtnta (Metkari
et al. 2012). Ta moapandve odnyodv omv avokpipr ektipnon g tiung M.E.A. evdg
OYNIOTOG TTOV TTOKIAEL VAAOYOL LLE TIC KUKAOPOPLOKES GLVONKEG.

Mé£6060c Aly®plopov

H péBodog 100 %povikov 1] Y@PKOU Oy ®PIGROD YPNGLLOTOLEITAL KUPIMS Yoo TOV
vrohoyiopd M.E.A. Bopéowv oynudtov. Avtd cvpPoaiver emedn to Popéo oyxnuota
KataAopPavouv TeplocdTEPO YOPO otV KukAoopia. ‘Evag Adyog mov mpotyumvtol ot
pébodor mov Paciloviar 6Tov day®PIGUO givor To YEYOVOS OTL €KPPALOLYV SLUVOLLKE
YOPOKTNPLOTIKAE TOV OIKTHOV, OGS 1) GLUTEPIPOPA TOL 00N YOV, 0 TTEPPAALOVTOS YDPOG
™G 0000, 0 MOPTOG TNG KLKAOQOPING Kol YOpOKTNPIOTIKA TayVTNTag, o€ uovo pio
napapetpo. Qotdco, N ektipnon v M.E.A. ypnoiponoidvtog pebddovg dtoympiopon
epapuoleton povo og otabepng Katdotaong KukAopoplakés cuvOnkeg (Saha et al. 2009,
Sarraj ko Jadili 2012). e pn otabepég KataoTAGES, N LETPNON TOV JWPICHOV £ivat
d0oKOAN Kot glval oAV mhavo va vrdpEovv ecpaipéveg petpnoels. Emumiéov, eivan
wePImAOKN M amopdvoon ToV  Slyoplop®y ond otabepég ovvOnkec amd Tovg
S ®PIGHOVE OV TTPOKOTTOVY amd dedouéva, o€ peyolvtepn mepiodo. Télog, sivon
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OVOKOAO VO GLYKEVTP®OOUV Ta GTOWEID TOV SYOPICUOV omd OAOLS TOVE TUTOVG
OYNUATOV GE WKTES KUKAOPOPLUKES GUVOT|KEC.

Mé£6odoc Kabvotépnonc kon Pory Aroiioync Ovpav

H xaBvotépnon etvar o emmdéov ypovog ta&idtod mov Pudvel o 0dnNyog, o emPdng 1 o
el0c MOy®m TV ovvOnk®v mov emPdAlovv pelpévn Kivnon oty Kukhogopio. X
péBodo T kaBvotépnong Oewpeitor OTL To OYAUATO TTOVL  KlvoOVTOL YpHyopo
eumodilovion amd avtd wov Kivovvtal o apyd (Craus et al. 1980). Me avtrv tnv vtdOeon
N néBodog ¢ Kabvatépnong elval KatdAANAn Yo vYNAd Kukhopoplokd eopto. 261000,
aVTO TOpATNPEITOL KVPIWG € Opo0YEVEIS GLVOTKEC.

H pon anaAroyng ovpdv epeaviCeTor 6Toug avToKvnTddpopovg Hetd amnd v Evapén g
GLLLPOPNONG KO OVOTAPIGTA TV HLOKPOTPODESUN IKOVOTNTO HLIOG ETAVOAAUPOVOIEVIC T
un emovaiopfovopuevng earayyoc. Zmm pé0oodo g porg amariayng ovp@V o YpOvog ToV
éva Oynua Ppioketor oy mePoyn vOg KOUPOL SElVEL TNV EMPPOT TOL OYNLOTOG GTN
Aertovpyio tov kOpPov. H ypovikn didpreta yio TV amocupedpnon tov koppov e&aptdrot
eniong oand v oAAnAenidopacr petald TV OYNUATOV GTNn GAAayyd, mOoL sivor pia
ocuvéptnon Mg ovvleong g KuKAo@opiag kot tov peyédovg TV oynuUiTOV. XNV
TEPIMTOON HKTOV KUKAOQOPLOK®V cLuVONKdV, Tapatnpeitor 6Tt Ta ikpdtepov peyédoug
oYNHOTa, OTMG Ol LOTOGVKAETES, KATOAAUPAVOLVY TIG UTPOGTIVEG BEGNG TNG QALY YOG KoL
ocuvooTtilovtal 6e PIKPEG amooTAcELS HeTalD Tovg eEattiog TG VYNNG KavdTNTOG TOVG
Yol EATYLLOVG.

Emopévac, avtég ot pébodot dtvatar va unv vroroyilovv éykvpeg Tinéc MLE.A. yuor piktn
KukAoopia, 6oL OV TNPOVVTUL TAVTA T OPLY TOV A®PIOMV KLKAOPOPTaG.

MéOodoc Chandra

Ot Chandra et al. (1995) mpoteve pio pébodo extipmong tov M.E.A. mov ypnoipomnoteiton
KUPlOG 08 PIKTEG KUKAOQOPLOKEG GUVONKES, YPNCLUOTOLOVTUS TNV TAYVTNTO KOl TNV
aepifpdriovca em@avelo. Tov oyfpatoc. Xe ovtnv 1 pEBodo ypnoomomdnke n
TOYVTNTO O KVPLOL LETAPANTY Yo TOV KABOPIGUO TNG GYETIKNG EMIOPAOTG TOV EKACTOTE
OYNLLOTOG OTNV KLKAOPOPLOKT POT| TV OoTIK®V 00dv. H toyvtnta omolovdnmote tHmov
OYNUOTOG €lvonl piol TPAYUOTIKY OVOTOPACTOGT TNG GLVOAMKNG OAANAETIOPAONG TOL
oyfuatog He To vmoéAowto oyNuato OAA®V Ttomev. EmummAéov, avtqy m péBodog
ocvunepthapufavel poévo v mepiPdArlovca mePLoyn TOV OYNUATO®V, EVO ©6TO TEdI0 TO
oynuata ennpedlovior amd pio LEYOAVTEPT] TEPLOYN, AVAAOYT LE TOV TOTO TWV OYNUATOV
mov To mePPdAAovy. AapPdvovtag vIoyy avTéG TIG EMOPACELS OTNV EKTIUNGT TOV
M.E.A. givon yeyovog 011 ta anoteAéopata Oa rav mo peaiotikd. Télog, oe cuvOnKkeg
elevbepng pong ta oynuata ennpedlovtal Aryotepo amd to AL Kol £TGL, 1) EKTIUNCT TOV
M.E.A. pe ™ pébodo Chandra emmpedletor amd v toydtTo Kot TV TEPPAALlovca
EMPAVELD TOV OYNUOTOC. 26TOGO, 68 GLVONKES KLUKAOPOPLUKNG CLULPOPNONG 1 TAXLTNTA
OA®V TV oYMUATOV gival oyedov idta kot 1 extipmon tov M.E.A. e€aptdror povo amd tnv
nePPEALOVG O EMPAVELD TOV OYNLOTOG.
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2.3.2. Zovaeeic Epevveg ko MeBodoroyieg oe Avtdvopa Oynuoto

Onwg avapépetar oto Tpdypoupa COEXist D2.8 n epapuoyn tov M.E.A. ypnoiponoteiton
oLVYVA OTO LOKPOOKOMIKG HOVTEAN Kot €ival dlaitepa ypfoun N pHetatponn Popéwv
oynudtov oe M.E.A. @swpivtag 6Tt ta avtovoua oyxpuata (Automated Vehicles — AV)
CLUTEPLPEPOVTAL SLOPOPETIKA 0mtd To cvpPatikd oxnuata (Conventional Vehicles — CV)
n xpnon tov MLE.A. emiPdAietal va emexktadel TOGO GTO LTOVOLLO OYXLLOTO, OGO KOl GTOVG
olpopovg  TOmMOVE 00V Kol KOUPwV  (OWTOKIVNTOOPOUOL 1 OOTIKEG 0001,
OTNUOTOOOTOVUEVOL 1] U] CNIUOTOO0TOVUEVOL KOUPOL).

Yto  mopadoctokd poviélo (Rmong petakivnong epoppoletar o alyopiOpog Ttov
TECCAPOV OTUOIOV: YEVESN LETOKIVIICE®Y, EMIAOYN TPOOPIGHOD, EMAOY] HEGOL
petaxivnong kot emioyn dadpouns. ‘Etot, mapovoidletor kot yivetan vo emavaAnebei 1
CLUTEPIPOPE TV avOPOTMV Kt 01 KIVAGELS TOLS. Oa umopovce va Bewpnbel wg emmAiov
0TAO10 KO 1) EMA0YN TNG OPOS avayd®pnons. Evidscovtag ta avtdvoua oynuate 6 autd
T povTéA amarteitan 1 kabiEpwon kot Eviaén vémv etadinv ot dadikasio, OTmg yo
napddetypa 1 opadormoinon oSy N €va ox€dlo Kotd TO O0moio Ol YPNOTEG
YPNOLOTOLOVV 0TTd KOOV VoL ADTOVOLO OxNua Yo TV eEuanpétnon Tovg (car-sharing).

H enéxtaon tov M.E.A. ota ovtovopa oynuoata €xel 000 HOPEEG OVOAOYO UE TNV
emieyeioa vdOeom.

Yno0eon 1: H oxéon peta&d tov mocooTol OUTOVOU®MV OYNUAT®V oTr ovvBeon g
KUKAOQOPLOg Kot 1) EXIOPOOT TOL OVTA £YOVV GTO KOPEGHEVO dIKTLO gival YpappKn. AVt
amortel éva cvykekplpévo kot otabepd mapdyovrta — MLE.A. ywo kédBe cuvdvacpud tomov
OYNMOTOG KO TOTOL GToLyEloV, OTMG Paivetal oty e&icmon 2.1. Xe autiv Vv Tp®OT
npocéyyion o mapdayovtog — M.E.A. dev e€aptdtor and 10 m0c00TO TV ALTHVOUW®V
oYNUAT®V 6TV 6HVOEGT TOL SIKTVOVL.

Yno0eon 2: e avtrv v vtdbeon Bempeitar pun ypappikn n oxéon LeTa&d ToV T0G0GTOV
QLTOVOL®OV OYNUATOV 0T cVVOEST NG KVKAOQOpTag Kol TG EMIOPACNS TOL AVTA £YOVV
0TO KOPEGUEVO OiKTLO. XNV TEPINTMOON YOUNAOD TOGOGTOV OVTOVOU®V OYNUAT®V M
EMPPON €VOC OLTOVOLOL OYNUATOS GTO GUVOAO TOL OIKTLOV givol pkpdTEPN OO TIG
TEPUTTAOGEIS VYNADV TOGOGTAOV OVTOVOU®OV OYNUAT®OV. ZE ALTAV TNV OEVTEPT TPOCEYYIoN
o mapayovtog — M.E.A. mpénet va mpocappoctel kot m Odpkela TnG LEAETNG GE GYEON
HE TO WOCOGTO T®V OVTOVOU®V oynudteov oto diktvo (amd 0% £wg 100%, Ommg
napovctaletar oty e€lowon 2.2.

> qs,i*f
x, = =P 2~ (2.1) bmov: f = fEEY Ypajkh enppon tov AV

ds

f=T1si Fev (Psav) 1 ypapun emppon tov AV

PCU PCUM PCUM PCUM
fl AV(pSvAV) fl AVax Ps.Av ( s,i= AVax Sl AVm) (2.2)

omov:
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Xs. Babuodg xkopeopot (pdptog/ikavotra — V/C) oto otoryeio S

PCU.
s,i

M.E.A. oynuartog tomov i ototyeiov S [M.E.A./oymua]

f. SI’JiCU(ps,AV)Z ocvvdptnon M.E.A. mov e&aptdtal amd 10 TOGOGTO TMV GLTOVOUMV PsAv
[M.E.A./6ynua]

Ps.Av: TOGOGTO AVTOVOUMV GTO GTOLELO S
PCU Max. , . ] , , o
fs i=ay - ME.A. avtovopov oyfpotog 1o 6To1Eiov S Yo 1060610 avtdvopmv 0%

[M.E.A./oymua]

PCU,Min , . . ] . .
fs,i= Ay ME.A. ontovopov 0yNUOTOG TOL GTOWEIOL S Y10 TOGOGTO GVTOVOUMV
100% [M.E.A./6ynua]
qs;: QOPTOG OYNUATOG TOTOV | 6TO 6TOLYKELD S [OYNUo/Dpar]
gaax; KavoTTa ToV 6TotXElOL S, BepdVTOS OTL OAO T OYLOTA Elval eTPaTiKA

avtokivnto [M.E.A./®pa]
VehType: ocvpupatikd, avtovopa 1 Papéa oynpata (CV, AV, HGV, avtictotya)

2.4. Xopnepdopata Biploypapukig Avackonnong

Onwg gaivetar amd tn PpAtoypapio ta avtdvopa oxnpata etvor €vo onpavtikd Prio otov
TOUEN PETOPOPDOV KOl GUYKOWVMVINKTG VTOOOUNG KOt 1 €VTOEN TOLG 6TV KuKAopopio
Bploketol 610 EMIKEVTIPO TOV GUYKOIVOVIOK®DV EPEVLVDV.

H mym M.E.A. evdg oynpotog eivar £vog onuovtikog Oeiktng ylo To eKAoTOTE OYMUOL Kot
VTOONAMVEL TN GLUTEPLPOPA TOV GE Eva 001KO O1KTVLO. AV Kot £xovv avamtuydel ToAAEG
péBodot yua Tov vworoyiopo g T M.E.A., ) kéBe pia £xel Ta 01kd TG TAEovEKT LT
Kol pelovektTuata. Avtd, apopovy Kupimg Tig E10ayOUEVES LETOPANTES, OL 0TTO1eg TOAAEC
Qopég, AMoy®m NG eHoMG TOVG, 0dNYoLV og avaxkpipn aroteléopota. O TPosdoPIGUOS TG
Tiung M.E.A. givotl 0 mo amotelecHOTIKOS TPOTOG Yo Vo, amopavOel kavelc TV emppon)
TOV €KAGTOTE OYNUATOS GTO GUVOAO TNG KLKAOQPOpPiag oe éva 001KO dikTLO. Xg aVTd TO
TAoiclo KpiveTon avaykoio vo. oTpapodv TEPIGGOTEPES EPEVVEG OGS KOl 1 TAPOLGH
Auhopotikny Epyocio otnv enéktacn tov vroroyiopot g tiung M.E.A. yia ta avtdévopa
oYNULOTOL.

Amauteiton, Aowmdv, mepetaipw €pgvva oty extipnon g g M.E.A. avtdévopwv
oynuaTeov cuvdvalovtag optopéveg HeBodoroyieg Kot evidooovtag VEES LETAPANTES TOV
TEPLYPAPOVY TIG YEVIKOTEPES GLVONKEG TOL €KAGTOTE 001KOL diktvov. Tovtdypova,
Kpivetal avaykaio 1 01lEPEVVNOT TNG EMPPOT] TV CLTOVOLMOV OYNUATOV GTNV KVKAOQOopia,
oV ac@dieln kol oto mepiariov, ue Paocikovg deikteg amddoone (Key Performance
Indicator — KPI) mov agpopodv v kuklogopia, To mepBAALOV KOl TNV ACQAAELA.
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3. MEOOAOAOTI'TKH ITPOXEITIXH

210 POV KEQPAANL0, TEPTYPAPETOL 1 OLASIKAGTIO LLE TNV OTTOln O1EPEVVHONKE 1) EMLPPOT| TV
OLTOVOL®OV OYNUAT®V GTNV KLVKAOQOPia, 6TV ac@iAelo Kot 6to TEPPAAAOV Kol TO
BempntiKd voPabpo, duvdpel tov omoiov £yve N epappoyn TG HeBOOOVL NG TOPOVGOG
Aumhopotikng Epyaciag. 'ivetot avopopd 6To OepeAldoeg LokpoGKOTIKO O1AYPULLO, OTO
LIKPOOGKOTIKG LOVIEAN TPOCOUOI®MONG, GTO HOVTEAD OKOAOVOOOVTIOV OYNUATOV, OTIG
LOVAJES EMPATIKMV AVTOKIVATOV Kol 6TN HEB0S0 TN Takvopounong. Télog, avapépovtan
TO TPOYPAULOTO TTOV YPNCLULOTOMONKAY Yo TNV EKTOVNON TNG OUTAMUATIKNG EPYACIOG.

3.1.IIpocéyyion

Apycd, emhéynke 10 001K6 dikTLO 0TO O0moio Ha mpaypatomomOet  Tpocsopoimon g
Kukhopopiog oto Aoyiopkd Aimsun Next. To poviého mwov ypnoporomOnke drotnpeiton
and 10 Epyoaocmpio Kvkhopopiaxng Texyvikng tov EBvikov Metcdfiov Tohvteyveiov,
aroterel 10 Pacikd 0dwkd OIKTLO NG ATTIKNG Kot €ivol GYESIIGUEVO GTO TPOYPOLLLLOL
npocopoimong  Aimsun. Il ovykekpiuéva, oto povtélo meplopfdvoviol  To
YOPOKTNPIOTIKA TOL SIKTVOV (CLUVOAKE OYNUOTO, TEPIOOOG POTEWDOV CNUATOSOTAV,
TULOTO 00AV) KOl TO TPOYPAULOTO CTLATOdOTNONG TOV KOUP®V, TIG TOPAUETPOVS TOV
oynuatov (daotdoelg, toxdTNTE, ETTAYLVON Kol XPOVOS avTidpaons), OAAL kol Tig
YPOUUES KoL TOL OPOLOAOYLN Ae®POPEiV Kot TPOAET.

‘Emetta, emdéyOnkov kot dokipudomray Katavopég CNtnoens s KVKAoQopiog, dote va
Bpebel M  watdAnAn yw v  omoia Ba mwpaypatomombBeli M mpocsopoiwon
oLUTEPAOUPAVOUEVIG KOl TG BPAg ayuns. Méow NG TPOoGoUoimong 610 AOYICUIKO
Aimsun, yio Vv kd0e dokiun e&nydnoav dedopéva Kol ompovpyndnke to Bepeiiddeg
noakpookonikd didypappo (Macroscopic Fundamental Diagram — M.F.D.), 1o omoio
OTOTEALECE KPLTNPLO Y10, TNV EMAOYN TNG KOTAAANANG KoTavoung {tnong kot oot Onke
va €xel TNV {010 LopPn LE TO TPOTLTO SLAYPOLLLLOL TTOV TPOTEIVETOL.

2 ovvéxeln, aeob Ppénke M kaTOAANAN Koatavoun g {RTnong, vAomowOnkov
O0EKATEGGEPE GEVAPLO IE MIKPOGKOMIKO HOVTELO Tpooopoimong. Xe kdbe ceviplo
EKTEAESTNKOY OEKO EMOAVOANYEL,, (DGTE VO TPOKLYOLV OGO TO OLVATOV To 0pbd
anotedéopora. Avaiotikdtepa, vAomombnkav tpio cevapua PBaong avaeopds (baseline
sceniarios). ITio cvyKekpuéva, 6TO TPAOTO TEPLYPAPETOL TO SIKTLO WE TIC VIAPYOVOES
ovvOnkeg, onAadn pe ovuPartikd oynuote, oto 0evTEPO cEVAPLO Exel mpootebel Eva
ovpPatikd Aew@opeio Tov TpaypaTomolel pia dtadpopn| og pio TepLoyn LEYOANG onuasciog,
eV 010 TPiTo 0eVAPLO TO AewPopeio Tov devTepov cevapiov eivar avtdévopo. Emiong,
vAomomOnKav &K GEVAPLA, TO OTTOL £YOVV OVEAVOUEVO TTOGOGTO CLTOVOLWOV OYNUAT®V
o1 ovvBeon NG KLKAOPOPING Kol GUUTEPIAAUPAVOLY TV KLKAOPOPIO TOL OVTOHVOLOL
Aeweopeiov. Télog, vaAomomOnke kar éva cevaplo pe 100% avtdvouo oynuota, Ywpig
Oum¢ ™V KukAoeopia Tov avtdvopov Aeweopeiov. Extevéotepn meptypagr| 1060 TtV
oevapiov 0G0 Kol TOV TOPOUUETP®V TOV YPNCHLOTOMONKOY TPOYUOTOTOEITOL GTO
kepaiato g Epapuoyng Mebodoroyiag kot Eneéepyaciag otoryeiwv.
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210 €NOUEVO GTASL0 OlEPELVIINKOV 01 KUKAOQOPLOKES GUVONKES TOV EKAGTOTE GEVUPIOV
o€ eMmed0 OIKTHOV AL KOt 001KOD TUNLOTOG TG 0100 POUNG TOV 0KOAOLOEL TO Aewpopeio.
Metd and v 0AOKANP®OON TG TPOGOoUoimong Tov Kabe cevapiov amodnkedtnKoy To
OTOTEAECUOTO GE TIVOKEG Kol EMEEEPYASTNKAV LECH TOV TPOYpappatog SQLite. Ao exel
eENyOnoav o1 mivaxeg MISYS xouw MISECT, ot omoiot mepiéyovv To amoTeEAEGHATO TOV
CEVOPIOV TTOL APOPOVY GTO GUVOAO TOL OIKTVOL KOl TN Odpoun mov oakolovbel 1o
avtdévopo Aemeopeio, avtiotorya. ' ™ dnuovpyia tov dayphupatog M.F.D. tov
dktvov e&nydnoav amd tov mivaka MISYS n mokvomta kot ta e&epydpeva oynuoto, omod
70 J1KTVLO, EVO Yo TN dMpovpyio Tov daypappatog M.F.D. tov tpuqpotog g d1adpopuns
10V Aew@opeiov e&nydnoav and tov mivaka MISECT 1 mukvotnta Kot 0 @OpTog Tov Kabe
TUROTOG 0000 OV amoteAel T S1adpour| Tov Aew@opEiov.

Mo ™ dnovpyio evOG 0AOKANPOPEVOD TANLGI0V 3EHOREVOV e GKOTTO TNV £M{TELEN TOV
TEAMKOD GTOYOV, TTOL EIVOL 1] EKTILNGOT TOV GUVIEAEGTMOV LETOTPOTNG AVTOVOUMV OXNULATOV
o€ LOVAOES EMPATIKOV AVTOKIVITOV, Eival amapaitnTtog 0 KaBopIGHAS TOL TOHTOL TNG 0000
KOl TOL €AEYYOVL NG KLKAOQOpPIaG, UETAPANTES TOL EVIACOOVTOL GTNV KLUKAOQPOPLOKN
LLETPIKT TTOL APOPA GTNV KuKAoPopia. Avtd emtuyydvetor Aappdvovtag dedopéva amod To
001K0 dikTVO 6TO0 Aimsun g GLVIVAGUO LE TN ¥PNoN TV Yaptdv T Google. EmmAéov,
YL TNV OAOKANP®OT TOoL TANLGiov dedopévav emiéyOnkav Pacucol deiktec amddoong
(KPISs) mov apopovv oty kKukhopopia, otnyv ac@aieia kot oto teptPaiiov (ITivakog 3.1).
Avtol mov apopodv v KukAogopia givol 1 por}, TO TOGOGTO AVTOVOU®V OYNUAT®V, TO
TOGOGTO KUKAOQOPIOG, TO UNKOG dtdvoong Kat 0 xpovog Talldlon kKot Kabuoetépnong avd
YAOUETPO. O1 KUKAOPOPLUKEG LETPIKESG TTOL OLPOPOVV GTNV ACPAAELN Efvor 1) TayhTNTO Ko
0 apBpds oAAayng Aopid®V, VA AVTEC TOV 0POPOLY GTO TEPIPAAAOV EIVOL Ol EKTOUTES
dro&ewdiov tov dvBpaka (CO2) katl o&ewiov aldtov (NOX). Téhog, mpootiBetar o Adyog
oL EKPPALEL TO GLVIEAESTN UETATPOTNG OWTOVOU®V oynudtov ce M.E.A., dnAadn o
AOyoc tov @Optov TOL KABE TUNUOTOS NG PAong avaeopds TPog To POPTO TOL KAOE
TUNHOTOG TOV EKAGTOTE GEVAPIOL.
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Iivaxog 3.1: Baoikoi Acikteg Awodoons - KPIS

Baowkoi Asikteg Amodoo6ng

apBpog oynudtay ot povada xpovov 6To SIKTLO 1) G
0016 T o (Lovada pétpnong: veh/h)
TOGO0TO AVTOVOL®V OXNUAT®V 6T GUVOEST TG
KUKAOQOPIOLG TOV HIKTHOL
T0G00TO KUKAO(POPioG oynUdtv oto diktvo - eEaptdton
o TO oV Elvor MpaL aunG M OxL
KOG ov dravinke amd éva dynia 6to Siktvo N o€
évo 006 Tunpa (povada pétpnong: km)

APOVOG OV H1EVVGE Eva YN GTO STKTVO 1) G £Val 001KO
Tunpa (Lovéda pétpnong: sec/km)

XPOVOG AOY® KaBLGTEPGEWY EVOG OYNILATOG OTO JTKTLO
1 o€ éva 0dKo Tupa (Lovada pétpnong: sec/km)

N péomn taydTNTO EVOG OXNLOTOS GTO SIKTLO 1] GE 001KO
Tunqua (Lovéda pétpnong: km/h)

70 TAN00¢ TV Popdv mov aALdlel Awopida Eva dymua
ekmopnés S1o&eldiov Tov avOpaka amd Eva oy
(novéda pétpnong: kg)
ekmoumég o&edinv almTov amd Eva dynua (Lovado
pnérpnong: kg)

Amo 10 TAOIGI0 OEQOUEVAOV OV TEPLYPAPNKE TOPATAVED EMAEXOMKAY Ol KOTOAANAEG
LETAPANTEG Ko EKTEAESTNKE Uiot PM-YPOPUIKY] TOAVOPOUNGT HE OEVOPO UTOPACEDV
0TO TPOYPOUUATIOTIKO TTEPIPaiiov ™G R, pe eEapmmuévn petafint) to AoydpiBpo tov
Adyov T0LV EOpTOL TOL KAOBE TUMHATOG TNG Pdong avapopds TPOg TOo POPTO TOL KAOE
TUNUOTOG TOV €KACTOTE oevopiov. 'Etol, mpoékoye éva 0évopo maAvdpdunong, Omov
d00évtov TV petafAntov mov emAéyOnkav avadeikvoetal n eElocwon pHécm Tng omoiag
EKTIPATOL 0 GUVTELESTIG HETATPOTTNS QVTOVORMV OYMUaTOV o€ Movadeg Empatik®v
AvtoKivijTOv.

Téhog, dnuovpynOnKoy SLaypappeTe BEcIKOV SEIKTAOV ATO3061G Yo TNV dlEPELVNON
NG EMPPONG TOV OLTOVOU®V OYNUATOV GTNV KLKAOQOpPie, GTNV ACGEAAE KOl GTO
nepPdAdov Kot cuykpidnkoay Ta aroteAécpata yio ke cevaplo Eexmpiotd.

Ta Prpata g pebodoroyiog TG TOPOVGAS STAMUATIKNG EPYACTiNG TOpoLG1alovTal 6To
dudypappo pong mov akoAovdel (Awdypappa 3.1).
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EmiAoyr

MAPaHETPLY
oYNUATWY

Emnthoyr)
odikol SiKTion
Emhoyr|

Karavopre Enmang
G KuKAopopiag

Extthean gevapitwy pe
pikpo-Ttpogopoiwan

Emeiepyacic
OTOTEAETUATV

Anpioupyia
TAoigiou

dedoptvoy

L

Anuiovpyia ;
Anpioupyia BiaypappcTay yic Ektehear)
SiaypoppaTLy TNV KUKAO@OpIG, IR
M.ED. TV ACEOAED KOl TO nalvaounanc e
e pIREAOY BEvdpo amogdosuy

Micypopo 3.1: Brjpazo. MeBodoloyiag Aimhwpatixng Epyociog

3.2.0cmpnTiké Ynopadpo

3.2.1. Oguehddeg  Maxkpookomkd  Awdypoupo  (Macroscopic
Fundamental Diagram — M.F.D.)

[Tepdpato kot Tpocopoldcels Tov exkteAéotnkay amd tovg Geroliminis kot Daganzo
(2008) €de1&av OTL 68 TOALEG TEPMTMGELS O HECOG POPTOG KOt 1 HECT TLUKVOTNTO EVOC
OKTVOV cvoyetilovtav pe pio ovamapayOUeV] KOUTOAY, N omoia £Yve YVOOTH ®G TO
Ogpedoeg Mokpookomkd Awdypoppoe (Macroscopic Fundamental Diagram —
M.F.D.). Nopitepa o Daganzo (2005) eiye mapovoidost t oyéon peta&d @opTov Kot
TOYVTNTOG OG HEPOG EVOS OVOAVTIKOD LLOVTEAOD TTOL TTEPTYPAPEL TN SVVOLIKT] EVOG SIKTVOV
KuKAoQopiog.
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H Baocua wéa e pebdoov tov dwypdupatoc M.F.D. — Baciopévn oty mapotipnon —
elval OTL EMTPENEL TNV UETATPOTN TOV LOVTEA®V TPOPAEYEWMS MO LUKPOCKOTIKO EMITESO
o€ €EAEYYO KOl TOPOKOAOVONGN LOKPOGKOTIKOV EMITEOOV, OEIOCUEIMTO YEYOVOGS, 0pOD
ondvia. ypnoomotovvtal dedopéva omd HIKPOOKOTIKO emimedo Yo peydAo diktva
(Daganzo, 2007). Méow tov dwaypdppotoc M.F.D. evog 0d1kov diktvov givar €Qiktd va
TEPLYPAPOVY 01 KUKAOPOPLOKES GLVONKES TOL OIKTVOV Kol EMOUEVMS VO, OPIOTEL 1] GTAOUN
e&umnpéong Tov. ZUVERMC, amoTeEAEl il YOPAKTNPIOTIKY 1O10TNTA TOV OIKTOOL KOt
umopet va ypnopomon et mg epyoreio yio v mapakolovdnomn peydlmv SIKTH®V Kot Yo
TOV GTPATNYIKO EAEYXO GE LOKPOOKOMIKG eminmedo. dg €K TOVTOV, OmOTEAEL piot dVVOLIKTY
TPOcEYYLoN, N omoic GLUPBAALEL 6TV BEATIOON TNG ACTIKNG KIVITIKOTNTOG KOt 0T peimon
™m¢ ovueopnong. A&ilet va avagepbet 6t t0 ddypappa ko 1 pébodog M.F.D. dev
emnpealetar omd ™ {fmnom Ipoéievong — Ilpoopiopod, yeyovog mov 10 KOOGTAH
TPOTILOTEPO Y10 TEPIMTMGELG EAEYYOV KLKAOPOPTOC.

H popon tov dwypappatog eivor koidn ko Pacileror oto Oepeiiddes odypappa
KUKAOQOPLOKNG pong @optov — mukvotntog katd Greenshield (Ewdva 3.1) xor ot
BepeMmOon oyéom KLUKAOQOPLUKTG POTG:

q = k*u, 6mov q: pdptog, k: mukvdtra, u: TodnTo.

T
o
3
B
o
= ) D
E 7 Ty
w / ! \
2 |
a : N
8 / | b
/ | A
7 \\
/Neproxn | MNepoxn \
/ Mn Zupgopnuévng, ZupQopnuevng |
| Porig . Pofig
f \
|
| | \

MNukvoTnTa (oxXnuaTa/XAM.)

Ewcova 3.1: Zyéon oprov — IMokvotnrog kord Greenshield

To dudypappa M.F.D. cuoyetilet v €kpomn Kot TV GLGCOPEVOT G€ £va, 001KO diktvo. H
expon ekepaletor omd to oynuata mov e&épyovior omd TO SikTLO 1| PTAVOLYV GTOV
TPOOPIGUO TOLG Kol €xEL POVAOX UETPNONG OYNMOTO avd povddo ypovov, evd 1
ovoo®pevon ekepaletal omd To oYNUaTe TOL Ppickovtal 6To diKTVO (LOVAdL HETPNONG:
oynuata). 26T000, GE TPAYUATIKEG GLVONKES, KOl Oyl 6€ GLVONKEG TPOCOUOIMONGS, TA
OYNLLOTO, TOV PTOVOLYV GTOV TPOOPIGUO TOVLG OEV Elval TOPOUTNPNCIUN TOGHTNTOU KOl OEV
pumopov va petpnBovv amevbeiog amd aviyvevtéc 1 GAlec ocvokevés. Katd cuvémeta,
glodyetat pio véa KuKAOQOpLakt petapintm, n topaywyn. H mapaywyn exeppaleton og q"
Kol glval 1 6uVOAMKN amdotacn mov TaSideyov OAo TO OYNUATO 6TO OikTLO (HOVAdW
pHéTpnong: oynuata ava povaoa ypoévov). OuclacTiKd, N Tapaymyn| ival n otafuicpévn
péom expon|. Inueudverol 0t £xel amodery el 6TL | oyéon peTalhd ekpong Kot Tapoymyng
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elval ypappikn 66ov agopd to 0dkd oiktva (Geroliminis & Daganzo, 2008), cuvenmg 1
TOPATNPNCIUN TOPAYWYN UETAKIVIGEMY OMOTEAEL KOAN OVTIKATAGTACT] TNG EKPONG TWV
OYNUAT®V TOL PTAVOLY GTOV TPOOPICUO TOLS (UN TapoTnpNoUn Ttocotnta). Emopévac,
OTIG TPAYHOTIKEG CLVONKES avTi Y1oL TN OYECN GLOGMPELONG — EKPONG OYNUATOV TOL
(QTAVOLV GTOV TPOOPIGUO TOVG, YPNOLUOTOLEITOL | GYEGT CLOCMPEVONG — TOPAYMOYNS Yo
NV avAAVGT) SIKTVOV.

‘Eva tpétomo dwaypappa ML.E.D. napovsialetar otnv Ewova 3.2. Onwg eivar | kpioyun
TUKVOTNTO 6TO BepeM®ddeg d1dypappia KukAogoplakng pong katd Greenshield, avtictoya
KOL GE 0VTO TO OLAYPOLLLO 1 TIUN TNG CLGGMPEVONG OTAV 1 EKPOT YivEL PEYIOTY amoTELEL
ONUOVTIKT] TOPAUETPO Kot OVORAleTar KpIoUU OCLOCMOPELGN, CNUEIMVETOL MO UTAE
kovkida otnv Ewéva. H péyiom expon oynudtov vmodetkviel v e&umnpétnon tov
OKTOOV, €V M oavtioTtoyn KPIoUn cvooO®PELON VIOJEKVOEL ToVv PEATIGTO aplBud
oYNUAT®OV 610 8iKTLO. ATO TO GYNUA dakpivovTal OVO KUKAOPOPLUKES KATOGTAGELS OO
10 onueio Mg Kkpioung cvoodpevong, avTég eivor ot cuvinkeg ehevBepng pong Kot
ouvOnkeg cvpedpnons. To onueio pe v KPIGIUN GLOCAOPELOT KoL T UEYIGTN €KPON
oynuatov arotedel to onueio kapumgc. Av ot petafintég Ppickovtar apiotepd tov onpeiov
KOUmNG, To 001KO Oiktvo Bpioketar oe cuvOnKkeg elebBepng pong, aAM®OG o cLVONKES
ovopeopnons. Avtd emPefoarmdvel 6Tt doBévtog Tov daypdppatog M.F.D. dvvavtor va
VTOAOYIGTOVV 01 KUKAOPOPLOKEG GLUVONKES TOV OIKTVOV.

Méyilotn ekpon
)
o
>
B |
Q
>
[+
2% |
E 3
.g 1 I
c s
& B
= B |
0
g =
P iC) |

1 ' ‘KpleLlJ.n ouoow?euon

Yugowpevon (oxnpata)

Exova 3.2: Xopaxtnpiotiko oicypoguo. M.F.D.

Yy mepintmon wov ypnoponombodv n otabopévn tokvotnta kY kot 1 otabuiopévn
ekpon q" draxpivoviol Tpel KUKAOPOPLOKES KOTUOTAGELS OO TO ONUEID KOUTNG, QVTEC
elvarl o1 ovvOnkeg elevBepng pone, PEATIOTNG £KPONG KOl GLUEOPNONG. AVOAVTIKOTEPQL,
OTOV 6TO OTKTVO KIVOUVTOL AYOOTA OYNUOTO Ol KUKAOPOPLAKES cuvOnKeg elvan eAehBepng
pong, OTm¢ eaivetal oto mpdovo tunua ¢ Ewovag 3.3. Oco avédvetal o apOudg tov
OYNUAT®V, LEYOADVEL KOl 1) EKPOT] OYNUATOV £0G OTOL PTAGEL TN UEYIOTN, OTTMS Ol VeL M
kitpvn meproyn. Télog, 660 cuveyiletl va avéavetan 0 aptBpog TV oxnuatoy, avéavovton
ot kabvotepnoels. Emopévog, Otav Eemepaotel n kpioiun cvoocmpevon ©TO O1KTLO,

23



ME®OAOAOI'IKH ITPOXEITIZH

EMIKPATOVY GLVONKES GLULPOPNONG, KOTA TIC OTOTIEG TOL OYNUATO AAANAO-EUTOSI OVTON Kot
aOVVATEL VO EMKPOTHOEL EKPOT OYNUAT®V atd TO dIKTLO, OTMS TAPOVGLALETUL GTO KOKKIVO

Tupo.

B£AtioTtn ekpon

2

o

|

& | ;
K Zupdopnon
E o
=3 |
5E
ed JuvBnkeg I
T eAsUBepng >

pong I
‘Kpictun CUCOWPEUOH

Zuoowpeuan (oxripata)

Ecova 3.3: Kvoklogpopraxés oovOnkeg oe oraypouuo. M.F.D.

Onwg paivetal amd to Tapomdvem, 1 KOPLo apyn TOV KUKAOPOPLOKOD EAEYYOL oL PacileTon
010 duaypappa M.F.D. givarn tpoondOeia va dtatnpnbei  cusompevon o€ £va emBLUNTO
eMinedo, 6TO OMOI0 UEYIGTOMOLEITAL 1) EKPON) OYNUATOV GE KAOE TTEPloyN e TN MEYLOTN
ToKVOTNTO. TPOoOPIoH®V. Av Kplel amopoitnto, TPOTEIVETAL VA HETPOVVIOL OVE
SCTAOTO TOL OYAIATO 6TO OIKTVO Kot UE EAEYYO TNG KLKAOPOPING TEPUPEPELOKE TOV
SIKTHOL VO OTOLLOVAOVOVTOL OPIGUEVA EKTOG 0VTOV. ME LTV TNV TOKTIKY LEYIGTOTOLEITOL
0 aplBuog TV OYNUATOV TOL OAOKANP®VOLV TO TOEIOL TOVG €VTOg TOL JKTVOL KAOE
YPOVIKN GTIYUN KOl 0TOGL@OopileTaL TO diKTLO.

Ymv mapovoa Amiopotiky Epyoacio ypnoyomoleitor cov mpoOTLTO StOyPOLLLO TO
Swypappo M.F.D. ¢ Ewdvag 3.4. Ze autd to didypappa mopatnpeitor 0Tt avti yio
OLGGMPELON YpNoomoteitat 1 Tukvotnta. Emmiéov, voiotator n teployn e cvvOnKeg
erebBepng pong (mpdotvn meployr|) €MEWN 1N TPOGOUOimoT dev EEKVAEL Amd TNV MOPa.
oINS, OAAL amd Eva xpoVIKO S1AGTNA VOPITEPO OO TNV OPO ALYUNG, DOTE VO, POPTIOTEL
oTadlokd To dikTLo. AvTdg Etvar Kot 0 AdY0g TOV LILAPYEL LIKPOG aptOUOC TOPATIPICEDY
o€ auTV TV meployn. A&loonpeiwto ivor To Yeyovog 0Tt 01 TYES 6TO TEAOG TOV OEVTEPOL
KAAOOL GUYKATVOLV aAAd dev @ThvoLV TO UNdEv. Avtd cvpfaivel eneldn to dikTvo OgV
Bpioketon mToté o GLVONKEG KOPEGHOV, ONANOT OAQ TOL OYLLOTO VO, Eivar akivnToL.
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Ewcova 3.4: [pororo Aicypogpuo M.F.D. yio. v wapovoa Epyacio

3.2.2. Mikpookomikd Movtéla Pong (Likpo — mpocsopoimon)

H mpooopoimon civar évag edkorog TpoémOg vo peletnBovv ot kKHKAOlL TEPLOOOV TV
QOTEWVAOV CNUATOO0TAOV, Ol OAAAYES GTNV TOPELR TOV OXNUATOV, TA OPLOL TOYLTHTMOV KoL
Ao peyébn oto miaicio Tov 000V diktvov. EmmAéov, ypnowpomoteitor yio va
LOVTEAOTOMGEL  TO.  OMOTEAEGUOTA OO TPONYUEVO GULGTNUATO  TANPOPOPNONG
petakivnoewv (1 0rmg eivar yvootd ota oyyAtkd Advanced Traveller Information Systems
— A.T.LS.) ka1 dradpopég og HEPOVOUEVES AmOPAcELS peTakiviioewy. ETopévmg, dvvoton
VO LOVTEAOTIOMGEL TOGO TIG AVTIOPACELS TWV YPNOTOV GTIC TANPOPOPIES EAEYYOV KO GTIG
OLYKOWVOVIOKES TANPOPOPIES GE TPAYUATIKO YPOVO OGO Kot TIG GAANAETIOPACELS HeTAED
TOVG, EMaANBeVOVTOC Kol BEATIOVOVTOG TIG TOMTIKESG SLoLYEIPLOTNG TNG KVKAOPOPIaG.

EE opiopov, o1 IpoGopotdGEIS ATOTEAOVY OTAMG L0l AVOTOPAGTAGT] TOV TEPLYPAPOLEVOV
eowvopévov, n onola Paciletar o o oelpd Topadoy®v Kot vtobécewv. Avtd £xel cav
OTOTEAEG O, TOAAEG POPEG Vo EpyovTol o€ avtifeomn pe Tig apykés vmobécelc, va £xouvv
KAmo1o GOAALOTO 1] VO 0T0O100VV AmOTEAEGHATO TTOV Elvat OUGKOAO va epunvevbovv. [ap’
0N’ avtd cuvey®g KePSILoVV £30POC GTO GVYKOIVOVINKS XDPO, YTl EMTPETOVY T SOKIUN
TOAADV EVOAAOKTIKOV AVCEOV 6€ TPOPANLaTa Kot TV AE10AGYNO EVOALIKTIKAOV £pYmV
7OV OgV VILAPYOVV AKOUOL (T.). 0OIKE Py TOV dEV EYOVV KATACKEVAGTEL 1] TEXVOAOYIEG TOV
dev €yovv viomomBel). Ot TPOCOUOIDGELS YPNOYLOTOOVVTOL O EPYAAEID VITOGTNPIENG
ATOPACEWMY TOV OTOOIO0VV YOPOUKTNPICTIKA TG PONG KVKAOQOPTaG Kot lvar avaryKaieg yio
TNV UEAETT OAOKANPOUEVOD GLYKOIVOVIOKOD EAEYYOV, TN AOYIKY| TNG EMAOYNG O1OPOLDV,
T1 GLUTEPIPOPE LELOVOUEV®VY XPNOTOV OALA Kot TNV UETOED TOLG AAANAETIOpOOT.

Yndpyetl éviovn apgiofrtnon 6cov apopd ™ xprion tov A.T.LS. ywo v amocvpedpnon
TOV 0OIKAOV OIKTV®V. H duVOIKT TOV ETOVOTPOGIOPIGHOD TMV SLUdPOUDOV, 1| CAAAYT| TOV

25



ME®OAOAOI'IKH ITPOXEITIZH

KOKAOV TEPLOSOL TOV QOTEWVAOV OCNUATOOOTAOV, Ol EMOPACE TMOV OVPAOV CTNV
KUKAOQOPLOKT 1KOVOTNTO TOL OIKTVOVL KOl Ol O1dpopes HOpPEG ehéyyov KOUPwV o€
TPAYUOTIKO ¥POVO amOTEAOVV TPOKANCT Yyl TNV UIKPO — mpooopoimorn. Kotd v
avAmTuEn €vOC TPOYPAUUATOS OAOKANPOUEVIG CLYKOWVMVIOKNG TPOGOUOIMOoNSG oL
extelel OAEC TIC QACEIS TOV CLVOEEUEVOV TOEWOLDV, TOV ANYEDV OTOPACE®Y, TOL
TPOGYESIOGLOD UETOKIVICEWDY, TIG EKTIUNCELS UETOKIVNCE®V KOTA TN OlAPKEWL TV
Ta&010V Kot 6to TEPaG Tovg, ot Chen kot Mahmassani Bprikav 6Tt T0 OmOTEAEGHA TNG
TPOCPACNC TV YPNOTAOV GE TANPOPOPIEG GTOV TPAYLOTIKO ¥POVO NTOV 1 Onpovpyio
ovpeopNoNG. AT TV GAAN peptd 1 TPOGPacn og TANPOPOPIES GE £Vl LEPOS TV XPNOTAOV
TOVG KOB1GTOVGE TPOVOLLOVYOVG GE GYECT] LLE TOVG VITOAOUTOVG.

O kOpreg kKatyopieg HOVTEL®V TPOGOUHOIMONGS elval ot e€Ng TPELS: UIKPOOKOMIKAL,
LLEGOCKOTIKA KOl LOKPOCKOTIKA LLovTéd. Baoikrn mpodmdBeon yio tnv enidoyr| Tov TOmOL
TPOcOopoimoNg eival va TapdyovTol pEUAGTIKA ATOTEAEGLLOTO VIO TOKIAEG GLVONKES. e
YEVIKES YPOUUES, OGO TO AETTOUEPES Elvan €val OIKTLO TOGO KOAVTEPO OVOTAPIGTE TNV
npaypatikodTnTo. 261060, 660 MEPIGGOTEP GTOLYEID EVTAGGOVTAL, TO TPOPANUa YiveTon
Mo TOAVTAOKO Kot amoattovvior meplocotepeg mnyés (Taplin, 1997). I'evikd, yuo Tig
EKTIUNOES TOL HEGOL YPpOVOL Kot TIG TPoPAEyelg KabBvoTepnoem®V TPOTEIVETAL VO
YPNOWOTOIEITOL  LOKPOOKOTIKO HOVIEAO TPOGOUOIMONG, YTl OT0  HMKPOGKOTIKO
VIOTILAOVTOL TO. GLVOMKEA omoteAéspata (Taori kot Rathi, 1997). Tap’ OA° avtd, emkpotel
1N dmoyn OTL 1 EMAOYT TOV TUTOL LOVTEAWMY TPOGOUOIMOTG Eivatl TEPIGGATEPO PLAOGOPIKO
napd tpaxtikd (nmuo (Rakha kot M. Van Aerde, 1997).

v mopodoo SUWTAMUATIKY €PYOCio. YPNOLLOTOLEITOL TO UIKPOGKOTIKO HOVTEAO
TPOCOUOI®ONGS, WGTOGO Y10 AdYOLg TANPOTNTAG GTOV TTivake 3.2 TapovstalovTot Ta Kopila
TAEOVEKTNLLOTO, KO LLELOVEKTILLOLTOL TOV TPLOV LOVTEA®V.
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Iivaxog 3.2: [Theovextiuata kor MEIOVEKTHUATO TWV TPIOV ETITEOWDV TPOCOUOLWGS

MAeovekTAuaTa MelovekTipata

XoUNA£EG UTIOAOYLOTIKEG ATIOULTIOELG MaAoadtepn texvoloyia

Mikp€G SUVATOTNTEG EMEKTAONG,
XWpIig petaBacn og AUOELG LUUKPO-
/ecookoTikoU EMUTESOU

‘Qpun texvohoyia pe peyaio aplBuo
uAoToloewv

Xprion yia ypriyopn aglohdynon
peyaAou aplOpol eVOANAKTLIKWY
oevapiwv

Edappoyn kuplwg yla
pakpompoBeopn mpoPAen

Mo AeTTOPEPNG KOl KPR OO HEGO-
/O KPOOKOTIUKA LOVTEAQ

Avvatotnta akplBolg mpoTunmonoinong |AmoLtoUVTaL TEPLOCOTEPO KOLL TILO
AETITOUEPELWV Aemtopepr) 6edopéva

YU NA£EG UTTOAOYLOTIKEG QTIALTHOELG

AV KOlL OL LLKPOOKOTILKOL

Ot olyXpOVOL ULKPOCKOTIKOL TIPOCOUOLWTEG YivovTal TaUTEPOL,
T(POCOUOLWTEG £XOUV TIEPACEL ATIO TNV [TOL AVTIOTOLYA IECOCKOTILKA LOVTEAQ
TPOCEyyLon Kivnong oxnUATWY UECW Ba emttpémouy mavta tnv
oTPEDOUCWV KLVICEWV TNV T(POCOUOIWGCN UEYOAUTEP WV
npotumnonoinon pe Baon Stadpouwv SIKTUWV, TIEPLOCOTEPWY
MpoéAeuaong - Npooplopol evaA\aKkTikwy, f/kat peyaAltepwv
XPOVIKWV 0pLl{OVTWV

MPAKTLKA TPOCOUOLWON HETAEY ULKPO-
KOLL LOLKPOOKOTILKWY UOVTEAWVY,
ouvbualovtac CUVOALKA KoL AETTTOUEPT)
HOVTEAQ

Agv UTIAPXOUV TTOANEG TP AKTLKEG
epopUOYEC HEYAANG KALHOKOLG TTOU
va €xouv oAokAnpwOetl

v Kotnyopic. T@V HIKPOOKOMIK®OV poviéA®v mpocsopoioons (microsimulation)
TEPLYPAPOVTAL Ol TOPAUETPOL KIVITIKOTNTOS EVOG CLUYKEKPUYULEVOL OYNULATOC AETTOUEPDG,
pe Baon o vwoOAouTo oxnuaTe. ZVVHBOS avaeépovtal otV enttdyvven/emPpddvven Tov
oynuoaTog pe otdyo va kabopicovv gite Evav acOAAN YOPIKO 1T £val YPOVIKO OO ®PIGUO
(xpovog avtiopaonc) (Harri, 2010).

Kotd ™ mkpo — mpocsopoimon peietdror 1o ekdotote Oynue. amd Tn GTIYUR OV
EI0EPYETOL GTO SIKTVO UEYPL TN GTIYUN OV EEEPYETAL OO OVLTO 1 LEXPL ALV OAOKANPDOGEL TN
dwdpoun Tov evtdg Tov OkTLOV. EmutAéov, avamapiotovtor ot GAANAETIOPAGELS HETAED
oynuatev oe KOUPOVG, aAAG KOl 01 GTAGELS KO 1) SLOOPOUT TV AEWPOPEI®V TOL TOAVADG
vrdpyovv oto diktvo. EmmAéov, | kpo — TpoGoUoimaon XPNCILOTOLEITAL Y10 VO, EVTOTIGEL
TIC EMOPAGELS OO TNG TANPOPOPIES TOV SLOOPOUDY KOt VO AVASEIEEL GTPATNYIKEG EAEYYOV
Kol OPOROAOYNONG. € EMMEDO KPO — TPOGOUOIMGNG 0 GKOTHG TNG LOVIEAOTTOINONG TOV
EKAOTOTE OYNUOTOG €VIOC TOL OIKTLOL &€ivow M avamopoywy ] 0G0 TO SVVATOV TIO
PEOAOTIK®V cuvOnKadv. H pukpo — mpocopoimon ypnoylonoteital yio pikpd 6Totyeio Tov
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OIKTOOV, OAAG T TPOGEATO HOVTEAD €VOG OYNUOTOC UTOPOLV VO TPOCOUOLDCOVV
OAOKAN PO 0GTIKA diKTLO, e TN PorBeta eEEMYUEVOY VTOLOYIGTOV.

Ot mo ocvpuPatikég WKPOOKOTIKEG TPOGOUOLDGEL YPNOUYLOTOOVV OTAOVS KOVOVEG
Baciopévoug ot ovpumepLpopd TV 0dny®v (simple rule based behavior). Xe povtédo
aKoAovBovVT®V oYNUATOV, 1 ETTd)LVON N EMPPAdVVOT TOV OYNUATOV cLoyETI(ETOL e
T TePPAALOVTO OYNOT ) O 001 Y0l EMAEYOLV VA S10TNPNGOLV TNV EAYIOTN EMBLUNTA
ToYVTNTO (EMOUEVAOC, LEWOVOVTOL KOl Ol 0AAayEC Awpidwv). TToALL yopaktnploTikd TG
CLUTEPLPOPES TV 0ONY®V UIopohv vo povtelomotnfodv kot cuvnbwg eivar duvatd va
optoBei n Tpoélevon Kat 0 TPOOPIGHAS TOV KABE 0o yoD. Mia evoliaktiky péBodog eival
va dtavepnfobv ta oynuata Tuyaio 6To OTKTVLO KOl Vo TOVG avaTefovV Tuyaieg EMAOYEG
OTIG OTPOPES GTOVG KOUPOoLC.

3.2.3. Movtéha AkoAovBovvtog Oyfuatog

Ta povtéla axolovBovvrog oynuotog (car-following model CFM) eivan iocwg m mo
INpoPng katnyopio odnywov povtédov. Ta poviéda avtd tpocapudlovy v kivnon
evOc oynpatog pe Baon £vo GHVOAO KAVOV®V TTOL GTOYO £XEL TV OTOPVYT] OTOLNGONTOTE
EMOPNG LE TO TPOTOPELOLEVO Oynuo. Baoikr| mpoindBeon 610 PIKPOOKOTIKO TPOTLTO
aKOAOVOOVVTOC OYMLATOG EIVOL 1) GLVEXELD TNG KUKAOQOPLOKNG POT|G GE YDPO Kot ypovo. H
emrdyvvon kabe oynuatog pumopet va Bewpnbel og andvinon oto epédiopa amd Kamoov
eEmyevi M evdoyevi] Tapayovta Tng kukiloopiag. To epébiopa stvon pio suvaptnon g
0éonc TV oyMUATOV Xi Kol TV TaxLTTeV Tous. ‘Exetl derybel 6t1 vdpyel oxéon petald
™G avTiOPaoNG TOL 0OTYOV KO TNG GYETIKNG TOYVTNTOS LETAED TOL OYNILOTOG TOL KOl TOV
TpomopeLOEVOL oynNuatoc. Kabe odnyodg avramokpiveTarl 6Tic KUKAOPOPLOKES cLVONKEG
emroyvvovrag 1 emPpadvvovtas. To epébiopa mpocsdopiletar and v taydtnTa TOL
OYMLLOTOG Uk, TN O0POPA TOYVTNTOV TOL OYNLOTOS OO TO TPOTOPELVOUEVO TOV Un, TNV
andGTao™ 1) TO YPOVIKO daywpiopd AXi.

I'evikd, y1o0 T0 1-00T6 dynpa woyveL:
[Emttdyovon]i = [EvarcOnoeiali * [Epébional;

Avticeipevo tov CFMs givar n avamoapdotaot g KukAoeopiag Tmv oynudtov e Tpomo
TETOL0 DOTE VO ATTOPEVYOVTUL TO ATVYNIATO, LEGO OO TOV EAEYYO TOV YOPUKTNPIOTIKOV
odMynong kabevog oynuatog Eexwpiotd, kabopilovtag pia andotaon acealreiog petald
TOVG, éva YPovikd dtoywpiopd 1 Kot o 600. O Topamdve GKOTOG EMTVYXAVETOL LLE TOV
Kavova tov Pipe:

«Evag kalog kavovag yio vo akolovdncels éva dynua 6e ac@air andctaot, eival vo
EMTPEYELS GTOV EAVTO GOL VAL EXEL ATOCTACT AVAAOYT EVOG OYNLATOS LLE TO OYTNLLOL LTPOCTA
v kéBe 16,1 yA/dpa taydtnrog otnv omoio ta&devels (Pipe L.A., 1953)».
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H emBount toyvmnto evog oynuatog i o€ éva tTunpa 060V s dIVETOL amd TNV TOPUKAT®
oyéon:

V(i,s) = min (Siim(s)*0(i), vmax (i))  (3.1)
Omov:

Siim(S): 6pro TayvTTAG 001KV TUNHOTOC
0(1):  omodoyn ToyhTTOC 0T TO OO

Vimax (1): néytom embountn taydTnTo OYHUOTOC

Emutdyvvon oynuotoc — o un cupuoopnuévec cuvOnkec

Va(nt + 1) =V(n,t) + 2,5a(m)T (1 - Tf’(‘rf))) 0,025 + Tf’grf)) (3.2)

omov:

Vo(n,t+T): N KéEYoT TaOTNTO TOL UTOPEL Vo PTACEL £va. OO TOV EMLTOVVEL GE
xPOVIKN Ttepiodo (t,t+T)

V(n,t): N TaOTNTO TOV OYNUOTOS N GE YPOVIKT GTLypun t

a(n): N HEYIOTT ETTAYVVGT TOV OYNUATOG N

T: 0 xpdvog avTidpaong

EmPpddvvon — og cuopupopnuévec cuvONKee

Va(n t +T) = d()T + Jd(n)ZTZ —dm) [2x(n = 1,0) = s(n - 1) - x(n, 0}~ V(n,OT - 222 (33)

dr(n-1)
omov:
d(n): 1 KOVOVIKT EMPPASVUVGT) TOV OYLOTOG N
x(n,t): N 6€om oV OYNUATOC N GE XPOVIKY GTIYUN t
x(n-1,t): N Béom tov axorovBovvtog oynuatog (N-1) T ypovikn otiyun t
s(n-1): 10 BepnTIKd unKog Tov oynfuatog (N-1)
d’(n-1): 1 Kovovikn| emPpadvven tov oyfuatog (n-1)
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3.2.4. Movéoec EmPatikov Avtokivitov — M.E.A.

O 014popeg Katnyopieg OYNUAT®V TOV GLVOETOVV TV KLKAOPOPTIO OTALTOVV OL0POPETIKOV
peyEBoug ydpo otV 000 e€antiog TMV SUCTACEMV KOl TOV YOUPOUKTNPIOTIKMOV AELTOVPYING
TOVG KOl GUVETIMG EYOVV OLOLPOPETIKN EMPPOT] GTNV KUKAOPOPLaKT por|. [t tnv petatponn
TOV SLPOP®V KATIYOPLDOV OYNUATOV G GUYKPIGIIEG LOVADES XPNOLOTTOLEITAL (O BOGTKN
povada to emPoatikd Oynuo kar ot eoptotr ekepalovtor oe Movades Empatikov
Avtokivijtov — MEA (Passenger Car Units — PCU).

3.2.5. Mn-T'pappikn [TaAwvdpounon pe Aévopa Atopdoewv

HMolvopépnoen koreitor n avdAvon Katd v omoio meptypdeeTon 1 mTpoPAémetan pio
eCapmuévn petafant) y pe Paon kdmoiwv aveEdpttov petapintov Xi. Me avtiv
dwadikacio paiveror n oyéon petald Tov aveEdpTTov HETAPANTOV Xi e TNV e&optnuévn
Y Kot givar amopaitnto ot aveapTnTES LETAPANTEG VO EXOVV LIKPT GLGYETION METAED TOVG,
evo glvan emBounto va Exovv 660 10 dvvatov peyarvtepn oxéon pe v e&aptnuévn. To
€0POG TV TIUMV TOL GLVTEAECTN GLGYETIONG HETAED 0V0 petafAntav etvar amd -1 émg 1.
[Tpopavdg ot Tég kovtd otnv amdivtn povdda (>0,5) dnAdvovy VYNAR GLGKETION, EVO
Ol LUKPOTEPES POVEPDVOLV LUKPOTEPT GLCYETION.

H moAwopounon pmopel va givan ypappkn 1 un-ypoppkn. Ipappun ovopdleton m
TAAVOPOUNGT TTOL TTEPTYPAPEL TN LETAPANTN Y pe pia eElowon ™G LopeNS:

y=Bot Puxa+Poxat ... +hxe  (3.4)

2myv e&lowon (3.4) tvor mBavo ot petafAntég va etvor vyopEveg oe SUVALELS 1) opicpoTa
AoyapiBuov. Iop’ O avtd n e&icmon avtn pumopel va £xel TPOKVYEL Ao Piol YPOLLUIKN
naAvdpounon. Otav n petafAnt y dev unopet va meprypagel and pio povadikn eEicwon
N avdAvon yivetal pe pn-ypoppiKy Taivopounon.

M amd 115 BacikdTepES KOt O dNUOPIAEIG peBOdOVS PN-YPOpPIKIG TOAMVIPOUN GG
elval ta Aévopa Amo@doemv 1 aidg Aévopa Ilarvopopnons. Baocik Aoywkn g
KOTOOKELNG TOVG €lval 1M O01000)1KT] OLAGTACT) TOV GLVOAOL TMOV TOPATNPNCEDV GE
vrocvvora. Kpirnpro yia ) didomaon ivar ot tipég tov petofintav. H dwudwosio tov
SOOYIKOV SOICTACEWY OVOTAPIoTATOL UE 0L OVECSTPOUUEVT OEVOPIKTY) OOuT|. XTNV
Kopuen PBpioketan 0 KOUPog-pila Tov dEvdpov. Le Katwtepa enimeda Ppickovion emmALoV
KOpuPot, ov omoiot cuvdéovtal pe akuEG pe GAAO otoreiol TOV OEVOPOV. ZTO KATMTEPO
eminedo kdbe khddov Ppiokoviar ta @OALL Tov 6évopov. O kéuPog - pila €xer pdvo
e€epYOLEVEG OKIES TTOV TOV GLVOEOVV LE GTOLYEIN TOV KATMTEPOL EMTESOV. O1 LVITOAOUTOL
KOUPOL €xouV €10EPYOUEVES OKIES TOV TOVG GLVOELOLV UE TOLG KOUPOLS TOL OVATEPOV
EMTEOOV KoL EEEPYOUEVES OKILEG TTOV TOLG GLVIEOVV LE GTOLYELD TOV KATMTEPOL EMUTEIOV.
Téhog, Ta OO EYovV HOVO €1GEPYOUEVES OKUES, Ol OTTOIEG TAL GLVOEOLV LE TOVG KOUPOLVG
0V avetepov emmédov. Kdbe xopfog avimpoowneel Evav €heyyo ot dedopéva Kot
avtioTolyn SIICTOCT TOVG GE dVO 1) TEPIGCOTEPH VTOGVVOAL, OVAAOYO. LLE TO OTTOTEAEGLOL
T0V eAEYY0oL. H ocuvnbéotepn exdoyn etvar o Eheyyog va mepthapufaver pio poévo petafintm,
&yovv mpotabel woTdc0 adyoplBpol 6mov coe Evav KOUPO EAEYYOVTIOL TEPIGGOTEPES
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petafintés. Kabe axun avtimpoomnevel Eva omoTELEGUO TOV EAEYYOV KOl TO OVTIGTOL(O
VTOGUVOLO TV Ogdopévmv. Térog, kdbe @OUAO evOC OEVOpPOL amoPiAcE®V Uiog Un-
YPOUUIKAG TOAIVOPOUNONG avaTaploTd po eEicmon Tov mePLypaeeL T LETAPANTA Y Yo
TIG GLVONKEG TOV TKOVOTTOL0VV TOL OVMTEPQ EMITEDCL.

Ta dévdpa moahlvopdunong eivor epyoacio emiPremopevng padnong. Xt0x0¢ NG
emPrendpevng pdbnong eitvar n avakdivyn g oy€ong avapeso o€ Eva YVOPIGHO 6TOYO
Kot o€ éva oOVOAO GAAV YVOPopdTOv. To yvOpiopo oTOX0C avOQEPETOL KOl MG
eCapnuévn HETAPANTY, EVA TO LITOAOTO YVOPIGLOTA OVOQEPOVTL KOl O OVEEAPTNTES
petafintés. Me v emPBiendpevn pdbnon emrvyydveton n dnpovpyio Vg UNYoVIGHOD
MYNG omo@Aoce®V 1 VTOAOYIGUAOV, 0 0moiog lval KavOg va. TPOoPAETEL TIG TES NG
eEaptNUEVNG LETAPANTIG YPTOLUOTOIDVTOS TIC OVEEAPTNTES LETOPANTES.

Kotd v expdbnon (learning) omuovpyeiton to poviélo pe Pdon éva GOvVoAo mpo
Katnyoplomomuévav mapadetypdtov, mtov ovopdletor dedopéva ekmaidevong (training
data). Ta odedopéva ekmaidevone avardovior omd €vo  odyopBpo tagvounong,
TPOKEUEVOD VO OYNUATIOTEL TO HOVTELD. ASY® TOL OTL TOL SedOUEVA EKTTAIOEVONG AVI|KOVY
o€ pia mpoxaBopiopévn Katnyopia, n omoia eivot yvwotn, 1 KATnyoplomoinomn amotelel
uébodoc emomtevopévng naonong (supervised learning). To povtélo avamapictoton pe
popon kavévev ta&vounong (classification rules), dévipov andeacng (decision trees) 1
OO LOTIKOV TOTTOV.

H a&ohéynon tov povrérov tov 06vopov maAvdpdunong yiveton pe toug e€ng deiktec:

e correlation coefficient: ekppdlel T GLGYETION TOV TPAYUATIKOV UETABANTOV Ko
avtdVv mov tpoPAémovral. ['evikd maipver Tpég petald 0 kou lkon mpotpdTor va
Exel THEG KOVTA 0TI HovAda

e Mean Absolute Error (MAE): deiktng mov ek@pdlet t pESN TN TOV OTOAVTMV
TILOV TOV okpoiov Tipov. Hpotipdtot va £xel Tnég kovid 6to 0

e Root Mean Square Error (RMSE): givar 1 tetpaywvikn pila thg péong Tung tmv
TETPOYOVOV 1] TOV J0POp®V TOV OEOOUEVOV  UETOED TMV  TPAYLOTIK®OV
petafAnTav Kot avtdv mov tpofArénovral. [lpotipdror va £xet Tipég kovrd oto 0

e Relative Absolute error: mocootd mov ek@PAlel TO GOAAUO TOVL HOVIEAOV KOl
TpoTiHdToL vo £xel THEG Kovtd oto 0

¢ Root Relative Squared Error: 1060016 mov ek@palet 10 6OAAUN TOL LOVTEAOL Kot
TpoTidTon vo £xel THEG kovtd 6o 0
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3.3. Epyaleia IIpocopoimong ko Ilpoypappotiopov

Mo mv ekndévnon g mapovoag Amdopatikig Epyaciag ypnowomombnkav to €E1G
EPYOAELD TPOGOUOTIMONG KO TPOYPAUUATIGLOV:

Aimsun

I"o v ekndvnon g epyaciog ypnoonomdnke to Aoyiopkd Aimsun.Next g etaipiog
Aimsun. H Aimsun mopéyel 6€ TOyKOOUIO E€Mimed0 AOYIGHIKA KOl LANPEGIES Yo
KUKAOQOPLOKO GYESOGLO, TPOGOUOIMGT TNG KVKAOPOpiag Kot TpdPAeym.

H mhateopuo. Aimsun.Next mopéyet T duvaTOTNTO GTOVG XPHOTEG VO LOVIELOTO|GOLY
UIKPA KO HEYAAD GUYKOW®VIOKA diktva, omd Evav KOUPo €mg pio oAOKANPN TEPLOYN.
Ivetar vo. TpocopotmBodv ot HETAKIVICEL TV avOpOTOV avirloyd LE TS SLoBECIES
ovykowveviakés emioyéc (m.y. 1.X., ta&l, Aewpopeia, modniato 1 akoOUo TEPTATNUAL).

SQLite

To SQLite eivor and ta 7o dadedopéva Tpoypappote anobnkevong peydhov paoswv
dedOUEVMV KO VTN NTOV 1) Yp1|oN Tov oty mapovcsa Epyacia.

Google maps

O Xédpteg Google (Google Maps) eivor vampesia yoaptoypdenons oto Atadiktvo. H
EQUPLOYN KoL 1 TEYVOLOYia TG LVInpeciog Tapeyetan amd v Google. ITpoceépet xapteg
000V KOl GXEOL0GTT OLOOPOUDV Y10 LETOPOPES LLE TO TOJLO, OVTOKIVNTO, TOONANTO 1) HEGO
poalikng petapopds. [epthapPaver eniong eVIomIGUO TOV EXLXEPNCEMY TOV Bpickovtal G
TOAELS G€ TOAAEG YDPES 6€ OO TOV KOoUO. TéAoC, TepthapPdvel SopuPOPIKES EIKOVES TV
000V Kot TOL TEPPAALOVTOG YDPOVL.

R

INo v eneéepyacio AmMOTEAEGUATOV KATA TNV EKTOVNON TNG EPYAGIOG XPNOLOTOM|ONKE
N YA®ooo mpoypappoticpod R kot 1o mpdypoppa RStudio. H R eivan pa yAdooo
TPOYPOUUUOTIGHOD Kot €va TEPBAALOV AOYIGUKOD Y10 GTOTIGTIKOVG VITOAOYIGLOVG KO
vpapikég anewovicews. To mpoypappo RStudio sivor éva odoxAnpopévo mepifaiiov
avantuéng g YAd®osoog R.

Ta makéto mov ypnoomomOnkay Kotd tnv eKTOVNON TG EpYaciag eival Ta €ENG:

R/
L X4

readx]: Awfacer apyeio excel (.xls ko .x1sx)

» dplyr, ywo tov yepiopd dedopuévov

» RWeka: AlyopiOuor pnpovikrg pédnong wor  gpyoreia  taSivoumong,
TAAVOPOUNONG, OLLOOOTTOINONG KO OTTIKOTOIN oG

<3

>

K/
*
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4. EDAPMOI'H MEOOAOAIAX KAI AITIOTEAEXEMATA

4.1. Ilpocopoicvon

4.1.1. To Aiktvo

Y10 Epyootipro Kukhogoprakng Teyxvikng tov EBvikov Metodfov Iloivteyveiov
dwtnpeitor povrélo oyedlaopévo oto mpoypoppo mpooopoiovong AIMSUN Tov
Baoukov 001K00 SIKTVOV TG ATTIKNG KOOGS Kol Tivakag mpoéAevons-rtpoopiopov (1824
KeEVIPOEW V) kot 24 wpav (oe oynuata) (Ewova 4.1). Xto diktvo éxel mpoypotomomOel
ELEYYOG NG YEWUETPIOG £TOL MOTE VO, TEPLYPAPEL AEMTOUEPDS TO TPUYUOTIKO OTKTLO
UEAETNG KO VO ITOTVTTAOVOVTOL OAL TO YOPOKTNPLOTIKA TNG YEWUETPIOG TOV KAOe KOUPOV
Kol TOV KOPLOV 00IKOV 0EOVOV KOl OEVTEPELOVIOV 0dKMV Tunudtov. Emiong, &youvv
KataywpnOel To fACKA YOPAKTNPIGTIKA KOl O1 TOPALETPOL TOV OIKTVOL (YOPNTIKOTNTEC,
TayVTNTES EAEVLOEPNG POTG, HEYIOTES TaVTNTES KAT.). Ta otoryeio yio Tor 00wk TUMpLOTOL
EVOEIKTIKA TEPIAAUPAVOLY UNKOG, TAATOS, 0plBpd Ampidmv 0dmv, ToyvLTNTO EAEVBEPNC
PONG, YOPNTIKOTNTA. AVTIGTOLYM, TO GTOLXEID Y10 TOVG KOUPOVS EVOEIKTIKG TEPIAAUPAVOLY
EMUTPENONEVEG KIVNAOELS, oplOud Awpidwv avd «ivnon, poduon mpoTEPAUOTNTOC,
TPOYPAUUOTO OILATOSOTNONG, TAXDTNTO EAELOEPNC PONG KOl YOPNTIKOTNTO.

Eixova 4.1 To poviédo tov 0dikod diktdov e Attixig

H meproyn mov peremnke oty mapovoa Authopatiky Epyacio eaivetar ommv Ewova
4.2. ¥10 d0lKTLO OVOTOPICTOVTOL CLTOKIVTOOPOLOL, SEVLTEPEVOVGES APTNPIEG GVVIETTG
UIKP®V Kol LEGOU®MV TOAE®MV, TPMOTEVOVTO, SELTEPEVOVTO, TPITEVOVTIO 0K diKTLO KAOMG
Kol Ae@@opelokés ypoapupés. Xtov Ilivaxa 4.1. mov akoAovBei, mapovcidloviar ot
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wpoavapepbeiceg Katnyopieg Tov diktHov kot 0 cLUPoAMcdS Tovg otov Open Street Map
(OSM), o omolog amotehel &vav MOYKOGHIO SLOOIKTLOKO YAPTN, MHE dvvaTdTNTA
enefepyaciag kol Tpoohnkng mAnpogopiag and eBeAoVTEG, evd TapAAANAL Exel AdELO
VoY TOU TEPLEYOUEVOV.

ITivoxag 4.1: Kotnyopiegc Odikod Aiktdov

Katnyopia Siktoov Evppolopic orov OSM
Avtokvmtodpopog
[motorway)

Asvtepetovoes aptnples alivieons pkpanw
Kot pegaiwy mhAswy

(trunk)
MpwTtedov
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(Secondary)
Tpuretiov
(Tertiary)
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b o ‘0\.‘&/(‘ / PoOUID
‘ V4 Ve 5

Ewovo 4.2: Ieproyn uelétng

To povtého tov vLmOOIKTOOL TOL YpMolwonomONKe ©t10 TEPPAAAOV Aimsun.Next
napovctaletar onv Ewkdva 4.3 kot ta Optd Tov eoaivovtot pe Lo SIKEKOUUEVES YPOLLLES.
Amoteleiton and 207 tpuqpota 0dmv (41 yAp. cvvolikov pnkovg), 100 kéuPovg ko 87
Kevrpoedn| (onwg eaiveton otnv Ewova 4.3) and 6mov mopdyoviol Kot TpoceAKHOVTOL
HETOKIVAOELS. [0 TOV TPOGAoPIoUO TOV VPIGTAUEVEOY KUKAOPOPLOKADV POPTOV GE OLTNV
mv mepoyn avalnmdnkav otoyeia amd 10 Kévipo Awayeipiong Kvkhogopiag g
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[Teprpéperlag ATTIKNG KoL GUUTANPOUOTIKA oo TV apuodte. Yanpesio tov YIIOMEAI
(mponv - AMEQO) evdd 7ywo T00 TPOYPAUUOTO  POTEWNG  ONUOTOOOTNONG  GTOVG
onuoatodotovpuevovg KOpPovg {nmmdnkav otoyyeia amd 1N Aevbvvon Auyeipiong
MntponoArtik®v Ymodouwv g [eproépetag Attikng. EmmAéov, pe mpdovo gaiveton n
TEPLOYT OTNV OTO10 TPOALYLUATOTOIEITAL LIKPOGKOTIKT] TPOGOUOIMOT).

Ewucova 4.3: Movtél.o vrodiktoov oto Aimsun

4.1.2. H Kvkhogopia

To dikTLO TOL TTEPYPAPNKE TAPATAV®, OVOAOYO LLE TO GEVAPLO TOVL EKTEAEITAL, POPTILETON
Le Téooepis KaTnyopiss oynudtmv: copPartikd [.X. oyuara, Papséa oynuoata (eoptnyd
KOl 0OTIKA AEOQOPELR YPOUUNG), “TPOceEKTIKE” cuvdedepuéva avtovopa 1.X. oynuota Kot
“emBeTicd” cvvdedepéva avtovopa L.X. oynuaro.

[To cvykekpipéva, 0 GLVOAMKOG aPLOUOG LETAKIVIGEDY TOV GUUBATIKMV AVTOKIVTOV, TOV
“TPOGEKTIKAOV” ALTOHVOUWOV KOl TOV “EMBETIKOV” ALTOHVOUOV OYNUATOV TOL dVVATOL VO
KIVoUvVTOl 6T0 dikTvo KOotd TV dpa oryung tvar 19.799 yio v exdotote kotnyopia.
Avrtiotoya, yio Ta Bapéa oxnUaTo 0 GLVOMKOS apBudg petakivioemy eival 4.312. Avtol
ot appoi £rovv pokLyel HEcw TG odkaciag g Pabuovounong (calibration). Ot
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KpIoYES MOPAUETPOL TOV OYNUATOV TOL YPNCLOTOMONKAY GTNV  TPOCOUOimON

napovctdlovtor atov Iivaxa 4.2 (Casas et al., 2020).

ITivoxag 4.2: Kpioweg Hopduetpor Oynudzwv

Napdyovtag

Oxnpota

1.5 1 1 1
3m/s2 3m/s2 3m/s2 1m/s2
Moviého 6m/s2 6m/s2 6m/s2 5m/s2
80km/h 80 km/h 110km/h | 60 km/h
80km/h 80 km/h 80km/h | 40km/h
80km/h 80 km/h 150 km/h | 70km/h
0.1sec 0.1sec 1.2 sec 1.2 sec
0.1sec 0.1sec 1.6sec 1.6sec
0.1sec 0.1sec 0.8 sec 0.8 sec
0.7 0.5 1 1
0.3 0.1 1 1
0.9 0.9 1 1
85% 85% 90% 90%
NAI NAI NAI NAI
1.1 1 0.8 0.8
13 1.25 1.2 1.2

H gppnveia tov kpicyov tapopétpov eivor n eENe:

Onwg  avaeépbnie,

[TepOdpra Acpdretag: ITapdyovtag mov kabopilet av Eva oOynua pwropei vo kivnoel
o€ o SloTOVP®ON UE TPOTEPALOTNTAL.

Xpoévog Avtidpaong: ['a ta avtdvopa oynpato o xpovog avtidpaong £xel oplotel
0,1 devtepdrenta, dote va emitevyfel  cvvdesoOTTO PLETAED TOLG.

[Mopdyovrag EvoucOnocioc: H mapdperpog mov kabopiler v kabapn amdctoom
petald tov oynudtov. H tun tov yo ty avBpomvn cvoprneprpopd givar 1.
YrépPaon Taydtrag [Mpoonépaong: To m0606To TG embBvunTC TAYVTNTOS, LE
70 omoio éva OyMuo amoeacilel va mpoomepdost Eva dAlo dynua. Mio cuviong
TN Y10 TOVG 03N YoV givar 90%.

Yvvepyocio Awmnpnong Amoctdcewv: Av vmApyEl cuvepyacio HETAED TOV
00Ny ®V.

[Mopayovrag Zovng Amdotaonc: Ilapdyovtag mov kabopiler mown Awpido Oa
YPNOYLOTOWGEL TO EKAGTOTE OYNLLO. ZVVNOELS TYEG Y10t TOVS 001 YOVG Eivat HETAED
0,8 xon 1,2.

Yoo TNV EKTEAECN TOV MKPOCKOTIKOV TPOCOUOIDGEDY

ypNOOTOMONKAY 800 TPOPIA AVTOVOUMV GVVIEIEUEVOV OYNUATOV:

1. IIpoocektikd Avtdvouo Oynuota: Emdudkovv peydrlec amootdoelg amd To
TPOTOPEVOUEVO, OYNLLOTO, OTNPOVV UEYOAEC OMOCTAGELS OVOLUOVIG Yol
emAoyn Awpidag kot otnv arodoyn B€ong yio aArayn Aopidoc, eKTeAobV Alyeg
TPOCTEPAGELS KO OEV £XOVV GUVEPYOGIO [LE TOL VTTOAOUTO OYYLLOLTOL.
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2. EmbBetwkd Avtévopo Oynuota: Emdidkovv pikpéc omootdoelc omd ta
TPOTOPEVOLEVO, OYNLLOLTAL, JLOTNPOVV HKPES ATOCTAGELG OLVOLLOVIG Y10l ETAOYT
Aopidag Kot omv amodoyn] 0éong ywoo aAlayn Awpidoc, exktehovv Alyeg
TPOCTEPAGELS KO OEV £YOVV GUVEPYOGIN [LE TOL VTTOAOUTO OYY|LLOLTOL.

A&ilerva avapepBel OTL akOpO KoL TO “TTPOGEKTIKA’ AVTOVOLLOL OYNLLOTOL V0L TTLO0 EMOETIKA
oTNV 001 YNoN Ao T0 GLUPATIKE O LLOLTOL.

Téhog, otovug ITivakeg 4.3-4.6 avapEPovTal VPICTAUEVES AOTIKEG AEMPOPELNKES YPOUUES
oL oyetilovion pe T Aettovpyiot TOL VO HEAETN OIKTVOV. XMUELOVETOL OTL TOL GTOLXEL
OLYKEVTPOONKAY Omd TN GYETIKN OTOGEAIDN TANPOPAPNONG TOV KOOV GE TPOUYLATIKO
xPOVo ov Tpel 0 Opyovioroc AcTikdv Xvykotvoviav AOnvav (OAXA).

Iivoxag 4.3: Ypiotoueves ypopués aotikay Aewpopeiwv mov elomnpetody tov otabué Knpioov

ApBpos Ipappig | Ovopasio Ipappufg
51 KHOIZOX - OMONOIA
420 [IEIPAIAY — AT.
ANAPI'YPOI
KHOIXOX -

x93 AEPOAIMENAX
Iivoxag 4.4: Ypiot0ueves ypopués ootikay Aewpopeiwv oo eComnpetody tov otaluo Arooiowv
Ap1Buog I'pojipng Ovopaoio I'papurig

24 AI'. ANAPT'YPOI — KATQ ITATHXIA

420 TIEIPAIAY — AT'. ANAPI'YPOI

711 ZQOPIA - ATTIKH

719 KHITIOYTIOAH — ITAAATIANH — XT.

AAPIZHX

Al10 XT. AAPIZHX -AXAPNAI

All ITA. BAGHX - [IETPOYIIOAH

B10 >T. AAPIZHE — AXAPNAI (MEXQ

APIZTOTEAOYY)

B11 I[IA. BAOHX - IIETPOYIIOAH

B12 MAPNH - ANQ AIOZTA

I'10 ANAKAZA — [IA. BAGHX

o KAMATEPO — AT'. NIKOAAOX -

IIOAYTEXNEIO
X93 KHOIXOX - AEPOAIMENAZX

37



EOAPMOI'H MEOGOAOAIAX KAT AIIOTEAEXMATA

[livaxag 4.5: Ypi1otaueves ypopés oaotikmy Aempopeiwy atny eyyog TEPIo) TOV OIKTOOD

ApOpog Tpappng Ovopacia I'pappng

813 ABEPQO® - [IPOYXZHX

836 ITA. KOYMOYNAOYPOY -
IMTAAATKA

856 AADNH — YMHTTOX - AITAAEQ

865 TIA. KOYMOYNAOYPOY -
MANAPA

Al6 AGHNA - EAEYXINA

TTEIPAIAY — AT. ANAPT'YPOI
420 (otdoels 6Tov TapaTAELPO KAAGO TG A.
Knoeioo0)

[Tivaxag 4.6 Xtaoceig Jewpopeiwv atnyv eyyog TEPIoyn Tov OIKTOOD

Ovopacia Ztdong ApBuog I'poppng
IFEOYPA IEPAY OAOY 420
AT. TEQPTIOX 420, 813, 829, 836, 856, 865, A16
AT. TANTEAEHMQON 813, 836, 856, 865, A16
AMAEOXTAXIO AHMOY 813, 836, 856, 865, A16
AT. XABBAX 813, 836, 856, 865, A16
IEPH EATA 813, 836, 856, 865, A16
YOOTEE 813, 865
AHMAPAKH 813, 865
AT. TIOAYKAPIIOX 813, 865
TE®YPAKI 420, 829
EAAIOYPTIKH 420
EBIOIT 420, 829

4.1.3. To Avtévopo Aew@opeio

Y10 Odiktvo peAéng ¢ ABMVOC TOL TOPOVGLAGTNKE TAPUTAVE® YL TO OTOI0
Tpaypoatoromnke mpocopoiwon pHES® Tov Aoyiopkoh Aimsun.Next mpootédnke pio
Aeoopeloxkn ypoppq pe ovtévopa Aewopeia (Shuttle Bus). H ypaupun avtn extelel
pio KukMkn owdpoun, n omoia eaivetal oty Ewkdva 4.4 kot cuvdéel T otdon petpd
"EAaidovac" (A) pe tov otabud KTEA Knoewsov (B), yopic evoibpeoeg otdoeig. H
dwdpoun mepAapPdvel onUATOO0TOVUEVEG OPTNPIEC Kol SEVTEPEVOVGES 0J0VG KOl TO
GLVOALKO Tng punkog eivan 3,4 yilopetpa. EmmAéov, n cuyvomra tmv dpoporoyimv avtig
™G YPOUUNG tvon 15 Aenté.
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SOTIRAK]
IOTHPAKH

ANEL

Eixovo 4.4: Modpoun Avtovouov Aswpopeiov (Shuttle Bus)

To avtévopo Aew@opeio (minibus) (Ewova 4.5) €yer cvvoiikn yopnrikdétta 10
eMPATOV Kot Ol dAGTACELG TOV givor 5 pétpa unkog kot 2,5 puétpa mAdrog. Emiong, N
péytotn tayvnta 0dnynong sivon 40 km/h ko n péon toydnra givon 25 km/h.

A&iler va onueiwOet 6TL o€ LTV TN HEAETN, TO AVTOVOUO Ae®POPELD €Yl poviehomomOet
0€ TPOPIA “TPOGEKTIKOV” GUVOEOEUEVOD OVTOVOUOV OYNLOTOG, OGS KOL 1) TPOGEKTIKY|
oo ynon Bewpeitan KaTtaAANAOTEPN Yo OyfLaTa ONUOcLaG cuykowvavias. AvticToya, Kot
0€ OVTNV TNV TEPITTMOT 16YVEL OTL 1| TPOGEKTIKY 0dNynon givol mo embetikny ond v
avOpadTIVYNY 00N YNON.

Eixova 4.5: Avtovouo Aswpopeio (Shuttle Bus)

Koatd v depedvnon g mapovcag Aumhouatikng Epyaciog ektedéotnke éva emmAéov
oevaplo pe éva avtiotoryo ovuPatikd Aeweopeio. Xtov Ilivaka 4.7 mapovcsidloviot ot
KPIGIES TAPAUETPOL TOL CVTOVOLOV KO TOL OVTIGTOLYOL GLUPATIKOD AE®POpPEiOV.
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Hivoxag 4.7: Kpioues Hopouetpor Aewpopeion

Ago @opeio (Shuttle Bus)

MNapayovtag
150% 100%
3m/s2 3m/s2
6m/s2 6 m/s2
Movtélo 25km/h 25 km/h

25km/h 25km/h
40 km/h 40 km/h

0.1sec 1.2sec
0.1sec 1.6sec
0.1sec 0.8 sec
70% 100%
30% 100%
90% 100%
85% 90%
OXI NAI
110% 80%
130% 120%

4.1.4. H Koatavoun Znmong g Kvklopopiog

Apyikd, OeopnOnke 6t M OGP oryUng Yo To dikTvo NTav 8 T, — 9 .., KaTd TV omoia
wpopavmg 1 {ftnon g kvkhoeopiag eivar 100%. EmiéyOnkav kol 60KIpdeTnKay 610
AoylopiKd Aimsun SdQopeg KATavopég CTN NS TS KUKAOQOPINGS LE S1APOPES YPOVIKEG
JLAPKELEG TPV OO TNV DPAL OLYUNG, OOTE VO POPTIGTEL GTOIOKE TO SIKTVLO, KOTAAYOVTOG
OTOV HEYIGTO GOPTO OYNUAT®V, £TGL MGTE VO, TPOKOWYOLV TO PEUAIGTIKG OTOTEAECUATOL.
AVTéC o1 SOKIEG €yvav e MKPOGKOTIKY TPOGOUOIMOT Yl TIG VILAPYOVCEG GUVONKEC.
Méow ¢ mpocopoimong, e&nydnoay dedopéva kot onpovpyndnke to swdypappo M.F.D.
Yy TV KaBe 00K, TO OTMOl0 OMOTEAEGE KPLTHPLO YO TNV EMAOYN TNG KATAAANANG
Katavoung {nmmong Kot arortOnke va £xet v id1o Lopen Le TO TPOTLTO S1EYPOLLLLLOL TOV
npoteivetat. H katavoun {ftnong g kukhopopiag mov emléydnke mopovcidletol otov
nivaxa 4.8 koi n popen tov dwypappotos M.F.D. eaivetar oty Ewkdva 4.6.

Iivoxag 4.8: Kotavoun Zntnong e Koklopopiag

Qpa
IMocooté Kvkhogopiog 20% 80% 100%

A&ilel va onpelmdei 6t vpée pia ypovikn mepiodog 10 Aentdv mptv amd T1g 7 m. ., KOTd
v omoia opTidTav TO OIKTVLO HE OYLTO YOPIG VO KATOYPAPOVTAL TO OEOOUEVA, DOTE
VO TPOKVYOLV TO PEOAICTIKA ATOTEAECUATO. LVVETNOC, TO KAOE GEVAPLO TPOGOUOImONG
EKTEAOVVTOV Y10 2 Opeg Kol To dedouéva emALyOnke vo kataypdeovior ot Pdaon
dedopévaov ava 1,5 Aentd, 660 OnAadn kat o xpdvog oty kdbe tepiodo oNUATOOOTNOMNC.

40



EOAPMOI'H MEOGOAOAIAX KAT AIIOTEAEXMATA

kavétnra| | 20¢ KAGBOC

dikroou
 —

Ekpon Oxnuarwy

MukvétnTa

Ewova 4.6: [poromo Aicypoguo M.F.D. yio. v wapovoa Epyacio

4.15. Ta Zevapilo

Me dedopévn v kotavoun e {Rmong mov emdéydnke, viomomdnkov dekaTécoepQ
oEVAPLO PIE PIKPOOSKOTIKO povtého mpocopoimeng kot otov [ivaka 4.9 mapovsidlovral
01 TOTOL OYNUOTOG TTOL LILAPYOLV G€ KAOE ceVAplo. Xe KAOE GEVAPLO EKTEAEGTNKAY OEKA
EMOVOANYELS, OCTE VO TPOKLYOLV Oco TO dvvatdov mwo opbd amoteléouara.
AvaAvtikotepa, vioromOnkay tpio cevapila Baong avagopdg (baseline scenarios — BL).
[T ovykekpéva, oto Tpmdto (Al) TEPLYphPETAL TO SIKTLO UE TIG LITAPYOVGES GLVONKEC,
oniaodn pe copPatikd oxynuata, oto d0evTEPO cevdplo (A2) £xel mpootedel To cupPatikd
AE®POPEIO TOV TPOYLOTOTOLEL TNV KUKAMKT dtodpoun (avapépetar oto kepdao 4.1.3),
evdd oto 1pito oevaplo (A3) v KukKMKN Sdpoun) EKTEAEL OUTOVOUO GULVOESEUEVO
Aeweopeio, mov mapovoidletal oto kepaialo 4.1.3. Emiong, vAomolovvtot d€ka Gevapila
(B-K), ta omoia £€xovv av&avOpuevo mocosTO OVTOVOU®MY GUVOEIEUEVOV OYNUATOV GTN
ovuvBeon ¢ xukAopopiag (amd 0% £wg 100%, avd 10%) ko coumepthapfdavovy v
Kukhopopio Tov avtévopov Aeweopeiov. Téhog, vhomomOnke kol éva cevdpro (L) pe
100% avtdvopa oynuota, ympig OGS TNV KVKAOQOpia Tov Aem@opeiov.

Emumiéov, onueidveron 6t ta Papéa oyfqpota £xovv otabepd 10 1010 MWOGOGTO
KukAogopiog oe OAa ta evapla, dnwg mapovcsidletal otov [ivaka 4.9.

YKOTOG TNG EKTEAECTG TOV OEKN GEVOPIWV e ALEAVOUEVO TOGOGTO OVTOVOUWMV OYNUAT®V
elval apevog 1 oTadloK] HEION TOV GLUUPOTIKOV OYNUATOV Kol AQETEPOL 1| CTUOLOKN
avéNoM TOV QVTOVOU®V OYNUATOV LE TNV OUOAN EICOYMYN TOV 0V0 S10POPETIKMOV TPOPIA
AVTOVOL®V OYNUATOV 6TV KuKAo@opia (Tapovcidotnkay 6to Kepaiato 4.1.2).
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ITivaxog 4.9: Xevipia [Ipocouoiwong

TUrog OxAuatog

Zevapla SUUBaTIKG Mpooektika | Embetika | ZupPBatikd | Autovouo

- Autovopa [Autovopa |Aswdopeio|Aswdopeio
Al 100% 0% 0% X X
A2 100% 0% 0% Vv X
A3 100% 0% 0% X V
B 90% 10% 0% X Vv
C 80% 20% 0% X '
D 70% 30% 0% X V
E 60% 40% 0% X '
F 50% 50% 0% X Vv
G 40% 50% 10% X '
H 30% 50% 20% X \'
| 20% 50% 30% X Vv
J 10% 50% 40% X '
K 0% 50% 50% X Vv
L 0% 50% 50% X X

Y115 Ewdveg 4.7 xon 4.8 mapovoidloviar oTrypotuma oo to tepipaiiov Aimsun, evo

exteleiton Eva oevaplo.

[lio ovykekpyéva, otnv Ewdva 4.7
eaivetal o kOUPog ™e Aewedpov Kneioov
pe ™ Aeweopo Abnvav. H «itpivn
EMPAVELD, OVOTOAPIGTA TIS OLUCTOVPNDCELG
00V, EVA TO, KOKKIVOL KOl TpAcTve onpeia
mov  Ppiokoviol  OTIC  OCTAVPADGELS
delyvouv TIg &evoellelg TV QOTEWVAOV
ONUOTOOOTAOV TI GUYKEKPIUEVT] CTLYUN.

Eikévo 4.7: 2uyuotono arxo Aimsun. Aewpopos Knpiood -
Aewpopog AOnvarv
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Adyae PagTeu npag XwpnmkaTnTa (V/C) i A AVTiG‘COlXOL, oV Ewova 4.8

U 7 w‘fp r 4 ’ 7 r

I 0% - 70% ToPOVGLALETaL TNV 1010 XPOVIKT| GTLYuUn, vl
F0% - B J4 7 J J
iy oTtypdtuno and Tov KOUPo e Aew@opov
0% - 100%

Knoioo0 pe v Iétpov PaAAn. Avtictorya
pe v  Ewoéva 4.7 oeaivovior ot
OO TAVPDOOELG Kol ol QOTEVOL
onpatoddtes. ['a avtd To oTypdTLTTO £)EL
emieyBet  Tapovsioon Tov Adyov PoOpTOL
npog 1 yopntikomra (V/C) oto diktvo.
Avolvtikotepoa, ye TPAGIVO
avamopioTaviol ot Ampideg mov  Exouvv
ocuvOnkeg  elebBepng pong  (uikpn
TUKVOTNTO), L€ TOPTOKOAL O1 AWPIdEG TTOV
éxovv  pecatog  taéng  pon  (HETpln
TLUKVOTNTO) KOl PE KOKKIVO (QaivovTol Ot
Aopideg  mov  LVEAPYEL  GLUEOPMON
- (av&npévn mokvoTnTo OXNUAT®V).

Iétpov Poatdn

4.2. Avaypappota M.F.D.

Metd v olokAnpwon KaOe ocevapiov, amodNKevTNKOV TO OTOTEAEGHOTA TOV OF
nivakeg Ko eENyOnoav oe popen .csv p€ow tov mpoypappotog SQLite. Ot mivakeg mov
ypnooromOnkav ywo tn onovpyio tov dwypappdtov M.E.D. eivar ot MISYS kot
MISECT, ot omoiot mep€yovv T AmTOTEAEGUATO GE EMIMEDO SIKTVOV Kol TUNUATOG 0500,
avtiototya. [T avolvtikd, n dadikacio yia ™ onpovpyia tov dwuypoppdtov M.F.D.
TAPOLGLALETOL TAPOUKATO.

4.2.1. Awypappota M.F.D. Aiktdov

Onwg avaeépdnke, o mivakag mov e€Mydn yo ™ dnuovpyia daypappdtov M.F.D. cg
eminedo Owtvov eivar o MISYS. Baowkéc tov otiheg yoo T Onpovpyio TV
SypoppdTov etvor ot e€NG:

o did: deiyver tov apBud g enavdinyng (cuvolikd eivar 10 emavaAnyelg ylo kébe
oevaplo)

e sid: o Tomog Tov oyNuartog (0 = 6ia ta oyfuata, 1 =cvpPatikd oynuata, 2 = Popéa
oynuata, 3 = Aeweopeio. ™S ypouuns, 4 = ocvuPatikd 1 avTdVoUO Ae®POpPEio
(avdhoyo 1O ©EVAPlO), 5= TPOCEKTIKA cLVOEdEUEVE aVTOVOUD OYfuate, 6 =
eMOETIKG GLVOESEUEVA AVTOVOLLOL OYLLOLTOL)

43



Expon) (oxrfpara/90 Sgut.)

EOAPMOI'H MEOGOAOAIAX KAT AIIOTEAEXMATA

e ent: 0 apBudc ™G mePLOoOL TOL KoTAypdpovtal ot petprioels (0 = cvvoro

2:60 Aemta

1,5 Aemtd

e density: 1 mokvoTnTa Y100 TNV k6O EmavAANYN, ToV KGBE TOTO OYNUOATOG KOl TNV
K60e mepiodo (Lovada PETpnong: oxnUaTo/yALL.)

e vOut: o apBudg twv oynubteov mov e&€pyovial and To diKTLO Yo TNV KAOE
EMOVAAN YT Ko TNV kB epiodo

TEPLOd®V, dNAAON Kot Y1 TS 000 MPES, GLVOAKE gfvor =80 mepiodor)

‘Exovtag tov mivoka mov mopovcidotnke emdéyOnke sid=0 «or ent#0. 'Etot,
amopovodnkav ot otyieg vOut kou density yioo 10 GOVOAO TV OYNUAT®V Kot Yo kGOE
nepiodo Egxmwprotd. Enopévag, mpoékuye évag mivaxag pe 800 ypappés (80 mepiodot * 10
EMOVOANYELS, YO TO GUVOAO T®V oynuatov). Téhog, dnuovpyndnke to Swdypoppa
MLFE.D. tov dwktvov (Adypappa 4.1) mov deiyvel T oyéon g TUKVOTNTOG TOV SIKTHOV
Le Tov appd tov eEepyduevov oxnuatov arnd to diktvo avd tepiodo (1,5 Aemtd) yio 6Aa
10 ogvapia (Al-L).

700

v
-

400

=

¥

100

%0 50

Mukvétnra (oxfiporta/xAp.)

Aigypouo 4.1: Aaypogo. M.F.D. 6l.wv twv gevopiwv oe exinedo Aiktdov

Ao 10 TOPATAVED OdypopLLe TopATPEITAL OTL O aPBUOG TOV TAPUTNPNCED®Y GTNV OPYN
TOV TPMTOL KAAOOL glvar LIKPOS, EMEWN M TPOGOUOIMOT eV EEKIVAEL OO TNV MPOL LYUNG,
OAAG omd Eva xpoVIKO OLACTNUO VOPITEPU Ad TNV OPO OLYUNG, MOTE VO, POPTIOTEL
OTUOWKE TO OikTLO. [Tapdiinia, ot TIHES 6TO TEAOC TOVL SEVTEPOV KAADOL GUYKAIVOLV
OAAG dev @TAVOLY TO PNoEv. Avtd cupPaivel emedn to dikTvo dgv PpiokeTonr moTé o€
ovvONKeS KOPESHOD, ONAadn OAa To oynuata va givor axivnta. EmumAéov, 1o oevépro L,
Katd to onoio vrépyovv povo 100% avtdvopa oxnpate 6To HiKTLO, EVM 1 KAVOTNTA TOV
dkTHoL PpiokeTon oe VYNAA eminmeda, 1 TLKVOTNTO TOL OIKTVOL EYEl oTAOEPA YOUUNAES
Téc. Emopévaog, or ovvOnkes mov emkpatodv sivon gvpevéotepes. Téhog, 660
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OVEAVETAL TO TOGOGTO TOV CVTOVOLOV OYNUATOV, 0 OEVTEPOS KLAO0G PeETAKIVEITAL
POS TO OPLoTEPd. Avtd onuoaivel OTL M UEYIOTN GLUEOPNOTN YIVETOL UE HIKPOTEPT
mokvotra. Tavtdypova, EPOGOV TOL OXNLLATO TOV EEEPYOVTAL OO TO OIKTLO OVTIGTOLYOVV
o€ KPOTEPN TLKVOTNTA OIKTVOV, TO SIKTLO AmOoGLUIEOPIleTal, evd KivohvTal AMydTepa
0YNUOTA GE AVTO.

1o [Mapaptnua A mapovcidlovral ovorvtikd ta dtaypappato M.F.D. og eninedo diktvov
Yo T0 KGO cevaplo EexwploTd.

4.2.2. Awypappoato M.F.D. Awadpoung Avtdévopov Aswpopeiov

[Ma ™ onuovpyia dSwaypappdtov M.F.D. cg erninedo 6100poung avtdvorov Aem@opeiov
eENyOn o wivakag MISECT og popon .csv apyeiov péow tov mpoypaupatog SQLite.
Baowkég 6tiheg Tov Tivaka yio T Onpovpyio Tov StoypappdTov gtvol ot ENG:

e did: deiyvel Tov apBpd g emavdAnyng (cuvolikd givar 10 emavainyelg yio kdbe
oevaplo)

e 0id: 0 K®OIKAC TOV 0d1KOV TUNUATOG (GLVOAKA glvan 207 0dukd TUNHATO)

e sid: o Tomog Tov oyNuatog (0 = dha ta oynuata, 1 = cvuPatikd oynuata, 2 = Boapéo
oynuata, 3 = copPatikd Aeweopeio, 4 = avTOVOUO AE®POPEID, 5= TPOGEKTIKA
GLVOEDEUEVE AVTOVOLLOL OYNHATO, 6 = EMBETIKA GLVOEOEUEVE AVTOVOLLOL OYTLLOITOL)

e ent: 0 apBudc ™G mePOoov mov KoTaypdeovtal ot petpnoelg (0 = ocdvoro
2:60 Aemta

1,5 Aemtd

e density: 1 mokvoTTa Y100 TV KEOE EMAVAANYN, TOV KABE TOTO OYNLLOTOG KOl TNV
K60e mepiodo (Lovada HETPMNONG: OYNUATO/YALL.)

e count: 0 aplBUOG TOV OYNUATOV TTOL £ELTINPETNGE TO KAOE 0d1KO TUNUA Yol TV
Kké0e emavainyn kol v kébe tepiodo

TEPLOOMV, ONAAON KO YiaL TIG VO MPEG, GLVOAKA glvar =80 mepiodor)

[Na ™ dmuovpyia tov dwypdupatog MLF.D. ce eminedo dwadpopng rem@opegiov
Aot ONKe 0 TPOGHOPIGUAC TOV 0OIKAOV TUNUATOV TOV TNV OTOTELOVY. LVYKEKPLUEVOL
Bpénie 611 32 0d1kd TUNpOTE ATOTEAOVV TN SLOOPOUN TOL AEMPOPEIOV. TN GUVEYELD, LE
YPNOMN TS YAOOOTAG Tpoypappaticpol R, yia kd0e cevdpro emdéyOnke kot mdAt sid=0 ko
ent=0 xotr amopovoOnkav to 32 00IKA TUNUATO OV OTOTEAOVV TN SLOPOUN TOL
Aeweopeiov kat ywoo kdBe emaviinyn kot kabe mepiodo abpoictnke n oTHAn count Ko
Bpébnke o pécog 6pog g oting density. ‘Etol, mpoékvye ko mait évag mivakag pe 800
napatnpnoes. 115 Ewoveg 4.9 ko 4.10 mopovcidletor éva TUUO TOV KMOOKO GTO
npdypappo RStudio, 6mov exteleiton n mapandve O1001KaGia.
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9 d <- subset(dt, select = c(1,3,4,5,8,28))
11 data <- subset(d, sid==0 & ent!=0 & (0id==332709 | 0id==6692347
13 datal =- subset (data, ent==1 & did==66%4900)
15 x =- sum{datalicount)
17 k <=- mean(datalidensity)
19 vy <- data.frame("did"=6694%00, "ent"=1 , "count”=x , "density"=k)
21 j < 2
23 datal<-subset (data, did==6694900)
25~ while (j=81) {
27 data? <- subset (datal, ent==j)
29 X <- sumi{datazicount)
31 k <- mean(data2idensity)

33 y<- rbind(y,T1ist(6694900,7,x,k))

36 j<-jel

Eixova 4.9: Tunuo Kodixo oty R yio. v amopuovwon twv 001k TunpudTmy
OV ATOTELODY TH O10OPOLUI] TOV LEWPOPELOD

40  i<-6694901

41 - while (1<6694910)1{

42

43 datal <- subset (data, did==1)

44

45 j =1

47~ while (j=81) {

49 data2 <- subset (datal, ent==j)
51 X <- sum(datazZicount)

53 k =- mean(data2idensity)

55 y=- rbind(y,1dist(i,j.x,k))
58 j=-j+1

61 j<-i+l

63 if (i==6694910) write.xIsx(y, file="C:

Ewcova 4.10: Tunuoa Kadika oty R yio tqy amopovwon twv 00tkov
TUNUGTOY TOV ATOTELODY TH O100POUI TOD AEWPOPELOD

"Exovtag kou wdM évav moapdpoto mivaka pe tpv, onpovpyndnke to swdypappa M.F.D.
6g enmimedo Swwdpopnig Tov Aco@opeiov (Adypappo 4.2) mov deiyvel ™ oxéon g
TUKVOTNTOG TOV 00IKOV TUNUAT®V OV OTOTEAOVV TN O10OPOUN TOV AEMPOPEIOL LE TOV
apOud TV oxnudtov Tov PBpickovial o€ avtd To 001K TUNUaTH ova Tepiodo (1,5 Aemto)
ywo. Oho To. ogvapa (Al-L).

46



800

700

Oxnuata (oxnpoata/90 sec)
g 3

g

100

EOAPMOI'H MEOGOAOAIAX KAT AIIOTEAEXMATA

Nukvotnta (oxfpato/xAK.)
Aidypoppo 4.2 Aicypoyo. MF.D. oe eminedo Aiadpouns Aewpopeiov

A6 10 TOPATAVED SIAYPOUUO TOPUTNPEITOL OTL 6TO TEAOG TOL JEVTEPOV KAAGOL O TIHES
ovyKAivouv Kot tetvouv 6to uUndév, oe avtifeon pe to Sidypappa M.F.D. tov diktvov.
Avto ovpPaivel enedn oTn SOPOUN TOL AE®POPEIOV LITAPYOLY LOVOSIPOLOL KOl GTO
UEYOADTEPO TOGOCTO TV OJKAOV TUNUATOV VITAPYOLY POTEWVOL onpuatoddtes. Emopévag,
etvat Tpoavég 0TI 6 VYNAAQ emimedo TUKVOTNTOS OV EUINPETOVVTOL TTOAAG OYNUATO.
[MapdAinia, n péyotn mokvoétto eivar peyordtepn amd T UEYIGTN TLKVOTNTO TOL
dwypappatoc M.F.D. tov dikthov. Avtd epunvevetal, OTmMS Kol TPONYOLUEVOC, ETELON
o1 6100 pouT| TOL AEMPOPEIOV VTTAPYOVY LOVOSPOLLOL KOl POTEVOL GNUATOIOTEG. ZVUVETMG,
0gv avomTOOOoOVTOL PEYOAES TOYVTNTES KOL TA OYNUOTA OwaTNPOoVV HIKPOTEPES
omooTaoelg petalV tovg. Emopévac, eivar Aoyud 1 dadpour tov Aewgopeiov va Exet
peyoAvTEPT HEYIOTN TUKVOTNTO. EmmAéov, 0nmg kot oto ddypappo M.F.D. tov diktoov,
010 oevaplo L, katd to omoio vdpyovv povo 100% avtdvopa oynpuate 6To 6iKTvo, EVo M
wKavoTTa TG SadpoUNS Tov Aewpopeiov Ppicketar oe VYNAA emineda, 1 TLKVOTNTO EXEL
otafepd yauniég Tipéc. Emopévmg, ot 6uvOnKeg mov EMKPATOUV €ival EVUEVECTEPES.
Eniong, 660 avEavetor 10 TOG0GTO TOV CVTOVOU®MV OYNUATOV, 0 OEVTEPOS KAAOOG
UETOKIVEITOL TPOS T OPLOTEPA, OGS Kot 610 Odypappa M.F.D. tov diktvov. Avtd
onpaivel 6t PEYIGTN GLUEOPT O YiveTon Le pKpOTEPN TVKVOTNTA. TavTOYpOVa, EPOGOV
T0. oYNuaTo Tov PBpickovrar otn S10dPopY| TOL AEMPOPEIOL AVTIGTOLYOVY GE HIKPOTEPT
TUKVOTNTO, 1) SLOOPOLUN OVTH ATOGLUPOPILETAL, EVD KIVOUVTOL AYOTEPQ OYNLLOTA GE CVTNV.
Téhog, N T ¢ Kpiowung TokvotTnTag eivan kKovid oto 10 oynuaTo/yAlL. LE amdToun
TTAOGN, OTMS Nrav Tepimov kat oto ddypoppo M.F.D. tov diktvov. Avtd dikaroAoyeitat,
LG Kot 1 0100 popn ToV Ae@@opeiov ivorl VITOSIKTLO TOL OIKTVOV TOV HEAETHONKE.
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Y10 ITlapapmua B mapovsialovror avaivtikd to dwypaupotoa M.F.D. ce eminedo
dadpoung Aeweopeiov yia to kbbe ceviplo EexwploTd.

4.3. Extipnon Xvvreieot ML.E.A. pe Mn-ypoappwn loiwvopounon
4.3.1. IIpoetopacia Bdong Asdopévmv

IMa ™ dnovpyia g Paong dedopuévmv pe okomd TV enitevén Tov TeEAKoH 6TOYOV, TOV
elval 1 eKTiUNon TV GULVIEAEGTAOV HETATPOTNG OVTOVOU®V OYNUATOV CE HOVAOESG
eMPATIKOV OVTOKIVATOV, givol amopoaitntog o KaOoplopds TV PoCIKOV IEIKTOV
am6ooong (KPIs) mov apopovdv v kukAoeopio, TV ac@iiel kol to mwePPAALOv.
Mopoakdte e&nyodvior avorvtikd mowol Ogikteg amddoone emAEYONKav Kol HE 7oLl
dwadtkocio.

Baowot Asiktec Arn6doonc mov apopovv tnv Kvkhoopopia

» Tvomog 0600 10V €KAGTOTE 061KOV TUNLOTOG:

And to mpdypappo Aimsun kKot to opyelo ToOv OKTOOL TOV EKTEAEGTNKAV Ol
TPOCOUOIDGELS, AVTAEITOL £VOG TIVOKAG TOV TEPIAAUPAVEL TOV TOTO TNG 000V Y10l TOV
KOOWKO TOL €KAOTOTE 000V TUNUaToG (cvvoAlkd 207 oids). Avtdc o mivakog
emPefordveTat Ko dlophmvetar pe T xpnomn tev xoptodv g Google. Avaivtikotepa,
VILAPYOVV TEVTE THTOL 000V GTO GLYKEKPLUEVO OTKTLO KOl KOOIKOTOLOVVTOL e TIS EENG

TIEG:

= 0, Y100 TIG PAUTTES

* 1, y1o TOVG AVTOKIYNTOOPOLLOVG

= 2, Y10 TG apTnpleg

= 3, Y10 TG OEVLTEPEVOVTEG 000VG

= 4, y10. TNG ONUOTOSOTOVUEVEG 000VG

YVYKEKPUEVO GTO 0O1KO dIKTLO VTLAPYEL Eva 001KO TUNUAL TToVv givo papma, 20 001Kd
TUNHATO TOV €Vl LTOKIVNTOOPOLOL, 93 001Kd TUpaTa TOL £ivar aptnpieg, 28 0dkd
TUNHATO TOV Elval 0eVTEPELOVOEG 0001 KOl 65 GNUATOOOTOVUEVES 0J01.

» Tomog ehéyyov g KLKAOPOPING TOV EKAGTOTE 0SIKOL TUNUATOG:

Amo 10 WPHYpapupe Aimsun Kot To opyeio Tov SKTOHOL TOL EKTEAECTNKAV Ol
TPOGOUOIDGELS, OVTAEITAL €vag Tivakag mov TEPIAAUPAVEL TOV TOTO EAEYYOL TNG
KukAo@opiog Tov ekdotote 001KoD TUNUATOS (cvvoAkd 207 oids). Avtdg o mivakog
emPBePardveTon Ko dO1opOdveTAL PE TN ¥pNoM TOV YapTdV TG Google. Avaivtikotepa,
VILAPYOVV TEGGEPIS TUMOL ELEYYOV GTO GUYKEKPIUEVO SIKTVO KOl KOOTKOTOLOVVTOL LE

TIC €ENG TIMEG:
= 0, ylo un onpotodoTnon
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= 1, Y10 TopoymPNo™ TPOTEPAUOTNTOG
= 2, Yo oy pe®TIKN dtakom mopeiag (STOP)
= 3, v bopén @oTEVOD ONUATOOOTN

SVYKEKPIUEVO GTO 001KO O1KTVLO VITAPYOLY 139 un onuaTodotov eV 0dIKG TUNHOTOL, 4
001KGL TUNUOTO [LE TOPOYMPNON TPOTEPALOTNTOS, 5 OOIKG TUNUOTO LUE VTOYPEMTIKN
dwakomn mopeiag (STOP) kat 59 odwkd tunpata pe vropén eoTeEVoH oNUATOOOTY.

Ot mapamdve ovo HeTaPANTES (TOMOG 0000 Kol TOMOG EAEYYOVL NG KLKAOQOPING)
amoOnKeLTNKAV 6€ Evav Tivaka ovOLOTL “Xar’” [LE TOV avTioTOr0 KMOKO 001K00 TUAILATOG.

» Tlocootd Kukhogopiag:

H emileybeioa katoavounq {tnong g kukhopopiag kmdukonoteital og Tipég 0 ko 1,
avaloyo pe t0 mO600TO TNG KuKAo@opiog. ITo cuykekpyéva, 10 mocootd 20%
avtiotoryel otnv T 0, evd ta tocootd 80% kot 100% Katnyoplonombnkav 6 Evav
Koo pe tun 1.

» Ilocootd Avtoévopmv Oynpdtov:

To mo600T6 TOV GLTOVOPOV OYNUAT®V oTN oOVOeoN NG KLukAoEopiag, OTMG
avaeépinke oto kepaiato 1.3, avdroya to cevdpro Eekvdet amd 0% kot KaToAnyeL o€
100%, avEavopevo ava 10%. o v kwdkomoinon tov T0606ToY TOV AVTOVOUMV
oynuaTeV 6to mAaicto dedopévev to T0cootd 0% avtictoyyel oty tiun 0, to 10%
otV N 1, t0 20% oy TN 2 K.0.K.

Ano tov mivaka MISECT e&nybnoav omheg, ot omoileg omoteAobV TIS TOPOKAT®
KUKAOQOPLOKEG LETPIKES Kot KAOE popd emtheyotav sid=0 kot ent=#0.

» Pon (6voua oting:flow):

2N Tov TEPIEXEL TN POT] OA®V TOV OYNUATOV Yo KAOE GEVAP10, Yio KAOE ETAVAAN YT
Kot kéOe mepiodo yio OA To 01K TUALLATO TOV SIKTVOV.

» Mnkog Atdvoong (6voua otiing:travel):

2N Tov TEPLEYEL TO PNKOG HLAVLONG OA®V TOV OYNUATOV Y10, KABe GEVApLo, Yo
K60e emavainym Kot kaOe mepiodo oe OAM TA 0IKA TULATA TOV OIKTOOV.

» Xpovog Ta&diov (ovopo otiing:ttime):

2N mov EPLEYEL TO YPOVO TAELOLOD OAWV TV OYNUAT®V V1o KdOe cevdpro, Yo KaOe
emovaAnymn kot kKabe tepiodo o OAO TOL 0OUKA TUMLATO TOV SIKTVOV.

» Xpovog KabBvotépnong avd yiudpetpo (6voua othing:dtime):

2 mov mepEyel to yPOvo TV Kabvotepcemv OAOV TOV OYNUATOV Yo KAOe
oevap1o, ylo k4B emavainyn kot ke mepiodo yio GAa To 031K TUR AT TOV SIKTHOV.
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Baowot Asiktec Amtddoonc mov a@opovv v AcoiArslo

» Taydmto oymudtov:

Amo tov mivaxa MISECT &&nybn n ot)An speed kou emdéyOnie ko maAl sid=0 ko
ent=0. Etot, mpoékuye pia oTHAN pe TV pEGT TaXDTNTO OA®V TOV OXNUATOV Yo KAOE
oevap1o, ylo k4B emavainyn kot ke mepiodo yio dAa o 01K TURHATO TOV SIKTHOV.
OewpnOnke 6TL M ALENUEVT TOYVLTNTO KATOIWV OYNUATOV 1] 01 0KPOIEG TILEG TAYVTNTOV
UTOPOVV VO EKPPACOVY TNV AGPAAELD GTO OIKTVO.

»  ApBuog AAoyng Aopidwv:

Amo tov mivaxa MISECT €£nqy6n n ot)An total lane changes kot emid&yOnke kot mait
sid=0 ko ent#0. Eto1, mpoékvye pia 6TNAN LLe TO GVVOMKO aprOpd alioydv Ampidag
oAV TV oyNUATOV Yo KEOE cevaplo, Yo KaOe emavainyn kot kébe mepiodo yio Ola
TOL 0OKA TULLOLTO TOV OKTVOV.

Baowoti Asiktec Ar6doonc mov apopovv o Iepifdiiov

Me v olokAnpwon tov kdbe cevapiov amobnkevovtar otov mivaxko MISECTIEM oty
SQLite omoteAéopata TOL APOPOLV TIG EKTOUTEG PUTTMV Yo OAEG TIC EMOAVUANYELS, TO
OYNMOTO, TIC TEPLOSOVS KOl TOL OOIKEL TUNLLOTAL.

INo 11 mapakdto meptParloviikés petpikés eénydnoav amd tov mivaxe MISECTIEM
otAeg kot kaBe popd emheyotoyv sid=0 xon ent=+0.

» Exmounég dro&ediov tov avOpaka (CO2) (otAn:CO2):

YAn ov mEPLEYEL EKTOUTES O10EEdi0V Tov AvOpaka (CO2) SAwV TV OYNUATOV Yo
Kké0e cevdpro, Yo kaOe emaviinyn kou kdbe mepiodo yiow OGAa TOL 0OOUKA TUMLLOTO TOL
dKTVOVL.

» Exmounég o&ediov alotov (NOX) (otAn: NOX):

YmAn mov mepiEyel ekmopmég o&edinv aldtov (NOX) OAwv TV oynudtTov Yo Kéoe
oevaplo, yio KaOe emavainymn kot kb mepiodo yia OA0 To 0dKA TUNHOTO TOV SIKTHOV.

21 ovvEEln EMEEEPYACTNKOV TO TOPUTAVED OEOOUEVH, DOTE VO TPOKVWYEL TO TANIGLO
dedopévmv mov ypnoomomdnke oty moAvopounor. H dwwdwkacio emeepyaciog
0g00pEVOV Kol OMUIovPYiag TOV TANLGI0V O€O0PEVEOV  TOPOLGLALETAL OVOAVTIKG
TOPOKATO.

Ye mpdTo 0TS0, devkpvileTor OTL amd TV E0Y®YN TOV GTNADV OO TOLG TIVOKES
MISYS ka1 MISECT kot evivovtag to amotedécpata towv oevapiov B - K avd ypauun,
npoékvyav otnieg pe 1.656.000 ypappés (207 tumuato odmv *80 meprodovg * 10
emovonypelg * 10 ocevapla = 1.656.000 dedopéva). Ttn cvvéyela, domictdbnke 0Tl 0
ap1OpOg aVTOC TOV TOAD PEYAAOG YOl TNV EKTEAECT] TAAVOPOUNONG KO VITNPYE KIVOLVOG
otoyoaotikottoc. Emopévog, pew@dnkav ta dedopéve ota 165.600 vroroyilovtag 1o
HEGO OPO TV amoTEAEGHATOV Yia TIG 10 emavainyelg KOs 0d1ko0 TUNLOTOG KOt TEPIOSOV
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v kb oevapro. Xty Ewdva 4.11 napovoidletor o kdowkag oto mpdypappe RStudio
OV EKTEAEGTNKE 1 TOPATAV®D O1001KOGT0, EVOEIKTIKA Yio TNV €MEEEPYUCIO TOV GTNAGV
CO2 ka1 NOx an6 tov mivaxa MISECT.

127 emis =- read.csv("C:/Users/xXristina/Desktop/diploma thesis/misectEM/EMK. csv"™)
128 emis <- subset(emis, select=c(1,2,4,5,6,8))

129 emis <- subset(emis, sid==0 & ent!'=0)

130 rownames(emis) <- WULL

131

132 em<-matrix(nrow = 16560, ncol = 2)

133~ for (i in 1:16360) I

134

135 moco2=-emis[i,5]

136 monox<-emis[i,6]

137

138 ~ for (y in 1:9) 1

139

140 mocoZ<- moco? + emis[i+y*16560,5]

141 monox<- monox + emis[i+y*16560,6]

142

143

144

145 moco2<-moco2/10  #mesos oros tou co?2 tou 1 section gia ta 10 replications
146 em[i,1]<-moco2

147 monox<-monox/10  #mesos oros tou Nox tou 1 section gia ta 10 replications
148 em[i,2]<-monox

149

150 #pinakas me to meso oro ton 10 replications
151

152

153

154 colnames(em) <- c("Co2", "NOx")

155 em <- as.data.frame(em)

156

157 write.csv(em, file="C:/uUsers/xXristina/Desktop/diploma thesis//emlO.csv")

Exova 4.11: Kadixag y10. tov Yroloyiouo Méaov Opov k6le exovalnyng

H noapandvo dadikacio exteléotnre Kot omoOnKedTNKe LeEpOVOpUEVA Yo Ta aevaplo B £wg
kot K. Ztn ovvéyeln, evodnkav ta aroteAéopata tov otnAdv CO2 kot NOx avé ypopuun
o€ €vov Tivako pe ovopasio “em”, 6mov 0 apBpds tTwv ypappadv tov ntav 165.600. Na
onuewfel 0tL koTd TV ekTéAEOT OWTNG NG dadikaciog oatnprOnkav ce pio GTHAN oL
avtiotoryol aplfuol TV 00OV TUNUATOV, OCTE Vo TovTontombel 6t cvvE el Le Ta
vroéAOUT SESOUEVOL.

H 3w pébodog viomomBnke kat yi T pon, o UNKog dtdvoong, to xpdvo Ta&ldtov, to
xpOVo KaBvoTtépnomng, TV ToOTNTO Kot ToV oplipd aArayng Awpidag Kol to dEd0oUEVaL

(Y2l

amofnkevLTNKaV 6 évav Tivaka pe ovopaciao “s”.

Koatd v extédeon avtg g depyaciog mapatnpndnke 0TL | oEpd e TNV omoia NtV T
dedopéva tov KaBe cevapiov Nrav N ENG: Yo kdbe apBud Teprodov ent pe avEovoa Gelpd
(amd to 1 péypt ko to 80) vafpye t0 amotéAecua Yo Kébe aplOud TUUATOS 0000 e
avéovoa oelpd (cuvolikd 207 tuipato 060V). AVTO amoTEAEL YP1oIUN TOPATIPNOY Yo
™V TPOcHNKN TOL TOGOGTOV KLKAOPOPING KOl TOV TOGOGTOV OVTOVOU®MY OYNUATOV.

Endpevo otddo ntav n dnuovpyio TS oTHANG TOV TOG606TOV KLUKAOQOpiag (Ovoua
omAng: traffic.volume)oOupwva pe ™ ogpd mov eiyov ta dedopéva mov elyav NoN
eneEepyaotel. [a avtdv t0 oKomd avontvydnke o KMOWKAG TOL TOPOVOIALETUL GTNV
Ewova 4.12. Avolvtikotepo, ot mpodteg 4.140 ypappés g kavovplog GTHANG Tov
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106006100 KukAoopiag (207 tpuquata 0dmv * 20 mpdteg mepiodor) maipvovv v Tiun 0,
EMEON £XOVV YOUNAO TOGOGTO KLuKAOPOpiog, Kot ot vtdrouteg 12.420 waipvouv v Tun
1, emeon €xovv LYNAOTEPO TOCOGTO KLVKAOQOpPiaG. AvTti 1 othAn eivon 1010 Yo dAa Ta
oevapla, emopévmg tomobeteitan oe Evav mivaxka piog otning 10 opéc.

195 twv <- matrix(nrow = 16560)

196 - for (1 in 1:165360) { #gia ena senario
197 - if (i<=4140)1{

198 tv[i] «- 0
199 i

200 - elsel

201 tv[i] =- 1
202 i

203

204 traffic.volume <- rhind(tv,tv)
205~ for (i in 1:8) {

206 traffic.volume «<- rbind(traffic.volume,tv) #gia ta 10 senaria
207 ]
208 colnames(traffic.volume) =- c("traffic.volume™)

209 traffic.volume<- as.data.frame(traffic.volume)

Eixova 4.12: Kadikag yro. i onuiovpyia e otiins locootod Kvkiopopiog

[Ma ™ onuovpyia TG 6THANG TOV TOGOGTOV TMV AVTOVOR®V OYNUATOV (Gvolo GTAANG:
penr) oOUPOVO HE TN OEPd TOV OedOUEVOV OV  TOPOVCLAGTNKOV TOPUTAVED
dnuovpynOnke o kddkag mov mapovotdletar otnv Ewkdéva 4.13. Ewdwodtepa, n Ty tov
TOGOGTOV TV AVTOVOL®Y oxNUdtov yio kdbe 165.600 dedopéva (aptBpdc dedopévmv kdbe
oevapiov) av&avotav katd 1, mtaipvovrag Tyég omd 1o 1 €wg to 10.

215 penr =- matrix(nrow = 185600)

216 k<=-1 #1:arithmos senarion, j: 80®207

217 - for (i in 1:10) {
218~ for (j in 1:16560) {

219

220 penr[k] =- i
221 k<-k+1

222 ]

223

Ewcova 4.13: : Keddikag yio. tny onpaovpyio g otnlng Ilococrod
Avtovouwv Oynudzwv

H tehevtaio otiin mov dnuovpyndnke yia to mAaicto dedopévev Kot Oa amotelésel TV
eCaptnuévn peTafAnNT oV TOAVOPOUNCT NTOV O EKTILMOUEVOS cuvieAeotnc M.E.A.
(PCU) ywo to. acvTdVOLO OYLOTO, TTOV TTPOKVTTEL OO TN GYECN:
Capacitypyuman

PCUav = W (4.1)
H oyéon (4.1) exppdlel 1o AoYo ToOv @OpTOL TOV KAOE TUMRATOS TG PAonS avapopdg
IPOG TO POPTO TOL KAOE TURATOS TOV KAOE cevapiov. O k®OKaAG TOv avamtHYONKE Yo
™ dnuovpyia avtg g otnAng mopovotaletal otnv Ewkéva 4.14. Enueidveror 011 otV
TEPIMTOON MOV 0 POPTOC NG PACNG AVAPOPAS 1| O EOPTOG KATOWOL GeVapiov MTav
UNOEVIKOG, M YPOUUN TG OTNANG Ematpve TV Tiun 0 pe okomd vo apalpedel apyodtepa amd
T0 dedopéva.
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229 pc<-matrix(nrow = 165600)
230 4 =-1

231~ while (i<163601) {

232~ for (1 in 1:16560) {

233 - if (b1[1,2]==0)1{

234 pcl[i] =- 0

235 f<- i+1

236~ } else if (s[i,3]==0) {
237 pc[i] =- 0

238 f<- 1+1

239~ T oelse {

240 pc[i]l =- (b1[1,2]1/s[1,31)
241 j<- i+1

242 h

243 i

244

Exova 4.14: Kadixag yio. tn oquiovpyio. otidng tov Adyov: Doprog kdbe tujuorog e
paons ovapopag mpos 1o Popto tov kabe TUpaToS Tov Kabe aevopion

Televtaio 6Tdd10 NTOV 1) VOO TOV TOPATAVE® GTNADV 6€ VAV EVINI0 TIVOKO KO 1
onuovpyia Tov TAULIGI0V dEdOpEVOV, OTmG Tapovotdletal oty Ewova 4.15. Mg v
evtoAn «left joiny evdbnkav ot mivakeg “s” ko “xar”. AnAadn yio kdOe ypappq tov
nivako “s” TPooTéOnkav VO GTAAEG UE TOV TUTO 000V KOl TOV TOMO EAEYYOL TNG
KuKAogopiog amd tov mivaka “xar”, pe Bdon tov kwdkd Tov 0d1kod Tovg THUpeToc (0id).
21 ovvEYELD, 0OV NTAV YVOGTN 1 GEPE TOV YPOUUADV TOV TIVOKa, OT®g avapEpOnke
TOPOTAV®, TPOCTEOMKAY OTOV TIvVaKe Ol GTAAEG TOL TEPIEYOV TO TOGOGTO TNG
KUKAOQOPLOG KOl TO TOGOGTO TMV ATOVOU®OV oynpdtav, Tic ekmounés CO2 kot NOX kot
TOV AOY0 TOVL POPTOL TOV KABE TUNUATOG TNG PACNG AvVAPOPAS TPOS TO POPTO TOV KAOE
TURoTog Tov KAbe oevapiov. TELog, amd tov mivaka agapiédnkay ta dedopuéva mov elyov
UNOEVIKO POPTO G€ KATO10 031KO TUNA GTO GEVAPLO Pdomng avapopds 1 6€ KAmolo 0dkd
TUHo €vog cevapiov, yoti Oeopndnke OTL eV GULVEICPEPOLY GTNV EKTIUNON TOV
GUVTEAECTMV LETUTPOTNG OLTOVOL®V OYNUATOV GE HLOVAOES EMPATIKOV AVTOKIVITOV.

248 xar <- read.csv("C:/Users/Xristina/Desktop/xar.csv")

249 df <- left_join(xar,s)

250 df<- subset(df, select = c(2:9))

251

252 dataframe <- cbhbind(pc,df,traffic.volume, penr,em$C02,eminox)

253 dataframe<-as.data.frameidataframe)
254 dataframe <- subset(dataframe, pc!=0)

Ewcova 4.15: Anuuovpyio [laigiov Aedopévav

Ytov Ilivaxa 4.10 cuvoyilovtot ot deikteg TG PAONG OEOOUEV@V, LLE TNV TEPLYPOAPT) TOVG
KO T1) LOVAO LETPNONG/TILEG TTOL £XOVV.
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[ivaxag 4.10: Xovoyn Acikctwv Baong Aedousvarv

[epypaen

Movadeg Métpnong / Tyuéc

aplBpog oynuaTeV ot Hovada xpovov 6To dikTvo

M.E.A.

Avtévopov Oynudtov oe

Pon 1 G€ 001KO TUN LA oxpora/Gpo
. , , TOGOGTO QLTOVOUMY OYNUATAV 6T cLvBeon TG
II A 0-10
000070 Avtvopev Oxmpdrev Kukhopopiag tov duktvov (0%-100%)
. , T0c00TO KuKAoopiag oxnudrav cto dikrvo (0%,
ITocooté Kukhopopiog 80%, 100%) 01
Torog OB0b pluma, antonfwntéﬁpouog, (xfrcnpioc, S:c:urspgl’)cuca 01234
000G, ONLATOOOTOVUEVT 000C)
X©pig oNpoTodoTNON, TOpOKOPNCN
Tomog EAéyyov Kukhopopiag TPOTEPALOTNTOC, VITOYPEWMTIKY OLOKOTT) TOPELLG, 01,23
QOTEWVOG ONUATOOOTNG

Yuvtekeotng MetoTpomnic AGYOG TOV POPTOL TOL KAOE TUNOTOS TNG PAong

OVaPOPAS TPOG TO POPTO TOL OVTIGTOLYOL TLILOTOG
TOVL EKAOTOTE GEVOPIO

4.3.2. Mn-ypopukn Iaiwdpounon Aevdpoetdovg Mopeng

Me 1 dwdikacio mov meptypdenke oto Kepdrawo 4.3.1 dnuiovpyndnke éva mhaicto
0£d0pEVMV TTOL €YEL TN LOPON TTOV PaiveTal 6T0 TopakdT® otryptdtumo (Ewkdva 4.16) pe
151.671 dedopéva. Onwg avapépOnke TPONyoOLUEVMS, O TVOKAG TOL TAUGIOV dEdOUEVMV
TEPIEYEL OTOLYEIN Y10 TO HEGO OPO TOV ETAVOANYEWDV TOV KAOE ceEVapiov Kat yio kibe Eva
EexmploTd Kot 1 KAOE YPOUUN TOL APopd O€ £VO. GUYKEKPIUEVO OO1KO TUNHO KOl o€ pio
ovyKeKpIEVN TEP1000 90 EVLTEPOAETTOV Y10l TO GUVOAO TV OYNUATWOV.

24

Shawing 1 to 29 of 151

Console

ilter

o.E91892

1.0740741 | 218

0.9674797 | 492

1.0241287 | 1492

1.1355932 | 472

1.0166667 | 480

0.9082569 | 436

1.0409091 | 1760

0.5666667 | €0

14283

1.031%

10724224

0.6070172 | 228

0.6602993

0.9108415

11303318

13333333 48

0.8893281 | 1012

Terminal Jabs

travel.time

21.00441400

2431020281

2406656053

14.60135586

16.19331598

11.44813102

11.79384353

1183415551

2082120320

8.87439231

10.02827206

1631851297

16.5948658%

13.22141123

2445208475

3.94422372

23.8860559%

1621340484

1382305291

832363149

30.36330857

783301413

1887071507

,671 entries, 13 total columns

delay:time speed trevel Tlane.changing Road.Type ~ Control.Type

104.144854 | 19583730010 136 1
61805130 | 1.040286441 29 4
457 25436865430 309 1
64740104 | 1399486704 0.7 2
0734236246 E7.033430 3680012938 20 2
0652201671 | G7.320082 11345049900 606 1
0094831128 £9.184457 2658130022 141 4
0094171570 69488086 2722 120 4
0520309259 101086863 25880691800 366 1
70480835 1874448044 36 2
99509955 | 11.956759060 146 1
42248672 00 3

5510183484 22496643 0209536303 0.0 3 2
0372711167 99761360 | 15692166620 205 1
2190151325 95414145 20025178890 315 1
0.083607633 422779472 | 0. 2
0.685061575 26.0447T50610 23.1 1
0263267961 101740807 13384753030 245 1
0436771697 255 1
357, 00 3
100637924 | 7305241360 105 1

71280374 5110118494 26 4 3
1385273434 61 4
0264739972 102108003 13980712320 13.2 1

em.C02

em.NOx

traffic.volume

2987.2786230

0 30416604440 9

2436007692

1.115773187

128.4961457

0.507719310

285.

21534440 21.680072060 0

57140216390 36639213010 o
97.5612224 0516487662

4653.6207960

33.871770650 0

23614877530

3771.5039210 26.739748

67.3443104

1366.396962

10564725080 | 5.563114668
201.0627699 | 0.931633688
2456.568%000 18.898121730 0

Exovo 4.16: Zuyaoromo [TAoisiov Aedopévwv
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Amo T1¢ mapamdve METOPANTES emALyOnKav oplopéveg Yo TNV EKTEAEST TNG
TOMVOPOUNONG LE OKOMO TNV EKTIUNGCT TOV GUVIEAEGTMOV UETATPOMNG OVTOVOU®V
oyudtov oe M.E.A. H e€aptnuévn petafAnti Ntav 0 GLUVTEAEGTNG Y10 TN UETOTPOTY|
avtovopmv oynuatov oe MLE.A., dnAadn o A0Yog Tov KUKAOQOPLAKOD POPTOL TOL KAOE
001KOU TUNUOTOC TOV GEVOPion BAonc avapopds mpog Tov GOPTO TOL KAOE TULOTOG TOV
KGbe oevapiov (pc). Q¢ ave&aptnreg petafintéc emiéydnkov n pon (flow), o tHmog g
0d6ov (Road Type), o tomog eréyyov tg kvkhoeopiog (Control Type), 10 moc0ooTo
KukAoopiog (traffic Volume) kot 1o mocootd Twv avtdovopmv oynudtov (Penetration
Rate). Kpumpio yia v emiloyn avtov tov aveapttov puetafAntov frav vo givot
TApAyovTeg TPOPAEYNG TOV ATOTEAOVY YEVIKA OTOlYElol TOV OKTHOV. XTOV TOPAKAT®
nivaxo (ITivaxog 4.10) tapovcsidlovtat o1 GLGYETIGELS TOGO TV aveEAPTNTOV HETAPANTOV
peta&l Toug 660 Kot pe v eEapTnuévn.

Iivoxag 4.11: Xvoyetioeis puetofAntaov

pc Road Type Control Type | Traffic volume | Penetration Rate Flow
pc 1 0.02542 0.01718 -0.09775 - 0.12058 -0.11832
Road Type 0.025423 1 -0.104313 0.013776 -0.002206 -0.415834
Control Type 0.017176 -0.104313 1 0.006913 0.002759 -0.201676
Traffic volume -0.097749 0.013776 0.006913 1 0.002913 0.154544
Penetration Rate -0.120579 -0.002206 0.002759 0.002913 1 0.045105
Flow -0.118316 -0.415834 -0.201676 0.154544 0.045105 1

Onog gaiveton and tov Ilivaka 4.11, n cveyétion petald TOV GUVIEAEGTI] LUETOTPOTNG
avtovopwv oynubtov ce M.E.A. givanl Otk pe 11 petafAntég tomog 0600 kot THTOg
eAEYYOL TNG KLKAOPOPiac. AvTd onuaivel OTL OGO HEIMVETOL O KMOKOC TOV UETAPANTOV
aVTAOV, TOGO pel@veTon Kot o cuvteleotc M.E.A., dnAhadr] 660 o1 GuvONKES TOL TOTTOL TNG
0000 KOt TOL EAEYYOL TNG KVKAOQOPIOG EVVOOVV TNV AVATTLEN LYNADV TOYLTNTOV, TOGO
TO OMOTEAECUOTIKA AEITOVPYOVV KOl TAL VTOVOLN OYfLLaTo 6To diktvo. Avtiferta, pe Tig
HETOPANTEG TOV TOGOGTOV TG KUKAOPOPING, TOL TOCOGTOV OVTOVOU®MY OXNUAT®V KOl TNG
PONG £XEL OPVNTIKT GLGYETIOT, ONAAOT 0G0 AVEAVOVTOL O TYES TOVS, LEIDVETOL 1] TIUT] TOV
ovvteheot) MLE.A. EmutAéov, mapatnpeitor ot ot aveEaptnreg LETAPANTEG EXOVV GYETIKA
HmKpéc ovoyetioelg peta&d tovg, ondte elvar amodektd vo ypnoponomBodv 6to do
LLOVTEAO.

Mo v extéheon g maAVOPOUNGONG Ol LETAPANTEG «TOTOG 000V, KTVUTOG EAEYYOL TNG
KUKAOQOPIOG» KOl «TOCOGTO  KLKAOQOPIOG», OpioTnKOV ®C OVOUOOTIKEG, KOOMG
KOTNYOPLOTTO100V oL ded0 VA Kol 0ev Aapfavouy cuveyeic Tinég. Avrtifeta, ol petafAntég
«POMN» KO «TTOGOGTO OLTOVOLLMV OYNUATOVY opioTnKay ¢ aptduntikéc, Kabhg Aappfavovv
ovveyelg TéC.

Apycd, SoKIUAGTNKOV S1APOPO LOVTELD YPOUUUIKNG TOAVOPOUNGONG altd OOV PAVNKE OTL
N oxéon TV PETAPANTOV dev ivar Ypappukr. Eropévag, emdéydnke Kot ektedéotnre pn
YPOLUIKY] TOALVOPOUN O HE OEVOPU ATOPATEMY.

[Tpdto Ppa yro v eKTELEGT TN TAAVOPOUNONC NTAV 1) EQAPROYT TOV dAyoprOpov M5
pe ™ ovvdptnon «MSP» (M5P eivor n epappoyn tov alyopiBuov MS mov avartdydnke
amd v oudda épyov WEKA). Ta devopikd povtéha M5P cuvévalovv ta KAaGIKA
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HOVTELL SEVOPOV OMOPACEDV UE TN YPOUUIKY] TOAVOPOUNGT GTO GUAAN TOL SEVOPOV.
E&oaptnuévn petafAnt oto poviého ftov o AoydptBuog tov Adyov Tov eOpToL ToL KAbe
TUNUATOG THG BAOTG avapOPAG TPOG TO POPTO TOL KAOE TUALOTOG TOL KAOE oevapiov (PC)
Kot ove€aptnteg petaPintéc, Omwe avopipbnke vopitepa, ™ pon (F), Tov TO10 TG 0600
(RT), tov tomo eréyyov g kvkhogopio (CT), 10 mocootd kvkhogopiag (TV) kot to
10600710 TV avtdvopmv oxnudtev (PR) (Ewova 4.17).

EnUeIdVETOL OTL Y10 TOV KOADTEPO EAEYYO TOV AMOTEAECUAT®V OTY UETOPANTH «TOTOG
0000» gvomomOnkav o Katnyopieg «aptnpioy Kol «IELTEPEHOLGO 0J0G» Kol OTN
petafint) «tOmog  EAEYYOL NG KuKAoQopiag»  gvomoumOnkav ov  Katnyopieg
«ITOPAYDPNOT TPOTEPALOITNTOCH KOl «KVTOYPEWTIKY Olakon mopeiag (STOP)». Emouévac,
01 K®OKOL TV HETAPANTOV aVTOV Sopopemdnkay og e&ng:

» Tvomog 0600 10V €KAGTOTE 001KOV TUNLOTOG:
= 0, Y10 TIG pAUTES
* 1, Y10 TOLG AV TOKIVITOOPOLOVG
* 2, Y10 TIG TIG OPTNPLES KoL TIG OEVLTEPELOVGES 0O0VG
= 3, Y10 TNG ONUOTOSOTOVUEVEG 000VG
» TiHmog ehéyyov TG KLKAOQOPIOG TOV EKACTOTE 001KOD TUNHOTOC:
* 0, Yo un onpoatodoTnon
* 1, yl0 TOPOXDPNOT TPOTEPALOTNTAS KoL VITOYPEMTIKT dlakomn mopeiag (STOP)
= 2, yio Oopén eoOTEWVOD onpatoddTn

H nopandve dwdwacio tapovoidletor otnv Ewova 4.17 mov axolovbet.

19 dataframe <- read.csv("C:/Users/xristina/Desktop/dataframe.csv")
20 df <-subset(dataframe, select = ¢(1,2,8,2,12,13))

22 PCU<- df[,1]

23 F=-df[,2]

24  F<-as.numeric(F)
25 str(F)

26 RT=-df[,3]

27 RT<- as.factor(rRT)
28 CT<-df[,4]

29 C(T=<- as.factor(CT)
10 Tv<-df[,5]

31 Tv<- as.factor(Tv)
32 PR<-df[,6]

33 PR<-as.numeric(PRr)

36 ml <- M5P(log(PCU) ~ F 4+RT + CT + TV + PR)
37  summary(ml)
38 write_to_dot(ml)
39 k<-print{ml)
Ewcova 4.17: Extéleon malivopounons

Ytov [livaxa 4.12 TTapovoidlovtar cuvontikd ot deikteg TG Pdong dedopévav petd amd
TG TPOTOTO|GELS TTOV TTEPLYPAPNKOLV.
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[ivaxag 4.12: Xovoyn Aciktwv Boaons Aedouévawv uetd, amo tpomonoinoeis

, aplOpog oynUAT@V 6T Hovada ¥pOvoL 6To SIKTLO 1 i i i
P /s 0
on o 0BiKb Tl oyfpoTe/dpo apBpnTc
. . . TOGOGTO OVTOVOU®V OYNUdtev ot cdvBeon g i
IT A O 0-10 0
0000T0 AVTOVOLOY LXMpaTey Kvukhopopiag Tov diktvov (0%-100%) aprpYTIal
. , T0G00TO KuKAOQOopiag oxnudtmv oto diktvo (0%, ,
11 K 1
000016 Kukhogpopiag 80%, 100%) 0, OVOULOIGTIKT
Téroc OB0b plpma, avror}vnTOSpouog, ap,m]pia - B,s:mspal')ouca 0123 J—
000G, GNLO.TOS0TOVLEVT] 000C)
. . , Y OPIG ONUATOSOTNON, TAPOYDPNON TPOTEPALOTNTOG - ,
T E Koxhoo 012
bmog EAgyxov Ku oPies VIOYPEMTIKN SLOKOTT TOPELRS, POTEVOG GNUATOSOTNG SR
Yuvtedeotg Metatponnic AOYog tov POpTOL TOoL KABE TUNpATOG TNG BAong
Avtévopev Oynpatov ce OVaPOPAS TPOG TO POPTO TOL AVTIGTOLYOV TUNHLATOG = apfpn T
M.E.A. TOV EKAGTOTE GEVAPIOD

Agbtepo Prpo NTav 1 a€oAdéynen Tov povTELOD TOAVOPOUNGNG LE TN GLVAPTNON
«summary», ard 6mov Tpokvyav To amoteléouata g Ewkovag 4.18.

= summary {ml)

=== Summary ===

Correlation coefficient 0. 5413
Mean absolute error 0.3388
Root mean squared error 0.4831
Relative absolute error 84,1295 %
Root relative squared error B4.08B3 ¥
Total Wumber of Instances 151671

Ewxova 4.18: A&ioloynon Movtél.ov

Onwg eaivetar oo v Ewcova 4.18, o deiktng correlation coefficient R .oovton pe 0,5413,
T0 0T0i0 GNUAIVEL OTL 0 GLVTELEGTNG TPocdiopiopod R? eivan 0,293, kou Ssiyvel Ty vrapén
LG GYETIKO KOANG TPOGUPLOYNG, EVA Y10 TOV EAEYXO TOL GOAALATOS OO TOVG OEIKTES
RAE kot RRSE mapovcidlovv vyniég tipég o1 omoieg OmG aviiKouy G€ amodeKTd emineda.
YVVETMG, TO LOVTEAD OEVOPOV TOALVOPOUNOTG TOL avOrTUYONKE Eivar oplakd amodekTd
KO TPOCGOEPEL AEIOA0YO KOl GTATIGTIKE GNUOVTIKG OTOTELECLLATOL.

Tpito Prua NTOV N OTTIKOTOINGT TOV HEVOPOV TOAIVOPOUNCNG TOV TPOEKVYE ATO TNV
epapuoyn tg ovvipmong M5SP. Me v evioln «write_to_dot» (Ewoéva 4.17),
avamapactdinke to dEvipo amdpacngs, Tov dnuovpyndnke, g yAwooo DOT, yia va givat
duvaty 1n eme€epyoasia tov péowm Graphviz. To Graphviz eivon évo Aoylouiko
OTLTIKOTOINONG YPAPNHOTOS OVOLYTOV KOOKO Kol €ivol KATAAANAO Yoo TNV OmeKOVIoN
JEVIPOV ATOPUCTG/TOAVIPOUNONS. AVILYPAPOVTOS, AOTHV, TOV KMOIKA, TOL d0ONKE amd
v evioAn «write_to_dot» (uépog tov mapovoidletar otny Ewova 4.19), dnuovpyeitat to
devdpodiaypappa HEpog tov omoiov mapovoidletor oty Ewova 4.20, 1o omoio £yl
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duvaTdTTo, 000EVTOV TOV TILOV TOV aveEApTNTOV LETAPANTOV, VO TPOPAETEL TOV KOIKO
™G YPOUMKNG eElomong nécm ¢ omoiog vroloyiletor 0 AOYAPIOUOG TOV GUVTEAESTY|
LETOTPOTYG VTOVOU®V OYNUaTOv o€ Movadeg EmiPatikdv Avtokivitov. Znueiovetal 0Tt
Yy avtd TO SAYPOUUO Ol GLVONKEC OV TEPIEXOVV OVOUUCTIKEG TUUES EAEYYOVIOL OV
KavoToloHVTal Pe Toug Kmotkovg: 0 = Oyt kot 1 = Nou.

digraph M5Tree
N [ TV=1"
Ne - >N1
N1 [
N1->N2
N2 |
N2->N3 ¢=38
N3 [ M1 =filled ]
N2->N4 >30

NA [

N - >N5 <=6
NS [ M 2" =filled ]
N4 - >N6 »A6

N6 [ M 3" =filled ]
N1->N7 >192

N7 [

N7 ->N8

N8 [

NB8->N9

N9 [

N9->N18 [

Nie [

N18->N11

N11 [

N11->N12 <=138

N1z [ "LM 4" =filled ]
N11->N13 '

N13 [ "LM S =filled ]
N1@->N14 [ 2.5"

Nid4 [

N14->N15

N15 [

N15->N16 8.5

N16 [ "LM 6" =filled ]

b || e |

I
o xR s I Y WUy T e s N o - Y s L W I < W ]
o T

pl:]

L L L Ll Ll L R RS RS RS R B R R R
[Sp e — R R R N = = < R = R R R R R ]

Ecova 4.19: Kawdikog tov 6évipov malivopounong oe lepifoiiov Graphviz
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FT=Id
ces
[
-
b
55
o]

HES

9FE:

el i TGN, GiG=o 05 TOS=e
o7 [ [ B 6 BB O DS
CE=h D Theh L St [E=y SN E

fiqpl= QEC= hit=s,

EEECEQECOECOECOEEE
R | TS T SE P AR 3095 T, T - L0 5O T09 5 G,

Exova 4.20: Tunua Aedpodioypauuorog Ialivopounong
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210 televtaio Prua, pe v evroin «print» (Ewéva 4.17) mapovsialovror OA01 o1 Kmwdikol
K0l 01 avVTIoTO(EG EELOMBELS LECH TMV OTTOI®mV LITOAOYILETOL 0 AOYAPIOLOC TOV GUVTEAEGTN
HETOTPOTNG OTOVOU®V oynuatov e Movadeg EmiPatikdv Avtokwvitov (tunuo tov
onoimv eaivetal otnv Ewova 4.21).

LM num: 5%
log(BCT) =

0.0001 ¥ F
0.0001L % RT=3,2,0
L0004 ¥ RT=2,0
0.0001 % RT=0
0.041 * CT=0,2
L0001 % CT=2
0 % TVv=1
0.00la ¥ ER
L1333

+ + 1+ + + +
= =

|
L]

LM mum: &0
log(BCT) =

0.0015 ¥ F
0.0001L % RT=3,2,0
L0004 * RT=2,0
0.0001 % RT=0
0.0022 % CT=0,2
L0001 * CTI=2
0 % TVv=1
0.1395 ¥ ER
L8132

+ + 1+ + + +
= =1

|
L]

LM nmum: &1
log(BCT) =
0.001% ¥ F
+ 0.0001 ¥ RT=3,2,0
+ 0.0004 * RT=2,0
+ 0.0001 * RT=0
+ 0.0016 * CTI=0,2
L0001 * CTI=2
0 % TVv=1
0.0083 ¥ EFR
L2354

+ +
=

|
L]

Ewcovo 4.21: Tunpo Hopovoioons Kwdikav kot aviictorywv Eéiodhoemy

[Mopakdto mapovcidletar éva mapdostypa yio v KOADTEPN KATOVONGN TOL TPOTOV
Aertovpylog ™G YN YPOUUIKNAG TOAVOPOUNGNG HE OEVOpa  amo@Acew®V (0Evopa
TAAVOPOUNGTG) YO TNV EKTIUNGCT TOV GUVTEAECTN LETATPOTNG OLTOVOU®YV OYNUAT®V GE
Movdadec EmPaticod Oynuatog:
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‘Eoto 61t avalntérol 1 eKTiUNOT TOV GUVTEAECTI] UETATPOTNG AVTOVOUMV OYNUATOV GE
Movadeg EmPoticod Oynpatog ya tng €€ng cvvOnkeg:

s Pon = 75 oyfuata/opa (F = 75)

= THmog 0600: Enpatodotovpevn 060G (RT = 3)

o TOmog eAéyyov g KukAoopiag: Pmtevdg onpatodotng (CT = 2)
s [Tocooto avtdévopmy oynuatov: 40% (PR =4)

= [Tocootd xukropopiag: 100% (TV =1)

H mopeia mov Ba axorovdnbei oo devopodidypappa tapovstaletor otnv Ewova 4.22 ko
KataAnyel oty e€lowon pe apBpd 61 kot amd v Ewdva 4.21 aviikafiotdvtog Tig TYHES
TV petoPAntav oty e&icwon npokvntet: log(PCUav) = -0,1084 — PCUAav = 0,779.

A&iler va moapatnpnBel 6tL 1 TY TOL CLVTEAEGTI| LETUTPOTNG OLTOVOU®V OYNUATOV GE
M.E.A. Y10 TIG GUYKEKPIUEVEG TIHEG POTIG, TUTTOL 000V, TOTOV EAEYYOV TNG KLVKAOPOpPIaG,
TOGOGTOV OVTOVOU®MV OYNUAT®V KOl TOGOGTOL KLKAOQOPIaG, &ival HKpOTEPOS TNG
povadoc. Emopéveog, o autiv v mepintmon to avtdvopo oynuate Tepovcstilovy
LIKPOTEPES TYLES GUVTEAESTN LETATPOTNG AL TOVOU®OV oynpdTemv o M.E.A. cuykprtikd pe
To GLUPATIKA OYNLOTA.

CT=2->CT=2
NAI (1)

TV=1->NAI(1) F=75>74

RT=3->RT=2,0

PR=4<5.5 OXI (0)

Eiova 4.22: [opeio [opoaoetyuatog oto Aevopooidypoyiio.
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Ooov apopd 10 0évopo maivopouneng aliler va avapepOel 6TL Tpodkvyoav 172 euAia
oL TTEPLEYOLY TOV 0p1BUO TG e€lowong péow ¢ omoiag vrohoyileTon o AoydplOpog Tov
OUVTEAEGTI LETATPOTNG AVTOHVOU®Y oyNudtmv o Movéaodeg EmBatikdv Avtokivitov (610
[Mapdptnua I' mapovoidlovior OAeg ot EIGMGELS), Y10 TIC GUVONKEG TOV TKOVOTOL0VVTOL
ota avatepa enineda. EmmAéov, and to devopodidypappa (Euwova 1.5) mapatnpeitor 01t
10 10606710 NG (TV) glvar 10 YopakTNPLOTIKO TOL TOPEYEL TIC TEPIGGOTEPES TANPOPOPIES
Kot Y10 70 Ady0o avtd £YEL EMAEYEL OG TPADTO KPLTHPLO SLoY®PICUOV, MGTOGO OEV EGEPYETOL
®¢ petaPAnt) oty e&lomon EKTIUNONG TOV GUVIEAESTAOV UETOTPONMNG OVTOVOUMV
oynudtov ce M.E.A.

4.4. Emppon Avtovopov Oympdrov oty  Kvkhiogopio, otnv
Aoc@aiero ko oto Heprfairov

Exteldvtag T TPOcOHOIdoEl; mov avaAvOnkav oto Keediowo 4.1 mpokdmTouv
OTOTELECNATO TTOV  GQOPOVV TNV EMPPON] TOV CVTOVOU®V OYNRATOV GTNV
KUKAOQOpia, 6TV 001K 06QaAe0 Kol 6T0 TEPIPariov. Avarvtikdtepa, o1 cLVONKE
¢ KuKAogopiog exepdlovial pe Tov HECO XpOvo KaBVoTEPNOEWV, 1 001KT OCQAAELD LE
TAN00¢ TV 0AAYDV Awpidag kot 1 emPdpuvon tov meptPdriovtoc pe Tig ekmounég COo.
Ta mpoavagepbévta anotedécpata cuvoyilovtal atov wivaxa 4.13.

Iivoxag 4.13: Aroteléauota Zevopiwv cyetika ue v Kvklogopia, v Acpdleia kot to Ilepifaliov

Macog’ Xpovog TMAiBoc :

. AOY® . Exmoumég

Xevapro , Aoy
Kabvotepricenv Aapidac CO2 (kg)
(sec/km)

Al 59,89 128.751 407,23
A2 61,48 127.854 403,76
A3 77,07 100.519 393,09
B 75,06 102.190 372,88
C 60,92 105.313 352,76
D 62,37 99.019 336,52
E 60,01 93.723 322,03
F 52,38 100.339 299,12
G 36,53 107.106 272,58
H 33,06 106.703 251,77
| 25,90 108.582 22745
J 2754 99.316 216,63
K 2341 94.506 197,97
L 17,68 97.651 202,95

AVOADOVTOG TO TOPATAVE® OTOTEAEGLLOTO TPOKVTTTOLY T €€11G CLUTEPAGULATOL:

H emppon tov avtdvopmv oynudTov 6Ty KOKA0Qopio EKPPAGTNKE LE TNV KUKAOPOPLOKT
LETPIKT TOV pEGoL YPpovoy KaBvotepnioewv. [T cuykekpyéva, vtoloyiotnke o HECOG
YPOVOG KoBuoTEPNGEWV AV YIMOUETPO V1ot TO GHVOLO TOV OYNUAT®V Kol Y10 TO GUVOLO
TOV OV0 OPAOV TOL EKTEAOVVIOV Ol TPOCOUOIMOES. Ta OmOTEAEGUOTO OVTOV TOV
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VTOAOYICUAV Y10 OA0 TO GeVApLo Tapovctdloviat 6to Adypappa 4.3. Onmg eaivetal amd
T0 Atdypappa, pe v Tpoctnkn cvupfotikov Aeweopeiov (cevdplo A2) otnv vIdpPYOVCO
KOTAGTAOT, ovEAVETOL €A0PP®G O Ypdvoc Tev Kabvoteprioewv. H avénon elvar
avOUEVOLEVT, KOOMDC 0T dadpoun Tov akolovdel To Aem@opeio TPayLATOTOEL GTACELG
Kol onpovpyel kKaBLoTEPNGEIS oTOL LIOAOTA OYLaTa. 26TOCO, TO HKPO TOGOGTO TNG
avénong fomg oautoloyeiton emedn 1o Asw@opeio elval cvuPatikd Kot LEAPYEL O
avOpOTIVOC TaPAYOVTOS. X& VTNV TNV TEPITTOON OV EAEYYETOL TANPWOC 1) CLUTEPLPOPEL
TOV 0dNY0V, 0 0oi0g PUIToPEl v UV TNPEL TaL GPLa TAYLTATOV KoL TO OXNLOL VO KIVEITOL LE
ALENUEVT] TOYDTNTO Y10, AEOQOPEID. TNV TEPIMTMOOT TOV GTNV LILAPYOLGO KOTACTACT
npooTtifetar avtdvopo Aempopeio (oevaplo A3) mapatnpeitat pio vyMAdTEPT WENGN GTO
¥pOvo Adym Kabvotepnoemy. Xe avtifeon e To oevdplo A2, 610 6evaplo A3 10 aVTOVOHO
oymuo TNpet TANPOS TOVG KOVOVEG Kot KIVEITAL fe PELOUEVT TAXDTNTO, EVE TOVTOXPOVA
onuovpyel kabvoteproelc Adywm TV otdoemv mov mpayupoatonolel. Emopévog eivat
avapevopevn mn avénon tov xpoévov AdY® kabuoTEPNCEMV. XTO LTOAOITO GEVAPLL
mopotnpeital pio otadiokn peiowon tov xpoévov Adym kabvotepnoemv, Kabdg avsaveTat
T0 TOCOGTO TV OLTOVOU®V OYNUAT®V, Aoy HEWMVETOL O YPOVOG OVTIOPOOoNS TMV
OYNUATOV KO TPOYLLOTOTOLOVV OTOTEAEGILATIKOTEPT] 0O YNON.

90

80

AL A2 A3 B C D E F G H KL

Tevaplo

) w B [%] @ ~
=] =] o o o o

Méoog Xpovog Loyo Kabvotepioemv
(devt/yip.)

Aaypao 4.3: Méoog ypovog Aoyam keBvateprioewyv ave, oevapilo

A&iletr vo onueiwdel 60TL amd T0 GEVAPLO TOL 0 APBUOS TOV AVTOHVOUWOV OYNUAT®V gival
iooc pe Tov apfud tev cvuPatikedv (cevaplo F) o pécog ypdvog Adyom kabvotepnosmv
etvar pikpOTEPOG Ao 0L TOV TOL GEVAPiov BAong avapopds kot eEakolovBel va petdvetal.
210 oevdpro L, 6mov povo ta autdvope oynuate. GuvOETOLY TV KuKAopopia, xwpig tnv
KoK ogopio Aew@opeiov, vITdpyel 1 peyoldtepn pelmon, 6Twg ival PLGIKO, |LE TOGOGTO -
70,5%.

Oocov agopd otV EMPPOT| TOV ALTOVOL®OV OYNUAT®V GTNV 001K aoPUAELd, EMALYONKE
¢ Pacikog ogiktng anddoons to tA0og Tov arlhaydv Aopidag. [Tio cvykekpiuéva,
VIOAOYIGTNKE 0 aPOUOG AALA YDV A®PIdOS Y10 TO GUVOAO TV OYNUATOV KoL Y10l TO GOVOAO
TOV V0 POV TOL EKTEAOVVIOV Ol TPOGOUOIMCES. Ta amoTEAECUATO QVTOV TOV
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VIOAOYICUAV Yo OAa Ta GeVAPL Tapovstalovtatl 6to Adypappa 4.4. And 1o dSdypoppa
eatveror 0Tt Otav ledyeTal To avtdvopo Aeweopeio (cevdpro A3), peudvetar To mAn0og
TV oAlay®v Aopidag. Avth n peimon givarl avapevopevn, kabmng n vapln avTdvoroL
Aempopelov peudvel T0 PHECO OpO GAAAY®DV A®PIONS TOV OYNUAT®OV, apOV KIVEITOL GE
mpokaBopiopévn mopeldt KOl GE GLYKEKPUYEVEG TEPIMTMOGEIS VIOYPEOVTOL VO OAAAEEL
Aopida. Xto vwoéAowa cevaplo mapotnpeitol pia otabepomta e pelopévo mAnbog
aAlay®v Awpidag, pe Tocooto peiwong mepinov 20%.

140

XiAdbeg

120

100
80
60
40
20
M M A B Cc D E F G H 1 1 kK L

Tevapto

ITnbog Ahhayov Aopidag

Aeypouo 4.4: I12n6og aliaywv Awpidag ave oevapilo

Téhog, 660V aPOopPE GTNV EMPPOT TOV AVTOVOU®OV OYNUAT®OV 6TO TEPIPAAAOV, ETAEYXONKE
®¢ Pootkdg deiktng anddoong ot ekmopmés Tov doéewdiov tov avlpaka (CO2). Mo
OULYKEKPIUEVO, VTTOALOYIOTNKAV Ol EKTOUTES d10&ediov Tov AvOpaKa yio To GHVOLO T®V
oMUtV Kot yioo Kabe kdxko mepiddov (1,5 Aentd). To amoteAéopaTo ALTOV TOV
VIOAOYIGUAV Yo OAa TaL GEVAPLO Tapovctalovtal 6to Adypappa 4.5. And 1o didypoppa
eatvetor OTL VITAPYEL Lio GTAdIOKT Hel®OoN TOV EKTOUTMV TOL S10EEWDI0V TOL AvOpaKa LE
otafepd avéavopevo pvbud, péxpg 6tov ayyiler ™ peiworn katd mepimov 50% TV
ekmounov ota cevdpro K kot L, 6mov vrapyet kukiogopio 100% avtévopmy oynudtwmy.
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Al A2 A3 B C D E F G H 1 1 K L

Zevapio

CO2 (kha/1,5 hentd)
= [ 1~ ) w w = -~
5 &8 B8 &5 8 88 8 B

[5]
=]

Aidgypoupa 4.5 Exrourésc CO2 ava oevapio

Ot mocootwieg petaforéc, oe oxéon He TO oevaplo Pdong  avagopds, TV
wpoavaPepBEVTOV  delkT®V  amddoong mocotikomoovvtar otov Ilivaxa 4.14 mov
akoAoVOEL.

Iivoxag 4.14: [locootiaies Metofolés Booikav Asiktawv Amodoans oe ayéan ue to Levapio Al
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5. XYMIIEPAXMATA KAI ITPOTAXEIX
5.1. Zovoyn MeOodoroyiog Kol ATOTEAECUATOV

Avtikeipevo g mapovcog Awmiopotikis Epyaciog amotedel n ocvumepioopd tov
OLTOVOL®OV OYNUAT®V. XTOY0G, AomdV, NTav 1| EKTIPNNGN TOV GUVTEAEGTI] HETOUTPONNG
oVTOVOR @V OYNUATOV 6 Movadegs EMPBaTiK@v AVTOKIVIITOV KO 1] EXLPPOI} TOVS 6TV
KUKAOQOpia, 6TNV 001K1] 06QPAAELN KOl 6TO TEPLPAALOV.

Méom ¢ EKTELEGNG TPOGOROLAOGEMY 6TO Aoyioptko Aimsun.Next, apyikd erdéyonie
Katavopun {nmong g Kukhoeopiag yia Eva 0d1kd diktvo g AONvag Kot otn GuvEyELlo
extedéotniay 14 cevapla TPOCOHOIMONG EMOOKOVTOS TN UEAETN TOV 0OIK®V TUNUAT®V
eVOG dIKTVOV TG ABNvog e d1adoyIKn aHENCT) TOV TOGOGTOD TWV AVTOVOLMY OXNUATOV
TNV KUKAOQPOPio TOV SIKTLOL KOl TNV TOVTOYPOVI] KUKAOPOPTIL 0VTOVOLOL AE®POPEIOD 1
oyt Avalvtikotepa, vaAoromOnkayv tpia cevaplo Paong avapopds . [To cvykekpiéva,
0T0 TPAOTO TEPLYPAPETAL TO OlKTLO HE TG LEdpyovces cvvOnkeg (Al), omAaon pe
ocupupatikd oy, oto devTEPo cevaplo (A2) éxel mpootebel Eva cuuPaticd Aeweopeio
TOV TPOLYLATOTOLEL pia dtadpopn) o€ pia meployn HeYEAng onuaciog, EVEO 6To TPito GEVAPLO
(A3) 10 Aewpopeio Tov devTEPOL Gevapiov givar avtdvopo. Eniong, vAomotodvton déka
oevapia (B-K), ta omoia £xovv av&avopevo tosootd antovopmy oxnudtov otn cuvbson
NG KLKAOQOPIOG Kol GUUTEPIAAUPAVOLY TNV KUVKAOQOPIO TOV OVTOVOLOL AE®POPEIOL.
Téhog, viomomOnke kot éva oevaplo (L) pe 100% avtdvopa oynuata, xopig Opmg v
KUKAOQOpPio TOL LTOVOLOV AE®POPEIOL.

21 ovVEXELD KO HETE amd TV eMeEePYOcio TOV AMTOTEAECUATMOV TOV TPOGOUOIDGEDY,
onuovpyndnke pia paon dedopévov, n onoia mephdpuPave T1g petafAntég TOTOS 050V,
TOTOG EAEYYOL TNG KLVKAOPOPIOG, TOGOCTO KUKAOPOPING, TOGOGTO QLTOVOLMY OYNUATOV
Kol pon. Me avtr| ™ Baon 0ed0pévav EKTEAEGTNKE Hio UN-YPAUPIKY] TOAVOPOUN G NE
0évopa amo@aoemv pe eEaptnuévn petafantn to Aoydapifo tov AOyov Tov GOPTOL TOL
Kké0e TuNpoTog TG Pdong avagopdg mpog To OPTO TOov KAOE TUHTOG TOL KABE cevapiov
Kot oveEaptnreg TIc TpoavapepOeiced.

To 8évopo marivopounong mov mposkvye Exel 172 uAha, dOnAadr dbvatot va avadeiEet
mv e&lowon péom g omoiag Oa vwoAoyiotel o cuvieheotc M.E.A. tov avtdvopwmv
OYNUAT®V Y10, OTOIOVGINTOTE GLVIVACUOVS TWV TYLDY TOV TOTOL 000V, TOVL TVTTOV EAEYYOL
MG KUKAOQOPIOG, TOV TOGOGTOV KUKAOPOPING, TOV TOCOGTOV OTOVOU®V OYNUATOV Kot

™G pone.
5.2.Baocwka Xopnepdopata

SHUPOVO LE TO ATOTEAEGILATO TTOL TPOEKVLY AV OTTO TO TTPONYOVIEVO KEPAANLO EIVOL EPIKTY|
N W TVTOGT TOV CUUTEPUCUATOV T1|G TUPOVCUS OITAMUATIKNG EPYUGILOC.

> O ovtopatiopdc PEATIOVEL TIG KUKAOQOPLOKEG GUVONKES TOL SIKTOHOVL APOV
duvatal vo per@cel £oc ko 70% Tov péco ypovo kaBvotepocemv Otav 1
KukAoopia amotereiton TAP®G OO VTOVOLLOL O LUOTOL.
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» To ntM00g ahhaydv Aopidag vroroyileton Tepimov Kot 25% peLmpévo OTov 1
KUKAOQOpio amoteAeitanl amd oVTOVOUHO OYNUOTO GE OXECN LE TNV VOIOTAUEVT|
KOTAGTOOT), TPOGPEPOVTAS UGPUAEGTEPES GLVONKES 001 YN OTC.

» Me v avénon TV avtdvoumV OXNUATOV TOPATNPEITOL HEIMOT] TOV EKTOUTOV
Tov d1o&erdiov Tov avlpaka (CO2), n onoia ayyilel To 50% 6tav )Xo Ta OyHLOTOL
TOV SIKTHOVL Elval aVTOVOLLO, TEPLOPILOVTaS HE AVTOV TOV TPOTTO TNV emPdpuven
10V TEPLPGALOVTOC.

» Me myv adénon g TYMG TOL KMOKOD TOL TUAOV 000V, CVEAVETOL O
GUVTEAEGTIG WNETOTPOTG OVTOVORHOV oynpatov oe M.E.A. Anladn, o
OUVTEAEGTNG UETOTPOTNG aVTOHVOL®Y oynudtov o M.E.A. givan peyadvtepog yio
ONUOTOO0TOVUEVES 000VG 0d OTL Y10l CVTOKIVIITOSPOLLOVG.

» Me mv adnon TS TS TOV KOOKOD TOL TOTTOV EAEYYOV TS KUKAOQOpPING,
oVEAVETOL 0 OLVTEAEOTIG WNETOTPOTS auTOVOp®V oymuiteov oe M.E.A.
Anlodn, 0 oLVTEAESTNG METOTPOTNG ovtoévouwv oynudtov oe M.E.A. esivon
HEYOAVTEPOG Y10 TIC TEPUTTAGELS TOL VIAPYEL POTEWVOG CNUOTOOOTNG, OO OVTEG
OV OEV VILAPYEL KAOOAOV GNUATOSOTNON).

» O ovvredeotig petatpomis o M.E.A. mapovoraler pikpotepeg TInéG e v
avEnon TOV avTéVOp®Y 0YNUAT®V G6TO JiKTVLO, GTO 0TTOi0 TapaTPEiTal feATioon
g e&umnpETnon, aAAd Kat TG S1adPOUNG TOV AEMPOPEIOV.

» '0c0 peyadivTepn €ivar n por} 6TO HIKTVO, TOPATPOVVTAL PIKPOTEPES TIRES TOV
OUVTEAEGTI] HETATPOTS TOV AVTOVOR®V oynpdtov o M.E.A.

» Me v ad&non Tov m0606TOV TG KUVKAOQOPING, MELMVETOL 0 GUVTEAEGTNG
UETATPOTG dVTOVOR@V oynuatov oe M.E.A.

» To moc0616 TG KLKAOQOpiag O0ev cvppeTéyel onuaviikd otnv licoon
VTOAOYIGHOV TMV GUVTEAEGTAOV PETATPOTS QVTOVOR®OV oynpatov o MLE.A .,
AL TV emnpedlel Eppeca, enedn €ival 7o PaCIKOTEPO KPLTHPLO SO OPLGHOD
oTO 0£vopo malvopopnons. Avtd onuaivel OTL 1 EKTIUNGT TOV GUVIEAEGTMOV
petatpomng avtoévopmv oynpdtov ce M.E.A. diapépet onpoavtucd avdrioya pe to
TOGOGTO 1TNG KLUKAOQOPIOG. AVOALTIKOTEPO, OVAAOYO HE TIG KLKAOQOPLOKES
ocvvOnkeg ToL OIKTOLOV, TO. CWTOVOUO, OYNUOTO GLVEIGPEPOLY OLAPOPETIKA GTO
dikTvo. AgVTEPO GE GEPA KPLTNPLO SOY®PIGHOD EVOL 1 POT| KOl GTT] GUVEYELD TO
TOGOGTO OVTOVOU®V OYNUdT®V 61N cbvBeon g kKukhopopiag. TEéLog, o TOTOG TG
0000 KOl 0 TOTOG EAEYYOL TG KLKAOQOpiag paivetol vo punv eivon kaboprotikol
TAPAYOVTEG Y100 TOV VTOAOYopud tov ovviedeoty M.E.A. tov avtdovopwmv
oYNUATOV.

> H pope1 tov swypoppdtov M.F.D. oe eninedo diktoov oAl kot o€ €ninedo
Jtadpopns Aew@opeiov ival KOVTA 6TNV TPOTLAN RLOPPT] TOV TPOTEIVETAL KOt £TGL
KaO{oTOTOL EQIKTN 1) EKTEVESTEPT LEAETT] TOV SIKTVOV.

5.3.MIpotaceis yo eportépm "Epgova

Bédoet g BipAoypapikng avacKOTong Kot TS TApOVCHS OIMAMUATIKNG EpYaciog Eyve
Katovontd OtL vmdpyovv mePO®PLO EKTEVESTEPNG Olepedhivnong NG EMPPONG TOV
aLTOHVOUOV OYNUATOV 6TV Kowvovia kot To mepiariov. [a m diepedvnon avti, gival
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YPNOO VO TOPOVGLUGTOVV GUYKEKPIUEVEG TPOTAGELS YO TNV TPOYHATOTOINGT
CUVOIPOV EPEVLVAV, 01 0TT01EG Bl OLOKANPDOGOVY TNV UEAETT OVTOV TOL OVTIKEUEVOU.

Oa Ntav okémpo vo deoydel peAéTn peyaAdTEPOL 001KOV SKTVOV 0md €KEIVO NG
napovoos epyociag, oOW0TL mOavOv vo KabloTovoOV 1oYVPATEPT TNV EMPPON TOV
HETAPANTAOV 6TO LOVTEAQ TTOAVOPOUNONG,.

EmmAéov, Ba nTav yprioun n HeEAET EvOG 001KOV OIKTOOV GE TEPLEGOTEPES MPES EVTOG
K0l EKTOG arypunc. e autd to oevdpio Bo OMpovpyodvIoy pio o OAOKANP®UEVT] EIKOVA
v To diktvo. Elvar yeyovog 0Tt peletdvtag Eva 01KTVO 6€ MPEG Ot UNG TO GUUTEPAG LT,
TOL TPOKVTTOLV Eivar amrd TN pia TAELPA VLEP TNG acParEiog, KaODS AapupdveTar vToyn
N SLOUEVESTEPT GLVONKN TOV JKTVOV GAAG amd TV GAAN TAELPE 0dNYoLV GE MYdTEPO
EVEMKTO, OTTOTEAEGLLOTOL.

Téhog, Ba Mtav okOmun n ektéleon maMvOPOUNGNG NE TOALOTAES €EapTNEVES
petafintéc, otig onoiec pmopovv va eviayfodv opioprEVOL OEiKTEG TOS0GTG TOL APOPOVV
v TePPardloviky emPdpuvor. e avTd T0 HOVTEAD KpiveTal OTL SHVOTUL VO TPOKVYOVV
TO PEAMOTIKA amoTEAEGHATA, POV AAUPAVOLY TEPIOCOTEPES UETOPANTES.
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LM num: 1

log(PCU) = 0.0095 * F + 0 * RT=3,2,0 + 0.1662 * RT=2,0 + 0.0001 * RT=0 + 0.0525 * CT=0,2 + 0.0433 * CT=2
+0*TV=1-0.0106 * PR - 0.5023

LM num: 2

log(PCU) = 0.0042 * F + 0 * RT=3,2,0 + 0.0588 * RT=2,0 + 0.0001 * RT=0 - 0.0857 * CT=0,2 - 0.0001 * CT=2
+0*TV=1-0.0058 * PR - 0.1506

LM num: 3

log(PCU) = -0.0005 * F + 0 * RT=3,2,0 + 0.0381 * RT=2,0 + 0.0001 * RT=0 - 0.0533 * CT=0,2 - 0.0221 * CT=2
+0*TV=1-0.0092 * PR + 0.0877

LM num: 4

log(PCU) =0 *F +0* RT=3,2,0 + 0.036 * RT=2,0 - 0.0005 * RT=0 + 0.0546 * CT=0,2 + 0.0001 * CT=2 + 0 * TV=1
-0.0152 * PR - 0.0704

LM num: 5

log(PCU)=0*F + 0 *RT=3,2,0 + 0.0003 * RT=2,0 - 0.0005 * RT=0 + 0.0005 * CT=0,2 + 0.0001 *CT=2+ 0 * TV=1
+0.0127 * PR - 0.0261

LM num: 6

log(PCU) = 0.0017 * F + 0 * RT=3,2,0 + 0 * RT=2,0 - 0.0006 * RT=0 + 0.0398 * CT=0,2 - 0.0221 * CT=2+ 0 * TV=1
-0.0001 * PR - 0.2864

LM num: 7

log(PCU) = -0.0008 * F + 0 * RT=3,2,0 + 0 * RT=2,0 - 0.0006 * RT=0 + 0.051 * CT=0,2 + 0.0001 * CT=2 + 0 * TV=1
- 0.0055 * PR + 0.0402

LM num: 8

log(PCU) =0*F + 0 * RT=3,2,0 0 * RT=2,0 - 0.0513 * RT=0 - 0.0465 * CT=0,2 + 0.0001 * CT=2 + 0 * TV=1
- 0.0054 * PR + 0.0428

LM num: 9

log(PCU) = 0.0001 * F+ 0 * RT=3,2,0 - 0 * RT=2,0 + 0.0367 * RT=0 0.0484 * CT=0,2 + 0.0128 * CT=2+ 0 * TV=1
-0.0146 * PR + 0.0493

LM num: 10

log(PCU)=0*F + 0 * RT=3,2,0 - 0.0004 * RT=2,0 + 0.0404 * RT=0 - 0.0909 * CT=0,2 + 0.0002 * CT=2 + 0 * TV=1
-0.0001 * PR + 0.0561

LM num: 11

log(PCU) = 0.0004 * F + 0 * RT=3,2,0 - 0.0006 * RT=2,0 0.0027 * RT=0 - 0.002 * CT=0,2 + 0.0002 * CT=2
+0*TV=1-0.0001*PR -0.1218

LM num: 12

log(PCU) =-0 *F + 0 * RT=3,2,0 - 0.0006 * RT=2,0 + 0.0639 * RT=0 - 0.002 * CT=0,2 + 0.0002 * CT=2 + 0 * TV=1
-0.0002 * PR - 0.0206

LM num: 13

log(PCU) =0*F + 0 * RT=3,2,0 - 0.0006 * RT=2,0 + 0.0043 * RT=0 - 0.002 * CT=0,2 + 0.0002 * CT=2 + 0 * TV=1
-0.0002 * PR - 0.0329
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LM num: 14

log(PCU)=0*F +0*RT=3,2,0 + 0.0129 * RT=2,0 + 0.0016 * RT=0 - 0.0026 * CT=0,2 + 0.0002 * CT=2 + 0 * TV=1
-0.0074 * PR - 0.0088

LM num: 15

log(PCU) = -0.0002 * F + 0 * RT=3,2,0 + 0.0192 * RT=2,0 0.0009 * RT=0 - 0.0014 * CT=0,2 + 0.0003 * CT=2
+0*TV=1-0.0046 * PR + 0.0466

LM num: 16

log(PCU) = 0.0004 * F + 0 * RT=3,2,0 + 0.0238 * RT=2,0 + 0.0009 * RT=0 - 0.0014 * CT=0,2 + 0.0003 * CT=2
+0*TV=1-0.0003 * PR - 0.1507

LM num: 17

log(PCU)=0*F +0* RT=3,2,0 - 0.0001 * RT=2,0 - 0.0996 * RT=0 + 0.0282 * CT=0,2 - 0.0097 * CT=2 + 0 * TV=1
-0.0072 * PR - 0.0289

LM num: 18

log(PCU) = 0.0003 * F + 0 * RT=3,2,0 - 0.0144 * RT=2,0 + 0.0548 * RT=0 - 0.0975 * CT=0,2 + 0.0227 * CT=2
+0*TV=1-0.0077 * PR + 0.0569

LM num: 19

log(PCU) =-0 *F + 0 * RT=3,2,0 - 0.0002 * RT=2,0 + 0.0008 * RT=0 - 0.001 * CT=0,2 + 0.0005 * CT=2 + 0 * TV=1
- 0.0064 * PR - 0.0039

LM num: 20

log(PCU) = -0.0005 * F + 0 * RT=3,2,0 - 0.0002 * RT=2,0 + 0.0008 * RT=0 - 0.001 * CT=0,2 + 0.001 * CT=2
+0*TV=1-0.0108 * PR +0.21

LM num: 21

log(PCU) = 0.0001 * F + 0 * RT=3,2,0 - 0.0001 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0127 * CT=2
+0*TV=1-0.0074 * PR - 0.0432

LM num: 22

log(PCU) = 0.0002 * F + 0 * RT=3,2,0 - 0.0004 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0211 * CT=2
+0*TV=1-0.0003 * PR - 0.1066

LM num: 23

log(PCU) = 0.0004 * F + 0 * RT=3,2,0 - 0.0023 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.002 * CT=2
+0*TV=1-0.0012 * PR - 0.1582

LM num: 24

log(PCU) = 0.0004 * F + 0 * RT=3,2,0 - 0.0023 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.002 * CT=2
+0*TV=1-0.0019 * PR - 0.1826

LM num: 25

log(PCU) = -0.0003 * F + 0 * RT=3,2,0 - 0.0023 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.002 * CT=2
+0*TV=1-0.0019 * PR + 0.1698

LM num: 26

log(PCU)=0*F + 0 * RT=3,2,0 - 0.0013 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0148 * CT=2+ 0 * TV=1
- 0.0065 * PR + 0.0115
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LM num: 27

log(PCU) = 0.0003 * F + 0 * RT=3,2,0 - 0.0013 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0034 * CT=2
+0*TV=1-0.0014 * PR - 0.1913

LM num: 28

log(PCU)=0*F +0*RT=3,2,0 + 0.0001 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0001 * CT=2+ 0 * TV=1
- 0.0066 * PR - 0.0043

LM num: 29

log(PCU)=0*F +0*RT=3,2,0 + 0.0001 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0001 * CT=2+ 0 * TV=1
- 0.0014 * PR - 0.0096

LM num: 30

log(PCU)=0*F +0*RT=3,2,0 + 0.0001 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0001 * CT=2+ 0 * TV=1
-0.0107 * PR + 0.0115

LM num: 31

log(PCU)=0*F +0*RT=3,2,0 + 0.0001 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0001 * CT=2+ 0 * TV=1
- 0.0053 * PR - 0.0326

LM num: 32

log(PCU)=0*F +0*RT=3,2,0 + 0.0001 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0001 * CT=2+ 0 * TV=1
- 0.0057 * PR - 0.0506

LM num: 33

log(PCU)=-0*F +0*RT=3,2,0-0.0013 * RT=2,0+0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0017 * CT=2+0* TV=1
- 0.0052 * PR + 0.0089

LM num: 34

log(PCU)=-0*F +0*RT=3,2,0 - 0.0032 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0017 *CT=2+ 0 * TV=1
-0.0028 * PR + 0.0199

LM num: 35

log(PCU) = 0.0001 * F + 0 * RT=3,2,0 - 0.0032 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0017 * CT=2
+0*TV=1-0.0037 * PR + 0.0062

LM num: 36

log(PCU)=0*F +0*RT=3,2,0 - 0.0032 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0017 * CT=2+ 0 * TV=1
- 0.0038 * PR + 0.0482

LM num: 37

log(PCU) = -0.0005 * F + 0 * RT=3,2,0 - 0.0032 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0017 * CT=2
+0*TV=1-0.0038 * PR + 0.274

LM num: 38

log(PCU) = 0.0002 * F + 0 * RT=3,2,0 - 0.0032 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0017 * CT=2
+0*TV=1-0.0078 * PR - 0.0928

LM num: 39

log(PCU) = 0.0001 * F + 0 * RT=3,2,0 - 0.0014 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.004 * CT=2
+0*TV=1-0.0151 * PR - 0.0039
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LM num: 40

log(PCU) =0 *F + 0 * RT=3,2,0 + 0 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0005 * CT=2 + 0 * TV=1
-0.0088 * PR - 0.0099

LM num: 41

log(PCU) = 0.0001 * F + 0 * RT=3,2,0 + 0 * RT=2,0 + 0.0001 * RT=0 + 0.0001 * CT=0,2 - 0.0005 * CT=2+0* TV=1
- 0.0057 * PR - 0.0862

LM num: 42

log(PCU) = 0.0195 * F + 0.0001 * RT=3,2,0 - 0.0055 * RT=2,0 + 0.0001 * RT=0 + 0.0008 * CT=0,2 + 0.2601 * CT=2
+0*TV=1+0.0008 * PR - 0.3873

LM num: 43

log(PCU) = 0.0414 * F + 0.0001 * RT=3,2,0 - 0.0027 * RT=2,0 + 0.0001 * RT=0 + 0.0008 * CT=0,2 - 0.0391 * CT=2
+0*TV=1+0.0229 * PR - 0.6089

LM num: 44

log(PCU) = 0.0001 * F + 0.0001 * RT=3,2,0 + 0.0028 * RT=2,0 + 0.0001 * RT=0 + 0.0044 * CT=0,2 + 0.0006 * CT=2
+0*TV=1+0.0006 * PR - 0.2214

LM num: 45

log(PCU) = 0.0002 * F + 0.0001 * RT=3,2,0 + 0.0014 * RT=2,0 + 0.0001 * RT=0 + 0.006 * CT=0,2 + 0.0006 * CT=2
+0*TV=1+0.0008 * PR - 0.1973

LM num: 46

log(PCU) = 0.0043 * F + 0.0001 * RT=3,2,0 + 0.0014 * RT=2,0 + 0.0001 * RT=0 + 0.1134 * CT=0,2 + 0.0006 * CT=2
+0*TV=1+0.001"*PR-0.313

LM num: 47

log(PCU) = 0.0002 * F + 0.0001 * RT=3,2,0 + 0.0014 * RT=2,0 + 0.0001 * RT=0 + 0.0072 * CT=0,2 + 0.0006 * CT=2
+0*TV=1+0.2921 *PR - 1.3812

LM num: 48

log(PCU) =-0.0054 * F + 0.0001 * RT=3,2,0 - 0.212 * RT=2,0 + 0.0001 * RT=0 + 0.0016 * CT=0,2 + 0.0007 * CT=2
+0*TV=1+0.002* PR+ 0.1247

LM num: 49

log(PCU)=0*F + 0.0001 * RT=3,2,0 - 0.0737 * RT=2,0 + 0.0001 * RT=0 + 0.0016 * CT=0,2 + 0.0007 * CT=2
+0*TV=1-0.0184 * PR + 0.0341

LM num: 50

log(PCU) = 0.0045 * F + 0.0001 * RT=3,2,0 - 0.0032 * RT=2,0 + 0.0001 * RT=0 + 0.0016 * CT=0,2 + 0.0007 * CT=2
+0*TV=1+0.0029 * PR - 0.0301

LM num: 51

log(PCU) = 0.0004 * F + 0.0001 * RT=3,2,0 + 0.0044 * RT=2,0 + 0.0001 * RT=0 + 0.0031 * CT=0,2 - 0.0046 * CT=2
+0*TV=1+0.0025* PR - 0.2646

LM num: 52

log(PCU) = 0.0144 * F + 0.0001 * RT=3,2,0 + 0.0044 * RT=2,0 + 0.0001 * RT=0 + 0.0031 * CT=0,2 - 0.0194 * CT=2
+0*TV=1+0.0024 * PR - 0.7896
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LM num: 53

log(PCU) = 0.001 * F + 0.0001 * RT=3,2,0 + 0.0044 * RT=2,0 + 0.0001 * RT=0 + 0.0031 * CT=0,2 - 0.146 * CT=2
+0*TV=1+0.1978 * PR - 1.0686

LM num: 54

log(PCU) = 0 * F + 0.0001 * RT=3,2,0 + 0.0021 * RT=2,0 + 0.0001 * RT=0 + 0.0038 * CT=0,2 - 0.1234 * CT=2
+0*TV=1+0.0025*PR -0.1139

LM num: 55

log(PCU) = 0 * F + 0.0001 * RT=3,2,0 + 0.0021 * RT=2,0 + 0.0001 * RT=0 - 0.0396 * CT=0,2 - 0.0018 * CT=2
+0*TV=1-0.0296 * PR + 0.0165

LM num: 56

log(PCU) =0 * F + 0.0001 * RT=3,2,0 + 0.0021 * RT=2,0 + 0.0001 * RT=0 + 0.2303 * CT=0,2 - 0.0821 * CT=2
+0*TV=1+0.0039 * PR - 0.1164

LM num: 57

log(PCU) = 0.0037 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 + 0.0008 * CT=0,2 - 0.0719 * CT=2
+0*TV=1+0.0159 * PR - 0.424

LM num: 58

log(PCU) = 0.0016 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 + 0.002 * CT=0,2 - 0.0001 * CT=2
+0*TV=1+0.0018 * PR - 0.2915

LM num: 59

log(PCU) = 0.0001 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 + 0.041 * CT=0,2 - 0.0001 * CT=2
+0*TV=1+0.0016 *PR -0.1333

LM num: 60

log(PCU) = 0.0015 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 + 0.0022 * CT=0,2 - 0.0001 * CT=2
+0*TV=1+0.1395* PR- 0.8132

LM num: 61

log(PCU) = 0.0019 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 + 0.0016 * CT=0,2 - 0.0001 * CT=2
+0*TV=1+0.0088 * PR - 0.2894

LM num: 62

log(PCU) = 0.0041 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 - 0.0015 * CT=0,2 + 0.0001 * CT=2
+0*TV=1+0.0008 * PR - 0.3807

LM num: 63

log(PCU) = 0 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 - 0.0465 * CT=0,2 + 0.0001 * CT=2
+0*TV=1+0.0006 * PR - 0.0257

LM num: 64

log(PCU) = 0.0023 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 - 0.0813 * CT=0,2 + 0.0005 * CT=2
+0*TV=1+0.003*PR-0.1878

LM num: 65

log(PCU) = 0.0001 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 - 0.0015 * CT=0,2 + 0.0006 * CT=2
+0*TV=1+0.0034 * PR + 0.0229
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LM num: 66

log(PCU) = 0.0021 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 - 0.0451 * CT=0,2 + 0.0334 * CT=2
+0*TV=1-0.0076 * PR - 0.191

LM num: 67

log(PCU) = 0.001 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 - 0.0006 * CT=0,2 + 0.0325 * CT=2
+0*TV=1+0.1393*PR -0.738

LM num: 68

log(PCU) = 0.0007 * F + 0.0007 * RT=3,2,0 + 0.0181 * RT=2,0 + 0.0002 * RT=0 - 0 * CT=0,2 + 0.0298 * CT=2
+0*TV=1-0.0073 * PR - 0.1066

LM num: 69

log(PCU) =0 * F + 0.0014 * RT=3,2,0 + 0.0112 * RT=2,0 + 0.0004 * RT=0- 0 * CT=0,2 + 0.0211 *CT=2+ 0 * TV=1
+0.0001 * PR + 0.0022

LM num: 70

log(PCU) =0* F +0.0014 * RT=3,2,0 - 0.0172 * RT=2,0 + 0.0004 * RT=0 - 0 * CT=0,2 + 0.0219 * CT=2 + 0 * TV=1
+0.0001 * PR + 0.0417

LM num: 71

log(PCU) = 0.0002 * F + 0.2193 * RT=3,2,0 - 0.0003 * RT=2,0 + 0.0004 * RT=0 + 0.0004 * CT=0,2 - 0.0001 * CT=2
+0*TV=1+0.0083 * PR - 0.2529

LM num: 72

log(PCU) =0 * F + 0.0031 * RT=3,2,0 - 0.0002 * RT=2,0 +0.0004 * RT=0 + 0.046 * CT=0,2 - 0.0108 * CT=2
+0*TV=1-0*PR+0.0015

LM num: 73

log(PCU) = 0 * F + 0.3494 * RT=3,2,0 - 0.0006 * RT=2,0 + 0.0004 * RT=0 + 0.0006 * CT=0,2 - 0.0009 * CT=2
+0*TV=1-0*PR-0.3019

LM num: 74

log(PCU) = 0.0002 * F + 0.0371 * RT=3,2,0 - 0.0006 * RT=2,0 + 0.0004 * RT=0 + 0.0006 * CT=0,2 - 0.0036 * CT=2
+0*TV=1-0*PR-0.3319

LM num: 75

log(PCU) =0 * F + 0.0308 * RT=3,2,0 - 0.0006 * RT=2,0 + 0.0004 * RT=0 + 0.0006 * CT=0,2 - 0.0259 * CT=2
+0*TV=1-0*PR +0.0226

LM num: 76

log(PCU) = 0.0003 * F + 0.0052 * RT=3,2,0 - 0.0005 * RT=2,0 + 0.0004 * RT=0 + 0.0012 * CT=0,2 - 0.0007 * CT=2
+0*TV=1-0*PR-0.0891

LM num: 77

log(PCU) = -0 * F + 0.0052 * RT=3,2,0 - 0.0005 * RT=2,0 + 0.0004 * RT=0 + 0.0009 * CT=0,2 - 0.0011 * CT=2
+0*TV=1-0*PR +0.0269

LM num: 78

log(PCU) = -0 * F + 0.0052 * RT=3,2,0 - 0.0005 * RT=2,0 + 0.0004 * RT=0 + 0.0009 * CT=0,2 - 0.0013 * CT=2
+0*TV=1-0*PR +0.0238
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LM num: 79

log(PCU) = -0 * F + 0.0052 * RT=3,2,0 - 0.0005 * RT=2,0 + 0.0004 * RT=0 + 0.0009 * CT=0,2 - 0.0013 * CT=2
+0*TV=1-0*PR-0.0114

LM num: 80

log(PCU) = 0.0001 * F + 0.2535 * RT=3,2,0 - 0.0003 * RT=2,0 + 0.0011 * RT=0 - 0.0002 * CT=0,2 + 0.0002 * CT=2
+0*TV=1-0*PR-0.2863

LM num: 81

log(PCU) = 0 * F + 0.003 * RT=3,2,0 - 0.0003 * RT=2,0 + 0.002 * RT=0 - 0.0001 * CT=0,2 + 0.035 * CT=2
+0*TV=1-0*PR-0.0242

LM num: 82

log(PCU) =0 * F + 0.003 * RT=3,2,0 - 0.0003 * RT=2,0 + 0.0019 * RT=0 - 0.0001 * CT=0,2-0*CT=2+ 0 * TV=1
-0* PR +0.0092

LM num: 83

log(PCU) = 0.0003 * F + 0.003 * RT=3,2,0 - 0.0003 * RT=2,0 + 0.0019 * RT=0 - 0.0001 * CT=0,2 - 0.0017 * CT=2
+0*TV=1-0*PR-0.1169

LM num: 84

log(PCU) = -0.0003 * F + 0.003 * RT=3,2,0 - 0.0003 * RT=2,0 + 0.0019 * RT=0 - 0.0001 * CT=0,2 - 0.0019 * CT=2
+0*TV=1-0*PR+0.2102

LM num: 85

log(PCU)=-0*F + 0.003 * RT=3,2,0 - 0.0003 * RT=2,0 + 0.0019 * RT=0 - 0.0001 * CT=0,2 - 0.0484 * CT=2
+0*TV=1-0*PR+0.0281

LM num: 86

log(PCU) = 0.0012 * F + 0.0009 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0002 * RT=0 - 0 * CT=0,2 + 0.0015 * CT=2
+0*TV=1+0.0001*PR -0.1107

LM num: 87

log(PCU) =0 * F + 0.0009 * RT=3,2,0 + 0.1927 * RT=2,0 + 0.0002 * RT=0 - 0 * CT=0,2 + 0.0029 * CT=2 +0*TV=1
+0.0001 * PR - 0.0462

LM num: 88

log(PCU) =0 * F + 0.0009 * RT=3,2,0 - 0.0006 * RT=2,0 + 0.0002 * RT=0 - 0.0007 * CT=0,2 - 0.0824 * CT=2
+0*TV=1+0.0001*PR +0.1152

LM num: 89

log(PCU) = 0 * F + 0.0009 * RT=3,2,0 - 0.0006 * RT=2,0 + 0.0002 * RT=0 - 0.0007 * CT=0,2 + 0.0584 * CT=2
+0*TV=1+0.0001*PR +0.0837

LM num: 90

log(PCU) = 0 * F + 0.0009 * RT=3,2,0 - 0.0342 * RT=2,0 + 0.0002 * RT=0 - 0.0549 * CT=0,2 + 0.0181 * CT=2
+0*TV=1+0.0001*PR +0.1963

LM num: 91

log(PCU) = -0 * F + 0.0009 * RT=3,2,0 - 0.0219 * RT=2,0 + 0.0002 * RT=0 + 0.0696 * CT=0,2 - 0.024 * CT=2
+0*TV=1+0.0001*PR +0.0473
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LM num: 92

log(PCU) = -0 * F + 0.1203 * RT=3,2,0 - 0.0238 * RT=2,0 + 0.0002 * RT=0 + 0.07 * CT=0,2 - 0.0359 * CT=2
+0*TV=1+0.0001*PR -0.0759

LM num: 93

log(PCU) =0* F + 0.0026 * RT=3,2,0 - 0.0005 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0007 * CT=2 + 0 * TV=1
+0.0004 * PR - 0.0749

LM num: 94

log(PCU) =0* F + 0.0024 * RT=3,2,0 - 0.0005 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0241 * CT=2 + 0 * TV=1
+0.0004 * PR + 0.0255

LM num: 95

log(PCU) = 0.0001 * F + 0.0028 * RT=3,2,0 - 0.0007 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0006 * CT=2
+0*TV=1+0.0004 * PR - 0.085

LM num: 96

log(PCU) = 0.0001 * F + 0.0024 * RT=3,2,0 - 0.0298 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0009 * CT=2
+0*TV=1+0.0004 * PR - 0.0637

LM num: 97

log(PCU) = 0.0001 * F + 0.0024 * RT=3,2,0 - 0.0013 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0488 * CT=2
+0*TV=1+0.0004 * PR - 0.0807

LM num: 98

log(PCU) = 0.0003 * F + 0.0014 * RT=3,2,0 - 0.0004 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0005 * CT=2
+0*TV=1-0.0297 * PR - 0.231

LM num: 99

log(PCU) =0 * F +0.0014 * RT=3,2,0 - 0.0004 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0005 * CT=2+0 * TV=1
-0.027 * PR + 0.0873

LM num: 100

log(PCU) =0 * F +0.0014 * RT=3,2,0 - 0.0004 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0005 * CT=2+0 * TV=1
- 0.0006 * PR - 0.0002

LM num: 101

log(PCU) =0 * F + 0.0014 * RT=3,2,0 - 0.0004 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0005 * CT=2 + 0 * TV=1
-0.0006 * PR + 0.0241

LM num: 102

log(PCU) =0 * F +0.0013 * RT=3,2,0 - 0.0101 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0008 * CT=2 + 0 * TV=1
+0* PR +0.0068

LM num: 103

log(PCU) = 0.0001 * F + 0.0013 * RT=3,2,0 - 0.0754 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0014 * CT=2
+0*TV=1+0*PR-0.0721

LM num: 104

log(PCU) =0* F +0.0013 * RT=3,2,0 - 0.0099 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0014 * CT=2 + 0 * TV=1
+0*PR -0.087
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LM num: 105

log(PCU) = 0.0001 * F + 0.0005 * RT=3,2,0 - 0.0006 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0006 * CT=2
+0*TV=1+0.0002 * PR - 0.0898

LM num: 106

log(PCU) =0* F + 0.0005 * RT=3,2,0 - 0.0006 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0006 * CT=2 + 0 * TV=1
+0.0002 * PR + 0.0577

LM num: 107

log(PCU) =0* F + 0.0005 * RT=3,2,0 - 0.0167 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0171 * CT=2+ 0 * TV=1
+0.0002 * PR + 0.0304

LM num: 108

log(PCU) = -0 * F +0.0005 * RT=3,2,0 - 0.0001 * RT=2,0 + 0.0001 * RT=0+0* CT=0,2 - 0.0001 * CT=2+ 0 * TV=1
+0.0299 * PR + 0.0017

LM num: 109

log(PCU) = -0 * F +0.0005 * RT=3,2,0 - 0.0001 * RT=2,0 + 0.0001 * RT=0+0* CT=0,2 - 0.0001 * CT=2+ 0 * TV=1
+0.0095 * PR - 0.0054

LM num: 110

log(PCU) =-0* F + 0.0005 * RT=3,2,0 - 0.0001 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 - 0.0001 * CT=2+0* TV=1
+0*PR +0.0239

LM num: 111

log(PCU) = -0 * F + 0.0005 * RT=3,2,0 - 0.0001 * RT=2,0 + 0.0001 * RT=0 + 0 * CT=0,2 0.0001 * CT=2+0* TV=1
- 0.0026 * PR + 0.0462

LM num: 112

log(PCU) = 0.0439 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 - 0.0013 * CT=0,2 + 0.0003 * CT=2
+0*TV=1-0.0392 * PR - 0.305

LM num: 113

log(PCU) = 0.0002 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 - 0.0013 * CT=0,2 + 0.0003 * CT=2
+0*TV=1-0.0011*PR -0.102

LM num: 114

log(PCU) = 0.0006 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 - 0.0009 * CT=0,2 + 0.0003 * CT=2
+0*TV=1-0.0248 * PR + 0.0901

LM num: 115

log(PCU) = 0.0016 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 - 0.0015 * CT=0,2 + 0.0003 * CT=2
+0*TV=1-0.0166 * PR - 0.0558

LM num: 116

log(PCU) = 0.0238 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 - 0.0006 * CT=0,2 + 0.0005 * CT=2
+0*TV=1-0.0004 * PR - 0.1522

LM num: 117

log(PCU) = 0.0002 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 - 0.0006 * CT=0,2 + 0.0005 * CT=2
+0*TV=1-0.0004 * PR + 0.083
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LM num: 118

log(PCU) = 0.0011 * F + 0.0001 * RT=3,2,0 + 0.0004 * RT=2,0 + 0.0001 * RT=0 - 0.0006 * CT=0,2 + 0.0005 * CT=2
+0*TV=1-0.0104 * PR - 0.1085

LM num: 119

log(PCU) = 0.0005 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 + 0.002 * CT=0,2 - 0.2263 * CT=2
+0*TV=1-0.0018 * PR - 0.1186

LM num: 120

log(PCU) = 0.0048 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 + 0.002 * CT=0,2 + 0.0969 * CT=2
+0*TV=1-0.0368 * PR + 0.1174

LM num: 121

log(PCU) = 0.0034 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 + 0.3294 * CT=0,2 - 0.0331 * CT=2
+0*TV=1-0.0003 * PR -0.2917

LM num: 122

log(PCU) = 0 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 + 0.0683 * CT=0,2 - 0.0004 * CT=2
+0*TV=1-0.0003 * PR + 0.027

LM num: 123

log(PCU) = 0.003 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 + 0.2691 * CT=0,2 + 0.0534 * CT=2
+0*TV=1-0.0005* PR - 0.3861

LM num: 124

log(PCU) = 0 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 + 0.1384 * CT=0,2 - 0.033 * CT=2
+0*TV=1-0.0195* PR + 0.1067

LM num: 125

log(PCU) = 0.0009 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 - 0.0609 * CT=0,2 + 0.1027 * CT=2
+0*TV=1+0.0211 *PR - 0.1122

LM num: 126

log(PCU) = 0 * F + 0.0001 * RT=3,2,0 + 0.0002 * RT=2,0 + 0.0001 * RT=0 - 0.0534 * CT=0,2 + 0.0462 * CT=2
+0*TV=1-0.014 * PR + 0.3317

LM num: 127

log(PCU) = 0 * F + 0.0003 * RT=3,2,0 - 0.0009 * RT=2,0 + 0.0002 * RT=0 + 0.0007 * CT=0,2 + 0.0006 * CT=2
+0*TV=1+0.0002* PR +0.1728

LM num: 128

log(PCU) = 0 * F + 0.0003 * RT=3,2,0 - 0.0316 * RT=2,0 + 0.0002 * RT=0 + 0.0007 * CT=0,2 + 0.0302 * CT=2
+0*TV=1+0.0002 * PR + 0.2304

LM num: 129

log(PCU) = 0.0003 * F 0.0003 * RT=3,2,0 - 0.0013 * RT=2,0 + 0.0002 * RT=0 + 0.0905 * CT=0,2 - 0.0006 * CT=2
+0*TV=1+0.0002 * PR - 0.0049

LM num: 130

log(PCU) = 0 * F + 0.0003 * RT=3,2,0 - 0.001 * RT=2,0 + 0.0002 * RT=0 + 0.149 * CT=0,2 - 0.0428 * CT=2
+0*TV=1+0.0002 * PR + 0.028
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LM num: 131

log(PCU) = 0.001 * F + 0.0003 * RT=3,2,0 - 0.0006 * RT=2,0 + 0.0018 * RT=0 + 0.0016 * CT=0,2 + 0.0565 * CT=2
+0*TV=1+0.0002 * PR - 0.0369

LM num: 132

log(PCU) = 0 * F + 0.0003 * RT=3,2,0 - 0.0008 * RT=2,0 + 0.0035 * RT=0 + 0.0029 * CT=0,2 + 0.0005 * CT=2
+0*TV=1+0.0002 * PR + 0.2483

LM num: 133

log(PCU) = 0.0004 * F + 0.0003 * RT=3,2,0 - 0.0009 * RT=2,0 + 0.0846 * RT=0 0.2323 * CT=0,2 + 0.0005 CT=2
+0*TV=1+0.0002 * PR - 0.1158

LM num: 134

log(PCU) = 0 * F + 0.0003 * RT=3,2,0 + 0.0476 * RT=2,0 + 0.0029 * RT=0 + 0.0026 * CT=0,2 + 0.0008 * CT=2
+0*TV=1+0.0002 * PR + 0.2293

LM num: 135

log(PCU) = -0 * F + 0.0003 * RT=3,2,0 - 0.0022 * RT=2,0 + 0.0008 * RT=0 + 0.1832 * CT=0,2 - 0.0015 * CT=2
+0*TV=1+0.0002 * PR + 0.1053

LM num: 136

log(PCU) = -0 * F + 0.0003 * RT=3,2,0 - 0.0015 * RT=2,0 + 0.0008 * RT=0 + 0.0037 * CT=0,2 - 0.0815 * CT=2
+0*TV=1+0.0002 * PR + 0.2249

LM num: 137

log(PCU) =-0.0005 * F + 0.1736 * RT=3,2,0 - 0.0002 * RT=2,0 - 0.1658 * RT=0 + 0.0005 * CT=0,2 - 0.0802 * CT=2
+0*TVv=1 +0.0327 * PR + 0.1745

LM num: 138

log(PCU) = 0.0001 * F + 0.0295 * RT=3,2,0 - 0.0002 * RT=2,0 - 0.0015 * RT=0 + 0.0005 * CT=0,2 - 0.0596 * CT=2
+0*TV=1+0.0294 * PR - 0.1909

LM num: 139

log(PCU) = 0.0007 * F + 0.0013 * RT=3,2,0 - 0.0454 * RT=2,0 + 0 * RT=0 - 0.1034 * CT=0,2 + 0.0003 * CT=2
+0*TV=1+0*PR+0.0967

LM num: 140

log(PCU) = 0.0008 * F + 0.0013 * RT=3,2,0 + 0.1695 * RT=2,0 + 0 * RT=0 - 0.0007 * CT=0,2 + 0.0006 * CT=2
+0*TV=1+0*PR -0.1479

LM num: 141

log(PCU) =0 * F + 0.001 * RT=3,2,0 - 0.0015 * RT=2,0 + 0.0029 * RT=0 - 0.0934 * CT=0,2 + 0.0007 * CT=2
+0*TV=1-0*PR +0.3272

LM num: 142

log(PCU) = 0.0015 * F + 0.001 * RT=3,2,0 - 0.0017 * RT=2,0 + 0.1158 * RT=0 + 0.2096 * CT=0,2 + 0.0007 * CT=2
+0*TV=1-0*PR-0.5437

LM num: 143

log(PCU) =0 * F + 0.001 * RT=3,2,0 + 0.1168 * RT=2,0 + 0.002 * RT=0 + 0.0018 * CT=0,2 + 0.0014 * CT=2
+0*TV=1-0*PR+0.1821
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LM num: 144

log(PCU) = 0.0004 * F + 0.001 * RT=3,2,0 - 0.0005 * RT=2,0 + 0 * RT=0 + 0.1672 * CT=0,2 + 0.0003 * CT=2
+0*TV=1-0.0002 * PR + 0.0245

LM num: 145

log(PCU) = -0.001 * F + 0.001 * RT=3,2,0 - 0.0005 * RT=2,0 + 0 * RT=0 + 0.0061 * CT=0,2 + 0.1342 * CT=2
+0*TV=1-0.0564 * PR + 1.4518

LM num: 146

log(PCU) = 0.0003 * F + 0.001 * RT=3,2,0 - 0.0004 * RT=2,0 + 0 * RT=0 0.0038 * CT=0,2 - 0.0003 * CT=2
+0*TV=1-0.0002 * PR + 0.1684

LM num: 147

log(PCU) =-0 * F + 0.001 * RT=3,2,0 - 0.0004 * RT=2,0 + 0 * RT=0 + 0.2974 * CT=0,2 - 0.0627 * CT=2 + 0 * TV=1
- 0.0001 * PR + 0.0557

LM num: 148

log(PCU) = 0.0002 * F + 0.001 * RT=3,2,0 - 0.0004 * RT=2,0 - 0.1892 * RT=0 + 0.0052 * CT=0,2 - 0.0005 * CT=2
+0*TV=1-0.0001 * PR + 0.1452

LM num: 149

log(PCU) = -0 * F + 0.0058 * RT=3,2,0 0.0014 * RT=2,0 - 0.0079 * RT=0 + 0.0008 * CT=0,2 - 0.0007 * CT=2
+0*TV=1+0.0157 * PR + 0.0273

LM num: 150

log(PCU) = -0.0007 * F + 0.0058 * RT=3,2,0 + 0.0013 * RT=2,0 - 0.304 * RT=0 + 0.0008 * CT=0,2 - 0.0007 * CT=2
+0*TV=1-0.0001 * PR + 0.8514

LM num: 151

log(PCU) =0 * F + 0.3602 * RT=3,2,0 - 0.0005 * RT=2,0 - 0.0045 * RT=0 + 0.0008 * CT=0,2 - 0.0007 * CT=2
+0*TV=1-0.0392*PR +0.3018

LM num: 152

log(PCU) = 0.0005 * F + 0.0157 * RT=3,2,0 - 0.0001 * RT=2,0 - 0.0045 * RT=0 + 0.0008 * CT=0,2 - 0.0007 * CT=2
+0*TV=1-0.0007 * PR - 0.2283

LM num: 153

log(PCU) = 0 * F + 0.0157 * RT=3,2,0 - 0.0001 * RT=2,0 - 0.0045 * RT=0 0.0008 * CT=0,2 - 0.0007 * CT=2
+0*TV=1-0.0183*PR  +0.4852

LM num: 154

log(PCU) = 0 * F + 0.0157 * RT=3,2,0 - 0.0001 * RT=2,0 - 0.0045 * RT=0 + 0.0008 * CT=0,2 - 0.0007 * CT=2
+0*TV=1-0.0154 * PR + 0.2813

LM num: 155

log(PCU) = -0.0011 * F + 0.0065 * RT=3,2,0 - 0.1378 * RT=2,0 - 0.0037 * RT=0 + 0.0008 * CT=0,2 - 0.0021 * CT=2
+0*TV=1-0.0859 *PR +2

LM num: 156

log(PCU) = 0.0004 * F + 0.0065 * RT=3,2,0 - 0.1754 * RT=2,0 - 0.0037 * RT=0 + 0.0008 * CT=0,2 - 0.0021 * CT=2
+0*TV=1-0.0009 * PR - 0.1547
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LM num: 157

log(PCU) = -0 * F - 0.0005 * RT=3,2,0 - 0.0001 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2- 0.0006 * CT=2 + 0 * TV=1
+0.0314 * PR - 0.0577

LM num: 158

log(PCU) =0* F - 0.0005 * RT=3,2,0 - 0.0001 * RT=2,0 0 * RT=0 + 0.0002 * CT=0,2 - 0.0006 * CT=2 + 0 * TV=1
-0.001 * PR + 0.2516

LM num: 159

log(PCU) =0 * F - 0.0005 * RT=3,2,0 - 0.0001 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.0006 * CT=2 + 0 * TV=1
- 0.0004 * PR + 0.1807

LM num: 160

log(PCU) = -0 * F - 0.0005 * RT=3,2,0 - 0.0001 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.0006 * CT=2 + 0 * TV=1
-0.0004 * PR +0.28

LM num: 161

log(PCU) = -0 * F - 0.0005 * RT=3,2,0 - 0.0001 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.0006 * CT=2 + 0 * TV=1
- 0.0004 * PR + 0.2234

LM num: 162

log(PCU) = -0 * F - 0.0005 * RT=3,2,0 - 0.0001 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.0006 * CT=2 + 0 * TV=1
- 0.0007 * PR + 0.2036

LM num: 163

log(PCU) = -0.0001 * F - 0.0005 * RT=3,2,0 - 0.0001 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.0006 * CT=2
+0*TV=1-0.0004 * PR + 0.4205

LM num: 164

log(PCU) = -0.0001 * F - 0.0007 * RT=3,2,0 - 0.0005 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.0044 * CT=2
+0*TV=1+0.0019* PR +0.1701

LM num: 165

log(PCU) = 0.0002 * F - 0.0007 * RT=3,2,0 - 0.0005 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.0044 * CT=2
+0*TV=1+0.0019 * PR - 0.1942

LM num: 166

log(PCU) = -0.0007 * F - 0.0007 * RT=3,2,0 - 0.1285 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.008 * CT=2
+0*TV=1+0.0021 * PR + 1.055

LM num: 167

log(PCU) = -0 * F - 0.0007 * RT=3,2,0 - 0.0159 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.008 * CT=2 + 0 * TV=1
- 0.0108 * PR + 0.1058

LM num: 168

log(PCU) = -0 * F - 0.0007 * RT=3,2,0 - 0.1482 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.0066 * CT=2 + 0 * TV=1
-0.0718 * PR + 0.9452

LM num: 169

log(PCU) = 0.0001 * F - 0.0007 * RT=3,2,0 - 0.001 * RT=2,0 + 0 * RT=0 0.0002 * CT=0,2 - 0.1042 * CT=2
+0*TV=1-0.0119 * PR - 0.0463
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LM num: 170

log(PCU) =0 * F - 0.0007 * RT=3,2,0 - 0.0001 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.3031 * CT=2 + 0 * TV=1
-0.0014 * PR +0.2721

LM num: 171

log(PCU) = -0 * F - 0.0006 * RT=3,2,0 - 0.0001 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.0007 * CT=2 + 0 * TV=1
-0.0063 * PR +0.1312

LM num: 172

log(PCU) =0 * F - 0.0006 * RT=3,2,0 - 0.0001 * RT=2,0 + 0 * RT=0 + 0.0002 * CT=0,2 - 0.0007 * CT=2 + 0 * TV=1
- 0.0042 * PR + 0.0086
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