EAAHNIKO
ANOIKTO
MANEMNIZTHMIO

XyoAn Octikwv Emomuov & Teyvoloyiog

Metantuyioxn EEedikevon ota [TIAnpopoplakd Xvetriuoto

Authopatucn Epyacio

Avvapikn ApopoArdynon Hiektpikov Oynudatov pe Aélonoi-
non Aedouévav OBD kat IToAvkpirimpiokn BeAtictomoinon

Moxkpng AAEEavdpog

EmBrénov kabnynmge: Koaydaing Baoilelog

[Tatpa, Zentéppprog 2026



H mopovca epyacio amotelel TveLLOTIKT 1010KTNGIR TOL POITNTN (KOLYYPUPENS/ONHOVPYOGH) TTOL TV EKTOVNGE.
210 TAAIC10 TNG TOMTIKNG aVOIKTHG TPOSPaong 0 cuyypagéas/dnpiovpyog ekywpei oto EATL, un amokAieiotikng
AOELD XPNOTG TOV SIKOIDUOTOG AVATOPOYMYNGS, TPOGUPUOYNG, ONUOGIOL SaVEIGHOV, TAPOVGINCTG 6TO KOO Kol
YNOLOKNG S1iYLONG TOVG SEBVMG, GE NAEKTPOVIKT| LOPPT] KOl GE OTOLOONTOTE LEGO, Y10 SIOOKTIKOVG KOl EPEVVT|-
TIKOVG GKOTOVG, AVED OVTOAALYLLOTOG KO Y10 OAO0 TO YPOVO SLOPKELNG TOV SIKAIOUATOV TVELLOTIKNG 1O10KTNGI0G.
H avowrn tpdcPacn 6to mANpeg KEIEVO Yo LEAETT KOl AVAYV®GT dev onuaivel Ko’ oovonmote Tpdmo mapo-
YOPNON SIKUOUATOV SIVONTIKNG IOIOKTNGING TOV GUYYPUPEN/ONUIOVPYOD OVTE EMLTPEMEL TV OVOTOPOYOYT], O
VadNUOGIEVoT], AvTlypaQ, 0ToBNKELGT), TOANCT, ELTOPIKN YPNOT, LETAS0OT, dtavopy, £KO00N, EKTEAEDT), «lLe-
tapoptoony (downloading), «avéptnony» (uploading), pHeTdEpacT, TPOTOTOINGT LE OTOLOVONTOTE TPOTO, TUN-
HOTIKA 1) TEPIANTITIKA TG EPYAGLOC, YMPIG TN P1TH TPONYOVLEVT EYYPOPT CLUVAIVEGT TOL GLYYPAPEN/INULOVPYOL.
O ovyypagéac/dnpiovpyos dSlotnpel 1o GUVOAO TOV NOIKOV KOl TEPLOVGLOKADV TOL SIKAIOUATOV.
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Iepiinyn

H mapovca SimAopatiky epyacio mpaypateveTal TNV avantuln €vog GLOTHLOTOS SVVOUIKNG
OPOLOAOYNONG NAEKTPIKMV OYNUAT®V e BEATIOTOTOINGN GTPATYIKGV GOpTIoNG. To suoTnua
OTOYEVEL GTNV AVTILETOTICT TOV KOPI®V TPOKANCEMV TG NAEKTPOKIVIONG OT®G TNV TEPLOPL-
OUEVI] avTOVOpIOL KO TV avaykn yuo £Eumvn Olayeipton g evépyelog. Avto emttvyydvetal
HEG® £VOC OAOKANP®UEVOD VTTOAOYIGTIKOD TAOLGIOU TOL GLVOLALEL LOVIEAOTTOIN O] PUGIKNG,

alyopOukn PeATioTomoinoT Kot SLVOUIKY ETAVOSPOUOAIYNOT GE TPAYLLATIKO XPOVO.

[Ma Tov vtohoylopd TG EvEPYELOKTG KATAVAA®ONG VI0OETEITOL TO PIKPOOTKOTIKO LOVTEAD (V-
owng VT-CPEM, to omoio Aapufdvel vroyn tig duvdpuels EAENG, tnv KAlom tov dpopov, v
0EPOOLVOLKY] OVTIOTOGT KoL TNV KATOVIAMGT TOL GUGTHUOTOS KAMUOTIGHOD GUVOPTNGEL TNG
eEmtepkng Beppokpaciag. To 0d1kd diktvo avorapictatar wg State-Expanded Graph gpmiov-
TIGUEVO pe vyouetpikd dedopéva Copernicus DEM GLO-30 kot dedopéva otabudv eoptiong
a6 1o OpenChargeMap, amofnievpévo tomkd oe apyeio GraphML avé Ileprpeperoxn Evo-

mra Yo BEATIGTN 0mdS00T KATA TOV XPOVO EKTEAECNG,.

O aAy6p1Buoc dpopordynong Bacileton oe Evav Label Setting adydpiBpo mov emivet to mpod-
BAnuo MOSP-RC (Multi-Objective Shortest Path with Resource Constraints), evoouatdvo-
vtog tavtodypova Tpia Kprrnpla BertioTonoinong: 1o ¥pdvo petakivnong, To eXinedo POPTIoNG
Kol T0 0KOVOKO k66T0G6. H mapoandve mpocsEyyion aviKel 6TO GAGLO TV TOAVKPLTPLOKAOV
Label Setting adyopiBuwv (Martins, 1984) evéd mpootifeton emmAéov kot vpetikn kabodnynon
A* (Mandow & Pérez-de-la-Cruz, 2005, 2010). Axdpa, epopudloviol TeVIKEC HEI®ONG TOA-
mAokoTTOg oL Bucidlovv ) BewpnTikn PEATIOTN ADoN Katd Pareto mpog 6ELOC TG VTOAO-

YIOTIKNG 0OO0CNG GE TPAYLATIKO XPOVO.

To cOGTNHO EVOOUATOVEL UNYOVIGHO SVVOUIKNG ETOVASIPOLOAOYNONG TOV AVLXVEVEL OITOKAL-
OE1G LETAED EKTIUMUEVNC KOL TPAYLATIKNG KOTAVAAMONG KO EKKIVEL 0V TOHATO VEO DVTTOAOYIGUO
dwdpoung o6tav n amokAion vrepPet 10 5% SoC. H emkowovio petacd e&umnpetnt) Ko &-
eoppoyng kwvntobv mpaypotonoteitor péow REST API kot WebSocket, evd yioo v emain-
Oevon ToL GuoTHHETOG VAomowmOnKe apyltektoviky Hardware-in-the-Loop pe mpoypotikd

npwtdékorro OBD-II péow Bluetooth.



H nepapartikn alohdynon npaypatoromnke oe 001ko diktvo evvéa Ileprpepelaxmdv Evotn-
tov ¢ Hrelpov, g Oeccariog kot Avtikng Makedoviag, meploymv e EVTovn Opevn Hop-

@oLoyia Tov KaboTd Kpioun TV akp1P EKTIUNOT KOTOVIAMOTS.

AéEerc — Kiewona

Apopordynon Hiextpikov Oynuatov, Label Setting, RCSP, VT-CPEM, Avvouxn Ernovo-
dpoporoynon, OBD-II, Beitiotonoinon ®dptiong



Dynamic Routing of Electric Vehicles Using OBD Data and
Multi-Objective Optimization

Makris Alexandros

Abstract

This thesis presents the development of a dynamic routing system for electric vehicles with
optimized charging strategies. The system aims to tackle the key challenges of electric mobil-
ity, such as limited range and the need for intelligent energy management. This is achieved
through a comprehensive computational framework that combines physics-based modeling,

algorithmic optimization, and real-time dynamic re-routing.

Energy consumption is computed using the VT-CPEM microscopic physics model, accounting
for traction forces, road gradient, aerodynamic drag, and HVAC system consumption as a func-
tion of ambient temperature. The road network is represented as a State-Expanded Graph en-
riched with elevation data from Copernicus DEM GLO-30 and charging station data from
OpenChargeMap, stored locally as GraphML files per regional unit to ensure optimal runtime

performance.

The routing algorithm is based on a Heuristic Label Setting approach that solves the MOSP-
RC (Multi-Objective Shortest Path with Resource Constraints) problem, simultaneously opti-
mizing three criteria: travel time, battery state of charge, and monetary cost. The balance be-
tween speed and economy is controlled by a user-defined parameter a. Ten pruning mecha-
nisms were implemented to manage computational complexity, including Fuzzy Domination

and Directional Penalty, inspired by the NWRCA algorithm.

The system incorporates a dynamic rerouting mechanism that detects deviations between esti-
mated and actual energy consumption via a Telemetry Engine, automatically triggering a new

route calculation when the deviation exceeds 5% SoC. Communication between the backend



and mobile app is handled via REST API and WebSocket. For system validation, a Hardware-

in-the-Loop architecture was implemented using the real OBD-II protocol over Bluetooth.

Experimental evaluation was conducted on the road network of nine Regional Units, regions
characterized by mountainous terrain that makes accurate consumption estimation particularly

critical.

Keywords

Electric Vehicle Routing, Label Setting Algorithm, RCSP, VT-CPEM, Dynamic Rerouting,
OBD-I1, Charging Optimization
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