IMavemotmo Abnvmy
Typnpo ITineopopug xot Tniemixowwvimy
Avantogn Aoyiopixod Yo Aixtoa xur Tynenixotvwvieg
Xetpeptvo efapnvo
2020 — 2021

2KOTTOG TNG TTapoloag epyaciag gival n avamtugn evog ouoTAPaTog TTapakoAolBnong kivnong
OXNMATWY Kal TTPORAEWNS TNG TTopEiag Toug KaBwg Kal TNG amodoong Tou BIKTUOU KAaBOAn Tn
oladpopn Toug. Ta oxAuarta Ba KivouvTal g€ éva TUNAKA Tou OPOUOU TNG TTAVETTIGTNMIOUTTOANG Kal
n kivnorn toug Ba TrpocopolwBei pye TN Xprion Tou epyaieiou SUMO (Simulation of Urban
Mobility).

To oxAua Tou akoAouBei atroTeAel pia ypa@IKf aTTelkOvIon Twyv OOMIKWY OTOIXEIWV TNG
QPXITEKTOVIKAG, N oToia Kal Ba avatrtuxBei ota TTAdiola TNG gpyaciag. AkoAouBei avaAuTIkn
TTEPIYPAPI TWV OVIOTATWY TTOU QTTAPTICOUV TNV apXITEKTOVIKA aAAG Kal Twv interfaces TTou TO
OIaoUVOEOUV.
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Android Zuokeun: lNpokeiral yia TRV KivnT cuokeur (TTou BpiokeTal evidg TOU OXNUATOG), N
oTroia gival utTelBuvn yia TNV AfYn Kal CUYKEVTPWON HETPAOEWV aTTd TOUG EYKATEOTNHEVOUG
a100nTAPES TNG OUOKEUNG (TT.X. accelerometer) Kai yia Tnv a1tooTOAr Toug oTov Edge Server (Ba
avaAuBei TTaOpaKATW) PE TN XPron Tou TTPpwTokOAAou MQTT. EmmmpdoBerta, Ta android TEpUATIKG
Ba atrooTéA\ouv atov Edge Server 1o oTiyua GPS Toug yia Tnv €Upeon NG B€ong Toug yéoa O0To
XWPO, TNV TaxUTATA TOU OXNMATOG, TN ywvia Kivnong KaBwg Kal JETPHOEIG OXETIKEG PE UETPIKEG
Tou OIKTUOU Kal TTI0 ouyKekpipéva Tn puBpatrodoon (throughput) ki To RSSI (Received Signal
Strength Identification). H emkoivwvia Twv Android Teppartikwv pe Ttov Edge Server eivai
Qu@iIdpoun KaBwg TTépav atd TNV ammooToAr] dedouévwy, Ba Aaupdvouv €1I00TTOINCEIS OE TOKTA
XPOVIKA S1a0TANATA OXETIKA YE TNV KATAOTACON TOoug. O1 OXETIKEG €160TTOINCEIG TTOU AauBdvouv
Ta TEPUATIKG TTEPIYPAPOVTAI AVAAUTIKA TTAPAKATW.

Edge Server (ES): O Edge Server givar utrelBuvog yia Tn cuAdoyny Twv Oe£douévwY TTOU
atrooTéAovTal atrd Ta TEPUATIKA KABWGS Kal Yo TNV OTTOOTOAN €I00TTOINCEWY OXETIKWV PE TNV
KatdoTaon Tou &IKTUou TTpog auTd. AkOpa, otov Edge Server Ba AdBel xwpa n avaAuon Twv



o0edouévwyv TTou Aaufavel amoé T1a android TepuaTikG TTPOKEIMEVOU va yivel TTPORAewn TNG
Topeiag kivnong Tou ekdoToTe OXAMOTOG aANG kal Tng kartdotaong Tou OIKTUOU OTa
TTPoBAETTOPEVO YEWYPAPIKA onpeia. TEAOG, o1 TTPORAETTOMEVEG BECEIC TwY OXNUATWY Kal
KardoTaong Tou dIkTUou (throughput, RSSI) Ba ammoBnkevovTal amd Tov Edge Server oe pia
MySQL Baon.

MySQL Database: To TeAeuTaio douikd aToixeio TnG epyaciag eival n MySQL Baon dedouévwy,
n otmroia Ba diatnpei OAEG TIG TIPOPAEWEIG OXETIKEG PE TNV KiVNON TWV OXNHATWY KAl KATAOTACNG
OIKTUOU.

SUMO Data: Zta 1Aaiocia 1ng epyaciag 8a doBouv Tpia xml apxeia, Ta otroia Ba Tapaxbouv ue
TN Xprion Tou SUMO kal Ba TTEPIEXOUV OToIXEIa Kivnong Twv oXNUATWV. To TTPWTO apXEio e
ovopa all_vehicles.xml B8a agopd Tnv Kivnon 25 oxnudtwyv, Ta dedopéva Twv OTToiwv Ba
aglotroinBouv yia Tnv TTapaywyn Twv Heatmap (Ba EnynBei TapakdTw). To deUTEPO KAl TPITO
apxeio pe ovéuarta vehicle_26.xml kai vehicle_27.xml avtioToixa, 8a agopolv Tnv Kivnon Twv
Ouo android TeppaTikwy (TTou Ba TTpocouoidlouv Ta android KivnTd TnNg oudda oag) Kal yia Ta
oTroia Ba yivel TpORAewn TTopEiag Kivnong (trajectory prediction) kai katdotaong dIKTUOU OTTO

<?xml version="1.0" encoding="UTF-8"7?>

<fcd-export xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:noNamespaceSchemalocation="http://sumo.dlr.de/xsd/fcd file.xsd">
<timestep time="0.00">
<vehicle id=
</timestep>
<timestep time="1.00">
<vehicle id="0" x="23.686242" y="37.999808" angle="120.272174" type="vehicle" speed="0.032697" pos="5.132697" lane="24266880#0_0" slope="0.000000"/>
</timestep>
<timestep time="2.00">
<vehicle id="0" x="23.686243" y="37.999808" angle="120.272174" type="vehicle" speed="0.118949" pos="5.251647" lane="24266880#0_0" slope="0.000000"/>
</timestep>
<timestep time="3.00">
<vehicle id="0" x="23.686247" y="37.999806" angle="120.272174" type="vehicle" speed="0.405306" pos="5.656952" lane="24266880#0_0" slope="0.000000"/>
</timestep>
<timestep time="4.00">
<vehicle id="0" x="23.686252" y="37.999803" angle="120.272174" type="vehicle" speed="0.557872" pos="6.214824" ;ane:"ZQZGEBBO#O_D” 51lope="0.000000"/>
<vehicle id="1" x="23.686242" y="37.999809" angle="120.272174" type="vehicle" speed="0.000000" pos="6.214824" lane:”ZAZGEBHO#O_O” 51ope="0.000000"/>
</timestep>
</fecd-export>

" x="23.686242" y="37.999809" angle="120.272174" type="vehicle" speed="0.000000" pos="5.100000" lane="24266880#0_0" slope="0.000000"/>

Tov Edge Server (otn 2" ¢don Tng epyaciag). MapakdTtw divetal éva rapddeyua xml apxeiou.

o timestep: Xpbdvog oto simulation o€ seconds

o id: To avayvwpIoTIKG Tou KABe oxAuaTog (android TepuaTikou)

e X: longitude

e y: latitude

e angle: H ywvia Tou oxrpatog (0°-360°) cupgwva Pe 1o navigational standard

e type: O 1UTTOG TOU Vehicle

o speed: H taxutnTa Tou oxfuatog (m/s)

e pos: H Béon Tou OXAMATOG PETPWVTAG TNV ATTO TNV apXA TNG TpEXouoag Awpidag TTou
dlavuel To éxnua

o lane: To avayvwpIoTIkS TNG TREXOUTAS Awpidag

o slope: kAion oxApaATOG

210 TACiola Tng gpyaciag Ba xpelaoTouv povo Ta €¢ng oToixeia: timestep, id, x(long), y(lat),
angle, speed

MpwTtn ®don Epyaciag
21NV TTPWTN QACN TNG EPYACIAg KAAEIOTE VA UAOTTOINCETE TNV ETTIKOIVWVIa JETAEU Twv android

TEPUATIKWYV PE TOov Edge Server kabwg kal Tnv emkoivwvia Tou Edge Server pe Tnv MySQL
Baon dedouévwy. Mo cuykekpiyéva, Ta android Tepuatikd Ba eTmikoivwvouv Je To Edge Server



pHéow Tou MQTT tpwTtokdAAou Kal o Edge Server 8a emikoivwvei pe BAcn dedoPEVWV PHECW
JDBC Driver. Emmpdo0eTa, 0¢ autd To KOPPATI TNG epyaciag Ba TTPETTEl va yivel egaywyn 2
Heatmaps O1Twg Teplypd@ovTal avaAUTIKA TTOPAKATW.

Mo ouykekpipéva:

e Edge Server

>1ov Edge Server Ba AdBel xwpa n dnuioupyia Twv d0o Heatmaps, Tou Ba TTpokUYouV atrd
TNV av@Auon Twv PETPROEWY TToU €Xel CUAANECEl 0 ES atrd Ta 25 oxAuaTa Tou simulation.
Apxikd, KaAcioTte va OnuioupynoeTe Tpia apxeia csv Pe ovopata all_vehicles.csv,
vehicle _26.csv kail vehicle 27.csv avrtioToixa, €fayovrag amd 1o xml apxeia, TTou
TTapaxenkav pe m xpron Tou SUMO Kal £€xouv Ta AVTIOTOIXA OVOUATA, TIG ATTAITOUMEVEG
TIMEG. o ouykekpiyéva, KABE ypauMn TOu CSV apxeiou TTou Ba TTapdageTe Ba TTPETTEl va €XEI

NV €81G HOPPA:
<timestep, id, lat, long, angle, speed, RSSI, throughput>

O1 TpwTEG TIMES TTOU avagépovTal oTn simulated kivnon Twv oxnudatwy (timestep, id, lat,
long, angle, speed) Ba AapBdvovrar ammd Ta avrtioToixa xml apxeia, TI¢ TINEC RSSI Kai
throughput, TTou oxetiCovtal ye TNV amoédoon Tou BIKTUOU, KAAEIOTE va TIG dnNUIOUPYNOETE
£0€iC WG €EAG:

RSSI: MNa kd@Be csv apxeio Ba mapdete TiuEG RSSI, 160€C 60€C KAl T CUVOAIKA OeiyuaTa
Tou K@Be xml apxeiou. Or1 TIUEG auTég, Ba TTPETTEl va avikouv oTa opia [20,100] kal va
akoAouBouv Tnv kavoviki karavoun (Normal Distribution).

Throughput: MNa k&8s csv apxeio Ba TapdgeTe TINEG throughput, TGN TéoEC GO€EC Kal TA
OUVOAIKG deiypaTa Tou KABe xml apyeiou, wg €AG:

RSSI;
100

Throughput; = * (max link capacity)

Otrou max link capacity= 50 Mbps kai i=Tpéxov deiypa (<timestep, id, lat, long, angle,
speed>)

Znugiwon: To csv apyxeio e 6voua all_vehicles Ba peivel otov Edge Server yia
onuIoupyia Twv ¢nToupevwy Heatmaps, evw Ta apxeia vehicle_26.csv kai vehicle_27.csv
Ba Ta peTaQEpeTe OTIC avTioToixeG android oOuokeuég TG opddag Ccag WOoTE va
XPNOoIUoTToINBoUV 0TO 20 HEPOG TNG EPYATIOG.

Heatmaps: KaAciote va dnuioupynoete duo Heatmaps, éva yia 1o throughput kai éva yia 10
RSSI tou dikTUou. Na tn dnuioupyia Toug Ba akoAoubnBouv Ta €€ BAMATA:

1. Zag divovral Ta 6pia (lat, long) Tou TUAPATOG TOU XAPTN TNG TTAVETTIOTNKIOUTTIOANG TTOU
Xpnoigotroienke oto simulation 6TTwg @aiveTal OTTITIKA Kal GTNV TTOPAKATW €IKOVA.
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Oa mpétTel va @TIAEETE éva grid TTAvw OTO KOPPATI auTd Tou XAPTN, TTPOKEIMEVOU va
XWPIOTEI 0 PIKPOTEPA TUNMATA-KEAIG. poTeivETal va XWPICETE TO TTAPATIAVW TUAMO
Tou XApTn TNG TTAVETTIOTNMIOUTTOANG O€ TEOOEPA KEAIA KABETA Kal OEKa KEAIG opIfovTia
(6TTwG @aiveTal 0To TTAPAKATW OXNAHA).
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2. ZKoTrog cival o€ KABe éva atrd auTd Ta KEAIG va uTtoAoyioTei pia péon TiunR throughput
Kai RSSI yia va oxnuamoTel  dia  ekTignon TG KAtaoTtacng Tou  OIKTUOU.
XpnolPoTTolwvTag Ta deiypaTa TTou €xeTe atrobnkeloel oto apyeio all_vehicles.csv,
Ba €xete emiyvwon (Baoel Twy lat, long TIHwWV Toug o€ KABe deiyua) TwWV OXNUATWY
TTou éxouv TTeEpAoel atrd KABe keAi Tou grid oe K&ABe XPpOVIKA OTIYUN, TTPOKEINEVOU va
XpnoigotoinoeTe TIG TIWEG throughput kai RSSI Toug yia Tov uttoAoyioud Tng péong
TINAG TOUG VA KEAI.

3. Oa peratpéwete TIG pEoeg TIPES yia throughput kar RSSI avd keAi (TTou €xouv
uTTOAOYIOTEI OTO TTPONyoUuEvo BAua) oe TToocoaTidia évdeign (%) Baoel TG oTroiag Ba
TIPOKUWEI N XPWHATIKN évdeign ota Heatmaps.

4. XpnOILOTIOIWVTAG TIG TTOCOOTIAIEG eVOEICEIG avd KeAi Ba ATTEIKOVIOETE YPAPIKA OTOV
Edge Server ta 800 Heatmaps. H péyiotn 1y throughput kai RSSI avriotoixa 8a
EXEl TTPACIVN XPWHATIKNA €VOEIEn eV o1 EAAXIOTEG TINEG TOUG KOKKIVN. lMapddeiypa
YPOQIKNG ATTEIKOVIONG QAIVETAI OTNV TTAPOKATW EIKOVA.

Android TepuaTtikd
Kd&Be android teppatiko 8a kavel publish kabwg kal subscribe o€ £éva topic. Npoooxn!!
KaBe android teppaTikd Ba €xel 10 SIKO Tou topic kal dev Ba 1O diapoipadetal pe GAAo
TEPUATIKG. To topic oTo otroio Ba kavel publish Ba xpnoipoTToIEiTAl VIO TNV ATTOOTOAN
TWV PETPAOEWV TOU.




O1 yeTpoeig autég Ba civai:
1. Timestep
AvayvwpioTiké Android TepuaTikoU.
MewypaPIKEG oUVTETAYUEVEG TOU TEPUATIKOU (latitude, longitude)
TaxiTnTa Tou TEPUATIKOU
wvia Kivnong Tou TepuaTikoU
RSSI (Received Signal Strength Indicator)
Throughput

Nogakwd

MoAU onuavTiké o€ autd TO ONEIoO gival va TOVIOTEI O TPOTTOG JE TOV OTTOIOV TA TEPUATIKG
Ba utropolv va Traipvouv auTég TIG peTproelg. Ommwg avagépdnke TTapatrdvw oTnv
avaAuon Tou Edge Server, autdg Ba trapdyel Ta vehicle_26.csv kal vehicle_27.csv.
KdaBe éva apyeio avrioToixei o€ éva poévo TepUaTiKO. KABe ogipd autou Tou CSV TTEPIEXE!
OAEG TIG PETPNOEIG TTOU avaPEPONKAV TTAPATTAVW (OG AVOPEPOUAOTE OTNV KABE ypauuni
w¢ “Slavuopa HeTpAoewV”’). OTToTE KABE £va atmd Ta dUo android TepUaATIKA Ba TTPETTEN
va diaBddel To apxeio Tou Kal va oTEAveEl éva éva OAa Ta dlavUCPATA PETPOEWY, TTOU
uTTdpyouv Puéoa oe auto, oTov Edge Server.

H ocuyvétnTta atmooToAng Twy dIaVUCUATWY PETPAOEWY gival oTaBepn kal v aAAalel.
KaB¢e didvuopa petpriocwyv avTioToixei o€ 1 deutepOAeTTTO XpOVOoUu. AuTo onuaivel 6Tl TO
TEPUATIKO TIPETTEL VO OTEAvEl €va OIAVUOMO METPACEWV OTTO TO CSV Tou ava 1
deuTepOAETTTO.

AKOUN, 0 XPARoTNG Ba PTTopEi va opicel, HEoa atrd To Menu PUBUIcEWY TNG EQAPUOYNG,
TO XpOVOo TToU Ba dlapKETEl CUVOAIKA n atroaToAN Twv dedopévwy. MNa TTapadeiyua, eav
0 xpnotng €mA&gel 10 deuTepOAeTITA, QUTO anuaivel 0TI N aTTooToAn Ba dlapkéoel 10
OeuTepOAeTTTa, oTTdTe Ba oTaABoUV 10 dlavuouarta peTpnocwv otov Edge Server. H
default emAoyn} Ba gival va oTaABouv 6Aa Ta diaviopaTa peTprioewy oTtov Edge Server.

Emiong, Ba mpétrel va uttdpxel n duvardtnTa yia SI10KOTH TG OTTOOTOARS TWV
METPIOEWV oTroIadNTTOTE OTIYUA. AKOMa OnAadn Kal av o XPNoTng EXel €TAEEEl va
oTaABouv 6Aa Ta dlavuopaTta HETPHoEwWY, Ba pTTopei avd TTaoa OTIyUA JE éva KOUWTT TNG
EQPAPHOYNG, TTOU KOAEIOTE VO UAOTTOINCETE, VA TEPHATICEI TNV ATTOOTOAN.

EmmpocBeTa, To android TepuaTikd Ba d1a8£TEl menu pubpicewv TTou Ba TTEPIEXEL:

o EmAoyA yia Tov opiopd Tng IP kai Tou Port emmkoivwviag pe Tov Edge Server.

o EmAoyn Tou Xpbvo atrooTOANG HETPAOEWY OTTWG aVAAUBNKE TTAPATTAVW.

o EmAoyh yia €¢odo amd v e@apuoyr. Me tnv €mAoyr Tou, Ba TIPETTEl va
TPoBANGei OTO YpProTn TTPOELIGOTTOINTIKG  WAVUUMA  OUTAG  TNG  EVEPYEIAG
TTPOKEIPNEVOU Va ETTIAEEEI EAV OVTWG ETTIBUNET va TEPUATIOEI TNV EQAPUOYH.

>uveyiCovtag, TO topic oTo oTroio TTPETTEI va gival subscribe 1o KGBe TepuaTikd Ba £xEl
TOV POAO AWNG OEBOUEVWV OXETIKA YE TNV TTPOPRAETTONEVN TTOPEI TOU TEPUATIKOU KABWG
Kal pe OedOpEVA OXETIKA PE TNV TTapoxry OIKTUOU OTTWG ETTIONG KAl £IDOTTOINCEIG. XTO
mPpWTO TTapadoTéo dev Ba utrdpsel KATTola ATTOOTOAN dedopévwy atrd Tov ES oTo
topic 1rou gival subscribed Ta android TepMATIKA OTTOTE yIA TWPA APKEN ATTAG va
oploTei éva topic yia subscribe.

TéNog, Ta android TepuaTikd Ba TTPETTEI va KAVOuv TrEPIOBIKOUG EAEYXOUG yia TO av
uTTdpxel ouvdeon oTo Internet. H emAoyng TNG TTEPIOGdOU eAEyXOU OpileTal ATTO £04GG. 2¢€
TEPITITWON TTou OIoTTIoTwOei 6T dgv uTTdpxel oUvOeon oTo OikTuo, Ba TTPETTEl n)



EQPAPUOYN VA TTAPATTEUTIEI TOV XPAOTN, ME TPOTTO TNG ETTIAOYNG 0AG, OTNV EVEPYOTTOINGN
™NG.

e MySOL Bdon:
2T1a TAQioIa TG TTPWTNG PAoNg TNG epyaciag &€ Ba yivel katTola Xprion Tng MySQL
Baong yia amoBrikeuon dedopévwy TToU Ba TTpokUyouv atrd Tn AsiToupyia Tou
ouothuatog. lMapoAa autd kaAciote va odnuioupyrioete 1 Bdon Oedopévwv
AauBdavovtag uttowiv 611 Ba TTPETTEI UTTOXPEWTIKA va TTEPIEXOVTAl O £EAG TUTTOI

OedONEVWV:

o timestep
e device_ id
e real_lat

e real long

e predicted lat

e predicted_long

e real RSSI

e real_throughput

e predicted_RSSI

e predicted_throughput

2e autd 10 TrapadoTéo Ba TTpémel va TrapadoBbei kal éva apyeio README 1o otroio Ba
TTEPIEXEI AVAAUTIKA TOV TPOTTO AEITOUPYIOG TOU TTPOYPAMMATOG.

TexvoAoyie¢ oUOTAPOTOG AVATITUENG:

e Java Oracle SE 8

e Android API 4.1 A vedTepo

¢ Android Studio (EpyaAcio avarmtu¢ng Tng epapuoynig Android)
o IntelliJ IDEA (EpyaAgio avamTuéng Tng Java epappoyng)

o MQTT mosquitto broker

e Eclipse Paho (Java & Android MQTT client)

Katéd 1n diadikacia TG avdamTuéng TG epyaciag gival UTTOXPEWTIKA N XPron Tou epyalegiou
Git (Version Control) ka1 Tng mAat@oépuag gitlab (anapgit.scanlab.gr) Tou TTapayxwpeital yia
TIG AVAYKEG TOU JaBAuaTod.

H uAotroinon Tng epapuoyng Ba Trpérrer:
o Na utrakoUEgl OTIG APXEG TOU AVTIKEINEVOOTPAPOUG TTPOYPANPATICNOU

¢ Na yivetal owaoTr Kal atrodoTIKr) opydvwaon Tou KWOIKA 0& KAACEIG KOl TTAKETA.
¢ Na givalr 600 T0 dUVOTO TTAPAPETPOTIOINTIKN KAl QUVAUIKN YiVETAl.



