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MeTtaTrTuxiakr AlaTpiBn XpuaikdtmouAog lwavvng

MNepiAnyn

21NV €@apuoyn €xel uhotroinBei éva oloTnua To OTToio avixvelel TV TTOIGTNTA TOU 0O0CTPWHATOG-
Opouou. AvaAloya pe To TTOOO PBApPUEVO €ival TO 0OOCTPWUA, N EQAPHOYT EVNHUEPWVEI TOV 0ONYo
pMéow TOu KIvnTOU TOU TNAEQWVOU €dv UTTAPXOUV AOKKOUBEG 1 éviova @Bapuévn AOQOATOG OTnV
dladpopr| TTou akoAouBei, £Ta1 WOTE va gival TTPOETOINACUEVOG.

ETriong, n mo1étnTa TOU 0OO0CTPWHATOG ATTOTUTTWVETAI O€ Hia dIadIKTUOKK OEAida aTnV OTToia
6ol £xouv TTpdoaan Kai gTropoUv va douve TTou BpickovTal ol AakKoUREeG aAAd Kal TO GUVOAO auTwv
yia K&Be voud A drjuo.

To oloTnua XPNOIYOTIOIEI apXIKA TOUG aloBNTAPES Tou KIvNToU YIa va avixveUEl TIG AOKKOUBEG
aAAG kal TIG TOTTOBeoieg Toug. Méow Tou wi-fi, armmoBnkedovral Ge Pia ATTONOKPUGMEVN Bdon
Oedopévwy, aTTd TNV OTToia evNUEPWVOVTAl Kal Ta UTTOAOITTG KIvATA TTOU XPNOIKOTTOIoUV TNV
€Qapuoyr, OTTWG Kal N 1I0TooeAiIda.

Abstract

The application that we have created is a system that detects the road quality. Depending on how
worn the road is, the application informs the driver through the mobile device whether there is a worn
road ahead of him or pot holes, so he can be aware.

Also, the quality of the road is captured on a web page that everyone has access to and they
can see where the pot holes are, as well as the sum of them grouped by each country or municipality.

The system initially uses the cell phone sensors to detect the potholes and their coordinates.
Through the wi-fi, they are stored in a remote database, from which all other mobile devices that use
the application as well as the website, are updated.
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Eicaywyn - Zuvroun Mepiypapn

Me Tnv aufnon Tou TTANBUCUOU avd TOv KOOHO €XOupEe OTTWG eival AOyIKO Kal Tnv €TTEKTACN Kal
Onuioupyia TTOAEwWV OAAG Kal KATG €TTEKTOCT TOU OOIKOU OIKTUOU. To 00IKG SikTuo OTTwg OAOI hag
Biwvoupe, AOyw TNG EKTETAPEVNG XPAONG Tou | AOyw TNG XOUNAAG TTOIOTNTOG KATAOKEUNG A TwV
KAIPIKWV QaIvopévwy, @BeipeTal kal dnuioupyolvTal AGKKOUBEG o€ auTo.

O1 AakKOUREG €KTOG aTrd TO OTI UTTOPEI va €ival evOXANTIKEG Kal va dnuioupyolv Kivnon oTo
Opobuo, UTTopEi va gival eTTIKIVOUVEG yia Tov 0dNyo Kal TNV TTPOKANCN aTuXKaTOG, aAAd Kal ETTICHMIES
yid TO 010 TO 00IKO PECO. ZUPPWVA UE OTATIOTIKEG EPEUVEG, OTNV AUEPIKN N MEON TIMA ETTIOKEUNRG
@Bopdag Tou 0dIKoU Péoou (avapTAoEIG, AAaTIXa, euBuypduuion KTA.) avd xpovo Kal ava 0dIKO JETO,
gival mrepitrou 370 SoAdGpIa. ZuvoAiKd, TO TTOGO yia GAOUG TOUG 0dnNyoUg avéPXETal TTEPITTOU OTa 3
dl0gKATOUHUpPIa TOV XPOVO Kal TO TTOCO0TO TwV dPOPWY TTOU XOPAKTNPIZETAl WG "OTWwXO" gival TTOAU
MeyAAo avd TTEPIOXN Kal GUYKEKPIUEVA aTTO 38% péEXPI Kal 64%.

MNa 6Aoug auTtoug Tou Adyoug gival TTOAU anpavTiko ol 0dnyoi aAAd kal To KpATog Kail o1 ol
va yvwpiouv Tnv 0UTTapgn ToUu KOKoU £wg Kal €TTIKIVOUVOU 0J0CTPWHATOG, ETE yIa TNV ATTOQUYN
ATUXMAMOTOG | @BOPAG TOU QUTOKIVATOU, EITE yia TNV emMdIOPOWAT Tou.

H epappoyn pag otoxelel oTnv evnuéPwan Tou odnyou yia TIG AGKKOUBEG 1] yia TO KAKO
00060TpWUA TTou Ba guvavToel oTnv dladpoun Tou, aAAd Kal oTnV Kataypagn Kal 1n duvardétnta
aTTOTUTTWONG KAl ETTECEPYATIAC AUTWY TWV OEDOUEVWV.

ApxXIKA, PEOW KIVNTAG OUCKEUNG KAl OUYKEKPIUEVA ME TNV XPrion Tou a&eAepOUETPOU,
KATaypAa@eTal oUVEXWS N METABOAR Tou 0800TPWHATOG, VW TTapdAAnAa pe tnv xpAon tou GPS
Kataypagetal N B€on Kai n mopeia. AvaAoya e TIG JETPAOEIG TTOU TTPAYMOTOTTOIOUVTAI KAl GUUQWVA
ME OUYKeEKPIMEVEG TTPOUTTOBECEIC aTToBnKeUETAl TO OTiyda TNG AGKKOUBAG O€ MWia ATTOPOKPUOMEVN
Baon dedopévwy. H Bdon dedopévwy gival utrelBuvn TOCO yIa TNV ATTOBAKEUOT TWV O£BOUEVWY, QARG
Kal yia TNV aTTOOTOAR TOUG OTA QVTIGTOIXO TEPUATIKA TTOU £XOUV TTPpdaacn g€ auTh .

H emre€epyaaia Twv d€douévwy yia To €Qv Kal TTWG Ba atroBnkeUoUV yiveTal ATTOKAEIOTIKE aTTO
TNV €QAPMOYN TNG KIVNTAG OUOKEUNG Kal OxlI atrd Tnv Pdaon dedopévwy, n oTroia eEUTINPETE TNV
ATTOBAKEUON TOUG XWPIG TTEPAITEPW UTTOAOYIOTIKA AEITOUPYIKOTNTA. AVTIOTOIXA, N I0TOOEAIDA EXEl
TpooRacn oTnv BAcn S£dOUEVWV E TIG KATAYEYPANUEVEG AAKKOUBEG KAl TIG ATTOTUTTWVEI O€ XAPTN.

H 1o100€Aida katd emméktaon emefepydletal Ta dedopéva (dITTAoypagieg, Katavonaon
dedopévwyv) atrd Tnv PAan Kal EKTOG aTTd TNV aTTOTUTTWAON TWV O£dOUEVWV OTOV XAPTN, EVNHEPWVEI
TOV XPNoTN yia Tov 8o 1 TNV TTEPIOXH TTou BpiokovTtal oI AaKKOUBEG aAAd Kal Ta GUVOAQ QUTWV.
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Introduction - Brief Description

With the increase of the global population, it is logical to extend and create new cities as well as
extending the road network. The road network as we all experience, because of its extensive use or
because the poor construction or even because of weather phenomena, is damaged and potholes
are created on it.

In addition of being annoying and crate traffic at the road, they can be also dangerous to the
driver and also harmful for the vehicle. According to statistical surveys, in the United States of
America, the average repair cost of road wear (suspensions, tires, alignment, etc.) per year and per
vehicle is about $ 370. In total, the amount for all drivers is around 3 billion per year, and the
percentage of roads characterized as "poor" is very large per region, namely from 38% to 64%.

For all these reasons, it is very important for drivers, but also for the state and municipalities
to know the existence of the bad and dangerous road surface, either to avoid an accident or damage
to the car or to repair it.

Our application aims to inform the driver for the pot holes or the bad quality of the road that
he will encounter in his path, as well as the recording and the capability of capturing and processing
this data.

Initially, through the mobile device and specifically using the accelerometer, the mobile
application continuously records the alteration of the pavement, while using the GPS the tracking and
the course is recorded. Depending on the measurements made and according to specific conditions,
the pitch of the pot hole is stored in a remote database. The database is responsible for both storing
the data and sending it to the corresponding terminals that access it.

The processing of the data for whether and how are going to be stored is made exclusively
in the application of the mobile device and not in the database, which only serves the storing of the
data without further computational functionality. The web page has access to the database of the
recorded potholes and maps them accordingly.

The site processes the data (duplicates, data comprehension) extensively from the database.
In addition to mapping the data on the map, it presents to the user about the municipality or the area
where the potholes are located, providing the pot holes’ sum per area.
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Avaokomnon lNediou

MapakaTw KATaypapovTal OPICHEVEG EPAPUOYEG TTOU £X0OUV UAOTTOINOE TTAYKOOUiWG JE
TTOPEPPEPES AVTIKEIMEVO PE TN BIKIA MOG.

Spothole. Pothole Tracking App

AuTA n epappoyn £xel eTiaxTei oTnv Ivdia. O xproTng éxel Tn duvardTnTa va BydAer pwToypagia Tn
AakkoUBa TTou evTOTTIOE, £T01 WOTE AUTA va atmoBnKeuTel Padi ue To OTiyua TNG KAl KATA GUVETTEIA, Ol
apxEG va evnuUEPWOOUYV yia auTEG.
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Street Bump

H epappoyrh auth gival €va project Tou dnuapxeiou Tng BooTwvng oTnV OTT0ia 0 XPNoTNG KaTaypAaQEl
TNV KABe diadpoun TTou Kavel. H epapuoyn kataypa@ei TIg AakkoUBeg TnG dIadPOPAG Kal KPOTAEI
1I0TOPIKG TWV BIadPOPWY TOU XPROTN.
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Field Review

Here are some applications that have been implemented, having similar object to ours, globally.

Spothole. Pothole Tracking App

This application is made in India. The user has the ability to take a picture of the pothole he has
found so that it is stored, along with his coordinates. The authorities are then informed about them.

LEL B bt gt

Spothole

192 90

B-3, Geeenfield, JVLR, . Ghare o
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Mumbad - 400000 5

Naw User Existing User

Reed cur Privacy Policy snd Terma of Senvice

Street Bump

This application is a Boston Town Hall project where the user records each route he or she makes.
The application records the path pits and keeps track of the user's paths.

10 minutes ago

1.14 miles

3 days ago N
5.68 miles
B 3 days ago >
‘gl L R 18.80 miles
) A '%%C"w“@ Soore 3 days ago N
% @:&":, . o s 3.09 miles
&g
F %
Boston Pubiic (28) a2 00 3 dqys ago N
Garden Boyision® & i } 5.53 miles
e Chinatown @ . gasexst £ g
=3 7 3 days ago N
10.28 miles
3 days ago >
6.75 miles
MY TRIPS 5 days ago N
2.29 miles
I

10 Avixveuon kai Kataypagr] Moiétntag O500TpWHATOS



MeTtaTrTuxiakr AlaTpiBn XpuaikotrouAog lwavvng

intelligent-pothole-detection

AUTAV N epapuoyn uAotroindnke atoé yia oudda Tou Carnegie Mellon University, n otroia kataypdgel
O100POUEG HEOW KIVNTWY CUCKEUWY KATA TNV Kivnon Tou OXNHATOG KAl dnuUIoUpyYEi XAPTEG, Ol OTTOIOI
EVNMUEPWVOUV OXI HOVO YIa AAKKOURBEG, aAAG KAl AETITOUEPEIEG YIa TNV KATACTAGT TOU 000CTPWHATOG.

Citywide Potholes and
Road Conditions Map

Trip
Al trips

Data

Potholes

Road Conditions
© Both

@® Potholes

Good Road

Map data ©2017 Google | Terms of Use.

Pothole Tracker

H ouykekpipyévn e@apuoyn, Yéow Twv Kpadaouwyv TOU OUTOKIVIATOU, avixVeUel KAl ammoBnkeUel TIG
AOKKOUBEG KAl OTNV CUVEXEID EVNUEPWVEI TO XPAOTN OTITIKA aAAG Kal pe AXO yia TIG AAKKOUBEG TTou
MTTOPEi va ouvavTioel oTnv diadpopn Tou.

GPS Status: Ready Speed: 20.9 Lat: 50.417 Lon: 3(

Hole ahead in, m:

GPS Status: Ready Speed: 20.9 Lat: 50.417 Lon: 3(

i®

Hole ahead in, m:

Besarabskyi
Rynok 1//
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Intelligent-pothole-detection

This application was implemented by a team at Carnegie Mellon University, which records mobile
routes during vehicle movement and creates maps that inform not only potholes, but also details of
the condition of the road.

Citywide Potholes and
Road Conditions Map

Trip
All trips

Data

Potholes

Road Conditions
© Both

@® Potholes

Good Road

Map data ©2017 Google | Terms of Use.

Pothole Tracker

This application detects and saves the pot holes, through the vibrations of the car, and then informs

the user visually but also with sound for the pots he may encounter in his path.
GPS Status: Ready Speed: 20.9 Lat: 50.417 Lon: 3(

GPS Status: Ready Speed: 20.9 Lat: 50.417 Lon: 3(

Liw

Hole ahead in, m: Hole ahead in, m:

Basti ;
Onna vV
uly
7;_' y ts ]
\‘zl‘ | ©
5 £
m Besarabskyi

.\ Rynok 1
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Mapouciaon ka1 XpRon Epappoyng (User Manual)

Egpapuoyn KivnTAg ZUOKEUNG
H xprion tng e@appoyng eival TToAU atrAr, xwpig va atraitei 1B1aitepn aAAnAeTTidpacon ye Tov XxprRoTn,
aAAd Asitoupyei autouara.

Otav 0 XpAOTNG avoiyel TNV €QAPMOYN YIa TTPWTN @opd Ba TTPETTEl va dNUIOUPYACE! Eévav
Aoyaplaoud e 1o e-mail Tou kail e éva password.

Android Emulator - Mexus_5_API_23_x86:5554

AdES

DetectionHoles

login

REGISTRATION

Log in

A@ou TTpayuaToTroindei To registration, TéTE 0 XpNOTNG €ival £TOINOG va €I0AYEl TQ GTOIXEIQ
Tou OTnV e@apuoyn. MNpiv TTpoxwpnoel n epapuoy ot eTTOPEVEG AsiToupyeieg, Ba Tou {NTroEl
SIKaIpaTa yia Xpron tng totmobeoiag Tou. AuTh n evépyela Ba yivel pia @opd kai dev Ba xpelaoTei va
gavadwoel AN opd Tnv ddeid Tou, a@ou n eTTIAOY TOU aTTOBNKEUETA.
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Presentation and User (User Manual)

Mobile Application

The use of the application is quite simple, without requiring much interaction from the user, operating
independently.

When the user launches the application for the first time, a username and a password
account is required.

Android Emulator - Mexus_5_API_23_x86:5554

AR S 9% 947

DetectionHoles

login

REGISTRATION

Log in

Once the registration is complete, the user is ready to fill his credentials. However, before the
application displays any further features, it will require permission to location services. This action is
only performed once with the selection being saved.
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A@oU o xprioTtng clodyel To e-mail kar password kai yivel To confirmation ye Tnv Baon, 16T€E
gMavifeTal oTOV XPAROTN 0 XAPTNG KAl TO OTiyUa TOU.

Android Emulator - Nexus_5_API_23_x86:5554

9 "4 @ 9:50

Skroponeria o

Zkponovepla Ktiponisi
Loukissia  KTumovAo
Aoukioowa

Mon
Metamorfoseos Ritsona
Sotiros Sagmata Pitowva
Maovn

Kevtpikn 006vn

MNa va Asitoupyrioel cwoTd N EQApPPOYA Kal va €XOUUE OwOoTH KaTtaypaer dedouévwy, Ba TTPETTEI O
XPNOTNG va TOTTOBETATEI TN CUOKEUN Tou O¢ éva oTaBepd onueio, £T01 WOTE va PTTOPED va TO BAETTEI
KAl va eVNUEPWVETAI, AAAG KAl N CUOKEURA va KaTaypa@el Trpayuatiké dedopéva kal 0x1I AavBaouéva.

A@ou O6Aa Ta Trapatdvw PBAPATa €Xouv OAOKANpwOei owoTd, TOTE 0 XproTNG MTTOPEi va
Zekivrjoel Tnv dladpopr Tou Kal TV Kataypaer authg. Katd tnv didpkeia NG d1adpourg Tou oToV
XApTn, TTapoucidfovTal To oTiyua OToV XAPTN, aAAG Kal oI AaKKOUBEG TTou UTTAPYXOUV O€ auTdv, ME
ATTOTEAEOUA VA €ival TTPOETOINAOUEVOGS YIa TUXOV Kpadaopous. Ooo KiveiTal ToO y€ooV TTou PpioKeTal
0 XPAOTNG, TO TEPUATIKO, PE TNV XPAON TWV aicONTAPWYV Tou, EAEyXEI TRV TTOIGTNTA TOU 0600 TPWHATOG.
Edv avayvwpioel évav ToAU peydAo kpadaoud i atrétoun aAlayr Tropeiag, T0Te ApuEoWS EVNUEPWVEI
TNV Baon yia Umapén AakkouBag kal KaTd TTEKTACN Kal TOV XAPTN TOU XPAOTn OTToU Kal e@avieTal
éva anuadl.
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After the email and password confirmation is done with the database, the map and the user’s
pinpoint location appear.

Android Emulator - Nexus_5_API_23_x86:5554

Q "4 @ 9:50

Skroponeria ®

Ikponovepla Ktiponisi .
Loukissia  KTumovAc
Aoukioowa

Xtipas

Ritscna
Pitowva

Main screen

For the application to operate smoothly with proper data recording, the user must place his/her device
in a steady place so he can actually see it and to avoid any wrong data recording.

With all the above steps completed, the user can start his trip and the recording. During the
trip, the application displays the map and any possible pothole on the road, preparing the driver for
possible vibrations. While the user’s vehicle is on the move, the terminal, using the system sensors,
can track the constructed quality of the road. If it encounters a heavy vibration or a sudden change
of course, the database and the map are immediately updated with the existence of a pothole.
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Android Emulator - Nexus_5_API_23_x86:5554

Politika
MoAttika

Skroponeria ?

ZKkponovepla

Ritscna

Karayepappéva ZTiyyara

Edv n aA\ayn katelBuvong i o kpadacouodg TTou Ba avixveuTei amd 10 KIvnTo gival yeoaiag
KAiyakag TTe Ogv ep@avidel TiITTOTa OTOV XAPTN, AAAG KaTaypdeeTal oTnv Bdon cav AakkouBa utrd
e€eéTaon. Eav uttdpéel deutepn kataypa@n atrd Tov idlo A dIaQOPETIKG XprioTn OTo idIo oNnueio T0TE N
AakkoUBa Ba eu@avioTei 0TO XAPTN OaV KAVOVIKN "ETTIKUpWPEVN AakkoUBa'.

H e@apuoyn divel emmAéov Tnv duvaTtdTNTA OTOV XPAOTN VO KATAypAWEl XEIpoKivnTa Wia
AakkoUBa TratwvTag 1o KoupTi "HOLE".

E@appoyn loTooeAidag

H e@appoyr) ouvodeueTal Je pia IOTOOENIDA N OTTOI EVNPEPWVETAI YIA TIG KATAYEYPANMEVEG AAKKOUBEG
XWPIG KATTOI0G va €ival UTTOXPEWUEVOGS va l0dyel e-mail kal password.
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Android Emulator - Nexus_5_API|_23_x86:5554

Politika
MoAtika

Skroponeria ?

Zkpomovepla Ktiponisi
Loukissia  Ktumovnat

Drosia
? Apoola
Aoukioow

Xtipas

Ritsona
Pitowva

Mapped Potholes’ Markers

If the change of course or the vibration is of medium range, the map shows no change but the
database classifies it as a possible pothole. If there is a second incident at the same exact spot, then
the pothole is valid and is how displayed properly on the map.

Additionally, the application allows the user to manually record an encountered pothole, using
the " HOLE” button.

Website Application

There is also a website, recording and saving any possible potholes encountered without the need
for a username of password.
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21NV 10To0eAida auTh, 0 XpNoTng €xel TNV duvaToTnTa va d&l OAEG TIG AOKKOUBEG TTOU £X0UV
KATaypag@ei a1rd TNV £@ApPoyri avd Tov KOOPO. ZuyXpovwg, TTPoRAAAETaI TTiVOKAG O OTToiog Eival
oXedIAOUEVOG VA TTOPOUCIALEl O€ TTola TTEPIOXT UTTAPXOV AaKKOURBEG aAAd Kal Ta oUvoAd Toug.
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Website

On the website, the user may view all the recorded potholes around the globe. At the same
time, a table appears displaying the potholes with their total sums per location.
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APXITEKTOVIKN] ZUCTIHHATOG

O1wg €€nynoaue TTponyoUEVOG TO GUCTNUA ATTOTEAEITE OTTO TOUG AIOONTAPEG TNG KIVNTIG CUCKEUNG
TToU €vTOTTICOUV TNV AGKKOURQ GTOV OPOUO Kal TO CTiyua TNG, TNV ATTOUAKPUCHEVN BACN dEOOUEVWV
TTou atrobnkevovTal Ta dedouéva Kal TNV I0TOoEAIdA TTou evnuepwveTal amd Tnv Bdon yia Tnv
ATTeEIKOVION OoToV XApTn Twv AakkouBwyv. Etiong To Google API divel Tnv duvatdTtnTa va Bpiockoupe
o€ 1010 VOO gival KaBe AakkouBa.

@ ) GoOgle maps

ATTEIKOVION TNG OPXITEKTOVIKG CUCGTAHATOG.

Baon Asdopévwyv

MNa tnv atroBrikeuon Twv dedouévwy xpnoiyotroindnke n Firebase, n otoia gival pia NoSQL cloud
Baon dedopévwy (Un oxealakn). H Bdon autr) cuyxpovifeTal JeETAEU OAWY TWV TEPUATIKWY CUOKEUWV
og TIpaydaTiké Xpovo Kal TTapapével dIaBEoIun akOpa Kal OTav Ol CUOKEUEG pag Oev eival
ouvdedepéves. Ta dedopéva armmobnkevovTal o JISON pop®r. H dour auTh ptropei kail cuvepyadetal
XWPIG Kavéva TTPOPANUO PUE EQAPUOYEG TTOU Eival QTIAYUEVEG O BIOPOPETIKEG TTAATPOPUES OTTWG
Android, iOS rj Javascript.

Me Tnv Firebase utrdpyel n duvardtnTa va €Xoupe ac@aArn TTpocpacn ota dedouéva pe
KWOIKQ O OTT0I0G TPEXEI OTA idIa Ta TEPUATIKA. Ta dedopéva atrobnkeUovTal TOTTIKA KaAl, aKOPa éTav 10
TEPMATIKO Bev €xel TTPOCRACN OTO internet, N eQapuoyr] AEITOUPYEi KAVOVIKA Xwpig KATToI0 euTTédIo.
Otav n ouokeunn ouvdeBei TTAAI OTO IVTEPVET, TOTE QUTOUOATA £XOUME CUYXPOVIOHO TWV TOTTIKWV
Oedopévwy pe Tnv cloud Baon, aAAd kal To TepuaTIKO OEXETAl OAa Ta vEa OedOMNEVA TTOU €XOUV
atmoBnkeuTei oTnv Bdon 6co fiTav ekTdg d1adIKTUOU.

21 Avixveuon kai Kataypagr] Moiétntag O500TpWHATOS



MeTtaTrTuxiakr AlaTpiBn XpuaikotrouAog lwavvng

System Architecture

As we explained earlier, the system consists of the mobile device sensors that track the puddle on
the road and its position, the remote database that stores the data, and the website updated from the
database for presenting the potholes on the map. Google API also enables us to assign each pothole
to which prefecture is located.

e R

@ e GoOOgle maps

System architecture display.

Database

For the data management we used Firebase, a NoSQL cloud database. The database synchronizes
with all the terminal devices in real time and stays active even when the devices have been
disconnected. The data are being saved in a JSON extension. This allows for a seamless cross-
platform integration, whether it is iOS, Android or Javascript.

Using Firebase, we have secure data access using code running at the terminals. The data
may be even saved locally, enabling the application to continue its operation without any internet
connection. When the device regains network access, there is an automatic synchronization of the
local data with the cloud database and further downloading of any new data the user missed while
he was offline.
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H Firebase pag divel akoua tnv duvatdTnTa TAUTOTTOINONG EVOG XPAOTN Kal, JEGW TNG XPong
NG Firebase Authentication, éxoupe Tnv duvatdTnTa va BAJOUPE KAVOVES-DIKAIWPATA Yia TO TTo10G Ba
ypa®el oTnv BAcn Kail TTolog Ba diafadel.

¥ Firebase DetectionHoles v

A Project Overview E3 Users  Signinmethod  Templates  Usage

Develop

Identifier Providel Created Signed In User UID

Database

Storage

n

Hosting

-) Functions

[ <]

ML Kit

[ (]

Quality

(]

PhdEOtBUP2Ch3RZRPEGZESCI

(]

UkQlctX3v1adeTU1 0UQrTzxxVCa

Analytics

(]

VY TbbTS2FkgIVTSONT0avacvHeF2 (]

.l Dashboard

[ <]

Events p@yahoo.com a0zR40FWMFChiDVEE]yve1t9Lao1

Conversions

[ (]

Fdhht248A0JWDIGPMYXsvXOSM.
Audiences

(]

X3WKNBSEICY|fmehUE

Firebase Authentication epyaAgio

TéAog, n Baan, Adyw Tou axedlagpou Kal TNG BOWUNG TNG, ETTITPETTEI VA yivovTal HOVO YPAYOPES
AeiIToupyieg, To otroio BonBdacel TNV epapuoyr Jag va gival ypriyopn aAAG Kai va eEUTTNPETEN TTOAAOUG
XPNOTEG padi Xxwpig kavéva TTpORANUa.

21nv Baon éxoupe évav TTivaka TTou atroBnkeUovTal oI XPRoTeG Péow Tng diadikagiag Tou
registration Trou yivetal ato Tnv €Qapuoyr| KivnTrG ouokeung. Ekei ptropoupe va douue 1o email Tou
K@Be xpnoTtn Kkai, amd TIG €mAOyEG TTou pag divel n firebase, va armevepyotroifooupe r kai va
dlaypaoupe Evav Aoyapiacuo, ) va Kavoupue reset To password.

To Tpdypappd pag yia Tnv Kupia Asitoupyeia Tou guvdéeTal g OUO TTIVOKES. Z€ auTOUG TOUG
TTIVOKEG OTTOBNKEUOVTAI Ol CUVTETAYUEVEG TV AAKKOUBWY. ZT0 TTPWTO Trivaka (Hole) atmroBnkevovral
OAEG o1 avaTapax£G TTou aviXveuovTal aTrd TNV EQAPUOYNA KIVNTAG GUOKEUNG. AUTEG Ol avaTapaxEG OEv
gival atrapaitnTo va gival AaKKOUBEG, Kal wg €K TOUTOU &eV ATTOTUTTWVOVTAI oToV XApTn. O deUTEPOG
mivakag (Holeconfirmed) trepiéxel 0AeG TIG AOKKOUBEG Ol OTTOIEG, €iTe AOYO TNG PeyAAng avatdpagng
Karaypdgenkav cav AakkouBa atd 1o oUoTnua, €iTe eiyaue deUTEPN avaTaPaxl OTIG CUVTETAYUEVEG
TTOU ATAV GTOV TTPWTO TTivakKa dpa évTwg ival AakkoUBa A KAk 0d00TpwHA.
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Firebase also provides the ability for user authentication and authorization. Taking advantage of the
Firebase Authentication, we can actually provide read or write permission permissions to whoever
we see fit.

¥ Firebase DetectionHoles v

A Project Overview E3 Users  Signinmethod  Templates

Develop

Q s I ) ) : C
Database
Identifier Providel Created Signed In User UID
storage
X wert ep 23, 20 Sep 23,2018 BZZARShL7e0TZZLjbHPgIHIULR
Hosting
) Functions apei@yah i ep 23, 24 Sep 24,2 NBI2nGVT1ReQRGCJS]EVAX29XI2

ML Kit

[ (]

0j0YiiN3BQSXPUNTDP25IUV3KA2

Quality

(]

PhdEOtBUP2Ch3RZRPEGZESCI

(]

Analytics

(]

Dashboard

[ <]

Events

Conversions

[ (]

Audiences

(]

Firebase Authentication tool

Finally, the database, because of its design and architecture, allows for only fast operations,
facilitating the application and allowing it to manage many users without any problems.

On a separate array we store each and every user has completed the registration process.
That way, we can have access to each user’s email address and using the Firebase features, we can
delete accounts or reset passwords.

For its main use, the application is connected to two arrays containing the coordinates of the
recorded potholes. In the Hole array, any possible encountered vibrations are being registered. There
is no need for the vibrations to be actual potholes since they are not displayed on the map. The
Holeconfirmed array contains all the confirmed potholes that were recorded from a heavy vibration or
a sequential medium one.
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¥ Firebase Detectiontoles ~  Database Gotodocs M J

A Project Overview o
detectionholes

Develop = Hole

NBi2nGVT1RcQRbgCJSj5vdX29XI2-22-63138-5
PHNY7GZuAKfGPfHUWLHS8j8Veyn1-22-63138-5
UKQlctX3v1adeTU10UQrTzxxjVC3-22-63138-5
ZfAgj0zySCbMoRK10Gf20ulxQ73-22-63138-5
pulBIcMUnEWBGJScBBf5zynMT863-22-63138-5
UkQlctX3v1adeTU10UQrTzxxjVC3-22-63238-5
pulBlcMUnREWBGJScBBf5zynMT8G3-22-63238-5
NBi2nGVT1RcQRbgCJSj5vdX29XI12-23-45238-5
NBi2nGVT1RcQRbgCJSj5vdX29XI12-28-45238-5
NBi2nGVT1RcQRbgCJS]5vdX29XI2-28-48138-5
NBi2nGVT1RcQRbgCJS]5vdX29X12-28-481998338-5
NEi2nGVT1RcQRbgCJSj5vdX29XI2-28-98138-5

HoleConfirmed

aa  Authentication

Database

a-a-8

Storage
Hosting
J Functions

ML Kit

a-a-8-0--0

Quality

[ -3+

Analytics

.l Dashboard € PHnY7GZuAKfGPfHUWLHS8}8Veyn1-22-63238-5
UkQlctX3v1adeTU10UQrTzxxjVC3-22-63238-5
XuDaE357ffZuzGxgbEXRaBv8alA2-22-63238-5
ZfAgj0zySCbMoRK10Gfl20uixQ73-22-63238-5 + X
NBi2nGVT1RcQRbgCJSj5vdX29XI12-23-45238-5
NBi2nGVT1RcQRbgCJS]5vdX29XI2-28-48138-5
NBi2nGVT1RcQRbgCJSj5vdX29XI12-28-98138-5

Events

o0

Audiences

3
I Conversions
®

o-0-8-8

Hole ka1 HoleConfirmed rivakeg

E@apuoyn Kivnrou

MNa v dnuioupyia TNV e@apuoyng pag xpnoiyotoifjoaue Android yia Asitoupyiké ouoTtnua. H emAoyn
auTn €yive yiaTi To Android oav AeIroupyikd XpnoldoTroigital KaTé 76.6% o€ ouoKeuég, OAAG Kal O€
auToKivVNTa KAl O€ PNXAVEG, ME TUVEXWG augavopevn xprRon. Q¢ epyaAeio avamTuéng

xpnoigotoindnke 1o Android Studio yiati givar @IAIKG TTPOG TOV XPAOTN, ME A€IToupyieg OTTWG
autocompletion, Tnv opydvwaon Tou project aAAG kai Tnv duvatdTnTa Xpriong emulators kd&Be
OUOKEUNG.

H e@apuoyn eival ypaupévn o€ java kai Ta Kupia APl 1Tou XpnoiyoTtroiei givar Geolocation
(Google maps platform), Geofire, location service aAA& kai To adnroid.hardaware framework.

Me tnv xprion Tou Geolocation API 1Tou pag trapéxel n mAat@oépua 1ng Google Maps,
pTTopoUpE pe TNV Xprion Wi-Fi kbuBwv kal ge TNV TTANpo@opia atrd Kepaieg KIVNTAG ThAEpwviag va
éxoupe TTAnpoopia yia Tnv akpipr totroBeoia pag. To Geolocation APl padi pe o GPS pag divel pe
akpiBela Tnv B€0n pag Kal yTTopouE va TNV ATTOTUTTWOOUNE OToV XAPTh.

MNa va ptropécoupe va avixveUoOUUE TIGC AOKKOUBEG oTov OpOPO XPNOIMOTIOINCANE TO
ageAepOpeTpo TOU KIvATOU. TO OEEAEPOUETPO €ival IO NAEKTPOUNXAVIKH CUCKEUR TTOU WETPAEI
QUVAEIG ETTITAXUVONG O0TOUG A&oveg X,Y,Z. AKOpa, utTopei va HETpAOEl oTaTIKG SUVANEIG, OTTWG TTX N
duvapn TnG Baputntag. 'ETol1, N e@apuoyr Hag, HEOW TOU OEEAEPOUETPOU, DEXETAI CUVEXEID DEDOUEVA
atd TIG avaTapdéelg Tou odooTpwuartog. Edv n avatdpagn eival yeyaAuTepn PIAg TIMAG TTOU €XOUUE
opioel TTapapeTpIKd, TOTE N avaTdpaén YETa@PAleTal oav AakkoUuBa Kal evepyoTtrolgital éva Geofire
query To 0TT0i0 aTToBNKeUEl OTNV BACN Pag OTOIKEIO TNG AOKKOUBAG yIa TOV EKACTOTE XPAOTN.

To Geofire 2.0 eival yia open source BIBAIOBAKN TTOU PG ETITPETTEI VO ATTOONKEUOUNE YEWYPAPIKE
oedopéva. H Geofire xpnoiyotrolei Tnv Firebase ocav Bdon dedopévwy, TO OTTOI0 PJOG ETTITPETTEI VA
£XOUUE ouvExElD avavewuéva dedopéva. Me Tnv xprion peBodwy TTou pag Tmapéxel n Geofire
MTTOPOUME VA avIXVEUCOUNE AOKKOUBEG TTOU Eival KOVTIVEG HETALU TOUG UE ATTOTEAECUA VA PNV
EXOupE OITTAEG eyypa@Eég AOyw o@daApaTtog Tou GPS.
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® Firebase DetectionHoles ~  Database Gotodocs M J
A Project Overview o
detectionholes

Develop 5 Hole

@ NBi2nGVT1RCQRbgCJSj5vdX29XI2-22-63138-5
&% Authentication
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Hole and HoleConfirmed arrays

Smartphone Application

For the creation of the app, we used the Android operating system. The choice was based on the
76.6% user coverage, but also because of its growing use in the automobile manufacturing. The user
friendly interface of Android Studio was chosen, boasting features like auto completion, project
management and the possible use of emulators.

The application is coded in Java and the main API being used are the Geolocation (Google maps
platform), Geofire, location service and the adnroid.hardaware framework.

Using the Geolocation API provided by the Google Maps platform, we can take advantage of
the WIFI nodes and using data gained from our ISP provider we can pinpoint our exact location. The
Geolocation API along with the GPS provides unparalleled accuracy in the point adjustment.

In order to scan for any possible potholes along the way, we use the device’s accelerometer.
The accelerometer is an electromechanical device, calculating accelerating forces on the XYZ axis.
In addition, it can calculate forces statically, like the gravitational force. Thus, the application using
the accelerometer , is continuously being fed data from the road vibrations. If the vibration is of a
higher value than a certain parameter, then it translates into a pothole and activated a Geofire query
recording the pothole in the database for each user.

Geofire 2.0 is an open source library allowing us to save geodata. Geofire uses Firebase like a
database, allowing us to continuously have updated data. Using the Geofire methods, we can track
potholes who are close to each other so that we can avoid double entries in the confirmed array
because of a GPS induced error.
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Aciypa Kwdika AAAayng oTov Sensor

O1 aAAay€ég OTIG JETPATEIG TOU SENSOr TNG KIVATAG OUCKEUNG dlaxelpifovTal oTo event
onSensorChanged.

@Override
public void onSensorChanged(SensorEvent event) {

O1 TINEG TOU Sensor aTrd TNV APECWG TTPoNyoUEVN EKTEAEDT TOU event atroBnkedovTtal o€ HETARANTEG,
€701 WOTE va Yivel CUYKPION O€ QUTEG JE TIG VEEG TILEG TNG TWPIVAG EKTEAEONG TOU event.
float xc=x,yc=y, zc=z;

O1 TIuég Tou sensor armmoBnkeuovTal o€ PETAPRANTEG, £T01 WOTE va UTTAPXEl TTPOCBACN O€ AUTEG O€
eTTOUEVN EKTEAEON TOU event.

x = event.values[0];

y = event.values[1l];

z = event.values|[2];

Mvetal €Aeyxog oToug 3 GEoveg Tou sensor. Av g€ OTTOIoVONTIOTE €XEl UTTAPEEI aAAayr] PeyaAUTEPN
atd TTPOKABOPIoUEVN TTAPAPETPIKNA TIUA, TOTE N €@appoyn avayvwpidel Tnv Utrapén AakkouBag.

if (xc - event.values[0] > sersorChange || yc - event.values[l] > sersorChange
|| zc - event.values[2] > sersorChange ) {

lvetal apxikotroinon Tou avtikeiyévou geoQuerylistener o€ TTepiTTwaon 1Tou dev €xel yivel RON.
if (geoQueryListener == null) {
geoQueryListener = new GeoQuerylListener();

}

KaAeital n pébodog foundHoleAt Tng kAdong GeoQuerylListener, pe TTOPAPETPOUG OUYKEKPIUEVEG

OUVTETOYMEVEG, TTPOKEIUEVOUV Va dlaxelpIaTei N AakkouRa.
geoQueryListener. foundHoleAt (mLastLocation.getLatitude (),
mLastLocation.getLongitude()) ;
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Sample Code of Sensor

The Changes in sensor measurements of the mobile device are managed in the onSensorChanged
event.

@Override
public void onSensorChanged(SensorEvent event) {

The sensor values from the previous event are stored in variables to compare them with the new
values of the current execution of the event.
float xc=x,yc=y,zc=z;

The sensor values are stored to variables, so that we can have access to them on the next event fire.

x = event.values[0];
y event.values([1l];
z event.values[2];

Checks on the 3 axes of the sensor. If anyone has changed more than a predefined parametric value,
then the application recognizes the existence of a pothole.

if (xc - event.values[0] > sersorChange || yc - event.values[l] > sersorChange
|| zc - event.values[2] > sersorChange ) {

The object geoQueryListener is initialized if it has not already been done.

if (geoQueryListener == null) ({
geoQueryListener = new GeoQueryListener();

}

The class GeoQueryListener, method foundHoleAt is been called with specific coordinate
parameters, to handle the puddle.

geoQueryListener.foundHoleAt(mLastLocation.getLatitude(),
mlLastLocation.getLongitude());
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Agiypa Kwdika Armodnkeuong Nakkoufag

MapakaTw avaAleTal TO ONUEIO TNG EQAPHOYNG TTOU EKTEAEITAI yia TNV aTToBAKEUON TNG AaKKOUROG.
ZUYKEKPIYEVA, TO OUYKEKPIUEVO KOPMATI KWOIKa BpiokeTal atnv kKAAan GeoQuerylistener, n otroia
Kavel implement 1o interface GeoQueryEventListener.

H atmroBrkeuon TNG AaKkoUBag TTpayuaToTroleiTal KaTd Tnv ekTEAEon Tou onGeoQueryReady event, 1o
oTroio KaAeital 6Tav 6Aa Ta GeoFire dedouéva £Xouv QOPTWOEI Kal €X0UV EKTEAEDTEI OAQ TA OXETIKA
events.

@Override

public void onGeoQueryReady ()

{

Fivetal €Aeyx0G yia TO av Ogv £€X0oUV aTTOBNKEeUTEI AaKKOURBEG aTNV idIa TTEPIOXN.
if (queryLocations.size () == 0)

{

ATT0BrAKeEUON TNG TTPWTNG AAKKOUBOG YIO TOV OUYKEKPIUEVO XPRAOTN KOl TIG OUVTETAYMEVEG TTOU
avixveUTnke n AakkouBa.

//Sa to unrel

geoFire.setlLocation((userId + "-" + currentlocation.longitude + "" +
currentlocation.latitude) .replace('.','-"), currentlocation);

EkkaBdpion Tou object Tou TTepIEXEl TTANPOYOPIES yia Ta anueia TNG AakkouBag.
queryLocations.clear () ;

}

Edv £xe1 Adn amobnkeuTei AakkoUBa aTo id10 onueio pia opd TOUAAXIOTOV.
else

{

MpaypaToTroigital loop yia kGBe onueio TTou BPEONKe AakKOUBO G& CUYKEKPIUEVN TTEPIOXT).
for (final GeoLocation gl : queryLocations.values())

{

lNvetar avadAtnon Tou ouykekpipgévou onpeiou (gl) kai yia ouykekpipévn aktiva (radiusThreshold)
otov Trivaka pe TIG emMBeRaiwpéveg AakkouBeg. MapdAAnAa dnuioupyeital event listener TUTTOU
GeoQueryEventListener, aAAG Kal ol aTTaItoUpEvVa events TTou XpelddeTal va yivouv overridden.

//Save to reliable
geoFireConfirmed.queryAtLocation(gl,
radiusThreshold) .addGeoQueryEventListener (new GeoQueryEventListener () {

ApXIKOTTOIOUME TO aUVOAO TwV eTTERERaiwpPEVWY AakKOUBwY TTou Bpédnkav o€ 0.
int found = 0;
@Override
public void onKeyEntered(String key, GeoLocation location) {

Augdvoupe T0 aUVOAO TwV eTTERERAIWPEVWV AAKKOUBWV Yia 60£¢ BpéBnkav.
found++;

}

@Override
public void onKeyExited (String key) {

}
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Sample Code of Storing the Potholes

Below we analyze the point of application that runs for storing the puddle. Specifically, this particular
piece of code is in the GeoQueryListener class, which implements the GeoQueryEventListener
interface.

Puddle storage is performed when the onGeoQueryReady event is executed, which is called when
all GeoFire data has been loaded and all relevant events have been executed.

@Override
public void onGeoQueryReady ()
{

Checks if there is not potholes saved at the same area.
if (queryLocations.size () == 0)
{

Save the first pothole from the user and the coordinates of the spotted pothole.

//Save to unreliable

geoFire.setlLocation((userId + "-" + currentlocation.longitude + "" +
currentlocation.latitude) .replace('.','-"), currentlocation);

Clears the object that contains the information of the potholes.
querylLocations.clear () ;

}

If a pothole is saved one more time at the same place.
else

{

A loop is made for each pothole found in a specific region
for (final Geolocation gl : queryLocations.values())

{

It searches for the specific point (gl) and a radiusThreshold in the matrix with confirmed pots. At the
same time, a GeoQueryEventListener type event listener is created, and the required events need
to be overridden.

//Save to reliable
geoFireConfirmed.queryAtLocation(gl,
radiusThreshold) .addGeoQueryEventListener (new GeoQueryEventListener () {

We initialize the set of certified pots found at 0.
int found = 0;
@Override
public void onKeyEntered(String key, GeoLocation location) {

We increment the set of certified pots for those found.
found++;

}

@Override
public void onKeyExited(String key) {
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@Override
public void onKeyMoved (String key, GeoLocation location) {

}

>1nv ekTéAean Tou event onGeoQueryReady, dnAadr| dtav £xouv @opTwOei OAa Ta GeoFire dedopéva
Kal £XoUV EKTEAEOTEI OAA TO OXETIKA events.

@Override
public void onGeoQueryReady () {

Fvetal kataypa@r] ecwTEPIKOU axOAIOU yia €AeyX0 TOou KwdIKa TTou dnAwvel av Bpédnke AakkouBa
TNV TTEPIOXK TTOU EAEYXONKE.

Log.1("GeoQ", String.format ("Found %d results for location
%s,%s", found, String.valueOf(gl.latitude), String.valueOf(gl.longitude))):;

Edv dev éxel ammoBnkeuTei Eava n AakkouBa.
if (found == 0)
{

MpayuaToTrolgiTal N atroBrkeuon TNG AakkoURag aTov Trivaka e TIG eTTIRERAIWMEVES AOKKOUREG, yia

TOV OUYKEKPIUEVO XPrOTN KAl TIG GUVTETAYUEVES TTOU aviXVeUTNKE N AakkoUBa.
geoFireConfirmed.setLocation ((userId + "-" +

currentlocation.longitude + "" + currentlocation.latitude) .replace('.','-"), gl);
}

Fvetal ekkaBdapion Tou cuvoAou He TIG ETTIRERAIWUEVEG AOKKOUREG.
found = 0;
}

@Override
public void onGeoQueryError (DatabaseError error) {

}
1)
}

EkkaBdpion Tou object Tou TrepIEXEI TITANPOYOPIES YIa Ta anueia TNG AakkouBag
queryLocations.clear () ;

}

A1adikTuakn ZgAida

YAotroiBnke pia diadikTuakry o€Aida oTnv oTroia aTTeikoviovTal cUVOAKE o1 AGKKOUBEG TTou €xOouv
Kataypa@ei PEOW TNG €QAPPOYAG KivnTOU Kal atmmd Tov eKAOTOTE XPAOTN. 2T O€Aida auTth
TTaPOUCIAleTal XAPTNG OTOV OTTOI0 gu@avifovTal pins yia Tnv KOs AakkoUBa. Me Tn duvaTtéTnTa zoom
OTO XAPTN, O XPAOTNG WTTOPEI va &€l Ta onueia Twv AAKKOUBWVY avaAuTIKOTEPA ] TTIO CUVOTITIKA.
EmimAéov, epgpavideTal TTivakag TTou KaTaypd@el TNV TTEPIOXN TTou BpiokovTal ol AaKKoUReg, dnAadr
O€ TT010 VOUO aAAG Kal Tov TTARB0g o€ KABe vouo.

H diadikTuakn oeAida atreuBuvetal og peyaGAo eUPOg XPNOTWY, TOGO dnNUOYPAPIKE, 0G0 Kali
OXETIKA ME TIG YEVIKOTEPEG YVWOEIS KAl IKAVOTNTEG AUTWVY OTN XPAON €QAPUOYwWY, GAAG Kal TwV
OIA@OPETIKWYV TEXVOAOYIKWV HECWV TIpdofacng otnv e@apuoyr. Q¢ ek ToUTOU, aTTAPAITNTA
XOPOaKTNPIOTIKA TNG OeAidag KpiBnkav va eival ypriyopn, €Aa@pid kai QIAIKA TTPOG TOUG XPrOTEG.
EmimpdoBeTn avdykn fitav n oeAida va akoAouBei Tig oUyxXpoveg TEXVOAOYIKEG aTTaIToElg, dnAadh va
eival responsive Kal e SUVOTOTNTEG ETTEKTACINOTNTOG.
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@Override
public void onKeyMoved (String key, GeoLocation location) {

}

Firing the onGeoQueryReady event, when all GeoFire data has been loaded and all relevant events

have been executed.
@Override
public void onGeoQueryReady () {

An internal comment is logged to check the code indicating if a puddle was found in the checked

area.
Log.1i("GeoQ", String.format ("Found %d results for location

%s,%s", found, String.valueOf(gl.latitude), String.valueOf(gl.longitude))):;

If the puddle is not saved again.
if (found == 0)
{

Storing the pothole in the table with the confirmed potholes for the specific user and the coordinates
detected by the puddle.

geoFireConfirmed.setLocation ( (userId + "-" +
currentlocation.longitude + "" + currentlocation.latitude) .replace('.','="), gl);

}

Clear all of the confirmed potholes.
found = 0;
}

@Override
public void onGeoQueryError (DatabaseError error) {

}
1)
}

Clear the object containing information about the puddle points
queryLocations.clear () ;

}

Web Page

A web page was created that depicts the puddles recorded through the mobile application from all
the users. This page depicts a map presenting pins for each puddle. With zooming on the map, the
user can see the pothole points in more detail. In addition, there is a table listing all areas where the
potholes are located, that is, in which county as well as the pothole sums in each county.

The website is targeting a wide range of users, both demographically and in terms of their
general knowledge and skills in using applications, as well as the different technological means of
accessing the application. Therefore, essential features of the page were considered to be fast, light
and user-friendly. An additional need was for the page to follow the modern technological
requirements, and to be responsive and expandable.
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H &iadikTuakn oeAida éxel uhotroinBei pe TexvoAoyieg Javascript, GoogleMaps API, GeoFire
API, Bootstrap, HTML5 kair CSS. Mg tnv xprion HTML5 CSS kai Bootstrap pop@oTtroifjcaue mnv
o€Aida, £€TO1 WOTE VO QOPTWVEI YPYOPa Kal va €ival resnsposive, dnAadr va QopTwVEl Kal va gival
€UOIAKPITN O€ OAES TIG 0BOVEG TTOU UTTOPEI KATTOIOG XPNOTNG va TNV @opTwael . Me Tnv xpron 1ng
Javascript , Geofire kal GoogleMaps API ptropéoape va €il0dyoupe atnv 086vn pag Tov XapTn Kail va
TOV OUVOEOOUE PE TNV ATTOMAKPUOUEVN BAon, €101 woTe va €xel TTpooBacn ata dedouéva. Akoua,
a@oU CUAAECaUE Ta OTOIXEIA, UTTOPECAUE VA XWPIOCOUUE KOl VO WETPAOOUME TIG AAKKOUBEG avd
TEPIOXN.

Agiypa Kwdika Alaxgipiong ZuvoAwv Twv AakkoUBwv
John_ULUI ={

Anuioupyeital array.
summaryArray: [],

Anuioupyeital function yia Baoikég evEPYEIEG APXIKOTTOINGNG TTOU XPEIAlovTal.
init: function() {

Kataypaer log yia Tnv KaAUTEPN TTAPATAPNON KAl EKTEAECT TOU KWOIKA.
console.log('Initializing UI");

KaAeitar function Tou apyikotroiei atmrapaitnta objects (11 ouvdeoiyotTnTa pe Baan, ekkabdpion Tou
XapTn 61T0U B ATTEIKOVIOTOUV Ol AOKKOUBEG)

John_Ul.api.init();
}1

Anpioupyeitar function yia Tnv evnuépwon Tou Trivaka OTTOU KaTaypd@ovtal Ta oUVOAa Twv
AakkoUBwv. lMaipvel cav dpiopa TNV ovopaoia TnG TTEPIOXAG TNG AAKKOUBAG Kal TIG CUVTETAYMEVEG

NnG.
updateSummary: function(locationName, lating) {

Ta xapakTnpIoTIKG TG AakkoUBag (n ovopadia Tng TePIoXAS TNG AAKKOUBAG Kal Ol CUVTETAYUEVEG
TNG) atrobnkevovTal OTO array Ue TIG AOKKOUBEG.

John_Ul.Ul.summaryArray.push({
name: locationName,
lating: lating

i

KaAeital n function displaySummaryTable pe épiopa 10 péyebog Tou array 61ToU KaTaypdagovTtal ol
AOKKOUBEG.

John_Ul.Ul.displaySummaryTable(John_Ul.Ul.calculateArrayCounts(John_Ul.Ul.summary
Array));

12

Anuioupyeitar function yia Tov uttoAoyiopd Tou peyéBoug Tou array OTTOoU amroBnkeuovTal Ol
AakkouBeg. MNaipvel cav TapdueTpo TO array auTo.

calculateArrayCounts: function(summaryArray) {
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The web site has been implemented with Javascript, GoogleMaps API, GeoFire API,
Bootstrap, HTML5 and CSS. Using HTML5, CSS and Bootstrap we formatted the page so it loads
fast and is responsive, which means that it loads and is visible on all screens resolutions and devices
that a user can load. Using Javascript, Geofire and GoogleMaps API we were able to import the map
and connect it to the remote base to access the data. Furthermore, after collecting the data, we were
able to divide and calculate potholes by region.

Sample Code of Managint the amount of Potholes

John_ULUI ={

An array is created.
summaryArray: [],

A function is created for basic initialization actions that are needed.
init: function() {

Log for better observation and execution of the code.
console.log(Initializing Ul");

A function is called that initializes necessary objects (i.e. connectivity based, clearing the map where
the pots will be depicted))

John_Ul.api.init();
}1

A function is created to update the table where potholes are recorded. The arguments it takes are the
name of the pothole area and its coordinates.

updateSummary: function(locationName, lating) {

The attributes of the potholes (the name of the puddle area and its coordinates) are stored in the
array with the puddles.

John_UlL.Ul.summaryArray.push({
name: locationName,
lating: lating

b

The function displaySummaryTable is called, with the array size argument where potholes are
recorded.

John_Ul.Ul.displaySummaryTable(John_Ul.Ul.calculateArrayCounts(John_Ul.Ul.summary
Array));

2

A function is created to calculate the size of the array where the pots are stored. It takes this array
as a parameter.

calculateArrayCounts: function(summaryArray) {
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Anpioupyeital éva array Tmou 8a xpnoipoTroinBei yia Tnv atrobrikeuon Twv CUVOAWY TwV AAKKOUBwY
avd ovopagia TTePIOXAS.

var counter = [J;
Av gTO array UTtapxel AON KATayeypauuévn TN, TOTE N TIUA AUTr AQUEAVETAI KATA WA JOVAdA, GAAILG
atmobnkeveTal dnuIoupyeital véo array item pe Tipn 1.

summaryArray.map(function(item){

counter[item.name] = counter.hasOwnProperty(item.name) ?
counterfitem.name] +1: 1;

D
H function TeAikd €TIOTPEPEI TO EVNUEPWEVO array.
return counter;

2

Anuioupyeital function yia Tnv ameikovion £vog TTivaka TTou TTEPIEXEl Ta oUVOAA TwV AAKKoOUBwWVY ava
Trepioxn. MNaipvel oav TTapAPETPO Eva array TTou TTEPIEXEI TO OUVOAQ.

displaySummaryTable: function(counterArray){

Anuioupyeital éva variable 6mrou 6a kataypagei To html kopudT TTou Ba ateikovioel TN AioTa YE TIG
TTEPIOXEG TWV AAKKOUBWY Kal Ta GUVOAQ QUTWV.

var tableHtml| =";

EkTeAeital éva loop 010 array 01T0U £X0UV KaTaypa@ei Ta GUVOAQ Twv AaKKOUBWY avd TTEPIOXH.
for (var areaName in counterArray) {

XtieTal To html, dnuioupywvTag pia osipd o€ html Tivaka yia k&Oe item Tou array. 2Tn oelpd auth,
dnuioupyeital éva KeAi OTTou eugavideTal N ovouagia TnNG TePIOXAS TNG AAKKOUBAG Kal éva KeAi e To
OUVOAO TWV AOKKOUBWV YIO T CUYKEKPIPEVN TTEPIOXN.

tableHtml| = tableHtml + "<tr><td>" + areaName + "</td><td>" +
counterArray[areaName] + "</td></tr>";

h
H miuA Tou html tmou XTioTnke oTo TTapatrédvw loop cuvdéetal pe RGN dnAwpévo html Trivaka, pe id
results, evnuUEPWVOVTAG TO KOPPATI TTOU agopd To thody Tou Trivaka auTou.

$("#results tbody").html(tableHtml);

Acgiypa Kwdika Alayeipiong Aakkoupwv

EkTteAeitar loop yia kd0¢ éva location ato otroio €xel Bpebei AakkoUuBa.
$.each(John_Ul.mapConfig.locations, function (index, location) {
John_Ul.mapConfig.markers[index ] = new google.maps.Marker({
position: new google.maps.LatLng(location.latitude, location.longitude),
map: John_Ul.mapConfig.map
title: location.key

b
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An array is created, used for the storing of the sum total of the potholes per area.
var counter = [J;

If there is already a recorded value in the array, the array item’s value increases by one, otherwise a
new array item is created having the value of 1.

summaryArray.map(function(item){

counter[item.name] = counter.hasOwnProperty(item.name) ?
counterfitem.name] + 1 : 1;

b

The function finally returns the updated array.
return counter;
}1

A function is created for the display of an array containing the sum total of potholes per area. The
parameter inserted is the sum total.

displaySummaryTable: function(counterArray){

A variable is created, building the html part displaying the areas list along with their sum total of
potholes.

var tableHtml =";

There’s a loop inside the array recording the sum total of potholes per area.
for (var areaName in counterArray) {

The html code is built, creating a line in an html array for each of item. On that line, a cell is created
displaying the name of the area and another one with the sum total of the area.

tableHtml| = tableHtml + "<tr><td>" + areaName + "</td><td>" +
counterArray[areaName] + "</td></tr>";

k

The html value that was built upon the loop is attached the the specified html table, using id results,
updating the tbody part.

$("#results tbody").html(tableHtml);

Code sample - Pothole Management

Running a loop for each location a pothole was found.
$.each(John_Ul.mapConfig.locations, function (index, location) {
John_Ul.mapConfig.markers[index ] = new google.maps.Marker({
position: new google.maps.LatLng(location.latitude, location.longitude),
map: John_Ul.mapConfig.map,
title: location.key

b
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ApyxikoTroigital To object Tou Geocoder, av gival n TTPWTN QOPA TTOU EKTEAEITAI N ATTOTUTTWON TWV
AaKkoUBwvV aTO XAPTN.

if(John_Ul.mapConfig.geocoder == null)
{

John_Ul.mapConfig.geocoder = new google.maps.Geocoder;

Anuioupyeital object TTou TrepIEXEI TIG TIUEG TWV CUVTETAYMEVWY TOU location oTo oTToi0 YiveTal TO
loop.

var lating = {lat:location.latitude, Ing: location.longitude};

Fivetal €Aeyxog av €xouue non dlaxelpioTei To cuykekpiuévo location. OuaiaoTikd, yiveTal oUykpIon
TWV CUVTETAYUEVWY ToU current location Tou loop TiIG ouvTeTaypéveS aTTd oTTol0dNTTOTE AAAO location
ExEl KaTaypagei 1dn.
var areaAlreadyExists = John_Ul.Ul.summaryArray.findindex(function(obj) {
return obj.lating.lat === latlng.lat && obj.lating.Ing === latlng.Ing

b

Av 1o current location Tou loop dev uttdpxel AdN KaTayeypauuévo oTn Aiota pe Ta markers, 10TE
TIPAYUATOTIOIEITAI N BIAXEIPION TOU, £€TC1 WOTE VA ATTEIKOVIOTEI 0 marker aTo xdapTn.

if(areaAlreadyExists < 0){

lvetal xprion g geocode peBddou NG KAGong google.maps.Geocoder, n oTroia Traipvel TTApAPETPO
TO OUYKEKPIMEVO location TToU BlaxelpIlOUAcTE Kal ETIOTPEPEI ATTOTEAEOUATA OXETIKA HE TNV
YEWYPOAPIKA aTTOTUTTWON TOU €V AGyw location.

John_Ul.mapConfig.geocoder.geocode({'location’: lating}, function(results, status) {

lvetanl €Aeyxog av 1o location TTou eAéyEape eival TTpayuaTiK6/owaoTo.
if (status ==="'0OK") {
if (results[0]) {

MpayuaToTrolgiTal €AEYXOG YIO TO Qv UTTAPXEI KATAYEYPAUMEVN TIUA OVOUACiag TNG TTEPIOXAG TToU
BpéBnke 1O location.

var filtered_array =
results[0].address_components.filter(function(address_component){

return
address_component.types.includes("administrative_area_level_3");

s
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Initializing the object of Geocoder,if it’s the first time running the display of the potholes on map.

if(John_Ul.mapConfig.geocoder == null)
{

John_Ul.mapConfig.geocoder = new google.maps.Geocoder;
}
An object is created containing the coordinates of the area that runs the loop.
var lating = {lat:location.latitude, Ing: location.longitude};

We identify if we’ve already checked the given location. In specific, there’s a comparison between the
coordinates of the current location of the loop with the coordinates of any other already registered
location.

var areaAlreadyExists = John_Ul.Ul.summaryArray.findindex(function(obj) {
return obj.lating.lat === lating.lat && obij.lating.Ing === lating.Ing

h;

If the current location of the loop doesn’t exist in the markers list, then we proceed to display the
marker on the map.

if(areaAlreadyExists < 0){

Using the geocode method in the google.maps.Geocoder class, taking as a parameter one specific
location, it returns results relevant to that location.

John_Ul.mapConfig.geocoder.geocode({'location": lating}, function(results, status) {

We confirm whether the location is given is valid.
if (status ==="'0OK") {
if (results[0]) {

Checking if there is a registered value of the location.

var filtered_array =
results[0].address_components.filter(function(address_component){

return
address_component.types.includes("administrative_area_level 3");

s
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Av UTTApXEl ovopaoia TNG TTEPIOXNSG TOTE AuTh Kataypd@eTal, aANIWG KATAYPAPETAI TUYKEKPIUEVO
OIEUKPIVNOTIKO AEKTIKO.

var locationName = filtered_array.length ?
filtered_array[0].long_name : "Mn avayvwpiciyo”;

Kataypdpovtai logs yia 1n dieUKOAUVON TNG EKTEAEONG TOU KWOIKA.
console.log(areaAlreadyEXxists);

console.log(locationName);

MpayuaToTrolgiTal EAeyX0G yIa TO av n ToTroBeaia TNG AakkoURag £xel AON KATAYPAPEI.
if (locationName && locationName !== areaAlreadyExists.name) {

AtroBnkeUoupe To location atn AioTa pe Ta locations TTou €xoupe SIaXEIPIOTEI.
John_Ul.Ul.updateSummary(locationName, lating);

h;

h;

Zxediaypappara UML

210 TTapakdTtw UML didypapua rapouaiadetal n Bacikr AEIToupyEia TN EQAapuUoyng

No.

Terbulance (onSensorChanged) | onGeoQueryReady

A

Is there a big
terbulance

Big
Terbulance Or
already Saved at
Yes Hole Table

Save at Hole
Table

Save At
Confirmed Hole

Table

Txediayappa UML Tng epapuoyng
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If an area location already exists, then it is recorded, otherwise a undefined area message is
displayed.

var locationName = filtered_array.length ?
filtered_array[0].long_name : "Mn avayvwpiciyo”;

Logs are being recorded for a smoother code run.
console.log(areaAlreadyEXxists);

console.log(locationName);

Checking if the location of the pothole has already been recorded.
if (locationName && locationName !== areaAlreadyExists.name) {

Saving the location on the already managed locations list.
John_Ul.Ul.updateSummary(locationName, lating);

b
M

UML Diagram

The following UML diagram shows the basic configuration of the application.

No-

Terbulance (onSensorChanged) onGeoRueryReady

A

Is there a big
terbulance

Big
Terbulance Or
already Saved at
Yes Hole Table

Save at Hole
Table

Save At
Confirmed Hole

Table

Application UML Diagram
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Zupmrepaocpara kali MeAAovrikég EMEKTAOEIG

ZUUTIEPACTHOTO

H epappoyn kataypa@rig AaKKoUPwV UTTopei va @avei TToAU Xprioiun o€ évav odnyo yia TV amoQuyn
AOKKOUBWYV TTOU UTTOPOUV VO TTPOKOAECOUV KATTOIO aTUXNMA, aAAG Kal ¢Bopd Tou 00IKoU PETOU.
AKOMQ, JE TNV XPAON TNG I0TOoEAIBAG KATTOIOG PTTOPET va TTPOETOINAOTED yia pia diadpoury TTou Ba
akoAouBAoel. Emriong, évag KPATIKOG PNXAVIOPOG PTTOPEl va eAEyEel Kal va evnuepwOdei yia Tnv
TTOI6TNTA TOU 000CTPWHATOG G€ KABE OAMO Kal va TTPOREI OTIG avTiOTOIKEG EVEPYEIEG ETTIOIOPBWONG N
Kal va GUAAEEEI oTaTIOTIKG aTOIXE Q.

MeAAovTikéG ETEKTATEIG

H epappoyr) aAAd kai n 1I0TooeAida gival pia TTPWTOTUTIN 1I0£a KAl PE TIG AVAAOYEG ETTEKTACEIG UTTOPET
va yivel akéua 1m0 xprioiun ammé Tnv TOTTIKI auTodIoiknon - KPATog, Tov atmAd xprotn aAAd kai
IBIWTIKEG ETTIXEIPNTEIG.

ApXIKA, oTNV £QapPUOYA KIvNToU PTTOPEi va TTPOoaTEeBEl évag akopa TTIo £EUTTVOG aAyOpIBUOg
Tou va  eAéyxel TTOAEG Babuidec AakkoUBag Trx MIKPA, METaia, PEYAAN KAl OTn CUVEXEIQ VA TIG
aToTuTTWVEl avdAoya oTov XApTn HE DIAPOPETIKA XpwpaTa. Akoua, Ba Bonbouoe Tov XpARoTn €4v
akouyovTav évag AXOG TTOU va TOV TTPOEIBOTIOIE OTaV TO PECO TTANCIAdEl KOVTA O€ pia AakkoUBa.
ETriong, 6a ummopouoe va mpooTeBei Kal Asiroupyia yia e0pean SIadPOUNG KE TIG AiyOTEPEG AAKKOUBEG.

21NV 10T00€AiIda Ba PTTopoloayv va dnuioupynBoulv didgopa €idn XPNOTWV KE Ta avTioToIXa
SIkalwpaTta kal moavég evépyeleg. O1 "atTAoi" Ba utropoloav va €xouv TTpocRacn aTa dedoEVA TOUG
(S1adpopég, karaypapég AakkouBag). Or kpaTikoi unxaviouoi Ba yropodoav va £xouv TV duvaTéTnTa
eme€epyaaiag Twv dedopévwy, dnAadn va diaypdeouv pia AakkouBa ) va Byddouv £va oTrolodrTToTE
pAvupa (emdI6pBwaon, YvAPATa YEVIKG TTPOG TOug XProTeg). Autd Ta pvruata Ba ptropolcav va
eMeavifovTal TTdvw ae KABe oTiyua.

H epappoyr kataypa@rs AakkouBwyv 8a pytropolos akdua va ouptTePIANEOEi o€ auTokivnTa
védg TexvoAoyiag kal Ta dedopéva va xpnolgotroloUvTal otmmd Ta idla TA auTokivnTa yia Tnv
TTOIOTIKOTEPN KAl ag@aléoTepn odAynaon. MoAAEg eTaipieg apxifouv va gigdyouv aiobnTipeg oTa
auTokivnTa Toug TTou va "diaBdadouv” To 08OCTPWA GTO OTTOIO TO JECOV VA AVTATTOKPIVETAI avAAoya.
H Land Rover 11.xX. XpnoIYOTIOIEl £éva TTapOUoIo cUOTNUA avixveuong AakkoUBwv Kal atrolnkelel TO
oTiyda Toug éva cloud oUoTnua TO OTTOI0 PE TNG CEIPA TOU EVNUEPWVEI TO UTTOAOITTA QUTOKivVNTA.
Mapdpoia cuoTrparta eTolydgovral ammd Tnv Ford kai Tnv Mercedes. Apa, éva 11010 GUOTN A TTOU Ba
pTTopoUcE va evowpatwBei o OAa Ta auToKivnNTa KAl GTO AOYIOMIKO TOUG, WOTE va PTTOpoUv OAa
AVECAPTATWG ETAIPEIOG VA EVNUEPWIVOUV KAl VO EVAREPWVOVTAI YIO TRV TTOIOTNTA TOU 0800 TPWHATOG.
AuTo Ba ATav TTOAU XPrOIUO yIa TNV GOQAAEI0 TwV ETIRATWY, AAAG Kal TNV ATTo@uyr ¢Bopwyv Tou
auToKivnTOoU.
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Conclusion and Future Expansion

Conclusion

The pothole recording application can be extremely useful to a driver in order to avoid a possible
accident or any likely vehicle damage. Furthermore, by using the website, the user can even prepare
for the course he has opted. In addition, a state apparatus can check or get notified for the road
quality in every municipality and proceed to upgrade it or collect analytical data.

Future expansion

The application as well as the webpage, is an original and unconventional idea that with potential
future expansion may become even more useful in the local governing body - country, the average
user and the business environment.

Initially, there is a possibility for an algorithm integration that can identify many different types
of potholes like small, medium and large and use specific colors for map display. In addition, a sound
alarming the user for the existence of a nearby pothole would also be beneficial. A function for finding
the less pothole heavy course could also be included.

In the webpage, different types of users with different rights could be created having specific
actions. "Simple" users could have access in their own data (courses, pothole recordings). State
apparatus would edit the data, deleting a pothole or displaying a message of their choice (repair,
messages directed to the users). Messages could be displayed on the map.

The pothole recording application could even be included in state of the art automobiles with
the data being used by the vehicles, resulting in a better driving experience. Many car manufacturers,
have begun integrating vehicle sensors that can “read” the road and act accordingly. Land Rover for
example, uses a similar pothole recorder and uploads the data recorded to the cloud, thus sharing
the information obtained with all its models. Ford and Mercedes have also begun deploying projects
such as this. An application like this one however, could be integrated in all vehicles regardless of
brand or manufacturing specifications. It could lead to tremendous accident avoidance and profound
mechanical protection
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