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IHEPIAHYH

H mapovoa mruylokn epyacio eMKEVIPOVETAL GTNV OVATTUEN £VOG OAOKANPOUEVOD
oLOTNHOTOG dlayeipiong aypotikdv cvokev®mv I0OT(Awdiktvo tov payudtomv), to
omoio vmoomnpiler Afyelg JSON (popen oedopévav) dedopévev HECH  TOL
tpOTokOAL0L MQTT amd INUOCIOVE Kol 1OIOTIKOVG HECOAAPNTES OT®G Kol HECM

amootoAng o€ webhooks tov cusTipatog yo

emkowvavia pe v thateopua vroot)piEng LoRaWAN (npwtdkoAiro) diktowv TTS.
Méow pog @uikng web TAATEOpUOS, 0L YPNOTEG UTOPOVV VO KATAXMPOUV XOPAPLOL
pe yewypagikn tomobecia, vo tomobetodv kot va daxelpilovior dSdpopeg GLOKEVES
acOnmpov kot mapakolovdnong, kabhg kot vo AapuBdvovy mpaypoTikod xpovov
dedopéva ko ewdomomoelc. To chotnua evoopotovel teyvoroyiec 0nwg PHP Laravel,
Arduino kot LoORaWAN (npmtorxorro) Devices, emtpémoviog tnv €0KOAT 01060VIEST
ETEPOYEVMOV GLOKELAOV kol TN PéAtiotn oaflomoinon TV SLVOTOTHTOV TOVG.
[MopdAdnio, Tpooeépel epyoieios OMTIKOTOINGNG, OVTOUATOTOINUEVES EOOTOMCELS
Kol dvvatotnteg geofencing, cvpPfdailoviag ot Peitictomoinon g oypOTIKNG

TOPUYOYNG Kol 6T PLdciun dtayeiplon Tov Topmv.

ABSTRACT

This bachelor’s thesis presents the development of an integrated IoT device
management system for agriculture. The system can receive JSON data using the
MQTT protocol from both public and private brokers, and it can send data through
webhooks to communicate with the LORaWAN (mpwtdéxorro) network platform TTS.
Users can manage fields with geographical locations, install and control various
sensor devices, and get mpaypotikod ypovov data and alerts through a user-friendly
dwdwrvakn mAoteoppa. The project uses technologies like PHP Laravel, Arduino,
and LoRaWAN (mpwtokoiro) to connect different devices and get the best

performance from them. It also offers tools for visualization, automated notifications,



and geofencing, helping improve agricultural production and resource management

efficiently
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1. EIXATQI'H

H obyyxpovn yempyio dovoel po mepiodo poaydoimv HETOCYNUATICUOV, KOOMOG 1
evooudtoon tov teyvoroyidv Internet of Things (IoT) aAralel pilucd tov TpdmTO pE
TOV OmOi0 Ol OypoTIkEG eKUETAAAEDGES mopakolovBovv, dwayepilovion kot
BeAltiotomolobv Ti1g Aettovpyieg Tovc. H petdfaom avth mpog v ynelakn emoyn oev
amotedel AmMADG ol TeYVOAOYIKT €EEMEN, OALL L0 OVGLOGTIKY UETOUOPPMOOT] TOV
aYPOTIKOV TOTIOV, OOV 1| GLAAOYN Kot OvAALGM OEdOUEVOV GE TTPOYUATIKO YpOVO
kaBiotavror Bgpédor AiBot yuoo v avénomn g Tapay®yKoTTac, TN HElmon Tov
KOOTOVG Kal TV emitevén Prdoung avdmtuéng. 1o TAaiclo avto, N Tapovca epyacio
eotldlel oV avantuén €vOg KOVOTOUOV, OAOKANPOUEVOL GUGTHLOTOG dloyElpLong
aypotikdv cvokevdv 10T, 10 onoio vroopilel TOALATAL TPOTOKOAAN EMKOIVOVIOG
Kol TOPEXEL GTOVG YPNOTEG TN SLVATOTNTO, OAMGTIKNG TaPaKoA0VONONG Kol EAEYYOL
TOV QYPOTIKAOV TOVG EKUETOAALEVCEMV UECH HIOG EVIOHOC, PIMKNG TPOS TOV YPNOTN

TAUTOOPLLOG.

>10 onuepwvo aypotikd mePPAAov, N avaykn Yoo akpiPpn moapakolovdnon twv
TEPPUALOVTIKDY GUVONK®OV, OTOTEAECUATIKY OlO)EIPION TV TOPp®V Kol £yKopmn
Mym amoedcewv €yl Kataotel mo emraxtikny ond mwoté. Ot mapadociakés pébodot
AYPOTIKNG TOPAYMYNG OV EMAPKOVYV TALOV Y10, VO OVTOTOKPLOOUV OTIS GUYYPOVES
TPOKANGELS, OMMOGC M KAUATIKY oAhayr], N avéavopevn {Rtnom yo tpdeue Kot m
avaykn vy Prootpeg mpoktikéc. H vioBétmon tov teyvoroyiwv IoT otov aypotikd
TOHED.  TPOGOEPEL  TPpwTOPavVeElG dvvatotnteg Y T PeAticromoinom NG
TOPUYOYIKOTNTAG, TN HEIMON TOL KOOTOLG AEITOLPYIOG KOL TNV TPOCTOGIO TOV
nepfairovioc. Méocw g alomoinong osnmpwv, GLGKELAOV KOl TPONYUEVOV
TAOTQOPUDV  dlayeiplong, ot aypdTeg AmOKTOLV TN duvatotnTe. va AauBdvovv
ATOQAGELS PUCICUEVES GE TPAYLOTIKG OEGOUEVA, VO QUTOUOTOTTOLOVV JLOIKOGIES Kot

va Tporappdvovy TpoPAnpata tov oyetiloviat pe TG KAOAMEPYELES TOVG.

To mpotevopevo cvotnuo dtoyeipiong aypotik®v cvokevdv [oT amotelel o
oAOKANpOUEVT ADGT OV GLVOVALEL TIC SVVATOTNTEG TV GUYYPOVOV TEYVOLOYIDV LE
v eveM&ia VTooTNPIENG TOALUTAGV TPWTOKOAM®V emkotvwvioc. H kawvotopio tov
EYKELTAL OTNV €VOTOINGM OPOPETIKAV TEXVOAOYIOV emKovoviag, omwg MQTT
brokers (EMQX, Mosquitto) kot LoRaWAN (mpwtdéxoAiro) diktva (The Things

Stack), ce pa eviaia, UMK TPOG TOV YPNOTN SETAPT. AVTH 1| TPOGEYYIoT ATAOTOLEL
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m Swyeipon moilvmhokwv IoT owkoovotnpdtOV Kol TPOGEEPEL GTOVG YPNOTES T
duvatodtto vo. dwoyelpiloviar T0 GUVOAO TOV GUGKELAOV TOVG, OVEENPTNTOGC
teyvoloyiag emkowmviag, amd o eviaio mAateoppo. EmimAéov, to ovotnua
EVOOUOTMOVEL TPONYUEVES AEITOLPYiEG YeEMYWPIKNG Olayeiplong kot geofencing,
EMTPEMOVTOG GTOVG YPNOTESG VAL 0pilovV YE@YPAPIKA OPLaL Y10l TIG EKUETAAAEVCELG TOVG

KOl VO TOPakoAoVBoUV T 061 TV GUCKELMOV TOVG GE TPAYLLATIKO XPOVO.

O Paocwdg okomdc TG epyasiog etvat 1 oxediaon, avantvén Kot VAOTOINGN £vOg
oAokAnpouévov web-based cvotiuotog olayeipong aypotikav cvokevwv loT, to
omoio VTooTNPilel TOAAATAG TPOTOKOAAN EMKOWVMVIOG Kol TOPEXEL GTOVS XPNOTES TN
JUVOTOTNTO OMOTEAEGUOTIKNG TOPAKOAOVONGNG Kol EAEYYOL TOV OYPOTIKMV TOVG
EKUETOAAEVOEDV HECH UG EVIOTOG, PIAMKNG TPOG TOV ¥pnotn demapns. To cvotnua
OTOYEVEL VA KOADWYEL TO KEVO OV LIAPYEL GTNV AYOPd Yol EVOTOINUEVES AVGELS TTOV
UTOPOVV VO SLOYEPIGTOVV TOVTOYPOVA OUPOPETIKE TPpwTOKOAAN emikowvmviag loT.
Amd  TEQVOLOYIKNG GmOYNG, 1 €PYACI0 EMIKEVIPOVETOL OTNV OVATTLEN  €VOG
TOAVTPOTOKOAALOL GULOTAUOTOC EMKOv®Viag, To omoio Oa vmoompiler MQTT
brokers, LoRaWAN (mpwtdékoAro) diktva kot Oo evoopoatover eEelMypévoug
alyopiBuovg apaipeonc TPOTOKOAAMY KOl OVTOUOTOVS UNYXOVIGHOVS OViYVELCOTG Kot
oLvoeoNG cvokev®v. [lapdriinia, 1o chonUe Ba TPOcEEPEL TPpONYUEVES AetTovpYieg
YEOYOPIKNG Olayeiplong kot geofencing, emrtpémoviag oTtovg ¥pnoteg va opilovv
YEDYPOAPIKA Oplo Kot Vo TapaKoAovBovv T B€om TV GVOKEVOV TOVE GE TPAYLUTIKO

xPOVO.

Ot Aertovpykol ot1dY0L NG epyaciag meptlapuPdvouv v avamntvén evog
OAOKANPOUEVOD GUGTIUATOS dlaXEIPIONG GLOKEVOV Kol o TpwV Tov Ba TapEyet
TPAYUATIKOD YPOVOL TAPUKOAOVONGT OE00UEVMOV, VTOUOTOTOMUEVEG EWOOTOMGELS
Kol ouovayeppos, KoBdg kot epyoAeio  omTikomoinomg  dedopévev  PECH
npocapuocipov  dashboards. To cOommuo Bo mephapfdver emiong e&elypévec
Aertovpyleg Owayeipiong Owktowv ko brokers, pe epyodieion mopaxolovOnong g

SIKTLOKTG KaTdoTaons, cvatiuota load balancing yio moAlamiovg brokers.

[Switepn €upaon divetor omn ¥pPNOTIKY EUmEPia, PE GTOXO TN ONHIOVPYioL oG

dwontikng web odemaeng pe responsive design Yoo mobile cvokevéc Ko
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customizable dashboards. T'ia ™ dJevkdivvon TV Ypnotdv Bo avamtvydel

ekmodevTikd vAKO, online help system kou tutorials.

H xdpro xorvotopion Tov TPOTEIWVOUEVOL GUOTNUATOG EYKELTAL GTI OLVATOTNTO
gvomoinong dpopeTikayv tpénmwv emkowvaviog pe loT cvotiuata ce o eviaio
mhoteopua  dwyeipione. Evd 1o vmdpyovta cvotiuato otnv ayopd cuvhiog
vnootnNpilovy €vol CUYKEKPIUEVO TPMTOKOAAO EMKOWOVIOG, TO TPOTEWVOUEVO
oVOTNUOL TTPOCPEPEL duvatdtTTo ¥pNnong kot owacvvoeons loT ovokevmv mov
ypnowonooby MQTT brokers kot to LoRaWAN (mpwtokorro) TTS tic omoieg
UTOPOVUE VO TPOGOEGOLE Kol Vo TOPOUETPOTOiNcOVUE Katd PodAnom otnv
TAOTQOPLO, ETITPETOVTIOS GTOVG YPNOTEG VA A&lOTOCOVY TO, TAEOVEKTNUATO KAOE

TEXVOAOYIOG AVAAOYOL LE TIC 1O1AHTEPES AVAYKES TOVG,.

Ye EMYEPNUOTIKO EMIMEDD, TO OVOTNUO TPOGPEPEL CNUOVTIKY HeEl®ON TOL
K0oT0VG VAomoinong loT Adocewv otov aypotkd topéa. H evomoinon moAlomimv
TPOTOKOAL®V GE U0, TAATQOPUO EEOAEIPEL TNV OVAYKN YO ETEVOVOT] GE TOAAATAG
ocvotnuota dtoyeiplong, HedvVovTag TOG0 TOo apylkd KOGTOG 060 Ko T £€0dal
ocvvinpnone. I[oapdiinia, n avénuévn eveMéio Kot ETEKTAGIUATITO TOV GLGTNLOTOG
EMUTPENEL GTOVG AYpOTEG v EeKviicovy pe amAég Kot otkovopukés MQTT cuokevéc
Kol 6Tad10KA Vo EnekTeivouy 10 oA Tovg e LORaWAN (mp1dKoAA0) GLUGKEVEG
YU UEYOADTEPEG OMOCTAGELS 1| EOKES EPOPUOYES, YWPIG vo ypedletal oAlayn

TAOTQOPUOG 1] ETAVEKTOIOELOT TOV TPOCOTIKOV.

H mpootiBépevn aflo TOU GLOTAUOTOC EMEKTEIVETOL KOL GTOV TOUEN TNG
YEQYOPIKNG OlAXEIPIONG, OOV 1 EVOOMUATMOT TPONYUEVOV AglTovpyudy geofencing
ka1t GPS tracking mpoceépel véeg dvvatotnteg mapakorovdnone kar eiéyyov. Ot
aypOTEG UTOPOHV VO 0pIGOLV aKPIPN YEOYPAPIKA OpLoL YO TIG EKUETOAAEVGELS TOVG,
vo mapoakolovBodv T 0£01 T®V GLOKELAV TOVG GE TPUYUATIKO YPOVO Kol v
AapBavouy avToOUATES E100TOMCELS O€ TepinTmon mapaficong twv opimv. Avtég ot
Aertovpyleg elvor 1witepa ypnolueg ywo TV mwpootocios omd  KAOWEG, TNV
TapoKoAoVONoN KIVNTOV GLOKELAV Kol TN PeAtiotomoinon g tomobétnong
alcOnmpov kabmg Kot ETTPETOVY TV TOPAKOAOVONGT T®V GVCKELAOV OTAV OVTEG O

Bpiokovtatl oe otabepn BEon.
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YVVOMKA, 1| OLOKANP®UEVT] QLT TPOGEYYLIoT TOTOOETEL TO TPOTEVOUEVO GUGTN LA
OTNV QU NG TEYVOAOYIKNG KOWVOTOMIOG Yoo TN YEWPYID, TPOGPEPOVTAG GTOVG
aypOTeG To. gpyaAeia OV ypeldloviol Yo Vo avTATOKPIOOUV OTIG TPOKANGELS TOV

HEALOVTOG LE OMOTEAEGLOTIKOTNTO, EVEMETID Kol AGPAAELOL.
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2. BIBAIOI'PA®IKH
ANAXKOIIHXH

H ovyypovn Biprhoypapio emPePordvel 01t 1 evoopdtwon TV texvoroyldv Internet
of Things (IoT) ot yewpyio amoterel Evav amd TOVG TAXHTEPU OVOTTUGGOUEVOLS
Topelg g aypotikng texvoroyiag. Ot Farooq et al. (2020) xotaypdpovv ) paydaio
abénon g xpHoNg TEXVIK®OV OTtmg To big data, To machine learning, To computer
vision kot 0 blockchain ot cOyypovn yewpyio, vroypoapupilovrag 6t n avdivon kot
a&lomoinon 0edoUEVOV GE TPOYUHOTIKO XpOVO 0dnyel oe onuavtikny PeAtioon g
TOPAY®YIKOTNTOS Kot TG Procipudmtoc. H avdykn yio moivrtpwtdkoilo cuothipoto
EMKOVOVIOG OVAOEIKVVETAL MG KPIGIUN, KAODG 1 ETEPOYEVELN TOV GUCKEVAOV KOl TOV
epapuoyadv amottel v evomoinomn teyvoloyiwv 6mmwg to MQTT kot 1o LoRaWAN
(TpwTOKOAAO). ZVYYpPOVEG apylteKTOVIKEG, 0w to LoRaFarM, amodsikvoovv v
arotedecpotikdtto. T@v modular, yoapnAod KOGTOLG AVGE®V, €V T YPNOM
TOAVTPOTOKOAA®V gateways TPOCGPEPEL CNUOVTIKY KAMUOKOCIHOTNTO Kol gveMia
(Codeluppi et al., 2020). EmmAéov, eumopikég Aoelg 6nwg 1 HiveMQ mpoteivouv
TPAKTIKOVG  TpOmovg  Olaovvoeon g LoRaWAN  (mpowtokorro) xow MQTT,

dtevkoivvovtag TNV eviaia dwoyeipion dedopévmv and etepoyevn dikToa.

H ovykprtun perém mpmtokOA®v emkovaviag otov aypotikd topéa (Yavuz et
al., 2022) xotadeikviet 61t to LoORaWAN (mpwtdkoAro) vepéyel o€ ePapUOYEC TOV
amoltodv peydin euPéren ko younAn xotovéiwon evépyewng, eved to MQTT
TPooPEPEL a&lomoTio Kot TayVTNTA TN petddoon dedopévav. H tdon yio web-based
TAOTQOPUEG HE PUMKEC TPOG TOV YPNOTN OlETAPES elvar eppavng ot Piloypapia.
[MAateoppeg 0nwg 1o ThingsBoard kot epappoyéc dnwg avt twv Sivapriyan et al.
(2019) divouv éueact oTNV OTTIKOTOINGT OEOOUEVAOV GE TPAYULATIKO YPOVO KOl GTNV
npocappootikdTta TV dashboards, dievkodvvovtag T ANyYn anoPdcemv amd Tovg
aypotec. [TapdAinia, cloud-based cvotiuata 6mmg to Agri-Info amodeikviovv ot
a&lomoinoT TOL VITOAOYIGTIKOV VEQPOLS LITOPEL VO LEIMGEL GNUOVTIKA TO KOGTOG Kol VoL
BeAtidoel TV AmdS00T TOV AYPOTIKOV EPAPLOYADV, VD 1 evomoinon [oT, unyavikig
naonong kot cloud computing TpocEEpet vEES SUVATOTNTES Y10 TNV CWTOUATOTOINOT)

Kot TN PLocdtnTo TG YE®PYIKNG Tapoaywyns (Singh et al., 2024).
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H yeoyopwn dwyelpion xor ot teyvoloyieg geofencing amoktodv OA0 Kot
peyoAvtepn onuocio otn ovyyxpovn yewpyio. H yprion GPS tracking kot geofencing
emutpémnel ™V akpPn wapoakorovdnon g Béong efomhopol, (hmv Kol KOAMEPYEIDV,
TPOGPEPOVTAG SVVATOTNTESG Y10 VTOUOTOTOUEVES EWOOTOMGELS Kol BEATIGTOMOINON
¢ oyeipiong tov ekpetariedoewv (Giri, 2025 Qazi et al., 2020). H evooudtmon
avtdv TV teEYVoloywv oe loT mAatedpues evioyber v ac@dAelo Kot TNV
arodotikdTa, eved M ypnon GPS-guided pnyovnudtov copfdiier ommv axpiPn

yvewpyio Ko otn Bedtimon tov amododcewv (Bartmann, 2020).

INUovTikny TpO0d0os KATAYPAPETAL KOl GTNV EVOOUATOON TEXVOLOYLIDV machine
learning omv aypotikry IoT. Epevvntikég epyaciec mapovostdlovv GLUGTALOTO TOV
ocvvovdlovv arcOntpec IoT pe aiyopiBuovg mPOPAEYNC Kol CLTOUOTOTOMUEVIG
dwxelprong, emrvyydvovtag vynAn axkpifela oe mpoPAEwelg Kol CLGTAGES Yol TN
BeAtiotomoinon ¢ mopaymyng kot TG katoviilmong moépwv (Gnanadurai et al.,
2024 Alturif et al., 2024). H ypnion aiyopiBuwv énwc LightGBM, Decision Tree kot
Random Forest oe peydha datasets [oT odnyel oe evivmmoiakd mocootd axpipelag,

EVIoYVOVTAG TNV 0&10TIOTIO TOV GLGTNUAT®V aKPBOVS YE®PYiaG.

Emniéov, m Proounyavia Exer avamtdcel eumopikéc mAATEOPUES OM®S TO
MyFarmWeb ka1 10 AGRIVI, mov npocpépovv orokAnpopéveg AceLg dtoyeiptong
aypoTikaVv  dedopévav, daiertovpyiwkotnta pe loT ovokevég xor  epyoreia
vroompiEng amogdoewv  Pacicpéva o Texvnty  vonuoouvvn.  Ilapdiinia,
mAoteopueg 0nwg to SAP Intelligent Agriculture eotidlovv otV EMYEIPMNUATIKN
a&lomoinon TV oypoTIKOV Oedopévay, mpowbmviag T Pluooudtnta Kot TNV

OTOJOTIKOTNTA HECH TPONYUEVOV LOVIEA®MY OVAAVOT|G.

[Mapd t1g onuavtikég mpoddovg, N PpAoypapio avayvopilel TPOKANGES OTMOC M
OLIAEITOVPYIKOTNTO, 1] ACPAAELD OEOOUEVOV Kol 1] KAMUOKOGIULOTNTO TV Abcewv. H
avdykn vy evélkteg hardware ko software miatedpueg mov vo Umopovv va
TPOCUPUOGTOOV GE OYPOTIKEG EKUETOAAEVCELS OLPOPETIKNG KAMUOKOG TOPOUUEVEL
kpioywn (Ahmed et al., 2022). Tavtoypova, M Eueacn ot PLOGILOTNTA Kol GTN
BeAltiotomoinon g ¥pNONG TOV QUOIKOV TOP®V amoTeAEl Pacikd TLADVO TNG

oLyypovngs épevuvag (Sewnet Getahun et al., 2024).

Yvvoyilovtag, N PiPpMoypapioc vroypappilet 0TL T GLOTAUATO OlAXEIPLONG

aypotik®v cvokevmv [oT egMocovtal mpog v Katehlvven TG TOATPOTOKOAANG
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gvomoinong, g oa&omoinong cloud teyvoAoyudv, TG EVOOUATOONS YE@YOPIKMOV
AETOVPYUOV  KOL TNG ¥PNONS Tponyuévemv oAyopibuov avaivong. H oavdmtuén
OAOKANPOUEVOV TAOTPOPUDY TOL GLVOLALOLY OAEG OVTEC TG OLVATOTNTES, OTMG
TPOTEIVETOL GTNV TAPOVGO EPYOCIN, ATOTEAEL GNUAVTIKY] GUVEICQOPE GTOV TOUEN TNG

EELTTVNC YewPYIog KOl AmavTi OTIG TPOKANGELS TNG CVYYPOVIG OlYPOTIKNG TAPUYMYNG.
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3. ANAAYXH AITAITHXEQN

H avdivon amoitmoewv yuoo 10 cOoTNHO SLoEPIONG OyPOTIKMV EKUETOALEDGEWV LE
IoT cvoKEVEG EMKEVTIPOVETOL GTN SLVOTOTNTA TOV XPNOTN VO KOTAY®PEL yopdpla, vo
opilel yewypapikn tomobecio kot va tomobetel ddpopeg cLoKEVEG TOL &L PETOHV
dwpopetikég Asttovpyies. Kabe ypriomng Oa mpémer va pmopel vor donpiovpyet véo
YOPAPL E1GAYOVTOG OVOLO KOl GUVIETAYUEVEG 1| OpLOL GTO XAPTN, Vo emelepyaletar 1
Vo JlaypAQEL VITAPYOVTO YOPAPLo Kot vo PAETEL OAa TO YOPAPLL TOL GE [0l EViaio

OTLTIKY] OVOTTOPEGTOGC.

e K0be Yopaot, 0 xpNnotg uropel va tomobetnoel ToOALOTAEG CLOKEVEG, KAOE
plo pe ovykekpiuévn Asrtovpyio Ko 0éom evidg Tov yopaerod. Ot GVOKEVES AVTEG
umopel va elval acOntmpeg mepParlloviikdv TapauéTpmy, O0nwe Oeppokpaciog M
vypaociag, tomoBetnuévor oe  Jeopa. onueion TOL  YOPOELOV, 1N CLOKEVEG
napokorovOnong (dwv pe dvvardotnto live map data kot gvnuépwon 0éong e
ovykekpipévn ovyvotto. To ovotqua wpénet vo vmootpilelt v mpocHnkm,
petokivnon, enelepyacio Kot Olypoa@r] GLOKELOV, KOODC KOl TNV  €VKOAN

EVOOUATOON VE®V TUTMV CLGKEVAOV GTO HEAAOV.

Emumiéov, n e@appoyn o@eidel va mopéyel TPAYUATIKOD ¥POVOL GULAAOYN,
amoOKELOT Kol OTTIKOTOIN G TOV dEGOUEVOV TOL AAUPAVOVTOL OO TIG GUOKEVES, LLE
YPOPNUOTO Kol YEpTeEG TOL va amekovilovv TIc Tpéyovoeg petpnoels. Edkd yuo tig
OLOKEVEG TTapakoAoVONoNG (hwv, eivan amapaitntn 1 Tpofoirn TG Kivnong o€ xapt
pHe ovyvn evmuépwor, KaBd¢ Kot 1 SuVOTOTNTA OPIGHOL YEMYPOUPIKMOV Opimv

(geofencing) ko e100mTOMGE®V G€ TEPIMTOOTN TOPOPionS OVTOV TV OpiwV.

Emumiéov, 10 cOoTHO TPETEL VO TPOGPEPEL OVTOLOTOTOUEVEG ELOOTOGELG
vy ovoporieg (my. vaépPaocn opiwv OBepuoxpaciog, ££odog {wov amd Opa). H
dwayeipion xpnoTdV TPEMEL va. ivar acsPaAng, kol va Aapupdvel ydpa avbeviuconoinon
YPNOTOV KATA TNV OdpKELD TNG E10000V 610 cvotnua. H epapuoyn mpémet va gival
EMEKTACIUN, Vo VTOoTNPilel TOAAATAG TpmTOKOAAN emkovmviag (MQTT, LoRaWAN
(TpOTOKOAAO) K.G.), VO £XEl LAIKO Kot responsive mepiBdAlov epyaciog yio ypron
amd VITOAOYIOTEG KOl KIVNTEC GUOKEVEG Kot Vo OoPOAlel TV ac@AAeln Kol TNV

TPOGTAGIO T®V 0EGOUEVOV GVUE®VA, PE Ta, TpoTVTa (1.}, GDPR).
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Téhog, M ocvvtipnon Kot 1 LVROGTAPIEN TOL GLGTHUATOS TPEMEL Vo gival
€0KOAN, HEe evoouaTOUEVO ovotnuo Pondelag kot dvvatdtTe UEALOVIIKOV

EMEKTACEDV.

3.1 Teyvoroyia Backend

H ¢éxdoon 12 tov Laravel ewcdyel véeg Beltictomomoelg ot o QOKEA®V Kot
BeAtiopévn vroompiEn PHP 8.3+, peidvovtog mepattépm v TOALTAOKOTNTO KOt
Behtidvovtog v omdO0cN O€ TPAYUATIKOV ypOvov epappoyéc. To ovotnua
Bacileton oe Laravel Artisan Console Commands mov ekteAovvtal oto background
péom supervisor 1 systemd yin cvveyn MQTT enucowovia, eved ot Tpoympnpéveg
teyvikég caching kou rate limiting mpootatevovv 10 APL. To ovomnua dwotnpet
Laravel Sanctum authentication ka1 AES-256 kpuntoypdoenon, tapéyovrog Limitless
theme-based admin interfaces pe vanilla JavaScript kot Blade templates,
ReactPHP-based MQTT client ko1 webhook handlers yio oloxAnpopévn IoT

emkowvovia pécm background command processing Kot GOGTHLO OLPOV.

3.2 Teyvoroyia Frontend

To  Limitless admin theme oamnd6  ThemeForest mpoopéper  €toyun
HTML/CSS/JavaScript Pdaon pe mpoyopnuéva Ul  components. To theme
nepthapPdvel responsive layouts, data tables, charts, kot dashboard widgets mov
ovvoéovton pe Laravel péow vanilla JavaScript 11 jQuery. H apyrtextovikn
TPOAYLOTIKOD YPpOVOL  emKowvmviag vAomotleiton pécw 10-devteporentov AJAX
polling calls mpog Laravel API endpoints, ypnoiponoidvtog ta built-in JavaScript

components tov theme yia data visualization kot dashboard updates. Ot Teyvikég
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BeAtiotomoinomg mepthapPavovyv lazy loading péow tov theme's data loading system,

browser caching yia static assets, kot progressive loading yio peydio datasets.

To backend dwyepileton ta dedopéva loT péosw Laravel cuomnua ovpdv kot Console
Commands mov emnefepydlovron eloepyopeva webhooks amd The Things Stack
network server. Ta scheduled tasks ektelovvton kdOe 10 devtepodrenta péow Laravel's
sub-minute scheduling functionality, emneepydlovtag sensor readings kot
dwyeplopeva background jobs ywa data processing kot notification handling. H
apyrtektovikn polling-based approach eEacpalilel cuveyn evnuépmwon twv dashboard
interfaces yowpic v moivmloxkotnto. WebSocket connections, &v®d mapdAANAQ

TN pet yapunAd EOPTO S10KOLLOTY).

3.3 Ohoxkinpopévn Ipoocéyyion

H otoifa tpuov emnédwv viomotel évo communication pipeline mov dwocoalilet
ovoveyn loT data flow. Zto backend eminedo, éva specialized Laravel Console
Command ekteleitar cuveydc pécm supervisor 1 systemd, mapakoiovbavtag active
MQTT subscriptions amd cvvoedepéveg cvokevés. Otav evtomilovtal gioepydpeva
sensor data, to command avtoépoata dispatcher Laravel Queue jobs mov
eneepydlovtal ta dedopéva asynchronously, evnuepdvouv tn Bdaon dedopévov Kot

npoeToldlov Tic TAnpoeopieg yuo frontend consumption.

To Limitless theme frontend cuvoéetan pe avti v pipeline péow structured AJAX
polling ké0e 10 devtepdienta, avaktmvtag processed data amd Laravel RESTful API
endpoints. H JavaScript integration ypnotpomnoiei Ta native components tov theme yio
mpaypatikov ypdévov dashboard updates, chart refresh kou notification handling,
dlnpadvTag responsive eumelpion xpNoTn yopic TV molvmAokdtnto persistent
connections. ITapdiinia, webhook endpoints vrodéyoviar eicepydpeva dedopéva
an6 The Things Stack network server, ta omoia eniong routing GTo GLGTNUA VPOV

vl consistent data processing.
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To layer ocvokevomv (Wokwi simulation kot LoRaWAN (mpotékolro) devices)
emkovovel aueca e avtnv v unified processing pipeline, eaceaiilovtog 0Tt OAa
to. [oT dedopéva - eite and MQTT brokers eite and LoRaWAN (mpwtdxoAro)

webhooks - axolovBovv to 1610 data flow pattern mpog to frontend interface.

3.4 Avvata Xnpeia

H pebBodoroyio mpoceépel gveh&io oty mpocHnkn vEwV TeXVOLOYIDYV, duVATOTNTA
TPOCUPUOYAS OE OPOPETIKG OaypoTIKA TEPPUAAOVTA Kol TANPN KAALYTN TOV
amoutNoewv ™G akplPois yewpylog, amd v ekmaidgvon Kat to prototyping £mg tnv
TOPAYOYIKN Acltovpyion o€ peyaAn wiipaxoa. H apyitektoviky] tpliov emmédmv
eacpariler v aveaptnoio kdOe ctoryeiov, d1EVKOADVOVTOG TN GLVTINPNOT KoL THV

EMEKTOON TOV GLGTNLOTOG.

H ypnon tov Laravel 12 pe ta e€ehypuéva yopoktnplotikd tov, 0nme To0 BEATIOUEVO
cvotnpo ovpdVv Yo background processing kot ot TPONYUEVOL UNYOVIGLOT AGPAAELG
péom Sanctum authentication, mpoc@épel otabepd kot a&iomoto backend. To
Limitless theme mapéyst professional Ul components pe dueon JavaScript
EVOOUATOON, EMITPENMOVTOC UEYOADTEPN eveMélol otV TPOocOPUOYN Kot TayhTEPN

avdamntuén custom features ympic v moAvmilokotnta heavyweight admin frameworks.

To background MQTT command system mov tpéyel cuveymg e£ac@oiilel adidAeumtn
emwowvovia pe IoT ovokevég, evd n polling-based frontend apyrtextovikn datnpel
YoapMAd @opTo drakooty kot vynAn aSomotio. H evomoinon webhook support yua

The Things Stack pe to Laravel Queue system onpiovpyei po robust data pipeline
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nov yewpiletan omoteAespotikd peyaiovg Oykovg sensor data. H modular dopun tov
Limitless theme emitpéner selective component loading xou customization ympic
nePUTT ToAvmAokOTNTO, Tpocpépovtag ideal balance petafld functionality ko

maintainability.

3.5 IIBavéc Advvapiss ko Iepropiopot

[Topd to 1woYVPA YOPUKTNPIGTIKA THG HEBOdOAOYING, VITAPYOVY OPICUEVES ALOVVOUIES
mov mpénel vo. ANeBovv voymn. H eEapmon and morlomdéc teyvoroyieg (Laravel 12,
Limitless theme, vanilla JavaScript, LORaWAN (npwtdéxoAro), The Things Stack)
onpovpyel moivmAokdtnTa 6TN dlaxeiplon Ko amaitel daupopetikn e&edikevon and

TOVG TTPOYPOALUATIOTES, W1iTEPA TNV EVomudtmon Tov theme pe ta Laravel APIs.

H evoopdtwon tov Limitless theme pmopei va mapovoidoet challenges oto webpack
configuration kot otn dwyxeipion dependencies, 6mwe gaiveror and to compilation
errors Tov ovyvd epeovifovtol katd v initial setup. Emumiéov, n avéykn yio custom
JavaScript integration yio v emkowwvio pe Laravel RESTful endpoints amottet

npocekTiko handling tov AJAX calls kot error management.

Ot mepropiopoi tov LoRaWAN (npwtdkorro) kou n e&dptnon ond to The Things
Stack moapapévouv onuavTIKol TOPAYOVTESG, 1O104TEPO O TEPLOYEG LE TEPLOPIOUEVT
network coverage. To polling-based approach tov frontend, mapdtt agidomoto, pnopel
va dnpovpynoet latency issues o€ TEPIMTAOGELS TOV ATALTOVV GLLEGT TESPONSE, EVM TAL
background MQTT evtoAég yperdlovtor TPOGEKTIKY monitoring Y10, Vo amoPevyOovV

memory leaks ce long-running processes.

To cvvoliko kdotog lifecycle pmopet va avénbel Adym tov licensing fees tov theme
KOL TNG OVAYKNG Y10 EEEIOIKEVIEVT] GLVTIPNOT TOV TOALUTAMV TEYVOLOYIKGMV layers.

EmumAiéov, 1o scalability tov cvotipatog egaptdrol onpoviikd omd v anddocn tov
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Queue system ko ) dwayeipion concurrent MQTT connections cg peyding KAipokog

deployment

4. ANAAYXH KAI YAOITIOIHXH

Y10 mapdv kepdAoo mapovcstdleTtor M TANPNG LAOTOINGT TOL OAOKANPOUEVOL
ocvotiuatog owayeipiong loT yewpywkdv cvokev®dv, PacioUéVO GTO TPOYUATIKO
kodwka ond to GitHub repository "ptyxiaki-teliko". To kepdAaio eotialel otnv
TOPOVCIOGT) TOV TEMKOU TPOTIOVIOC Kol TNV EMIOEEN TOV SLVOTOTHTOV TNG
VAOTTOMUEVNC TAATOOPLOG LEG® GLYKEKPLUEVOV TAPOUOELYUATOV KOl EQUPLOYDV TOV

avtikatontpilovv Tig cVYYPOVES TAGELS GTNV precision agriculture.

H avéntuén axolovOnoe pebodoroyikn mpocéyyion mov €oTldlEl OTNV TPOKTIKN
€AoY NG precision agriculture pécm TG EVOOUATOONS SOPOPETIKMV EMTEOWDV
teyvoloyiag. Amd v ekmadevtikn ypnon tov Wokwi simulator ywa rapid prototyping
g v mapaymyikn Asttovpyia pe LoORaWAN (mpmTtOKOALO) GLGKEVEG, TO GUGTNUA
TOPEYEL OAOKANPOUEVEG ADGELS TTOL EVOMUATOVOLV TIG OPYES TNG SVYYPOVIG YEOPYIag
pe data-driven decision making. H O1apudp@mon Tov GLGTAUOTOC EMITPEMEL TNV
TapoKoAovONoN Kot OlaXElpIon OYPOTIKAOV JPACTNPLOTHTOV GE TPAYUATIKO YpdVO,
TPOCPEPOVTOG OTOVG  YPNOTEG  EPYOAEl OVAALONG KOl  OUTOUOTIGUOD 7OV

BeAtioTOTO0HV TNV TOPAY®YIKOTNTOL.

Apyrektoviky) Multi-Broker Communication

To cOomua Aettovpyel pe dvo dnuociovg MQTT brokers - EMQX kot Mosquitto -
npocPépovtag sveMéio emioyne kou redundancy ywo ™ Swc@AAMON ASIOAEUTTNG
emwowvoviag. Tlapdiinia, vroompiletor LoRaWAN (mpwtdéxoAro) emkovovia
péom The Things Stack network server mov amotitei webhook configuration ywo tnv

AmOCTOAY O€JOUEVOV TPOG TNV TAATEOpuHa. Avty mn multi-protocol mpocéyyion
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EMTPENEL GTOVG YPNOTEG VA EMAEEOVYV TNV KOTAAANAN TEXVOAOYioL avdAoyd LE TIC
OULYKEKPIUEVES OVAYKES TNG eKUETAAAEVONG, amd short-range MQTT cvokevég émg

long-range LoRaWAN (mpm16K0AL0) sensors.

Iepapykn Aopn Agdopévov

H moapovcioon tov cvothuatog tepthapPdvel Aemtopept| TEKUNPI®OON TG 1EPUPYIKNG
dopng mov akoiovbel To poviého: User — Land — Device — Sensor. KaOe ypriotg
umopel va opicel moAamAég yewpyikég ektdoelg (Lands) péow polygon definition oto
Leaflet map interface, kaBopilovtag yemypapikd Opla Kot YopoKINPIoTIKA Yo KAOE
TEPLOYN. 2XTN OLVEYEW, uUmopel va tomoBetnoel ocvokevég (Devices) evtog kdbe
éktaong, kobopilovtag ta otoyein ovvoeong tov broker kot emiéyovrog peta&d
MQTT 71 webhook connectivity. Ot ousOntipeg (Sensors) onpovpyoHvtol avTOHOTH
Katd v mpdtn Ay payload amd to MQTT stream, eacpaiilovtag plug-and-play

functionality ywo véeg cuoKeELEG.

Méow TPOCEKTIKNG 0VAALONG TWV LAOTOMUEVAOV YOPOKTINPIOTIK®OV, TO KEPAAOLO
OTOYEVEL OTNV ATOTOHTOON TNG TPUKTIKNG 0&i0g TOV GLGTAHUATOS Kl GTNV EMIOEIEN TOL
TPOTOL L€ TOV OMOI0 Ol GUYYPOVES TEYVOAOYIEC UTOPOVV VO GUVEICOEPOVLY GTNV
e€EMEN Tov aypotikob Topéa pécm automated sensor discovery, TpaypoTiKod ¥pOVOL

monitoring kat geospatial analytics.
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4.1 BackEnd Y\lomoinon

To backend 10V ovoTUOTOG OvamTOYONKE Ypnowomoidviag to Laravel 12
framework, axoAovBovtag tig apyés Tov Model-View-Controller (MVC) pattern kot
epapuolovrog PéAtioteg mpaxtikég ovyxpovng oavantuéng loT epoapuoyov. H
0pYAVMOT TOL €PYOVL oTNPiYONKE GE U0 TPOGEKTIKA GYESACUEVT] OO TTOV TPOmOET
N GOPNVELWL, TNV EMAVOYPNCLLOTOINGT KOSIKA KOl TV €VKOAID. GLVTNPNONG, EOIKA

v dwaxeipion peydlov 0ykov sensor data.

4.1.1 Iepapyixny Aouny Models kar Data Architecture

H xevtpu apyrtextovikn tov backend opyavddnke oe e€edikevpéveg votnTEG TOL
akoAovBovv v tepapyio User — Land — Device — Sensor. Ztov katdAoyo
app/Models/ Bpiokovtar ta Eloquent models mov aviummpocwnedovv 115 Pocikég

OVTOTITEG TOV GUGTNUOTOG!

e User Model: Awayepiletot Tovg £yyeypoppévoug xpnotes e Sanctum
authentication integration

e Land Model: Avturpocwnedel yewpyikés ektdoelg pe polygon definitions kot
geofencing capabilities

e Device Model: Xepiletor IoT cvokevég pe MQTT/webhook connection
parameters Kot broker selection

e Sensor Model: Auto-generated and 1o tpdto MQTT payload, dwayepileton
TPOYUATIKOV ¥pOVoL sensor readings

e MgqttBroker Model: Yroompilet EMQX won Mosquitto public brokers pe
connection pooling

e LoRaWAN (mpwtdkorro)Broker Model: Integration pe The Things Stack ywa

webhook-based communication
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4.1.2 Multi-Protocol Communication Layer

To eminedo app/Services/ LAOMOEL KEVIPIKOTOMUEVT] ETMLYEPNUATIKY] AOYIKT 7OV
Swyepiletar v moAvmpwToKoAAn emwkowwvia. To MgttService yepiletar v
emkowvovia pe 0vo onuodcstovg brokers (EMQX kot Mosquitto), evd to LoORaWAN
(mpowtdKoAro)Service Owayepiletor webhook integrations amd The Things Stack
network server. To GeofencingService vlomoiel ray-casting oiyopiBuovg yuo
TPAYUATIKOD YpOVOL  TapakoAovONoT av ol ovokevég Ppiokovror &vtog TV

oplopévav polygon boundaries.

4.1.3 Background Processing Architecture

Kpiowo otoryeio g apyrrextovikng eivar n mapdAinin ektéleon Laravel Console
Commands mov tpéyovv oto background péocw supervisor 1 systemd. To kevrpikd
MQTT Listener Command ekteAeiton cuveyms, mapakorlovddvtag subscriptions omwd
TIc ouvdedepéveg ovokevég Kot dispatching Laravel Queue jobs yia asynchronous data
processing. Otav Anebei 1o mpdto payload amd pi véa cvokevn, 10 cHOTNUA
avtoépoto  dnuovpyet Sensor records ot Pdon dedopévav, eCacpoarilovtag

plug-and-play functionality.

4.1.4 API Architecture ka1 Webhook Integration

H dwyeipion tov HTTP requests mpoypotomoteitor péow Tov  KATOAGYOL

app/Http/Controllers/, o omoiog mepi€yet e&edcevpévong controllers yua:

e DeviceController: Awyeipion MQTT kot LoRaWAN (npwtdkorro) device
registration

e WebhookController: Handling eioepydpevav dedopévev and The Things
Stack

e ApiController: RESTful endpoints ywa frontend communication pe 10-second
polling support

e LandController: Polygon-based geospatial operations pe Leaflet integration
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Y¥to database/migrations/ opilovtot ot dopég mov vrootnpilovv GeoJSON polygons
yw land boundaries, MQTT topic arrays ywo multi-subscription devices, kot webhook
signature verification yw secure LoRaWAN (mpmtoxoAro) communication. H
dpopoAdynon opyavabnke otov KatdAoyo routes/ pe €101kovg webhook endpoints wov
déyovtor POST requests a6 external IoT networks kot API routes mov vrootnpilovv

1t JavaScript polling architecture tov frontend.

4.1.5 Eloquent Models kou Relationships

To cvotpa Pacileronr o Tpia kOpra Eloquent models mov amotelodv tov muprva g
oG OedOUEVAOV KOl OVTITPOGMOTEVOVY TIG Pacikég ovtotnTeS NG aypotikng loT

TAOTQOPLLOG.

To Device Model amotelel Tov keVIpIKO KOPUO TOV GLGTNHOTOS, AVTITPOCMTEVOVTOG
T1g [IoT ovokevég mov avantdccovtal oto aypotikd medio. To model meprhapPdvet
EKTETANEVEG TTAPOUETPOVG cLVOEoN S Ontwg client id, use ssl, connection broker kot
mqtt_topics array mov vrootnpilel moArlomAd MQTT topics tavtdypova. Ot built-in
methods 6nwg setOnline() ko setOffline() dwayepilovion avtdpata TV KOTACTOON
G ovokevng Kot to last seen at timestamp. H oyéon pe to Land model péocw

belongsTo() e&ac@alilet Tn yewywpiky TOTOHETNGN TOV GLOKELOV.

To Sensor Model dwyepiletor To dedopéva aobnTpov pHe TPOYWPNUEVES
dvvatotnrteg threshold monitoring ko alert generation. Or péBodot isValueInRange()
kot getAlertStatus() mopéyovv ovtopato €Aeyyo opimv yio numeric values, evd n
updateReading() method odwtnpel timestamps 7y kdbe pérpnon. H
getFormattedValue() emotpépel TG pE TIC KOTAAANAEG HOVAOEG UETPMONG Kot

vrootnpiler JSON/array values yio complex sensor data.
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To Land Model oaviummpocomedel TIC Ye®PYIKEG €KTACELS HE TANPN YEQYOPLKN
vrooTpiEn péow geojson casting mov amobnkever GeoJSON polygons yio akpipn
veoypapikd O6pa. To location array field vmootnpiler multiple coordinate formats,
evad 10 color field emtpéner visual distinction otig yaptoypaeukéc demapéc. H oyéon

hasMany() pe T cvokevég vootnpilel moArlamAég IoT installations ava £ktoon.

Ot oyéoeig peta&d tv models onpiovpyodv v tepapyio: User — Land — Device —
Sensor, emtpénoviog 610 choTUO Vo vrootnpilel T0c0 single-farm installations 660

ka1 enterprise-level agricultural operations pe ekaTOvVTaoEG GLOKEVEG.

4.2 Services Layer - Emygipnpotikni Aoywkn

H emyeipnuatikn Aoyikn kevipikonoteitol o specialized services mov dayeipilovron
complex operations, akolovBmvtog TG apyéc Tov service-oriented design yio
maintainability xou testability. Avt n layered architecture emutpémer ™ oo

PG HO eVBVVAV PETAED TOV JUPOPETIKAOV EMUTESWDV TOV GUGTH LOTOG.

4.2.1 GeofencingService - I cwywpixny IapaxoiovOnony

To GeofencingService vAomoiei 7toOv ray-casting oAyoplOpo 7y Ye@y®PIKN
napakorlovOnon, eréyyovtag av to GPS coordinates twv cuokevdv PBpickovtal eviog
TOV Katoyopnuévev polygon boundaries mov opifovtor oto Land models. To service
ypnopomolel complex mathematical calculations yio va kaBopicel v ecoteptkn 1
eEotepikn 0éom ovokevwv relative mpoc¢ Tt user-defined geofences, mapéyovrag

TPOYUATIKOV ¥pOvouL alerts 6tov cuokevég Tapafralovv ta kabopiopéva opa.

4.2.2 Multi-Protocol Communication Services

To MqttDeviceService dwayepiletar v avtopatn device discovery péoo MQTT
messages amd OVo Oonuocovg brokers (EMQX xotr Mosquitto), exkteAdvTag

updateOrCreate() operations kot  ovyypovifovtag awoOnmpeg péo®w NG
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syncSensorsFromArduino() pefooov. Ilapdiinia, to WebhookService yepileton
etoepyopeva dedopéva and The Things Stack network server, parsing JSON payloads

KoL SNUOVPYADOVTOG QVTOUATO Sensor entries Y10, VEEC GUGKEVEC.

4.2.3 Background Processing Integration

Ta services ocvvepydlovion otevd pe 1o background MQTT listener command, to
omoio exteAEiTOl GLVEXDG GTOV server nécm supervisor 1 systemd xou forwards ta
€1oEPYOUEVO. UNVOLOTE GTO, KOTAAAN O services ywo asynchronous emeéepyacia. To
QueueService owyepiletor 1 OSwdwacio dispatching Laravel Queue jobs mov
eneEepydlovron large volumes IoT data ywpig va ennpedlovv v amddoon g web

application.

4.2.4 Device Management ka1 Auto-Discovery

To DeviceService vAomotel T AOYIKY TNG LTOUATNG ONpovpYiag sensor records Ot
Aappdverar to tpoto MQTT payload amd pia véa cuokevn. Avtd to plug-and-play
functionality eEacpoiilel 6TL o1 ypnoteg dev ypetdletat va dtoupopeocovy manually
KkéBe sensor, KOOOC TO CUOTNUO CLTOUATO AVIXVEDEL Kol KOTAY®PEL TO. SLoBEGIQ

sensor types a6 T device configuration.

Avtn 1 service-oriented apytrextovikn mopéyel modular functionality kKo eEac@aiilet
easy testing kol maintenance Tov K®OKo , gv®d 1o background command system
dwtnpel TNV TAATQOPUO EVEPYN KO TeSpONsive ylo TPayHatikov ypdvov agricultural
monitoring pe support yioo multiple communication protocols kot automatic sensor

discovery.



28

4.3 Frontend YAomoinon pne Limitless Theme

Theme Architecture kon JavaScript Integration

To frontend vAomombnke ypnowonowwvtag to Limitless admin theme and
ThemeForest, to omoio Pacileton oe vanilla JavaScript pe Ajax emkowvovio. H
OLYKEKPIUEVN  TeYVOAOYioL ypnowwomomdnke Kabdg EMTPEMEL TNV  KATOGKELN
oLYYPOV®V, Tesponsive dAdIKTVOKAOV EQUPUOYDOV UE UEYIOTN eVEMEID TPOCUPLOYNG
Kot apeon emkowvovia pe to Laravel 12 backend péow RESTful APIs. To Limitless
theme Paociletor oe o teyvoloyikn otoifa mov meptlapPdaver Bootstrap 5 v
responsive framework, jQuery wou vanilla JavaScript yu dwadpactikég Asttovpyiec,

Chart.js ywa data visualization, ka1 Leaflet.js yio yaptoypaeikn vrootipién.

Authentication System

Login Page - H ce)lida 10600V ypnowonotel ™ owdtaén tavtomroinong tov BEpatog
Limitless pe evoopdtoon Laravel Sanctum 1y secure token-based
authentication(Ewova 1). H owenaer mepihappdver modern form validation,

remember me functionality, Kot responsive design yio. mobile kot desktop cuokevés.
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D

Login to your account
Enter your credentials below

Email

@ john@doe.com

Password

Remember me

Forgot password? Register now

Eixova 1: Apyixn popua login tov ypnoty

Register Page - H Owenagn eyypapng véwv ypnotav pe mpoywpnuévo validation
components tov theme, email verification workflow, kot automatic redirection 6to

dashboard petd v emroyn eyypaen(Ewova 2).
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D

Create account
All fields are required

Your credentials

Name

@ John Doe

Password

Your contacts

Your email

@ john@doe.com

Repeat email

@ john@doe.com
Additions

Already have an account? Sign in

Eixova 2: Dopuo yypopns ypRoty otny epapuoyn

Documentation kot Support

How To Page - Comprehensive documentation interface mov e€nyet ) ypnon tov
oLoTHHOTOG, amd TN Onovpyia lands g v mapakorovdnon sensors. H ceAida
ypnowonotel to theme's advanced typography kot accordion components yio

structured information presentation(Ewkova 3).
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MQTT Format 1 (Recommended) MQTT Format 2 (Simple)

Eixova 3: Apyixn popua login tov ypnoty

Land Management Interface

Lands Index Page - To xevtpikd navigation item "Lands" odnyei ce comprehensive
datatable mov epeavifer OAeg TIC Yewpykéc extdoelg tov ypnotn. H ocelida
ypnowonotei to Limitless DataTables integration pe server-side processing 7y
amodoTIKY| Olayeipion peydAwv datasets, mpaypatikod ypovov search functionality, ko
custom column rendering 7y Ye®YPOPIKN TANPOEOPIOL KOL GUVOEOEUEVES

ovokevés.(Ewcova 4)
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Lands - View,Manage and Create Lands
@ / Lands / All Lands
Your Lands
Land Information Color Status Devices Characteristics Created Actions
Land 1 i " Sep 21,2025 7N (77
B reated 3 days ago @ #e0sb @ Eenzbiea {8} 3devices aasda: asdasdasd it (@) w\]jr/‘

Eiwxova 4: Ilivaxag psmpytk@dv eKktdeewv

Lands Create Page - H diemagn onpovpyiog EKTAGEOV EVOOUOTOVEL O10OPACTIKO
YOPTOYPUPIKO ovotnua pécwm Leafletjs pe mpoywpnuéveg ouvatoOtnTeg oyediOoNC
noAvydvov. Ot ypfoteg Umopohv vo. oxedldcovy akpipdg ta Opla TV YEOPYIKOV
EKTAGE®V YPNOYOTOIOVTAG epYarein oyediaone, va emAEEouy ypdpoTo Yo visual
identification, kor va €odyovv metadata dmwg Ovopa, meprypagn Kou TpocOeteg

minpogopieg pécm tov theme's advanced form components.(Ewéva 5)
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@ / Lands / Create
Select Land Area

Draw polygon on map to define land boundaries:

+ .

Add New Land

Eixova 5: 4100paotikog yoptng onuiovpyiog eKTaoewy

Lands Show Page - H m\éov mpoywpnuévn ceAMOA TOV GLGTHUATOS TOL GLVIVALEL
YOUPTOYPOPIKN OMEIKOVIOT] UE TPAYUOTIKOD YPpOVOL Tapoakolovdnong cvokevmv. O
Y&ptng eppaviCerl ta 6pa g éktaonc o¢ polygon overlay kot T1g tomofecieg OAwv
TV ovokevdv ®¢ interactive markers pe color-coded odeikteg katdotaomng. Kabe
device marker epeaviCer popup pe dedopéva a1cONTHP®V GE TPAYUATIKO YPOVO,
Katdotoon puratapiog, Kot TAnpogopieg cuvdesiudtrag, eved 1o GeofencingService
TapEXELl OMTIKEG €100MOMOCELS OTAV GLOKEVEG Pplokoviol ekTdOg TV 0pldv NG

éxtaonc.(Ewova 6 - Ewkova 7)
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Land: Land 1 - Overview & Device Monitoring

@ 1 Lands | Show

‘ Land Status Total Devices = Online Devices O Alerts.
5 T4 o

0 Land &Device Map

‘ © MapLegend

" Land Boundary @ Onine Device @ offine Device @ Device vith Alerts
@ ouside Geofence

Eixova 6: Xaptoypopikh omelkovion opiwy EKTATEDV

© Map Legend
© Land Boundary ® Onine Device: @ Offine Device @ Device vith Alrts
@ Outside Geofence .
Devices in Land 1 m
bee e oz — v— P
gomer o YS— o=
o s o o] CY— =
O o ... ] (] CYe— =D
o e - CY— o=
[ ozt = ['onive © NooPs dsta [ oo [@van

sensor oraztast 9565

Eiwxova 7: Real-time monitoring cuokev@v o€ yopty
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Device Management Interface

Devices Index Page - E&elypévog mivaxog pe mpaypatikov ypovov polling kébe 10
devtepdienta mov eppoaviCel odeg Tig IoT ocvokevég pe visual deiktec katdotaonc. Ot
ovokeLEG epeavifovian pe drakprrikd otoryeia v tov tomo (SENSOR _MONITOR,
WEATHER STATION), gypopotikn  kodwomoinon  yi TV KOTAGTOON
(online/offline), health percentage pe progress bars, kot quick action buttons yuo

apeon owyeipion.(Ewova 8)

DEVICES - View, Manage and Create Devices

Ewxova 8: Ilivaxag c0oKeD@Y Ue KATAGTOGY GE TPAYUOTIKS YPOVO

Devices Create Page - Aiemagn Onpovpyiag vE®V OCLOKELAOV HE ETAOYN
avartvooopevng Alotag yio MQTT brokers (EMQX/Mosquitto) | LoRaWAN
(mpmtoxoAiro) webhook configuration, form validation yw connection parameters, Kot

automatic device type detection.(Ewdva 9)
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Basic Information

Device Name *

Enter device name

Device Type *

Select device type ~ offline v

Lang

Selectland . Device s Active

Connection Settings

Connection Type *

marT v

@ Configure MQTT connection settings for this device.

Client ID

Select broker type v

Port

Ewxova 9: Dopua onuiovpyios véag loT coorevijs

Devices Show Page - Acntouepn mpoPoin kdbe cLGKEVNG TOV EVOMUATAOVEL OVO

Kpioieg Aettovpyieg :

Auto-generated Sensors Grid: Otav 1 cvokevn otéivet MQTT payload, to cHotnua
avtoépoto dnuovpyet sensor entries ot Pdorn dedopévav kol to gueovilel og
mpaypatikd ypdévo péow responsive cards pe live value updates, threshold ogikteg

Katdotaong, Ko historical data charts.

Geofencing Map Visualization: Atadpaotikdg xapTng mov epeavifel v Tpéyovca
0éon g ovokevng oe oyxéon pe ta Opw NG assigned land, mapéyovrag omTiKég
€I00TOMGCELS OTaV 1M ovokevn Ppioketor exktdg TV opimwv péow tov backend

GeofencingService ray-casting calculations.(Ewdva 10)



& SensorData 6 sensors

Sensor Current Value Status Last Reading Alert Status
& ‘Yemner‘n;:m Sensor 2280°C ® offine 13 hours ago +/ Normal
1) :‘-‘l"rv::\:v Sensor 45.00 % ® Offine 13 hours ago  Normal

‘“ﬁ"‘ Serscy 2600% ® offine 13 hours ago ~/ Normal

P ::t:.w::r::rlersenso’ 100.00 % ® ofiine 13 hours ago + Normal
) f:i;:""‘"e 3953° ® offine 13 hours ago +/ Normal
@ ijL‘ong-mde -10770° ® offine 13 hours ago < Normal

{0 Land Boundary Status

@ Deviceis outside Land 1

© Device Location <7 Land1

Coordinates: 30527685, -107.696663
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& MassuroDistance

Ewova 10: Ilpofoly oveKevIjs ue 016ONTIIPES KAl YEWEVTOTIGUO

Sensor Management Interface

Sensors Index Page - Comprehensive listing 6Awv twv auto-discovered sensors pe
filtering capabilities xatd device, sensor type, kot status. H celoa ypnoiponotel to
theme's advanced table components pe mpaypatikov ypoévov value updates kabe 10

devteporenta.(Ewova 11)

V Filters & Search

Q  Search sensors, devices. All Devices - All Types - Al Status v Al Alerts v
& Sensors (20 total) (©) Live Updates
@ tatuce o - O a1 ws © enanies 8 osaes © Srrares (2][e
G e e B et s © a1 o0 Qi 8 oz O oy (][
@ Tompersre e, [ Qum @ © © erais B ® S s]le
@ Hamidity Humidity Sensor [ Mosquitto test © Land1 45.00 © Enaloa 1) Disabled @ 2hoursage 2|
@ v e . - QEm  ED © == © e Le]le]
e e B oeomevarte s s @ a1 10000 B = R 2])[e]
@ Tempersrs e Y s Qum 2w i © = © B 2]
@ Humiany :“"T'“'tyse:‘i‘i’ _— [a} 'jefv‘fe:wm% ® tand1 4500 © Enaviea 1) oisabled ® F" (o]
@ ugnt t‘j’:“ie"‘s"” . © Land1 2600 % © Enablea 1\ Disabled fc) 1?:‘";";?") . o|[e

Ewxova 11: ITjpys katdloyos arcOntiipwy ue piltpa
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Sensors Edit Page - E&edikevpéveg oelidec yuo fine-tuning tov threshold settings
ka0 oawcOntpa. H oemaen ypnowonolel to Limitless theme's advanced form
components yio. T pOOon minimum/maximum values, alert thresholds, calibration
offsets, ka1 notification preferences. Kabe sensor type (temperature, humidity, GPS,
etc.) €yet customized interface elements mov avtikotonTpilovy TIG 10UTEPES
ATOLTACELS TOV, UE TTPOyUaTIKoy ypdvov preview twv threshold ranges ot visual

indicators ywa current vs. threshold values.(Ewéva 12)

Edit Sensor: latitude

Basic Information

Sensor Type Device

latitude Mosauitto test

Auto-created from MQTT topic: ESP32-DEV-001/sensors

Current Reading

Maximum Threshold

4 Back to Sensors Update Sensor

Eiwxova 12: PoOuion opiwv kol mopouétpwy aicOntijpo

H ovvolikr frontend apyrtektovikn eEac@ariler seamless eumelpio ypnotn pHe
10-devteporento polling Yoo mpaypatikod ypoévov updates, automatic sensor
discovery and MQTT payloads, ko integrated geofencing visualization mov cuvdéet

OAa Ta eminedo Tov GuoTNUATOG - otd lands kot devices éwg individual sensors.
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4.4 Dashboard - IoT Monitoring Overview

To Dashboard amoteAel to kevipikd ké€vipo eAéyyov tov loT monitoring cGueTipaTOC,

TAPEXOVTOG UL OAOKANPOUEVT ETICKOTNGCT OAWV TWV GLVIESEUEVOV CLOKELMV KOl

TOV LETPNOEDV TOVG,.

4.4.1 Kevtpixés Metpixés

Y10 mave pépog tov dashboard epgavifovror T€0oepic KEVIPIKEG LETPIKES GE EYYPOLLOL

KOVTLA TTOL TTAPEYOVV AUECT] EMGKOMNGN TNG KOTAGTOGNG TOL GUGTILOTOG :

Total Lands: 1 (1 evepyd, 0 avevepyd)
Total Devices: 5 (4 evepyéc, 1 extdg Aettovpyiag)
Total Sensors: 26 a1 tpec 6€ OAES TIC GLOKEVECG

Active Alerts: 9 gvepyég e100momoELG VYNNG oNUOGTog

4.4.2 Zratictikd 206KEVOV

To dashboard mepilapPdver emiong mpodcHeteg PETPKEG YOO TV KOTACTACY TMV

OVOKEVDV :

Online Devices: 4 GUGKEVEG GUVOEOEUEVEG
Recent Activity: 0 dpactnpromnreg TG Tehevtaieg 24 dpeg
GPS Enabled: 4 cuokevég pe evepyomompuévo GPS
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4.4.3 Ontikny Avarapdorocy Agdousvwy

To oot drbétel mponyuéva epyoieio OTTIKOTOINGNS TOV TEPIAAUPAVOLV :

o  Kukhkd yphonua yro v katavoun tonwv cvokevmv (Device Types
Distribution)
e Ilotoypoppa yio v katavoun tomev acntipwv (Sensor Types Distribution)

e Real-time widgets pe live data updates ka6 30 devtepdrenta

4.4.4 Xvotnua Eroonocewv

To tufua Recent Alerts gppavilet Ti¢ To TPOCPATES EOOTOGELS TOV GLGTILLOTOG :

e Geofence violations and cvcokevég mov Bpickovtal kTog TV opiwv Tov Land
1
e (Color-coded alert indicators ywo dpeomn avayvaopion e coPapdtntog

o Xpovikég eviei&elg ya kdbe gldomoinom

4.4.5 Karaoraon Lvotijuatog

To System Status section wapéyel eMoKOTNON TNG LYEIOC TOL GLOTHLOTOG :

e Database connectivity status (Connected)

e User session information (Admin)

e System uptime monitoring

e Auto-refresh functionality ké0e 30 dgvtepOrenta yio TPAYUATIKOD XPOVOL

updates
To dashboard Aertovpyei g command center yua T daxeipion Ko TapakoAovOnon
orwv tov 10T cvokevdv, Tapéyovtag GTovg ¥PNOTESG TN dSVVATOTNTA VAL £XOLV GLEST
npdGPacn oTIC KPIoUEG TANPOPOPIES KOL VO AVTIOPOVY YPYYOPO GE TPOPANHATA 1)

avopoiies.(Ewodva 13)



41

Dashboard - loT Monitoring Overview m Auto-refreshes every 30 seconds

nnnnnnnnnnnnnn

4l Sensor Types Distribution
I I I I Q - @ |

a e User

2 l .

Eixova 13: Kevrpixo dashboard ue puetpixés kai eidomoroeis

4.5 ESP32 Firmware - Hardware Integration

Mo T doKEG TOV GLOTHATOG HOG, PN oipomomoape Eva eEeAyuévo meptBdAlov
efopoimong pe virtual cvokevéc Paciopéveg oe ESP32, viomompéveg péow tov
Wokwi Simulator kot cvvdedepéveg oe MQTT broker (EMQX). H cuokevn pog, pe
ID  "sensor device 1 5841",  mpocopowwvelr  TEPPOAAOVTIKEC — UETPNOELS
(Beppokpacia, vypacia, pwg, tpodcheta dedouéva) kot GPS tracking, vroostnpilovrtog

) Baocikn Asrtovpyia yeoepaypatog (geofencing).
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(T T
iitise

£ &

Eiwxova 14: Virtual ovoxeon Arduino Interface (Avevepyo)

To ovomua avtopata evarridocel to geofence mode kdBe 2 Aemtd avapeoo e
"INSIDE" o1 "OUTSIDE", ypnoluomolidvtag mTpoyUoTIKES CUVIETAYUEVES Yo
Colorado (INSIDE) kot tuyaieg kovtd oto San Francisco (OUTSIDE). Méow Arduino
KOOWKO, 1| GUOKELN] EVOOUATMOVEL TECOEPIS KOPLOVG aucOntipec, evd ta dedopéva
petadidovtor oe evomompévo MQTT topic pe ocvpmayn JSON popon kdébe 10

devTEPOLETTAL.
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T
8a8 QJ

4--“9-

Eixova 15: Virtual ovoxevn Arduino Interface (Evepyod)

H denagn mapakorovdnone neprrapfdaver LCD 006vn mov eppavilel o mpaypatikd
xpovo Beppokpacia, vypacio kot GPS otoyyeia, pe unvipato KaTtdoToonS GUVOESTC
Kot Kotoypapns. O kmdwag mephapfdvel emiong avtopotomompévn dwxeipion
ovvoeong WiFi kor MQTT pe oavtépatn emavacOvdeon, kot robust yeipiopd

COAAUATOV dedOUEVOV N pV.

=== Sensor Readings ===
Temperature: 24.88°C
Humidity: 4©.ee%

Light Level: 24%
Potentiometer: 1©8%
WiFi Signal: -85 dBm

v Sensor data sent successfully

Mode: INSIDE Xorafi 1

v Status update sent (online)

v INSIDE Xorafi rectangle generated

GPS: 39.497931, -187.734517 (INSIDE)

Bounds: Lat[39.495387 to 39.529577] Lng[-1©7.744122 to -107.653999]

v/ SIMULATED GPS data published (INSIDE) - Lat:39.497931 Lng:-107.734517

Eixova 16: Live Data sending



44

Me vt Vv olokAnpwpévn vAomoinor, dnpovpynonke €va amoTEAEGUATIKO KOl
afomioto testing mepPdAlov Yoo TNV EmMOANOEVON TV  AEITOLPYIOV KOl TN

BeAtiotomoinon tov IoT cuotUaTOC 68 TPAYHATIKES Kot EEOLOIOUEVES GLVOT|KEC.
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5. AIIOTEAEXMATA

To kepdroto avTd TOPOVGIALEL TOL OMOTEAEGLOTO TMOV SOKIUMV TOV OAOKANP®UEVOL
ovotnuotog  dweipiong  IoT  yewpylk®dV  OCLOKELAOV  HECH  TPAYHATIKAOV
napadetypdtov ypnong. Ot dokyéc mpaypatomombnkov pe tm ypnon Wokwi
simulator yio v géopoiwon ESP32 cvokevov kot EMQX broker yio tqyv MQTT
EMKOWVOVIO, EMOEIKVOOVTOS TN AEITOLPYIKOTNTO TOV GUGTNUATOG GE EAEYYOUEVO

nepBailov pe to Limitless admin theme kon Laravel 12 backend.

Real-time Geospatial Monitoring pe Leaflet.js

To oVomuo emTvyydvel emTLY TPAYUOTIKOD YPOVOL TAPOKOAOLONGN NG
vewypapwkng 0éong tov IoT ocvokevov péow mpoywpnuévov Leafletjs mapping
interface. H yoptoypagikn demagn tov Limitless theme mapovcialer to Device
Location map, 1o omoio eppavilel v tpéyovoa Béon g cvokevng "Environmental
Sensor Monitor with GPS" otig cuvtetayuéveg 48.713148, -74.006748 pe automatic

refresh kd0e 10 devteporenta péocw Ajax polling.

O Leaflet map mapéyer Aemtouepeic mAnpogopie puécw custom popup overlays,
neptloppdvovtag altitude (15m), speed (87.3 km/h), satellites count (10), GPS
validity status, kot kpicwa v évdeiEn "Device Outside Land Boundary". Avti n
Aertovpyia emPePardvel T cwot) Acttovpyia Tov client-side geofencing system mov
ypnowonoel Leaflet geometric functions o ovvovacpud pe 1o backend

GeofencingService yiwo ray-casting calculations.

Comprehensive Device Management Interface

H owenapn dwyeipiong cvokevdv tov Limitless theme mapovoidler orokAnpouéveg
ninpoeopiec pécw responsive dashboard cards. To Device Information panel

enpaviCel Baoikd ototyeio dnwg Device Name ("Environmental Sensor Monitor with



46

GPS"), Device ID (ESP32-DEV-001), Device Type
(ESP32_ENVIRONMENTAL GPS), Land Location (Xorafi 1), kot mpaypotikod

xpovov Status indicators (online).

To Location Information section mopéyel AEmTOUEPT) YEOYPAPIKE oTOKEID HECH
evoopatopévov mini Leaflet maps, eved 1o GPS Tracking Enabled status dgiyvetl tnv
KOTAOTOON TNG YEOYWPIKNG TOPAKOAOVONoNG. AVt M OlEma@n YPNCLOTOIEl TO
JavaScript polling system tov Limitless theme yia mpaypaticot ypdvov updates ywpig

page refresh.

MQTT Communication Architecture

To MQTT Topics section emdeikvieL TNV EKTETANEVN communication architecture mov
vrootnpiletoan amd 1o background Laravel console command mov tpéyel cuveymg
otov server. [Tapovcidletal n TANpNG SoUN TV tOpICs OV ¥PTGLLOTOLOVVTOL Y10 TV
emkowvovia pe ) ocvokevn ESP32-DEV-001, cvunepirapfavopévav tov Discovery
Request/Response topics, Data Topic, GPS Topic, Status Topic, Commands Topic,

Control Response Topic, kot Global Discovery Topic.

Avt n dounuévn mpocéyyon efacearilel admom emkowvmvio HETAED TV
ovokevdv kot tov Laravel 12 backend, vmoomnpiloviag diapopetikods TOTOVG
unvopdtov mov emeCepyalovtal amd to MgttDeviceService kot mpomBodvtor oto

frontend péow Ajax API responses.

Advanced Sensor Monitoring Dashboard

To Connected Sensors dashboard amotelel 10 Kevpikod onpeio TapakorovOnong dAwv
TOV ooONTpev mov OSnuovpyodvion avtopota O6tav 1 cvokevn otéivet MQTT
payload. To cOotnua epeaviel emTvydg dedopéva amd 12 dapopeTikong oo peg

pnéow Limitless theme's card components, mepiiapfdavovioc mepBoiiovtikods
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(DHT22 Temperature: 24.0°C, DHT22 Humidity: 40%, Light: 24%), cvotfuatog
(WiFi signal: -86 dBm, Battery: 95%), kot GPS aiwcOntmpeg (Latitude: 39.513799,
Longitude: -107.703190, Altitude: 2509m, Speed: 2.4 km/h).

To ovomuo epapudler emvydg 1n JavaScript-based geofencing Aoy,
enpavitovrag ypopatikés evoeigelc: "Status: Inside" pe mpdowvo ypopa yio tovg GPS
aicOnmpeg latitude kou longitude mov Ppiokovrol eviog opimv, eved delyvel "Status:
Outside" pe koxkivo ypouo kot "Outside land boundary" warning yio GPS Altitude,
Speed, Satellites, ko1 GPS Signal Valid 6tav ot Tipég tovg vepPaivovv ta threshold

settings mov pvOuilovtor péow Tov Sensor management interface.

Multi-Protocol Communication Testing

Ov dokuéc emektdbnkav otn OSwovvoeon pe The Things Stack LoRaWAN
(mpwtdKoAA0) network server pécm webhook integration, emiPefoidvovrog ™
dual-protocol functionality tov cvotuotoc. To backend odwyepiletor emiTvymg
elogpyopeva dedopéva 1060 and MQTT brokers (EMQX/Mosquitto) 6co kot omd
LoRaWAN (mpwtoéxorro) webhooks, dnuovpydviag avtdpate sensor entries Ko

napéyxovtog unified interface oto frontend.

System Performance kot Reliability

Ov dokég emPefordvovy v emtuyn  Aettovpyion OA®V  TOV  KPICIU®V
YOPUKTNPLOTIKGOV TOV GLOTNRHOTOC. To mpaypatikol xpovov data streaming Aettovpyet
amodotikd pécw tov background MQTT listener command pe gvnuepmoels kabe 10
devteporenta, 1o Leaflet.js geofencing system evtomilel cwotd TIc TopafLdcelg
YE@YPOAPIK®V opiwv puécw client-side calculations, kou 1 MQTT emkowvmvio dtotnpet

otabepn| ovvoeon e tov EMQX broker.
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H Limitless theme interface avtomokpiveton dpeca otig adhayéc péocw Ajax-based
updates kot mopéxel OAOKANP®UEVN OMTIKY avatpo@odotnon e Bootstrap 5
components ywo. TNV Katdotoon kabe cvotiuatog. To cOoTHo EMOEKVOEL EMioNg
EVPWOTIO TN JYEIPION KTV OEO0UEVOV, OOV OpIopEVOL asOntipeg eppavifovv
KOvOVIKN Agrtovpyia evéd dAAol Tapovctdlovv TapaPléoelg opimv, TapEYoVToc GTOVG
YPNOTEG GUPT| YPOUATIKY dlapopomoinot Kot interactive tooltips yia Ti1g mePLoyEG TOL

yperdlovtal Tpocoyn.

H JavaScript integration pe to Laravel 12 backend efocpoiiler seamless data
synchronization pécw 10-dgvtepodrentov Ajax polling, evéd ov Leaflet map instances
Aappdvovv mpaypatikov ypoévov updates yioo device positions kot geofencing status,
onuovpyovtag pwoe fluid xor responsive eumelpion ypNoTn Yoo ETOYYEALOTIKY|

dwyeipion yewpywov IoT.

H mopovoa mroyoky epyacio mapovoidler v emttuyn  oavamtuén  evog
oAoxkAnpopévoyr cvotnuatog dwyeiptong loT yewpyikdv cuokev®dv mov cuVOLALEL
ovyypoves texvoroyieg web development pe mpoywpnuéveg loT Moeic. To choTua
EMTVYYAVEL TOVG POCIKOVG GTOYOVS TOL TEOMKOV apyIKd, TOPEXOVTAG U0 TANPN
TAaTEOPUO. aKPIPG YE®PYIOG HE TPAYUATIKOD YPOVOL monitoring, yYeYMPIKES

dUVATOTNTES, KOl VTOGTNPIEN TOAAATADY TPOTOKOAA®V ETKOVMVIOG.
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5.1 Teyvoroywn Emtoyia

H emioyn tov Laravel 12 wg backend framework amodelyOnke otpatnyikd cwot,
KaBdC ot véeg duvatdtreg tov (Pertiopévn dounq eokéiwv, PHP 8.3+ support,
TPONYUEVO GUGTNUA 0VPp®V) CLVEROAOY oTNV avamtuén €vOg amOd0TIKOL Kot
KMpokdolov ocvotquatoc. H emioyn tov Limitless admin theme pe vanilla
JavaScript integration mapeiye professional Ul components pe minimal development
complexity, evd» 1 Laravel Sanctum authentication e§ac@dAice robust security ywpig

v tolvmAokotnto Tov JWT.

5.2 Background Processing Architecture

To background Laravel Console Command system mov ekteAeiton cLVEXMS UECH
supervisor amodeiyOnie critical yia tn datypnon addreinttng MQTT enwowvmviag. H
asynchronous eneepyacio péow Laravel Queues eEacpariler 6T1 To web interface

mopapéveL responsive v yepileton peydiovg dykovg IoT data amd moldamAég mnyés.

5.3 Geofencing ka1 Real-time Monitoring

H viomoinon tov GeofencingService pe tov ray-casting alyopiOpo emrvyydvel
aKpin yeoywpikn mopakoiovdnom, eved to 10-dgvtepdrento Ajax polling mopéyet
consistent evUEPOGN YO TNV KOTAGTOGT TV GLGKELAV YMPIG TNV TOALTAOKOTNTO
WebSocket connections. Ot dokiuég pe 1o Wokwi simulator emBefoidvouvv tn 6ot
Aertovpyion Tov geofencing system, ep@aviovtog copeilg evoeilels Yo cLOKEVEG

"Inside" ko "Outside" ta yeoypapucd dpia.

5.4 Multi-Protocol Communication Architecture

H extetapévn MQTT topic structure vmootnpilel amodoTikd S1oPopeTIKONS THTOVS
emkowvoviag (avaxdioymn, dedopéva, GPS, eviodés, Katdotaomn), Ve 1 VTOSTHPEN
dvo dnuociwv MQTT brokers (EMQX/Mosquitto) kot LoRaWAN (mpwtdxoiro)
pnéow The Things Stack webhooks mapéyer gveh&io oe dpopetikd deployment
scenarios. H avtopotn sensor discovery amd to mpddto MQTT payload amlomotei

OMUOVTIKA TN S10d1KaGio €YKOTAGTACNG VE®V GUGKEVDV.
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5.5 Hierarchical Data Architecture Success

H User — Land — Device — Sensor tepapyio pe Leaflet.js polygon definition
amodelyOnke intuitive ko scalable, emtpénovtag 6ToVG YPNOTEG VO OPYOVOGOLV TIC
IoT eykataotdoelg Tovg e yemypapikod context. To automatic sensor creation system
eCohelper v avdykn vy manual configuration, ev®d moapdAAnio JSwotnpel ™

duvatotta fine-tuning pécw tov threshold settings.

6. MEAAONTIKEX EIIEKTAXEIX

H acediela anotelel kpioipo mapdyovia yio v tpoctacio Kot T 6TafepdTnTo TOL
IoT ovotuatog, €Wl Oty TOAAEG GLOKEVEG KOl YPNOTEG OAANAETIOPOVV LE
evaioOnta doedopéva. e tov Adyo owtd, 10 ovotnua Oo evoopatdost Eva
oAokAnpouévo mhaicto owyeipiong credentials mov Ba efacpoariler v Eyxvpn

TIGTOTOINoT Kot Tov EAeYYX0 TPOGPacNG 6 OAN TO EMITED L.

KéBe IoT ocvokevn Oa €xet povadwed credentials yio va cvvdéetonr otovg MQTT
brokers, pe vmoot)pi&n  moAlomAwv  pebBodwv  authentication  OmmC
username/password, client certificates, OAuth tokens, kot API keys. Ot cuvdéoeig Ha
KpurToypapovvtol pe TpmtoOKoAla SSL/TLS, dacepariloviag 0Tl Tor 0edOUEVO TOL

LETAPEPOVTOL EIVOL TPOCTUTEVUEVO OTO VTTOKAOTN 1] TOPOATOINGN).

To ocvomua 6o epappoler éleyyo mpdcPacng Paciopévo oe porlovg, to omoio Oa
opilel Mool ¥PNOTEC M| CLGKEVEC UTOPOVV va EYOVV TPOGPOCT) GE GLYKEKPIUEVOLC
brokers kot dedopéva, mepropilovrag €Tl TIC OLVATOTNTEG UN EEOVGLO00TNUEV®V
evepyewwv. H anobnxevon twv credentials Oa yiveton pe ac@ain kpurtoypdonomn ot
Baon dedopévov, eved Bo VITAPYEL AVTOUATOTONUEVOG UNYOVICUOG YO TV TEPLOOTKN
avavémon kot amdcvpon Tov credentials péow scheduled tasks, dwutnpovrag mavia

™ péylotn duvatn acPAAEL.
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[MopdAAnia, 10 cbotmua Bo vroompiler TANPN Koataypoen eAEyyov OA®V TV
oLVOEGEWV, TPOOSTADEIDV TIGTOTOINGNG KO GUUPAVTOV ACPOAEING, EMTPETOVTOS TV
TOPOKOAOVON G Kot TOV EVIOTIGUO TUYOV OTELDVY 1 avopoiodv. H viomoinon eniong
o meprhapPdvel vmodopég Siktvokng acedielnc, Oonwg VPN ovvoeon, firewall

kavoveg kot [P whitelisting yio tov ac@ain xeipiopd tov broker communications.

Me ovtd 10 oAokANpopévo mraicto acpdieng, to loT cvomua Ba dtupurdccet Tnv
AKEPOLOTNTO KOl EUTICTELTIKOTNTO TOV OEOOUEVOV KOl TOV AETOLPYIDV TOVL,
mopéyoviag  allomotn  mpootacio  €vovtt  mbavav  KuPepvoamEMOV Kol
Swo@aAilovtog TV OHOA KOl OGQPOAN AErtovpyio. OA®V T®V GLOKELOV KOl

VANPECLOV.
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ITAPAPTHMA

To obomuo eivar dwbéoo g £€pyo  avoyrtod KOdka ot  devBovvon
https://github.com/ElVasilakakis/Ptyxiaki-AdminL TE. H mAatedppa mapéyst mAnpn
myoio K®OKA, 00MYyieg YKOTACTAONG KOl EPYOAEID Yoo TNV EVKOAN EKTEAECT Ko
avamtoén tov backend, frontend kot Tov vanpeciowv MQTT, divovtag ™ dvvatdtnTo

EMEKTOONG KO TAPAUETPOTOINGNG A0 TPOYPAUUATIGTES.


https://github.com/ElVasilakakis/Ptyxiaki-AdminLTE

	ΠΕΡΙΛΗΨΗ 
	ABSTRACT 
	 
	 
	 

	ΚΑΤΑΛΟΓΟΣ ΕΙΚΟΝΩΝ 
	1.​ΕΙΣΑΓΩΓΗ 
	2.​ΒΙΒΛΙΟΓΡΑΦΙΚΗ ΑΝΑΣΚΟΠΗΣΗ 
	3.​ΑΝΑΛΥΣΗ ΑΠΑΙΤΗΣΕΩΝ 
	3.1 Τεχνολογία Backend 
	 
	 
	3.2 Τεχνολογία Frontend 
	3.3 Ολοκληρωμένη Προσέγγιση 
	3.4 Δυνατά Σημεία 
	3.5 Πιθανές Αδυναμίες και Περιορισμοί 
	 

	4.​ ΑΝΑΛΥΣΗ ΚΑΙ ΥΛΟΠΟΙΗΣΗ 
	4.1 BackEnd Υλοποίηση 
	4.1.1 Ιεραρχική Δομή Models και Data Architecture 

	 
	4.1.2 Multi-Protocol Communication Layer 
	4.1.3 Background Processing Architecture 
	4.1.4 API Architecture και Webhook Integration 
	4.1.5 Eloquent Models και Relationships 

	 
	 
	4.2 Services Layer - Επιχειρηματική Λογική 
	4.2.1 GeofencingService - Γεωχωρική Παρακολούθηση 
	4.2.2 Multi-Protocol Communication Services 

	 
	 
	 
	4.2.3 Background Processing Integration 
	4.2.4 Device Management και Auto-Discovery 

	4.3 Frontend Υλοποίηση με Limitless Theme 
	 
	 
	 
	 
	 
	4.4 Dashboard - IoT Monitoring Overview 
	4.4.1 Κεντρικές Μετρικές 
	4.4.2 Στατιστικά Συσκευών 
	4.4.3 Οπτική Αναπαράσταση Δεδομένων 
	4.4.4 Σύστημα Ειδοποιήσεων 
	4.4.5 Κατάσταση Συστήματος 

	 
	 
	4.5 ESP32 Firmware - Hardware Integration 

	5.​ ΑΠΟΤΕΛΕΣΜΑΤΑ 
	 
	5.1 Τεχνολογική Επιτυχία 
	5.2 Background Processing Architecture 
	5.3 Geofencing και Real-time Monitoring 
	5.4 Multi-Protocol Communication Architecture 
	5.5 Hierarchical Data Architecture Success 

	6.​ ΜΕΛΛΟΝΤΙΚΕΣ ΕΠΕΚΤΑΣΕΙΣ 
	 
	ΒΙΒΛΙΟΓΡΑΦΙΑ 
	ΠΑΡΑΡΤΗΜΑ 

