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«Me arouikn pou euBuvn kai yvwpiloviag nic kupwaoels (1, mou mpoBAEmovrar amd ¢
oiaraéeig tne map. 6 rou apbpou 22 tou N. 1599/1986, dnAwvw o6rT1:

1. Aev mapabétw kouudartia BiBAiwv n dpBpwyv 1 epyaciwv dAAwv autoAeéei xwpic va
Ta MEPIKAEIW O€ EI0AYWYIKA Kal XWPIS va avapépw 10 ouyypagéa, 1n xpovoloyia,
oeAida. H autoAgéei mapdBeon xwpic sioaywyikd xwpic avagopd artnv mnyn, &ivai
AoyokAomn. TMépav ¢ autoAeéei mapdBeang, AoyokAor Bewpeital Kar n mapdppacn
gdagiwv amé épya GAAwv, auputrepiAauBavouévwy Kai Epywvy CUUQOITATWY LIoU, KaBws
Kal n mapabson aroixeiwv mou dAAor ouvéAeéav n emeéepydabnkav, xwpic avapopd
oTnv Tnyn. Avagépw mmavToTe e TANPOTNTA THV TTHYN KATW aTrod Tov TTivaka f ox£€0Io,
omwg¢ ara mapabéuara.

2. Aéxouar ot n autoAséei mapaBeon xwpic eI0aywyikd, akoua ki av guvooeUETal
amro avapopd otnv mnyn o€ KAmoio dAAo onueio Tou Keluévou f aTo TEAOS Tou, Eival
avriypan. H avagopd otnv mnyn oTo TEAOS TT.X. pIag mapaypd@ou 1 uias oeAidag, dev
OIKaloAoyei ouppan edagiwv Epyou AAAOU auyypagéa, E0TW Kal TTApAPPACUEVWY, Kal
mapouaciact) Tous w¢ OIKN IoU gpyaaia.

3. Aéxouar Om uttGpxel €TTiONS TTEPIOPIOUOS OTO LEYEBOS Kai OTn OUXVOTNTA TWV
TapaBeudTwy ToU UTTopwW va evidéw oTnv gpyacia pou eviog gloaywylkwy. Kabe
ueyaro mapdBeua (1m.x. o€ Tivaka 1 TAaioio, KAT), TpoUTTOBETEl €I0IKES PUBUITEIS, Kal
orav énuoaisveTal TPOUTTOBETEl TNV AdEIQ TOU OUuyypapéa 1 Tou €kdOTN. To idio Kail o1
TIVOKES Kal Ta OXEOIA

4. Aéxoual OAES TIS GUVETTEIES OE TTEPITITWAN AOYOKAOTTHS 1 avTiypa@hg.

Huepopnvia: ... /.....120......

(1) «Omoiog ev yvwoel Tou dnAwver weudn yeyovora N apveital i amokpUTTTel Ta aAnbiva ue
Eyypaen utreubuvn dnAwon

TOU GpBpou 8 map. 4 N. 1599/1986 miuwpeitar ue QUAAKIon ToUAdxIaTOV TPIWV LNVWYV. Edv o
UTTaiTIOS QUTWY TwV TTPAEEWV

OKOTTEUE va TTPOCTTOPIOEl OTOV €QUTOV TOU 1 0 GAAov TTepiouaiakd opeAog BAGmTovrag Tpitov 1
okoTTEUE va BAGwer GAAov, Tiuwpeitar pe kaBeipén uéxpr 10 eTwv.»
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ITIEPIAHWH

H cuyKekpLUEVN TTTUXLOKA, €XEL WG BEpa TNV avantuén pLag
Stadiktuakng epapuoyng IOT o€ MPpAYUATLKO XPOVO, yLO TNV
enomntela Kol dtaxeiplon tng apdevong olklakwyv ¢utwyv. lNa to
OTOXO0 AUTO, UAomoLlRONKe pula cUoKeLN, N omola amoteAeital anod
puta mAakéta NodeMCU esp8266, pall pe Eévav atcBntipa Kat Eva
breadboard. Ta 6edouéva avtd kataypadovtal 0€ MPAYUATLKO
XPOVO Kal petadpEépovtal, HEow tou IOT mpwtokoAAou MQTT, o€
gvav server NodelS omou, avaloya pe tnv €vdelén, epdavilovtal
punvopata yla tnv vypoocia putwv. Enetta ta dedopéva avta
anoBbnkebovtal oe pLa Baon dedbopévwyv MongoDB pe xpron Ing
unnpecioc MongoDB Atlas. TéAog £€xel mpaypatomotlnBetl n
vAomoinon plocg totooeAidag, 6mou kataypadetal n avopeiwaon
TWV TLIHWV HECW EVOC ypadnuatog, KoBwc Kal pLa evéelkTikn Alota
LE OolKLaKA duTa.
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ABSTRACT

This thesis project focuses on developing a real-time loT web application for
monitoring and managing the irrigation of houseplants. To achieve this goal, a
device was implemented, consisting of a NodeMCU esp8266 board, along with
a sensor and a breadboard. This data is recorded in real time and transmitted,
via the MQTT loT protocol, to a NodelS server where, depending on the
reading, messages about the humidity of plants are displayed. This data is then
stored in a MongoDB database using the MongoDB Atlas service. Finally, a web
page has been implemented, where the fluctuation of values is recorded
through a graph, as well as an indicative list of houseplants.
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KE®AAAIO 1: Internet Of Things

1.1 Tv etvar to Internet Of Things

To Internet Of Things (Aladiktuo twv Mpaypdtwy), wg Evvola avadEpetal
o€ dUo mpaypata. ApXLKA, OTLC CUCKEUEG OL OTTOLEG TTOU €lval ouvOedEUEVEG e
alodNnTNPEC, LE TNV Lkavotnta eneepyaoiag kot avtaAlayng dedopévwy, alAa
KOLL OTLG TEXVOAOYLEC TIOU ETUTPEMOUV TNV CUVOECH AUTWV TWV CUCKEUWV E(TE
pe to Sladiktuo, eite petall Touc. AmoteAel éva amod Ta CNUAVTIKOTEPQ
KOUMATLO TNG VEAC BLOMNXAVLKIC EMAVACTACNG KOl TTAEOV UTIAPXOUV
EKATOPUUPLEG oUVOESEUEVEG CUOKEVEG [1]. MepLKEG amo TG EPAPUOYES TOU
loT Bplokovtal ota €€n¢ nedia:

1) Ztnv LaTpkn, Le Tov 0po Aladiktuo twv latpkwv Mpaypdtwyv (IoMT) i
“E€umvn uyelovouikn mepiBaAPn”, avadpepopevo oTo SIKTUO TwV
ouvdedepévwy loT CUOKEUWV Kal AOYLOHLKWY, YLa TN GUAAOYN) Kot
avaAuon 6eSopEVWV e OKOTIO TNV TTAPOXT TILO OTTOTEAECUATIKWY
Slayvwoewv kat Bepaneiag. [2]

2) 2T0 EMKOWWVLIOKO CUOTNUA OXNUATWY, TTEPLYPAPEL TNV ACUPUATN
ETIKOLVWVLA, AVALECO OE £va OXNHa Kol To TiepLlBaiiov tou. O
ETILOTNMOVLKOC TOU €ival emikowvwvia Vehicle-To-Everything (V2X) kal
amoteAeital ano tig £€N¢ umokatnyopleg. [3]

i) Erukolvwvia oxnua pe oxnpa (V2V), dnAadn tnv avtailayn
6edopEVWY OE TIPAYHUOTIKWY XPOVO OVAECO OTO OXNUOTAL.
[4]

ii) Erukolvwvia oxnua pe vrodopn (V21), tnv ouvdeon kat
ETUKOLVWVIA TWV OXNUATWV PE TNV uTtodoun evog dpopou,
onAadn tig mvakideg, Ta pavapla kat Tnv cnuatodotnon.
[5]

iii)  Emwkowwvia oxnpa pe nelo (V2P), tnv emkowvwvia
QVAUEDA O€ €va OxNua Kot Tov Ielo, yla TV anoduyn
QTUXNUATWY, L8laitepa O€ MEPIMTWOELG OTIOU 0 TIeOC €lval
o€ avamnnplko apatidlo n pe modnAaro. [6]

iv)  Emkowwvia oxnua pe diktvo (V2N), To oxnua cuvdeetal
He umtnpeoieg védoug, yla tnv AnPn dedouévwy oe
TEPLMTTWON UMOTIALAPLoMATOC, TTAORYNONG KoL AAAQYECG OTOV
KaLpo.

V) Erukowvwvia oxnua pe mAéypa (V2G), Eva nAeKTpLKO OxXnua
ETUKOLWVWVEL HE TO NAEKTPLKO Siktuo yla tnv BeAtiwon TG
dopTIoNnG Kal Sltavoung evepyelac. [7]

2
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3) Ztn Bopnxavia, Pe Tov 0p0 ALaSIKTUO TWV BLOUNXOVIKWV TIPOYHLATWV
(lloT) [8], mou amaptiletal amno OAeG LG CUVOESEUEVES BLOUNXAVIKEG
OUOKEUEG, yla tn cUAAoyn kot avaAuon debopévwy pe okomo tnv Andn
anodAcewv yLa TNV BeAtiwon tng Blopnxavikng Stadlkaoilog o€ TOUELS
OTIWG N TAPOYWYLKOTNTA, N amodoTikoTNTA Kal N a.odalela. Aglomolel
€va eVpU TEXVOAOYLKO paopa, To omoio cuAeyel katl avaAlel Sedopéva
LLE OKOTIO TNV HETATPOTIN TOUG O€ XPNOLUES TTANpodopieg. MepIKEG amo
QUTEG TLG TEXVOAoyleg elval:

i) NedoumnoAoyiotikn (cloud computing), 6mou uTtnpecieg Kat
niopot va AndBolV pHEow Tou SLadSLIKTUOU XWPLE TNV aVAYKN
oUvOEONG LE KATIOLOV Server.

ii) KuBepvoaodaleila (Cybersecurity), yia tTnv npootacia twv
Se60oUEVWVY KL TWV CUCTNUATWY amo pn e€ouclodotnueévn
npooBaocn, KaBwe To BLOKNXAVIKA CUCTAMOTA ELVOL CUXVOG
O0TOX0G KUBEpVOoETUOETEWV.

iii)  Texvntq vonuoouvn (Al) Kat pnxoavikn padnon, katdAAnAo
yla tnv anoteAeopatikn mpoBAedn BAaBwv Kot TNV
BeAtioTomoinon ¢ mopaywyng Kal UTOUATONOLINoNG TWV
Stadikaclwy.

iv)  Aiktua, eival o TUAWVAG TNE EMKOWVWVLOG LETOED TwV
ocvotnuatwy tou lloT. H emkowvwvia toug pmopel va yivel eite
HEOW EVOUPUATWV SIKTUWV, gite péow aolpUaTwV SIKTUWV,
onw¢ to Wi-Fi kat to Bluetooth.

4) JTOV aypoTLKO TopEa. Q¢ HEPOG TNG vEacg MNpdaotvng Emavaoctaong,
LETA OO QUTEG TNE AVATIAPOYWYNS TWV PUTWV KOL TNG YEVETLKNCG,
OUOKEUEG OTIWG OL aLobntripeg, evepyonolnTEC, drones, pOUTOT Kal
KQUEPEC ATTOOKOTIOUV 0TOo va BonBrioouv Toug aypoteg o€ OAO TOV

KOOMO va rapoakoAouBouv ta xwpddla toug. [9]
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1.2 Apxitextovikn tou 10T

H mpwtn Kat ro amAn doun apxttektovikng loT mou dnuiloupynOnke eival n
OPXLTEKTOVIKN TwV TPLWV emunédwv.(3-layer architecture) [10]. H Soung g
neplhapPavet:

1) Eninedo AvtiAnyng (Perception Layer): To mpwto emninedo otnv
apxttektovikn loT. H kUpla tou Aettoupyia eivat n aAAnAemnidpoaon Ue To
niepBariov yia tn cuAdoyn dedopévwy, omwe Bepuokpacia, vypaoia Kat
nxo. Emetta ta dedopéva autd petadépovtol oe eMOUeva emimeda yla
TiepeTaipw AeLtoupylec.

2) Eninedo Awtoou (Network Layer): YmevBuvo ylwa T ouvdeon
TEPUATIKWVY HETAEL TOUC KABWCE Kal ouvOean ¢ Touc e To Stadiktuo. Qco
OUVOETIKOG KpikOg autng TG Soung amoBnkelel Kal PeTAPEPEL T
debopéva amno to eninedo avtiAnPng oto eninedo epapuoync.

3) Eninedo Edappoyng (Application Layer): Eival to eninedo oto omnoio
oUVOLOAEyeTal o0 Xpnotnc. Mapé€xel ta KATAAANAQ pnvUpata Kol
umnpeoieg avaloya pe tao Ssdopéva mou €xouv oUAAexBel ota dvo
Tiponyoupeva emnimeda.

b

Responadele R Seliverisg application
Eorvices in e wsers vin eser mierfaces

Eosponsklc lr comnocting b alber
devices of sereors Al inchides
Ernrenilbing sl procesdng, e dala

_— O

Ta the physdeal layer which conlaies
sonsors in gaiher dats

(Ewkova 1.1): ApXLTEKTOVLKN 3 ETUMES WV

AOyw tnG avamntuéng kat dnupotikotntag Tou loT, TG auénuévng avaykng
OUOKEUWV Ttou aAAnAoemidpouv petal toug aAAA KoL TNG avaykng emiAuong
TWV Bepdtwy aodAAELOG TTOU TTPOKUTITOUV aTto TNV umdpyxouca Soun,
npootednkav dAAa duo emninmeda, dSnuoupywvtag tnv Soun Twv 5 emumedwv.
[10]

Ta erumA€wv autad enineda eivat:

1) Eninedo Eneepyaoiag (Processing Layer): AmoBnkevel katl avaAUeL Ta
debopéva mou AapBdvel and to eminedo OSLKTUOU. ITO OUYKEKPLUEVO
emninedo xpnolponolovvTaL TeXVOAoyileg vedhOUTIOAOYLOTLKAG YLo EVEALELQ
kot Ol evépyeleg ou AapPBavovtal ival Hetalu aAAwv n cuvabpolon

4
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debopévwy (data aggregation), n petadpacn TPWTOKOAOU Kal N
gvioxuon tn¢ acdpaielag. OAa autd yivovtal yla tn MPOETOLHACia TWV
SdebopEVwY yLa To EMOUEVO eTtimedo

2) Eninedo Emyeipnong (Business Layer): To 1o yvwoTto Kal EUMOPLKO armd
o\a ta enineda, adopd TN CWOoTA XPron Twv SeSOUEVWY, LECW
Slemadwv kat dtaypappdtwy pong, Ta dedopéva auvtd fonbouv otig
Aelpelg anopdoewy.

TEAOG va oNUELWOEL, 0TO KOUUATL TNG aoPAAELAC, TTwCE TO Tinedo Tou SIKTUOU
glval kaL to 1o svaioOnto oe emB£oelc. MNa To Adyo auto, oTa cUyxpova
HOVTEAQ, €xouv pooTeBel MpwTtokoAAa 6mw¢ To TCP yia tnv afltoAoyn
uetadopd dedopévwy, xwplc anwAeleg. H véa tou ovopaoia eival eninedo

petadopag (Transport Layer) av kot n KAOGLKN TOU ovopacia XpnolpomnoLeitot
KOVOVLKAL.

7
BlUsiless: Manages the whole IoT system,
LN including applications, profit models, etc

Responsible for delivering application
services to the users via user interfaces.

_________________ Stores, analyzes, and processes data
coming from the transport layer.
= z
I Sl TimaspotiLaver Q : Transfers the «ilaln from perception layer
: : to processing layer.

PerceptionLayer . Is the physical layer which contains
sensors to gather data.

(Ewkova 1.2): ApXLTEKTOVIKK 5 ETUMES WV
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1.3 IoT Hardware

Ma tnv dnuioupyia loT OLKOCUCTNUATWY, ATTOLTELTAL N XPHON TOU
KataAAnAou hardware. Zuokevwv dnAadr) mou cuAAéyouv, emefepyalovral Kal
puetadidouv dedopéva, evw mapdAAnAa aAAnAoemidpouv pe to meptBailov
TOUG. MepLKA amo Ta TLo XapaktneLoTtika hardwares sivad:

1) AwoOntnpeg: AapBavouv dedopéva amo tig aAAayEg oto eplBaiiov

TOUC Kot SnULoupyouV NAEKTPLKOUC TTAAUOUC VLA VO ETILKOLVWVIGOUV.

2) Evepyomolntég: MpaypoTomoLloUV EVEPYELEG LETA OO EVTOAEC AT
KATIOLO KEVTPLKO EAeyX0, OUVABWC LETA Ao aAAAyEC TTOU
mapaTnEOUVTAL OTOUC aLoONTHPEC.

3) Movada pkpoeAektr) (MCU): Mikpol UTTOAOYLOTEC OTIOU €XOUV
EVOWHATWHEVA microchips, Kevtplkég povadeg emefepyaoiag kabwe Kat
puvAueg RAM kat ROM.

4) Movada pikposneéepyaotn (MPU): EkteAoUv TI¢ Asttoupyieg Twv
KEVTPLKWV Hovadwyv enetepyaoiag o Eva ) TOAAATAG KUKAWHATAL.

5) EEUMVECG OUOGKEVEG: JUOKEUEG E TNV LKOVOTNTA VA ETILKOLVWVOUV HETAED
TOUG.

1.3.A Tvetvar to Node MCU ESP8266

© ADCO off] B (@i 56 GPIO16
; ¢ GPIO5 o SCL

) = @ GPIOS g SDA
SDD3 = GPIO10 =l grygs 28 GPIOD

SDD? g GPIOS 5 B e ie GPIO2 g TXD1
MOSI SDD1 o GPIO8 5 ol ® 3.3V
CS__ o SDCHID 2 GPIOTT oee®3 it | 1680 GND

CE- - Ry GPIO14 3 HSCLK

SCLK o SDCLK » GPIO o) 5 (9 - GPI012 3 HMISO
GND S GPIO13 3 HMOSI
Be~© - : GPIO15 & HCS
GPIO3 o RXDO
GPIO1 o TXDO
GND
3.3V

@ rower Control [i2c @ sPt @ sDcard Ay PWM
@ cno Anc @ crio @ uArRT [ Reserved
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Elval pa oAU SnUodIANC, OLKOVOLKN KoL open-source TAAKETO KATAAANAN
yla Tov oxedLaopo Kal tTnv avantuén edapuoywv loT, aUTOUATIONOUG O€
omitia KaBwg Kal va cUVOEEL CUOKEUEG. ATO Ta BACLKOTEPA XOAPAKTNPLOTLKA
Tou eival [17]:

1) O pikpo-gleyktng ESP8266. H ouvdeapotnta oto Wi-Fi €xetl

gvowpatwpévo To standard 802.11 b/g/n, otn Lwvn cuxvotntwy 2.4
GHz. H taxutnta tou sivat amnd 150 péxpt 300 Mbps, og LOAVLIKEC
OUVONKEG, XPNOLLOTIOLWVTAG TEXVLKEG OTtw¢ MIMO (Multiple-Input and
Multiple-Output). Eniong €xeL emefepyaotn Tensilica L106 RISC (Reduced
Instruction Set Computing), KATL TO OTTOLO TO KAVEL LAAVLKO yla EKTEAEDN
HULKPOU set eVTIOAWV, yla ypriyopn €KTEAECH KAl XOUNAN KOTAVAAWGN, UE
TNV KeVTPLKN povada enefepyaciag tou va eival ota 32 bits kat n
Taxutnta poAoylol tou ota 80-160 MHz. H puvrpn Tou JKPO-eAEYKTN
glvat ota 32 pe 128 KB RAM, pe amoBbnkeutiko xwpo flash 1 éwg 4 MB.
TéAog, n tpododooia Tou yivetal pEow USB kat Asttoupyet ota 3.3V.
[18]

2) AnokAelotikd otowxeia wg NodeMCU mAakETa. To mpwTo amnod autd ival
oL elcobol GPIO (General Purpose Input/Output). Xpnowuomolouvtal wg
eloodol kat €€odol kal eAEyyovtal amod AOYLOULKO. Ma TtV MAAKETA
ESP8266 oL aplBpol kat n Asttoupyla TN KABe elcddou elval n €NG:

NodeMCU Label ESP8266 GPIO Nettoupyia

DO GPIO16 Juvdebepévo oe
EVOWMATWHEVO LED
XAUNANG KatavaAwong

D1 GPIO5 KatdAAnAn yLa yevikn
eloodo / €€odo

D2 GPI0O4 KatdAAnAn yLa yevikn
eloodo / £€0bo

D3 GPIOO Enavekkivnon
Aeltoupyiag

D4 GPI102 Enavekkivnon
Aeltoupylog

D5 GPIO14 KatdAAnAn yLa yevikn
eloodo / £€€obo
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D6 GPIO12 KataAAnAn yLa yevikn
eloodo / £€€obo

D7 GPIO13 KatdaAAnAn yLa yevikn
eloodo / £€0bo

D8 GPIO15 Enavekkivnon
Aeltoupyiag

RX GPIO3 Elcodog yta ARdn
dedopévwy tuTou
UART

X GPIO1 Elcodog yla petadoon
debouévwy tuTou
UART

A0 ADCO Avaloyikn Etcodog,
gupoucg 0 pe 3.3V

[17]

To deutepo eival n Stemadn USB-to-serial chip CH340, kaBw¢ yedupwvel TNV
gTKovwvia petall tng Bupag USB tou umoAoyiloth kat Stemadnc UART
(Universal Asynchronous Receiver Transmiter) Tou pLKpO-eAEYKTNA.

3) EukoAiot 0To AoyLloptkd. Mrmopel va tpoypoaTIoTEL eUKOAQ o€
nieplBariovta onwg Arduino IDE, ESP-IDF (Espressif loT Development
Framework) yla mpoypappatiopo o C kat C++, Espruino yia
ipoypappatiopd os JavaScript, NodeMCU Editor yia mpoypoplLaTIOUO
o€ Lua, kabwg kat MicroPython ywa poypappatiopd o Python.
MNapdAAnAa, pe tnv umootnpeén Wi-Fi, umopel va xelplotel ta mio
SnuodpAn mpwtokoAa, ontwg HTTP, MQTT, WebSocket kat CoAP, yia
NV aAnAenibpaon pe loT mAatPpOpUEC KOl CUOKEVEC. [18]
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1.4 IlpotoroAAa IoT

1.4.A Ilpwtoxoddo HTTP (HyperText Transfer Protocol)

AnuloupynBnke oto CERN 1o 1989 Kot lval amod to ONUOVTIIKOTEPQ
TIPWTOKOAAQ 01O eminedo epappoynG. ATMOTEAEL Eva ONUAVTLKO ETLKOLWVWVLOKO
BeUEANLO YLO TOV TTAYKOGLLO LOTO, KaOwE Slapopdwvel Kol LeTadideL Ta
pnvopata HeTtaél meAdtTn Kal server. ZUYKEKPLUEVO O TIEAATNG eKOLOEL Eva
£TOLUQ, TO omoio Aappavetal Kal eme€epyAleTal OO TOV Server Kol HETa
OTEAVEL pLa anavinon. [11]

1.4.B Ilpotorkoddo AMQP (Advanced Message Queuing
Protocol)

‘Eva Sukd mpwtokoAlo oto eminedo epappoyng to omoio dnuioupyndnke yla
TNV UTooTNPLEN LEYAAOU €UPOUC ATIOTEAECHUATIKWY KAl AoPAAWV UNVUUATWV
avapeoa oe cuotnuata. Eival katdAAnAo yla tnv acuyxpovn EMKOWwvia

HETOEL amooTOA£Q KOl TTAPOAATITN AKOUN Kol OTtav AEltoupyouv aveédptnta.
[12]

1.4.C IIpwtoroAdo ZigBee

To ZigBee eival éva mpwtokoAAo emikowvwviag uPnAou emumedou Kal Eva
arno ta 1o SnuodAn mpwtokoAAa MeSH (Medical Subject Headings), el&wko yla
™V dnuloupyla Kal eKTEAECN ePopUOYWY QUTOMATONOLNONG XOUNANG LOXVOG
Kot pong edopévwy, kKaBwe Kat Ukpng eUPérelag oe omitia. [12]

1.4.D IIpwtoxoAdo Matter

‘Eva dwpeav ko open-source MPwTOKOAAO, To omoio dnuouvpyndnke amod tnv
Amazon, tnv Google, tnv Apple kat tnv CSA (Connectivity Standards Alliance),
LLE OKOTIO TNV £VWON OLKOCUOTNHATWY EEUTIVWV OTILTIWV. [13]

Institutional Repository - Library & Information Centre - University of Thessaly
03/09/2026 15:17:04 EEST - 216.73.216.250



1.4.E IIpwtoxoAlo NB-IoT (Narrowband Internet of
Things)

AvarttuxBnke amo tnv 3GPP (3" Generation Partnership Project) kat sivat
TUmo¢ loT emkowwviag XapnAng woxug oe eupela meploxn (LPWA). Eival
KOTAAANAO yla cuAdoyn Kot avtoAlayry SeSopUéVwY HETAEY TEPUOTIKWY HE
AlyoTepOUC MOpoUG amod AAAeG TexvoAoyiec omwe GPRS, 3G, LTE. [14]

1.4.F Ilpwtokoddo LoRaWAN (Long Range WAN)

Elval éva otavtop mpwTtOKoAAO eMmIKOWwVIiaG yla acUppata Siktua eupeiag
TLEPLOXNG KAl XAUNAAG LoXUG. 2 loT epappoyEg mapatnpeital Leyain motkiiia
o€ 0.0UPUATEG TEXVOAOYLEG Kal o€ TOTLKO aAAd Kal o€ eupUL Siktuo. [12]

1.4.G IIpwtoxodlo CoAP (Constrained Application
Protocol)

To CoAP &ival éva e€LOelkeV UEVO TIPWTOKOANO peTadopAg, yia
TIEPLOPLOPEVOUC KOUPBOUG Kal Siktua oto loT. Eival oxedlaopévo yia tn
Aewtoupyia Kot oUVOECN CUOKEUWV LE TIEPLOPLOUEVO ETTEEEPYOOTH, UVALN KOl
TIOPOUC, KATL TO OTOL0 TO KAVEL KATAAANAO yila emikowvwvia M2M (Machine to
Machine). [12]

1.4.H IIpwtorxoddo MQTT (Message Queuing Telemetry
Transport)

To mio ouvnBeg MPpwTOKOAAO O Xprion yla emikowvwvia M2M, kabwg
elval oxeblaopevo akpLPwC yLo CUOKEVEC PE XapnAo eVpog Lwvng Kot UPNAAC
kaBuotépnong. To povtélo tou, Publish / Subscribe, emnitpémnel o moAAoUg
clients va épxovtal o emadr HETAEV TOUG, LE TNV ETILKOLVWVLO TOUC va YiveTal
HEow evog Stapecohapntn (Broker). Ot clients apyikd ekdidouv pnvopata o
gvav broker. O broker énetta AapBavel kat GATpApeL Ta pnvUpaTa, Le Baon
TO topic oTa omola lval EyyeypapEVA, KOL TO OTEAVEL OTOUG TTEAATEG TTOU
elvatl kot autol eyyeypappévol oto 6Lo topic. ATo Ta onpavIkotepa
XOPOKTNPLOTIKA TOU PWToKOAAoU MQTT €lval n eyyunon otnv mapoxn Twv
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unvupatwy mou Aéyetatl QoS (Quality of Service). H ocuykekplpuévn Asttoupyla
€xel 3 enineda:

1) QoS (0): To xapnAotepo eninedo unnpeciag OMOU T UNVUUOTA
napadidovrtal otov subscriber péxpt pia popd kat dev xpetaletal
avayvwpLlon. O publisher otéAvel Ta pnvipata kot dgv Ta amobnkevEeL.

2) QoS (1): Edw umtapyxel BeBaiwon nwg ta pnvopata napodidovtal otov
subscriber touAdyiotov pia popad. O publisher amoBnkev el Ta pnvUpOTA
HEXPL va AaBeL avayvwplon amo tov broker. Ze StadopeTikn mepimTwaon
o publisher éavaotéAvel Ta pnvupata.

3) Qo0S(2): e auto to eninedo ta pnvupata moapadidovral otov meAATn
akpLBWC pLa popd. Me auTo TO TPOTIO SV UTIAPXEL TTIEPLOWPLO YO vVaL
otalBei to (6o unvupa 2 popéc. [15]

1.5 IoT Broker EMQX

EMQX

O EMQX eivat évag StapeocolaBntnig (broker), yia to mpwtokoAAo MQTT,
KOlL XpNOLUOTIOLELTAL EUPEWG O€ epappoyES loT. Xapaktnpiletal anod tnv
vPnAn tou anddoon, pLag Kal XEL TNV LKAVOTNTA va XElpileTal peyaAoug
oykou¢ dedopévwy, dtatnpwvtag mapdAAnia kaBuotépnon o€ xopunAd
emnineda, to onolo sivat IwTtikn¢ onpaoiag yo tne loT edpappoyec. Qg Evag
StapecoAafntng avolxtou Kwdika, UMopel va tpooappooBel kat va emektabel
oUUPWVA LE TIG AVAYKEG TNG edpappoyns. Mia amA cuvdeon oto
OUYKEKPLUEVO SlapecoAafnti mpayuatomnoleitat otnv MUAN enkowvwviog TCP:
1883. Avaloya To TPWTOKOAAO emiKOlVwViaG Kol Tov deiktn aodAleLlag mou
avalnTta o Xprotng, uTtAPXouV ot KATAAANAEG TIUAEC [19]. ZuyKeKpLUEVAL:
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i) MOAn WebSocket: 8083

ii) Aodalr) muAn WebSocket: 8084
iii) MOAN SSL/TLS: 8883

iv) MOAn QUIC: 14567

[20]

KE®AAAIO 2: Avadwkaocia E@appoyncg

2.1 Back-End

MNapakdtw, Ba avaAuBouv ta epyaleia Kal ta mepBAAAovta ou
Xxpnotuomnotionkav yia tnv uAomoinon tou Back-End pépog tng mruyLokng

2.1.1 Arduino IDE

©.0) Arduino IDE

To Arduino IDE (Integrated Development Environment) ival to mto
Stadedopévo meptBailov yla tn ouyypodni Kwdika yla mAaketeg Arduino,
KaOwg Kal AANEG TTAOKETEG CUUPBATEC pe aUTO. AUTO TO ATAO Kal GLALKO TTPOC
Tov Xpnotn neptBailov, ivat €vag amo Toug KUPLOUG AGYoUG Tou N
dnuoupyia projects o mMAakeTeg Arduino €xeL yivel oAU SnuodAne. Ta
Bookd xopakTnPLOTIKA TIou €xel to Arduino IDE, ta omola elvat Kowva Kot pe
OToLOSNTIOTE AAAO TIPOYPAUUATLOTLKO TIEPLBAANOV, tepAaBAVOUY TNV
avixveuon AaBwv (debugging) Tou kwdka KABWC KaL TNV AUTOUATN
oAokAnpwon (autocompletion) Ta Slaitepd TOU XOPAKTNPLOTLKA TTIOU KAVOUV
to Arduino IDE gxwploto, mephapPfavouv [21]:

1) Xewplopog BiAoOnkwv (Library Manager): Yriootnpilet tn xpron
BBALoBNKkwV KwdLka emekTeivovTag TNG Asttoupyleg tou Arduino Kat
SleukoAUvouv tnv avamntuén epappoywv. [21]

2) Xeplopog noAAanAwv nAaketwv (Boards Manager): Mapéxetat n

duvatotnta MAonynNonG Kol EYKATACTOONG TTOKETWV YL OTIOLASATIOTE
TAOKETA cupBatr pe to meptBailov. [21]
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3) Zeprakn 0006vn (Serial Monitor): Eva «mapaBbupo», Omou emiTpEmnel
OTOV XPNOTH, KATA TNV EKTEAECT TOU TIPOYPAUUATOC, TNV EMLKOVWVIA UE
TNV MAOKETA KoL TNV ERdavion pnvupdtwy f dedopévwy [21]

4) Ieplakog Ixedioypadog (Serial Plotter): Eva xpriolio epyaleio mou
petatpémnel ta Sedopéva, Onwe Ppaivovrtal otn oelplakr) 08ovn, o
OTTIKA Hopdn HEow ypadrpatoc. KatadAAnAo yla mapatipnon Kot
afLloAOYyNoN TWV OUEOUELWOEWV TWV TLHWV. [21]

2.1.2 NodedS

To NodelS eivat éva acVyxpovo neptBaidov ektédeong Kwdika JavaScript, ano
TN MAEUpPA ToU server. Anpoupyndnke to 2009 kat Baciletal otn pnxavn
JavaScript V8 tou Google Chrome, n omoia ekteAel tov kwdika JavaScript. Me
to NodelS o kwdikag TpEXEL ameuBeiag 0To AELTOUPYLKO cUOTNHA KoL OXL LEOQ
o€ €vav browser. Etol mapgxetal n Suvatotnta npoocPaong oe dtadopeg
AELTOUPYLEC TOU CUOTHHUATOC OTIWCE TO cUOTNHA apXElwv KaL to Siktuo. [22]
Juyypadovtag kwdika JavaScript pe NodelS, eivat o cuvnBeg TpoMmOoC yia TN
Snuoupyia Suvapkwy edapUoywV MPAYUATIKOU XpOvou, cuvdualovtag To
ue frameworks 0mw¢ to Express.js, oL OTOLEC AALTOUV CUVEXT ETILKOWVWVIA HE
TOV server.
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2.1.3 MongoDB & MongoDB Atlas

0 MongoDB.

H MongoDB eivat pa moAv Stadedopévn Baon dedopévwy tumou NoSQL mou
XpnoLuomnoleital ano moAAEG oUyxpoveg edaployEC. AtoBnkelel Ta Sedopéva
o€ evéAkTa eyypada oe popdn JSON kat xpnolpomnolel dStadopa povteAa yia
Vv anobnkevon deSopévwy, OMWCE €lval TO LOVTEAO gyypadwV, TO LOVTEAO
KAELSLOU-TLUAG KOL TO LOVTEAO ypadnuaTtwy. Xapaktnpiletal amo tnv eveA&ia
¢ KaBwg N popdn JSON emitpémnel tnv amobrkeuon MOAUTTAOKWY Kol
gtepoyeVwWV dedopévwy, xwpis tTnv avotnpn dopn Twv napadoclakwyv Bacewv
Sdebopévwv. AOyw TNEG KALLOKWOLULOTNTAG TNG, UITOPEL val XELPLOTEL LEYAAO OYKO
Sebopévwy Kal pe TNV opl{OvTLa KALLAKWON aVTATTOKPIVETAL O UEAVOUEVEG
anattnoelg. TEAog n uPnAn tng amodoaon TNV KAVeL KATAAANAN Yo EGAPUOYEC
T(PAYHLOTIKOU XpoOvou. [23]

o MongoDB.
Atlas

To MongoDB Atlas ivat pwa untnpeoia Baong dedopévwy, védoucg kal
Baoiletal oto dnpodplég cvotnua Baocswv dedopévwv MongoDB.
YxeblAaotnKe yla va amAormotrosl tn Sltaxeiplon Kat tTnv KALLAKwon Bacswv
debopEvwy, PoodEPOVTAC Lo EVEALKTN KoL KALLOKWTH AUon yla amoBnkeuvon
debopévwy. Kalumrtovtag éva HeEyAAO EUPOC AVOYKWY, OO ULKPECG ATOULKEC
ePAPUOYEC, LEXPL LEYAAEG EPAPUOYEC YLa eTALPLEG. [24]
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2.2 Front-End

210 deUtEpPO HEANOG TNG UAOToinoNG, To koppdrtt front-end, Ba avaAuBei to
TIPWTOKOAAO TIOU XPNOLUOTIOLNONKE yLa TNV eMKoWVwvia LeTAV Tou server Kal
NG LoTooeALdaG.

2.2.1 IlpwtorxoAdo WebSocket

To mpwtokoAlo WebSocket amoteAel pia onuavtikn e€EALEN oTov TPOTIO
ETIKOLVWVLAG, KABWC TMAPEXEL TNV CUVEXN Kol adLAKOTN EMKOWVWVia LETOEY
TLEAATN KOl SLAKOULOTH), LECW HLOG KAl LOVO oUVOEONC e TO TIPWTOKOAAO TCP.
IXeSLOOPEVO WOTE OL ETILKOLVWVIA TOUG VA YIVETOL OE TIPAYULATIKO XPOVO,
arnoteAel TNV Ldavikr AUoN yLa TNV ATTOTEAECHOTLKN KOL QVTATTOKPLOLUN
uetadopa dedouévwy oe web epappoyeg. [16]

Kegpalaro 3: Apxirtektovikn the E@appoyne

3.1 Y)lormoinon

Ita mAaiola AUTHE TNG ITTUXLAKAG, avantuxonke pa loT edpappoyn, n onoia
HeTAPEPEL TIG eVOEeifel amo Evav aloBnTrpa o€ Evav server o€ TPAYUATLKO
Xpovo, amobnkevovtag ta o€ pla Baon dedopevwv. Enetta n avéopeiwon tTwv
dedopévwy dpaivovtal oto ypadnua pog LotooeAidag.

3.2 Ileprypapn

O oKOTOG TNG TITUXLAKAG Elval n Katavonon Twv texvoAoylwv loT kabwg Kot
TG epapUOYEC TOUG. AltapaitnTo otn Katavonon NTav n avamntuén epappoyns
loT mpayuaTIkoU XpOVou. 2To PWTO UEPOC, To back-end tng edapuoynig,
KOTOLOKEUAOTNKE LILOL CUCKEUN yLaL TNV KATAUETPNON TWV EMUMESWVY uypaciag
OTO XWHA OlKOOLTWV Pputwy, pe TNV Aaketa NodeMCU ESP8266. Enetta oto
nieptBariov Arduino IDE n mAaKETA TPOYPAUUATIOTNKE VA EKTUTTWVEL TO
TLOOOOTO TNG Lypaciag kABes 5”. Itn ouveéxela SnuiloupynOnke Eva apyeio os
pnopdn JSON to omoio €xel pia evdelktiki Alota e olkootta putd. Ta TocooTtd
vypaoiag petadépovral amnod to Arduino IDE, oe €évav server NodelS ypappévo
otn yYAwooa JavaScript, o€ MPayHATIKO XPOVO, LE TNV EMLKOLVWVIA TOUC Vol
yivetal péow tou Stapecorafntyy MQTT. To pépog auto TN edpappoync,
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oAokAnpwveTal He TNV anobrKkeuon Tng uypaciag, avaloya Ye To $puTO, O UL
Baon dedopévwv MongoDB Kal TILO CUYKEKPLUEVA E TNV UTINPECLO VEDOUG
MongoDB Atlas. 2to 6eUtepo pépog, to front-end Tng epappoyng, ExeL
vAomotnBel pia wotooeAida, n onoia anaptiletal and Svo pépn. To MPWTO
HEpoC elval To TaumAo (dashboard) tng lotooeAidag kat epthapfavel Eva
TEPUATLKO, TTIOU EKTUTIWVEL TA TIOGOOTA TN UYPACLAG KATA TNV EKTEAEON TNG
epopUoyNnG, LE TIC AUEOUELWOELG VAL ATTOTUTIWVOVTAL Ot popdr ypodpripnatod.
To deutepo HEPOG Elval Evag KaTdAoyog He Ta GuTA TNG EVOELKTIKNAG AloTag, Kot
avaypadadovtal yevikeg Anpodopieg kabBwg kal eldkEG 0dnyieg dpovtidag kot
mieputoinong yla kabe puto Eexwplota.

Ke@alaro 4: Extedeon tne E@Qappoyng

MNapakdtw Ba yivel n emidel€n tng epappoyng. Ano tnv dSnuwoupyia Tou
LETPNTH HEXPL TNV TTPOLOAN TWV ATIOTEAECUATWYV OTO YpAdnUa TNG
LotooeAidac.

4.1 Kataokeur) tou petpntn

Lo TG AVAYKEC TNG EPAPUOYNG, KATAOKEUACTNKE EVOG LETPNTAG, VLA TNV
Kataypadn TnG vypaciag yla olkootta Gputd. EKTOG amd tnv mAakeETa
NodeMCU esp8266, xpnotpomnolnonke €vag avaloyLlkog alodntrpag mou
Aewtoupyet pe dlemadn Tplwv akidwv. Ot TpeLg akideg meplhapBdavouv évav
Koo ouAAékTN tadong (VCC) ota 3.3V e 5.5V, tnv yelwon (GND) kal to onua,
avaAoylko og auth tn nepintwon (SIG). Téhog Ta e€aptripata tonobetiOnkav
o€ éva breadboard 400 €L.c66wv.

(Ewkdva 4.1): Ta eaptipata tonobetnuéva oto breadboard
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Ta xpwpata oto KaAwdilo To atedntipa npoodlopilouv pla Eexwplotn
akida otn diemadn Tplwv akidwv. To pumAe kaAwdio sivat yla tnv cuvdeon Ue
™V akida avaloykou orpatog A0 (SIG), To KOkKvo kaAwdLo cuvdésTal otnv
taon tng mAakétag (VCC) kat to pavpo kaAwdlo cuvdéetal otn yeiwon (GND).
Ma tnv avayvwaon kot nAektpodotnaon, n mMAakEta cuvdéstal o OUpa USB.

4.2 Extedeon xau mpoBoAn amotedeopdtev oto Arduino IDE

Ma va emikowvwvnoel to teptariov Arduino IDE pe tnv mAakéta NodeMCU
esp8266, Oa mpémnel va akoAouBnBoUV KATIOLEG EVEPYELEC TTPWTA. APXLKA
yilvetal n mpooBnkn tou cuvdEouou
http://arduino.esp8266.com/stable/package esp8266com index.json mou
avayvwpilel tnv mhakéta. Avoiyovtag to Arduino IDE, peta Files kat téAog
Preferences, yivetal n avtiypadn tov cuvdéopou oto nedio Additional boards
manager URL’s, 6ntw¢ paivetal otn mapakatw KOV

|
| Preferences X
|
| Settings MNetwork
|
Sketchbook location
c:\Users\user\Documents\Arduino\tools\ESP8266LittleFS-2.6.0\ESP8266LittleF Sitoo BROWSE
[ Show files inside Sketches
Editor font size: 14
Interface scale: M Automatic 100
Theme: Light w
Language: English « (Reload required)
Show verbose output during (] compile (Jupload
Compiler wamings MNone w
[ Verify code after upload
M Auto save
] Editor Quick Suggestions
Additional boards manager URLs: https://arduino.esp8266.com/stable/package_esp8266com_index json Q

(Ewkova 4.2)
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http://arduino.esp8266.com/stable/package_esp8266com_index.json

To enopevo BrApa elval n eykataotoon tng mAaKETac esp8266 amo tnv
kowotnta ESP8266, oto BOARDS MANAGER.

BOARDS MAMAGER

espd266
g Type: Al v

esp8266 by ESP8266
Community

3.1.2 installed

Boards included in this package:
4D Systems gend loD Range,
ESFPresso Lite 1.0, LOLIN{(WEMO...
More info

312 o~ REMOVE

(Ewkdva 4.3): Eykataotacon T MAOKETOG
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2tn ouvexela emAéyetal n NodeMCU mAakéta NodeMCU 1.0 (ESP-12E
Module) (Ewkova 4.4) kat n uAn (tumouv COM yia ta Windows) COM4 (Ewkova
4.5)

0] Esp_Soil_Sensor | Arduinc IDE 2.3.4
File Edit Sketch Tools Help

—— o _
Archive Sketch
Esp_Soil_ Manage Libraries.. Ctrl+Shift+
1 Serial Monitor Ctrl+Shift+M
2 Serial Plotter
3
4 Firmware Updater
T Upload 551 Root Certificates
6 Generic ESP8266 Module
Board: "NodeMCU 1.0 (ESP-12E Madule)" [+ Boards Manager..  Ctrl+5hift+8
7 Bt “COMA- N Generic ESP8285 Module
3 ort Arduina AVR Boards 4 4D Systems gend loD Range
Reload Board Data
a * espB266 4 Adafruit Feather HUZZAH ESPE266
18 Get Board Info ——r B
P Amperka WiFi Slot
11 Upload Speed: "115200" L4 Arduino
12 - "
13 Debug port: "Disabled L4 DOIT ESP-Mzx DevKit (ESP8285)
14 Flash Size: "4MB (F5:2ME OTA:~ 1019K8)" L Digistump Ozk
15 C++ Exceptions: "Disabled (new aborts on gom)" 3 ESPDuing (ESP-13 Module)
16 IwlP Variant: w2 Lower Memaory” L4 ESPectro Care
17 Builtin Led: "2" L ESPina (ESP-12 Module)
_18 Debug Level: "None” 4 ESPresso Lite 1.0
;Z MMU: "32KB cache + 32KB IRAM (balanced)" L4 ESPresso Lite 2.0
C
21 Nen-32-Bit Access: "Use pgm_read macros for IRAM/PROGMEM" 3 ITEAD Sonoff
22 SSL Support: "All S5L ciphers {most compatible)” L4 Invent One
23 Stack Protection: "Disabled” L LOLIN(WEMQS) D1 ESP-WROOM-02
24 VTables: "Flash” 4 LOLIN{WEMOS) D1 R2 & mini
25 Erase Flash: "Only Sketch” L4 LOLIN{WEMOS) D1 mini {clone)
26 " “
- CPU Frequency: "80 MHz’ L4 LOLIN{WEMOS) D1 mini Lite
2; Burn Bootloader LOLIN(WEM®QS) D1 mini Pro
20 LOLIN(WeMas) D1 R1
3e while (WiFi.status() != WL_CONNECTED) { Lifely Agrumina Lemon vd
31 delay(5@@); NodeMCU 0.9 (ESP-12 Module)
32 Serial.println("Connecting to WiFi..."); NodeMCU 1.0 (ESP-12E Madule)
3 1
33 I o . Olimax MOD-WIFI-ESP8266(-DEV)
34 Serial.println("Connected to the WiFi network™);
Phoenix 1.0
EL
35 Phoenix 2.0
37 ient.setServer(mgtt_broker, mgtt port); Schirmilabs Eduina Wikl
38 while(!client.connected()) { Sesed Wio Link
39 String client_id = "esp8266-client-"; SparkFun Blynk Board
. 1 _ inofWiFEd macad cc(}):
4@ client_id +-7Str'_rg\.711F_.|chnL dress()); SparkFun ESPA266 Thing
41 Serial.printf("The client ¥s connects to the public mgtt brokeri\n”, X
i ; el iane A Y - - N W or SparkFun ESP8266 Thing Dev
42 if(client.connect(client_id.c_str(), mgtt_username, mqtt_password)) {
43 Serial.println("Public emgx mqtt broker connected”); SweetPea ESP-210
44 } else { ThaiEasyElec's ESPino
45 Serial.print("failed with state "); WiFi Kit 8
COutput WiFiduino
Wiflnfo
KinaBox CWOT1

(Ewkova 4.4): Erloyn TG mMAAKETOG

19

Institutional Repository - Library & Information Centre - University of Thessaly
03/09/2026 15:17:04 EEST - 216.73.216.250



| Arduine IDE 2.3.4

Tocls Help
Auto Format Ctrl+T -
Archive Sketch
Manage Libraries... Ctrl+Shift+]
Serial Monitor Ctrl+Shift+M
Serial Plotter

Firmware Updater

Upload 551 Root Certificates

Board: "ModeMCU 1.0 (ESP-12E Module)" 4

Port: "COM4* L4 Serial ports
Reload Board Data Comz2
Get Board Info " COM4
Upload Speed: "115200" L4 com3
Debug port: "Disabled" L4

Flash Size: "4MB (FS:2ME OTA:~1019KB)" b

C++ Exceptions: "Disabled (new aborts on oom)” L3

IwlP Wariant: "w2 Lower Memory" L4

Builtin Led: "2" b

Debug Level: "None® L4

MMU: "32KB cache + 32KB IRAM (balanced)” 3

Mon-32-Bit Access: "Use pgm_read macros for IRAM/PROGMEM" L4

55L Support: "All 551 ciphers {most compatible)” L4

Stack Protection: "Disabled” L4

WTables: "Flash™ L4

Erase Flash: "Only Sketch” L4

CPU Frequency: "30 MHz" L4

Burn Bootloader

(Ewkdva 4.5): Emdoyr) tng mUAng

To mpwTto Bripa yia tnv cuyypadn Tou MPOYPAULOTOC ELVAL N EYKATACTOON
Twv BLBALONKkwv: ESP8266WiFi, PubSubClient, ArduinoJson.

4.2.1 BiBArwoBnkn ESP8266WiFi

H BLBALoONKkn ESP8266WiFi, etitpénel ot MAAKETA esp8266 va OTEAVEL Kol
va AapBavel bedouéva pe tn cuvdeon oto tormikd WiFi. H 8nAwon tng
BLBALOBNKNC oTOV KWALKA YIVETAL YE TNV EVTOAN:

#include <ESP8266WiFi.h> [25]. Meta amnd tn SnAwon otov Kwdika,
avaypadovtal Ta KOPpATLa T oroia SNAwvouv To dvopa Kot Tov KwSLIKO Tou
WiFi (Ewkdva 4.6), kaBwg kat tnv dtadikaoia kot Tov €Aeyxo tng ouveong.
(Ewkova 4.7).
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const char *ssid = "your ssid";

G4 =] &N

const char *password = "your password";

Ewova(4.6)

26 void setup() {

27 Serial.begin(9o68@);

28 WiFi.begin(ssid, password);

29

38 while (WiFi.status() != WL_CONMECTED) {

31 delay(588);

32 Serial.println("Connecting to WiFi...");

33 }

34 Serial.println("Connected to the WiFi network™);

3t
Ewkova(4.7)

4.2.2 BiBA1oBnkn PubSubClient

Anapatitntn BLBALOOAKN, yla EMIKOWVWVIO HECW TOU TIPWTOKOAAOU MQTT omou
Ol cUOKeUN Xpelaletal va SnUOCLEVEL KAl va eyYpAdETAL O€ LNVULOTO LECW
SltapecolaBntwy [26]. Zto meplBaliov, n eykaTAcTAoN YivETOL LECW TOU
Library Manager. (Ewtkova 4.8)

| LIERARY MANAGER
pubsub
Type:  Installed v
Topic: Al w

PubSubClient by Nick
O'Leary...

2.8 installed
A client library for MQTT
messaging. MQTT is a lightweight
messaging protocol ideal for...
More info

(Ewkova 4.8)
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Mapopolwg pe tTnv mponyouuevn BLBALOONAKN, N SNAwor) Tng yivetal pe tnv
evtoAn: #include <PubSubClient.h>

Mo TIG aVAYKES TS EPapUOYNC, XPNOLUOTOLELTAL 0 SNUOOLOC

Slapecorafntnc emgx
9
18 const char *mgtt_broker = "broker.emgx.io™;
11 const char *mgtt _topic = “espB82b66/test”;
12 const char *mgtt username = "emgx test”;
13 const char *mgtt_password = “emgx test”;
14 const int mgtt_port = 1883;
15
(Ewkova 4.9)
i) broker.emqx.io, ival 1o teppatikd onpeio touv dSnpociov
Stapeocorafntn

ii) esp8266/test, cival o topic oto omoio Ba yivetal n dnupoacievon Kot
n eyypadn Twv LNVUHATWVY.

iii)  MUAN 1883, eival n MUAN €MIKOWWVLOG LETAEL TTEAATN KAl SLOKOULOTH

iv)  emgx_test, elval to ovopa xpRotn Kat o KwSLKOC yLa TNV
auBevtikomoinon Tou meAATN

T€AOG elval amapaitnTo To KOUUATL KWSLKA yLa TOV EAEYXO TNEG oUVOEDNC UE
Tov StapecolaBntn kat KatdAAnAa pnvupata os nepintwon AdBouc. (Etkdva
4.10)

rver{mgtt_broker, mgtt_port);

while(!client.connected()) {
String client_id = "espB8266-client-";
client_id += String(WiFi.macAddress());
Serial.printf("The client ¥s connects to the public mgtt broker\n", client id.c_str());
if(client.connect(client id.c_str(), mgtt_username, mgtt_password)) {

Serial.println("Public emgx mgtt broker connected”);
T else {

Serial.print("failed with state ");

Serial.print({client.state());

delay(2888);

client.setSe
o

0~ On

]

O L e N N L A T N T VR e

S0 00 =l B W R @
[

u

(Ewkova 4.10)
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4.2.3 BiBA1oOnkn Arduinod SON

E€atpetikd SnuodAng BLBAL0BNKN n omola EMITPEMEL OTA MPOYPAULLOTA
Arduino va xelpilovtat apxeia os popdr JSON [27]. H eykataotaon tng oto
nieplBariov yivetal pe tov idLo tpomno otnv (Ewkova 4.8), pe tv d6nAwon tng
OTO TPOYPOUA VA YiveTal HEow TNG eVTOANG: #include <Arduinolson.h>.

73

74 DynamiclsonDocument data(256);

75 data[ "moisture_percentage"] = moisturePercentage;
76

77

78 char json_string[256];

79 serializelson(data, json_string);

2@

81 Serial.println{json_string);

82 client.publish({mgtt_topic, json_string, false);
33 }

24 i

(Ewkova 4.11)

4.2.4 Extédeon oto Arduino IDE

Ma vo avayvwplotel o aoBntripag anod tnv mAakeTa, opilleTal oTo
nipoypappa pe tnv petafAntn A0. H edapuoyn eival mpoypappaTIoUEVN WOTE
va Byadel veéa TR XwpLig Opwe va dtaypadel Tnv tponyoUpevn. H mpaktikn
TIPOBOAN TWV AMOTEAECUATWY ELVAL OE TTOCOOTO, OTOTE YLOL TNV LETATPOTN
TOUG 0ploTtnKe wg to 0, N TLUA OOV TO XWHA lval TTOAU uypo Kat 1023, n TN
OToU TO XWHA lval oAU €npo. (Ewkova 4.12) & (Ewkova 4.13). Néegg evdeilelg
Byaivouv kaBe 5”. (Ewkova 4.14)

16 #define sensorPIN A8
17 unsigned long previousMillis = @;

28 const int dryValue = 10823;
21 const int wetWalue a;

(Ewkova 4.12)

23

Institutional Repository - Library & Information Centre - University of Thessaly
03/09/2026 15:17:04 EEST - 216.73.216.250



E1
52 float getMoisturePercentage(int rawValue) {

53 f{ Convert raw value to percentage
54 float percentage = map{rawvalue, dryvValue, wetvalue, @, 188);
55 /f Constrain the value between @ and 18@
56 percentage = constrain(percentage, 8, 168);
57 return percentage;
58}
(Ewkova 4.13)

68 void loop() H{

61 client.loop();
62 unsigned long currentMillis = millis()d
63
64 // data are published every 5 seconds
65 if (currentMillis - previousMillis »= 5888) {
66 previousMillis = currentMillis;
67
68 f/{ Read raw moisture value
69 int rawMoistureValue = analogRead(sensorPIN);
7@ /{ Convert to percentage
71 float moisturePercentage = getMoisturePercentage(rawMoistureValue);
72
(Ewkova 4.14)

To npoypaupa Esp_Soil_Sensor.ino oe 6An tou tn popdn:
(Ewkova 4.15) & (Ewkova 4.16)
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ﬂ Esp_Soil_Sensor | Arduino IDE 2.3.4
File Edit Sketch Tocols Help

Esp_Seil_Sensor.ino

1 finclude <ESP2266WiFi.h>
2 #include <PubSubClient.h>
3 #include <Arduinolson.h»
4
5 //wifi settings
6 const char *ssid = "your ssid”;
7 const char *password = "your password";
8
9 //mgtt broker settings
18 const char *mgtt_broker = "broker.emgx.io"; // emgx broker endpoint
11 const char *mgtt_topic = "espB8266/test”; // mgtt topic
12 const char *mgtt_username = "emgx_test";
13 const char *mgtt_password = "emgx_test”;
14 const int mgtt_port = 1883; // mgtt tcp port
15
16 #define sensorPIN A@
17 unsigned long previousMillis = 8;
18
19 // Define moisture thresholds for mapping
20 const int dryvalue = 1@23; lue when sensor is in air (completely dry)
21 const int wetValue = @; /f value when sensor is in water (completely wet)
22
23 WiFiclient espClient;
24 PubSubClient client(espClient);
25
26 vold setup() {
27 Serial.begin(o6ea);
28 WiFi.begin(ssid, password);
28
i@ while (WiFi.status({) != WL_COMNECTED) {
31 delay(508);
32 Serial.println("Connecting to WiFi...");
33 1
34 Serial.println("Connected to the WiFi network");
35
36 //connecting to mgtt broker
37 client.setServer(mgtt_broker, mgtt_port);
38 while(!client.connected()) {
39 String client_id = "esp8266-client-";
48 client_id += String(WiFi.macAddress());
41 Serial.printf("The client ¥s connects to the public mgtt broker\n”, client_id.c_str());
42 if(client.connect(client_id.c_str(), mgtt_username, mgtt_password)) {
43 serial.println{"Public emgx mgtt broker connected");
44 } else {
45 Serial.print(“failed with state ");
Qutput

(Ewkova 4.15)
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Esp_Soil_Sensor | Arduino IDE 2.3.4
File Edit Sketch Tools Help

L}, NWEMCU"-UIESP‘H--- - _

Esp_Soil_Senserino

18 client_id += String(WiFi.macAddress());

a1 Serial.printf("The client ¥s connects to the public mgtt broker\n”, client_id.c_str());
a2 if(client.connect(client_id.c_str(), mgtt_username, mqtt_password)) {
a3 Serial.println("Public emgx mgtt broker connected™);
a4 } else {

a5 Serial.print(“failed with state ");

46 Serial.print(client.state());

a7 delay(20e8e);

48 +

a9 }

L1 B,

51

52 float getMoisturePercentage(int rawvalue) {

53 // Convert raw value to percentage

54 float percentage = map(rawValue, dryValue, wetvalus, @, 188);
55 // Constrain the value between @ and 1@@

56 percentage = constrain(percentage, @, 16@);

57 return percentage;

58}

ta

6@ void loop() {

61 client.loop();

62 unsigned long currentMillis = millis();

63

64 // data are published every 5 seconds

65 if (currentMillis - previousMillis »>= 5@@8) {

66 previousMillis = currentMillis;

67

68 [/ Read raw moisture value

69 int rawMoistureValue = analogRead(sensorPIN);

7@ // Convert to percentage

71 float moisturePercentage = getMoisturePercentags(rawMoisturevalue);
72

73 //json serialize

74 DynamiclsonDocument data(256);

75 data[ "moisture_percentage”] = moisturePercentags;

76

77 //publish moisture

78 char json_string[256];

79 serializelson(data, json_string);

8@

81 Serial.println{json_string);

82 client.publish{mgtt_topic, json_string, false);

23 1

g4}

(Ewkova 4.16)
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ITIC TTOPAKATW ELKOVEC Ba mapateBoUV T ATOTEAECHATO TNE EKTEAEONC.
Méow tou ouplakoU eAeyktr ekmounwv (Ewkova 4.17) Ko Tou GUPLOKOU
oxebloypadou (Ewkova 4.18).

Connected to the WiFi network

The client espB266-client-D8:F1:5B:00:42:CE connects to the public mgtt broker

Public emgx mgtt broker connected

{"moisture percentage™:
{"moisture percentage":
{"moisture percentage™:

isture percen

isture percen

5

{"moisture percentage™:
{"moisture_ percentage":
{"moisture percentage™:

5

{"moisture_ percentage":

5

{"moisture percentage™:

5

{"moisture percentage™:
oisture percentage"”:

5

{"moisture percentage™:
{"moisture_ percentage":

5

{"moisture percentage":

5

{"moisture percentage":

B
s}

oisture percentage"”:

5

{"moisture percent
{"moisture_ percentage":

6}

isture percentage”:

o

isture percen

isture percen

o

{ isture percentage”:
{"moisture perc

isture perc

[N R ST ST SR S 5
o

m m m

=]
of ot of ¢
oo

{"moisture perc ge":4E8}

(Ewova 4.17)

& coma — ] *

{"moisture_percentage" interpolate @D

lig

45

[}
=}

25

Type Message @ New Line 9600 baud

(Ewkova 4.18)
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4.3 Yuvoeon pe tov NodedS Server

To enodpevo otadlo tng epappoyng eivat n kataokeun tou NodelS server.
Ma tnv dnuloupyla tou, ylvetal n eKTEAECN TNG EVTOANC hpm init -y otn
ypappn evtoAwv tou NodelS. Ikomog Tou server gival va mai&el tov poAo tou
oUVOETIKOU Kpikou avapeoa otnv loT cuokeun, TNV evOELKTIKA AloTa TWV
olkOoLTwv putwv o€ popdn JSON, tnv Baon dedouévwy oe MongoDB kat to
ypadnua tng otooeAidag. Ot BLBAL0BRKeC ToU XpeldotnKkay eival oL €€NG.

4.3.1 BiBAvoBnxkeg

1) ByBALoBrkn fs (Fyle System): Mo amd Tig evowpatwuéves BLBALOBAKES
kata tn dnuioupyia tou server, n BLBAL0ONRkN fs Stafaocet kat ypadel
OpXELO OE GUYXPOVIOUEVN 1 acuyxpovn Hopdn. 1o mpoypappa dtafalst
To apxeio plants.json, Tnv evdelkTikn AloTa PE TA OLKOOLTA HUTA.

plantData = JSON.parse(fs.readFileSync('./plants.json’, '

(Ewkova 4.19)

2) BiBAoOnkn readline: Mapopoiwg pe tnv fs, n BLBAL0ONKN readline ival
KOLL QLUTA LA OTTO TLG EVOWHATWHEVEC BLBALOBNKEC KaTd TN dnuloupyia
Tou server. Me tn BonBewa avtig tng BLBALOONKNG dnuoupyeital pia
Slemadn, 6mou 0 XpRoTNG KATA TNV EKTEAECH TOU TIPOYPAMUATOC OTO
TEPUATLKO, EpWTATAL TTOLO HUTO BEAEL va eTUAEEEL YL TOV EAEYXO TNG
uypaoiog Tou.
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selectPlant
L= reateInterface({
input: pr

» index)

.log(~${index + 1}. plant.name}” );

answer

Using default plant.’
ta.plants[8];

(Ewkova 4.20)

3) BiBAoOnkn mqtt: Kablotd tnv emkolvwvia petafl Tou atcbnthipa, Kot
Twv evei&ewv tou oto neptBarlov Arduino IDE, pe tov server epiktn
HEOW TOU TPpWTOKOAoU MQTT kal tou dtapecolaBnty EMQX. Ztn
YPOUUA EVIOAWV N eyKaTtdoTtaon yivetal pe tnv evtoAn npm install mqtt.
Mo TNV EMLKOLWVWVLO TOUG, O server TIPETEL VOL UTTAYETAL OTLS (BLEg
puBuioelg mou avaypadovtal otnv (Etkova 4.20) tou Arduino IDE. Ta
apxeia connectionCred.js (Etkova 4.21) kal server.js (Etkova 4.22)
deixvouv tn ouvdeon.

Back-End >

protocol: 'mgtt’,
port: 1833,

host: "bry

(Ewkova 4.21)
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mgtt: {

options:
clientId: “m ient ${Math.random().toString(16).slice(2,
username :
password :

(Ewkova 4.22)

‘Emetta yivetal n cuvdeon pe tov broker yia to topic esp8266/test (Etkova
4.23) Kol 0 XELPLOMOC TWV UNVUHATWY TOoU TTPpWToKOAAov (Ewkova 4.24).

connectMQTT

Client = mgtt.connect(mqtturl, {
.mgqtt.options,
Timeout: 40600,
reconnectPeriod: 1688

.mgttClient.on

.mgttClient
.1o, T, error);

.mgttClient.on
log("MQTT

.mgttClient.on i ppic -handleMQTTMessage(payload)) ;

(Ewkova 4.23)

30

Institutional Repository - Library & Information Centre - University of Thessaly
03/09/2026 15:17:04 EEST - 216.73.216.250



handleMQTTMessage (paylo

J50N. parse(payload);

data.moisture percentage;

t a plant first.

selectedPlant);
.selectedPlant);

, error.message);

(Ewkova 4.24)

4) BiBAoOnkn mongodb: BiBAL0ON KN yla TV dnuioupyia Baong
dedopévwv MongoDB Kal TILo CUYKEKPLUEVA YLO TN armoBnKevon Twy
evbeitewv otnv unnpeoia MongoDB Atlas. H eykatdotaon tng otov
server ylvetal péow tng evtoAng npm install mongodb. H énuloupyia tng
Baong edopévwy péow tou MongoDB Atlas, yivetat pe n BonBsia piag
OElpAg olvdeong n onola mpootiBetal otov Kwdika. Metd and auto to
Brua dnuloupyeital pia Baon dedopévwy kat pia cuAloyn, omou ket Oa
armoBbnkevovtal oL HETPNOELC. o TIC avayKes TS epappoyng, n Baon
debopévwy ovopaletal plantMonitor kat cuAloyn Aéyetal
soilMoistureReadings.

(Ewkova 4.25)

Itnv (Ewkova 4.25) n petafAntr uri anobnkeveL T oglpd ocUVOECNG, KL OL
uetapfAntéc dbName kot collention amoBnkevouv tig TIpéG plantMonitor kot
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soilMoistureReadings avtiotolya. AkplBwg SnAadn ta otolyela yla tnv faon
debopévwy kat tnv cuAdoyn oto MongoDB Atlas. (Ewkova 4.26)

| + Create Database |

plantMonitor

| soilMoistureReadings

(Ewkova 4.26)

Katad tnv ektéAeon yivetal o €éAeyxog yla tTnv cUVOECN TOU server e TNV
Baon dedopévwy (Ewkova 4.27) kot to Sedopéva amobnkevovtal cUpdwVO UE
TO OVOULA TOUG, TNV ETLOTNUOVLKI TOUC ovopaoia, Tnv EVOELEn Toug KoL TN
XPOVLKA OTLYUN Tou Tipaypatonol)Onke n évéelEn. (Etkova 4.28)

connectMongoDB() |
try
-mongoClient = M Client(config.mongodb.uri};
await .mongoClient.connect();
.db = .mongoClient.db{config.mongodb.dbName);
.collection = .db.col confi collection);

.log( 'Connected to
error

-log( 'MongoDB connec

(Ewkova 4.27)
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saveMoistureReading (moisturePercentage, plant) {

reading =
plantName: plant.name,
scieptifichame: plant.scientificName,

wait )
.log( 'Reading

G

(Ewkova 4.28)

5) BiBAoOnkn express: [6avikn BLBALOOAKN yLa T dnuoupyia
nAektpovikig Stemadng yia to NodelS, pe tnv 1dotnta tou va xelpiletal
HTTP attrjosig. MapaAAnAa, BonBacl otnv eEUMNPETNON OTATIKWY
OPXELWV, OTIWG QUTA TNC LOTOOEALSOG. MVETOL EYKATAOTACH HECW TNG
evioAng npm install express.

6) BiBALoOnkn WebSocket: Mmopei n BLBAL0OAKN Express va xelpiletal Tov
otatka apxeia, n BLBALoBnkn WebSocket eivat umetBuvn yia tnv
gTKkovwvia SUTANG katevBuvoNnNg o€ MPAYUATLKO XPOVO, LETAEL TOU
back-end kat tou front-end.

setupExpress() {
.app = express
.app.use(expr
.app-listen(c erver.p ()
.log( HTTP r running at http:/

1 F

: config.server.wsPort });

.clients.add( i
ws.on( 'close’, .Clients.delete(ws));

1

(Ewkova 4.29)
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(Ewkova 4.30)

ITIG elkOveC (4.29) & (4.30) yivetal n eykatdotoon tou Express kot Tou
WebSocket otic mUuAeg 3000 kat 8080 avtictola.

4.3.2 ExteAeon tou server

ITNV EKTEAECN TOU TIPOYPAUATOC, adou yivel n cuvdeon e ToV
Stapeocorafnt) matt kat pe tn Baon Sedopévwy kat adou yivel n
apxlkoroinon tou Express kal tou WebSocket, yivetal o éAeyxog tng évbel€ng
vypaoiag, availoya He To GUTO TToU ETUAEXDNKE EKTUTIWVOVTAC TO KATAAANAO
UAVU QL.

checkMoistureLevel(moisturePercentage, plant) {

= plant.moistureThresholds;
uidelines.alertThreshold;
minimum}¥. a belowMinimuml}™ );
reMaximum’}™ ) ;

moisturePercentage}® is within

(Ewkova 4.31)

TéAog ta dedopéva pe tn peBodo broadcast petadidovral otnv LotooeAida.
Eva amotéAeopa mou Ba e€nynBel mapakdTw.
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il
console.log(me ;
.broadcast({ type

(Ewkova 4.32)

O kwdIKag server.js:

mgtt = require(

mongodhb :
uri
dbName: *
collectior

mgtt: {
options:
clientId: “mgtt Math.random().toString(16).s5lice(2, 8)} ,
usern:

0ea,
ort: 80806

(Ewkova 4.33)
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.setupExpr:
. setupklebs

.selectPlant
-connectMongoDB( ) ;
connectMQTT

selectPlant(
rl = .createInterface({
input: process.stdi
output: pr

(plant, index)

.plants

. log| index plant.name

solve)

t a plant t answer

(Ewkova 4.34)
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setupExpress() {
=dpp
.app.
.app.

{ port .server.wsPort });

Ws.on( ', .clients.delete(ws));

bi
nnectMongoDB
.mongoClient = e ) .mongodb.uri);

.mongoClient.con
.mongoClient.db ig.mongodb.dbName) ;

.db.collection{c -mongodb. collection);

error
.log( "MongoDB o ', error.message);

connectMQTT()

mqt

.mgttClient = mgtt.connect(mgtturl, {
fig.mgtt.options,

.mgttClient.on

.log(

.mgttClient.on ] !
-1 E r:, error);

.mgttClient.on ]
dog("MQTT 1T, error);

.mgttClient.on( n » (topic, payload) .handleMQTTMess

(Ewkova 4.36)
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JSON.parse(payload);

.moisture_percentage;

£}

.toIS0String

.selectedPlant);
ctedPlant);

error
.log('E

kMoisturelLevel (moisturePercentage, plant)
= plant.moistureThresholds;
uidelines.alertThreshold;
-belowMinimum}™ );
moisturePercentage}X a imun naximum .aboveMaximum}™ ) ;

moisturePercenta i ithin ( i : imal )5

(Ewkova 4.37)
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saveMoistureReading(moisturePercentage, plant]
readir
plantName: plant.name,
scientificMame: plant.scientificName,

moisturePercentage
timestamp: Da
await

.log

console. log
.broadcast({

broadcast(message) {
forkEach(client

ent.readyState
client.send(JSON.stringify(message));

monit
start();

(Ewkova 4.38)

To teAko apxelo package.json:

(Ewkova 4.39)
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H Alota plants.json:

L
"plants™: [

"name" :

"scientifi me
"moistureThresholds
“minimum”™: 2@,

"optimal™: 3@,
"maximum”: 58
1
"wateringInstructiol
"frequency”:
"notes”: "

"scientifi me

"moistureThresholds
“minimum”: 4@,
"optimal”: 6@,
"maximum”: 2@

1

"wateringInstructions™: {
"frequency”: cekly”
"notes”:

"scientifi
"moistureThresholds
“minimum™: 1@,
"optimal”: 2@,

“maximum™: 3
1
"wateringInstructio

"frequency”:
"notes”: "P

(Ewkova 4.40)
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"scientificName":
"moistureThresholds
"minimum” : 394
"optimal”: 5@,

"maximum”: 7@
LE
"wateringInstruc

"freguency”:

"notes”:

"moistureThres
“minimum”: 1@,
"optimal”: 2@,
"maximum”: 38

Jt ]
"wateringInstructions”: |
"frequen
"notes”:

"name”: “"Fiddle

"scientificName": “Fi

"moistureThresholds”: {
“minimum”: 3@,
"optimal”: 4@,
"maximum”: 6@

I
"wateringInstruc
"frequency”:
"notes”: i y but not s

(Ewkova 4.41)
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"name" :

"scient

"moistureThresholds
"minimum”: 3@,

S

"maximum”: 68

s

"wateringInstructions
"frequen
"notes":

"moistureThresholds
"minimum™:
"optimal™:

"maximum” :
s
"wateringInstructions

scientifi
"moistureThresholds
"minimum”: 1@,
"optimal
"maximum” :

"name"

"scientificName™: “Fi

"moistureThresholds™: {
"minimum™: 2@,
"optimal”: 4@,
"maximum”: 68

T
"wateringInstru
"frequency”:

"notes”:

alGuidelin
adingFrequency

"calibrationNo

"alertThreshol
"belowMinimum"”
"aboveMaximum” :

(Ewkova 4.43)
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To amoteAEéopATA TOU TEPUATLKOU. To GUTO TIOU XPNOLUOTIOLELTAL WG
TapASELYUA ELlVOL O KAKTOC:

i) ErttAoyn tou KAKTou:

Select a plant to monitor (enter number):

PS D:\thesisproject\back-end> node server.js
Available plants:

1. Snake Plant

Peace Lily

Cactus

Monstera

Aloe Vera

Fiddle Leaf Fig

Spider Plant

Boston Fern

9. Jade Plant

18. Rubber Plant

Select a plant to monitor (enter number): HTTP server running at http://localhost:3888

4.
5.
6.
7

Ts]

Selected plant: Cactus
Connected to MongoDB
Connected to MQTT broker

(Ewkova 4.44)

ii) MnvUpata avaloya pe ta enineda vypaoiag.:

S0il Moisture: 51X

Moisture 28% is within acceptable range (optimal: 28%)
Reading saved to MongoDB

Soil Moisture: 28%

Moisture 28% is within acceptable range (optimal: 2€%)

Reading saved to MongoDB

Soil Moisture: 28%

Moisture 29% is within acceptable range (optimal: 28%)

Reading saved to MongoDB

S0il Moisture: 29%

Alert: Moisture 34% above maximum 38%. Potential overwatering, check drainage
Reading saved to MongoDB

Soil Moisture: 34%

Alert: Moisture 48% above maximum 38%. Potential overwatering, check drainage
Reading saved to MongoDB

Soil Moisture: 48%

(Ewkova 4.45)
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) MpoBoAn twv anoteAecpdtwy otn faon Sedopévwv

| + Create Database |

plantMonitor.soilMoistureReadings

‘ Q, Search Namespaces ‘ STORAGE SIZE: 36KB LOGICAL DATASIZE:1.94KEB  TOTAL DOCUMEI

Find Indexes Schema Anti-Patterns
plantMonitor
Generate queries from natural language in Compass®
| soilMoistureReadings

Filter® Type a query: { field: 'value' }

_dd: ObjectId('67alefl22b435132e35a09c0e")
plantMame : "Cactus"

scientificName : "Cactaceae”
moisturePercentage : 51

timestamp : 2025-02-03T18:46:42.332+00:00

|\ > ,| _id: ObjectId('67a10f172b435132e35a9cOf")
o plantName : "Cactus"
scientificName : "Cactaceae"
moisturePercentage : 238
timestamp : 2025-02-03T18:46:47.329+00:00

_id: ObjectId('67aleflc2b435132e35a9cle’)
plantName : "Cactus"

scientificName : "Cactaceae”
moisturePercentage : 28

timestamp : 2825-02-03T18:46:52.221+00:00

(Ewxova 4.46)

|\ * Create Database ) plantMonitor.soilMoistureReadings

| Q search MNaomespaces | STORAGE SIZE: 36KEB LOGICAL DATASIZE: 1.94KE  TOTAL DOCUME

Find Indexes Schema Anti-Patterns
plantMonitor
Generate queries from natural language in Compass®
| soilMoistureReadings

Filter @ Type a query: { field: 'value' }

_id: ObjectId('67al®f212b435132e35a9c1l")
plantName : "Cactus"

scientificName : "Cactaceae"
moisturePercentage : 29

timestamp : 2025-082-03Tl8:46:57.329+00:00

_id: ObjectId('67al0f262b435132e35a9c12")
plantName : "Cactus"

scientificName : "Cactaceae"
moisturePercentage : 24

timestamp : 2025-082-03T18:47:02.333+00:00

_id: ObjectId('67al@f2b2b435132e35a9cl3")
plantName : "Cactus"

scientificName : "Cactaceae"
moisturePercentage : 40

timestamp : 2025-082-03T18:47:07.341+00:00

(Ewkova 4.47)
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4.4 YAomoinorn tng 10tooeAidag

2TO TAUTTAO TNG LOTOOEALSAC, TO TEPUATLKO AMOTUTIWVEL TIC VOEIEELC yLa T
TIOOOOTA UYPAGLOC TOU KAKTOU Kol Ol AUEOUELWOELG OTLC TILEC ATTOTUTIWVOVTALL
oto ypadnua. (Etkova 4.48)

Plant Monitoring Flants Darshboard

Current Moisture: 40.0%

(Ewkova 4.48)

To 8eUTEPO KOUUATL TNG LoTOooEALSAC Elval TO HEVOU TOU TIEPIAQUBAVEL TIG
nmAnpodopieg yia ta puta. Ot elkovecg (4.49) €wcg (4.51) mep\apfdavouv tnv
oeAida yLa TG mAnpodopleg KaL avayKeg EVOC KAKTOU.
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Cactus

Your Guide o growing and caring for

About Cacti

Cacti are succulent plants native to the Americas, spacifically adapted 1o survive in arid conditions. They
coma in & vast array of shapas and sizes, from tiny ball cacti 1o towenng saquaros. Their unique abilty
to store water and specialized growih pattam make them ) and relativaly low.

houseplants.

Care Requirements

Light

Brght, direct sunlight for 4-6 hours daily 1s ideal South or west-facng windows are perfect. Now
plants should be gradually acclimated 1o prevent sunbum. Mest spacies need strong light fo
maintain thew shape and promots flowenng.

Water

Water thoroughly but infraquently - allow sod to dry completely betwean waterings, General ruls
wales every 1-2 woeks dunng growing season (spong/summies) and monlhly or less in winber
Always e on fhe side of ing rather than

(Ewkova 4.49)

Temperature & Humidity

Prefer warm lemperatures (70.00°F/21-27"C) during growang season. Can lolerate cooler
lamperaturas in winler (50-55°F/10.13°C). Most cacti prefar low humidity and good air circulation

Soil & Drainage

Fast-draining cactus max i essenbial. M regulas poling soil with coarse sand, purmice, or perlibe lor
better drainage. Always use pols with dranage holes. Consider top-dressing with gravel or small
stones

Benefits

« Extramety drought-tolerant and low-maintenance

« Portect for busy peopie of requent travelars

« Many spacses produce beautiful fiowers when well.cared for

« Long-living plants that can sunvive for decades

= Avadable in fascinatng shapes and sizes lor unique decoralion

- Excallant chaice for sunny windswsils where ciher plants might struggle

» Most species are very slow-growing, requinng minimal pruning o mainlenance

(Ewkéva 4.50)
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Common Problems

= Rofting base or roots - Amaost always indicates overwvatenng

» Wrinkled or shriveled appearance - Signs of undarwataring

= Pale, yeliow, or bleached appearance - Too much diract sun without accematon
« Elongated, stretched growth - Insufficient light {stiolation)

= Wyhile, cotiony paiches - Mealybugs intestation

= Corking (brown, bark-like tissue a1 base) - Natural aging process, nol hammbul

Seasonal Care

Growing Season (Spring/ Summer)

+ Rotate the plant regularly to ensure even growth

= Remove any dead of yellowing fronds at the base to maintain appearance
» Clean fronds occasionally with a damg cioth to remove dust

+ Repot every 2.3 yaars of when reets bagin growing through drainage holes
+ Consider moving outdoors to a shaded location duing warm months

« Divide large plants in spring 1o create new specimens

Dormant Seasan (Fall/Winter)
+ Reduce watening significantly
= Stop fertilizng

+ Maintain cooler temperatures
« Continue providing bright light

(Ewkova 4.51)
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O kwdwag plantMonitor.html riou deiyvel tn kevtpikn oeAida:

.html">Aloe Vera
1">Boston Fern

"»Fiddle Leaf Fig
Plant
Monstera

Peace Lily
Rubber Plant
SHELC I ET
Spider Plant

href="#">Dashboard

cla current
Current Moisture:

(Ewkova 4.52)
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Kwdwkag plantMonitor.css:
planti

margin: @;
padding: @;
box-sizing: border

{
font-family:
line-height: !

1rem 6;
8 2px 5px Orgba(e,0,8,08.1);

: 1200px;

margin: @ aut
padding: @ 2ep
di f1

ify-content:
align-items:

I

L
colar:
font-s

ul {
list-style: r

position:
margin-left

(Ewkova 4.53)
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d ;
transition: al

11i a:
background-
border-radi

top: 166%;
left: @;
background-col

(0,0,0,0.2);

wn-menu {

padding: pX 28p
border-bottom: 1

own-menu 1i:las
border-bottom: r

own-menu 1i a:h
vackground-color:
color: O

(Ewkova 4.54)
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text-align:

margin-top: 1lrem;

ul {
flex-direction:

v ul 1i {

margin: 1@px @;

width:
box-shadow:
margin-top:

.drop H n-menu {
display =

.drop
display
kground-color

color: M

border-radius:

margin: 2@px;

ntainer {
background-color:
padding: 2@px;
border-radius: Spx;
height: 4@epx;

font-
font-weight:
text-align:
margin-bottom:

(Ewkova 4.56)
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O kwdwkag plantMonitor.js 6mou pe tn BonBeta tou mpwtokoAAou WebSocket
yivetal n emkovwvia duo kateuBuvoswv petalL back-end kat front-end.

document.queryselectorAll("’ .dro n"}).forEach(dropdown
dropdown .addEventListener ick®, (e) {
if (window.innerWidth <= 768) {
e.preventDefault();

dropdown.classList.toggle( "active’

(Ewkova 4.57)

Termina

datasets:
label
data:
bordercColor:
tension: 8.1,

»

options:

title:
display
text:

title:
display:
text: "Time®

1
animation: {
duration: @

(Ewkova 4.58)
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. ontent
appendChild(]
1.scrollTop =

(Ewkova 4.59)
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‘width=device-width, initial-scale=1.8"

Cactus
Your Guide to growing and caring for Desert Cacti

class="container"”

About Cacti
Cacti are succulent plants native to the Americas,
specifically adapted to survive in arid conditions
They come in a vast array of shapes and sizes, from tiny ball cacti to towering saguaros.
Their unique ability to store water and specialized growth pattern make them fascinating and relatively low-maintenance houseplants

Care Requirements
class="care-tip"
Light:
Bright, direct sunlight for 4-6 hours daily is ideal.

South or west-facing windows are perfect.
New plants should be gradually acclimated to prevent sunburn. Most species need strong light to maintain their shape and promote flowering.

class="care-tip”
Water:
Water thoroughly but infrequently - allow soil to dry completely between waterings.
General rule: water every 1-2 weeks during growing season (spring/summer) and monthly or less in winter.
Better be on the side of underwatering rather than overwatering.

class="care-tip"
Temperature & Humidity:
Prefer warm temperatures (70-80°F/21-27°C) during growing season.
Can tolerate cooler temperatures in winter (58-55°F/10-13°C).
Most cacti prefer low humidity and good air circulation.

(Ewkova 4.60)

class="care-tip"”
Soil & Drainage
Fast-draining cactus mix is essential.
Mix regular potting soil with coarse sand, pumice, or perlite for better drainage.
Always use pots with drainage holes.
Consider top-dressing with gravel or small stones.

Benefits

Extremely drought-tolerant and low-maintenance

Perfect for busy people or frequent travelers

Many species produce beautiful flowers when well-cared for

Long-living plants that can survive for decades

Available in fascinating shapes and sizes for unique decoration

Excellent choice for sunny windowsills where other plants might struggle
Most species are very slow-growing, requiring minimal pruning or maintenance

Common Problems

Rotting base or roots - Almost always indicates overwatering

Wrinkled or shriveled appearance - Signs of underwatering

Pale, yellow, or bleached appearance - Too much direct sun without acclimation
Elongated, stretched growth - Insufficient light (etiolation)

White, cottony patches - Mealybugs infestation

Corking (brown, bark-like tissue at base) - Natural aging process, not harmful

(Ewkova 4.61)
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ing Season (Spring/Sum

Rotate the plant regularly to ensure even growth
Remove any dead or yellowing fronds at the base to maintain appearance
with a damp cloth to remove dust
roots begin growing thr h drainage holi
to a shaded lo on during warm months
specimens

Dormant Season (Fall/Winter)

Reduce watering significantly
Stop fertilizing

Maintain cooler temperatures
Continue providing bright light

Safety No

Always handle cacti with care - use thick gloves or folded newspaper when repotting or handling
Some species have v fine glochids (tiny barbed spin n be difficult to remove from skin
teep out of reach of children and pets.

Propagation Tips
clas. ip"”

Cacti can be propagated though:
Offsets or "pu ove and allow cut to callus before planting
t it callus, t plant in dry soil
fic conditions for germination

(Ewkova 4.62)
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O kwdwag plants.css:
body {

font-family: Arial,
line-height: 1.6;
max-width: 8eepx;
margin: 8 auto;
padding: 28px;
background-color: B#f5f5f5;

header {

text-align: center;
padding: 2@px;
background-color: [O#2c5
color: BMwhite;
border-radius: 8px;
margin-bottom: 28px;

.container {
background-color: Buhite;
padding: 38px;

border-radius: 8px;
box-shadow: @ 2px 4px Clrgba(e,0,0,0.1);

hl {
margin: 8;

(Ewkova 4.63)
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color:
border-bottom:
padding-bottom:
margin-top: 38px;

" ._tip {
background-color:
padding: 15px;
border-left: 4px so
margin: 28px @;

padding-left: 2@px;

margin-bottom: 18px;

(Ewkova 4.64)
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KE®AAAIO 5 Eniloyoc

5.1 Yuumnepdaopata

KAelvovtag, yivetat avtiAnmto nwg n texvoAoyia dev Ba pmopoloe va KAVEL TO
EMOMEVO BAUA UMPOOTA, XwpPLG TNV Xpron Twv texvoAoywwv loT. H epappoyn
autn Sev lval mopd Eva PLKPO KOUUATL TWV OMEPLOPLOTWY SUVATOTATWY
QUTWV TWV TEXVOAOYLWYV, OL OTIOLEC UITOPOUV VOL KAVOUV TN KABNUEPLVOTNTA HOG
TILO QTTAR KAl EUKOAN.

5.2 BeAtiotomouoeig

H edappoyn autr, omwe €xeL UTIOBOEL, €XEL WG 0TOXO TNV EMIPAEYPN OLKLAKWY
dutwv. e peyalltepn KAHOKO OHWG UMopEL va xpnotpomolnBel yia tn
eNiBAen ektAoEWV yNG yla KoAALepynopa putd. Exoviag auto To OKomo
HUEPLKA TipAypaTa tou Ba pmopouaoav va BeAtiwBouy, eival ta €nC.
1) Anuwoupyia aAyopiBuou poBAedng peAAOVTIKAG uypaciag, ELOIKA e
TIG HETABOAEC TOU Kalpo.

2) Erukolwvwvia pe AAAEC CUOKEUEC, OTIWG «EEUTIVA» TIOTLOTAPLA YL
QUTOMATO TIOTLOMA

3) Ano oAa auta Sev Ba pumopouoe va AetmeL, n HeTaTponn TnG ebaAPUOYNS
amo tn oTaTkA TNG Hopdn, o€ KvNTA yla tnv mpocPacn o€ mAnpodopleg
kot AnPn anodpacswv onoudAMOTE.

58

Institutional Repository - Library & Information Centre - University of Thessaly
03/09/2026 15:17:04 EEST - 216.73.216.250



BIBAIOI'PA®IA

[1] S. Madakam, R. Ramaswamy, and S. Tripathi, “Internet of Things (IoT): A literature review,”
Journal of Computer and Communications, vol. 3, no. 5, pp. 164-173, 2015.

[2] S. Razdan and S. Sharma, “Internet of Medical Things (IloMT): Overview, Emerging
Technologies, and Case Studies,” 2022. doi: 10.1080/02564602.2021.1927863.

[3] Z. Spitélova, “VEHICLE-TO-EVERYTHING COMMUNICATION,” 2023. doi:
10.26552/com.C.2023.017.

[4] S. Zeadally, J. Guerrero, and J. Contreras, “A tutorial survey on vehicle-to-vehicle
communications,” Telecommun Syst, vol. 73, no. 3, 2020, doi: 10.1007/s11235-019-00639-8.

[5] D. Kanthavel, S. K. B. Sangeetha, and K. P. Keerthana, “An empirical study of vehicle to
infrastructure communications - An intense learning of smart infrastructure for safety and
mobility,” International Journal of Intelligent Networks, vol. 2, 2021, doi:
10.1016/].ijin.2021.06.003.

[6] A. Rouchitsas and H. Alm, “External Human—Machine Interfaces for Autonomous Vehicle-to-
Pedestrian Communication: A Review of Empirical Work,” 2019. doi:
10.3389/fpsyg.2019.02757.

[7] I. A. Umoren, M. Z. Shakir, and H. Tabassum, “Resource Efficient Vehicle-to-Grid (V2G)
Communication Systems for Electric Vehicle Enabled Microgrids,” IEEE Transactions on
Intelligent Transportation Systems, vol. 22, no. 7, 2021, doi: 10.1109/TITS.2020.3023899.

[8] S. F. Ahmed et al., “Industrial Internet of Things enabled technologies, challenges, and future
directions,” Computers and Electrical Engineering, vol. 110, 2023, doi:
10.1016/j.compeleceng.2023.108847.

[9] J. Fan, Y. Zhang, W. Wen, S. Gu, X. Lu, and X. Guo, “The future of Internet of Things in
agriculture: Plant high-throughput phenotypic platform,” J Clean Prod, vol. 280, 2021, doi:
10.1016/j.jclepro.2020.123651.

[10] H. Talal and R. Zagrouba, “MADS based on DL techniques on the Internet of Things (loT):
Survey,” Electronics (Basel), vol. 10, no. 21, p. 2598, 2021.

[11] M. Che and M. F. Tuo, “Server Program Analysis Based on HTTP Protocol,” MATEC Web of
Conferences, vol. 63, 2016, doi: 10.1051/matecconf/20166305023.

[12] A. Gerodimos, L. Maglaras, M. A. Ferrag, N. Ayres, and |. Kantzavelou, “loT: Communication
protocols and security threats,” 2023. doi: 10.1016/].iotcps.2022.12.003.

[13] W. Zegeye, A. Jemal, and K. Kornegay, “Connected Smart Home over Matter Protocol,” in
Digest of Technical Papers - IEEE International Conference on Consumer Electronics, 2023. doi:
10.1109/1CCE56470.2023.10043520.

[14]  X. Liu, B. Cui, J. Fu, and J. Ma, “HFuzz: Towards automatic fuzzing testing of NB-loT core
network protocols implementations,” Future Generation Computer Systems, vol. 108, 2020,
doi: 10.1016/j.future.2019.12.032.

[15] D. Soniand A. Makwana, “A survey on mqtt: a protocol of internet of things (iot),” in
International conference on telecommunication, power analysis and computing techniques
(ICTPACT-2017), 2017, pp. 173-177.

[16] I Fette, Inc. Google, A. Melnikov, and I. Ltd., “RFC6455 - The WebSocket Protocol,” J Chem Inf
Model, 2011.

[21] Arduino IDE Documentation: https://docs.arduino.cc/software/ide-v2/tutorials/getting-
started-ide-v2/

[22] https://nodejs.org/en/learn/getting-started/introduction-to-nodejs

[23] MongoDB: https://www.mongodb.com/resources/products/fundamentals/basics

[24] MongoDB Atlas: https://www.mongodb.com/docs/atlas/

[25] ESP8266 WiFi library: https://arduino-
esp8266.readthedocs.io/en/latest/esp8266wifi/readme.html

59

Institutional Repository - Library & Information Centre - University of Thessaly
03/09/2026 15:17:04 EEST - 216.73.216.250


https://docs.arduino.cc/software/ide-v2/tutorials/getting-
https://nodejs.org/en/learn/getting-started/introduction-to-nodejs
https://www.mongodb.com/resources/products/fundamentals/basics
https://www.mongodb.com/docs/atlas/
https://arduino-esp8266.readthedocs.io/en/latest/esp8266wifi/readme.html
https://arduino-esp8266.readthedocs.io/en/latest/esp8266wifi/readme.html

[26] PubSubClient library: https://www.hivemg.com/blog/mgtt-client-library-encyclopedia-
arduino-pubsubclient/
[27]  ArduinoJSON library: https://github.com/bblanchon/Arduinolson

60

Institutional Repository - Library & Information Centre - University of Thessaly
03/09/2026 15:17:04 EEST - 216.73.216.250


https://www.hivemq.com/blog/mqtt-client-library-encyclopedia-arduino-pubsubclient/
https://www.hivemq.com/blog/mqtt-client-library-encyclopedia-arduino-pubsubclient/

	ΠΕΡΙΛΗΨΗ
	ABSTRACT
	ΚΕΦΑΛΑΙΟ 1: Internet Of Things
	1.1 Τι είναι το Internet Of Things
	1.2 Αρχιτεκτονική του ΙΟΤ
	1.3 ΙoΤ Hardware
	1.3.Α    Τι είναι το Node MCU ESP8266
	1.4 Πρωτόκολλα ΙoΤ
	1.4.A    Πρωτόκολλο HTTP (HyperText Transfer Protocol)
	1.4.B     Πρωτόκολλο AMQP (Advanced Message Queuing      Protocol)
	1.4.C     Πρωτόκολλο ZigBee
	1.4.D    Πρωτόκολλο Matter
	1.4.E    Πρωτόκολλο NB-IoT (Narrowband Internet of Things)
	1.4.F    Πρωτόκολλο LoRaWAN (Long Range WAN)
	1.4.G    Πρωτόκολλο CoAP (Constrained Application Protocol)
	1.4.Η    Πρωτόκολλο MQTT (Message Queuing Telemetry Transport)
	1.5 ΙoΤ Broker EMQX

	ΚΕΦΑΛΑΙΟ 2: Διαδικασία Εφαρμογής
	2.1 Back-End
	2.1.1 Arduino IDE
	2.1.2 NodeJS
	2.1.3 MongoDB & MongoDB Atlas

	2.2 Front-End
	2.2.1 Πρωτόκολλο WebSocket

	Κεφάλαιο 3: Αρχιτεκτονική της Εφαρμογής
	3.1 Υλοποίηση
	3.2 Περιγραφή

	Κεφάλαιο 4: Εκτέλεση της Εφαρμογής
	4.1 Κατασκευή του μετρητή
	4.2 Εκτέλεση και προβολή αποτελεσμάτων στο Arduino IDE
	4.2.1 Βιβλιοθήκη ESP8266WiFi
	4.2.2 Βιβλιοθήκη PubSubClient
	4.2.3 Βιβλιοθήκη ArduinoJSON
	4.2.4 Εκτέλεση στο Arduino IDE
	4.3 Σύνδεση με τον NodeJS Server
	4.3.1 Βιβλιοθήκες
	4.3.2 Εκτέλεση του server
	4.4 Υλοποίηση της ιστοσελίδας

	ΚΕΦΑΛΑΙΟ 5 Επίλογος
	5.1 Συμπεράσματα
	5.2 Βελτιστοποιήσεις

	ΒΙΒΛΙΟΓΡΑΦΙΑ

