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Smart Environmental Monitoring System using Microservices and

Container-based Virtualization

AHAQXH XYTTPA®EA AIITAQMATIKHY EPTAXIAX

O katwb voyeypappévos Baosthakog Ogpotoking tov lmavvn, pe apBpd untpmov
19390031 @ottnmg tov Ilavemompiov Avtikng ATTikng g Zxoing Mnyavik®dv tov

Tunpatoc Mnyovikeav ITAnpogopikng kot Y roroytotdv, SNAdve vredbuva Ot

«Eipon ouyypagéac avtg e OIMA®UATIKNG epyaciog kot 0Tt kdBe fonbsio TV omoia glya
Yol TNV TPOETOAGTO TNG EIVOL TANPOS OVOYVOPIGUEVT] KOl AVAPEPETUL GTNV EPYOTIAL.
Emiong, o1 6moteg mnyéc amd T1g omoieg £Kava xpnot 0EO0UEVDV, 10DV I Aé&ewV, glte
aKpPOg elTe TOAPAPPOAGUEVES, AVAPEPOVTOL GTO GUVOAO TOVG, LE TANPT AVAPOPE GTOVG
OLYYPOPELS, TOV EKOOTIKO O1KO 1] TO TEPLOJKO, GUUTEPIAAUPOVOUEVOV KOl TV TNYDV TOV
EVOEYOLLEVMG xpnoLoToOnkay amd to dtadiktvo. Eniong, fefardve dtt avti 1 epyacia £xet
ovyypagel amd PEVAE ATOKAEIGTIKG KOl ATOTEAEL TPOIOV TVELLATIKNG 1O10KTNGI0G TOGO OIKNG
pov, 660 kot tov [dpduarog. Iapdpfacn g avatépm axkadnuaikng pov evdvvng amotelel

0LGLMAON AOYO Y10 TNV AVAKANCT) TOL TTVYIOL LLOLY.

O AnAov
(vmoypagn)

Sk




EYXAPIXTIEX

H napovca simhopatikn epyoacio avarvel Evo eEapPeTIKE EVOLAQEPOV KOl SVCKOAO YVOGTIKO
OVTIKEILEVO Y10l TO OTTO10 AmoUTHONKE OPKETOC YPOVOS KOl TPOSTAHELD TOGO Yo TNV EPELVA
0G0 Kot yio v vAomoinon tg. '’ avutd Aowdv Ba NBeda va EYOPICTHC® TPMOTO TOV
emPAEnoV KaOnynT pov, k. Bacileio MdpaAn kat Tov cuv-enifAEn®V Kadnyntn Hov, K.
AmO6TOAO AVOyveOGTOTOVAO, 01 010101 e KaBodNyNoay Kot Lo £6MCaV TIG AmapaiTNTEG

SLUPOVAEC Yo TV 0pON Kot OAOKANPOUEV OVATTTVEN TNG EPYACTOC.

Téhog, Ba Beha Vo EVYOPIGTC® TNV OIKOYEVELD LLOV TTOV T TOV VITOGTPIKTIKOL Kol

evBappovtikol KaBOAN TV dAPKELN TOV GTOVODOV LOV.



ITEPIAHYH

Avtikeipevo g OIMA®UOTIKNG epyaciog amoTEAEGE 1) HEAETT, O GYEAAGUOG KOl 1) avamTuEn
evOg £EVTVOL GLOTNOTOG TTaPaKOAOVON oG TOL TEpIPdALovTog (environmental monitoring)
LLE XPNOT TEXVIKMV EIKOVIKOTOINOMG Paciopnévng oe meplékteg (container-based virtualization)

KOl OPYLITEKTOVIKNG LIKPOVTNPESIOV (microservices architecture).

Apyikd, peletnOnkayv ol omalTNoElS EVOG GLOTHLOTOS TOPAKOAOVONoNG ToL TEPIPAALOVTOG
®G TPOG TN GLAAOYN TOV OTOLTOVUEVAOV OEOOUEVAOV (Y10 TNV TOLOTNTO TOL AEPa, TOV VEPOD,

TOV £6GAPOVG K.0. LETPNCEMV) LE XPNOT E01KOV EOMMGHOV/GVOKEVAOV (Sensors KAT).

21 ovvéyewn avolvnkov ce BempnTiKOd eMImEdO GUYYPOVES TEXVOAOYIEC KOl EpyaLEiol TOL
YPNOOTOOVVTOL TOGO GTNV AVATTLEN AOYIGHIKOU YEVIKOTEPO, OCO Kol GTO TAOIGLO TNG

€PYOCing ALTNG.

TéLoc, vAomomOnke pio EQaproyn GLYKEVTPOONG KOl EMEEEPYUCIOG TMV OEGOUEVOV OVTMV
(Le KOO TNV TTOPOYN VANPECIOV TANPOPOPN OGNS Kot Tr) OPOUOAGYNOT ATALTOVUEVOV
EVEPYELDV, GE AUECO, BpoyvmpdOeso kat pakporpoBecuo eninedo), n onoia facicnke ota
epyareio Docker kot Kubernetes (pe and®tepo 6TtdOY0 TNV 0T0S0TIKY) LITOGTNPLEN KO

EVOPYNOTPMOT] TV TUPEXOUEVOV VINPECUDY GE KATAVEUNUEVO TEPPAALOV.



Abstract

The subject of this thesis was the study, design and development of an intelligent
environmental monitoring system using container-based virtualization techniques and

microservices architecture.

Initially, the requirements of an environmental monitoring system were studied in terms of
collecting the required data (air quality, water quality, soil quality, and other measurements)

using specific equipment/devices (sensors, etc.).

Subsequently, modern technologies and tools used both in software development in general

and in the context of this work were analyzed on a theoretical level.

Finally, an application for the collection and processing of this data (in order to provide
information services and the routing of required actions, in the immediate, short and long
term) was implemented, based on Docker and Kubernetes tools (with the ultimate goal of

efficient support and orchestration of the services provided in a distributed environment.
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1. Ewoayoyn

Kabdg ot emmtooeig mmg avlpomvng dpactnpdmrag oto mepfdiiov givar mAéov
TAYKOGHES KOl €KTElvOVTOL Omd TN POTOVGT TOL aépa Kol TOV LOATOV HEXPL TNV
vepBEPOVOT TOV TAOVATN, 1 OVAYKN Yo TPONYUEVES TEXVOAOYIEG TOPAKOAOVONGNG Kot
mopéuPaong elval o eneiyovca amd moté. [ owtd Aowmdv 1 mpoctacio Tov mteptBEAlovTog

KO 1 TOPOKOA0VON O™ TS TOOTNTAG TOL £Y0VV YiVEL KPIGIES OVNGLYIES OTNV ETOYN LLOG.

H paydaio avantuén g texvoroyiog TpospEpPeL VEEC SUVATOTNTEG Yo TNV TOPOKOAOVONON
Kot ™ owyeipon tov mepPdrirovroc. H ypnon mponyuéveov cvommuatov aichntpov,
TNAETIOKOMNONG, KOl TANPOQOPIKNG UTOPEL VO TTOPEYEL GTOVE EPELVNTEG KOl TO KOO
TANPOPOPIES GE TPAYUATIKO YPOVO, TOL EMTPETOVV TNV QUECT] OVTIOPOGT KO TV LIBETNON

OTOTEAEGUATIKAOV TOMTIK®V TPOGTAGIG TOV TEPPAAAOVTOG,.

>10 mAoicl0 OVTO, aVTH M OTPIPY] EMKEVIPOVETAL 0T GYediaom, TNV avamTuén Kot TV
ePapLoY” evOg £ELTVOV GLGTAHOTOS TOPAKOAOVONGNS TOL TEPIBAALOVTOG, XPNGULOTOIDVTOG

TEYVIKEG EIKOVIKOTOINGONG PACIGUEVEG G TEPLEKTEG KO APYLTEKTOVIKY| LUKPOVTNPECIDV.

1.1 Ztoyoc Awarpipig

Avt 1 datpiPn] givon pia Tpoomdbeio voo GLUPAALEL TNV avATTLEN KAVOTOU®V ADGE®V Yo
™V TopoKoAovOnon Tov TEPPAALOVTOS, YPNOUYLOTOIOVING CUYYXPOVEG TEYVOAOYIEC Kol
neBdd0VG. AVOLEVETOAL VO TPOGPEPEL CNUOVTIKEG EQAPLOYES GTOV TOUEN TNG TEPIBAALOVTIKNG

EMGTHUNG KOl TNG TOALTIKNG TPOGTAGIOS TOV TEPPAAAOVTOC.

1.2 YnoPaBpo I'vooewv

AwBdalovtag to 1° Kepdhato ¢ elcaymyng o avayvaotg Oa sival o 6éon va kataddapet to
KIvTPpO Yo TNV EKTOVNON TG OIMA®UATIKTG epyaciag. Enetta, oto 3° kot 6to ke@dAaio 4° Oa
AGPet 1o BempnTiKod LITOPaOPO TOV YPELALETOL Y10 TNV KATOVOTOT) TOV TEYVIKOV Kol
TEYVOLOYLOV TTOL Ba amoTeAéEGOVV TO BepéAio ABo TOV GLGTHOTOC TAPAKOAOVOT OGN G TOV

nepPdAlovtoc.



1.3 Aopn Epyaociog

Apyikd, 6o avolvBovv ta VThPYOV CLGTNUATO TEPPAALOVTIKNG TOPAKOAOVONGNC KOl TO
dgdopéva. Tov peTpAve avd katnyopia pomavons. ‘Emetta, Oo yivel avapopd ce TeXVIKEG
avanTLENG GLYYPOVOL AOYIGUIKOV Kol G€ TEXVOLOYie mov PonBoldv otnv vAomoinct tovg.
Téhog, Ba  avomtuyBovv o1 AEITOLPYIKEC OMOUTACELS €VOC TETOOV GULOTHUOTOS, Oa
TOPOVCIOGTEL 1) APYLTEKTOVIKY] KO 1] DAOTOINGCT TOV GLGTHUATOC, KAODS Kol 1 SIETAPT TOL

amd TN TAEVPA EVOG ¥PNOTN.

10



2. Xvomiuara [Heprparirovrikng HopakorovOnong

Ta tpéyovta cvotipate TeptPaAlovTikng mopakoAovdnong meptiapufdavooy éva evpv PAcua
TEYVOLOYIOV Kot HEBOdOAOYUDV TOL glval TPOGOUPUOGUEVE Yl TNV a&loAdYNon Kol
Jwyeipton mePPOALOVIIKOV TOPAUETPOV GE  O1APOPOVS TouElG. AvTtd TO. GLOTHHOTO
ypnoorootv cuvnimg Evav cuvdvacud st poV, TAATEOPUDOV GLAAOYNG OEOOUEVMV
KOl OVOADTIK®OV EPYOAEI®V Yoo TN CLAAOYY, emeepyacion Ko epunveia TEPPUAAOVIIKDV

dedopévmv. Opiopéva LITaPY®V GLGTAUATO TETOOV £100VG etvat Ta €ENG:

- AirNow: To AirNow, mov avantdoyfnke amd v Ymnpeoio IIpootaciag Tov
[Tepidrrovtog tov HITA, mapéyer dedopévo Kot TpoPAEYELS Yo TV TOLOTNTO TOV

aépa. GE TPOYUATIKO XPOVO Y10 TOAELG Ko TEPLOYES o€ OAeg Tic Hvompéveg [ToMreies.

- Hoykoomo Xvotnpo Xvotnudtov Hapatipnong e I'ng (GEOSS): To GEOSS
elvalr po ovvepyatikny mpwtoPfovAa vrd v myscia g Oupddoc vy Tig
[Mopampnoelg ™mg Img vy v evoopdtoon dedopévav  mepPAALOVTIKNG
napoakolovOnong amd Sidpopeg mNyEC maykoopimg. Xtdyog G eivor M mwopoyn
avolkTNG mpocPaong o€ mePPAALOVTIKE OedOpEVA, EPYOAElD KOl VIINPECIEG Yoo TN

My amopace®v Kol T PLdciun avantusn.

- Evporaikog Opyoviepog Iepiparrovrog (EOID): O EOII mapéyst minpopopieg
OYETIKAL LLE TNV TTOLOTNTO TOVL OEPA Y10 TIG EVPOTOIKES YDOPEG PECH TNG TAATOOPLOG
tov Acgiktn ITowvmtoag Aépa (AQI). Xvykevipover dedouéva omd ebvikd diktva
nopakorovOnong v v agloddynon tov emmEd®V TOWOTNTAG TOV GEPO KOl TNV

TOPOYT CLOTAGE®V OV GyeTilovTat e TNV VYeia TOV KOVOD.

- IIpotoPovria Qkeaviov IMaparnpnnpiov (OO0I): H OOl sivar éva diktvo
TAOTEOPUOV KOl ooONTp®V TOPATHPNONG TOV OKEOVOV TOV OVOTTUGGOVIOL GE
SAPOPES OKEAVIEG TEPLOYES Y10 TNV TOPAKOAOVONGT PUGIKADV, YNUKOV, BLOAOYIKOV
Kol yeoloyikov mapopétpov. ITlapéyer dedouéva oe mpoaypotikd yxpodvo Kot
poaxporpofeopo  dedopEVO Yo Tr UEAETN TNG OLVOMIKNG TOV OKEAVAOV, TOV

B0AAGGLOV 0IKOGLGTNUATOV KOl TOV EXMTOCEDV TNG KAUOTIKNG OAAAYNG.
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2.1 Enpaocio g eprpariovrixig IHapakorovOnong

“Onwg avaeépdnke Kol 0T0 KEQPAANIO NG E00YMYNG, N oNuUacio g TEPPUAALOVTIKNG
mopakolovOnong eivor  kpioyun vy ™V KOTOVONON TNG KOTAGTOONG TOL  (PUOIKOV
TePPAAAOVTOE KOl TOV  EMITOGEDV NG avOpomivng Jdpactnpomroc. Méow g
TapoKoAoHONoNG TV TEPIPAALOVIIKOV TOPAUETP®V, UTOPOVLE V. 0ELOAOYGOVLE TNV LYELL
TOL OIKOGVLGTNUATOS Kol VO avTIANGOoVUE TIG TAGELS TOL omattovy opdon. H mepifariioviikn
mopakolovOnon mapéyel emxiong t Pdon yioo TNV avATTVEN TEPPOAALOVTIIKMV TOMTIK®V, TN
Myn amopdoemv Kot v afloddynon g omddooNS TV HETPOV oL AapPdvovrot.
YVVOMKA, N TEPPOALOVTIKT TopakoAOVONoT Eival 0VGLOONG Yo TN deTPNoN TNG PLdcIUNG

avATTLENG Kot TNV TPOCTAGia TOL TEPPAAAOVTOC Yol TIG ETOUEVEG YEVIEG [1].

2.2 Tomor IleprfarirlovTiK®OV AgOOpEVOV

Y10 mAaioclo oVTAG NG OMAMUATIKNG epyociog, £xovv emheyfel TPV €10®V KoTYOpieg
puetpnoewv. ITo cvykekpuéva, Ba Tapakorovdeite 1 TOWOTNTA TOVL AEPO, TOL VEPOL KO TOV
e0dpovc. To exdotote €101 ATOTEAOVLVTOL OO TO OIKAG TOVG LOVOSIIKE YOPAKTNPIGTIKA, TO

omoia Ba avalvBovv TopaKdT®.

2.2.1 Agdopéva mapaxorovdnonc aépa
ZHETIKA e TNV To10TNTA TOL 0€pa, Ba pLeTprovvTon Ta €ENG dedopéva [2]:

- Temperature: Métpo ¢ Beppokpaciog 1 Tov YHYovs Tov aépa. Zvvnbwg PETPLETal

o€ PaBuovc Keioiov (°C) 1 Dapevdur (°F).

- Humidity: H vypaocia avagépetar otnv mocdtnta TV VOPATUL®OV TOL VIAPYOLY GTOV
aépa. Exepaletar cuviboc wg mocootd. H vynin vypacio vtodniovel mepiocotepn

VYpacia GTOV Aépa, EVAO 1 YOUUNAT VYPAGia LTOINAMVEL ENPOTEPO OEPQL.

- CO2: Awo&eidro tov avBpaka etvar éva dypmpo kot GOGHO 0EPLO TOL VITAPYEL PLCTKA
otV atpoceapa e I'mc. Hapdyetonr and v avomvor] T@v {OVIAVAOV 0pYOVIGUAOV
Kol amd TNV Kavor opukTtdv Kowoipmv. H tapakorovdnon tov emnédwv CO2 givan

ONUOVTIKN GE EGOTEPIKOVS YDPOLG Y10 TN SUCPAAICT] KAANG TOOTNTOC OEPOL.

12



- VOCs: Ot nmnrikéc opyovikég eVOGELS ivorl Lo Opdd 0pyovIK@OV YNIKOV 0VGLOV
OV UTOPOVV €VKOAN Vo eEaTUIoTOVV otov aépa. Exméumovtor amd dibpopeg mnyéc,
CUUTEPIAMOUPAVOUEVOV  TOV  OIKIOK®OV TPOTOVTIOV, TOV YPOUATOV, TOV 00V
KaBoplopod Kot TV OKOSOUIKOV LMK®V. OPIGUEVEC TINTIKES OPYOVIKEG EVDGELG
UTOpOvV Vo GUUBAALOVY GTN PUTOVGT TOL OEPO KOl VO, £XOVV TOOVEG EMMTMOELG

otV vyeia.

- PM2.5: Ta PM2.5 avagépovtol 6€ [UKPOGSOUOTIOW LE SIAUETPO 2,5 HKPOUETP®VY N
puikpotepn. Ta copatidln avtd propel vo tpoépyoviol amd ddpopeg myES, Omms o
KOOOEPLO TV OYNUATOV, Ol BLOUNXOVIKEG EKTOUTES KO 1] KAOGT) OPUKTMV KOVGIL®V.
Ta PM2.5 mpokalobv avnovyio emedn pmopovv vo Oteiedvcovv Pabid oto

OVOTTVELGTIKO GUGTIHO KO VO £X0VV SUCUEVEIG EMMTMOGELS GTNV VYELQL.

- CO: To povo&eidio Tov avBpaxa eivar Eva Aypoo Kol AOcHOo 0€Pto oL oynpatileton
otav ta Kadoa Tov TEPEYoLV dvBpaxa (0nwe N Peviivn, To EOA0 I TO PLGIKS AEPLO)
katyovtor ated®g. Ta vymAd emimeda povoéewdiov tov dvBpaxa pumopel va eivor
emkivovva, kabmg pmopel va emNPECCOVY TNV IKOVOTNTO TOLV COUOTOS VO LETAPEPEL

o&vydvo.

2.2.2 Agdopéva mapakorovdnong vepov
YHETIKA PLE TV TOLOTNTO TOV VEPOV, Ba peTprovvion Ta £ENG dedopéva [3]:
- Dissolved oxygen: To dwoAvpévo o&uydvo ava@épetol 6TV TOGOTNTU TOV OEPIOV
o&uyévouv mov givar dtodvpévo oto vepod. Eivar (otikng onuociog yio v emPioon
TV VOPOPlov opyavicuwv. Ta erapkr| eninedo daAvpévov o&vyodvov vrootnpilovv
To, Yaplo kot GAAOVS VOPOPLOVE OPYOVIGUOVS, EVD T YOUNAQ Emimeda UTOPOvV Vo

odnynoovv cg vo&ia, PAATTOVTOS TO VOATIVO OIKOGVGTILOTA.

- Oxidation-reduction potential: To Avvapukd o&elidwonc-avaywyng sival éva puétpo
™G KavOTNTAG VOGS SLOADUIOTOG VO OEEWOMVEL 1 VO OVAYEL OLGIES. XTO TAAIGLO TNG
TOWOTNTOG TOV VEPOV, TOPEYEL TANPOPOPIEC OCYETIKA LE TN GULVOAMKIN YNLUIKN

dpacTNPOTNTO Kol T SLVOTOTNTA TOL VEPOL va kKepdilel N va ydvel niektpdvia. To
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ORP ypnowomnoteitor cuyvd ywow v a&loAdynomn e OmOTELEGUATIKOTNTOS TMOV

dlepyaciwv eneEepyaciog vepov.

PH: To PH e&ivon éva pétpo g o&umntag 1 g aAkakdTTog VOGS S10AVUATOC.
Baoiletar oe g khpaxo amd 10 0 €o¢ to 14, dmov éva pH 7 eivar ovdétepo, TIHES
KAT® ToVv 7 givar 6Evo Kot TIHES v Tov 7 etvan akkaAiko. To pH tov vepo ivar pua
ONUOVTIKY] TOPAUETPOG, KAODG pmopel vo emnpedost TIg yMUIKES OVTIOPAGELS, T

dfec1dTTO OPENTIKOV GVOTATIKAOV Kol TNV VYEiD TV VOPOPL®Y OPYAVICUMDV.

Turbidity: H Ooiepomta eivan éva pétpo g Boiepdtntog 1 g BoAdtntag £vog
VYPOVL OV TPOKOAEITAL OO PEYAAO OPOUO UEHOVOUEVOV GOUATIOIMV. ZTO VEPO, T
BoAdTTo mpoKaAeitol GLUYVE OO AlWPOVUEVO OTEPED, OTMC 1AL, APYIAOC KOt
opyovikn VAn. H vymAn Bolotnrta umopel va ennpedost 1 oleicdvon 1ov mTog,
YEYOVOG MOV UTOpel Vo EMNPEACEL TNV aVATTLEN TV VIPOPLOV QLTAOV Kol TN

GULVOAIKT] VYEID TOV VOUTIVOV OIKOGLGTNUATOV.

Total dissolved solids: Ta O\likd dtwhvpéva oteped eivor £vo HETPO TNG GLVOAKNG
OLYKEVIPMOONG TOV OAVUEVOV OVGLOV GTO VEPD, CLUTEPIAAUPAVOUEVOV TMOV
OPLKTAOV, TOV OAATOV KOl TNG OPYOVIKNG VANG. Zuviwg ekppaletor oe pépn avd
exatoppdplo (ppm) M yrAootoypappo ava Aitpo (mg/L). Ta vymAd eminedo TDS

UTOPOVV VoL ETNPEAGOVY TN YELGT TOV VEPOV KOl UTOPEL VAL LTOINADVOLY LOAVVOT).

Temperature: H Beppokpacio Tov vepod eivor pio Ogpeddng mopaUeTpog mov
umopel va emnpedost 01popeg QULOIKEG Kol PloAoykéc dlepyacieg ota VOATIVA
owoovotnuoto. Emnpedlel m dwwivtdétta tov agpiov, Tovg petafoitkods puOuotg
TOV VOPOPLOV OPYUVIGMV KOt T GLUVOAIKT LYElD TV VOATIVOV owocvotnudtoy. H
Bepurokpacio mopakoiovdeitor cuyvd Yo v a&loAdynon g KataAnAdTnTag Tov
vEPOL Ylo. O1POpPES YPNOELG KOL Yo TNV aviYVELGT TLYXOV UN PUGLOAOYIK®V

HeTOPOADY.
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2.2.3 Agdopéva mapakorovOnong €6G.povg

ZyeTIKA PLE TNV TOLOTNTO TOV £0GPOVG, Ba petprodvtar ta NG dedopéva [4]:

Soil Temperature: H Oeppoxpacio tov £ddgovg avapépetor ot Oeppokpacio 6e
optopévo Bdbog katm amd Vv emedvela. Ennpedlel v avantuén tov eutdv,
pikpoflokn dpactnpotnTa Kot TN dbeciuotnto tov Opentikdv otoyeiov. H
mopakolovdnon g Ponbd otV KaTOvVONon TOV EMOYIKAOV SLOKVUAVOEDV Kol GTY|

BeATIOTOMOINGOT TOV YEMPYIKMOV TPUKTIKOV.

Soil Moisture: H edapikr| vypocio ivar €va HETPO TNG TOGOTNTOG TOL VEPOD TOV
VILAPYEL OTO £00.POC. XVYVA EKPpdleTan e Lovades OTmG Ta centibars (cbar), To omoia
VTOONAMVOVY TNV TACN TOL OmOLTEITAL Yio TV €EQY®YN vEPOL amd T0 £dapoc. H
napokolovnon g €daeing vypaciag elvar {otikig onuaciag yw TV
ATOTEAECUOTIKY Olayeipion ¢ Gpdevong kot v katavonon g dafeciudmrag

€000V VEPOD Y10 TOL PUTAL.

Electronic Conductivity: H nAektpovikn ayoyypodmta, 1 omoio cuyva HUETPATOL GE
YIMOOTA TOL YIAMOGTOV avl pETpo (MS/m), givor €vag SelkTng TG KavOTNTOG TOV
€00(POVG VO AYEL MAEKTPIKO pevpa. XyeTIlETAl PE TN CLYKEVIPMOT TOV OHAVUEVOV
aldtwv oto £0apoc. H vymin ayoypdtro propel va vrodnimvel ovénpéva exinedo

alatoNTag, £NNPedlovtag TNV AVATTLEN TOV PLTOV.

Volumetric Water Content: H oykopetpikn meplektikdtmto oe vepd eivor 1o
TOGOGTO TOL OYKOL €VOG £6APOVE TOV KOTAAGUPAVETOL A VEPO. ZuyVA LETPATOL GE
deciSiemens oavd pétpo (dS/m) wor ypnowomoteitor yw v aflohdynon g
KOVOTNTAG TOV €0GQPOVE VO Ayel NAEKTPIKO PELLLA, TOPEYOVTAG TANPOPOPIES Yo TNV

aA0TOTNTO TOV EAPOVG.

Salinity: AAlatdétra elvor n ocvykévipoon SwAvpéveov ardtov 6to £€00490C 1| GTO
vepd. H vmepPoikn orotdmmra pmopel vo eivor semuia yoo v ovimtoén tov
eLTOV, Kobhg emnpedlel ™MV TPOSANYN vePOL amd TS pilec TV PLTOV. XVVNO®G

petpléton o PN avd yida (ppt) 1 povadeg niextpikng ayoypotntag (EC).
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- Total Suspended Solids (TSS): Evd ta TSS cuvoéoviar cuvnbmg pe v motdtnta
TOV VOATOV, UTOPEL EMioNG va elvar onuavTikd Yo TV a&loAdYN o1 TG TOLOTNTOG TOV
€04povc, 10img o€ MEPLOYEG OV elvan emippenelc ot dPpwon. To vynAd emineda
ALWPOVUEVOV GTEPEDMV GTO £J0(POG UTOPEL Vo VITOONA®VOLY TpofArpato ddfpmong,
OOV TO. COUATIOW TOV EGAPOVE TOPACHPOVTIOL OO TNV OTOPPOT| TOV VEPOD 1) TOV
dvepo. H mapakorovdnon tov TSS o610 £da¢pog pnopet va fondnocet oty katovonon
TV pLOU®V SGPfpwong, ™S OTOAESG EOAPOVS KOL TNG OMOTEAEGLOTIKOTNTOS TWV

HETPV EAEYYOL TNG SLAPP®OTG.

- Flow/Volume: Xto mAaicto Tov €34povc, o1 HETPNGELS POT|g Kot GyKov gival Arydtepo
ONUOVTIKES GE GUYKPLOT LE TOL GLGTNHATA VEPOV. 2GTOCO, 1N KOTAvONoN TG KIvong
TOL vEPOL HECM TOL €3APOVG, Om®G ot pvOuoil dSMONoNG Kol TA YOPAKTNPIOTIKA
amootpayyons, eivor (oTikng onuaciag vy Tn dwyeipton Tov  €6APOVE, TOV

oXEOOGLO TNG APOEVOTG KO TNV EKTIUNGT TOV KIVOVVOL TANUUDPOC.

- Nitrate: Ta vitpikd eivar po poper) ald@Tov TOL €lvan amapaitnn Yo TNV avantuén
Tov eutev. Qot000, To LVHEPPOMKE emimEdn VITPIKGOV O©TO £50p0¢ UTOpel va
odnynoovv oe mepiParroviikd {nmiuoata OTtmg 1 POTAVOY TOV VOAT®V KOl O
evTpoPIopos. Ta eminedo ViTpiK®V PETPLOHVTAL CLYVA GE YIAOCTOYPOLLO OVAL ATTPO

(mg/L) N uépn avé exatoppvpto (ppm).

2.3 Xvykévrpoon dgdopivav

To mopoamdveo dedouéva GLYKEVIPOVOVTAL a0 GEVOOPES oL eivar tomoBetnuévol e pia
TANOOPA YEOYPUPIKOV TEPLOYDV, DCTE VO UTOPEGOVY VO KAADWYOLV OGO TTEPIGGOTEPO PAGHLA
umopovv Kot HAovv omevbelag pe kamowo diktvo. I[To cvykekpipévo, avikovv otnv
Katnyopio tov Awadiktvov v Avtikelpwévov (IoT) [5], to omoio Ba avarvbel o enduevo

KEPAAOLO.
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3. Avartoén Aoyropikov kat Teyvoroywkég Ilpooeyyioers

Av10 10 KEPALO eE€TALEL dLAPOpES TEXVOLOYIKES Tpoceyyicels. [Ipdta, Ba diepevvnoet Tic
OPYLTEKTOVIKEG LOVOMB®V Kot LKpoLTNPESI®V, KAOMOS Kot T onpacio Tov AladtkTiov TV
Avtikeyévav (IoT), g eikovomoinong (virtualization) Kot g EVOPYNOTPOONG TEPLEKTMV
(container orchestration) .Mg ovt6V TOV TPOTO, TO KEPAANLO D0 TAPEYEL L. GUVOALKY| EIKOVAL

TOV TPOCEYYIGEMV TOV YPNGUYLOTOLOVVTAL Y10 TNV GVYYPOVN avATTLEN AOYIGHIKOD.

3.1 MovolOiki) apyLTeKTOVIKN

H povoiBum apyrtektovikn [6] ava@épetol o€ o TopadoGLoKY| TPOGEYYIoN AVATTUENG
AOYIOUIKOD OTTOL 10 EPAPUOYT KATACKELALETOL G Lo eviaio, adlaipetn povado. Ze avtn
TNV OPYLTEKTOVIKT], OO TO GTOLYELD TNG EPAPUOYNG, GVUTEPIAAUPOVOUEVNG TNG DIETAPTG
YPNOTI, TNG EMYEPNGLOKNG AOYIKNG Kot TV EmMTEd®V TpdsPaocmg oe dedopéva,
EVOOUATMOVOVTOL GTEVA O€ o eviaia Baon kadika. H epappoyr cuvnbwg avornticoetat g
éva eviaio eKTeEAESIHO apyelo 1] ¢ £va GOVOAD GTEVA GLUVOIEOEUEVMV EVOTITMV TOV
ekteEAOVVTOL EVTOG TNG 1d10¢ depyaciag. Epyeton o€ avtiBeon pe to cOyypova apyLteKTovViKa
OTLA, OTMOG Ol LIKPOVTINPETIES, O1 0TTOIEC ATOGLVOETOVV L EPAPLOYT O LUKPOTEPES, YOAUPA

OLVOEDENUEVEG VI PETTES.

[Ewxova 1]: [Aneikovion Awaypdppatog MovoOukng E@appoyng|

=

c
2
=t

1]
—

c

(7]

(2]

()

1
o

Application Logic
Business Logic

17


https://levelup.gitconnected.com/the-advantages-of-microservices-vs-monolithic-architectures-94ce25ae3fd

3.1.1 ITA€OVEKTNNOTO KO LELOVEKTI|LOTO, LOVOMOIKNG OPYLITEKTOVIKNG

Oocov apopd To TAEOVEKTAUATO TG LOVOAMOIKNG OPYLTEKTOVIKNG £XOVLE TO EENG:
- Amhotnrta: H povolBikn apyttektovikn amionotel TNy dtodikacio g avantuéng,
KaBmG OAOKANPN N EPOPUOYN TEPLEYETOL GE Lo eviaia faon Kddwo. Me avtdv Tov
TpoOmo pumopet va petmBel o xpovog avamTuéng Kot YeViKa ta ££0d0., £101KE Yo LiKpd

Kol pecoio £pya.

- EvkoMia avéamtuéng: Me OLo To. GLGTATIKO GTEVA EVOMOUATMOUEVA, Ol
TPOYPUUUATIOTEG LITOPOVY EVKOAN VO TEPNYNOOVV KOl VO KATOVOT|GOVV TN SOUN Kot
T1G EAPTNOELS TG EPAPHOYTNG, OLEVKOAVVOVTOG TV DAOTOINGT VE®V

YOUPOKTNPLOTIK®V, TN 010pH®oT COUALATOV KOl TN cLuVTHPNoT TG Bdong kdduka.

AVTIOETOG, GYETIKA [LE TOL LEIOVEKTAUATO, EXOVLE OVTIGTOLYOL:

- IIpoxiosig emektaoipotntog: Ot LovOAMBIKES OPYITEKTOVIKEG LTOPOVV VL
ONUIOVPYNGOLV TPOKANGEIS OGOV OPOPA TNV EXEKTACIUOTNTO, KAOMG 1| EPOPUOYY
av&aveton oe péyefog Kot ToALTAOKOTNTA, 1) KAUAK®OOT YivETOL T OVGKOAT, 0pov
O\a T oToryeia Tpémel va kKMpakmvovtol poli. Avtd pmopel vo 00y oeL o€

OVOTTOTELECLLATIKOTNTA Kol VTEPTPOUN BEtoL TOpV.

- Iepropropévn teyrvoroyikn svehéio: Asdouévov 6tL OAa Ta oToLYElR EfvVO OTEVA
ouvoedepéva, Uopet va ivat SVoKOAO vo v1oBeTnBovV Véeg TEXvOoLOYiEG ) VO
avafodeTovV 01 VITAPYOVGES YWPIG VAL ETNPEASTEL OLOKAN PN 1| EQAPLOYT. AVTO
umopel va emodicel TNV KovoTopio Kot vo Suoyxepavetl Ty a&lomoinon Tov mo

TPOGPATOV EPYUAEIDV Kot TAOLGIWV.

3.2 ApYLTEKTOVIKI] HIKPOVTIPEGLOV

H apyttektovikn pikpobvmnpeciaov [7] elvar pia ohyypovn mpocéyyion oty avamtuén
AOYIoUIKOD TTOV QOEL [ EPOPLLOYT OC L0 GLAAOYN YOAXPA CLUVOEIEUEVOV VI PECIDV,
KoBepio amd TG OMOIEG AVIUTPOCMOTEVEL L0l CLYKEKPLUEVT] EMLYELPNUOTIKY AEITOVPYIO 1)
dvvatotnro. Kabe pikpoimnmpesio avontocoeton kot cuvenpeitol aveEdptnta, pe T Ok g
Baon kdodwKa, amobikevor 0ed0UEVOV Kot TPOTOKOALN emkotvoviag. H apyitektovikn tov
HKpoHINpecIdV Tpombel Ty gveMéia, TNV EMEKTAGIUOTNTA KOl TNV avOEKTIKOTNTO,

EMTPEMOVTOG OTIC OPLAOES VO OVATTOGGOLV OVEEAPTNTA, VO KAUOK®OVOLVY TO, GTOLYED
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EexmproTd Kot vo v1oBeTovV TEYVOLOYiES OV TaPLAlOVY KOAVTEPO OTIS AMALTIGELS KAOE

vanpeciog.

[Ewkova 2]: [Aeikovion Awaypappatos EQappoyng pikpovnnpeoiov]

User Interface

!

/ GatewaY \

1l

3.2.1 ITAEOVEKTINOTO KO LELOVEKTI|LOTO, OPYLTEKTOVIKIS LIKPODTPECLAOV

Ooov apopd To TAEOVEKTLATO TNG OPYLITEKTOVIKNG UIKPOVTNPESIOV EYOVLE T, EENG:

- Emekraocipotnro kon gveMéio: H apyitektovikt tov UKPODTNPECIOV EMTPENEL
GTOVG OPYOVIGHOVE VO KALOKMOVOLY Kot VoL EEEAIGGOVV TIC EQAPLOYEG TOVS TTLO
arotelecpatikd. Agdopévou 0t KaBe vnpesio Aettovpyet ave&aptnTa, ot opuadeS
UTOPOVV VO AVATTTUGGOVV EVILEPMOGELS KOl VO ELGAYOLV VEQ YOPUKTNPLOTIKA Y®PIig Vo
emnpealovy OAOKANPT TNV EQAPLOYN, OONYDOVTOG G TAXHTEPOVS KOKAOLG avATTLENG

Ko peyaAvtepn gveMéia.

- Teyvohroywn moucihopop@ia: Ot pKpODTNPEGIES EMMTPETOVY GTOVG OPYUVIGHOVS VOl
YPNOLOTOLOVV 10 TTOKIALL TEXVOAOYIDV KOl YAMCCHOV TPOYPUUUATIGHOD Y10l
JUPOPETIKEG VIINPEGIES, AVAAOYO LE TIG CLYKEKPLUEVES OTTOLTNGELS TOVC. AVT M
eveMéia emTpémel oTIC OPLAOES VO EMAEYOLV Ta KATOAANAOTEPO Epyaleia Kot TAaicLo

v KaBe oTotyelo, mpomBdvTag TNV KotvoTopio Kot TV TPOGUpULOGTIKOTNTA.
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ATOpPOVOGT 6QUANATOV Kol avOekTIKOTNTO: MEe TV amopdvmon TV LINPECIOV
HeTa&l Tovg, N APYLTEKTOVIKN KPOUTNPESIOV PEATUOVEL TNV AVOYN OE GOAALATO KOt
v avOektikdmTa. Edv o vinpesio amotoyetl | avtipetoniost TpofAnpata, avtod
dev emnpedlel amapaitnTo OAOKANPN TNV EPAPLOYT, KAODS AALES VIINPEGIEC HTOPOVV

Vo GLVEYIGOLY VoL AElTovpyoHV aveEAPTNTOL.

AVTIOETMG, OYETIKA LE TO LEIOVEKTNOTO, EXOVIE OVTIOTOLYOL:

Avénpuévn molvmhokotnta: H dayeipion evog kotavepunUEVOL GLUGTHATOS TOV
amoteAeiTon od TOAAATAEG LIKPODTINPETTES E10GYEL TOAVTAOKOTITO OGOV QLPOPA TNV
avamTuén, TV Topakoiovdnon kat v evopynotpwon. Ot opyavicpol tpémet va
EMEVOVGOVV GE 10YLPEG TTPAKTIKES KO EPYOAELD Y10 TV OTOTEAEGLATIKNY dtoryeipion

K0l GLVTIPNOT EQOPUOYDV oL Pacilovion 6e avTEC.

Agrrovpyki] empapoven: H apyltektovikn pKpodmmpesiav Uopel va 0dnNynoeL 6
ALENUEVO AELTOVPYIKO POPTO, KOOMG 01 OUAOEG TTPETEL VOL SLOYEPLOTOVV PUEYOADTEPO
aplOpd vInpPecLOVY, Kobepia LE TIG OIKEG TNG AT OELS AvVATTUENG, TOPOKOAOVONONG
Kol KAMpdKmong. Avtd umopel va 0dnynoel o€ LYNAOGTEPO KOGTOG VITOOOUNG KO

SLOIKNTIKT TOAVTAOKOTNTAL.

[poxioeis katavepunuévev cvotnudtmv: H emikowvovia petald pikpobnnpeciov
elodyel kaBvotépnon Kot ETPAPLVOT OIKTVOV, 10IMG o€ KOTAVEUNUEVA TEPPAAAOVTA.
Ot opyavicpol mpénet va 6xed1L0VV TPOGEKTIKA TIG AAANAETIOPAGELS TMV VITNPECLOV
KoL VoL €Qapolovy avOeKTIKA TPOTLTTOL EXKOIVAOVIOG Y10, VO LETPLAGOVY QVTES TIG

TPOKANGELS.

3.2.2 IIp®TOKOALY EMKOLVOVIOG HIKPOVTTN PECLAOV

2NV OPYLTEKTOVIKY] LUKPOUTNPESLOV, 1| ETKOWVOVID LETAED TV VANpecst®V [8] eitvan {oTikng

onpaciog yi mv e£0cOAAMON OTPOCKONTTNG OAANAETIOPAGN S Kot GLVTOVIGLOV. AVO Guyvd

YPNOLOTOLOVUEVA TPOTOKOAAQ Y10, TNV eMKovavio Tovg ivor to HTTP (Hypertext Transfer

Protocol) ka1 to AMQP (Advanced Message Queuing Protocol). To HTTP ypnoyionoteitat

eVPEMS AOY® NG ATAOTNTAS TOV, TNG GLUPATOTNTAG LE TOL TPATLTO, IGTOV KOl TNG EVKOAAG

VAOTTOINGNG TOV. ALEVKOADVEL TN GVYYPOVI ETKOIVOVIN LETAED VINPECIOV HECH

aAMMAETIOPAGE®V OiTNONC-0TOKPIONG, KAOIGTMVTAG TO KOTAAANAO Yio ceVpLo dov
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OTOLTOVVTOL ATTOVINGELS GE TPAYLATIKO YpdVo, Onmg kANoelg API kot epappoyéc 16tov. And
™V GAAN TAevpd, To AMQP glvar éva TpOTOKOAAO OVTOALAYTG UVOUAT®V GYESIOCUEVO Y10
acHyypovn entKov@vio, 6Tov To UNVOUATO AVTOAALGGOVTOL HETOED VINPESLOV LEGH OVPADV
avapovns. To AMQP emtpénel anocuvdedepéva potifa emKovoviog, ETITPETOVTS OTIG
VANPEGIEC VO AEITOVPYOVV OVEEAPTNTO KOl OLGVYYPOVA, YEYOVOS TOL EIVOIL TAEOVEKTIKO Y10
CEVAPLO TTOV ATOLTOVV OPYLTEKTOVIKESG TOV BacilovTol oe GLUPAVTO, ¥POVOTPOYPUUUATICUO
epyacidv Kot a&omot tapddoon pnvopdtov. Aglonowmvrog 1o to tpmtokorilo HTTP
000 ka1 10 TPp®TOKOAA0 AMQP, 01 apYITEKTOVIKEG LIKPODTNPESIDOV UTOPOVV VO TETVYOVV 10!
160ppoTia pHeTa&h GUYYPOVNG KOl ACVYYPOVIG ETIKOVOVING, KAADTTOVTAG OLAPOPES

OO GELS EQPOUPUOYDV Kot E0GQAAILOVTOS IoYVPES Kot OMOSOTIKEG AAANAETIOPACELS

VANPECLDV.

3.3 Awdiktvo Tov Avtikelpuévoy - Internet of Things

O 6pog 0T (Internet of Things) avagépetar e £val SIKTVO GLVOEOEUEVOV GLGKEVDV,
aoONTNPOV Ko OVTIKEILEVOV KOOMUEPTVIG XPNONG LE TO O100TKTVO, dIVOVTAC TOVS TN
duVaTOHTNTO VoL GLAAEYOLV, VO OVTOAAAGGOLV Kot VO avaAHOLV dd0oUEVA ALTOVOLLAL. 2T
oLvyypovn emoyn, To [oT &yel amoxkthoel oAoéva Kot peyoldTepn onpacio Ady® Tov

Babvtatov avtiktumov Tov 6g d1dPopec TTLYES TG LONG HOS KOL TOV PLOUNYavVI®V.

O1 teyvoroyieg IoT emtpémovv ™ dnpovpyia EEvavav teptPaAloviav Kol GUGTNUATOV, 0T
é€umva omitio Kot TOAELS péypL Propumyavikohs avTopaTIcpovs Kot Avoelg vyeiag. Emmiéov, 1o
[oT dwdpapatifel kpioo poOLO GTNV AVTILETMOTIOT] GOYYPOVAOV TPOKANGEWV OTTMC M
OOTIKOTOIN O™, 1 OlaxEipton TV TOPp®V Ko N TepParrlovtiky| frootpodtntoa. Ot TpoTofovAiieg
¢Eumvav Torewv a&tomolovy aentnpeg loT Kot avaidoels dedopévav yio v
TapaKoAoHONoN Kot T SLoYEIPION TOV AGTIKMY VTOSOUADV, TN HEl®ON TNG KOTAVAA®OOTG
evépyelag Kot tn PeAdtioon tov dnuociov vinpeciov. [Hapopoimg, Ta cuotuata
TePPUALOVTIKNG TapakolovOnong mov vtoostnpilovtal and 1o [oT dievkoAvvouvy TV
TapaKoA0VONGN TG TOHTNTAG TOL BEPA KOt TOV VEPOV GE TTPAYLLATIKO XPOVO, CLUPBAALOVTOG
GTOV LETPLIGHO TNG POTAVOTG KOl TNV TPOGTAGIN TOV QLUGIK®OV TOpwv. EKToOg amd T1g
Brounyovikég kot TepBoALOVTIKES EQOPUOYEG TOV, TO [0T €xel ONUAVTIKES EMTTOCEL OTNV
vyeloVoUIKT TtepiBodiy, e TN SLVATOHTNTA VO PEPEL EMOVAGTACT] GTI PPOVTION TV acHeVAV,
T Jwyeipion Twv acbeveldv Kot Vv 1aTpik] £pevvo. Ot popNTEC GVOKEVEG, TOL GUGTILLOTO

OO LLOKPLGUEVIG TOPAKOAOVONGNG Kot Tl EELTTVOL LOTPLKG EPPVTEVUATO, ETLTPETOVY TN
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ouvveyn mopakoAovONomn TG vyelag, TNV Eykailpn aviyvevor TpoPAnudtov vysiog Kot Tig
eEOTOUIKEVIEVES OEPATTEVTIKES TPOCEYYIGELS, 0O YDOVTOG GE PEATIOUEVE ATOTEAEGILOTA VYELOG

KOl LELOUEVES OUTAVEG VYELOVOUIKNG TEPIBaAYT.

2vvolkd, n onpacio Tov IoT ot obyypovn emoyn Eykettar 6Ty KavoOT T TOL VO TPOWOEL
NV Kotvotopio, vo BEATUOVEL TNV OTOTEAECLATIKOTITA KO VO, AVTILETOTILEL TIC KOWVOVIKEG
TpokANoelg e dapopovg Topels. Kabmg ot teyvoroyieg IoT cuveyilovv va eEehicoovtan kot
Vo TOAMATAAGIALOVTOL, OVOUEVETOL VO O10OPALATICOVV OA0EVE KO TTLO KEVIPIKO pOAO OTN
SUOPPMOT] TOV SLALGLVIEIEUEVOL KOGLLOL LLOG KOl GTNV TPOMONGN TOL YneLoKov

LETAGYNUOTIGLOV 6€ OAOVG TOLG KAAOOVG KO TIG KOWVMVIES.

[Ewkova 3]: [Aeikovion [oT]

INTERNET OF THINGS

3.4 Ewovomnoinon - Virtualization

H ewovikomoinon etvon po BepeMddng teyvoroyia [9] mov emrpémet tn dnpovpyio

EIKOVIKMV EKOOCEMY VTOAOYIGTIKMOV TOPWV, CUUTEPIAAUPAVOUEVOV SOKOUIGTMV, GUCKELAOV
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amofnkevong Kot SKTVV. Me TV agaipecn Tov PLGTIKOD VAIKOD amtd TG EPAPLOYES
AOYIOUIKOD, 1) EIKOVIKOTOINOT) EMTPEMETOL 1] EKTEALECT] TOALUTADY EIKOVIKMV GTLYOTOTOV
o€ €va LOVo PLGIKO PNYavn o, Yvooto og hypervisor. Avti 1 texvoAroyio Exel EPEL
enavactaon otov Topén Tov [T Bedtidvovag T ypnomn TV TopwV, TNV EXEKTAGIUOTITO Kol
mv eveMéia. Emrpénetl v evomoinon tov eopTmv epyaciog, LEUOVOVTOS TO KOGTOG TOV
VAKOV KoL TV KATOVIAMON EVEPYELNS, EVA TOPAAANAQ BEATIOVEL TNV OTOSOTIKOTNTO TOV
dwakopiotn. EmmAéov, dtevkodvvel Ty dlayeipion Kot Tapoy TOpV, EMTPETOVTIOS OTIG
OULAOEG TANPOPOPIKNG VO KATOVELOLY OLVOUKE DTTOAOYIGTIKOVS TTOPOVS OVAAOYQ LLE TN
Mon. EmmAéov, n elkovikomoinom evioyOel TNV ovOEKTIKOTNTA TOL GUGTILLOTOG KO TIC
JUVATOTNTES OMOKATAGTOONG OO KOTAGTPOPES, KAOMDG 01 EIKOVIKES UNYavES LTopohv DKOAN

Vo LeTapepBohV i va avTypapohv 6€ GLGIKOVG KEVTPIKOVG VITOAOYLIOTES.

2VUVOMKAQ, 1) EIKOVIKOTOIN O £XEL YiVEL 0KPOY®VI010g AIBOC TV GUYYPOVOV OPYLITEKTOVIKOV
KEVTIPOV 0£00UEVAV, dTvovTag TN SVVATOTNTO GTOVG OPYOVIGLOVG VA BEATIGTOTOIOVV THV
vrodoun IT tovg, va eEopBoroyilovv Tig Aettovpyiec TOVG Kot va Tposaproloviat oTig

eEEMOCOUEVES EMYEIPNUATIKEG OVAYKES.

3.4.1 Ilgprékteg - Containers

Ot eplékteg givor pio EAa@PLE LOPPT] EIKOVIKOTOINGNG OV TOKETAPEL TIC EPAPUOYES KO TIG
e€OPTNOELS TOVG GE AMOUOVOUEVE, POPNTA TEPPAALOVTO. e avTIOEST] [IE TNV TOPAOOGLUKT)
EIKOVIKOTOIN G, 1| 0TOi0l EIKOVIKOTTOLEL OAGKAN PO TO AEITOLPYIKO GVOTNLLA, TO containers
popaovTal TovV TUPVa TOL KEVIPIKOV AEITOVPYIKOD GUGTIOTOG, 0ONYOVTOS G YOUNAOTEPN
emPapuvon Kol TaOTEPOVS YPOVOLS ekKivnong. Ot TEPIEKTEG YPNOLUOTOIOVV TAATPOPIES
gumopevpatonoinong 6mmg 1o Docker (Ba avaivbei oe endpevo Kepdimo) yio v
evBuAdkmon epappoydv, PAodnkadv kot apyeiov puiuicewyv, eEacpoiiloviag cuvErEln Kot

QOPNTOHTNTO GE SLOPOPETIKA VITOAOYIOTIKA TEPIPAAAOVTOL.

Emutpénovv 6toug mpoypaplotiotég va Onpovpyoly, vo SoKIalovy Kot vo ovarttiGGouV
ePAPLOYES TaOTEPO KOl 0ELOTIGTA, KAOMG O EQAPLOYES TTOL TPEXOLV GE TEPLEKTEG UTOPOVV
e0KoAa va, avarTuyBodv og dlapopetikd meptBdAlovta, amd PopnToHS VITOAOYICTES
avATTLENG £G O1OKOUIGTEG TTOPOY®YNGS. 20TOG0, TapoLGsLalovy TPOKANGCELS Tov oyeTilovTal
LE TNV ACQAAELD, T1) OIKTVMGCN KOl TNV TOAVTAOKOTNTO TNG SLOYEIPIONG, ATOUTMOVTOS OO TOLG

OPYOAVIGLOVG VO, EPAPUOGOVV 1GYVPES ADGELS EVOPYNOTPMONG. LUVOAIKA, TO containers £youv
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avadeyBel O Lo LETOGYNUATICTIKY TEXVOAOYIO Y10 T1 GUYYXPOVT aVATTTLEN Kol EYKOTAGTAOT)

EQOPLOYDV.

3.5 Evopynotpoon lepiektov - Container Orchestration

H evopynotpwon mepektav [10] givar pro kpioyun Ttoyn e amoTeAEGHATIKNG dlayeipiong
Kol KMpdKmong epapuoyav pe containers. [eptlappdvel tnv avtopatonoinon g
aVATTUENG, TNG KALUAKMONG Kol TS OlaXEIPIoNG TV QOPTI®V £PYACiaG TOV EXOVV
EVOOUATOOEL G TEPLEKTEG GE £vOL GCOUTAEY LD VTTOAOYICTIKAOV TOpmV. Me Alya Aoy,
TaPORotaLovV ToV pOLO EVOG HOEGTPOL OV ivat VITELOLVOG Yo TNV 0pON Acttovpyia EvHg
TANPOPOPLOKOH GUOTHHATOG, OOV OAEC Ol LIINPESIEG TOL Eival YWPIoUEVO OE TEPLEKTEG. ATLO
TO TPONYOVUEVO KATOAAPOIVOLUE T™G EvaL KATL ATIGTELTA XPNGULO KATE TNV OVATTUEN
AOYIOUIKOD LE TNV OPYLTEKTOVIKY] LIKPOVTNPESLAOV, Ol 0TToieg £xovv LAOTOMOEL pe TV xp1ion

containers.
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4. Teyvohoyieg mov ypnopomodnkay

To kepdroro avtd eEeTdlet TIG KUPLEG TEYVOLOYIES TOV XPNGILOTOMONKOY KOTA TV ovATTLEN
10V TEPPAALOVTIKOD GLGTHLATOG TapakolovOnong. [leptiapfaver pio TAnBmpa epyareiov
KOl OVOADEL ETIONC TIG TPOKANGELS KO TOL TAEOVEKTNHOTO KAOE TEYVOLOYiag Kol T onpacio

NG EMAOYNG TOV KATAAANA®VY TEYVOLOYIDV Y10l TNV EMLTLYN VAOTOINGT TOV GLGTHUATOC.

4.1 Teyvolroyieg avamTLENS LIKPOVTPECLOV

4.1.1 Java

H Java [11] eivon pior e0€MKTN KoL EDPEWMS YPNCUYLOTOLOVUEVT] YADGGO TPOYPUUUATIGILOD TOV
onpiletan kupiog yo v avelaptnoio e omd to TepPALAOV avarTLENG TNS. Ap)IKd,
dnpovpyndnke and T Sun Microsystems to 1995 kot £ktote €yet yivel akpoymviaiog Abog
NG OVATTTUENG ETLYELPNUOTIKOD AOYIGHULIKOV, TNG EPOUPLOYDV Y10, KIVNTEG GUOKEVEG KoL
otoceAidmv. Ta Bacikd yapaKTnploTIKd TG TEPIAAUPAVOLV TNV AVTIKELEVOSTPAPT SOUT,
™V ovTopat dtayeipion g LNUNS (LESM TS GLAAOYNG CKOLTTIIUDV) Kot TN dSuvaTOTNTA
"yphye pia @opd, TPEEE OTOVONTOTE", TOV EMITPEMEL TO HOVTIELO PETAYADTTIONG bytecode.
EmnAéov, to tepdotio otkosvotnua BipAodnkdv kot TAaiciov TpiT®V KOTACKEVACTOV TNV

KaB16TOOV SNUOPIAT EMAOYN Y10 TPOYPOUUUATIOTEG GE OLAPOPOVS TOUELS.

4.1.2 Spring Boot

To Spring Boot [12] givat éva 1oyvpd kot ePEMS YPNGLLOTOLOVEVO TAAIGLO Y10l TN
ONpovpyic SSIKTLAK®V EPUPLOYDOV Kol KPOLTNPESIOV Pacicuévey o€ Java.
AvantoyOnke and v Pivotal Software kot kukhopopnoe to 2014, 1o Spring Boot mapéyet
OTOVG TPOYPUUUATIOTEG Evay BEATIOUEVO TPOTO Yo TN ONUIOVPYIC AVTOHVOU®Y EPAPLOYDV
TOPOYOYIKNG TOOTNTOAG LE EAAYIOTY EYKATAGTAOT Kot dtapdpemon. [Ipoceéper pia cepd
a0 YOPOKTNPIOTIKE, OTMG EVOOUATMOUEVOLS OOKOUOTES, Olayeipion eEaptnoemy, dlayeipion
PLOUICEDV KOt YOPOUKTIPLOTIKA ETOLLO Y10, TOPOYMYY], OTMG LETPNOELS, EAEYYOL VYEIOG Ko
acearele. H apBpmt apyttektovikn g EMTPETEL GTOVG TPOYPUUUATIOTEG VO TPOGHETOVY 1)
VoL POV EDKOAN GTOTXELD aVAAOYO [LE TIG AmOUTNOELS TOV £pyov. Me 10 Spring Boot, ot
TPOYPULUUATIOTEG LTOPOVV VO AVOTTOGGOVV KOl VO, (VOTTTUGGOLV YPTYOPO. EPOPLOYEGS,
eoT1aloVTag TEPIOCOTEPO GTNV EMLYELPTGLOKT AOYIKT KOl AYOTEPO GTIG AVIGLYIEG Yol TV
vTodoun. XVVoAkd, To Spring Boot £yel yivel ) emA0YN Y100 TNV KATOGKEL IGYLVPADV KoL

KMUOKOOUEVDV €QapUOYDV Java ot cOyypovn avamtuén AoyIGHIKOD.

25



4.1.3 Maven

To Apache Maven [13] eivaun éva gvpéwg d1adedopévo epyoreio avtopatomoinong
dnuovpyiag Tov xpNoHomoleital kKuping yio £pya Java. Xpnoiomotel po SnAmTIKN
TPOGEYYLoN Yol TN OUOPE®OT ToL £pyov péow apyeiwv POM (Project Object Model)
Baswopévav oe XML, ta omoia kaBopilovv To LETAOEOOUEVE TOV £PYOV, TIG EEAPTNOELS, TIG
(QAGCELG KATAGKELNG Kot ToL Tpdcbeta. Me to suykekpipévo €xet T duvatotnta, va katePalet
Kot TEPAapUPaveL avTOpTA EEUPTNOELS £PYOV OO ATOUAKPLGUEVA amoBeTnpla,

ATAOTOLDVTOG TNV EVoopat®on BipAodnkadv tpitwv.

4.1.4 MongoDB

H MongoDB [14] givat éva Onpo@IAESG, 0vOIKTOU KMOKO GOGTNHA dlayeipiong Bacemv
dedopévmv NoSQL, oyedracpévo ya eveMéia, emektacttdtnto Kot VYNAES EMOOGELC.
[Mapovcidotnie o 2009 and v MongoDB Inc. kot amoxAivel amd ta TopadosioKd
CLOTNHOTA OLOXEIPLONG OYECIAKDY PACEMV OEGOUEVAOV (PN CLUOTOIOVTOS £VOL LOVTELO
OE0UEVOV TPOGAVATOMGUEVO GE £YYPOAPO. AVTL Yl TIVOKES KOt YPAUUES. AToONKEVEL
dedopéva og gvéhkta £yypaea Tomov JSON, kafiotdvTag TV KATAAANAT Y10 TO XEPIoUO
AdOUNTOV N NUOOUNUEVOV OES0UEVOV KOt TNV TPocappoy” o€ eéehosopeva oynuata. Eva
amd T Pacikd YoupaKTNPIoTIKA TNG, £ivat 1 IKOVOTNTA TNG VO KAILOKOVETOL 0p1lovVTIo G
TOAAATTAOVG KOUPOVG, EMTPEMOVTOG TNV OTPOCKOTTN EXEKTACT] Y10 TV TPOCUPLOYT O
av&avopevo oyko dedopévav kot eoprtia kivinong. [Ipoceépet mAovoeg duvatdTNTEG
epoTUdTOV, cuprepthappavopévng e vrootpiEng ad-hoc epotnpdtwv, evpetnpioong Kot
AYWYDOV CLYKEVIPMOTG, SIELKOAVVOVTOG TNV OTOTEAEGILATIKT OVAKTNOT KO 0VOAVOT)
dedopévav. To SuvapIKO oyNUa Kot TO EVEAIKTO HOVTEAD dedopévav TG MongoDB divovy
JUVOTOTNTO GTOVG TPOYPOUUUATICTES VO ETAVOLAUPAVOVY YPTYOopa, VO TPOGapUOLOVTOL OTIG

HETAPOAAOUEVEG ATOLTCELS KO VO ONULIOVPYOLV EQUPLOYEG TLO ATTOTEAEGLOTIKGL.

4.1.5 RabbitMQ

To RabbitMQ [15] eivou éva evp€mc YpMGIULOTOLOVEVO AOYIGUIKO JlaLEGOAPNTH
UNVOUAT®V 0VOIKTOU KMOKO TTOL SIEVKOADVEL TNV EMKOV@OVIO LETAED SL0POPETIKMV
TUNUATOV Kataveunuévav epaproyav.Ilapéyet o woyvpr| vrodoun avtaAiayng unvopdtmv
mov Paciletar oto Tpodtvmo Advanced Message Queuing Protocol (AMQP), kaBiotmvtog to

WaviKo Yo T dnpovpyic: KAUOKOVUEVOV Kot 0&OTIGT®MV GuoTHATOV. YTootnpilet

26



ToALOTAG potifa avtadiayng unvopdtov, dnwg point-to-point, publish/subscribe,
request/reply Kot dpopoAOYNoN, EMTPENTOVTING GTOVS TPOYPOUUUATIOTEG VO GYESALOVY
oLVOETEG POEG EMKOVAOVIOS TTOV VO OVTOTTOKPIVOVTOL GE GUYKEKPIUEVEG OVAYKES TNG
epapuoyns. [lpospépet mponyuéva xopaKTnPIoTIKA, OTWS EMPEPUOCELS UNVOUATOV,
AVOEKTIKOTNTO UINMVUUATOV Kol OpOLOAOYN O UNVLUUATOV BAcEL Kavovmy Tov opiloviot amd
10 ypnotn. To RabbitMQ evoopatdvetal eniong onpoOcKOnTa LLE O1APOPES YADCTES
TPOYPOUUATIGHOD Kot TAaioa pécm PifAlodnkdv-tehatdv Kot vrootnpilel ™
SAeIToLPYIKOTNTO e BAAD TPOTOKOALN ovTaAhayTg unvopdtov, onwg to MQTT kot to
STOMP. Me t1¢ vynAéC eMBOCELS, TNV EXEKTACIUOTNTA Kot TNV gveA&ia Tov, To RabbitMQ
&xet yivel akpoywviaiog ABog g oOYYpOovIG APYLTEKTOVIKTG LKPOVTNPESLOV,
TPOPOSOTMVTOG AVGEIS OVTOALNYNG UNVOUAT®V GE £Va VPV PAGLLO BLOUNXOVIOV Kot

TEPUTTAOGE®V YPNoNG, 0nwg cloud computing, microservices, [oT kot dAla.

4.2 Teyvolroyieg avamTving olemaPng YPNoTn

4.2.1 JavaScript

H JavaScript [16] elvat pia 0K Kot e0pEMG YPNCLUOTOIOVUEVT] YADOTO
TPOYPOUUUATIGHOD, YVOGTH KVUPIS Yo T pOAO TG 0TV avAmTuEn 1oToceAidwV. [Ipdkettan
Yol pio S1EPUNVEVOUEVT] YADGGO LYNAOL ETUTEOV KO EKTEAEITAL OO TOVG PUAAOUETPNTEG
1670V, EMTPETOVTOG TN dNUovpYio ceEVAPIOV amd TV TAEVPE TOL TEAATN Y10 TOV SLVOIKO
xepopd g HTML, g CSS kot tov Movtélov Avtikeipévov Eyypagov (DOM). Avti
dUVaATOHTNTO EMTPENEL GTOVG TPOYPOUUUATIGTEG VO, OTLLOVPYOVV dVVAIKEG 1IGTOCEAIDES, VL
yepiloviat TIg AAANAETIOPAGELS TOV XPNOTMV KOl VO ETIKVPDOVOLV POPLESG EIGOJ0V GE
TPAYLOTIKO ¥pOVO Ympic va arorteiton enesepyosio amd tnv TAevpd Tov dtokoptot. To
TAOVG10 otkosVoTNpa BiAodnkov kot TAoicsiov e JavaScript, counepthapfavouévev tmv
React, Angular ko1 Vue.js, evioydel meportépm TG SLVOTOTNTES TG Yl T OMovpyio
oUVOETOV EPAPLOYDOV 1GTOV, EPAPLOYDV piaG oeAidaS (SPA) Kot TPOOSELTIKAOV EPAPULOYDV
16100 (PWA). Mg v mavtoyov mapovsa Topovsio Te, TV eveM&ia TG Kot TV EKTETAUEVN
vrootpign g kowdtntog, 1 JavaScript £xet yivel amapaitnto epyaieio yio Tovg
TPOYPUUUATIOTEG 10TOV TOYKOCUIMG, 0ONYOVTOS TNV KAVOTOUIN KO TPOPOSOTOVTAG TO

oLYYPOVO OIKOGVGTI L TOV SLAOIKTVOV.
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4.2.2 React

H React [17] eivon pa toyvpn kot evpémg ypnotporotovpevn Bipatodnkn JavaScript yio tnv
kataokeLun dtemapav xpnotn (Ul), 1ding yio epappoyés piag oeridag (SPA) kot epappoyég
1610V pe ovvheta, dStadpactikd otoryeio UL AvamtoyOnie and to Facebook,kuklopopnoe to
2013 kot €xel amoKTNoEL TEPAGTIO SNUOTIKOTNTA HUETAED TWV TPOYPAUUATIOTOV AOY® TNG
INAOTIKNG Kot Bactopévng o€ otoryeio Tpocsyyiong tov oty avarntuén UL Xpnowonotet
éva ewovikd DOM (Document Object Model) yio v amoTeAEGHOTIKY] EVILEPMCT KO
amOd00T TOV CTOXEI®V, e amoTtédecpa BeEATiopéVN amddooT Kol amdKplon 6€ GUYKPIoN e
TIC TOPad0GLaKEC Tpooeyyioels xeptopod tov DOM. ‘Eva and ta facikd yopaktnplotikd e
elvai 1 ovvtagn JSX, n omola emttpEnel GTOVG TPOYPAULATIOTESG VAL YPAPOVY KOOIKO, TOV
potélel pe HTML amevBeiog pésa otnyv JavaScript, BeAtiddvovtag Tnv ovaryveoSLOTNTO Kot
TN GLVTNPNGHOTNTA TOV KMOWKA. Mg TNV amhdTnTa, TNV ETEKTAGIHOTITO KOt TO E0POCTO
owoovotnua, 1 React £xet yiver pia omd tig wo didonpeg EMA0YESG yia T dnpovpyio
oLYYPOVOV KOl SLOOPOUCTIKAOV SIETAPDV YPNOTI), TPOPOSOTMOVTOS EPAPLOYES Y10 EVaL EVPY

QAGLLO. BLOUNYOVIOV Kol TEPUTTOGEDY YPNONG.

4.3 Teyvoloylieg EIKOVIKOTOIN GG KO EVOPYICTMONG

4.3.1 Docker

To Docker [18] elvar o ioyvpr] TAATEOPLLOL KO EVOL GUVOAO EPYAAEIDV Y10l TNV KOTAGKELT,
OTOGTOAN KO EKTEAECT] EPAPLOYADV LEGA GE EAAPPOVS, POPNTOVS TEPLEKTEG. Kukhopopnoe
70 2013 Kou £Qepe EMOVAGTACT] GTNV AVATTLEN KO OVATTUEN AOYICUIKOV E1GAYOVTOG TNV
TeyvoAoYia containerization. To containers givot 0VTOTEAN, OTOUOVOUEVO TEPPAAAOVTIO TOV
TOKETAPOVY L EPOPLOYN KOl TIS EEUPTNGELG TNG, CLUTEPIAAUPOVOUEVDVY TV BLA0ON KOV
KoL TOV apyelov dSlopdpemongs, o€ pia eviaio povadao. To Docker mapéyet o tomomompévn
HOPOY| Yl TN ONIOVPYia, T SLOVOUT KOl TNV EKTEAECT TEPLEKTAOV, eE0c@AAIOVTAG CLUVETELN
o€ JPOPETIKA TEPIPAALOVTA, OO TNV AVATTVEN £mG TV Topaywyn. Eva and ta Bacikd
YOPOKTNPLOTIKAE TOV EIVOL 1) XP1OT TOV EKOVOV TEPLEKTAOV, Ol OTOIES YPTGULEVOVY MG
oxeOOYPALILOTO, KOl LITOPOLV Vo, dnpiovpynBovv ypnoiponowwvtag Dockerfiles (apysio
pvOuicewv Paciopéva og keipevo mov kabopilovy Ta Ppata yror T dnpovpyio pog
ewovag). To Docker Hub, éva pntpoo Baciopévo oto cloud, priolevet £va tepdotio

amofETIPLO TPOKATACKEVAGUEVOV EIKOVAOV TOV Ol TPOYPUUUATICTEG UTOPOVV VO AVIAT|GOVV
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KOLL VOL YPNGLOTOGOVV Y10l Vo BEATIOCOVV TIG POES £pyaciog Tovg otnv avdmtuén. Empénet
GTOVG TTPOYPOUULATIOTES VO ONULOVPYOVV EQOPLOYES Lot POPEL KL VO TIG EKTEAOVV
OOVINTOTE, AVEEAPTNTO A0 TNV LVITOKEIUEVT LITOSOWUT, EITE TPOKELTOL Y10, OIUKOMGTEG OTIG
EYKOTACTAGELS, EITE Y10 EIKOVIKEG UNYAVES, gite yia mhatedpueg cloud. EmumAéov, amlomoel
T Jtdkacio St eip1ong Kot KAMUAKMONG TOV EQUPUOY®OV, KOOMOC Ta containers umopovv
€0KOAQ VO, EVOPYNOTP®OOVV KoL VoL S10YEPLGTOVY YPNGLOTOIDVTOG TAATPOPLLES
EVOPYNOTPMONG EUTOpELHOTOKIPOTIOV OTT™G To Kubernetes 1) to Docker Swarm. Me éugoaon
oTN EOPNTOHTNTA, TNV ATOSOTIKOTNTA Kol TV enckTaciudtnTa, To Docker £xet yivel
amopoitnTo epyareio yia T cOYYPOVI AVATTLEN AOYIGUIKOV, ETITPETOVTOG GTOVG
OPYOAVIGHOVG VO ETLTOYVLVOLV TIG TPOKTIKEG DevOps kot va felTidcovy Ty avantuén

APYLTEKTOVIK®OV OV Pacilovtal 6€ HIKPOVTNPETIES.

4.3.2 Kubernetes

To Kubernetes [19], cuyva cuvtopevpévo wg K8s, sivar piia mAatpoppa opynotpmong
OVOIKTOU KOJIKO Y10 EPAPUOYEG GE EMIMEDO TEPIEKTMV, TOV APYIKA avorTOYXONKE OO TN
Google ka1 apydtepa dwpiotnke oto Cloud Native Computing Foundation. Kvkhopdpnoe 10
2014 ko avtopatonotel TV avantuén, v €TA0YN KAIHOKOG Kot T dtaeipion twv
EPOPUOYDV TOV EKTEAOVVTOL OE TEPLEKTES. M1a amd TIC facikég TOV Aettovpyieg eivon n
ONAMTIKY] TPOGEYYION GTN SLUYEIPLON TOV EPAPLOYDV, EMTPETOVTAG GTOVS XPTOTES VO
opifouv 115 emBuuntég Kataotdoelg ypnotponodviog apyeio YAML kou opovtilet yo )
dTPNoN NG TPOUYUOTIKNG KATACTAONG OGTE VO avTIoTOLYEL otV emBouunt katdotact. To
K8s mapéyet 1oyvpd TpoTEDOVTA Y100 TNV OVATTUEN EPOPUOYDV, TN dlayeiplon arobnkevong,
70 dikTVLO Ko TV KApoKa TV mopmv Bacet g {mnong. Yrootpilet S1dpopes GTPOTNyIKES
avantHiéemv Omwg avaPadpioelg koAong, avapfoduicelg blue-green kot avoPaduiosig canary,
eEaopalovtag evnuepmoelg ympic dtakomég kot vynAn dtabecudtnta. [lpoceépet emiong
EVOOUOTOUEVT] OVOKAALYT DINPECIDOV KOl IGOPPOTLN POPTION, EMTPENTOVTAS TV Ayoyn
EMKOWVOVIN LETAED LKPODTNPESIOV EVTOG EVOC GLOTNUATOS. Mg T duvaTdOTNTA TOL VA
ATAOTTOLEL KOl VO, 0VTOUATOTOEL T dlayeipion epappoydv containers, to Kubernetes €yet
YIVEL O TPOTVTTOC KOJIKAG Y10l TV EVOPYNOTPOGCT] TOVGS, ENMLTPETOVTAG GTIC OPYUVMDGELS VO

OVOTTTOCOOLV Kol VoL KMUOK®VOLV avOeKTIKES Kol e@appoyEs cloud-native aroteAeopatikd.
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4.4 Mepfpairov AvantToéng Aoyiopuikov

4.4.1 Intellij IDEA

To IntelliJ IDEA [20] etvot £vo SNUOQIAEG Kot VYNAGQ EKTIUNUEVO OAOKANP®UEVO TTEPPAAAOV
avantuéng (IDE) mov avamtoydnie and v JetBrains. Kvkiogodpnoe apyucé o 2001 ko £xet
yiver éva amopaitnTo epyarelo Y10 TOVS TPOYPAUUOTIOTEG Java Kot ypnGLULoTotEiToL EMioNC
EVPEMG Y10 TNV OVATTUEN EQOPLOYDV GE AALEG YAMDGGES TPOYPAUUOTIGHOL O0tmg 1 Kotlin, n
Scala, n Groovy kot GAlec. [Ipooceépet pua gvpeio YKALO YOPOKTNPLOTIKOV GYESIUGUEVOVY Y10
Vo BEATIOCOVY TNV TOPOYOYIKOTNTO TOV TPOYPOULATICTMV Kot VoL SIEVKOADVOLV TN
dradkacio avartuéng Aoyioputkod. Mepikd amd T KOpla Tov YopaKkINPIoTikd Tepthapipdvouy
EELTTVT] GLUTANPWGCT KMITKO, TPONYUEVA EPYOAELR OVASIAUOPO®ONG KMOKA, ETOEDPNCELS
KOO Kot £EVTVT AVAALGT KDOOWKO, ToL 0Ttoio. BonBovV TOVG TPOYPAUUATIGTEG VO YPAPOLV

710 KaOapO, ATOOOTIKOTEPO KMIKA LUE AYOTEPO GOAALLOTOL.

YVVOMKA, 1| EDPLNG JEMAPT], TO TAOVGLO GHVOLO YOPUKTNPIOTIKADOV KOl Ol EKTETUUEVES
emAoyég mpooappoyns kabiotovv to IntellilJ IDEA v mpotindpevn emioyn yo
EMAYYEALOTIEG TPOYPAUUATIOTEG TTOV avaNTOVV £Va 1GYXVPO Kol ATOdOTIKO TEPPAALOV

avamTuEngc.

4.4.2 Visual Studio Code

To Visual Studio Code (VS Code) [21] givar éva dwpedv mpdypappo eneEepyaciog kKo
nov avartoyOnke and ™ Microsoft. Kukhopdprnoe 10 2015 kot cdvtopa £ywve éva amd Ta o
INUoPA TtePIPAAAovTa avATTVENG G TOAAEG TAATPOPUES, CUUTEPIAAUPOVOUEVOV TOV
Windows, mac OS kot Linux. To VSCode givar yvootd yio tv ehagpdTnTad TOU KOt TNV
YPNYOPN 0mdO0GN TOV, KOOIGTMVTOG TO KOTAAANAO Y10 S18POPES YADGGES TPOYPUULATICUOD
Kot gpyacieg avamtvéne. Ilpoceépet Eva TAOVG10 GHVOLO YOPOKTNPIOTIKOV CYEOAGUEVMV
Yo va BEATIOCOVY TV TOPAYOYIKOTNTO TOV TPOYPUUUATICTMOV, GCOUTEPIAAUPOVOUEVIC TNG
EELTTVNC GLUTANPWONG KMOTKA, TOV GUVTOVIGHOV GUVTAENG Kot TG TAONYNoNS kdotka. 'Eva
amd To EUIPETIKA YOPOKTNPLOTIKA TOV, EIVaL 1 EXEKTACIUOTNTA TOL LEC® YpNong plugins.
Eite mpoxetton yio mpocshnkm vroompiEng yio o véo YAMGGo TPOYPOUUUATIGHOD,

EVOOUATOON UE £VO GLYKEKPIUEVO TAIG10, giTe Yo felTion TV dSVVATOTHTMOV TOV
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emeEepyaoTn Le VEX YOPaKTNPLOTIKE, ThavoTaTo vdpyet owbéoipo Plugin yio va KaAvyet

TIG OVAYKEG TMOV TPOYPUUUATIGTAOV.
2VUVOMKA, 1] GLVOLOGTIKY] ATOOOCT|, TA YOUPAKTNPIOTIKA Kot 1] enekTacipudtnto Tov VSCode

€YOuV oTEPEOTOINGEL T BE0T TOL MG UG KOPLPOLOG ETAOYNG HLETAED TOV TPOYPUUUATIOTMV

TOYKOG MG,
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5. Lyeowaopnog kot Avantosn Tov LVoTIHOTOG

5.1 Avaivon AETOVPYIKOV ATOLTI|CE®Y

Metd amd pHeAéTn Kot ovAADGT TOV LITAPYWOV CLCTNUATOV TAPAKOAOVON GG TOV
TEPPAALOVTOG, O1 AEITOVPYIKES OMALTIGELS Yo TV €Qaproyn TTov Ba avartuydel ota TAaico

™g epyaciog avtng eivat ot e€Ng:

- Avalnmnon live dedopévmv: To cOoTHa TPETEL VO EMLTPETEL TNV OV TNOT KO
npoPoin live dedopévav amd Toug aeONTPES Yo AUEST) TOPAKOAOVONOT| TNG

KATAGTAOTG OVAL YEOYPOPIKT| TEPLOYN.

- Ipopoin petpioc®v amd nuepounvies mov avalntd o YPNOTNS TPONYOVUEVOL
xpoOvov: To Vot TPENEL VO EMTPETEL GTOVG XPNOTES VO TPOPAAAOVY LETPNCELS
Ao TPONYOVUEVEG NUEPOUNVIES, TPOGPEPOVTAG £TGL IGTOPIKO TV OESOUEVAOV Y10

avaAvon.

- XYykplon kol avaivon peTpnosmv og fadog ypovov: Metd v avalijtmon
TOAALDV YPOVOV, TO GUCTNO TTPETEL VOL EMLTPENEL TY GVYKPLOT| TOV UETPCEDV GE
SLUPOPETIKA YPOVIKE SLOGTILLOTO Y10, AVAALGT TNG OAAOYTC TV TOPOUETPOV LE TOV

YPOVO.

- EEac@dien vyniig akpiperac Tov dedopévav: To cvotnpa mpénet vo Stoc@oiilet
NV LYNAY akpifela Tov dEd0UEVOV HEGM EAEYXMV KOTE TNV TAPAYMYY) TOVG OItO TOVG

oo TPES KO UNYaVIoLOVS XEPIGLOD GPUALATOV.

- Ewomnoinon kot evnuépmon ypnotn: To cOGTH TPETEL VO EMTPETEL TNV
gldomoinon Tov ypnotov péow notification, SMS 1 email yia onoladnmote cuvOKN
oL 0pilel 0 ypNoTNG, OGS VIEPPacT Beprokpaciog G OPIGUEVT YEOYPAPIKT

TEPLOYN.

- Emekraocipotnro 1o d1oyeipion moArlav TavToXpoveVv artnpdtov: To cbotnua
TPEMEL VO, EIVaL ETEKTACIHO KOl Vo umopel va dtaryelpileTon TOAAATAOVS YPNOTES KO

OLTLOLTOL TODTOYPOVO YOPIC VO LEUDVETOL 1) ATO0CT] TOL.
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- Backup cvetipartog: To chotua npénet va mopéyel backup o 2n Pdon dedopévov
Yo vaL S10GQPAAIGEL TNV OGQAAELD TOV JECOUEVMV KoL TN GLVEXN Asttovpyia Gg

TEPIMTOGT OTOTLYI0G TOV KUPLOV GLGTHATOC.

- EEayoyn dedopévav avalintnong oe popoen dataset: To cuotnpa mpémet va
emutpénel v e€oywyn TV 0£d0UEVOV TTOL TPOEKLY AV 0t TIG avalNTGELS GE LOopPON
a&lomomoyov dataset, TPOKEWEVOL va uropohv va, a&lomonBodv Yo TEPUTEP®

avéivon 1| eneepyocio.

5.2 ApTeKTOVIKN XVGTHHOTOG

[Mopaxdto @aivetor 1o TEMKO SLAYPALLLO TNG OPYLTEKTOVIKNG TOV GUGTNLATOG, XOPIGUEVO GE
3 Jl0popeETIKES EIKOVEG, ava VTN PEGieg TOv cuvepyalovtot padi.

[Ewkova 4]: [ArGypoppo ptkpodmpeci@v aépa-avaivoeng -e1domoinong|

AirloT

Air
Air loT air data topic Monitoring

Service

AirloT
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[Ewova 5]: [Avaypoppa pikpodnnpecidv vepov-avdrivong -gdomoinonc]

water data topic
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[Ewkova 6]: [Ardypoppa pikpodmnpecitav €00Povs-avaivens-gtdomoinong|
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[Ewova 7]: [Zovolké ddypoppa cuoTipetog)

Air loT

Air
AirloT air data topic Monitoring
Service

soil data topic

Air laT

water data topic

[T ovykekpéva, 6mov avaypaeetal Air IoT, Water IoT kot Soil IoT, avtitpocorevovtol
01 GEVOOPEG TTOL LETPAvE Ta Oedopéva Kat ta TpomBovv 6g ovpég e Bépa air data topic,
water data topic kot soil data topic avtictoyo. Z11g ovpég avTéG eivar cuvOedEIEVES OL
pikpobvmnpeoieg tov aépa (Air Monitoring Microservice), tov vepov (Water Monitoring
Microservice ) kat tov €dapovg (Soil Monitoring Microservice), 6mov 10 Kaféva
arodnkevel o Eeywpiom Paon dedopévov (MongoDB) ta anoteAécpata mov HeTpdve ot
oévoopeg. EmimAéov, ot pikpoimmpeoieg autéc cuvoéoviat o€ GALeG ovpég air notification
topic, water notification topic kot soil notification topic yio erucovovia pe To
Notification Microservice, 6tav avtd kpiel amoapaitnro. H acvyypovn avt emkowvovio

TOV VANPECIOV VTOV Yivetor pécm AMQP viorompévn pe RabbitMQ.

Emunpocbétmg, o pikpovmnpecieg Tov aépa (Air Monitoring Microservice), Tov vepov
(Water Monitoring Microservice ) kot tov €dd@ovg (Soil Monitoring Microservice)
napéyovv HTTP kinoeig yo avalnnon dedopévav amd avtés, Onws kot 6to Data Analysis
Microservice, 6tov emiéyetal amd o ¥pNoth. Oa avarvBovv mapakdtom oty eneénynon

KG0e vnpeciog EexwploTd.
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5.3 Avéntoén Xvotiportog

Mo v avémntuén tov cuotiuotog va onpelwdei twg ol cEvoopeg IoT givan eikovikol ota
mhaicta ¢ epyaciag avtic (YU avtod dev Ba avaivBodv Eexwplotd) aAAd LTAPYEL N
JUVATOTNTO EVOALOYNG TOVG LE TPAYLATIKOVS, OOV amAd Bo tpomBolv Ta dedopéva Tov

LETPAVE OTIC KATAAANAES OVPEG TOV AVOPEPONKOAV.

Emnpocbétmc, yia kdbe vanpesia Oa mapéyetar o apyeio pom.xml tov Oa avapipel O A Ta
dependencies mov yperdoTnKay Yo TNV avantuén Tov, To application.properties mov eivat
aropaitnto ya 11§ global petafAntéc (credentials Bdoeic kot ovpdv), To oNUOVTIKG oTueio
GTOV KOOWKO TTOV delyvoLuV TN AettovpykodTnTa TG VINpeciog (Ba eEnyodvtal avaivtikd), To
Dockerfile.yaml , pali pe to Docker-Compose.yaml kot Tic evtoAég mov yperalovtal yio tnv
ONpovpyia TOV EKOVOV Kot TV EKTELECT) TOV TTEPLEKTAOV. TELOC, Ta configuration apyeio Tov
K8s yio v evopynotpwon twv containers. H peyaddtepn avaivon Ba yivel mpdta ot

VINPEGLN TOL 0€Pa, KOOMG TO HoTifo mov akoAovBovv ot vITdAoTEG givat TO 1010.

5.3.1 Mkpovnnpeoio Aépa

MapakdTw TTapaTiBevral Ta BACIKG apXEia yia TNV MIKPOUTTNEETIA TOU apa Kal n AoyiknA
uAoTToinONG TWV KUPIWV CNUEIWY TNG AEITOUPYIKOTNTAG TOU.

pom.xml

<dependency>
<groupId>org.springframework.boot</groupId>

<artifactId>spring-boot-starter-data-mongodb</artifactId>
</dependency>
<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-web</artifactId>
</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-devtools</artifactId>
<scope>runtime</scope>
<optional>true</optional>

</dependency>
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<dependency>
<groupId>org.projectlombok</groupId>
<artifactId>lombok</artifactId>
<optional>true</optional>

</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-test</artifactId>
<scope>test</scope>

</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-amgp</artifactId>
</dependency>

<dependency>
<groupId>org.springframework.cloud</groupId>

<artifactId>spring-cloud-starter-netflix-eureka-client</artifactlId
>
<version>4.1.0</version>
</dependency>

application.properties

# General Config
spring.application.name=air-microservice
server.port=0

# Mongodb config
spring.data.mongodb.authentication-database=${SPRING_DATA MONGODB_AUTHEN
TICATION}

spring.data.mongodb.database=${SPRING_DATA_MONGODB_DATABASE}
spring.data.mongodb.port=${SPRING_DATA MONGODB_PORT}
spring.data.mongodb.host=${SPRING_DATA MONGODB_HOST}

# Rabbitmq config
spring.rabbitmq.host=${SPRING_RABBITMQ HOST}
spring.rabbitmq.port=${SPRING_RABBITMQ PORT}
spring.rabbitmq.username=${SPRING_RABBITMQ_USERNAME}
spring.rabbitmqg.password=${SPRING RABBITMQ PASSWORD}

rabbitmg.air.queue.name=${RABBITMQ_AIR_QUEUE_NAME}
rabbitmq.exchange.name=${RABBITMQ_ EXCHANGE_NAME }
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rabbitmqg.air.routing.key=${RABBITMQ AIR ROUTING_ KEY}

# Service discover config
eureka.client.service-url.defaultZone=${EUREKA CLIENT_ SERVICE_ URL}
eureka.instance.prefer-ip-address=true

Ot Tyég Tov petafintav divovtal pécsa amod ta apyeio tov docker-compose kot tov K8s yia

HEYOAVTEPT AOPAAELN, OTMOC YIVETOL KOl OE £Va, TOPAY®YIKO TEPIBAALOV.

Air Data Model
@Data
@AllArgsConstructor
@NoArgsConstructor
@Builder
@Document(collection = "air-data")

public class AirData {

private Double airTemperature;
private Double airHumidity;
private Double airCe2;

private Double airVOCs;
private Double airPM25;
private Double aircCo;
@CreatedDate

private Instant timestamp;
private String coordinates;

}

[Mopamdve tapovotdleTat To LOVTELD TV dedoUEVMV oV Ba AapPaveTat amd ToVg GEVGOPES

Kot B amoBnkeveTon otn Paon dedopévmv.

Air Data Service

public List<AirDataDto> findByLocationAndDates(String
coordinates, Instant start, Instant end){
List<AirData> res = null;

res =

airDataRepository.findByTimestampAndCoordinatesOOrderByTimestampAi
rHumidityAsc(start,end, coordinates);
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return res.stream()
.map(this: :mapAirDataToAirDataDto)
.collect(Collectors.toList());

public AirDataDto findLastEntry(String location){
return
mapAirDataToAirDataDto(airDataRepository.findFirstByCoordinatesOrd
erByTimestampDesc(location));

}

[Mopandve Tapovoidlovtal ot pEHoSOL TOV HOG EMGTPEPOVY EITE TNV TEAEVTAIN EYYPAPT OTN
Baon (dnAaon live tyun), eite kavel avalnmon o€ TapeABovTikég TIES Kot ETIOTPEPEL pial
Mota tipev. Ta maparndveo tpowbodviar otov “éEm kOGHO™ e http nebBoddovg 6mmg paivetat

£00:

Air Controller

@RestController
@RequestMapping("/air")
@RequiredArgsConstructor

public class AirDataController {

private final AirDataService airDataService;

@GetMapping("/search-all")
public ResponseEntity<List<AirDataDto>> getData(
@RequestParam String location,
@RequestParam @DateTimeFormat(iso
DateTimeFormat.ISO.DATE) Instant start,
@RequestParam @DateTimeFormat(iso
DateTimeFormat.ISO.DATE) Instant end

M

return new
ResponseEntity<>(airDataService.findByLocationAndDates(location,st
art,end), HttpStatus.OK);

}
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@GetMapping("/search")
public ResponseEntity<AirDataDto> getData(
@RequestParam String location
A
return new
ResponseEntity<>(airDataService.findLastEntry(location),
HttpStatus.OK);

}

RabbitMQ configuration

@Configuration
public class RabbitMQConfig {

@value("${rabbitmqg.air.queue.name}")
private String queue;

@value("${rabbitmqg.exchange.name}")
private String exchange;

@value("${rabbitmqg.air.routing.key}")
private String routingKey;

@Bean
public Queue queue(){
return new Queue(queue);

@Bean
public DirectExchange exchange(){
return new DirectExchange(exchange);

@Bean
public Binding binding(){
return BindingBuilder.bind(queue())
.to(exchange())
.with(routingKey);
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@Bean
public MessageConverter converter(){
return new Jackson2JsonMessageConverter();

@Bean
public AmgpTemplate amgpTemplate(ConnectionFactory
connectionFactory){
RabbitTemplate rabbitTemplate = new
RabbitTemplate(connectionFactory);
rabbitTemplate.setMessageConverter(converter());
return rabbitTemplate;

[Mopandvo, yivetar n obvdeon pe Tig ovpés, Aapupdvovtag vroyn Tig global petafintéc mov

&yovpe opioet oto application.properties

Air User Model
@Data
@AllArgsConstructor
@NoArgsConstructor
@Builder
@Document(collection = "user-to-notify")

public class UserToNotify {

@Id
private String id;

private String email;
private String coordinates;

private Double lessAirTemperature;
private Double moreAirTemperature;

private Double lessAirHumidity;
private Double moreAirHumidity;
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private Double lessAirCo2;
private Double moreAir(Ce2;

private Double lessAirVOCs;
private Double moreAirVOCs;

private Double lessAirPM25;
private Double moreAirPM25;

private Double lessAirCo;
private Double moreAircCo;

[Mopamdve eaiveral To povtédo evog ypnotn émov pmopei va emAéEet 0oeg Tinég BELEL Yo val

edomomBet ko to email tov, 6oV Oa oTEAVETAL 1] £100TOINGN TOL.

Air User Service

public UserToNotifyService(UserToNotifyRepository

userToNotifyRepository, RabbitTemplate rabbitTemplate) {
this.userToNotifyRepository = userToNotifyRepository;
this.rabbitTemplate = rabbitTemplate;

public UserToNotifyDto userSubToAirData(UserToNotifyDto
userToNotifyDto){

userToNotifyRepository.save(mapUserToNotifyDtoToUserToNotify(userToNotif

ybto));
return userToNotifyDto;

public void deleteUser(String email){
List<UserToNotify> userToNotifylList =
userToNotifyRepository.findByEmail(email);
userToNotifyRepository.deleteAll(userToNotifyList);

public void getNotifyUserList(AirData airData){
List<UserToNotify> userToNotifylList =
userToNotifyRepository.findByCoordinatesAndLessAirTemperature(airData.ge
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tCoordinates(), airData.getAirTemperature());

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAndMoreA
irTemperature(airData.getCoordinates(), airData.getAirTemperature()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAndLessA
irHumidity(airData.getCoordinates(), airData.getAirHumidity()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAndMoreA
irHumidity(airData.getCoordinates(), airData.getAirHumidity()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAndLessA
irCe2(airData.getCoordinates(), airData.getAirC02()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAndMoreA
irCe2(airData.getCoordinates(), airData.getAirC02()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAndLessA
irVOCs(airData.getCoordinates(), airData.getAirVOCs()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAndMoreA
irVOCs(airData.getCoordinates(), airData.getAirVoCs()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAndLessA
irPM25(airData.getCoordinates(), airData.getAirPM25()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAndMoreA
irPM25(airData.getCoordinates(), airData.getAirPM25()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAndLessA
irCe(airData.getCoordinates(), airData.getAircCo()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAndMoreA
irCe(airData.getCoordinates(), airData.getAirCo()));

List<String> emails = userToNotifylList.stream()
.map(UserToNotify::getEmail).toList();

AirQueueNotifyUsersDto airQueueNotifyUsersDto = new
AirQueueNotifyUsersDto();

airQueueNotifyUsersDto.setAirData(mapAirDataToAirQueueDataDto(airData));
airQueueNotifyUsersDto.setEmails(emails);

if(lemails.isEmpty()){
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rabbitTemplate.convertAndSend(exchange,routingKey,airQueueNotifyUsersDto
)
}

[Mopamdve Ppickoviat o1 péBodot mov amodnkevovy ot Aot 0E00UEVOV TG THEG Vi KAOE
ypNotn Kot emiong ™ péBodo mov otédvel 6Ty ovpd Yo emkovevia pe to Notification
Microservice. Eniong, ot pébodot yio amobnkevon evog ypnotn tpowbovviol otov E£m
Kkoopo pe http €dm:

Air User Controller

@RestController
@RequestMapping("/air™")
@RequiredArgsConstructor

public class UserToNotifyController {

private final UserToNotifyService userToNotifyService;

@PostMapping("/notify")
public ResponseEntity<UserToNotifyDto>
userSubToAirData(@RequestBody UserToNotifyDto userToNotifyDto){
return new
ResponseEntity<>(userToNotifyService.userSubToAirData(userToNotify
Dto), HttpStatus.OK);

}
@DeleteMapping ("/notify")

public void userSubToAirData(@RequestParam String email){
userToNotifyService.deleteUser(email);

Dockerfile
FROM openjdk:17
EXPOSE 8080:8080
ADD target/air-microservice.jar air-microservice.jar

ENTRYPOINT ["java","-jar","/air-microservice.jar"]

Y10 mapomdve dockerfile dnidvetor n €kdoon g java mov BELOLLE Va, XTIOTEL 1] E1KOVOL TNG
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EPAPLOYNG HaG, N TOPTA oTNV omoia BEAOVLE VO TPEYEL TOGO GTO PVGIKO, OGO GTO EIKOVIKO
pnyévnpo kot to ekteAéotpo apyeio poll pe v evroAn mov Ba Eekvdel v vnpecia.
XPpNOIHOTODVTOS TV TAPOUKAT® EVTOAN Oa dnpovpyndel n eucova:

docker build -t air-microservice .
Dockerfile Compose
version: '3.8'

services:
air-microservice:

image: air-microservice:latest

ports:
- "8080"

environment:
SPRING_DATA_MONGODB_HOST: mongodb
SPRING_DATA_MONGODB_PORT: 27017
SPRING_DATA_MONGODB_DATABASE: air
SPRING_DATA_MONGODB_AUTHENTICATION: admin
SPRING_RABBITMQ_HOST: rabbitmq
SPRING_RABBITMQ_PORT: 5672
SPRING_RABBITMQ_ USERNAME: guest
SPRING_RABBITMQ PASSWORD: guest
RABBITMQ_AIR_QUEUE_NAME: air.notification.queue
RABBITMQ _EXCHANGE_NAME: notification.exchange
RABBITMQ_AIR_ROUTING_KEY: air.queue.user.notification
EUREKA_CLIENT_SERVICE_URL: http://eureka-server:8761/eureka/

depends_on:
- mongodb

networks:
- environment-pollution-network

mongodb:
image: mongo:latest
ports:
- "27017:27017"
volumes:
- type: bind
source: Documents/pollution/air-db
target: /pollution/air-db
networks:
- environment-pollution-network
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networks:
environment-pollution-network:
external: true
name: project_environment-pollution-network

Me 10 mapondve docker compose dnpovpyeitol o TEPLEKTNG TNG LANPEGING TOL AEPTL,
dnrovovtag 6Aeg Tig global petafintég mov yperalovtan yia to application.properties, 1
ewova TG Paong Kot £va HIKTLO MOTE VO UTOPEL VoL EMIKOIVMOVIGEL IE TO VTTOAOLTA
containers. [Tapakdtm dnAdvovtal ot EVTIOAES Yia SNUIovPYio SIKTOOL Kol EKTEAECTG TOV

MEPLEKTN:

docker network create environment-pollution-network

docker compose -f air-compose.yaml up

Evolloktikd, yio va tp€Eovy TepIocoTEPO GTLYLLOTLTO TNG EPAPLOYNG, VILAPYEL | EMAOYN:

docker compose -f air-compose.yaml up --scale air-microservice=2

[1pog 10 TapdV N LANPEGIA Lo UTOPEL VAL TPEEEL KAVOVIKE, OALA Y100 AOYOLG KOADTEPTC
KMpdrkoong Oa apricovpe 1o K8s va avalafet v evopynotpwo. To pdvo mov yperdleton
etvar 1 eidvo NG VINPEGIOG TOL dNUIOVPYNCOUE TPV Kol kAol EETpal apyeia wov Ha
ToPATEOOVV TOPAKATW:

K8s deployment

apiVersion: apps/vl
kind: Deployment
metadata:
name: air-microservice
spec:
replicas: 2
selector:
matchLabels:
app: air-microservice
template:
metadata:
labels:
app: air-microservice
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spec:

containers:

- hame:

air-

microservice

image: "themisvas/air-microservice:latest"
ports:
- containerPort: 8080

env:

apiVersion: vi
kind: Service
metadata:

name:

value:

name:

value:

name:

value:

name:

value:

name:

value:

name:

value:

name:

SPRING_DATA_MONGODB_HOST
air-mongodb
SPRING_DATA_MONGODB_PORT
"27017"
SPRING_DATA_MONGODB_DATABASE
air
SPRING_DATA_MONGODB_AUTHENTICATION
admin
SPRING_RABBITMQ HOST
rabbitmq
SPRING_RABBITMQ PORT
"5672"
SPRING_RABBITMQ_ USERNAME

valueFrom:
secretKeyRef:
name: rabbitmg-secret
key: rabbitmg-username

name:

SPRING_RABBITMQ_PASSWORD

valueFrom:
secretKeyRef:
name: rabbitmg-secret
key: rabbitmg-password

name:

value:

name:

value:

name:

value:

RABBITMQ_AIR_QUEUE_NAME
air.notification.queue
RABBITMQ_EXCHANGE_NAME
notification.exchange
RABBITMQ AIR ROUTING_KEY
air.queue.user.notification

K8s Service
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name: air-microservice
spec:

type: LoadBalancer
selector:

app: air-microservice
ports:

- port: 80

targetPort: 8080

KS8s Secret

apiVersion: vi

kind: Secret

metadata:
name: rabbitmg-secret

type: Opaque

data:
rabbitmg-username: Z3V1c3Q=
rabbitmg-password: Z3V1c3Q=

K8s DB Deployment

apiVersion: apps/vl
kind: Deployment
metadata:
name: air-mongodb
spec:
replicas: 1
selector:
matchLabels:
app: air-mongodb
template:
metadata:
labels:
app: air-mongodb
spec:
containers:
- name: air-mongodb
image: mongo:latest
ports:
- containerPort: 27017
volumeMounts:
- name: air-mongodb-data
mountPath: /data/air-db
volumes:
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- name: air-mongodb-data
persistentVolumeClaim:
claimName: air-mongodb-data

K8s DB Service

apiVersion: vi
kind: Service
metadata:
name: air-mongodb
spec:
selector:
app: air-mongodb
ports:
- protocol: TCP
port: 27017
targetPort: 27017

KS8s DB Persistence Volume

apiVersion: vi
kind: PersistentVolumeClaim
metadata:
name: air-mongodb-data
spec:
accessModes:
- ReadWriteMany
resources:
requests:
storage: 1Gi

To mapamdve yaml apyeio SnAdvouvv ta €ENG:
e K&8s Deployment:
- Awyepileton évav avtictoryo chvoro amd pods.
- Opilet v emBount Katdotoomn yo Evay opdoa and tavtdonua pods,
dtoporilovtag éva KabBopiopévo aptBpd avtypaeoy va eKteAobvTal.
- Opilet 10 TpdTLTO EAEYYOL TOL container, GLUTEPIAAUPOVOUEVIC TNG EIKOVOC,

TV Qupav kot TV peTofAntav teptPdAiiovroc.
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o K8s Service:
- Topéyet éva ocvvenég Tpomo TpdsPaocng o€ Eva cHVOAO amd pods.
- O 10mog Load Balancer exfétet nv vimpecio eE0TEpKA YPNCULOTOUDVTOG
gvav €E160pPOTNTI POPTIOL TOV TOPOYEN VEQOLG,.

- Apopoioyel tnv kivinon mpog ta pods PAcEL TOV ETIKETOV.

e KS8s Secret:
- AmoBnkevet evaicOnteg mAnpopopieg OTwS KwdKoi TPOGPUCNC, TEKUNPIOCELS
OAuth kot K e1016 SSH ac@aimg otov apbpwtd ydpo tov Kubernetes.
- To dedopéva kmdkomolovvion o€ Base64 kat amobnkevovtal, to omoia
QTOKMIIKOTOLOVVTAL OTOV TPOCTEANVVOVTOL OO EE0VGLOO0TNILEVOVS YPNOTEC.
e K&8s DB Deployment:
- Awyepileton v Katavour tov MongoDB, evog cuotiuatog Bdong
dedopévmv, otov ydpo tov Kubernetes.
- Opilet tov apBpd Tov avtypdeov, To TPOTLTO TOL container Kot To. oMUl
tomoHétnong Oykov.
e K&8s DB Service:
- Tlopéyer mpocPaon dktvov ota pods MongoDB gvtdg tov ydpov Tov
Kubernetes.
- Apopohroyei mv kivnon mpog ta pods MongoDB Bdoet twv eTiKETOV.
e KS8s DB Persistence Volume:
- Ausiton mdépovg amodnkevong amd TNV VIoKeipeVN VTodoun (6w TaPoYElS VEQOLG N
CLOTHHOTA ATOONKELONG EVTOG EYKOTAGTOONG).
- Tlopéyet dwopxn amodnkevon yo to dedopéva MongoDB.
- E&aocopoirilet ) Satpnon tov dedopévav akdun Kot v ta pods emavekkvobvtal 1

enavampoypoppotiovrat.

To mep1pdArov Tov K8s Ba tpéetl tomkd pe T Pondeta tov minikube (gpyaieio yio dokiun

K8s tomukd kot oyt oe cloud mepifdriov), pe Tig eENG EVIOAEC:

minikube start
minikube stop
kubectl apply -f air-deployment.yaml
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Me 1o TTapaTTAvw £XOUUE KOTOPEPEI N UTTNPETIA YOG VA TPEXEI OE KATAVEUNMEVO TTEPIBAAAOV

EVOPXNOTPWHEVO pNEoW K8s.

5.3.2 Mikpoivnnpeosio Nepov

Mapakdtw TTaparibevral Ta Bacikd apxeia yia TNV JIKPOUTTNPETia Tou vepoU Kal N AOYIKI)
uAoTToinong Twv KUPIWY onuEiwy TNG AEITOUPYIKOTNTAG TOU.

pom.xml

<dependencies>
<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-data-mongodb</artifactId>
</dependency>
<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-web</artifactId>
</dependency>

<dependency>
<groupId>org.springframework.boot</groupIld>
<artifactId>spring-boot-devtools</artifactId>
<scope>runtime</scope>
<optional>true</optional>

</dependency>

<dependency>
<groupId>org.projectlombok</groupId>
<artifactId>lombok</artifactId>
<optional>true</optional>

</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-test</artifactId>
<scope>test</scope>

</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-amgp</artifactId>

</dependency>

<dependency>
<groupId>org.springframework.cloud</groupId>
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<artifactId>spring-cloud-starter-netflix-eureka-client</artifactId>
<version>4.1.0</version>
</dependency>
</dependencies>

application.properties

# General Config
spring.application.name=water-microservice
server.port=0

# Mongo db config
spring.data.mongodb.authentication-database=${SPRING_DATA_MONGODB_
AUTHENTICATION}
spring.data.mongodb.database=${SPRING_DATA_MONGODB_DATABASE}
spring.data.mongodb.port=${SPRING_DATA_MONGODB_PORT}
spring.data.mongodb.host=${SPRING_DATA_MONGODB_HOST}

# Rabbit mq config
spring.rabbitmq.host=${SPRING_RABBITMQ_HOST}
spring.rabbitmq.port=${SPRING_RABBITMQ_PORT}
spring.rabbitmq.username=${SPRING_RABBITMQ_USERNAME}
spring.rabbitmq.password=${SPRING_RABBITMQ_PASSWORD}

rabbitmq.water.queue.name=${RABBITMQ_WATER_QUEUE_NAME}
rabbitmq.exchange.name=${RABBITMQ_EXCHANGE_NAME }
rabbitmq.water.routing.key=${RABBITMQ_WATER_ROUTING_KEY}

# Service discover config
eureka.client.service-url.defaultZone=${EUREKA_CLIENT_SERVICE_URL}
eureka.instance.prefer-ip-address=true

Water Data Model
@Data
@AllArgsConstructor
@NoArgsConstructor
@Builder
@Document(collection = "water-data")

public class WaterData {

private Double dissolvedOxygen;
private Double oxidationReductionPotential;
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private Double pH;

private Double turbidity;

private Double totalDissolvedSolids;
private Double temperature;

@CreatedDate
private Instant timestamp;
private String coordinates;

Water Data Service

public List<WaterDataDto> findByParameter(String coordinates, Instant
start, Instant end){
List<WaterData> res = null;

res =
waterDataRepository.findByTimestampAndCoordinates(start,end, coordinates)

B

return
res.stream().map(this: :mapWaterDataToWaterDataDto).collect(Collectors.to
List());
}

public WaterDataDto findLastEntry(String location){
return
mapWaterDataToWaterDataDto(waterDataRepository.findFirstByCoordinatesOrd
erByTimestampDesc(location));

}

Water Controller

@RestController
@RequestMapping("/water")
@RequiredArgsConstructor

public class WaterDataController {

private final WaterDataService waterDataService;

@GetMapping("/search-all")
public ResponseEntity<List<WaterDataDto>> getData(
@RequestParam String location,
@RequestParam @DateTimeFormat(iso = DateTimeFormat.ISO.DATE)
Instant start,
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@RequestParam @DateTimeFormat(iso = DateTimeFormat.ISO.DATE)
Instant end

N

return new
ResponseEntity<>(waterDataService.findByParameter(location,start,end),
HttpStatus.OK);

}

@GetMapping("/search")
public ResponseEntity<WaterDataDto> getData(
@RequestParam String location

i

return new
ResponseEntity<>(waterDataService.findLastEntry(location),
HttpStatus.OK);

}

RabbitMQ configuration

@Configuration
public class RabbitMQConfig {

@value("${rabbitmqg.water.queue.name}")
private String queue;

@value("${rabbitmq.exchange.name}")
private String exchange;

@value("${rabbitmg.water.routing.key}")
private String routingKey;

@Bean
public Queue queue(){
return new Queue(queue);

@Bean
public DirectExchange exchange(){
return new DirectExchange(exchange);
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@Bean
public Binding binding(){
return BindingBuilder.bind(queue())
.to(exchange())
.with(routingKey);

@Bean
public MessageConverter converter(){
return new Jackson2JsonMessageConverter();

}

@Bean

public AmgpTemplate amgpTemplate(ConnectionFactory
connectionFactory){

RabbitTemplate rabbitTemplate = new

RabbitTemplate(connectionFactory);
rabbitTemplate.setMessageConverter(converter());
return rabbitTemplate;

Water User Model

@Data
@AllArgsConstructor
@NoArgsConstructor
@Builder
@ocument(collection = "user-to-notify")
public class UserToNotify {
@Id
private String id;
private String email;
private String coordinates;

private Double lessDissolvedOxygen;
private Double moreDissolvedOxygen;

private Double lessOxidationReductionPotential;
private Double moreOxidationReductionPotential;
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private Double lessPH;
private Double morePH;

private Double lessTurbidity;
private Double moreTurbidity;

private Double lessTotalDissolvedSolids;
private Double moreTotalDissolvedSolids;

private Double lessTemperature;
private Double moreTemperature;

Water User Service

public UserToNotifyDto userSubToWaterData(UserToNotifyDto
userToNotifyDto){

userToNotifyRepository.save(mapUserToNotifyDtoToUserToNotify(userT
oNotifyDto));
return userToNotifyDto;

public void deleteUser(String email){
List<UserToNotify> userToNotifylList =
userToNotifyRepository.findByEmail(email);
userToNotifyRepository.deleteAll(userToNotifyList);

public void getNotifyUserList(WaterData waterData){
List<UserToNotify> userToNotifylList =
userToNotifyRepository.findByCoordinatesAndLessDissolvedOxygen(wat
erData.getCoordinates(), waterData.getDissolvedOxygen());

userToNotifylList.addAll(userToNotifyRepository.findByCoordinatesAn
dMoreDissolvedOxygen(waterData.getCoordinates(),
waterData.getDissolvedOxygen()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAn

dLessOxidationReductionPotential (waterData.getCoordinates(),
waterData.getOxidationReductionPotential()));
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userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAn
dMoreOxidationReductionPotential (waterData.getCoordinates(),
waterData.getOxidationReductionPotential()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAn
dLessPH(waterData.getCoordinates(), waterData.getPH()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAn
dMorePH(waterData.getCoordinates(), waterData.getPH()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAn
dLessTurbidity(waterData.getCoordinates(),
waterData.getTurbidity()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAn
dMoreTurbidity(waterData.getCoordinates(),
waterData.getTurbidity()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAn
dLessTotalDissolvedSolids(waterData.getCoordinates(),
waterData.getTotalDissolvedSolids()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAn
dMoreTotalDissolvedSolids(waterData.getCoordinates(),
waterData.getTotalDissolvedSolids()));

userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAn
dLessTemperature(waterData.getCoordinates(),
waterData.getTemperature()));
userToNotifyList.addAll(userToNotifyRepository.findByCoordinatesAn
dMoreTemperature(waterData.getCoordinates(),

waterData.getTemperature()));

List<String> emails = userToNotifyList.stream()
.map(UserToNotify::getEmail).toList();

WaterQueueNotifyUsersDto waterQueueNotifyUsersDto = new
WaterQueueNotifyUsersDto();

waterQueueNotifyUsersDto.setWaterData(mapWaterDataToWaterQueueData
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Dto(waterData));
waterQueueNotifyUsersDto.setEmails(emails);

if(lemails.isEmpty()){

rabbitTemplate.convertAndSend(exchange,routingKey,waterQueueNotify
UsersDto);

}

Air User Controller

@RestController
@RequestMapping("/water")
@RequiredArgsConstructor

public class UserToNotifyController {

private final UserToNotifyService userToNotifyService;

@PostMapping("/notify")
public ResponseEntity<UserToNotifyDto>
userSubToWaterData(@RequestBody UserToNotifyDto userToNotifyDto){
return new
ResponseEntity<>(userToNotifyService.userSubToWaterData(userToNoti
fyDto), HttpStatus.OK);

}

@DeleteMapping ("/notify")
public void userSubToWaterData(@RequestParam String email){
userToNotifyService.deleteUser(email);

Dockerfile

FROM openjdk:17

EXPOSE 8080:8080

ADD target/water-microservice.jar water-microservice.jar
ENTRYPOINT ["java","-jar","/water-microservice.jar"]
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Dockerfile Compose

version: '3.8'

services:
water-microservice:

image: water-microservice:latest

ports:
- "8080"

environment:
SPRING_DATA_MONGODB_HOST: mongodb
SPRING_DATA_MONGODB_PORT: 27018
SPRING_DATA_MONGODB_DATABASE: water
SPRING_DATA_MONGODB_AUTHENTICATION: admin
SPRING_RABBITMQ_HOST: rabbitmq
SPRING_RABBITMQ_PORT: 5672
SPRING_RABBITMQ_USERNAME: guest
SPRING_RABBITMQ PASSWORD: guest
RABBITMQ_WATER_QUEUE_NAME: water.notification.queue
RABBITMQ_EXCHANGE_NAME: notification.exchange
RABBITMQ_WATER_ROUTING_KEY: water.queue.user.notification
EUREKA_CLIENT_SERVICE_URL: http://eureka-server:8761/eureka/

depends_on:
- mongodb

networks:
- environment-pollution-network

mongodb:
image: mongo:latest
ports:
- "27018:27017"
volumes:
- type: bind
source: Documents/pollution/water-db
target: /pollution/water-db
networks:
- environment-pollution-network

networks:
environment-pollution-network:
external: true
name: project_environment-pollution-network
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K8s deployment

apiVersion: apps/vl
kind: Deployment
metadata:
name: water-microservice
spec:
replicas: 2
selector:
matchLabels:
app: water-microservice
template:
metadata:
labels:
app: water-microservice
spec:
containers:
- name: water-microservice
image: "themisvas/water-microservice:latest™
ports:
- containerPort: 8081
env:
- name: SPRING_DATA_MONGODB_HOST
value: water-mongodb
- name: SPRING_DATA MONGODB_PORT
value: "27018"
- name: SPRING_DATA_MONGODB_DATABASE
value: water
- name: SPRING_DATA_MONGODB_AUTHENTICATION
value: admin
- name: SPRING_RABBITMQ_HOST
value: rabbitmq
- name: SPRING_RABBITMQ_PORT
value: "5672"
- name: SPRING_RABBITMQ_USERNAME
valueFrom:
secretKeyRef:
name: rabbitmg-secret
key: rabbitmq-username
- name: SPRING_RABBITMQ_PASSWORD
valueFrom:
secretKeyRef:
name: rabbitmg-secret
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key: rabbitmg-password

- name: RABBITMQ_WATER_QUEUE_NAME
value: water.notification.queue

- name: RABBITMQ_EXCHANGE_NAME
value: notification.exchange

- name: RABBITMQ_WATER_ROUTING_KEY
value: water.queue.user.notification

KS8s Service

apiVersion: vl
kind: Service
metadata:
name: water-microservice
spec:
type: LoadBalancer
selector:
app: water-microservice
ports:
- port: 80
targetPort: 8081
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K8s DB Deployment

apiVersion: apps/vl
kind: Deployment
metadata:
name: water-mongodb
spec:
replicas: 1
selector:
matchLabels:
app: water-mongodb
template:
metadata:
labels:
app: water-mongodb
spec:
containers:
- name: water-mongodb
image: mongo:latest
ports:
- containerPort: 27018
volumeMounts:
- name: water-mongodb-data
mountPath: /data/water-db
volumes:
- name: water-mongodb-data
persistentVolumeClaim:
claimName: water-mongodb-data

KS8s DB Service

apiVersion: vl
kind: Service
metadata:
name: water-mongodb
spec:
selector:
app: water-mongodb
ports:
- protocol: TCP
port: 27018
targetPort: 27018
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K8s DB Persistence Volume
apiVersion: vi
kind: PersistentVolumeClaim
metadata:
name: water-mongodb-data
spec:
accessModes:
- ReadWriteMany
resources:
requests:
storage: 1Gi

5.3.3 Mikpoinnpeosio Edd@ovg

Mapakdtw TTapartiOevtal Ta Bacikd apxeia yia TNV JIKpoUTTNPeTia Tou €dA@OUG Kal N AOYIKN
uAoTToiNONG TWV KUPIWV CNUEIWY TNG AEITOUPYIKOTNTAG TOU.

pom.xml

<dependencies>
<dependency>
<groupId>org.springframework.boot</groupId>

<artifactId>spring-boot-starter-data-mongodb</artifactId>
</dependency>
<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-web</artifactId>
</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-devtools</artifactId>
<scope>runtime</scope>
<optional>true</optional>

</dependency>

<dependency>
<groupId>org.projectlombok</groupId>
<artifactId>lombok</artifactId>
<optional>true</optional>

</dependency>

<dependency>
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<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-test</artifactId>
<scope>test</scope>

</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-amgp</artifactId>

</dependency>

<dependency>
<groupId>org.springframework.cloud</groupId>

<artifactId>spring-cloud-starter-netflix-eureka-client</artifactId
>
<version>4.1.0</version>
</dependency>
</dependencies>

application.properties

# General Config
spring.application.name=soil-microservice
server.port=0

# Mongo db config
spring.data.mongodb.authentication-database=${SPRING_DATA_MONGODB_
AUTHENTICATION}
spring.data.mongodb.database=${SPRING_DATA_MONGODB_DATABASE }
spring.data.mongodb.port=${SPRING_DATA_MONGODB_PORT}
spring.data.mongodb.host=${SPRING_DATA_MONGODB_HOST}

# Rabbit mq config
spring.rabbitmq.host=${SPRING_RABBITMQ_HOST}
spring.rabbitmq.port=${SPRING_RABBITMQ_ PORT}
spring.rabbitmq.username=${SPRING_RABBITMQ_USERNAME }
spring.rabbitmq.password=${SPRING_RABBITMQ_PASSWORD}

rabbitmq.soil.queue.name=${RABBITMQ_SOIL_QUEUE_NAME}
rabbitmq.exchange.name=${RABBITMQ_EXCHANGE_NAME }
rabbitmq.soil.routing.key=${RABBITMQ_SOIL_ROUTING_KEY}
# Service discover config

eureka.client.service-url.defaultZone=${EUREKA_CLIENT_SERVICE_URL}
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eureka.instance.prefer-ip-address=true

Soil Data Model
@Data
@AllArgsConstructor
@NoArgsConstructor
@Builder
@Document(collection = "soil-data")

public class SoilData {

private double soilTemperature;
private double soilMoisture;

private double electronicConductivity;
private double volumetricWaterContent;
private double salinity;

private double totalSuspendedSolids;
private double flowVolume;

private double nitrate;

@CreatedDate

private Instant timestamp;

private String coordinates;

Soil Data Service

public List<SoilDataDto> findByParameter(String coordinates,
Instant start, Instant end) {
List<SoilData> res = null;

res =
soilDataRepository.findByTimestampAndCoordinatesOOrderByTimestampA
irHumidityAsc(start, end, coordinates);

return res.stream()
.map(this::mapSoilDataTSoilDataDto)
.collect(Collectors.toList());

public SoilDataDto findLastEntry(String location){
return
mapSoilDataTSoilDataDto(soilDataRepository.findFirstByCoordinatesO
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rderByTimestampDesc(location));
}

Soil Controller

@RestController
@RequestMapping("/soil")
@RequiredArgsConstructor

public class SoilDataController {

private final SoilDataService soilDataService;

@GetMapping("/search-all")
public ResponseEntity<List<SoilDataDto>> getData(
@RequestParam String location,
@RequestParam(required = false) @DateTimeFormat(iso
DateTimeFormat.ISO.DATE) Instant start,
@RequestParam(required = false) @DateTimeFormat(iso
DateTimeFormat.ISO.DATE) Instant end

M

return new
ResponseEntity<>(soilDataService.findByParameter(location,start,en
d), HttpStatus.OK);

}

@GetMapping("/search")
public ResponseEntity<SoilDataDto> getData(
@RequestParam String location

i

return new
ResponseEntity<>(soilDataService.findLastEntry(location),
HttpStatus.OK);

}

RabbitMQ configuration

@Configuration
public class RabbitMQConfig {

@value("${rabbitmq.soil.queue.name}")
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private String queue;

@vValue("${rabbitmq.exchange.name}")
private String exchange;

@value("${rabbitmqg.soil.routing.key}")
private String routingKey;

@Bean
public Queue queue(){
return new Queue(queue);

@Bean
public DirectExchange exchange(){
return new DirectExchange(exchange);

@Bean
public Binding binding(){
return BindingBuilder.bind(queue())
.to(exchange())
.with(routingKey);

@Bean
public MessageConverter converter(){
return new Jackson2JsonMessageConverter();

}

@Bean

public AmgpTemplate amgpTemplate(ConnectionFactory
connectionFactory){

RabbitTemplate rabbitTemplate = new

RabbitTemplate(connectionFactory);
rabbitTemplate.setMessageConverter(converter());
return rabbitTemplate;
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Soil User Model

@Data
@AllArgsConstructor
@NoArgsConstructor
@Builder
@ocument(collection = "user-to-notify")
public class UserToNotify {
@1d
private String id;
private String email;
private String coordinates;

private Double lessSoilTemperature;
private Double moreSoilTemperature;

private Double lessSoilMoisture;
private Double moreSoilMoisture;

private Double lessElectronicConductivity;
private Double moreElectronicConductivity;

private Double lessVolumetricWaterContent;
private Double moreVolumetricWaterContent;

private Double lessSalinity;
private Double moreSalinity;

private Double lessTotalSuspendedSolids;
private Double moreTotalSuspendedSolids;

private Double lessFlowVolume;
private Double moreFlowVolume;

private Double lessNitrate;
private Double moreNitrate;

Soil User Service

public List<SoilDataDto> findByParameter(String coordinates,
Instant start, Instant end) {
List<SoilData> res = null;
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res =
soilDataRepository.findByTimestampAndCoordinatesOOrderByTimestampA
irHumidityAsc(start, end, coordinates);

return res.stream()
.map(this::mapSoilDataTSoilDataDto)
.collect(Collectors.toList());

public SoilDataDto findLastEntry(String location){
return
mapSoilDataTSoilDataDto(soilDataRepository.findFirstByCoordinatesO
rderByTimestampDesc(location));

}

Soil User Controller

@RestController
@RequestMapping("/soil")
@RequiredArgsConstructor

public class SoilDataController {

private final SoilDataService soilDataService;

@GetMapping("/search-all")
public ResponseEntity<List<SoilDataDto>> getData(
@RequestParam String location,
@RequestParam(required = false) @DateTimeFormat(iso
DateTimeFormat.ISO.DATE) Instant start,
@RequestParam(required = false) @DateTimeFormat(iso
DateTimeFormat.ISO.DATE) Instant end

N

return new
ResponseEntity<>(soilDataService.findByParameter(location,start,end),
HttpStatus.OK);

}

@GetMapping("/search™)
public ResponseEntity<SoilDataDto> getData(
@RequestParam String location
)
return new
ResponseEntity<>(soilDataService.findLastEntry(location),
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HttpStatus.OK);
}

Dockerfile

FROM openjdk:17

EXPOSE 8080:8080

ADD target/soil-microservice.jar soil-microservice.jar
ENTRYPOINT ["java","-jar","/soil-microservice.jar"]

Dockerfile Compose

version: '3.8'

services:
soil-microservice:

image: soil-microservice:latest

ports:
- "8080"

environment:
SPRING_DATA_MONGODB_HOST: mongodb
SPRING_DATA_MONGODB_PORT: 27019
SPRING_DATA_MONGODB_DATABASE: soil
SPRING_DATA_MONGODB_AUTHENTICATION: admin
SPRING_RABBITMQ_ HOST: rabbitmq
SPRING_RABBITMQ_PORT: 5672
SPRING_RABBITMQ_USERNAME: guest
SPRING_RABBITMQ_PASSWORD: guest
RABBITMQ_SOIL_QUEUE_NAME: soil.notification.queue
RABBITMQ_EXCHANGE_NAME: notification.exchange
RABBITMQ_SOIL_ROUTING_KEY: soil.queue.user.notification

EUREKA_CLIENT_SERVICE_URL: http://eureka-server:8761/eureka/

depends_on:
- mongodb
networks:
- environment-pollution-network

mongodb:
image: mongo:latest
ports:
- "27019:27017"
volumes:
- type: bind
source: Documents/pollution/soil-db
target: /pollution/soil-db

71



networks:
- environment-pollution-network

networks:
environment-pollution-network:
external: true
name: project_environment-pollution-network

KS8s deployment

apiVersion: apps/vl
kind: Deployment
metadata:
name: soil-microservice
spec:
replicas: 2
selector:
matchLabels:
app: soil-microservice
template:
metadata:
labels:
app: soil-microservice
spec:
containers:
- name: soil-microservice
image: "themisvas/soil-microservice:latest"
ports:
- containerPort: 8082
env:
- name: SPRING_DATA_MONGODB_HOST
value: soil-mongodb
- name: SPRING_DATA MONGODB_PORT
value: "27019"
- name: SPRING_DATA_MONGODB_DATABASE
value: soil
- name: SPRING_DATA_MONGODB_AUTHENTICATION
value: admin
- name: SPRING_RABBITMQ_HOST
value: rabbitmq
- name: SPRING_RABBITMQ_PORT
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value: "5672"
- name: SPRING_RABBITMQ_USERNAME
valueFrom:
secretKeyRef:
name: rabbitmg-secret
key: rabbitmqg-username
- name: SPRING_RABBITMQ_PASSWORD
valueFrom:
secretKeyRef:
name: rabbitmg-secret
key: rabbitmg-password
- name: RABBITMQ_SOIL_QUEUE_NAME
value: soil.notification.queue
- name: RABBITMQ_EXCHANGE_NAME
value: notification.exchange
- name: RABBITMQ_SOIL_ROUTING_KEY
value: soil.queue.user.notification

KS8s Service

apiVersion: vl
kind: Service
metadata:
name: soil-microservice
spec:
type: LoadBalancer
selector:
app: soil-microservice
ports:
- port: 80
targetPort: 8082

K8s DB Deployment

apiVersion: apps/vl
kind: Deployment
metadata:

name: soil-mongodb
spec:

replicas: 1

selector:

matchLabels:
app: soil-mongodb
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template:
metadata:
labels:
app: soil-mongodb
spec:
containers:
- name: soil-mongodb
image: mongo:latest
ports:
- containerPort: 27019
volumeMounts:
- name: soil-mongodb-data
mountPath: /data/soil-db
volumes:
- name: soil-mongodb-data
persistentVolumeClaim:
claimName: soil-mongodb-data

K8s DB Service
apiVersion: v1
kind: Service
metadata:
name: soil-mongodb
spec:
selector:
app: soil-mongodb
ports:
- protocol: TCP
port: 27019
targetPort: 27019

KS8s DB Persistence Volume

apiVersion: vl
kind: PersistentVolumeClaim
metadata:

name: soil-mongodb-data
spec:

accessModes:

- ReadWriteMany
resources:
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requests:
storage: 1Gi

5.3.4 Mkpovnnpeoio Ewdomoinong Evorapepopevov

H cvykexpipévn vanpecio eivat vmebBovvn yio va g1domotel Tov Kabe evOlPePOUEVO GE
mepintwon emBuUNTNG TIUNG TOL £XEL OPICEL GTNV EQPAPUOYT]. ZVUVOEETOL GUECA LE TIG
pikpobvmnpecieg Tov Aépa, Tov Nepov kKot tov Eddpovg pécm ovpmv, ot omoiec mpomBoidv Eva
aitpa ewomnoinong oe mepintmon mov AdPovv Tiur| ond ToVg GEVGOPES OV £XEL OPiCEL O

YPNOTNG GTO GVGTNLLAL.

[Mapaxdato wapatiBevtar o configuration apyeio yio o Docker ko to K8s. I'a v

vAomoinor tov koo PAéne [Tapdptnua 8.1 .

Dockerfile

FROM openjdk:17

EXPOSE 8080:8080

ADD target/notification-microservice.jar
notification-microservice.jar

ENTRYPOINT ["java","-jar","/notification-microservice.jar"]

Dockerfile Compose

version: '3.8'

services:
notification-microservice:

image: notification-microservice:latest

ports:
- "8080"

environment:
SPRING_RABBITMQ HOST: rabbitmq
SPRING_RABBITMQ_PORT: 5672
SPRING_RABBITMQ_USERNAME: guest
SPRING_RABBITMQ PASSWORD: guest
RABBITMQ_EXCHANGE_NAME: notification.exchange
RABBITMQ_AIR_QUEUE_NAME: air.notification.queue
RABBITMQ_AIR_ROUTING_KEY: air.queue.user.notification
RABBITMQ_WATER_QUEUE_NAME: water.notification.queue
RABBITMQ_WATER_ROUTING_KEY: water.queue.user.notification
RABBITMQ_SOIL_QUEUE_NAME: soil.notification.queue
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RABBITMQ_SOIL_ROUTING_KEY: soil.queue.user.notification
SPRING_MAIL_HOST: smtp.gmail.com

SPRING_MAIL_PORT: 587

SPRING_MAIL_USERNAME: th3m.them@gmail.com
SPRING_MAIL_PASSWORD: ckonidsgtbylakhh
EUREKA_CLIENT_SERVICE_URL: http://eureka-server:8761/eureka/

networks:
- environment-pollution-network

networks:
environment-pollution-network:
external: true
name: project_environment-pollution-network

K8s deployment

apiVersion: apps/vl
kind: Deployment
metadata:
name: notification-microservice
spec:
replicas: 1
selector:
matchLabels:
app: notification-microservice
template:
metadata:
labels:
app: notification-microservice
spec:
containers:

- name: notification-microservice
image: "themisvas/notification-microservice:latest"
ports:

- containerPort: 8083

env:

- name: SPRING_RABBITMQ_HOST
value: rabbitmq

- name: SPRING_RABBITMQ_PORT
value: "5672"

- name: SPRING_RABBITMQ_ USERNAME
valueFrom:

secretKeyRef:
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name: rabbitmg-secret
key: rabbitmg-username
name: SPRING_RABBITMQ_PASSWORD
valueFrom:
secretKeyRef:
name: rabbitmg-secret
key: rabbitmg-password
name: SPRING_MAIL_HOST
valueFrom:
secretKeyRef:
name: email-secret
key: SPRING_MAIL_HOST
name: SPRING_MAIL_PORT
valueFrom:
secretKeyRef:
name: email-secret
key: SPRING _MAIL_PORT
name: SPRING_MAIL_USERNAME
valueFrom:
secretKeyRef:
name: email-secret
key: SPRING_MAIL_USERNAME
name: SPRING_MAIL_PASSWORD
valueFrom:
secretKeyRef:
name: email-secret
key: SPRING_MAIL_PASSWORD
name: RABBITMQ_EXCHANGE_NAME
value: notification.exchange
name: RABBITMQ_AIR_QUEUE_NAME
value: air.notification.queue
name: RABBITMQ AIR_ROUTING_KEY
value: air.queue.user.notification
name: RABBITMQ WATER_QUEUE_NAME
value: water.notification.queue
name: RABBITMQ_ WATER_ROUTING_KEY
value: water.queue.user.notification
name: RABBITMQ SOIL_ QUEUE_NAME
value: soil.notification.queue
name: RABBITMQ_SOIL_ROUTING_KEY
value: soil.queue.user.notification
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KS8s Service

apiVersion: v1
kind: Service
metadata:
name: notification-microservice
spec:
type: LoadBalancer
selector:
app: notification-microservice
ports:
- port: 80
targetPort: 8083

KS8s Secret

apiVersion: vi1

kind: Secret

metadata:
name: email-secret

type: Opaque

data:
SPRING_MAIL_HOST: c210cC5nbWFpbC5jb20=
SPRING_MAIL_PORT: NTg3
SPRING_MAIL_USERNAME: dGgzbS50aGVtQGdtYW1lsLmNvbQ==
SPRING_MAIL_PASSWORD: Y2tvbmlkc2d@YnlsYWtoaA==

5.3.5 Mikpovnnpecio Avaiveng Agoopévov

Mapakdtw TTaparibevral Ta Bacikd apxeia yia TNV hIKpoUTTNpeaia TNG avadAuong 6eO0uEVWY
Kal N AoyIKr} UAOTTOINONG TWV KUPIWV CNHEIWY TNG AEITOUPYIKOTNTAG TOU.

pom.xml

<dependencies>
<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-web</artifactId>
</dependency>

<dependency>
<groupIld>org.springframework.boot</groupId>
<artifactId>spring-boot-devtools</artifactId>
<scope>runtime</scope>
<optional>true</optional>
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</dependency>

<dependency>
<groupId>org.projectlombok</groupId>
<artifactId>lombok</artifactId>
<optional>true</optional>

</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-test</artifactId>
<scope>test</scope>

</dependency>

<dependency>
<groupId>org.apache.commons</groupIld>
<artifactId>commons-math3</artifactId>
<version>3.6.1</version>

</dependency>

<dependency>
<groupId>org.springframework.cloud</groupId>

<artifactId>spring-cloud-starter-netflix-eureka-client</artifactId>
<version>4.1.0</version>
</dependency>
</dependencies>

application.properties

# General Config
spring.application.name=analytics-microservice
server.port=0

# Service discover config
eureka.client.service-url.defaultZone=${EUREKA_CLIENT_SERVICE_URL}
eureka.instance.prefer-ip-address=true

Statistics Calculator

@Service
public class StatsCalculator {

public Double calculateMean(List<Double> numbers){
if (numbers.isEmpty()) {
throw new IllegalArgumentException("List is empty");

79



DescriptiveStatistics statistics = new DescriptiveStatistics();
numbers.forEach(statistics::addvValue);

return statistics.getMean();

public Double calculateMedian(List<Double> numbers) {
if (numbers.isEmpty()) {
throw new IllegalArgumentException("List is empty");

DescriptiveStatistics stats = new DescriptiveStatistics();
numbers.forEach(stats::addValue);

return stats.getPercentile(50);

public Double calculateRange(List<Double> numbers) {
if (numbers.isEmpty()) {
throw new IllegalArgumentException("List is empty");

DescriptiveStatistics stats = new DescriptiveStatistics();
numbers.forEach(stats::addValue);

return stats.getMax() - stats.getMin();

public Double calculateStandardDeviation(List<Double> numbers) {
if (numbers.isEmpty()) {
throw new IllegalArgumentException("List is empty");

DescriptiveStatistics stats = new DescriptiveStatistics();
numbers.forEach(stats::addvalue);

return stats.getStandardDeviation();

H mopandve kKhaon vroAoyilel facikd oTOTIGTIKA OTMG TO LEGO OPO, TN OAUESO, TV TUTIKY|
amoKAloT KA. [0 ToV VTOAOYIGHO TV dEd0UEVEOV VTLAPYOVY TPOG TOV £E® KOGUO HEHOJOL

mov akovve pe HTTP:

80



Air Stats Controller

@RestController

@RequestMapping("/analytics")

@RequiredArgsConstructor

public class BasicAirDataStatisticalResultController {

private final BasicAirDataStatisticalResultService
dataStatisticalResultService;

@PostMapping("/basic-air")
public ResponseEntity<BasicAirDataStatisticalResultDto>
calculateBasicStatistics(@RequestBody List<AirDataDto> airDataDtoList){

return new
ResponseEntity<>(dataStatisticalResultService.calculateBasicAirStats(air
DataDtoList), HttpStatus.OK);

}

Water Stats Controller

@RestController

@RequestMapping("/analytics")

@RequiredArgsConstructor

public class BasicWaterDataStatisticalResultController {

private final BasicWaterDataStatisticalResultService
dataStatisticalResultService;

@PostMapping("/basic-water")

public ResponseEntity<BasicWaterDataStatisticalResultDto>
calculateBasicStatistics(@RequestBody List<WaterDataDto>
waterDataDtoList){

return new
ResponseEntity<>(dataStatisticalResultService.calculateBasicWaterStats(w
aterDataDtolList), HttpStatus.OK);

}

Soil Stats Controller

@RestController
@RequestMapping("/analytics™)
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@RequiredArgsConstructor
public class BasicSoilDataStatisticalResultController {

private final BasicSoilDataStatisticalResultService
dataStatisticalResultService;

@PostMapping("/basic-soil™)

public ResponseEntity<BasicSoilDataStatisticalResultDto>
calculateBasicStatistics(@RequestBody List<SoilDataDto>
soilDataDtoList){

return new
ResponseEntity<>(dataStatisticalResultService.calculateBasicSoilSt
ats(soilDataDtoList), HttpStatus.OK);

}

Dockerfile

FROM openjdk:17

EXPOSE 8080:8080

ADD target/analysis-microservice.jar analysis-microservice.jar
ENTRYPOINT ["java","-jar","/analysis-microservice.jar"]

Dockerfile Compose

version: '3.8'

services:
analysis-microservice:
image: analysis-microservice:latest
ports:
- "8080"
environment:
EUREKA_CLIENT_SERVICE_URL: http://eureka-server:8761/eureka/
networks:
- environment-pollution-network

networks:
environment-pollution-network:
external: true
name: project_environment-pollution-network
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K8s deployment

apiVersion: apps/vl
kind: Deployment
metadata:
name: analysis-microservice
spec:
replicas: 2
selector:
matchLabels:
app: analysis-microservice
template:
metadata:
labels:
app: analysis-microservice
spec:
containers:

- name: analysis-microservice
image: "themisvas/analysis-microservice:latest"”
ports:

- containerPort: 8084

K8s Service

apiVersion: v1
kind: Service

metadata:
name: analysis-microservice
spec:
type: LoadBalancer
selector:
app: analysis-microservice
ports:
- port: 80

targetPort: 8084
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5.3.6 Mikpoivnnpeoio Api-Gateway

H ovykexpipévn vanpecia [22] Aertovpyel wg éva onpeio 16600V Yio TOAAATAESG SETAPES

TPOYPOUUOTIGHOD EQOUPUOYDV TAPEYXOVTOS O1APOPES AEITOVPYIES, CLUTEPIAAUPOVOUEV®V:

- Routing: KafBoonynon tov artnpdtov tov teAdtn oy KatdAAnin vanpecio

backend Bdcet Tov TOV TEPIEYOUEVOL TOL OUTILOTOC.

- Authentication and Authorization: EmioAn pétpov aceareiog, 0tmgn

EMOANOELON TOV TOVTOTHTOV TV ¥PNOTAOV 1 0 EAEYYOG TPOGPACTC.

- Request Filtering: [Ipocappoyn tov oitUaToV KOl TOV ATOVTNCEDV Y10 0COAAELL

tov backend and kaxdfovies KANGELS.

- Load Balancing: Awvopn eioepyOUeEVOV OITNUATOV GE TOAATAEG TEPUTTOCELS TOV

vanpectov backend yio ™ BertioTonoinon g amdooong Kot TG dbecIdTTOC.

- Monitoring and Analytics: vAloyn dedopévmv oyetikd pe ™ ypron tov AP, tig
LETPNGELG ATOS0CTG KOl TO TOCOGTH GPAUALATMV Y10l TN SIELVKOAVVGOT) TNG

mopakKorovOnonc.
- Rate Limiting: 'ELeyyog tov pvOpod pe tov omoio ot meldteg pmopoHv va Exovv

npocPacn ota APIs mpoxeévou va amotpamrei ) katdypnon N N VIEPPOHPTMOOT TOV

backend.
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[Ewova 8]: [Aertovpyia Api-Gateway]

Mobile Clients Microservice

Browser Clients API Gateway > Microservice

Service Clients . .
Microservice

pom.xml

<dependencies>
<dependency>
<groupId>org.springframework.cloud</groupId>
<artifactId>spring-cloud-starter-gateway</artifactId>
</dependency>

<dependency>
<groupId>org.springframework.cloud</groupId>

<artifactId>spring-cloud-starter-netflix-eureka-client</artifactId
>
<version>4.1.0</version>
</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-test</artifactId>
<scope>test</scope>
</dependency>
</dependencies>

application.properties

# General Config
spring.application.name=api-gateway
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server.

eureka.
reka/
eureka.

spring.
spring.
spring.
spring.

spring.
spring.
spring.
spring.

spring.
spring.
spring.
spring.

spring.
spring.
spring.
spring.

port=8086

client.service-url.defaultZone=http://eureka-server:8761/eu

instance.prefer-ip-address=true

cloud.
cloud.
cloud.
cloud.

cloud.

cloud

cloud.
cloud.

cloud.
cloud.
cloud.

cloud

cloud.
cloud.
cloud.
cloud.

gateway.
gateway.
gateway.
gateway.

gateway.
.gateway.
gateway.
gateway.

gateway.
gateway.
gateway.
.gateway.

gateway.
gateway.
gateway.
gateway.

# Enable global CORS

spring.cloud.gateway.

spring.cloud.gateway.globalcors.
methods=GET, POST, PUT, DELETE,
spring.cloud.gateway.globalcors.

headers=*

spring.cloud.gateway.globalcors.

edentials=true

routes[9]
routes[0]
routes[9]
routes[9]

routes[1]
routes[1]
routes[1]
routes[1]

routes[2]
routes[2]
routes[2]
routes[2]

routes[3]
routes[3]
routes|[3]
routes[3]

.id=air-microservice
.uri=lb://air-microservice
.predicates[0].=Path=air/**
.filters[@]=SetPath=/air/**

.id=water-microservice
.uri=1lb://water-microservice
.predicates[0].=Path=water/**
.filters[@]=SetPath=/water/**

.id=soil-microservice
.uri=lb://soil-microservice
.predicates[0].=Path=soil/**
.filters[@]=SetPath=/soil/**

.id=analytics-microservice
.uri=1lb://analytics-microservice
.predicates[0@].=Path=/analytics**
.filters[@]=SetPath=/analytics/**

configuration
globalcors.cors-configurations.[/**].allowed-
origins=http://localhost:5173

cors-configurations.[/**].allowed-
OPTIONS
cors-configurations.[/**].allowed-

cors-configurations.[/**].allow-cr

spring.cloud.gateway.discovery.locator.enabled=true
spring.cloud.gateway.discovery.locator.lower-case-service-id=true
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1o mapomdve apyeio puBuilovpe To api-gateway pog va d€yetor KANGES Lovo omd to front
end ™¢ epapproyng pog Kot Oyt amd eEmTEPIKES TNYES Ko opilovpe kdmotla giltpa yio vo

TPo®OHoVVTOL 01 KAOELS GTOL GOGTA microservices.

Dockerfile

FROM openjdk:17

EXPOSE 8086

ADD target/api-gateway.jar api-gateway.jar
ENTRYPOINT ["java","-jar","/api-gateway.jar"]

Dockerfile Compose

version: '3.8'

services:
api-gateway:
image: api-gateway:latest
ports:
- "8086:8086"
environment:
EUREKA_CLIENT_SERVICE_URL: http://eureka-server:8761/eureka/
networks:
- environment-pollution-network

networks:
environment-pollution-network:
external: true
name: project_environment-pollution-network

K8s deployment

apiVersion: apps/vl
kind: Deployment

metadata:
name: api-gateway
spec:
replicas: 1
selector:
matchLabels:
app: api-gateway
template:
metadata:
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labels:
app: api-gateway
spec:
containers:
- name: api-gateway
image: "themisvas/api-gateway:latest
ports:
- containerPort: 8086

KS8s Service

apiVersion: vl
kind: Service

metadata:
name: api-gateway
spec:
type: LoadBalancer
selector:
app: api-gateway
ports:
- port: 80

targetPort: 8086

5.3.7 Mikpoivnnpeoia Service Discovery

H aviyvevon vanpecidv og Eva TepBAALoOV LIKPOUTNPECIOV AVAPEPETOL GT OUOTKAGTOL
EVTOMIGLOD Kot EMKOWV®VING HETAED TV S10POP®V VINPEGIDV TOV ATOTELOVV TO GLVOAKO
ovotnpa. Kabe vimpesio uropet va £xet dtapopetikn tomobeaia, dievbvvon IP 1 dAha
SVVOUIKE YOPAKTNPIOTIKE TTOV AALALOVY KT TNV EKTEAEGT], KOL 1] AVIYVELCT] VINPECUDY
Bonbdaet 6to Vo yiveTon aVTOMOTO O EVIOTICUOG KO 1] ETKOV@VIN LE avTéG. Mmopel va
emtevyBel pe ) ypnon VKOV epyareimv | TPOTOKOAA®V. XNV Tapovcsa epyacio Oa
avamtuyBovv 6o tpodmot yia service discovery. O mpdTog Ba glvar cav pia Kavovikn
pikpobmnpeoia pe 6vopa eureka-server, Onmg eaivetor kot cov dependency 6to
application.properties TV TPONYOVLEVOV LKPODTNPESLOV Kot XEPILETAL TNV GLYKEKPUEVN
Aertovpyia. O devTEPOC €lvar 0 avtdpaTog TpoOTog Tov K8s dtav Bpiokovrotl 6to 1610

KOTAVEUNUEVO GUGTN LA, YOPIG TNV avaykn yio TV pikpobrnpecio Tov eureka server. Xtnv
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nepintmon avtr, omdd Ba agapécovpe to dependency og kébe vanpecio mov To
YPNOYLOTOLEL.

pom.xml

<dependencies>
<dependency>
<groupId>org.springframework.cloud</groupId>

<artifactId>spring-cloud-starter-netflix-eureka-server</artifactld
>
</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-test</artifactId>
<scope>test</scope>
</dependency>
</dependencies>

application.properties

server.port=8761
eureka.client.register-with-eureka=false
eureka.client.fetch-registry=false

Dockerfile

FROM openijdk:17

EXPOSE 8761

ADD target/eureka-server.jar eureka-server.jar
ENTRYPOINT ["java","-jar","/eureka-server.jar"]

Dockerfile Compose

version: '3.8'

services:
eureka-server:
image: eureka-server:latest
ports:
- "8761:8761"
networks:
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- environment-pollution-network

rabbitmq:
image: rabbitmq:3.12.11-management
ports:
- "5672:5672"
networks:
- environment-pollution-network

networks:
environment-pollution-network:
external: true
name: project_environment-pollution-network

5.3.8 Awemapn} Xp1jotn

I'a v demaen xpnotn viorombnkav components Tov ypnciedovy yo Ty avaltnon
TILAOV TOL EMOVLEL O EVOLUPEPOLEVOC, TNV TPOPOAT TV SEOOUEVAOV, POPLEG Y10 ELGOUYWYN

oTol eIV €100TTOINONG Kot ETEENYNON TOV OAMV TOV LETPOVUEVOV SESOUEVMV.

I'o v vAomoinon tov kddka PAEre [apaptnpua 8.2 .
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5.4 IMopovoioon E@appoyig

5.4.1 Apywn Xerido

2tV apyikn oeAido vdpyetl pio pkpn eneENynon yio Ty AEltovpyia TG EPOPUOYNS, S0

ewoveg, pio pmapa ovalnTnons 6To TAVe HEPOS Kal £VOC GUVOEGHOC.

@ Environment Pollution Monitoring History Selectdatatype v SelectaGity v

Environment Pollution Monitoring

Taking Control of the environment we live

How we do it?

We place loT sensors in different locations that constantly measure data for air, water and soil. The i data can be i here.

How to use the app:

You can search via location in the navbar above, by choosing between live and history data for comparison.
Finally, click the alert button in order to be notified of your desired values in a specific location.

[MotdvTog TOV GUVOEGHO Y10 EXEENYNON TOV SEGOUEVMV TTOV PETPAEL 1] EPOPLOYN

LETOPEPOUACTE TOPOUKAT®:
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Explaining data

What kind of data do the loT sensors measure?

About Air data:
- Temperature: a measure of the temperature or coolness of the air. Measured in degrees Celsius (*C) or Fahrenheit (°F)
- Humidity: refers to the amount of water vapor present in the air. It is usually expressed as a percentage. High humidity indicates more moisture in the air, while low humidity indicates drier air

- CO2: is a colorless and odorless gas that is naturally present in the Earth's atmosphere. It is produced by the respiration of living organisms and by the burning of fossil fuels. Monitoring CO2 levels is important indoors to ensure good
air quality.

- VOCs: are a group of organic chemicals that can easily evaporate into the air. They are emitted from a variety of sources including household products, paints, cleaning products and building materials. Seme VOCs can contribute to
air pollution and have potential health effects.

- PM2.5: refers to microparticles with a diameter of 2.5 micrometres or less. These particles can come from a variety of sources, such as vehicle exhaust, industrial emissions and the combustion of fossil fuels. PM2 5 is of concern
because it can penetrate deep into the respiratory system and have adverse health effects.

- CO: is a colourless and odourless gas formed when carbon-containing fuels (such as petrol, wood or natural gas) are burnt incompletely. High levels of carbon monoxide can be dangerous as it can affect the body's ability to carry
oxygen

About Water data:

- Dissolved oxygen: refers to the amount of oxygen gas dissolved in water, measured in mg/L. It is vital for the survival of aquatic organisms. Adequate levels of dissolved oxygen support fish and other aquatic erganisms, while low
levels can lead to hypoxia, damaging aquatic ecosystems.

- Oxidation reduction potential: a measure of the ability of a solution to oxidise or reduce substances, measured in mV. In the context of water quality, it provides information on the overall chemical activity and the ability of water to
gain or lose electrons. ORP is often used to evaluate the efficiency of water treatment processes.

- PH: a measure of the acidity or alkalinity of a solution. It is based on a scale of 0 to 14, where a pH of 7 is neutral, values below 7 are acidic, and values above 7 are alkaline. The pH of water is an important parameter as it can affect
chemical reactions, nutrient availability and the health of aquatic organisms.

- Turbidity: a measure of the cloudiness or turbidity of a liquid caused by a large number of individual particles, usually measured in NTU. In water, turbidity is often caused by suspended solids such as silt, clay and organic matter. High
turbidity can interfere with light penetration, which can affect the growth of aquatic plants and the overall health of aquatic ecosystems.

- Total dissolved solids: a measure of the total concentration of dissalved substances in water, including minerals, salts and organic matter. Usually expressed in parts per million (ppm) or milligrams per liter (mg/L). High levels of TDS
can affect the taste of water and may indicate contamination.

- Temperature: a fundamental parameter that can affect various physical and biological processes in aquatic ecosystems. It affects the solubility of gases, the metabolic rates of aquatic organisms and the overall health of aguatic
ecosystems. Temperature is frequently monitored to assess the suitability of water for different uses and to detect any abnormal changes

About Soil data:

- Temperature: soil temperature refers to the temperature at a certain depth below the surface. It affects plant growth, microbial activity and nutrient availability. Monitoring it helps to understand seasonal variations and to optimize
agricultural practices.

- Moisture: a measure of the amount of water in the soil. It is often expressed in units such as centibars (cbar), which indicate the tension required to extract water from the soil. Monitoring soil meisture is vital for effective irrigation
management and understanding soil water availability for plants

2ty mopoandve cerida emeEnyobvtal avolvuTikd OA0L 01 TOTOL SESOUEVMV OV LLETPLOVVTOL
avd Kotnyopio, OGTE Ol YPNOTES VO OMOKTIIGOVV Lio GOAPIKT] EIKOVA Yol TV TOLOTNTO TOV

LETPT|CEMV.
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5.4.2 Avalqtnon Lovtavey dedopuévav

[Mopatmpodvtag ™ prdpa avalitnong PAémovpe kdmola iltpa yio emAoyn avalntnoemy.
Apyika, n Tpokabopiopévn Aettovpyia eivor 1 avalnmon (ovtavdy dEd0UEVOV ETIAEYOVTOG

amAd Tov eTBLUNTO TUTO SEGOUEVOV KOl TNV TEPLOYT).

@ Environment Pollution Monitoring

Environment Pollution Monitoring

Taking Control of the environment we live

How we do it?

We place loT sensors in different i that y data for air, water and soil. The i data can be i here.
.
Air W
:
Air
(N1
uhater
.
Soil
[ |

Select a City

Amsterdam
Athens

Berlin
Brussels
Budapest
Copenhagen
Dublin
Helsink
Lisbon
London
Madrid
Oslo
Paris
Prague
Rome
line Stockhaolm
Vienna
Warsaw

I Zurich .
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Yvveyilovrtag, matdpe To kovuni Search kot avTOUATO LETAPEPOUACTE GE piot AAAT GEAOQ
kot gpeoviovtar og pia Aota ot petpnoeig g avalnmong poc. Kdtw anod tig petpnoeig

VIapyEL emmAEov éva kKovuni pe v ovopocio Check Range Values.

Last Measured Air Data for Athens at 1/22/2024 at 08:00 PM
25

32

7.8

5.4

0.98

Check Range Values

[Matdvrag to kovuni avtd epeavifeTon £va TIVOKAKL LE TO TEOIN PUGIOAOYIK®V TYLMV aVE

dedopévo, mote vo Katarapaivel o xpnong o€ Tl eninedo Ppickovtal o1 LETPNGELC.
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@ Environment Pollution Monitoring

VeryLow:<10°C  Low: 10°C-15°C  Nommal: 15°C - 25°C  High: 25°C -30°C  Very High: > 30°C

Very Low: < 20% Low:20% -40%  Normal: 40% -60%  High:60% -80%  Very High: > 80%

VeryLow:<1ppm  Low:1-5ppm  Nommal:5-10ppm  High: 10-20 ppm  Very High: > 20 ppm

Very Low: < 400 ppm Low: 400 -800 ppma  Normal: 800 - 1000 pphiigh: 1000 - 2000 pprery High: > 2000 ppm

Very Low: < 10 pg/m* Low: 10 - 20 pgim*  Nommal: 20 - 30 jg/m* High: 30 - 50 g/m*  Very High: > 50 pg/m®

VeryLow:<5ppb  Low:5-20ppb  Normal: 20-50ppb  High: 50-100 ppb  Very High: > 100 ppb

5.4.3 Avalitnon moperfoviiK®OV 0£00UEVOV

[Na va avalntoet o xpriotg mapeAbovtika dedopéva, tatdel o kovuni History omn pmdpa

avalnTnong Yo va. ELPAvVIGTOVV To GIATPA Yol TIG EMOLUNTEG UEPOUNVIEC.

() Environment Pollution Monitoring StartDate | e1/e1/2e2 3 EndDate | eis2e/2026 D

Start Date End Date mm / d

February 2024 ~

Su Tu We
3
7
14
21

28

Today




‘Enetta, matovrog wii to kovuni Search cuveyilovpe oty avdivon dedopévmy.

5.4.4 Avalvon Agdopévev

21NV 6eMOa avAAVOTG OE0OUEVDV ELPOVILETAL TPAOTO VO TIVAKAKL [LE CTOTIGTIKA Y10, TIG
nuepounvieg mov emiélape ota GIATPA, OTMG 0 HEGOG OPOGC, 1| SIAUEGOC, 1) TUTIKY| OTOKALON
Kot GAAa ava pétpnon. Emmpocfétmg, vrdpyovv tpia kovpumid, o tpdto Check Range

Values 0nw¢ avapépOnke tponyovuévag, to Show Time Graphs kot to Download CSV.

Environment Pollution Monitoring StaitDate  ei/ea/ze24 O EndDate | e1/24/204 O

Air Statistics

Athens 1/9/2024 at 04:53 PM 1/22/2024 at 08:00 PM

27.6667
Export the dataset:

[Tatdvrag to devtepo kovumi Show Time Graphs 0o pEAVICTOVV YPAPIKES TAPACTAGELS TOL
amnewkoviCouv 1 petafoin Tov TIUdV Kdbe pétpnong 6to YpOdvo Tov opicapEe Kotd TNV

avalnnon pHog.
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Close Time Graphs

 m— |

Check Range Values

Export the dataset:
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Télog, matdvtag to tedevtaio kovuni Download CSV katefaivet Eva apyeio Tomukd ctov
VIOAOYIOTN HOG LOPONG CSV, OOV TTEPLEYEL OAES TIC TILEG TOL LETPNOMNKAY GTO S1AGTN LA
avalTnong Hag o€ TEPITT®ON Tov Kamolog BEAEL va TpoPel o TEPATEP® AVAALGT T®V

OEOOUEVOV OVTOV.

B airDatacsv X

» Them_ > » B airDat:

5,airPM25,airCe,timestamp, coordinates
:46.888Z,Athens

Athens

Z,Athens

.8137,Athens
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5.4.5 Ewdomoinon Evowa@epopevov

H @oppa yia e1domoinomn tov evolagepopevov Ppicketol motdvIog 6To Kovumi alert otn
umapo ovalnnong, 6oL LG LETAPEPEL OTNV TOPAKAT® GEAMOA Kot 0 XpNoTNG £XEL TN
dvvatdtnTo vo emAEEEL TV emBuun T Kot yopia, Teployn Kot Tiun mov BEAEL vo Aapavet

€100TOMGELG.

Type your information below to be notified

Select Location

Select data type

Select Parameter

Select Operator

Alert Me

Stop receiving alerts by clicking here:
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Ye mepintwon €100moinong To email Tov GTEAVETOL GTOV EVOLAPEPOUEVO EYEL TNV TOPAKATM

HopON:

Air Quality Data

Parameter Value Unit
Temperature 26.0 °C
Humidity 65.0 %
coz2 402.0 ppm
VOCs 1.2 ppb
PM25 5.8 pg/m?
co 05 ppm
Timestamp 2024-01-09T14:53:46.088680500Z

Location Athens

' & Amavtnon ‘l ~* MNpowbnon I \
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6. Zvpmepacpata

SOUTEPAGLLATIKA, 1 TAPAKOAOVON O™ TOL TEPIPAAAOVTOC OVOOEIKVVETOL G OVGIMONG Y10 TN
JTNPNON TNG OIKOAOYIKNG IGOPPOTIOG Kol TV TPOSTAGIN TG UONGS. 26TOGO, 1| TPOOSOG
oTOV TOpéN TNG TEXVOLOYiaG £xel avoi&el véoug opilovteg pécm TG evempdtmong tov Internet
of Things (I0T) ota cvotuata TapakoAoHONoNG. AvTo ETTPENEL TNV ALTOUATY GLAAOYN
dedoUEVOV ad ucONTNPEG Kot TNV TapaKoA0VON oM TOV TEPIBAAAOVTOG GE TPOYLOTIKO

xPOVO.

O oYedGOC KOl 1] YPTOT CLYYPOVOV TEXVOAOYIDV OTOTEAOVV KPIGILOVS TOPEYOVTES Y10l TN
dNUovpyiol ELEMKTOV Kol ATOJOTIKMV GLGTNUATOV Tapakorovdnonc. Ewdwotepa, 1
EIKOVIKOTIOINGN UE TEPLEKTES KO 1] OPYLTEKTOVIKY] LKPOVTNPESLDV AVAIEIKVOOVTOL 1OG

0pOGNLOL GE OVTOV TOV TOUEN, TPOCPEPOVTAS amapaitntn eveAéia kot amddoo).

E&ioov onuavtikn eivor kot 1 cuveyNS EKTOOEVOT Ko EVIUEPWOOT O VEES TEXVOAOYIES, 1M
omoia amoteAel OgpéAo TLADVE Yo TV ETLTVYN VAOTOINGN TPONYUEVDV £PY®V
napoakorlovOnone. H dwoprng eEEMEN Tov Topéa amattel otabepr| evUEP®ON Kot

TPOETOLLOGIOL.

TéNog, N €QOpPLOYN TOV TAPOUTAVE GE KATAVEUNUEVO GUCTNUOTO EMLTPENEL TNV
OTOTEAEGUOTIKT AELTOVPYi Kot Stoyeipion TV mOpwv o€ evpitepn KAipoka. H
OAOKANPOUEVT] TPOGEYYIOT OVTAOV TMOV TOPAYOVIMV OVASEIKVIETOL MG KPIGIUT Y10l TN

dtpnon ¢ PLOGILOTNTOC KOl TNV TPOGTAGIN TOL TEPPAAALOVTOC YU TIG ETOUEVES YEVIEG.
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8. lMapaptpa

8.1 Yhomoinon Mkpovrnpeoiog Erdomoinong

[Mopaxdto Bpicketor 0 KOJKAG TG LKpoUINpesiag 1d0moinong xpHotn.

pom.xml

<dependencies>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-amqgp</artifactId>

</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-web</artifactId>

</dependency>

<dependency>
<groupId>org.projectlombok</groupId>
<artifactId>lombok</artifactId>
<optional>true</optional>

</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-test</artifactId>
<scope>test</scope>

</dependency>

<dependency>
<groupId>org.springframework.amgp</groupId>
<artifactId>spring-rabbit-test</artifactId>
<scope>test</scope>

</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-mail</artifactId>

</dependency>

<dependency>
<groupId>org.springframework.cloud</groupId>

<artifactId>spring-cloud-starter-netflix-eureka-client</artifactId

>
<version»4.1.0</version>
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</dependency>
</dependencies>

application.properties

# General Config
spring.application.name=notification-microservice
server.port=0

# Rabbit mq config
spring.rabbitmq.host=${SPRING_RABBITMQ HOST}
spring.rabbitmq.port=${SPRING_RABBITMQ_PORT}
spring.rabbitmq.username=${SPRING_RABBITMQ_ USERNAME}
spring.rabbitmq.password=${SPRING_RABBITMQ_ PASSWORD}

rabbitmq.exchange.name=${RABBITMQ_ EXCHANGE_NAME}
rabbitmqg.air.queue.name=${RABBITMQ_AIR_QUEUE_NAME}
rabbitmq.air.routing.key=${RABBITMQ_AIR_ROUTING_KEY}
rabbitmqg.water.queue.name=${RABBITMQ_WATER_QUEUE_NAME}
rabbitmg.water.routing.key=${RABBITMQ_WATER_ROUTING_KEY}
rabbitmqg.soil.queue.name=${RABBITMQ_WATER_QUEUE_NAME}
rabbitmq.soil.routing.key=${RABBITMQ WATER_QUEUE_NAME}

# Email SMTP config
spring.mail.host=${SPRING_MAIL_HOST}
spring.mail.port=${SPRING_MAIL_PORT}
spring.mail.username=${SPRING_MAIL_USERNAME}
spring.mail.password=${SPRING_MAIL_PASSWORD}
spring.mail.properties.mail.smtp.auth=true
spring.mail.properties.mail.smtp.starttls.enable=true
spring.mail.properties.mail.smtp.starttls.required=true

# Service discover config
eureka.client.service-url.defaultZone=${EUREKA_CLIENT_SERVICE_URL}
eureka.instance.prefer-ip-address=true

RabbitMQ configuration

@Bean
public DirectExchange exchange(){
return new DirectExchange(exchange);

@Bean
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public Queue airQueue(){
return new Queue(airQueue);

@Bean
public Binding airBinding(){
return BindingBuilder.bind(airQueue())
.to(exchange())
.with(airRoutingKey);

@Bean
public Queue waterQueue(){
return new Queue(waterQueue);

@Bean
public Binding waterBinding(){
return BindingBuilder.bind(waterQueue())
.to(exchange())
.with(waterRoutingKey);

@Bean
public Queue soilQueue(){
return new Queue(soilQueue);

@Bean
public Binding soilBinding(){
return BindingBuilder.bind(waterQueue())
.to(exchange())
.with(soilRoutingKey);

@Bean
public MessageConverter converter(){
return new Jackson2JsonMessageConverter();

@Bean
public AmgpTemplate amqpTemplate(ConnectionFactory
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connectionFactory){
RabbitTemplate rabbitTemplate = new
RabbitTemplate(connectionFactory);
rabbitTemplate.setMessageConverter(converter());
return rabbitTemplate;

Air Queue Consumer

@Service
public class AirQueueConsumer {

private final EmailSender emailSender;

public AirQueueConsumer(EmailSender emailSender) {
this.emailSender = emailSender;

@RabbitListener(queues = {"${rabbitmq.air.queue.name}"})
public void consume(AirQueueNotifyUsersDto airQueueNotifyUsersDto)
throws MessagingException {
System.out.println("Received From Air Queue-> "+
airQueueNotifyUsersDto.toString());

List<String> emails = airQueueNotifyUsersDto.getEmails();

AirQueueDataDto airQueueDataDto =
airQueueNotifyUsersDto.getAirData();

String location = airQueueDataDto.getCoordinates();

String time = airQueueDataDto.getTimestamp().substring(o, 23);

String subject = "Alert: Air Data - Detected: "+location+ " -
Time: "+time;

for (String email : emails) {
emailSender.sendAirDataEmail(email, subject,
airQueueDataDto);

}

Water Queue Consumer

@Service
public class WaterQueueConsumer {
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private final EmailSender emailSender;

public WaterQueueConsumer(EmailSender emailSender) {
this.emailSender = emailSender;

@RabbitListener(queues = {"${rabbitmq.water.queue.name}"})
public void consume(WaterQueueNotifyUsersDto
waterQueueNotifyUsersDto) throws MessagingException {

System.out.println("Received From Water Queue-> "+

waterQueueNotifyUsersDto.toString());

List<String> emails =
waterQueueNotifyUsersDto.getEmails();

WaterQueueDataDto waterQueueDataDto =
waterQueueNotifyUsersDto.getWaterData();

String location = waterQueueDataDto.getCoordinates();

String time =
waterQueueDataDto.getTimestamp().substring(o, 23);

String subject = "Alert: Water Data - Detected:
"+location+ " - Time: "+time;

for (String email : emails) {

emailSender.sendWaterDataEmail(email, subject,
waterQueueDataDto);

}

Soil Queue Consumer

@Service
public class SoilQueueConsumer {

private final EmailSender emailSender;

public SoilQueueConsumer(EmailSender emailSender) {
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this.emailSender = emailSender;

@RabbitListener(queues = {"${rabbitmq.soil.queue.name}"})
public void consume(SoilQueueNotifyUsersDto
soilQueueNotifyUsersDto) throws MessagingException {
System.out.println("Received From Soil Queue-> "
soilQueueNotifyUsersDto.toString());

+

List<String> emails = soilQueueNotifyUsersDto.getEmails();

SoilQueueDataDto soilQueueDataDto =
soilQueueNotifyUsersDto.getSoilData();

String location = soilQueueDataDto.getCoordinates();

String time = soilQueueDataDto.getTimestamp().substring(o,
23);

String subject = "Alert: Soil Data - Detected: "+location+
" - Time: "+time;

for (String email : emails) {
emailSender.sendSoilDataEmail(email, subject,

soilQueueDataDto);

}

Email Sender

@Service
public class EmailSender {
@Autowired
private JavaMailSender mailSender;

public void sendEmail(String toEmail, String subject, String
body){
SimpleMailMessage message = new SimpleMailMessage();
message.setFrom("th3m.them@gmail.com");
message.setTo(toEmail);
message.setText(body);
message.setSubject(subject);
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mailSender.send(message);

public void sendAirDataEmail(String toEmail, String subject,
AirQueueDataDto airData) throws MessagingException {

String body = generateHtmlTableForAirData(airData);

MimeMessage message = mailSender.createMimeMessage();
MimeMessageHelper helper = new MimeMessageHelper(message,
true, "UTF-8");

try {
helper.setFrom("th3m.them@gmail.com");

helper.setTo(toEmail);
helper.setText(body, true);
helper.setSubject(subject);

mailSender.send(message);
} catch (MessagingException e) {
e.printStackTrace(); // Handle the exception according
to your needs

}

public void sendWaterDataEmail(String email, String subject,
WaterQueueDataDto waterQueueDataDto) throws MessagingException {

String body =
generateHtmlTableForWaterData(waterQueueDataDto);

MimeMessage message = mailSender.createMimeMessage();
MimeMessageHelper helper = new MimeMessageHelper(message,
true, "UTF-8");

try {
helper.setFrom("th3m.them@gmail.com");

helper.setTo(email);
helper.setText(body, true);
helper.setSubject(subject);
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mailSender.send(message);
} catch (MessagingException e) {
e.printStackTrace(); // Handle the exception according
to your needs

}

public void sendSoilDataEmail(String email, String subject,
SoilQueueDataDto soilQueueDataDto) throws MessagingException {

String body =
generateHtmlTableForSoilData(soilQueueDataDto);

MimeMessage message = mailSender.createMimeMessage();
MimeMessageHelper helper = new MimeMessageHelper(message,
true, "UTF-8");

try {
helper.setFrom("th3m.them@gmail.com");

helper.setTo(email);
helper.setText(body, true);
helper.setSubject(subject);

mailSender.send(message);
} catch (MessagingException e) {
e.printStackTrace(); // Handle the exception according
to your needs

}

private String generateHtmlTableForSoilData(SoilQueueDataDto
soilQueueDataDto) {
StringBuilder htmlBody = new

StringBuilder("<html><head><style>"

+ "table { width: 100%; border-collapse: separate;
border-spacing: 0; margin-top: 20px; }"

+ "th, td { padding: 10px; text-align: left;
border-bottom: 1px solid #ddd; }"

+ "th { background-color: #f8f8f8; }"

+ "tr:nth-child(even) { background-color: #f2f2f2;
3"

+ "td:nth-child(2) { padding-right: 5px; color:
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#0O7BFF; }" // Color for the "Value" column

+ "td:nth-child(3) { color: #28A745; }" // Color
for the "Unit" column

+ "</style></head><body><h2>S0il Quality
Data</h2>");

// Create an HTML table with the soil data and measurement
units

htmlBody.append("<table><tr><th>Parameter</th><th>Value</th><th>Un
it</th></tr>");

htmlBody.append("<tr><td>Temperature</td><td>").append(soilQueueDa
taDto.getSoilTemperature()).append("</td><td>°C</td></tr>");

htmlBody.append("<tr><td>Moisture</td><td>").append(soilQueueDataD
to.getSoilMoisture()).append("</td><td>cbar</td></tr>");
htmlBody.append("<tr><td>Electronic
Conductivity</td><td>").append(soilQueueDataDto.getElectronicCondu
ctivity()).append("</td><td>mS/m</td></tr>");
htmlBody.append("<tr><td>Volumetric Water
Content</td><td>").append(soilQueueDataDto.getVolumetricWaterConte
nt()).append("</td><td>dS/m</td></tr>");

htmlBody.append("<tr><td>Salinity</td><td>").append(soilQueueDataD
to.getSalinity()).append("</td><td></td></tr>");

htmlBody.append("<tr><td>Total Suspended
Solids</td><td>").append(soilQueueDataDto.getTotalSuspendedSolids (
)) .append("</td><td></td></tr>");

htmlBody.append("<tr><td>Flow/Volume</td><td>").append(soilQueueDa
taDto.getFlowVolume()).append("</td><td>m3</td></tr>");

htmlBody.append("<tr><td>Nitrate</td><td>").append(soilQueueDataDt
o.getNitrate()).append("</td><td>mg/L</td></tr>");

htmlBody.append("<tr><td>Timestamp</td><td>").append(soilQueueData
Dto.getTimestamp()).append("</td><td></td></tr>");

htmlBody.append("<tr><td>Location</td><td>").append(soilQueueDataD

to.getCoordinates()).append("</td><td></td></tr>");
htmlBody.append("</table></body></html>");
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return htmlBody.toString();

private String generateHtmlTableForWaterData(WaterQueueDataDto
waterQueueDataDto) {
StringBuilder htmlBody = new

StringBuilder("<html><head><style>"

+ "table { width: 100%; border-collapse: separate;
border-spacing: 0; margin-top: 20px; }"

+ "th, td { padding: 10px; text-align: left;
border-bottom: 1px solid #ddd; }"

+ "th { background-color: #f8f8f8; }"

+ "tr:nth-child(even) { background-color: #f2f2f2;
3"

+ "td:nth-child(2) { padding-right: 5px; color:
#007BFF; }" // Color for the "Value" column

+ "td:nth-child(3) { color: #28A745; }" // Color
for the "Unit" column

+ "</style></head><body><h2>Water Quality
Data</h2>");

// Create an HTML table with the water data and
measurement units

htmlBody.append("<table><tr><th>Parameter</th><th>Value</th><th>Un
it</th></tr>");

htmlBody.append("<tr><td>Dissolved
Oxygen</td><td>").append(waterQueueDataDto.getDissolvedOxygen()).a
ppend("</td><td>mg/L</td></tr>");

htmlBody.append("<tr><td>Oxidation-Reduction
Potential</td><td>").append(waterQueueDataDto.getOxidationReductio
nPotential()).append("</td><td>mV</td></tr>");

htmlBody.append("<tr><td>pH</td><td>").append(waterQueueDataDto.ge
tPH()).append("</td><td></td></tr>");

htmlBody.append("<tr><td>Turbidity</td><td>").append(waterQueueDat
aDto.getTurbidity()).append("</td><td>NTU</td></tr>");
htmlBody.append("<tr><td>Total Dissolved
Solids</td><td>").append(waterQueueDataDto.getTotalDissolvedSolids
()).append("</td><td>ppm</td></tr>");
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htmlBody.append("<tr><td>Temperature</td><td>").append(waterQueueD
ataDto.getTemperature()).append("</td><td>°C</td></tr>");

htmlBody.append("<tr><td>Timestamp</td><td>").append(waterQueueDat
aDto.getTimestamp()).append("</td><td></td></tr>");

htmlBody.append("<tr><td>Location</td><td>").append(waterQueueData
Dto.getCoordinates()).append("</td><td></td></tr>");
htmlBody.append("</table></body></html>");

return htmlBody.toString();

private String generateHtmlTableForAirData(AirQueueDataDto
airData) {
StringBuilder htmlBody = new

StringBuilder("<html><head><style>"

+ "table { width: 100%; border-collapse: separate;
border-spacing: 0; margin-top: 20px; }"

+ "th, td { padding: 10px; text-align: left;
border-bottom: 1px solid #ddd; }"

+ "th { background-color: #f8f8f8; }"

+ "tr:nth-child(even) { background-color: #f2f2f2;
3

+ "td:nth-child(2) { padding-right: 5px; color:
#007BFF; }" // Color for the "Value" column

+ "td:nth-child(3) { color: #28A745; }" // Color
for the "Unit" column

+ "</style></head><body><h2>Air Quality
Data</h2>");

// Create an HTML table with the sensor data and
measurement units

htmlBody.append("<table><tr><th>Parameter</th><th>Value</th><th>Un
it</th></tr>");

htmlBody.append("<tr><td>Temperature</td><td>").append(airData.get
AirTemperature()).append("</td><td>°C</td></tr>");

htmlBody.append("<tr><td>Humidity</td><td>").append(airData.getAir
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Humidity()).append("</td><td>%</td></tr>");

htmlBody.append("<tr><td>C02</td><td>").append(airData.getAirco2()
) .append("</td><td>ppm</td></tr>");

htmlBody.append("<tr><td>VOCs</td><td>").append(airData.getAirVoCs
()).append("</td><td>ppb</td></tr>");

htmlBody.append("<tr><td>PM2.5</td><td>").append(airData.getAirPM2
5()).append("</td><td>pg/m3</td></tr>");

htmlBody.append("<tr><td>C0</td><td>").append(airData.getAirco()).
append("</td><td>ppm</td></tr>");

htmlBody.append("<tr><td>Timestamp</td><td>").append(airData.getTi
mestamp()).append("</td><td></td></tr>");

htmlBody.append("<tr><td>Location</td><td>").append(airData.getCoo
rdinates()).append("</td><td></td></tr>");
htmlBody.append("</table></body></html>");

return htmlBody.toString();
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8.2 Yhomoinon Aemagiig Xpiotn

Mapakdtw BpiokeTal 0 KWAIKAG OAWV TwV SIGQPOPETIKWY EEAPTNHATWYV TTOU ATTOTEAOUV TNV
dleTTaPn XpHoTn.

Home

import Navbar from './Navbar.jsx'
import UserGuide from './UserGuide.jsx'

function Home() {

return (
<div className="app-container">
<Navbar />
<UserGuide />
</div>
)

export default Home;

To Baoikdé component home aTToTeAEl TNV KEVTPIKA OEAIBA TNG EQAPPOYNG KAl KOAET Eva
navbar TTou A&IToupyei oav TTEPINYNTNG YIa va KAVEl 0 XPAOTNG TIG ATTAPAITNTES
avadntnoelg.

Navbar
import React, { useState } from 'react’;
import { useNavigate } from 'react-router-dom';
import "../styles/Navbar.css";
function Navbar(){
const [location, setLocation] = useState('');
const [startDate, setStartDate] = useState('');
const [endDate, setEndDate] = useState('');
const [pollutionType, setPollutionType] = useState("");

const navigate = useNavigate()

const [showDates, setShowDates] = useState(true); //
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Initialize showDates state

const handleToggleDates = () => {
setShowDates(!showDates); // Toggle showDates state when
the button is clicked

}s

const europeanCapitals = [
"Amsterdam",
"Athens",
"Berlin",
"Brussels",
"Budapest",
"Copenhagen",
"Dublin",
"Helsinki",
"Lisbon",
"London",
"Madrid",
"Oslo",
"Paris",
"Prague”,
"Rome",
"Stockholm",
"Vienna",
"Warsaw",
"Zurich"

15

const handleSearch = async () => {
if(location.trim() === "") {
alert("Please choose a location.");
window.location.reload();
return

if( pollutionType.trim() === "") {
alert("Please choose a data type");
window.location.reload();
return
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if ((startDate.trim() === "" && endDate.trim() === "") ||

(startDate.trim() !== "" &% endDate.trim() !== "")) {
if(pollutionType.trim() ==="air" && (startDate.trim()
=== "" && endDate.trim() === "")){
try {

const response = await
fetch( " http://localhost:8086/air-microservice/air/search?location=
${location} );
if (!response.ok) {
throw new Error('Failed to fetch data');

}

const data = await response.json();
navigate('/search-air', { state: { data } });
} catch (error) {

console.error('Error fetching data:', error);
alert("An error occurred while fetching

data");
}
}
if(pollutionType.trim() ==="air" && (startDate.trim()
I== "" && endDate.trim() !== "")){
const startCPM = new Date(startDate);
const endCPM = new Date(endDate);
const today = new Date();
if (startCPM >= endCPM) {
alert("Start date should be less than end
date");

return;

if (endCPM > today) {
alert("End date cannot be greater than the
present day");
return;

const start = startDate+"T00:00:00.000%2B00:00"
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const end = endDate+"T23:59:59.0007%2B00:00"
try {
const response = await
fetch(  http://localhost:8086/air-microservice/air/search-all?locat
ion=${location}&start=${start}&end=${end} );
if (!response.ok) {
throw new Error('Failed to fetch data');

}

const data = await response.json();
navigate('/search-air', { state: { data } });
} catch (error) {

console.error('Error fetching data:', error);
alert("An error occurred while fetching

data");
}
}
if(pollutionType.trim() ==="water" &&
(startDate.trim() === "" && endDate.trim() === "")){
try {

const response = await
fetch(  http://localhost:8086/water-microservice/water/search?locat
ion=${location} );
if (!response.ok) {
throw new Error('Failed to fetch data');

}

const data = await response.json();

navigate('/search-water', { state: { data }

1
} catch (error) {
console.error('Error fetching data:', error);
alert("An error occurred while fetching
data");
}
}
if(pollutionType.trim() ==="water" &&
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(startDate.trim() !== "" && endDate.trim() !== "")){
const startCPM = new Date(startDate);
const endCPM = new Date(endDate);
const today = new Date();

if (startCPM >= endCPM) {
alert("Start date should be less than end
date");
return;

if (endCPM > today) {
alert("End date cannot be greater than the
present day");
return;

const start = startDate+"T00:00:00.0007%2B00:00"
const end = endDate+"T23:59:59.000%2B00:00"
try {
const response = await
fetch( http://localhost:8086/water-microservice/water/search-all?l
ocation=${location}&start=${start}&end=${end} );
if (!response.ok) {
throw new Error('Failed to fetch data');

}

const data = await response.json();

navigate('/search-water', { state: { data }

1
} catch (error) {
console.error('Error fetching data:', error);
alert("An error occurred while fetching
data");
}
}
if(pollutionType.trim() ==="soil" && (startDate.trim()
=== "" && endDate.trim() === "")){
try {
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const response = await
fetch("http://localhost:8086/soil-microservice/soil/search?locatio
n=${location} );
if (!response.ok) {
throw new Error('Failed to fetch data');

}

const data = await response.json();
navigate('/search-soil', { state: { data } });
} catch (error) {

console.error('Error fetching data:', error);
alert("An error occurred while fetching

data");
}
}
if(pollutionType.trim() ==="soil" && (startDate.trim()
I== "" && endDate.trim() !== "")){
const startCPM = new Date(startDate);
const endCPM = new Date(endDate);
const today = new Date();
if (startCPM >= endCPM) {
alert("Start date should be less than end
date");

return;

if (endCPM > today) {
alert("End date cannot be greater than the
present day");
return;

const start = startDate+"T00:00:00.0007%2B00:00"
const end = endDate+"T23:59:59.0007%2B00:00"
try {
const response = await
fetch( " http://localhost:8086/soil-microservice/soil/search-all?loc
ation=${location}&start=${start}&end=${end} );
if (!response.ok) {
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throw new Error('Failed to fetch data');

}

const data = await response.json();
navigate('/search-soil', { state: { data } });

} catch (error) {
console.error('Error fetching data:', error);
alert("An error occurred while fetching

data");

}else{
alert("Dates are invalid! Specify both start and end

dates or none at all to check live data");
window.location.reload();

}
};
return(
<nav className="navbar">
<div className="navbar-brand">
<img src="/logo.png" alt="Environment Monitoring
Logo" />

<a href="/" className="app-name"> Environment
Pollution Monitoring</a>
</div>
<div className="search-container">

<button onClick={handleToggleDates}
className="'calendar-btn'>{!showDates ? 'Live’
'"History'}</button>

{!showDates && (
<><label htmlFor="startDate">Start

Date</label><input
type="date"
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id="startDate"
value={startDate}
onChange={(e) =>
setStartDate(e.target.value)} /><label htmlFor="endDate">End
Date</label><input
type="date"
id="endDate"
value={endDate}
onChange={(e) =>
setEndDate(e.target.value)} /></>
)}

<select value={pollutionType} onChange={(e) =>
setPollutionType(e.target.value)}>

<option value="" disabled>Select data
type</option>
<option value="air">Air</option>
<option value="water">Water</option>
<option value="so0il">Soil</option>
</select>
<select
value={location}
onChange={(e) => setLocation(e.target.value)}
>
<option value="" disabled>Select a
City</option>

{europeanCapitals.map((capital, index) => (
<option key={index}
value={capital}>{capital}</option>
)}

</select>
<button onClick={handleSearch}>Search</button>
<div className="about-container">
<a href="/alert" className="about-1link">Alert
Me</a>

</div>

</div>
</nav>
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)5

export default Navbar;

AirSearch

import React, { useEffect, useState } from 'react’;
import Navbar from './Navbar.jsx';

import '../styles/AirSearch.css’;

import { uselLocation } from 'react-router-dom';
import { Line } from 'react-chartjs-2';

import { Chart } from 'react-chartjs-2';

import 'chart.js/auto’;

import FileSaver from 'file-saver';

function AirSearch(props) {
const [chart, setChart] = useState(null);
const location = uselLocation();
const jsonData = location.state?.data || {};
const [stats, setStats] = useState([]);

const tableData = [

{ metric: 'Mean', temperature:
stats.airTemperatureMean?.toFixed(4), humidity:
stats.airHumidityMean?.toFixed(4), co2:
stats.airC@2Mean?.toFixed(4), vocs: stats.airC@2Mean?.toFixed(4),
pm25: stats.airPM25Mean?.toFixed(4) , co:
stats.airCOMean?.toFixed(4)},

{ metric: 'Median', temperature:
stats.airTemperatureMedian?.toFixed(4), humidity:
stats.airHumidityMedian?.toFixed(4), co2:
stats.airC@2Median?.toFixed(4), vocs:
stats.airCe2Median?.toFixed(4), pm25:
stats.airPM25Median?.toFixed(4) , co:
stats.airCOMedian?.toFixed(4) },

{ metric: 'Range', temperature:
stats.airTemperatureRange?.toFixed(4), humidity:
stats.airHumidityRange?.toFixed(4), co2:
stats.airC@2Range?.toFixed(4), vocs:
stats.airCO2Range?.toFixed(4), pm25:
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stats.airPM25Range?.toFixed(4) , co: stats.airCeORange?.toFixed(4)
}s

{ metric: 'Standard Deviation', temperature:
stats.airTemperatureStandardDeviation?.toFixed(4), humidity:
stats.airHumidityStandardDeviation?.toFixed(4), co2:
stats.airC@2StandardDeviation?.toFixed(4), vocs:
stats.airCe2StandardDeviation?.toFixed(4), pm25:
stats.airPM25StandardDeviation?.toFixed(4) , co:
stats.airCoStandardDeviation?.toFixed(4) },

15

const startTimestamp = jsonData.length > 0 ?
jsonData[@].timestamp : 'N/A';

const endTimestamp = jsonData.length > 0 ?
jsonData[jsonData.length - 1].timestamp : 'N/A‘;

const coordinates = jsonData.length > 0 ?
jsonData[@].coordinates : 'N/A’;

let content;

const infoContent = (
<div>
<h3><b className="info-section">Location:</b>
{coordinates}<b className="info-section"> Start Time:</b>
{formatTimestamp(startTimestamp)}<b className="info-section"> End
Time:</b> {formatTimestamp(endTimestamp)}</h3>
</div>

)5

const [isModalOpen, setIsModalOpen] = useState(false);
const openModal = () => {
setIsModalOpen(true);

}s

// Function to close the modal
const closeModal = () => {
setIsModalOpen(false);

}s

const [isGraphOpen, setisGraphOpen] = useState(false);
const isGraph = () => {

setisGraphOpen(true);
};
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// Function to close the modal
const closeIsGraphOpen = () => {
setisGraphOpen(false);

}s

useEffect(() => {
// Auto-close the modal when the page changes
closeModal();
closeIsGraphOpen();

}» [location]);

const rangeValues = (
<><div className="range-chart" id="temperature">
<h2>Temperature Range (°C)</h2>
<br></br>
<div className="range-bar">
<div className="range very-low">
<span className="1label">Very Low: &lt;

10°C</span>
</div>
<div className="range low">
<span className="label">Low: 10°C -
15°C</span>
</div>
<div className="range normal">
<span className="1label">Normal: 15°C -
25°C</span>
</div>
<div className="range high">
<span className="label">High: 25°C -
30°C</span>
</div>
<div className="range very-high">
<span className="label">Very High: &gt;
30°C</span>
</div>
</div>

</div><div className="range-chart" id="humidity">
<h2>Humidity Range (%)</h2>
<br></br>
<div className="range-bar">
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20%</span>

40%</span>

60%</span>

80%</span>

80%</span>

ppm</span>

ppm</span>

ppm</span>

ppm</span>

<div className="range very-low">
<span className="label">Very Low: &1t;

</div>
<div className="range low">
<span className="1label">Low: 20% -

</div>
<div className="range normal">
<span className="label">Normal: 40% -

</div>
<div className="range high">
<span className="label">High: 60% -

</div>
<div className="range very-high">
<span className="label">Very High: &gt;

</div>
</div>
</div><div className="range-chart" id="co">
<h2>CO Range (ppm)</h2>
<br></br>
<div className="range-bar">
<div className="range very-low">
<span className="label">Very Low: &lt; 1

</div>
<div className="range low">
<span className="label">Low: 1 - 5

</div>
<div className="range normal">
<span className="label">Normal: 5 - 10

</div>
<div className="range high">

<span className="label">High: 10 - 20
</div>

<div className="range very-high">
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<span className="label">Very High: &gt; 20

ppm</span>
</div>
</div>
</div><div className="range-chart" id="co2">
<h2>C02 Range (ppm)</h2>
<br></br>
<div className="range-bar">
<div className="range very-low">
<span className="label">Very Low: &lt; 400
ppm</span>
</div>
<div className="range low">
<span className="label">Low: 400 - 800
ppm</span>

</div>
<div className="range normal">
<span className="label">Normal: 800 - 1000
ppm </span>
</div>
<div className="range high">
<span className="1label">High: 1000 - 2000
ppm</span>
</div>
<div className="range very-high">
<span className="label">Very High: &gt;
2000 ppm</span>
</div>
</div>
</div><div className="range-chart" id="pm25">
<h2>PM2.5 Range (ug/m3)</h2>
<br></br>
<div className="range-bar">
<div className="range very-low">
<span className="label">Very Low: &lt; 10

pg/m3</span>
</div>
<div className="range low">
<span className="label">Low: 10 - 20
pg/m3</span>

</div>
<div className="range normal">
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<span className="label">Normal: 20 - 30

ug/m2</span>
</div>
<div className="range high">
<span className="label">High: 30 - 50
pug/m2</span>
</div>
<div className="range very-high">
<span className="1label">Very High: &gt; 50
pug/m3</span>
</div>
</div>

</div><div className="range-chart" id="vocs">
<h2>V0Cs Range (ppb)</h2>
<br></br>
<div className="range-bar">
<div className="range very-low">
<span className="label">Very Low: &lt; 5

ppb</span>
</div>
<div className="range low">
<span className="1label">Low: 5 - 20
ppb</span>
</div>
<div className="range normal">
<span className="label">Normal: 20 - 50
ppb</span>
</div>
<div className="range high">
<span className="label">High: 50 - 100
ppb</span>

</div>
<div className="range very-high">
<span className="1label">Very High: &gt;
100 ppb</span>
</div>
</div>
</div></>

)5

function formatTimestamp(timestamp) {
const dateObject = new Date(timestamp);
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const formattedDate = dateObject.tolLocaleDateString();

const formattedTime = dateObject.toLocaleTimeString([], {
hour: '2-digit', minute: '2-digit' });

return ~${formattedDate} at ${formattedTime} ;

function convertlJsonToCsv(jsonData) {
const fields = [
'airTemperature’,
'airHumidity’,
'airCo2',
'airVoCs',
'airPM25',
‘airCo’',
"timestamp’',
'coordinates’,

15

const csvRows = [];
// Add the header row with field names
csvRows .push(fields.join("',"));

// Iterate over the JSON data and create CSV rows
jsonData.forEach((data) => {
const values = fields.map((field) => data[field]);
csvRows .push(values.join(',"'));

})s

return csvRows.join('\n');

function downloadCSV() {

try {
const csvData = convertJsonToCsv(jsonData);
const blob = new Blob([csvData], { type:

"text/csv;charset=utf-8;"' });

FileSaver.saveAs(blob, 'airData.csv');

} catch (error) {
console.error('Error while downloading CSV:', error);

}
}
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const humidityChartData = {
labels: Array.isArray(jsonData) ? jsonData.map(item =>
formatTimestamp(item.timestamp)) : [],
datasets: [
{
label: 'Humidity (%) Over Time',

data: Array.isArray(jsonData) ? jsonData.map(item =>
item.airHumidity) : [],

fill: false,
borderColor: 'rgb(255, 06, 0)',
tension: 0.1,
})
1,
}s

const c@2ChartData = {
labels: Array.isArray(jsonData) ? jsonData.map(item =>
formatTimestamp(item.timestamp)) : [],
datasets: [
{
label: 'CO2 (ppm) Over Time',

data: Array.isArray(jsonData) ? jsonData.map(item =>
item.airCe2) : [],

fill: false,
borderColor: 'rgb(e, 0, 255)',
tension: 0.1,
})
1,
}s

const vocsChartData = {

labels: Array.isArray(jsonData) ? jsonData.map(item =>
formatTimestamp(item.timestamp)) : [],
datasets: [
{
label: 'VOCs (ppb) Over Time',

data: Array.isArray(jsonData) ? jsonData.map(item =>
item.airvoCs) : [],

fill: false,
borderColor: 'rgb(255, 255, 0)',
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tension: 0.1,
})
1,
}s

const pm2ChartData = {
labels: Array.isArray(jsonData) ? jsonData.map(item =>
formatTimestamp(item.timestamp)) : [],
datasets: [
{
label: 'PM2.5 (pg/m3) Over Time',
data: Array.isArray(jsonData) ? jsonData.map(item =>
item.airPM25) : [],
fill: false,
borderColor: 'rgb(128, 06, 128)°',
tension: 0.1,
}s
1,
}s

const cOChartData = {
labels: Array.isArray(jsonData) ? jsonData.map(item =>
formatTimestamp(item.timestamp)) : [],
datasets: [
{
label: 'CO (ppm) Over Time',
data: Array.isArray(jsonData) ? jsonData.map(item =>
item.airPM25) : [],
fill: false,
borderColor: 'rgb(e, 128, 0)',
tension: 0.1,
}s
1,
}s

const temperatureChartData = {
labels: Array.isArray(jsonData) ? jsonData.map(item =>
formatTimestamp(item.timestamp)) : [],
datasets: [
{
label: 'Temperature (°C) Over Time',
data: Array.isArray(jsonData) ? jsonData.map(item
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=> item.airTemperature) : [],
fill: false,
borderColor: 'rgb(75, 192, 192)°',
tension: 0.1,
})
1,
}s

useEffect(() => {

async function postDataToBackend() {
const url =
"http://localhost:8086/analytics-microservice/analytics/basic-air’

.
3

try {
const response = await fetch(url, {

method: 'POST',
headers: {
'Content-Type': 'application/json',
}s
body: JSON.stringify(jsonData), // Assuming
you have jsonData defined

1)

if (response.ok) {
const data = await response.json();
setStats(data)

if (chart) {
chart.destroy();
}
const canvasId =
“chart-${Math.floor(Math.random() * 10000)}  ;
// Create a new chart and set it in the state
const newChart = new
Chart(document.getElementById(canvasId), {
type: 'line’,
data:
temperatureChartData, humidityChartData,c@2ChartData, coChartData, pm
2ChartData,vocsChartData

})s
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setChart(newChart);

} else {
console.error('Error:', response.statusText);

}
} catch (error) {

console.error('Error:', error);

if (Array.isArray(jsonData) &&
Object.keys(jsonData).length > 0) {
postDataToBackend();
}, [JjsonData, chart]);
if (Array.isArray(jsonData)) {
console.log('Received jsonData:', jsonData);
content = (

<div className="stats-table-container">
<hl>Air Statistics</hil>

{infoContent}
<table className="stats-table">
<thead>
<tr>
<th>Metric</th>

<th>Temperature (°C)</th>
<th>Humidity (%)</th>
<th>C02 (ppm)</th>
<th>V0Cs (ppb)</th>
<th>PM2.5 (pg/m3)</th>
<th>CO (ppm)</th>
</tr>
</thead>
<tbody>
{tableData.map((row, index) => (
<tr key={index}>
<td>{row.metric}</td>
<td>{row.temperature}</td>
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<td>{row.humidity}</td>

<td>{row.co2}</td>
<td>{row.vocs}</td>
<td>{row.pm25}</td>
<td>{row.co}</td>
</tr>
))}
</tbody>
</table>
<br></br>

{!isGraphOpen &&<button className="range-btn"
onClick={isGraph}>Show Time Graphs</button>}
{isGraphOpen &&
<><button className="range-btn"
onClick={closeIsGraphOpen}>Close Time Graphs</button><Line
data={temperatureChartData} /><Line data={humidityChartData}
/><Line data={c@2ChartData} /><Line data={c@ChartData} /><Line
data={pm2ChartData} /><Line data={vocsChartData} /></>}
<br></br>
<br></br>
{!isModalOpen &&<button className="range-btn"
onClick={openModal}>Check Range Values</button>}
{isModalOpen && (
<div className="modal">
<div className="modal-content">
{/* Close button */}
<button className="range-btn"
onClick={closeModal}>Close Range Values</button>
{rangeValues}
</div>
</div>
)}
<h3 className="export-header">
Export the dataset: <button
onClick={downloadCSV}>Download CSV</button>

</h3>
</div>
)
}else if (typeof jsonData === 'object' &&
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Object.keys(jsonData).length > @) {

content = (
<div className="data-single">
<hl>Last Measured Air Data for
{jsonData.coordinates} at
{formatTimestamp(jsonData.timestamp)}</h1>
<h2>Temperature: <b
className="unit">{jsonData.airTemperature}</b> °C</h2>
<h2>Humidity: <b
className="unit">{jsonData.airHumidity}</b> %</h2>
<h2>C02: <b className="unit">{jsonData.airCe2}</b>
ppm</h2>
<h2>V0Cs: <b
className="unit">{jsonData.airVOCs}</b> ppb</h2>
<h2>PM2.5: <b
className="unit">{jsonData.airPM25}</b> pug/m3</h2>
<h2>C0: <b className="unit">{jsonData.airCe}</b>
ppm</h2>
{!isModalOpen &&<button className="range-btn"
onClick={openModal}>Check Range Values</button>}
{isModalOpen && (
<div className="modal">
<div className="modal-content">
{/* Close button */}
<button className="range-btn"
onClick={closeModal}>Close</button>
{rangeValues}
</div>
</div>
)}
</div>

)
} else {

content = <div className="data-single"><h1><b>No Data
Available</b></h1></div>;

return (
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<div className="app-container">
<Navbar />

{content}

</div>

)5

export default AirSearch;

To mapandve component givat vrevduvo yia va avtiet Ta dedopéva amd v avalnnon Tov
¥PNoTN Ko va, To. 6TéAvEL oto Data Analysis Microservice, 6mov 6o vroloyiotodv ta
otatoTikd. EmmAgov, oand avtd prnopovpe va kotefdoovpe to dataset mov emdéyOnke.

Avrtictoyyn Aettovpyia £xovv to WaterSearch kot to SoilSearch.

Alert

import React, { useState } from 'react’;
import Navbar from './Navbar.jsx'
import "../styles/Alert.css";

function Alert() {
const [formData, setFormData] = useState({

email: R

location: R

dataType: s

parameter: s
comparisonOperator: '',
thresholdvalue: '',

})s;

const [jsonAirData, setJsonAirDataData] = useState({

email: R
coordinates: '',
lessAirTemperature: '',

moreAirTemperature: B

lessAirHumidity: '"',

moreAirHumidity: s
lessAirce2: '',

moreAirCe2: '',
lessAirvoCs: '',

moreAirVOCs: 5
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lessAirPM25: '',
moreAirPM25: '',
lessAirco: '',

moreAirCo: '',

})s

const [jsonWaterData, setJsonWaterDataData] = useState({
email: '',
coordinates: '',

lessDissolvedOxygen: s

moreDissolvedOxygen: s
lessOxidationReductionPotential: '',

moreOxidationReductionPotential: R
lessPH: '',

morePH: '',
lessTurbidity: "',

moreTurbidity: R
lessTotalDissolvedSolids: '',

moreTotalDissolvedSolids: R

lessTemperature: R

moreTemperature: 5

})s

const [jsonSoilData, setJsonSoilDataData] = useState({
email: '',
coordinates: '',

lessSoilTemperature: s

moreSoilTemperature: s

lessSoilMoisture: R

moreSoilMoisture: R
lessVolumetricWaterContent: '',

moreVolumetricWaterContent: R

lessSalinity: s
moreSalinity: "',
lessTotalSuspendedSolids: '',

moreTotalSuspendedSolids: )

lessFlowVolume: R

moreFlowVolume: R

lessNitrate: R

moreNitrate: R

})s
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const europeanCapitals = [
"Amsterdam”,
"Athens",
"Berlin",
"Brussels",
"Budapest",
"Copenhagen",
"Dublin”,
"Helsinki",
"Lisbon",
"London",
"Madrid",
"Oslo",
"Paris",
"Prague",
"Rome",
"Stockholm",
"Vienna",
"Warsaw",
"Zurich"

1
const dataTypes = ['Air', 'Water', 'Soil'];

const airParameters = [
'Temperature',
"Humidity',
'co2',
'VOCs ',
'PM25°',
'co',

15

const waterParameters = [
'DissolvedOxygen’,
'Oxidation Reduction Potential’,
'PH',
'Turbidity',
'Total Dissolved Solids',
'Temperature',

15
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const soilParameters = [
'Temperature',
'Moisture’,
'Electronic Conductivity',
'Volumetric Water Content’',
'Salinity’,
'Total Suspended Solids',
'Flow Volume',
'Nitrate',

15

const handleInputChange = async (e) => {
const { name, value } = e.target;
setFormData({
...formData,
[name]: value,

};

}s5

const parameterOptions = formData.dataType === 'Air’
? airParameters
: formData.dataType === 'Water'

? waterParameters
: soilParameters;

const handleSubmit = async (e) => {
e.preventDefault();

const emailRegex =
/~[A-20-9. %+-]1+@[A-20-9.-1+\.[A-Z2]{2,}$/i;
if (!formData.email.match(emailRegex)) {
alert('Please enter a valid email address.');

return;

}

// Check if other inputs are not empty

if (!formData.location || !formData.parameter ||

IformData.comparisonOperator || !formData.thresholdvalue) {

alert('Please fill in all fields.');
return;

}
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if(formData.dataType==="Air"){
let choice = null;

if(formData.comparisonOperator==="1less"){
console.log("less");
if(formData.parameter==="Temperature"){

choice="1lessAirTemperature";

}else if(formData.parameter==="Humidity"){
choice="lessAirHumidity";

}

else if(formData.parameter==="C02"){
choice="1essAirce2";

}

else if(formData.parameter==="V0Cs"){
choice="1lessAirvoCs";

}

else if(formData.parameter==="PM25"){
choice="1lessAirPM25";

}else if(formData.parameter==="C0"){
choice="1lessAirCo";

}
}else{

console.log("more");

if(formData.parameter==="Temperature"){
choice="moreAirTemperature";

}else if(formData.parameter==="Humidity"){
choice="moreAirHumidity";

}

else if(formData.parameter==="C02"){
choice="moreAirce2";

}

else if(formData.parameter==="V0Cs"){
choice="moreAirvocCs";

}

else if(formData.parameter==="PM25"){
choice="moreAirPM25";

}else if(formData.parameter==="C0"){
choice="moreAirCo";

}

const updatedlsonAirData = {
...JjsonAirData,
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email: formData.email,
coordinates: formData.location,

}s
updatedlsonAirData[choice] = formData.thresholdValue;

setJsonAirDataData(updatedlsonAirData);

try {
const response = await

fetch('http://localhost:8086/air-microservice/air/notify’', {
method: 'POST',
headers: {
"Content-Type': 'application/json',
3
body: JSON.stringify(updatedJsonAirData),

})s

if (response.status === 200) {
alert('Successfully subscribed for
notifications!');
window.location.reload();
} else {
alert('Failed to subscribe for
notifications."');
}
} catch (error) {
console.error('Error sending alert:', error);
alert('Error sending alert. Please try again

later.');

if(formData.dataType==="Water"){
let choice = null;
if(formData.comparisonOperator==="1less"){
console.log("less");
if(formData.parameter==="DissolvedOxygen"){
choice="lessDissolvedOxygen";
}else if(formData.parameter==="0xidation Reduction

Potential"){
choice="1lessOxidationReductionPotential"”;
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Solids"){

Potential"){

Solids"){

}

else if(formData.parameter==="PH"){
choice="1lessPH";

}

else if(formData.parameter==="Turbidity"){
choice="lessTurbidity";

}

else if(formData.parameter==="Total Dissolved

choice="1lessTotalDissolvedSolids";
}else if(formData.parameter==="Temperature"){
choice="1lessTemperature";

}else{

console.log("more");

if(formData.parameter==="DissolvedOxygen"){
choice="moreDissolvedOxygen";

}else if(formData.parameter==="0Oxidation Reduction

choice="moreOxidationReductionPotential";

}

else if(formData.parameter==="PH"){
choice="morePH";

}

else if(formData.parameter==="Turbidity"){
choice="moreTurbidity";

}

else if(formData.parameter==="Total Dissolved

choice="moreTotalDissolvedSolids";
}else if(formData.parameter==="Temperature"){
choice="moreTemperature";

const updatedlsonWaterData = {

.. .jsonWaterData,
email: formData.email,
coordinates: formData.location,

updatedJsonWaterData[choice] =
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formData.thresholdvValue;

setJsonWaterDataData(updatedJsonWaterData);

try {
const response = await

fetch('http://localhost:8086/water-microservice/water/notify', {
method: 'POST',
headers: {
'Content-Type': 'application/json',

}s

body: JSON.stringify(updatedJsonWaterData),
1)
if (response.status === 200) {

alert('Successfully subscribed for
notifications');
window.location.reload();
} else {
alert('Failed to subscribe for
notifications."');
}
} catch (error) {
console.error('Error sending alert:', error);
alert('Error sending alert. Please try again
later.');

if(formData.dataType==="So0il"){
let choice = null;

if(formData.comparisonOperator==="1less"){

console.log("less");

if(formData.parameter==="Temperature"){
choice="1lessSoilTemperature";

}

else if(formData.parameter==="Moisture"){
choice="1lessSoilMoisture";

}

else if(formData.parameter==="Electronic

Conductivity"){
choice="lessElectronicConductivity”;
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}

else if(formData.parameter==="Volumetric Water
Content"){
choice="1lessVolumetricWaterContent";
}else if(formData.parameter==="Salinity"){
choice="1lessSalinity";
}
else if(formData.parameter==="Total Suspended
Solids"){
choice="1lessTotalSuspendedSolids";
}
else if(formData.parameter==="Flow Volume"){
choice="1lessFlowVolume";
}
else if(formData.parameter==="Nitrate"){
choice="1lessNitrate";
}
}else{

Conductivity"){

Content"){

Solids"){

console.log("more");
if(formData.parameter==="Temperature"){
choice="moreSoilTemperature";

}

else if(formData.parameter==="Moisture"){
choice="moreSoilMoisture";

}

else if(formData.parameter==="Electronic
choice="moreElectronicConductivity”;

}

else if(formData.parameter==="Volumetric Water

choice="moreVolumetricWaterContent";
}else if(formData.parameter==="Salinity"){
choice="moreSalinity";

}

else if(formData.parameter==="Total Suspended
choice="moreTotalSuspendedSolids";

}

else if(formData.parameter==="Flow Volume"){

choice="moreFlowVolume";
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}

else if(formData.parameter==="Nitrate"){
choice="moreNitrate";

}
const updatedlsonSoilData = {

...JjsonSoilData,
email: formData.email,
coordinates: formData.location,

}s
updatedlsonSoilData[choice] = formData.thresholdValue;

setJsonSoilDataData(updatedJsonSoilData);

try {
const response = await

fetch('http://localhost:8086/soil-microservice/soil/notify"', {

method: 'POST',

headers: {
'"Content-Type': 'application/json',
}s

body: JSON.stringify(updatedJsonSoilData),
1

if (response.status === 200) {
alert('Successfully subscribed for

notifications');

window.location.reload();
} else {
alert('Failed to subscribe for

notifications.');

later.');

}

}
} catch (error) {

console.error('Error sending alert:', error);
alert('Error sending alert. Please try again

window.location.reload();

}s

146



return (
<div className="alert-general">
<Navbar />
<div className="alert-container">
<h2 className="h2-data"><b>Type your information
below to be notified</b></h2>
<br />
<form className="alert-form"
onSubmit={handleSubmit}>
<div className="form-group">

<label
className="flabel"><b>Email:</b></label>
<input
type="email"

name="email"
value={formData.email}
onChange={handleInputChange}
required
/>
</div>
<div className="form-group">
<label
className="flabel"><b>Location:</b></label>
<select
name="location"
value={formData.location}
onChange={handleInputChange}
required
>
<option value="" disabled>Select
Location</option>
{europeanCapitals.map((capital, index) =>

<option key={index} value={capital}>
{capital}
</option>
)N}
</select>
</div>
<div className="form-group">
<label className="flabel"><b>Data
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Type:</b></label>
<select
name="dataType"
value={formData.dataType}
onChange={handleInputChange}

>
<option value="" disabled>Select data
type</option>
{dataTypes.map((type) => (
<option key={type} value={type}>
{type}
</option>
)}
</select>
</div>
<div className="form-group">
<label
className="flabel" ><b>Parameter:</b></label>
<select
name="parameter"
value={formData.parameter}
onChange={handleInputChange}
required
>
<option value="" disabled>Select
Parameter</option>
{parameterOptions.map((param) => (
<option key={param} value={param}>
{param}
</option>
)}
</select>
</div>
<div className="form-group">
<label
className="flabel" ><b>Comparison:</b></label>
<select
name="comparisonOperator"
value={formData.comparisonOperator}
onChange={handleInputChange}
required
>
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<option value="" disabled>Select
Operator</option>
<option value="less">Less or Equal
Than</option>
<option value="greater">Greater or
Equal Than</option>
</select>
</div>
<div className="form-group">
<label
className="flabel"><b>Threshold:</b></label>
<input
type="number"
name="thresholdValue"
value={formData.thresholdvalue}
onChange={handleInputChange}
required
/>
</div>
<button className="alert-btn"
type="submit">Alert Me</button>
<h4 className="h4-data">Stop receiving alerts
by clicking here:
<a href="/alert-stop" className="stop-alert">

here</a></h4>
</form>
</div>
</div>
)5
}

export default Alert;
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