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Abstrakt:

Prace je zaméfena na vyzkum v nové oblasti nazyvané IoT (Internet of Things) ve spojeni
s Geografickym informac¢nim systémem (GIS). Novy védni obor IoT odrdzi aktudlni védecké
a technologické poznatky umoznujici inovativni pfistupy zejména v oblasti pfenosu dat i jejich
ziskavani. V oblasti GIS se prace vénuje novym moznostem a nastrojim pro zpracovani loT
datovych tokii. Prace formou souboru ¢ty publikaci popisuje metody a doporuceni pro riizné
optimalizace provozu loT siti senzor v kontextu Geografickych informacnich systémii.
Lze tak tesit technickd ¢i ekonomickd omezeni znemoznujici uplatnéni téchto novych systémil
v praxi, a to zamétenim se na zajisténi dostatku elektrické energie pro spolehlivy a dlouhodoby
chod bateriovych zafizeni. Detailnéji je prezentovana moznost vyuziti Fuzzy logiky
k interpretaci informace samotnym senzorem. Dale jsou predstaveny vystupy
z experimentalniho méfeni parametri bezdratového pienosu technologii LoRaWAN, jakoZzto
zastupce z oblasti low-power wide-area network (LPWAN), a to vSe ve vztahu k prostiedi GIS.
Konkrétné se jedna o sbér a pienos informace senzorickym IoT zafizenim, zajisténi geografické

polohy a néslednou vizualizaci ziskanych informaci v prostiedi GIS.
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Abstract:

The work is focused on research in a new area called loT (Internet of Things) in connection
with the Geographical Information System (GIS). The new scientific field of 10T reflects
current scientific and technological knowledge enabling innovative approaches, especially in
the field of data transmission and data acquisition. In the field of GIS, the work is devoted to
new possibilities and tools for processing [oT data flows. The work in the form of a set of four
publications describes methods and recommendations for various optimizations of the
operation of IoT sensor networks in the context of Geographical Information Systems. In this
way, technical or economic limitations preventing the application of these new systems in
practice can be solved, by focusing on ensuring sufficient electrical energy for the reliable and
long-term operation of battery devices. The possibility of using Fuzzy logic to interpret
information by the sensor itself is presented in more detail. Furthermore, the outputs from the
experimental measurement of the parameters of wireless transmission by LoRaWAN
technology are presented, as a representative from the field of low-power wide-area network
(LPWAN), and all this in relation to the GIS environment. Specifically, it involves the
collection and transmission of information by sensory IoT devices, ensuring geographic

location and subsequent visualization of the obtained information in a GIS environment.
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1 Uvod

Klicem k feSeni vétSiny problémt je dostatek relevantnich informaci popisujicich dany
problém. Mezi vyznamné problémy soucasnosti 1ze zahrnout 1 vliv prostfedi na fungovani
lidské spole¢nosti. Vaznym a dlouhodobym problémem Ceské republiky je mimo jiné hledani
idedlniho zptsobu hospodateni s vodou. Primérné ro¢ni srazky se vyznamné neméni, dochazi
vSak ke zméndm v jejich rozlozeni béhem roku. Zmény vodniho rezimu krajiny také tzce
souvisi s proménami usporddani krajiny jako jsou vystavba liniovych prvka dopravni
infrastruktury, rozsSifovani zastavby, devastace rozsahlych ploch izemi v tézebnich oblastech,
intenzifikace zemédé€lského hospodatfeni, odvodiiovani a provadéni melioraci, scelovani a
rozoravani pozemki, zhorSeni pidni struktury zemédélské pudy, zména skladby lesa, aplikace
vyhradné technickych ptistupti pii regulaci vodnich tokl a feSeni protipovodinové ochrany
urbanizovanych tzemi. A pravé v téchto oblastech lze vyuzit technologického pokroku

v oblasti senzoriky a zpracovani dat. (Rieder, 2015; komise VODA-SUCHO, 2017)

Za poslednich 5 let vzniklo mnoho technologii, které pfinasi nové moznosti. Zejména se jedna
o nizkoenergetickou bezdratovou komunikaci, nizkoenergetickou senzoriku a nové metody pro
zpracovani, vyhodnoceni a vizualizaci dat. Nabizi se tak pfilezitost efektivné vyuzit tyto
technologie nejen pfi hospodareni s vodou. SkuteCnym problémem je absence metodologie,
diky které by bylo mozné tyto technologie efektivné a komplexné vyuzit pro konkrétni feSeni.
Nejvétsim piinosem komplexnich pfistupti by mohla byt vyznamné ekonomicka tspora pfi
nasazovani téchto ,,smart solution®, a to diky snizeni nékladii spojenych zejména s jejich
provozem. Napfiklad pro ziskavani informaci 1ze vyuzit velmi ptesné senzory, které mohou byt
napajené bateriemi, coz zjednodusuje jejich instalaci do pozadovanych mist. Optimalizaci
provoznich reziml zafizeni a vzajemnou spolupraci jejich senzorti 1ze mimo jiné vyrazné

prodlouzit Zivotnost baterie, ¢imZ se snizi pocet servisnich zasahd nutnych pro jejich vyménu.

Optimalizace na poli technologického feSeni tak v celkovém disledku zleviiuji cenu dat,
respektive informaci znich ziskanych. Vhodné interpretované informace pak napomadhaji
lepsimu pochopeni nejen hydrologickych systéma a usnadiiuji spolec¢nosti Cinit odpovédna

rozhodnuti napfi¢ mnoha odvétvimi.



2 Vyzkumna mezera — Cile prace

Na zakladé syntézy vybranych literarnich zdroju zabyvajicich se problematikou internetu véci
v kontextu sbéru casoprostorovych senzorickych dat, bylo identifikovdno nékolik
specializovanych oblasti. Konkrétné jsou to oblasti sbéru dat, jejich zpracovani (ptenos,
uloZeni, agregace, normalizace, validace atd.) a vizualizace. V téchto oblastech byly
identifikovany vyzkumné mezery, z nichz byly zvoleny takové, u kterych lze predpokladat, ze
pozitivni vyzkumny vysledek muze pfinést novou metodu poskytujici pfidanou hodnotu
soucasnym feSenim. Prace se nezabyva kybernetickym zabezpecenim, které je vSak nutné

zohlednit pfi pfipadném praktickém vyuziti.

Na nasledujicim piehledovém diagramu 1 jsou zndzornény vztahy jednotlivych komponent.

Fuzzy logika [ v
Umeéla inteligence
- LPWAN komunikace |---- : v
GIS zpracovani
o Polohové informace ---- | A
Snimac -

Diagram 1: Prehledovy diagram vztahu jednotlivych komponent

Prvni oblasti zvolenou jako dil¢i cil prace je ovéfeni hypotézy o vyuziti matematickych funkci
zejména podoboru Fuzzy logiky k agregaci informace samotnym senzorem a tim snizeni
datového obejmu pifenaSenych dat. Omezeni objemu pfenaSenych dat ma za nasledek pokles
energetické naroc¢nosti zafizeni, ¢imz se prodluzuje jeho Zivotnost na baterii, pfipadné¢ mu

umoziiuje komunikovat castéji.

Druhou oblasti je vyzkum samotného radiového pienosu dat v redlném prostiedi. Bylo
identifikovano, ze ve spektru komunikacnich technologii, které patii do kategorie LPWAN,
jsou publikovany vysledky hodnotici napiiklad pouzitelnost konkrétnich technologii v ur€itych
aplikacich a prostiedich. Dale jsou technologie vzijemné porovndvany a piipadné jsou
hodnoceny limity technologii v krajnich mezich pouzitelnosti. Byl tedy stanoven cil provést
experimentalni méteni standartniho komunika¢niho pfenosu a analyzovat ptipadné anomalie

upozornujici na vlivy s dopadem na bezdratovy pienos dat.



Tteti oblast souvisi s metodami ziskdvani polohové informace samotnymi senzorickymi
zafizenimi, aplikacnim zpracovanim a vizualizaci dat, ktera tuto polohovou informaci obsahuji.
Obecné pro zpracovani a vizualizaci prostorovych dat slouzi GIS, kterému je vénovano mnoho
publikaci zejména se zaméfenim na principy geoinformatiky, geografie, kartografie atd. Pro
tuto praci tak byl stanoven cil ovefit moznosti vyuziti geografického informacniho systému pro
senzorickd data pfichazejici v realném case za Ucelem jejich poskytnuti ve form¢ vhodné
grafické prezentace a zhodnotit moznosti vyuziti néstroje GIS jako systému pro podporu
rozhodovani. Napftiklad ziskavani informaci z rozsahlych uizemi, ktera vSak tvoti jeden systém.
Typoveé se mize jednat o ficni systém, u které¢ho lze pii znalosti ficniho profilu a poloze
jednotlivych senzorGt minimalizovat aktivni dobu pouzivani jednotlivych zafizeni, diky
dynamické zméné chovani na zéklad¢ prekroCeni prahové hodnoty jinym zafizenim vySe po

toku feky.

Hlavnim cilem této prace je tedy navrhnout metody a doporuceni optimalizujici provoz IoT siti
senzord pro potieby geografickych informacnich systémii. Resit tak technicka ¢i ekonomicka
omezeni znemoziujici uplatnéni téchto novych systémt v praxi, zejména pak se zaméienim na

zajisténi dostatku elektrické energie pro spolehlivy a dlouhodoby chod zatizeni.

Dale pak dlouhodobé navazné vyzkumy mohou byt zaméfeny na automatizovanou spolupraci
jednotlivych zafizeni fungujicich v ramci jednoho systému. A to zejména s ohledem na
predikce trendd snimanych veliCin, pii kvalifikaci jejich dilezitosti a v kontextu jejich

vzajemné i absolutni polohy.



3 Metodicka poznamka

V této Casti je predstaven teoreticko-metodologicky ramec.

K dosazeni cilii bylo vyuzito jak obecné teoretickych, tak 1 empirickych vyzkumnych metod.
Obecneé teoretické metody byly uplatnény zejména ve fazi poznavani védeckého problému a pii
jeho detailnim zkoumani. Analyza byla vyuzita pro rozloZeni celé problematiky na nizsi entity.
Specidlnim pripadem analyzy, souvisejici s touto praci, je systémova analyza z oblasti obecné
teorie systémil. V dalsi Castech na analyzu navazuje syntéza, diky které je vytvoien novy
veédecky obraz zkoumanych jevii. Z povahy rtiznorodosti studovanych technologii byla také
vyuzivana komparace, tedy vyhledavani shod a odliSnosti u porovnavanych entit. Literatura
zabyvajici se komparaci ukazuje na rizné pfistupy k vymezeni komparace. V oblasti
technologii 1ze velmi efektivné vyuzit i metody generalizace (zobecnéni). Tato metoda vychazi
z ptredpokladu, Ze urcitou vlastnost (vlastnosti) zkoumanych piredméti lze zobecnénim
prisoudit i dalsim pfedmétim patiicim do stejné mnoziny, aniz by bylo nutné zbyvajici
predméty podrobovat detailnimu zkoumani. Zejména pro popisnou ¢ast bylo vyuzito metod
modelovani. Model je zjednodusujicim zobrazenim urcité reality a mize mit riznou formu.
Tomu také odpovidaji rizné druhy modeld. Model vychézi z existence reality, u jejiz slozitosti

usiluje o zjednoduseni formou ptislusného idedlniho ¢i materidlniho zobrazeni.(Ochrana, 2019)

Empirické vyzkumné metody jsou tiida metod, ktera se opira o empiricky orientovanou
metodologii védy. Obecné je pro empirické metody charakteristické, Ze jsou zaloZeny na
zkuSenostnich postupech, kdy dany empiricky postup mtize byt realizovan piimo zkoumajicim
subjektem nebo je uskute¢fiovan prostiednictvim pfistroji (napi. méfenim). Dale je také
vyuzito pozorovani, tedy empiricka metoda, ktera prostfednictvim smyslového nazirdni ziskava
informace o zkoumaném predmétu. Jde o vybérové vnimani, coz znamena, Ze pii pouZziti této
metody jsou vyclenovany ze zkoumaného predmétu ty jeho Casti, které jsou sledovany.
Z objektu je tak vymezovana jeho urcitd Cast (podsystém) — tedy predmét zkoumani. Na
vyzkumny predmét se zamétuji vyzkumné cile. Zkoumany predmét je mentdlné vymezovan
(izolovan) od ostatnich predméta tak, aby byly eliminovany vSechny faktory, které by rusily
zkoumani. Jestlize je zkoumany jev patfi¢né izolovan od rusivych faktorti, je mozné jej

pozorovat a provadét jeho analyzu s ohledem na stanovené vyzkumné cile. (Ochrana, 2019)



3.1 Ramcovy metodicky postup

Prace byla realizovéna za vyuziti nasledujiciho ramcového metodického postupu, ktery byl

schvalen v ramci obhajoby metodické ¢asti pred samotnou realizaci Cinnosti.

e Formulace pracovni hypotézy vyzkumu.

e Vymezeni pojmi a stavu soucasného poznani (analyza stavu zkoumané oblasti a
literarnich zdroji, komparace dostupnych technologii, syntéza a formulace ziskanych
poznatk).

e Vytvofeni sitd partnerd pro vyzkum, a to jak z prostiedi CZU, tak externich. Partnefi
jsou vybirani v nésledujici oblastech:

o aplika¢ni partner neboli koncovy zékaznik ptipadného feseni,
o technologic¢ti dodavatelé (HW, konektivita, vypocetni vykon),
o oborovi specialisté (GIS, Al IoT, Fuzzy logic, BigData).

e Provedeni systémové analyzy prvkill a vazeb se zaméfenim na metody neural network a
fuzzy systems, dale na technologie Low-power WAN pienosu dat, (LoRaWAN, Sigfox,
LTE-NB, BLE) s vyuzitim obecn¢ teoretické metody modelovani a znazornéni
prostiednictvim modelovacich nastroju.

e Empirické ovéteni pracovnich hypotéz zejména za vyuziti zatizeni komunikujicich na
bezdratovych sitich WiFi, LoRaWAN, atd. a Geografického informacniho systému
vcetné mapovych vrstev (Arc500, DMR 5G, Ortofoto atd.). VSe za podpory védeckych
laboratoti PEF.

e Provedeni méfeni na experimentdlnich zatizenich v rtiznych prostiedich, pofizeni dat a
metadat z provozu jednotlivych technologii a jejich zpracovani za vyuzit [oT prostorové
analyzy.

e Provedeni syntézy ziskanych poznatki a jejich prezentace formou védeckych publikaci
a konferenci.

e Formulace konkrétnich a generalizovanych doporuceni pro implementaci IoT
technologii.

e Vyhodnoceni uspé$nosti dosazenych vysledki a jejich ptipadné generalizace.
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4 Literarni prehled — soucasny stav vyzkumu

Rychly vyvoj hardwaru, softwaru a komunikaénich technologii v poslednim desetileti usnadnil
roz$ifeni senzord, aktuatorii a heterogennich zatizeni pfipojenych pfes internet (oznacovanych
jako internet véci, stru¢né loT). Tato zafizeni shromazd’uji a vyménuji obrovskd mnozstvi dat
a nabizi novou tfidu pokrocilych sluzeb, které se vyznacuji dostupnosti kdekoli, kdykoli a
komukoli. Nicméné bez inteligence mohou systémy IoT a obecné senzorové site¢ fungovat
pouze jako bézné informaéni systémy zaloZzené na pfedem definovanych pravidlech.
Specialnim pfipadem informacnich systémi je Geograficky informacni systém, ktery rozsifuje
data o polohovou slozku a je tak mozné z dat 1épe interpretovat Sir§i souvislosti, piipadné
vytvaret digitdlni dvojCata. Dale piidani umélé inteligence (AI) do mixu muize umoznit
poskytovani sluzeb podle zvyklosti, aktivit a redlnych kontextii uzivatelii. Kombinace GIS a Al

s internetem véci otevira svét neomezenému technologickému potencialu. (Choi et al., 2020)

4.1 Senzory a HW

Aktualnost tématu znézornuje naptiklad specialni sekce ¢asopisu Sensor Networks obsahujici
recenzované Clanky souvisejici s nejnovej$im vyzkumem a vyvojem v oblasti senzorovych siti.
Jedna se o interdisciplinarni doménu, ktera se sklad4d z bezdratové a dratové komunikace,
algoritmll a protokolti a také zdroji energie pro zdsobovani téchto siti. Tato ¢ast se zabyva
teoretickymi a experimentalnimi problémy, zejména s ohledem na vzestup aplikaci internetu
veci (IoT), které umoznuji chytré ptipojeni nékolika zatizeni. Obecné si tato sekce klade za cil
poskytnout badatelim platformu pro publikovani jejich védecké prace, ktera mize ovlivnit

védeckou komunitu i Sirokou vetejnost.(Sensor Networks — A section of Sensors )

Pokrok v oblasti Micro-Electro-Mechanical-Systems (MEMS), technologie mikrokontrolérti a
myslenka internetu véci motivuje vyvoj bezdratovych modult (napt. WiFi, Bluetooth, Zigbee

a LoRa), kter¢ jsou malé a cenové dostupné. (Azmi et al., 2018b)

4.2 Sité a jejich algoritmy a technologie

V oblasti podnikovych LAN (Local Area Network) siti je aktudlni téma Software Defined
Networking (SDN), tedy koncept, v ramci kterého jsou jednotlivé aktivni sitové prvky
konfigurovany jako jeden celek, a to automaticky nebo ru¢nim zdsahem administratora. Tento
pristup také pifinasi nové moznosti ziskavani provoznich informaci z jednotlivych aktivnich
prvki, coz je vyuzitelné napiiklad pro lokalizaci wifi klientd. Tato sitovad rekonfigurace

v oblasti LPWAN siti zatim neni roz$ifend. A to zejména z divodu, Ze na koncova zatizeni jsou
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kladeny dalsi pozadavky, jako je naptiklad pozadavek na nizkou spotfebu pii bateriovém
provozu. Déle neexistuji povinné standardy pro vyrobce LPWAN zafizeni a portfolio
komunikac¢nich technologii je tak velmi Siroké, ovSem vétSinou bez vzajemné kompatibility.

(Shafique et al., 2020; Li et al., 2020; Papan et al., 2020; Guo et al., 2019)

Ve snaze poskytnout interoperabilitu a podporu Ipv6 pro IoT zafizeni, a tim propojit svét
klasického IT a IoT, navrhla Internet Engineering Task Force (IETF) zdsobnik 6LoWPAN. Zde
bylo opé€t potvrzeno, Ze zvlastnosti a hardwarova omezeni siti spojenych se zatizenimi IoT
vedou k ne¢kolika vyzvam, zejména u smérovacich protokolt. IETF ve svém navrhu zdsobniku
standardizuje RPL (Ipv6 Routing Protocol for Low-Power and Lossy Networks) jako smérovaci
protokol pro Low-power and Lossy Networks (LLN). Tato technologie se ptili$ nerozsitila, ale
1ze oCekavat potencial v oblasti IEEE 802.11ah, umoznujici provoz bezdratovych siti IEEE
802.11 ve frekvencnich pasmech pod 1 GHz s dosahem pifenosu do 1 km a minimalni datovou

rychlosti 100 Kb/s. (Sobral et al., 2019; Society, 2017)

Nejperspektivnéjsi technologii v oblasti LPWAN se zdé byt technologie LoORaWAN, které¢ se
také vénuje mnoho autorti a ma jiz Siroké uplatnéni v praxi. LoORaWAN je zcela novou
technologii, kterd definuje kompletni komunika¢ni model. Zejména specificka je fyzicka a
sitova vrstva, které jsou navrzeny k pfenosu malého objemu dat na velké vzdalenosti
s minimalnim energetickym vydajem. Obdobnych vlastnosti dosahuji také technologie NB-
IoT, LTE Cat M1 ptipadné Sigfox. Nejvétsi prednosti technologie LoRaWAN pro akademicky
vyzkum je otevienost technologie, tedy moznost budovat vlastni sit¢ a v nich provozovat
koncova zafizeni bez poruseni licen¢nich a jinych podminek. (Farhad et al., 2020; Semtech,

2020; Azmi et al., 2018a; Augustin et al., 2016)

4.3 Uméla inteligence a IoT

Umél4 inteligence (Al) a jeji podoblast hlubokého uceni v poslednich letech ptitahly pozornost
mnoha vyzkumnikd. Pokroky v technologiich ziroven umoziuji generovani nebo
shromazd’'ovani velkého mnozstvi cennych dat (napf. dat ze senzord) zriznych zdroji
v ruznych aplikacich, jako jsou ty pro internet véci (IoT), které se zamétuji na rozvoj chytrych
mést. Vzhledem k dostupnosti senzorickych dat z rtiznych zdroji je pro efektivni integraci
velkych dat vyZzadovana fuze informaci ze senzort.(Leung et al., 2019; Saheb and Izadi, 2019;

Stoces et al., 2018)

Data science nebo ,,data-drive research® je vyzkumny pfistup, ktery vyuzivd realnd data

k ziskani ndhledu na chovani systémi. Umoziuje analyzu malych, jednoduchych i velkych a
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modelovych simulaci. (Kulin et al., 2016)

Velmi inspirativni praci je vyuziti fuzzy logiky pro smérovani v bezdratovych senzorovych
sitich. Algoritmy jsou S$iroce pouzivany kvuli jejich vysoké energetické tucinnosti a
Skalovatelnosti. Ve schématech shlukovéni jsou uzly organizovany ve formé shlukii a kazdy
shluk je fizen hlavou shluku. Jakmile jsou hlavy clusteru vybrany, vytvofi pateini sit’ pro
periodické shromazd’ovani, agregaci a predavani dat do zakladnové stanice pomoci smérovani
s minimalni energii (naklady). Tento pfistup vyrazné prodluzuje Zivotnost sité.(Razzaq and
Shin, 2019; Qaiyum et al., 2020) Praktickym ptikladem muze byt Hierarchical Agglomerative
Clustering of Bicycle Sharing Stations Based on Ultra-Light Edge Computing. (Diaz et al.,
2020)

Velmi aktivni vyzkum uplatnéni metod fuzzy systému probiha v uzké oblasti smart mobility.
Autonomni vozidla funguji v dopravnich scénéfich v redlném Case. Profesionalni fidi¢i obvykle
fidi instinktivni prosttedky, které jim umoziuji témét optimalné dosdhnout svého cile, a ptitom
dodrzovat v§echny dopravni pfedpisy. Reaktivni planovani je proto velmi diilezité pro dopravni
scénafe. Kapitola zkouma pouziti reaktivni metodologie, konkrétné fuzzy logiky, pro navigaci
vozidla. Planovac je generovan pomoci evolu¢niho algoritmu, ktery se podoba fazi uceni
profesiondlnich fidi¢h. Také pronika naptiklad do oblasti Smart home (Kala, 2016; Patel and
Champaneria, 2017; Ross, 2004)

4.4 Lokalizace v ramci IoT pro aplikace GIS

Bezdratové senzorové sité se stavaji vSudypfitomnymi a jejich aplikacni oblasti se kazdym
dnem rozSifuji. Lokalizani algoritmy hraji dualezitou roli pii zvySovani uzitecnosti
shromdzdénych dat tim, Ze umoznuji senzortim urc¢it misto, ze kterého je kazdy datovy paket
ziskavan. Lokalizaci Ize provést implementaci algoritmli zaloZenych na majaku nebo algoritmt
zalozenych na signaturach. Velkd ¢ast vyzkumnych praci v této oblasti predpoklada indikator
sily pfijimaného signalu (RSSI) jako parametr v jejich lokalizacnich algoritmech. Vzhledem
k tomu, ze RSSI je klicovym parametrem, byly provedeny praktické experimenty pro
posouzeni, zda by RSSI skutecné mohly byt pouzity lokalizatnimi algoritmy k urceni

vzdalenosti mezi senzory.(Parameswaran et al., 2009; Sadowski and Spachos, 2018)
Existuji vSak 1 jiné metody lokalizace, zalozené na principu pifesného méteni Casu.

LoRaWAN se dobie hodi pro podporu aplikaci internetu véci (IoT). Umoziuji omezenym

zafizenim (uzlim) pfipojeni ke cloudu na velké vzdalenosti a s nizkou spotfebou energie.
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Vetejné sit¢ LoRaWAN jsou nasazovany s funkci geolokace uzli pomoci stejné techniky
casového rozdilu dorucenych zprav (TdoA) jako je pouzita u GPS. Piestoze GPS poskytuje
pfesné aktualizace polohy vredlném case, md nevyhodu vtom, Ze spotiebovava znacné
mnozstvi energie na mobilnim zafizeni, protoze méfeni TdoA musi byt zpracovano lokalné.
V disledku toho je nutna pravidelnd vymeéna baterie nebo jeji nabijeni. S LoRa probiha
zpracovani TdoA na urovni sité, cozZ umoznuje zatizenim fungovat roky bez vymény baterie.
Pokud je 250mAh baterie vybita po 1000 vypoctech GPS, je mozné minimalné 20000 pienost
LoRa pii pouziti stejné baterie.(Aernouts et al., 2020; Podevijn et al., 2018; Fargas and Petersen,
2017; Chen et al., 2020) Velmi relevantni praci je také prace Matrix Completion Optimization

for Localization in Wireless Sensor Networks for Intelligent IoT. (Nguyen and Shin, 2016)

Samotna spotieba, pti komunikaci zafizeni vyuzivajici LoRa modulaci, je zavisla na nastaveni
parametri modulace. Kde nejnizsi DR (Data Rate) poskytuje maximalni dosah, ale vyznamné
roste spotfeba. Naopak pfi nastaveni DR na hodnotu 6 je mozné ptenaset data vyssi pfenosovou
rychlosti pfi spotfebovani vyznamné mensiho mnozstvi energie. Detailnéji je toto uvedeno na

nasledujicim obrazku 1.

Dosah

Rozptylovaci faktor (SF)
Sitka pasma (BW) (kHz)

Citlivost pfijmu (dbm)

Doba vysilani a spotieba

Obrazek 1: Parametry LoRa modulace, zdroj: https://lora-alliance.org/
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Relevantnost a dulezitost vyuziti metodologie prostorové analyzy popisuje Christopher
Cappelli, Esri. ,,KdyZ jsem vice nez 25 let sledoval rist odvétvi GIS, vidél jsem inovace
v problémech, které feSime, v lidech, které miizeme oslovit pomoci technologie, v ptibézich,
které vypravime, a v rozhodnutich, kterd pomahaji naSim organizacim a celému svétu k vétsi
uspesnosti. Co se vsak nezmeénilo, je nas dlouhodoby cil 1épe porozumét nasSemu svétu pomoci
prostorové analyzy. Na cestach po svéte jsem se setkal s lidmi z mnoha riznych kultur, kteti
pracuji v celé fadé primyslovych odvétvi. Kdyz vSak naslouchdm jejich poslani a vyzvam,
existuje spole¢ny vzorec: vSichni mluvime stejnym jazykem — je to jazyk prostorové analyzy.
Tento jazyk se sklada ze zakladni sady otazek, které si klademe, taxonomie, ktera organizuje a
roz$ifuje nase chdpani, a zdkladnich kroki k prostorové analyze, které ztélesnuji, jak feSime
prostorové problémy. Doporucuji kazdému z vas, aby se naucil a sdélil svétu silu prostorové
timto jazykem do svéta. Nejvétsi potencial pro zménu a ispéch nastane, kdyz vSichni rozumime

a mluvime stejnym jazykem — jazykem prostorové analyzy*. (ESRI, 2011)
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5 Vysledky

Vysledky odpovidajici stanovenym cilim autor publikoval v ramci své publikacni ¢innosti

anize ptiklada soubor tifi c¢lankd a jednoho pftispévku publikovanych v ¢asopisech

indexovanych v databazich Scopus a Web of Science, pficemz na téchto publikacich ma autor

zasadni podil, jelikoz se jedna o vysledky souvisejici stouto disertacni praci. Autorské

kolektivy jednotlivych praci dokladuji splnéni metodického cile o spolupraci s oborovymi

specialisty. Dalsi publikacni ¢innost naopak ptedstavuje spolupraci autora v jinych projektech,

do kterych byly poskytovany vysledky a poznéani ziskana v pribehu realizace vyzkumnych cilii

této prace. Jako naptiklad spoluautorstvi na uzitném vzoru Cislo: 34497 s nazvem: Zarizeni pro

fermentaci a teplotni oSetieni biomasy.

Vzijemné provazani jednotlivych vysledkt je znazornéno v nasledujicim diagramu 2, kde jsou

jednotlivé komponenty provazany s nize uvedenymi publikacemi.

Vysledek
¢.1
(¢lanek)
x
Fuzzy logika o
Umeél4 inteligence
)
Snimac

Vysledek
¢.2
(¢lanek)

LPWAN komunikace

Polohové informace

\

Diagram 2: Znazornéni provazanosti jednotlivych vysledkii
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5.1 Komentar k vysledku ¢.1

Welfare with IoT Technology Using Fuzzy Logic. Agris on-line Papers in Economics and

Informatics

Prvni dil¢i cil prace: ovéfeni hypotézy o vyuZziti matematickych funkci zejména podoboru
Fuzzy logiky k agregaci informace samotnym senzorem. V praci bylo ovéieno, ze fuzzy

pfistup lze pouzit k pfedavani informaci v jiZ interpretované podobg.

Metodika byla nejprve aplikovana na problematiku Welfare a chytré farmy. A byla zpracovéana

publikaci:

NOVAK, Voijtéch, Jan PAVLIK, Michal STOCES, Ji#i VANEK a Jan JAROLIMEK, 2020.
Welfare with IoT Technology Using Fuzzy Logic. Agris on-line Papers in Economics and

Informatics, 111-118. ISSN 1804-1930. Dostupné z doi:10.7160/A0OL.2020.120210

Bylo ovéteno, ze fuzzy ptistup Ize pouzit k predavani informaci stajovému personalu, ktery je
schopen Iépe rozumét informacim ve formé popisného vyjadreni, které pridava kontextové
informace ve vztahu ke zvifeti. Tento pfistup zajistil vy$§i miru optimalizace provozu diky
snizeni chybovosti zaméstnanci a zvySeni produkce stije z divodu dodrzovani podminek

welfare.

Po generalizaci ptistupu bylo mozné vyuzit vySe uvedené poznatky pro systém monitoringu
vysky hladiny, kde podstatnou informaci je, zda vyska hladiny jiz miZe byt potencionalné
nebezpecna ¢i nikoliv. Dle toho je 1 mozné parametrizovat chovani samotného senzoru a tim
lze dosdhnou tUspory baterie diky upravé komunikacni frekvence na zaklad¢ dilezitosti

prenasené informace.
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5.2 Komentar k vysledku ¢.2

Experimental Evaluation of the Availability of LoORaWAN Frequency Channels in the
Czech Republic

Druhou oblasti vyzkumu bylo experimentalni vyhodnoceni samotného radiového pfenosu dat
v redlném prostiedi. Méfenim bylo zjiSténo, ze vyznamny vliv na uspéSnost doruceni zpravy
odeslané senzorickym zafizenim vsiti LoRaWAN poskytnuté spolecnosti Ceské
Radiokomunikace, a.s., ma volba jednoho z osmi komunika¢nich kanali, kdy takzvané tii
zékladni kandly jsou pro pfenos ve mésté prakticky nepouzitelné. Vysledky jsou pro svou

kvalitu publikovany v Casopise Sensors s IF 3.847:

NOVAK, Vojtéch, Michal STOCES, Tereza CIZKOVA, Jan JAROLIMEK a Eva KANSKA,
2021b. Experimental Evaluation of the Availability of LoRaWAN Frequency Channels
in the Czech Republic. Sensors, Vol. 21, no. 3, s. 940. ISSN 1424-8220. Dostupné
z d0i:10.3390/521030940

Analyza odhalila anomalie ve srovnani s teoretickymi ocekdvanimi, tedy nerovnomeérnou
distribuci pfijatych zprdv v jednotlivych kanalech. Zatizeni standartné vyuziva

8 komunikacnich frekvenci v ISM pasmu 867,1 MHz az 868,5 MHz.

Ptic¢ina niz§iho podilu dorucenych zprav v ptipadé prezentovaného vysledku, konkrétné¢ na
frekvencich 868,1 MHz a 868,5 MHz, nebyla blize zkouména, pravdépodobné se jednd o
radiové zaruSeni v méstském prostiedi. S ohledem na to, Ze neni mozné tento stav ovlivnit, je

nutné se tomto faktu ptizpusobit.

Princip navrzené optimalizace spociva v pravidelném provadéni tohoto meéieni, které lze
procesn¢ zcela automatizovat a nasledné lze vzdy konfiguracné vytadit problematické
frekvence pro pienos dat a tim ve vysledku zvysit GispéSnost doruceni zprav. Diky vysoké
uspésnosti v dorucovani zprav neni nutné odesilat data opakované, ¢i ve vysoké periodé€ pfi

zachovani stéle stejné kvality
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5.3 Komentar k vysledku ¢.3

Monitoring of Movement on the Farm Using WiFi Technology

Publikace souvisi s oblasti vysledkti, ve které jsou prezentovany optimalizované metody

ziskavani polohové informace s minimalnimi energetickymi naroky.

V publikaci jsou zejména publikovany moznosti, jakymi Ize ziskat polohu IoT zafizeni, a to
s minimalnimi energetickymi pozadavky, tedy pfevazné v budovach, kde neni mozné polohu
urit s vyuzitim satelitnich navigacnich systémt, které jsou navic vyznamné energeticky
naro¢né. V publikacich jsou naptiklad prezentovany vysledky experimentu urceni polohy za
vyuziti technologie WiFi instalované¢ v budové. A dale moznosti urCeni polohy v ramci
technologie LoRaWAN, tedy metod RSSI a TDoA, kdy sit’ je schopna pasivné urcit polohu
zafizeni pouze na zdklad¢ jeho standartni komunikace, tedy zadnym zptisobem neovliviiuje

Zivotnost baterie zafizeni.

NOVAK, Vojtéch, Michal STOCES, Eva KANSKA, Jan PAVLIK a Jan JAROLIMEK, 2019.
Monitoring of Movement on the Farm Using WiFi Technology. Agris on-line Papers in
Economics and Informatics, s. 85-92. ISSN 1804-1930. Dostupné
z doi:10.7160/A0OL.2019.110408

5.4 Komentar k vysledku ¢.4
IoT and GIS Data Platform Solutions in Agricultural

Posledni oblasti vysledkii je zpracovani a vizualizace prostorovych dat, kterym je vénovan

prispévek publikovany na konferenci Information Technology and Implementation 2021:

NOVAK, Vojtéch, Lukas KOVAR, Michal STOCES a Martin HAVRANEK. IoT and GIS Data
Platform Solutions in Agricultural. In: Aldrich Chris ANATOLY ANISIMOV, VITALIY
SNYTYUK, ed. Information Technology and Implementation 2021 [online]. B.m.: CEUR
Workshop Proceedings, s. 198-210. Dostupné z http://ceur-ws.org/Vol-3132/

V ptispévku jsou publikovany vybrané metody vyuziti GIS produktii americké spolecnosti
ESRI pro zpracovani IoT dat. Piispévek zejména pojednava o moznostech néstroje nazyvaného
ArcGIS GeoEvent Server jakoZto sluzbé, kterd zprosttedkovava propojeni mezi loT zafizenimi

a celym ekosystémem ostatnich geografickych sluzeb.

Metodika je aplikovéna a ovéfena na problematice monitoringu hladiny potoka.
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The article describes the concept of deploying IoT technologies within the environment of agrarian
operations using a system approach with a focus on fuzzy logic. In addition to the introductory acquaintance
with IoT and fuzzy theory, the paper focuses on specific possibilities of applying the fuzzy approach,
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Introduction in general. It belongs to one of the more “traditional”
areas of IoT implementation, but there is still a lot
Technological solutions, such as the modern of room for further development (Stoces et al.,

IoT (Internet of Things), can solve problems 2016).
or bring about the optimization of existing
processes, but only if they can naturally interact
with the environment in which they are deployed.

Fuzzy logic and IoT technology were also presented
as a strategy to develop an intelligent irrigation
approach that fosters water conservation and better

This approach is best suited for implementations irrigation management in areas with high levels
of continuous, i.e. analog systems, which of water stress. The developed fuzzy controller,
can respond to change immediately in almost based on Mamdani fuzzification using trapezoidal
an unlimited number of levels. However, to be and triangular membership functions, efficiently
able to apply the available numerical methods set the time and duration of irrigation for a given
tothesesystems, digitizationisnecessary. Thisallows crop. The use of fuzzy control helped maintaining
to express reality using a discrete approach the moisture above a pre-set value with smooth
with a limited number of levels. Therefore it is variations preventing frequent system’s run-off
necessary to focus on those principles of IoT that and preserving water and energy. To monitor
are based on the discrete approach, for example system in real time, a wide-range ZigBee based
that the measurement takes place only a few times wireless network was also used. The system is easy
over a defined period (sampling) and the values are to implement, and economically justifiable (Alomar
quantized to predefined levels (Rymarczyk, 2020). and Alazzam, 2019).

[oT issues are more increasingly important The combination of IoT and fuzzy logic is also
and experience dramatic development in many being successfully used is various non-agriculture
areas. Such development brings many new applications. For instance, the fuzzy logic
technological innovations as well as generated new model was used to control the intensity of light
problems. Vast quantities of IoT devices in use emitted by lighting. Using this approach, it is
or still in development need to be categorized based possible to enlighten the environment according
on their usage, type, internet connection, place to the conditions and not waste energy by
of implementation etc. One of the important producing excessive lighting (Altun and Dérterler
places of usage is agrarian sector and countryside and  Dogru,  2018).  Another  possible
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application of this approach is in fashion retail
as described by (Chan, Lau and Fan, 2018).

Materials and methods

Fuzzy logic is fundamentally built upon the concept
of fuzzy sets (Rezaece and Kadkhodaie-Ilkhchi
and Alizadeh, 2008). Even though the gradual
evolution of the expression of uncertainty
using probability theory was challenged first
in 1937 by Max Black (Ross, 2004), Lofi Zadeh
at the University of California initiated research
into fuzzy logic approach in 1965. Since then,
fuzzy logic has fully come of age. Its foundations
have become firmer, its applications have
grown in number and variety, and its influence
within the basic sciences, especially in mathematical
and physical sciences, has become more visible
and more substantive. Yet, there are two questions,
that are still frequently raised: a) what is fuzzy logic
and b) what can be done with fuzzy logic that cannot
be done equally well with other methodologies,
e.g., predicate logic, probability theory, neural
network theory, Bayesian networks, and classical
control? One suggested answer is that the main
contribution of fuzzy logic is a methodology
for computing with words, as no other methodology
serves this specific purpose. A fuller exposition
of the methodology of computing with words (CW)
will appear in a forthcoming paper. Needless to say,
there is more to fuzzy logic than a methodology
for CW (Zadeh, 1996).

In general, the fuzzy inference system consists
of four modules, the first one is the fuzzification
module that transforms the system inputs which are
crisp numbers, into fuzzy sets. The second module
is called knowledge base, it stores the IF-THEN

rules, the rules normally specified by experts.
The third module is called the inference engine,
it simulates human reasoning process by making
fuzzy inference on the inputs and IF-THEN rules.
The fourth and last one is called defuzzification
module that uses inference engine to transforms
the fuzzy set into a crisp value (Fayaz and Kim,
2017).

The following Figure 1 shows the above process
where the second and third mudules are merged
into a fuzzy inference step.

Linguistic Variables Linguistic Variables

Fuzzification

Defuzzification

Crisp Variables Crisp Variables

Source: Wang, 2001

Figure 1: Fuzzy logic concept.

Fuzzification

Fuzzification is a step to determine the degree
to which an input data belongs to each
of the appropriate fuzzy sets via the membership
functions (Xu, 2010). In fuzzy logic, a fuzzy
inference system is used as a procedure,
in which the input is converted in to fuzzy sets
with the help of membership functions like
for instance: triangular, trapezoidal, gaussian,
or sigmoidal (Patel and Champaneria, 2017)
(see Figure 2).

Sigmoid

Triangular

Trapezoidal

Source: Rezaee and Kadkhodaie-Ilkhchi and Alizadeh, 2008

Figure 2: Four types of fuzzy membership functions: Gaussian, sigmoid, triangular
and trapezoidal.




Membership functions

Definition: a membership function for a fuzzy
set A on the universe of discourse X is defined
as uA:X — [0,1], where each element of X is
mapped to a value between 0 and 1. This value,
called membership value or degree of membership,
quantifies the grade of membership of the element
in X to the fuzzy set A. Membership functions
allow us to graphically represent a fuzzy set.
The x axis represents the universe of discourse,
whereas the y axis represents the degrees
of membership in the [0,1] interval (Alonso,
[no date]).

Below is the list of membership functions we will
use in our experiment:

Triangular function: defined by a lower limit a,
an upper limit b, and a value m, where

a<m<b. Itis described in formula (1), and shown
in Figure 3 (Alonso, [no date]).

0, x<a
x—a
p— a<x<m
ua(X) = b—
, m<x<b
(D) b—m
0, x=>b
a m b

Source: Alonso, [no date]

Figure 3: Triangular function.

Trapezoidal function: defined by a lower limit
a, an upper limit d, a lower support limit b,
and an upper support limit ¢, where a <b <c <d.
t is described in formula (2), and shown
in Figure 4 (Alonso, [no date]).

0, x>d
d—
X =12"", c<x<d
() 1, x<c

0.8

0.6

0.4

a b c d

Source: Alonso, [no date]

Figure 4: Trapezoidal function.

Grade function: with parameters a =b = - 0. It
is described in formula (3), and shown in Figure 5
(Alonso, [no date]).

0, x<a
X —a
mX) ={3—, asx<b 3)
1, x>b

¢ d

Source: Alonso, [no date]

Figure 5: Grade function.

Reverse Grade function: with parameters
¢ =d =+ oo It is described in formula (4),
and shown in Figure 6 (Alonso, [no date]).

0, x<a
X)) = xr—a <x=h 4
=2, asxs )
1, x>b

a b

Source: Alonso, [no date]

Figure 6: Reverse Grade function.




Knowledge Base

A system of fuzzy IF-THEN rules is considered
as a knowledge-based system where inference
is made on the basis of three rules of inference
(Perfilieva, 2007). The ‘noun’ is often unimportant
in the applications. Therefore, it is commonly
replaced by some variable X whose values are
not the objects themselves but only its features,
such as height, volume, tension, size, abstract
degrees of beauty, temperature, etc. This leads us
to the concept of a fuzzy IF-THEN rule which
is a kind of “abstracted” compound adjectival
predication.

Definition: By fuzzy IF-THEN rule we understand
either of the compound adjectival predications R!
and R” taken in the form of formulas (5) and (6),
where X and Y represent features of objects (Novak
and Lehmke, 2006).

R4 :=Xis AAND Y is B 5)

(6)

As an example, in practical implementation,
such a rule can look like this:

IF it is hot, THEN ventilate a lot.

R':=IFis ATHEN Y is B

Fuzzy inference

Fuzzy inference is a method that interprets
the values in the input vector and based on sets
of rules, assigns values to the output vector.
In fuzzy logic, the truth of any statement becomes
a matter of a degree. Fuzzy inference is the process
of formulating the mapping from a given input
to an output using fuzzy logic. The mapping then
provides a basis from which decisions can be made
or patterns discerned (Kala, 2016; Kalogirou,
2014).

Defuzzification

Defuzzification is the process of obtaining a single
number from the output of the aggregated fuzzy
set. It is used to transfer fuzzy inference results
into a crisp output. In other words, defuzzification
is realized by a decision-making algorithm that
selects the best crisp value based on a fuzzy
set. There are several forms of defuzzification
including center of gravity (COG), mean
of maximum (MOM), and center average methods.
The COG method returns the value of the center
of area under the curve and the MOM approach can
be regarded as the point where balance is obtained
on a curve (Masoum and Fuchs, 2015; Patel
and Champaneria, 2017).

Experimental Implementation

The aim of the experiment was to determine
whether it is possible to apply the theory of fuzzy
systems to ensure compliance with the principles
of welfare in the environment of animal husbandry.
The term “animal welfare” is being used
increasingly by  corporations,  consumers,
veterinarians, politicians, and others. However,
the term can mean different things to different
people. Understandably, in the past, veterinarians
and farmershaveseenanimal welfarechieflyinterms
of the body and the physical environment (shelter,
feed, etc.). Meaning that if an animal is healthy
and producing well, it is faring well. Research on
aspects of animal welfare has also mainly focused
on the body, using physiological measures, such
as endorphins, plasma cortisol, and heart rate,
to examine how the animal is coping with its
environment. However, there are limitations
to seeing animal welfare only in terms of the body.
One limitation is that genetics and the environment
can produce desirable physical outcomes, even
though the animal's mental state is compromised.
For example, a canine breed champion may have
perfect conformation and be in perfect health, but it
may be very anxious in its home environment.
Another limitation is that some physical parameters
(heart rate, plasma cortisol) are difficult to interpret,
because they can be increased by both positive
and negative experiences, such as the presence
of a mate and the presence of a predator (Hewson,
2003; Broom, 1991; Blood and Studdert
and Carling, 1988).

The main purpose of the experiment was to create
a system that could better inform farmers
about the needs of his animals. The air temperature
was chosen for the experiment for clarity, as it is
an important element of the stable microclimate.
Together with other physical characteristics (air
flow, relativehumidity)itmostinfluencesthethermal
state of the animal organism and its thermal well-
being. In a certain temperature range, at constant
values of other physical elements, the thermal state
of the organism is considered optimal, as the animal
has only a small expenditure of energy to maintain
physiological functions and has a feeling
of thermal well-being (comfort). This temperature
rangeis the so-called "thermoneutral zone", which is
much wider in cattle, as well as in other
ruminants (such as sheep), than in monogastric
animals. In addition to species affiliation, it is also
affected by other factors, especially the overall
level of metabolism (Dolezal et al, 2004).
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Figure 7: Fuzzification — membership functions.

Based on a literature search, especially the relevant
legislation, the following five fuzzy sets have
been defined, which will be used for fuzzification
(see Figure 7) (No. 208/2004 Coll.,, 2004;
98/58 / EC, 2017).

Fuzzy logic sets are implemented by the JavaScript
programming language. The experiment was based
on the Open Source library "es6-fuzz" (Schiirmann,
2019), which was embedded into the program
for the experiment. The following example program
(see Figure 8) shows the creation of membership
functions according to their respective graphs.
The definition of the shape of individual curves is
solved by including partial libraries.

Logic = require('./lib/logic')
Trapezoid = require(’./lib/curve/trapezoid');
Triangle = require('./lib/curve/triangle');

var

var

r Grade = require('./lib/curve/grade’);
ReverseGrade= require('./lib/curve/reverse-grade');

logic = new Logic();

res = logic
.init('cold', new ReverseGrade(-20, -25))
.or('cool', new Trapezoid(-20, -15, @, 5))
.or('thermo neutral', new Triangle(®, 10, 20))
.or('warm', new Trapezoid(1l5, 2@, 30, 35))
.or('hot', new Grade(30, 35))

Source: own procerssing

Figure 8: Sample javascript program.

Figure 9 shows the function of the program.
It is a JSON data structure, with attributes
showing program variables. The office entry was
at temperature of 3 © C and 4 ° C, the inference
item shows with what word the program qualified
the given value and “membershipDegree”
constitutes the degree of belonging to the given set.

msg.payload : Object msg.payload : Object

vobject vobject

temperature: 3 temperature: 4

inference: “cool" inference: “thermo neutral”

membershipDegree: membershipDegree: ©.4

wrules: array[5] vrules: array[5]

»0: object »@: object
v1: object v1: object
output: "cool” output: "cool”
» shape: object » shape: object
"or" type: "or"
zy: 8.4 ©.19999999999999996

v2: object v2: object
output: "thermo neutral® output: "thermo neutral”
» shape: object » shape: object
type: “or" type: “or"
fuzzy: @.3 fuzzy: 0.4

» 3: object » 3: object

» 4: object »4: object

Source: own procerssing

Figure 9: JSON data structure.

Results and discussion

It has been verified that the fuzzy approach can
be used in a very simple way to pass information
to the stable staff, where it is better understood
by humans in a form of a verbal expression that adds
contextual information in relation to the animal.

Thanks to this approach, greater optimization
ofoperation can be achieved, which reduces the error
rate of the employees and increases the production
of the stable due to compliance with welfare
conditions. Fuzzy approach can therefore directly
lead to an economically positive effect.

For fully automated operations, it will be necessary
to use the knowledge base and subsequent
defuzzification for  automatic  intervention,
which was not the goal of this experiment. It would
require specialized professionals so that the control
circuit can be set optimally.
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Fuzzy controlitselfisavery widespread and standard
tool. For example, the Japanese have been quickest
to apply fuzzy logic in 1989. A fuzzy system
developed by Hitachi was already used to control
subway trains in the city of Sendai, accelerating
and decelerating cars more smoothly than a human
driver could (Pollack, 1989).

Conclusion

Apart from its usage in agriculture, utilization
of fuzzy approach in conjunction with IoT can
be for example aimed at developing an energy-
saving thermometer for measuring the temperature
of the human body. The results show that
HI-Thermo saves energy of monitoring significantly.
Using fever body temperature measurements,
the proposed system consumes 15% lower than
the existing traditional monitoring of body
temperature, which does not implement fuzzy logic
(Mandala et al, 2017).

It would be appropriate to evaluate the benefits
of the wuse of these technologies, similar
to the work assessing the benefits of precision
farming technologies in sugar beet production.
(Jarolimek et al, 2019)

Corresponding authors
Ing. Vojtéch Novak

A secondary output of this research is
the finding, that fuzzy logic can be beneficial
for IoT devices themselves, regardless of industry
use. An important opportunity for the use of fuzzy
approach, as outlined here is the implementation
of algorithms directly into battery powered loT
devices, which will achieve significant aggregation
of information and thus save energy in wireless
communication. Alternatively, the capabilities
of fuzzy logic can be used for instance in forecasting.
The field of fuzzy logic still experiences very active
theoretical research, so there is high possibility
for new knowledge and approaches to emerge
in the near future (Fayaz and Kim, 2017).
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Abstract: LoORaWAN communication allows you to create IoT (Internet of Things) solutions across
many disciplines. A specific field of application is precision agriculture, which demands this technol-
ogy mainly due to the fact that it is possible to create low power sensor devices with it. However,
in densely populated areas, a lower success rate of message delivery can be observed on some
communication channels. For example, this can have an impact on urban agriculture projects. After
performing an experiment and analytical-statistical data processing using the Geographic Informa-
tion System (GIS) tool ArcGIS Insights, it was shown that the success of message delivery on the basic
LoRaWAN channel (868.3 MHz) is lower than for the others. Therefore, to ensure higher reliability
and thus energy savings, it is appropriate to optimize the use of frequency channels.

Keywords: LoRaWAN; LPWAN; IoT; signal; ESRI; GIS; ArcGIS insights; frequency; device; experiment

1. Introduction

LoRaWAN communication can be used for example in areas such as smart cities,
industrial applications, precision agriculture, and many more. It is very important for
further research to gain detailed experience from the practical deployment of LoRaWAN
technology. Based on this knowledge, the technology itself can be improved, or other
monitoring solutions can be found.

In the context of my work and activities at the Czech University of Life Sciences within
the solved agricultural projects of my colleagues from the university, this work focuses
on the evaluation of technological environments for these research projects aimed at the
field of agriculture. For example, our university team has previously published that: “IoT
technologies are currently the most developing area of telemetry transmissions in both
industrial and agricultural environments” [1]. In most cases, it is essential for these projects
that the equipment be a so-called low power, such as monitoring beehives, using beehive
scales measuring the weight of the beehive and some other parameters—for example,
indoor temperature and relative humidity of the hive [2].

The success of these projects often depends on the reliability of the used technologies
and also on its appropriate use. Thanks to the availability of LoORaWAN technology in the
Czech Republic with the use of a nationwide operator, it is possible to consider using it for
the needs of agriculture within the Czech Republic.

LoRaWAN wireless technology offers a Star topology using stochastic network access
(Aloha) at the wireless level. Spread spectrum modulation with an optional spreading
factor parameter is used. A message sent by one device is received on many different
gateways when it is forwarded to a central point of the network, the so-called network
server, which combines the individual messages into one [3].

Sensors 2021, 21, 940. https:/ /doi.org/10.3390/521030940
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2. Related Work

A review of the available literature has shown that many studies and experiments
have been published. For example, a significant factor affecting all Low Power Wide Area
Networks (LPWAN) is the legislative restrictions addressed for example as Impact of EU
duty cycle and transmission power limitations [4]. An alternative technology to LoRaWAN
is Sigfox [5], which it compares with each other by Vejlgaard et al. [6].

The importance of the use of LoRaWAN technology in agriculture can be observed,
for example, in the study, “A Case Study in Kenya [7] and LoRaWAN in Industrial 4.0 En-
vironments” [8].

Technology is often studied in laboratory conditions, as it is able to function on its
own, for example in terms of capacity as stated by many authors, e.g., [6,7]. Martina Ca-
puzzo created a mathematical model describing LoRaWAN Performance with Bidirectional
Traffic [9].

For example, practical verification of the spread of LoORaWAN within the university
campus can be found in Rabey Anzum, who worked with the 3D ray tracing method [9],
similar to the team from the University of Duisburg-Essen [10]. However, most studies
focus on a targeted verification of technological possibilities, or on improving Quality-
Of-Service in LoRaWAN through Optimized Radio Resource Management as settings
parameters (ADR, SE, CSS, channels, etc.) [10-12]. The consequences of such optimization
have an impact on energy consumption, which is also addressed by several authors, as
exemplified: “Comparison of LoRaWAN Classes and their Power Consumption” [13].

To a small extent, the results of operating parameters in the actual deployment of
technology outside the laboratory environment are published, such as the work of an
Italian team led by Lorenzo Parri, who tested the possibilities of using connectivity at
sea [14]. However, interference cannot be expected there, as is the case, for example, in the
city center, and this is the topic of this article. This article went a different way, namely to
obtain operational metadata from the actual installation of the sensor, where the payload
itself is used for another experiment, and find out what information these metadata are
able to provide. During the testing of the usability of the LoRaWAN technology for the
needs of Urban Agriculture, a three-day measurement was performed in Prague, the capital
of the Czech Republic. After analytical and statistical data processing, some interesting
phenomena were revealed. This work tries to approach them, but it does not solve their
direct cause; instead, it tries to establish a hypothesis.

3. Materials and Methods

Metadata obtained from the LoRaWAN network of the Czech operator called Ceské
Radiokomunikace in a special test mode were used for the experiment. The device used a
Murata communication module [15] with a built-in network layer. Thus, the behavior of
the device on the network is given by the manufacturer Murrata. The device sent a data
message approximately every two minutes, and 1000 individual received messages were
selected for the experiment to obtain data for approximately three days of the experiment.
The legislative duty cycle limit was not reached; sending one message took 51 ms and 92 ms,
depending on the current data rate. The experiment did not evaluate the success of delivery,
but it did conduct a mutual statistical comparison of successfully received messages.

Necessary transformations were performed with the data. The data structure provided
by the network is structured into a JSON document with a variable message length. The
structure of the messages thus received includes a common data part comprising attributes
e.g., Receive timestamp, Data rate used, Communication frequency (channel), Message
transmission time, Frame counter, sequence number, etc. For the part with the metadata
field obtained from individual gateways, for each gateway; its ID, its geographical location,
signal parameters RSSI (Received Signal Strength Indication) and SNR (Signal-to-Noise
Ratio), and some other attributes are given. In order to be able to process the data in
the intended analytical tool, a new data structure had to be designed. The data were
converted to GeoJSON data format using the function in Appendix B, which were further
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supplemented with the position information of the place where the sensor was located;
also, a unique message identifier was created by combining “seqno” and “fent” attributes,
which was added to the respective GW messages so that the data could be divided into
two GeoJSON files.

As this is data containing position information, the Geographic Information System
(GIS) platform, specifically ArcGIS Insights, was used to analyze it, into which the files
prepared in this way can be loaded. In order to analyze the data together, a prepared
identifier was used to create a 1:N session, which corresponds to the fact that a message
sent by one device was received by many gateways.

For processing and analyzing the data, we used the ArcGis Insights tool, which allows
a direct data connection. This tool offers many easily accessible tools for working with
data. In particular, it is possible to visualize data using graphs and maps. Data can be read
in MS Excel format or in GeoJSON format, and data can be composed in the tool using
sessions. Individual views are created from the prepared datasets using drag-and-drop.
Individual graphic elements offer dynamic redrawing based on the selection in the linked
element [16].

A very useful tool that was used for the analysis is the Boxplot view. A description of
the meaning of individual elements is available on the manufacturer’s website [17].

4. Results
4.1. Experiment introduction

This section describes basic information about the course and duration of the experi-
ment. The experiment lasted for the period from 6:40 p.m. 23 November 2020 to 9:20 a.m.
25 November 2020, where the operator-certified testing device sent a data message every
two minutes. The device had ADR activated, and during the experiment, the network
server set up automatically the Spreading Factor value, which ranged between SF7 and SF8.
The device was located approximately in the city center, and during the entire experiment,
messages sent by the device were delivered to 14 gateways of the largest Czech LoRaWAN
operator, as shown in Figure Al in Appendix A.

According to the value of the frame counter contained in the metadata, it is possible
to determine the total success rate of message delivery, which reached 84%, where 1192
messages were sent for 1000 successfully received messages. Undelivered messages are
distributed evenly, where the maximum number of undelivered consecutive messages
was 4, and only in one case. A detailed view of undelivered messages is indicated in the
following Table 1 below.

Table 1. Numbers of consecutive undelivered messages broken down by groups.

Group ! Occurrence Undelivered
1 136 136
2 23 46
3 2 6
4 1 4

! The group value indicates the number of undelivered messages in a row.

4.2. Signal Analysis

Subsequently, the data were analyzed analytically in ArcGIS Insights, and one of the
outputs that was focused on evaluating the success of message delivery showed that one
first basic channel (868.1 Mhz) shows a significantly below-average number of received
messages. For this channel, the GW was displayed on the map (in Appendix A, Figure A2)
that received the message on this channel. An overview is shown in Figure 1.
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Figure 1. Number of received messages within individual LoRaWAN channels.

The data were further statistically processed and visualized using two boxplot graphs,

where the first graph shows the relationship between the specific frequency channel and
RSSI received messages (Figure 2), and the second graph shows the relationship between
frequency channel and SNR (Figure 3).
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Figure 2. Boxplot graph for frequency channel and RSSI.
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The interference hypothesis is also supported by Figure 4, where the relationship
between signal strength and SNR. The spreading factor, was set to automatic and ranged
between SF7 and SF8, which is marked in color in the graph.
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Figure 4. Scatter plot shows the relationship between signal strength and signal-to-noise ratio. The color resolution shows
the currently selected spreading factor.
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5. Discussion

This study describes the detected state measured in a real environment, which was an-
alytically processed. The analysis revealed anomalies compared to theoretical expectations.
Thus, an uneven distribution of received messages in individual channels. The most likely
cause of the lower proportion of messages delivered on the 868.1 Mhz and 868.5 MHz
channels will be local interference from other traffic in this ISM band. This assumption
can be verified by direct measurement using a spectrum analyzer, but such measurement
would have to take place simultaneously over a large area.

This result is also interesting to evaluate depending on the LoRaWAN specification,
where it is given that channels corresponding to 868.1, 868.3, and 868.5 MHz shall be
implemented but cannot be modified, according to the protocol specification [18]. Adding
other channels in larger quantities can increase delivery success. Mitigation techniques
can also be discussed in the contribution to reliability [19], but the article focuses on the
practical life of currently commercially available technology; it is not possible to consider
complex methods that are not supported in the standard, but as [20] indicated, improving
the reliability could have a significant positive impact on energy consumption.

It is not possible to exclude these channels from use, although it would be possible to
increase the success of message delivery. The observed results may also be related to the
conclusion of the work of Georgiou and Raza, who investigated the effects of interference
in a single gateway LoRa network [21]. Researchers at the University of Tokyo say that by
detecting interference, the delivery success rate can be increased by 10% [22]. Frequency
interference modeling was also handled by the French team [23], and the issue of mutual
interference (here collisions) can also be found in the work “Improving channel utilization
of LoRaWAN by using novel channel access mechanism” [24].

Frequency interference modeling is also being investigated by the French team [20],
and the issue of mutual interference (collisions) can also be found in the study “Improving
channel utilization of LoRaWAN by using a new channel access mechanism” [21], the
results of which do not indicate the cause of the significant decrease in success in delivery
on basic channels.
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Figure A1. This image shows the geographical location of all 14 gateways that received a message
from the device during the experiment. The color range of the dots corresponds to the frequency of
received messages. The green cross shows the place from which it was broadcast.
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Figure A2. In the picture, you can see the table of individual gateways, where the number in the
gray field indicates the number of received messages. The blue-colored fields are those gateways that
have received a message on the frequency of 868.1 MHz.
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Appendix B

The following code shows the transformation of a message received from a network
server into GeoJSON format.

function toGeo]SON
var toString toString

var

O PN A LN

2 e e e e
NREBoxSNanrdpro

new toISOString  replace substr

23.
24.
25.
26.
27.
28.
29.
30.
31 push
32.
33.
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Abstract

The paper deals with using commercial WiFi solutions that provide wireless connection to computer networks
to monitor the movement of devices within that network. Current technologies, in particular in the IoT area,
make it possible to place a battery sensory device on individual objects used on the farm. These sensors,
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people and animals that are associated with this WiFi or Bluetooth device. An example could be the monitoring
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Introduction or still in development need to be categorized based

on their usage, type, internet connection, place
Farms are increasingly starting to build of implementation etc. One of the important
a communication infrastructure for wireless places of usage is agrarian sector and Countryside
Internet access (WiFi). This paper acknowledges in general. It belongs to one of the more “traditional”
that fact and tries to find further possible uses areas of [oT implementation, but there is still a lot
for such networks and determine potential of room for further development (Stodes et al.,
negative implications resulting from building 2016).

these networks. For example, farmers can ensure
better monitoring of the environment by using
IoT sensors, offering better tools for employee
collaboration, or helping to save lives and property.
Mainly thanks to localization and monitoring
of movement of specific objects, assuming that
the objects in question are tied to a specific WiFi
or Bluetooth device.

Underground mine locomotive  monitoring
and tracking management system expands mining
rail net existing capacity, to increase traffic
density of mining locomotive, real-time provide
the position information, avoid traffic accidents
and greatly enhance the transportation safety
and production efficiency (Song and Liu, 2011).

Experimental results show that location system has
accuracy about of 96% within 2.5 metres. However,
this is only when three access point are available
for establishing the position; in other cases,
the accuracy is reduced. It is possible to combine

One of the core technologies for disaster
management is the indoor positioning system, which
can help rescue more people and prevent property
loss due to the accurate and rapid localization
of people and assets at the beginning of a disaster

(Li et al., 2019; Kola-Bezka et al., 2016). the triangulation ~method ~with ~probability
distributions of received signal strength to improve
Internet of Things (IoT) issues are increasingly more these results as shown by (Sanchez et al., 2006).

important and experience dramatic development
in many areas. Such development brings many new
technological innovations as well as generates new
problems. Vast quantities of IoT devices in use

(Vasisht et al., 2016) presents Chronos, a system
that measures sub-nanosecond time-of-flight
on commercial WiFi radios. Chronos uses these
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measurements to enable WiFi device-to-device
positioning at state-of-the-art accuracy, without
support of additional WiFi infrastructure
or non-WiFi sensors. By doing so, Chronos opens
up WiFi-based positioning to new applications
where additional infrastructure and sensors may be
unavailable or inaccessible, e.g., geo-fencing, home
occupancy measurements, finding lost devices,
maintaining robotic formations, etc.

Most authors are more concerned with the issue
from the perspective of the technological
possibilities, and most solutions presented use
proprietary systems, for example (Longo et al.,
2019; Jermolajeva et al., 2017; Zelazny, 2017).
While the aim of this article is to verify the
possibilities of currently available commercial
systems, or to compare them with each other.

Materials and methods

The following principles, methods and technologies
were used in the research at the Faculty
of Economics and Management at Czech University
of Life Sciences Prague. We focused on methods
of monitoring the movement of logistic elements
within the farm using commercial solutions
for management of WiFi networks.

1. Signal attenuation (RSSI method)

RSSI was considered as a metric in most
of the distance measurement algorithms. Even
though the ineffectiveness of RSSI is mentioned
in the literature, not many attempts were made
to implement it in a practical environment
and verify it. (Elnahrawy et al., 2004; Parameswaran
et al., 2009) have explored the idea of using RSSI
in localization algorithms conducted in indoor
environments and determined that more complex
models and algorithms are required to improve
accuracy of RSSI based methods when used
indoors.

The advantage of using the signal attenuation
is that no specialized hardware is required
as the transmitter module measures the signal
strength anyway. Imprecision in the distance
estimation can occur though, caused by signal
attenuation that is introduced by obstacles
or reflections. This raises a major problem
for indoor environments, where no simple signal
propagation model can be applied unlike in a free
space environment. For this reason, in indoor
setups the signal attenuation is usually only used
as an attribute for the subsequently described
fingerprinting technique where the signal strength
is measured in advance at different locations
of the site (Fuchs et al., 2011).

Algorithms based on matching and signal-to
distance functions are unable to capture the myriad
of effects on signal propagation in an indoor
environment. While many of the algorithms can
explore the space of this uncertainty in useful
ways, e.g., by returning likely areas and rooms,
they cannot provide precise position. Still,
the localization accuracy is significant and useful,
as showed when mapping the objects into rooms
(Elnahrawy et al., 2004).

2. Fingerprinting

A different technique for localization called
fingerprinting uses in-advance mapped properties
of the environment for position estimation.
For example, the received signal strength
of a WLAN signal is measured at as many different
locations as possible within the target area. This
information is saved including its spatial mapping.
A sensor that wants to locate itself measures its
current signal strength pattern and compares it
to the pre-generated signal map. The closest match
in the map is then assumed as the actual position.

The disadvantage of this method is the high
initial effort that is caused by the mapping
of the attributes of the environment. Consequently,
this technique is not suited for unknown sites as there
is no information available on the property used
for the pattern matching. For this reason,
fingerprinting does not comply to the requirements
for the intended use case in mission-critical
scenarios, because it requires a site-specific training
and doesn’t provide consistent results when
structural changes happen in the environment.
Tracking systems that use this technique can
therefore be excluded from further consideration
for the use in mission critical networking (Fuchs
et al.,, 2011). However, combining fingerprinting
methods with RSSI using machine learning
Al (artificial intelligence) has the potential to yield
good results.

Given our large training sets, it is unlikely that
additional sampling will increase accuracy. Adding
additional hardware and altering the model are
the only alternatives. For example, ray-tracing
models that account for walls and other obstacles
have been employed. Pursuing the modelling
strategy, however, we are left with a trade-off
in model complexity vs. accuracy, and such
questions are not easily answered. For example,
it is unclear if building models at the level of detail
where one must model all items impacting signal
propagation (walls, large bookshelves, etc.) would
be worth the improvements in localization accuracy
(Elnahrawy et al., 2004; Schaubach et al., 1992).
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Some of these localization methods are now used
in commercially available solutions. With regards
to the availability of technologies, two
representatives from traditional manufacturers
with long-term experience in the field were chosen
for the purposes of our research.

3. Cisco Meraki

In the Meraki architecture, there is only one
hardware component: the access points. All control,
configuration,  optimization, and  mobility
controls are centralized and delivered as service
by the Meraki Cloud Controller (MCC)
from Meraki’s data centres. By eliminating separate
controllers, and moving intelligence into the cloud,
hosted wireless LANs reduce deployment time
and complexity while enabling multi-site, scalable
wireless LANSs. In this configuration administrator
logs into the controller system through web browser
and provide access to wireless network of his
account. All management is done remotely through
a Web browser. The bottleneck due to centralized
approach is avoided in case of Meraki Cloud

Controller. Meraki’s cloud-based architecture
provides significant advantages over legacy
hardware-based solutions. This configuration

provides opportunity for cost reduction for WLAN
management (Dalvi et al., 2011).

Cisco Meraki Access Points generate a presence
signature  from any WiFi-enabled device
by detecting probe requests and 802.11 data
frames from any device that is associated
to the network. WiFi devices typically emit
a probe request at regular intervals based
on the device state. Smartphones send probe requests
to discover surrounding wireless networks, so that
they can make the networks available to the user.
Meraki cloud aggregates raw client location data
reported and provides a real-time estimate
on the location of WiFi (associated and non-
associated) and Bluetooth Low Energy (BLE)
devices in real-time. The Scanning API delivers
this data to your real-time location application,
data warehouse, or business intelligence systems
(Cisco Meraki, 2018).

4. Aruba central

Aruba Central is a unified cloud-based network
operations, assurance and security platform
that simplifies the deployment, management,
and optimization of wireless, wired and WAN
environments. With continuous monitoring,
Al-based analytics provide real-time visibility
and insight into what is happening in the WiFi
network. The insights utilize machine learning
that leverage a growing pool of network data,

and deep domain experience. The result is
a consistent, reliable, and timely flow of information
about the RF environment, that helps IT work
smarter to deliver an optimal WiFi experience,
despite increasing demands and the complexity that
a growing network often brings. Presence Analytics
offers a value added service for Instant AP based
networks to get an insight into user presence
and loyalty. The Presence Analytics dashboard
allows you to view the presence of users
at a specific site and the frequency of user visits
at a given location or site. Using this data, you
can make business decisions to improve customer
engagement (HPE-Aruba, 2019).

5. WiFi client

The IoT device associated with a particular logistics
element can be any electronics that is using WiFi
or Bluetooth technology. Representatives of these
technologies were chosen for the experiment:
Bluetooth beacon EMBCO01 (Subhan et al.,
2019) (Figure 1) and the development module
ESP-8266 (IEEE Electron Devices Society et al.,
2019) (Figure 2).
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Figure 1: EMBCO1.
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Source: own processing
Figure 2: ESP-8266.
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For the basic function of the ESP-8266 module,
it was necessary to load the appropriate firmware
into the processor. The following program
(ESP8266 Community Forum, 2019) (Figure 3)
was used:

erial.begin(1
Serial.print(”
Serial.println(ssid);
i.mode(WIFI_STA);
in(ssid, password);
i WiFi.status() != WL_CONMECTED) {
delay(500);

Serial.print
Serial.println
Serial.println
Serial.println("IP

erial.println(WiFi.localIP(
loop() {
erial.print(”
Serial.print(host);
Serial.print(":")
Serial.println(port);
ent client;

ent.connect(host, port
Serial.println(”con
200) ;

g data tc
onnected()) {client.println
long timeout = millis();
(client.available() == @) {

£ (millis() - timeout > 5@08) {
Serial.println(">>> Client Ti
client.stop();

delay(6€000);

>(client.read());
Serial.println("c ection");
client.stop();
delay(300000);}

Source: own processing
Figure 3: ESP-8266 source code.

6. Experimental method

The aim of the experiment is to verify the ability
of WiFi systems to provide positional information
even under restricted entry conditions. First,
the layout of the AP was proposed. With respect
to the floor plan in which the experiment was carried
out and in combination with the limited possibility
of connection to LAN infrastructure. The space
selected and the limited number of APs did not
allow optimal conditions to be achieved. The load-
bearing parts of the building are made of reinforced
concrete construction, the partitions separating
individual rooms are built of burnt bricks.

The experiment focused only on associated devices.
Two ESP8266 modules with WiFi were selected
for the experiment. Within one measurement,
the devices were always placed at a predefined
location and subsequently a positional information
query was sent. This measurement was repeated
four times. This resulted in a sample of eight testing
positions.

For the experiment, space was selected in only one
part of the floor with the layout shown in Figure 4.
The drawing is completed with coordinate rulers,
the origin of the coordinate system is the upper left
corner of the drawing of the entire floor. The APs
were deployed according to Table 1.
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Figure 4: Test building plan.




AP AP1 AP2 AP3 AP4
position

X [m] 29.92 50.07 44.77 36.20
Y [m] 21.00 10.61 21.64 7.79

Source: own processing

Table 1: AP deployment coordinates

Results and discussion

Based on the experience gained in the experiment,
we provide a comparison of HPE and CISCO
systems in terms of quality parameters. Four
operating parameters were chosen as criteria
for evaluation of WiFi solution, considering
(Perez-Castillo et al., 2018):

1. Security

From the security point of view, the solutions are
very similar. The factor most significantly affecting
security is the technological solution, where
the configuration of the AP is carried out through
the cloud platform, so any compromise of this
platform can endanger the networks themselves.
Both external access solutions provide a secure
APL.

The security of WiFi technology itself and its
physical effect in the 2.4GHz band was for example
elaborated by (Fernandez et al., 2019).

2. Usability

Cisco Meraki is more usable, especially due
to the complexity of the offered solution that works
better with individual clients' location, providing
approximate location information in the form
of a geographic coordinate with a sufficient number
of APs. The second solution is only able to provide
information about presence / absence of an object.

3. Sustainability

The sustainability of both solutions is very
good, thanks to the cloud centralized message.
In addition, Meraki's solution offers a better
graphical representation of the location of each
AP in the form of a map. And both the web portal
and the API offer more configuration options.

4. Interoperability

The Meraki API is more extensive and provides
more information. This makes it easier to connect
this system to other systems. Important factor is
also the format and complexity of the data itself.
Data sources in the farm environment can be
divided between the data acquired by the farm
from its own internal, private data source and data

obtained externally. External data can be used
from public open data databases or purchased
(Stoces et al., 2018).

An example of reading data from Aruba Central
using the GET API is shown in Figure 5.

Get presence aggregate values for list of sites
REQUEST URL

https://eu-apigw.central.arubanetworks.com/presence/v2/insights/sites/aggr

4 »

RESPONSE BODY

{
“category™: "all”,
"data": [
{

"drawrate_count™:
"dwelltime count™:
"passerby_count”:
"store_id": 1,

"store_name”: "Doma”,

"visitor_count”: null

Source: own processing
Figure 5: Aruba Central API.

The result of this experiment aimed at verifying
the possibility of using commercially available
APs to monitor the movement of the WiFi client is
shown in Table 2. It shows the different locations
of the WiFi client (blue and red dots in the plan)
versus to which APs were associated.

Device Position A B C D

Blue point | Meraki AP APl | AP3 | AP4 | AP2
Presence info
Aruba AP APl | AP2 | AP2 | AP2
Presence info

Red point Meraki AP AP2 | AP1 | AP2 | AP2
Presence info
Aruba AP AP2 | API AP2 | AP1
Presence info

Source: own processing

Table 2: AP positioning experiment results.

These results show that Meraki AP was able
to better determine the location of client devices.
Both solutions provided a basic orientation
about the movement of objects.

Conclusion

Even though the Aruba solution performed
generally worse in our comparison, it offers
sufficient functionality. The intention to monitor
the movement of objects, especially in agricultural
enterprises, was sufficiently addressed by both
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investigated solutions. However, we recommend
choosing the CISCO Meraki solution. If there
is already a WiFi solution installed within
the agricultural enterprise, there should be no
problem monitoring the movement of WiFi clients
on other systems in a similar way as described
in this article.

Any commonly used devices that communicate via
WiFi, such as mobile phones, computers, sensors,
etc., can be used as client devices. In the experiment,
the development device ESP8266 (Syed Ali et al.,
2016) was used, its added value is that it is possible
to create a sensory / control device on this platform.
All that at low cost of tens of dollars or so. Other
possible devices that can be used are those
with Bluetooth technology, especially Bluetooth
beacon, which is primarily intended for these
purposes. Even with its small size it can operate
on batteries for a long time, at a low purchase price
of about 5-10 $. For Bluetooth solutions however,
it is necessary to have the appropriate infrastructure
technology. Based on the research, it can be
concluded that the currently available Wifi Systems
can be used to monitor movement on the farm.

It is necessary securing the appropriate workforce
for the task. If a subject does not employ the proper
workers already, it is unfeasible to hire an entire
team just for this task alone. Therefore, it is most
efficient to hire the employees for a short time from
a specialized agency or to outsource the whole
project to a company that already has the required
employees (Stoces et al., 2018).

It is commonly known that crop yield depends
on crop growth variability, which is related
to multiple factors that can be time-independent
(e.g. substrate, topography, soil type and depth)

Corresponding authors
Ing. Vojtéech Novak

or time-dependent. Annually linked factors
may include anomalies in planting, emergence,
or weather conditions. Seasonally linked factors can
include plant diseases, weed development, severe
climatic events, or irrigation system malfunctions
(Bégué et al., 2008; Kumhalova and Matéjkova,
2017).

Another possible direction of research is the area
of presenting the data obtained to employees
of an agricultural enterprise. Alternatively,
with the support of artificial intelligence, the data
can be used to optimize logistics processes.

Another usage would be in BIM (building

information modelling) which promises
significantly ~ advancing  the  architecture,
engineering, and construction (AEC) market

worldwide, however the low spread and adoption
of BIM is still an issue. From a technology
diffusion perspective, this paper proposes a game
theory-based model including two firms who
both are potential BIM adopters under support
from the government (Yuan and Yang, 2020).

Application of this research can be, for example,
monitoring of storage boxes and pallets, monitoring
of machines and tools, employees, breeding animals
such as cows, horses, etc.
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Abstract

The research is focused on the multidisciplinary process of converting data into useful
information. For the applicability of research into a wide range of scientific and research
projects, which are focused on obtaining physical information from the surrounding
environment, new methods are used to obtain large amounts of data using battery-powered
sensors. For example, to use data in the field of precision agriculture, or within the framework
of the Smart Building and Smart City management and their resulting presentation to users in
a clear and easy to understand form. All using Internet of Things (IoT) and Geographic
Information Systems (GIS) technologies. For the overall processing of the resulting and
functional whole it is essential to focus on the following sub-disciplines in two basic areas. The
first area is 10T, which is mainly concerned with measurement and sensor technology, data
transmission, data processing, statistics-Big Data and Artificial Intelligence. And in the second
area (GIS), these are primarily tools for real-time data processing, additional data layers, tools
for user interface (Ul) and user testing when working with Ul / UX. It is also important to
monitor the economic impact and contact with potential partners, in which some parts of the
research could be directly applied in practice. This study outlines, inter alia, possible partners,
particularly in the agricultural sector.

Keywords 1!

10T, GIS, Localization, Precision Agriculture, Smart City. Smart Building.

1. Introduction

This review study presents a research project that focuses on the complex issue of transferring
information from the real world to the computer technology environment. Specifically, it is concerned
with the intersection of two major technological areas, which are 10T (Internet of Things) and GIS
(Geographic Information System). The intention may seem very simple at first glance, hovewer based
on literature research and practical experience, it has been found that this is a very young field and thus
many sub-topics are not addressed at all, especially those that have a multidisciplinary overlap.
Alternatively, work in this area has been only recently produced. An example of such application of
research, can be, for example, the localization of 10T end devices communicating within the LoRaWAN
technology. The possibility of such localization was theoretically introduced at the beginning of the
technology, as it is based on general physical assumptions. However, it is only now that the gradual
deployment in practice shows that there are still many areas to be researched, such as the development
of an algorithm for finding the optimal location of individual base stations (Gateway), considering the
real physical environment, which is made up of rough terrain or buildings in the city, for example, by
using GIS. Thus, the subject of the research itself is the elaboration of partial problems, hypotheses or
guestions. Some already known opportunities are listed under the chapter "Research Opportunities".
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Thus, the object of this review study is to introduce the concept shown in Figure 1, which
demonstrates the simple concept in an illustrative way. Where a sensor device located in a mountainous
area measures the quality and condition of the water in a stream, the data is processed in real time in an
automated analytical manner and the operator receives only the required information, completely
accurate and already statistically processed.

Sensor device ArcGIS GeoEvent Processor

-
- e

Figure 1: Cbnteptual scheme of the intent

2. GIS Environment

It seems, that ESRI software is suitable option in GIS area. Thanks to its long history, in 1969, Jack
Dangermond—a member of the Harvard Lab—and his wife Laura founded Environmental Systems
Research Institute, Inc. (Esri). The consulting firm applied computer mapping and spatial analysis to
help land use planners and land resource managers make informed decisions. The company’s early
work demonstrated the value of GIS for problem solving. Esri went on to develop many of the GIS
mapping and spatial analysis methods now in use. These results generated a wider interest in the
company’s software tools and work-flows that are now standard to GIS.[1]

2.1. ESRI GIS platform data sources

ArcGIS GeoEvent Server stores and processes geospatial data in real time. It also provides tools for
online import of 10T sensor data. Using defined filters and detailed selections, data can be drilled down
to focus on a specific problem. The GeoEvent server automatically updates maps and databases, allows
alerts to be sent when threshold are met or an event occurs. GeoEvent server allows dynamic data to be
linked to the entire ArcGIS system. For example, the Operations Dashboard is an application that is
fully suited to receive real-time data. [2-5]

The Collector for ArcGIS is also part of the Geospatial Cloud platform. Mobile apps are an effective
tool for use in the fieldwork. Users can add, edit, and describe elements on the spot and data is
automatically uploaded to the server for other users or for subsequent analysis. The app supports offline
mode using downloaded maps on the phone. The app is currently supported on Android and iOS mobile
platforms. [6,7]

ArcGIS Notebooks provide users with a Jupyter notebook environment, hosted in your ArcGIS
Enterprise portal and powered by the new ArcGIS Notebook Server. Because it works with the Docker
container allocation technology to deliver a separate container for each notebook author, it requires
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specific installation steps to get up and running. Once you’ve installed ArcGIS Notebook Server and
configured it with your portal, you can create custom roles to grant notebook privileges to the members
of your organization so that they can create and edit notebooks.[8]

2.2, ESRI GIS analysis tools

Spatial analysis is a complex part of working with the data. It includes visual analysis of maps and
imagery, computational analysis of geographic patterns, finding optimal routes, site selection or
advanced predictive modelling. Analysis uses data from all kinds of technologies — GPS, 0T sensors,
social media, mobile devices, satellite imagery and many more. Geographic information systems use
functional tools, such as QGIS, ArcGIS Desktop or ArcGIS Pro.[9,10]

“ArcGIS can analyse data, locate a site according to specified criteria, optimize vehicle routes and
perform advanced predictive modelling. In a user-friendly and interactive map, one can view, for
example, the intensity of a phenomenon in selected areas, branch revenues in individual periods or,
even data about customers in the context of the general demographics of the area and the collected data
about competitors. Many companies and government organizations use ArcGIS tools to plan their
investments.” [11,12]

2.3. ESRI GIS visualization tools

Visualizations may include maps, graphs, statistics and cartograms that show, for example historical
changes and current developments. The importance is given on clarity and accuracy. For the users
themselves, ease of use is essential, which is satisfied, for example, by following ESRI programs:

The operations Dashboard application (Figure 2) is designed to create thin clients. In addition to the
features common for web map applications, it also includes tools specialized for continuously changing
data tracking. The application accesses individual data as well as map layers and uses a user interface
(UI) to guide the user through the creation of individual operational views. User can create the views
themselves through the individual tools. These tools can be a map, a table, a graph, or others. [13]

Figure 2: Operations dashboard application screenshot

ArcGIS Earth is an easy-to-use lightweight client for 3D data visualization. By viewing data in a
spatial context, it lets us see features that are not well represented on a conventional map. Therefore,
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we can upload data in KML, shapefile and various other web layers and explore their interrelationships.
[14]

Web AppBuilder for ArcGIS is intuitive what-you-see-is-what-you-get (WY SIWYG) application that
allows to create 2D or 3D web application without typing a single line of programming code. It also
includes powerful tools for configuring fully functional HTML.[15-17]

Story maps are a combination of maps, text, images and multimedia content. They facilitate the use of
the power of maps and geography to tell a story.[18]

3. Data transmission
3.1. LoRaWAN technological area

Open specification LoRaWAN is a low-power, broadband network protocol (LPWAN) based on
LoRa technology. The LoRaWAN protocol is designed for wireless connection of battery-powered
devices in regional, national or global networks, using unlicensed radio spectrum in Industrial,
Scientific and Medical (ISM) band. Its architecture is shown in Figure 3. LoRa defines the lower
physical layer, whereas LoRaWAN provides upper networking layers, this provides seamless
interoperability between devices. While Semtech provides radio chips with LoRa technology, the LoRa
Alliance®, a non-profit association and fastest growing technology alliance, is driving the
standardization and global harmonization of the LoRaWAN protocol [19-22]
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Figure 3: LoRaWAN network architecture [23]

3.2. LTE-NB and LTE-M technology area

Within the technologies that are provided as “classic mobile”, the IoT area can also include LTE-M
and LTE-NB technologies. These are very similar technologies, that are designed for communication
between battery-powered devices. The difference between these technologies is explained in the
following example found in the next paragraph. [24-26]

Automotive systems nowadays come typically with integrated connectivity to the internet, making
it possible to present up-to-date traffic information or send diagnostic information to the manufacturer
to analyse the behaviour of internal systems. When the device is in operational mode, in most cases,
there is sufficient power to allow the user to be online with the current mobile operator connection.
However, the vehicle needs to be “online”, i.e. connected to the Internet even when the vehicle is
parked. This creates a new requirement for a completely different behavior of energy requirements than
in normal operation. LTE-M is the solution for all scenarios with moving transmitters. Another possible
type of devices in the network are small stationary sensors that monitor physical quantities, such as
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temperature, humidity, air pollution, flow rate, etc. These simple sensors are usually battery powered
and have to make do with a minimal data transmission for their operation. The end devices need a
minimum amount of energy to transmit information about changes in their status so that they are able
to perform their function for several years. LTE-NB technology is used for similar devices.[27]

4. 10T location tools
4.1. General localization methods — RSSI, TDoA

The RSSI value has been considered as a metric in most distance measurement algorithms. Although
the inefficiency of RSSI is mentioned in the literature, not many attemps have been made to implement
it in practice. Elnahrawy and colleagues explored the idea of using RSSI in location algorithms carried
out in indoor environments and found that for improve the accuracy of RSSI-based methods when used
indoors, more sophisticated models and algorithms are needed. The use of artificial intelligence and
machine learning has great potential for better use of the RSSI method. [28-30]

TdoA is another technique where nodes are localized using 3 or more base stations with precise time
references obtained from the GPS signal. The method is particularly applicable to the technology of
LoRaWAN. The method is illustrated in Figure 4.[31,32]

((I)) TOA = 0 = first arrived 6587m
T=2?
/ N

4450m @ ((I))

A

TOA = 0,0000000094450807 sec lateras 0

((1))) 7'7254m

TOA = Time Of Arrival

TOA = 0,0000000194450807 sec later as 0

Figure 4: TDoA principle [33]

4.2, Wifi and Bluetooth systems

Some of these location methods are already used in commercial solutions available nowadays. Given
the availability of the technologies, two representatives from traditional manufacturers were chosen,
both with many years of experience in wired or wireless computer networks.

Cisco Meraki Access Points (Aps) generate information about the presence of any Wi-fi enabled
device by detecting AP requests from unconnected devices and 802.11 data frames when the device is
connected to the network. Wifi devices typically issue AP request at regular intervals based on the status
of the device. Smartphones send probe request to discover nearby wireless networks in order to make
the networks available to the user. Cloud Meraki aggregates raw client location data and provides a
real-time estimate of the location of Wi-Fi devices (associated and non-associated) and Bluetooth Low
Energy devices (BLE) in real time. A Scanning API is also available that allows data to be delivered to
a user application, data warehouse or business intelligence systems, all in real time. [34-36]

Some research makes use of this, for example [37,38]
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4.3. Data flow processing — Node-RED

The Node-RED application can be run on virtually any computer.

Node-RED is an Internet of Things (I0T) programming tool that connects hardware devices, APIs,
and online services. It provides a browser-based editor that allows you to easily link data streams using
a variety of nodes. Only the interpretation of the code precedes the start of the application.

It is therefore visual flow-based programming and thanks to its simplicity and clarity allows users
to quickly create applications using a simple drag-and-drop interface.

Node-RED is built on Node.js®, so it is an "agnostic platform." It runs as easily in the cloud as on
the Raspberry PI. With more than 600 community features available to expand the range of features.
An active community moves the whole project forward.
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5. Practical

The practical section presents several ways in which data can be loaded into the ArcGIS
platform. First, the actual data message displaying the information retrieved from the device is
presented. This data message is the same for all three options regarding the loading of sensory data
into the ArcGIS platform. The first option is the possibility of connecting ArcGIS to a PostgreSQL
database, the second is the possibility of using Python script and the last option presented is the use
of ArcGIS GeoEvent Server.

5.1. Sensor data structure

Sensor data constists of the values of individual sensors and the corresponding metadata. In
addition to the identification of the device and the individual sensor, location information is also
included within the data structure. This information is obtained by RSSI or TDoA method using
LoRaWAN technology. The position information is important for further data processing withing
the geographical information system itself.
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Figure 5: Data structure
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5.2. Node-RED

The first presented method of transferring data to the ArcGIS platform is to store the measured
data in a database and the connect this database as a data layer. The following figure shows a
visualization of the code in the Node-Red application that is storing the data in the database.

=<=_ Node RED

¥ commen htp
inject
[post] fruuvi msg
debug
complete change: 2 rules msg.payload | msg.payload
caich inject function function postgres
status msg.payload |
link in
http request msg.payload
link out

Figure 6: Node-RED application

In the Figure 7 it is possible to see an example of how to the data can be inserted into the different
geographical layers after connecting the database.
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Figure 7: Arc-GIS Pro database connection

This solution requires the use of other applications in addition to the ArcGIS platform itself, making
the entire solution complicated and more difficult to maintain and extend. For example, user and
application permissions must be handled separately in several places. The following two examples
focus only on direct use of the ArcGIS platform.
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5.3. Python script

The Python scripting language support built into the ArcGIS platform provides an ideal solution
for data transformation and analysis. With libraries, the script can access services within ArcGIS
online and ArcGIS enterprise. The following Figure 8 shows a script for loading, editing and
publishing data within the ArcGIS platform.

In [1]: from arcgis.gis import GIS
import pandas as pd
import requests
import json
import csv

def fetch_api_data(url):
session = requests.Session()
session.headers.update({"Content-Type": "application/json™})
response = session.get(url)
data = json.leoads(session.get{url).content.decode( "utf-8"))

timestamp_modified = pd.Timestamp(data["modified”], tz="Europe/Prague”).tz_convert("UTC")

df = pd.DataFrame(data["data"])

column_names = {"id":"deviceIdentificator”,"key": "key", "value": "walue”,"unit™: "unit"”,
"min”: "min”, "max”:"max", "time": "time", "lat":"lat™, “lon":"lon"}
df = (
df

.rename { columns=column_names )

.assign(date=lambda x: pd.to_datetime(x["time"], format="%Yy-%m-%d").dt.tz_localize("UTC"))
.assign(id=lambda x: x ["time"].dt.strftime("%Y-%m-%d")+ id)

.assign({modified=1lambda x: timestamp modified) .sort_wvalues(by=["time"])

)
output_columns = ["id","time", "key™, "value", "unit”, "min", "max","lat™,"lon"]
print(df)

# let us publish service
service_item = gis.content.create_service(name="IoT_data’', service_type='featureService')

Figure 8: Python script

The advantage of this solution is considerable flexibility and simplicity of implementation. The
disadvantage may be the necessity of knowledge of the Python environment and individual ArcGIS
libraries. In contrast, the following solutions using ArcGIS GeoEvent Server offers an ideal and
robust solution for all GIS users, as this solution is not primarily coded but configured, unlike the
previous examples.
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5.4. GeoEvent server

The following Figure 9 shows the portal in which the complete configuration of this extension
takes place. In function, it is similar to the Node-RED application, but is ready for scalable, robust
and long-term operation.

- o x
e & hitps://localhost 6143/ geosventimana: O = @ Chyba ceifikétu @ || & Arcais Geokvent Manager ©
esti.com | Web GIS | Server Manager | Sign Qut | Help
@ ArcGIS GeoEvent Manager Site Logs
Inputs GeoEvent Services Outputs

Monitor Reset Statistics
~ GeoEvent Services

Name In/Out Count Rate Edit Rate Max Rate Time Since Last Graph  Action

v Inputs

Mame Count Rate Edit Rate Max Rate Time Since Last Graph  Action

~ Outputs

Name Count Rate Edit Rate Max Rate Time Since Last Graph  Action

Figure 9: GeoEvent dashboard screenshot

On the “Inputs” page, see Figure 10, it is possible to set any commonly used interface. From l1oT
perspective, it is necessary to choose protocols that allow real-time communication. For example,
WebSocket communication containing data in JSON format is suitable choice that meets this
requirement. An alternative option is, for example, the MQTT protocol. Outputs are set up in a
similar way, on the “Outputs” tab.

=
& Input Connectors

Receive GeoJSON on a WebSocket -]

Receives GeoJSON over a WebSocket and converts it ta GeoEvents. Select

»

Receive JSON on a REST Endpoint

Receives ganaric JSON on a REST endpoint and converts if

»

Receive JSON on a WebSocket

Receive RSS
Receives

ives 3n RSS or ATOM feed and converts it to GeoEvents by polling 3 URL at 3 fixed
Select

»

Figure 10: GeoEvent input connectors screenshot

The executive parts of this add-on are the functions in Figure 11 (marked in yellow), which allow
to perform arbitrary operations on the data. The basic functions are already prepared. If
necessary, there is an SDK in Java programming language, which can be used to create a custom
functions. After setting up the inputs and outputs, which are shown in Figure 11 (marked in green
and blue), everything can be interconnected.

54



parclee-stream

parolee-in
_1_’ Recalc Distance Field

{Field Calculator)

A

. (Field Mapper)
Buffer Location Enrich Parolee

(Buffer Creator) (Field Enricher)

parolee-buffered-stream

]
parolee-enriched-stream
w Map ParoleeEnriched /

Map ParoleeBufferedMy

(Field Mapper)

Add Category
(Field Calculator)

Figure 11: Operations dashboard application screenshot

6. Economic and commercial overlap

Insights from practice can lead to to new research questions and, in turn, research results can be
positively evaluated financially, thus supporting further research. Thus, mutual collaboration and
exchange of experience/know-how can lead to workable and useful solutions.

6.1. Floods protection - focus

Based on the reviewers' recommendations, | present an example of a possible scientific and
commercial application of the above methodology, combining loT and GIS technologies. This example
is an insight into already prepared publications devoted to the research plan of cooperating sensors
coordinated by a geographic information system.

A specific example is shown in Figure 12, where the left part shows a model replicating a real
environment involving precipitation. The slope and water absorption of the terrain and the system of
watercourses. These rivers are monitored by a network of 10T sensors (shown on the right). These
sensors provide, for example, real-time level data. Thanks to the knowledge of their location within the
model, it is possible to better predict the development of the situation and thus not only ensure the
protection of property, but also optimize the operation of the sensors themselves.

. sg\'
d ,

Figure 12: practical connection of GIS and loT
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Next research opportunity

The intention of the research is to address partial research within the complicated process from

measurement of data and its wireless transmission using LPWAN technologies, especially in order
to save energy of the sensor device itself. Furthermore, verification of their quality and credibility, after
obtaining valuable information and its subsequent use, either for further research or direct presentation,
using geographic information systems.

For data processing in geographic information systems, it is desirable to add location information or
information about the time of the event to their data. For this purpose, it is also necessary to address the
area of location information extraction.

From the point of view of the potential application of this research, it is also important to ask about
possible practical application or business and economic benefits. For this reason, it is seen as important
to be in contact with potential end-users or intermediaries as a part of the research using the results of
the research and to support the possible transfer of technology and knowledge from research into
practice.

Specific sub-research opportunities may be, for example:

e Verification research to compare the quality and usability of available HW for loT
technologies.

o Use of Big Data and Al analytics for 10T Data Quality Control. In particular, accuracy and
calibration of sensors. In the context of data processing with traditional statistical methods,
it is necessary to ensure the “purity and uniformity” of the measured data. It is questionable
whether new approaches are not able to eliminate this necessity, and example would be trend
tracking, for which it is not necessary to know the absolute values.

o Research on technology for analyzing anomalous behavior of I0oT sensors in the GIS
environment, especially the use of Big Data and machine learning.

e A very specific technological problem is to ensure the decoding of the data message sent by
the device, especially in LPWAN networks. Current systems and solutions are very
heterogeneous and unsustainable in the long term. The essence of the problem is the
necessity to minimize the volume of data send by the device and the desire to transmit as
much information as possible for cloud processing.

e Research on methods for low-power positioning using GPS.

e Obtaining the maximum possible information using metadata from the operation of Wifi
technology

e Finding the optimal placement of localization devices (AP/GW) to increase localization
accuracy. For RSSI and TDoA methods.

e Research withing the Human Behavioural Research Unit (HUBRU) to find out the general
public’s ability to receive information presented in the form of a map. For example, whether
the form of graphs and tables is perceived better than coloured shapes on a map.
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7. Conclusion

Significant differences can be observed within the presented methods for loading data into the
ArcGIS platform. For each project, the most appropriate approach needs to be selected, taking into
account the circumstances. Presented tools and methods are certainly applicable in scientific research.

This review study introduced many topics, that have been scientifically investigated to some extent
by partial research in particular areas. However, we were not able to find any such comprehensive work
that has addressed this fundamentally new issue in such a context and scope. We are convinced that a
comprehensive view of this issue may provide new opportunities and insights.

The results and knowledge included herein have been obtained owing to support from the following

institutional grant. Internal grant agency of the Faculty of Economics and Management, Czech
University of Life Sciences Prague, grant no. 2019B0009 — “Life Sciences 4.0”.
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6 Zavér

Prezentované vysledky v jednotlivych vyzkumnych oblastech potvrzuji pfedpoklad, ze aplikaci
inovativnich metod v oblasti IoT lze dosdhnout optimalizace provozu senzorickych feSeni

s bezdratovym prenosem dat a jejich zpracovani v rdmci Geografického informacéniho systému.

6.1 Splnéni dil¢ich cili diserta¢ni prace

Hlavnim cilem této prace bylo navrhnout metody a doporuceni optimalizujici provoz loT siti
senzorl pro potieby geografickych informacnich systémii a fesit tak technicka ¢i ekonomicka
omezeni znemoznujici uplatnéni téchto novych systémil v praxi. Zejména pak se zamétenim na

zajisténi dostatku elektrické energie pro spolehlivy a dlouhodoby chod zatizeni.

Zcela unikatni vysledky poskytlo experimentalni vyhodnoceni dostupnosti LoORaWAN kanala
v ramci provozu senzorického zatfizeni, u kterych pfi aplikaci zjisténych poznatki lze zvysit
uspésnost doruceni senzorické zpravy. Vysledky byly publikovany v Casopise Sensors s IF

3.847. Dalsi publikované vysledky poukazuji na mozné technické a ekonomickeé piinosy.
I ostatni vysledky v paté kapitole dokladuji naplnéni hlavniho i dil¢ich cila prace.

Vysledkl bylo dosazeno zejména za vyuziti védeckych laboratoti PEF, zejména pak laboratoie
internetu veéci (IoT) a laboratofe Geografickych informacnich systémii. Dale bylo vyuzito

podpory od komerénich spolec¢nosti.

6.2 Prinosy disertacni prace pro védu a praxi

Dil¢éi vysledky byli uplatnény v rdmci projekti, jenz byly grantové podpoteny. Tedy prace byla
realizovdna v kontextu jiz probihajicich vyzkuml, a to diky nezavislosti studované
problematiky na konkrétnim aplikaénim prostiedim. Cimz také byla ovéiena zobecnitelnost

vysledki pro dalsi védecky vyzkum.

Vysledky také byli aplikovany v projektech realizovanych katedrou, zejména pak v projektu
,Life Scicence 4.0“ a nyni jsou uplatiiovany v projektu ,,datové platformy CZU*“ budouci
vysledky lze v ramci univerzity uplatnit v projektech typu Chytra krajina Amalie nebo Smart

Digital Campus.

Dale vyzkum podpoftila méstska cast Praha-Suchdol, ktera umoznila instalaci senzorického
zafizeni nad Unétickym potokem a poskytla komentafe jakozto uZivatel technologického

feSeni. Bylo tak dosazeno i aplikace ziskanych vysledkt v praxi.
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6.3 Diskuse a naméty k dal§imu vyzkume

Prace otevird myslenku uceleného pohledu na kompletni feseni od pozadavkl uzivateld, pies
senzorickd zafizeni s konkrétni geogratickou polohou, bezdratovy pienos dat az po informacni
systémy pro podporu rozhodovani. To vSe jako jeden systém slozeny z dil¢ich spolupracujicich

systémdl.

Potencial dalSiho vyzkumu potvrdil Alessandro Pozzebon Ph.D. z Italské Padovy, kde v ramci
zahrani¢ni spoluprace budou dlouhodobé probihat dil¢i védecké experimenty pro jesté lepsi
porozuméni jednotlivym parametrim a vazbam v systémech za icelem vytvoreni detailniho
modelu jednotlivych vySe zminénych systému. Tedy podafilo se zahajit mezindrodni védeckou

spolupraci.

Konkrétnim ndmétem na dal$i vyzkum je primarné rozvoj zaméfeny na implementaci novych
technologii aktudlné zejména v oblasti pfenosu dat. Naptiklad technologii oznacovanych jako

,,Sit€ 5. generace (5G)*.

Soucasné i budouci vysledky ptipadnych navaznych vyzkumi jsou Siroce uplatnitelné kdekoli

v obdobnych projektech a je tak Siroky prostor pro aplikaci poznatkti do dalSich vyzkumii.
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