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| ntroduzione

COME UTILIZZARE
LA RISORSA

Cofinanziato dal
programma Erasmus+
dell'Unione europea

*
*

Questa mas tesperiehza di Sormazione re arientam
all dinterno del campus, per

combinate visite ai laboratori di informatica con interventi infori
interattivi su argomenti scientifici inerealia programmazior

informati@a e alla robotica L e attivit?’ d
all dinterno del |l duni versit
materiale.
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ARGOMENTO L'argomento dell dbhnhtiodtzZi édm
DELLA LEZIONE e alla programmazione per i sistemi embedded costruiti su
Ardui no. Léapprocci o bpent
all @agheo i nizial ment e prese
informazioni sui costttii di programmazione di bagieun linguaggi
di programmazioneCela | e compl essit” C
tradizionale per sistemi embedded e microcontralietro a
paradigmi e programnglementayi rendendo la programmazic
semplice e adatta @incipianti. Inoltre, la presentazione iniz
include informazioni suissmi embedded, e sulla programmazio
interrupt, eventi, funzioni di callback, event loop, et

programmazione a eventi e intpt i | model | o
di base, utzzatoin tutti i modernisistemi di controll@ correlatc
anche alla gestione dell dinp

collegati a urontroller. Dopo la presentazione iniziglestudenti ¢
gli insegnanti accompagnatwno invitati a lavoramille possibi
estensioni sul progetto di Lstazione meteo intelligente

Questa masterclass  indiriz
S 2 ., 9i 7 hanno sperenze @on daepfogrammazione e hi
STUDENTI conoscenza dei circuiti elettrici e degli schemi. Tale conc
preliminare consentirebbe loro di comprendere facilireorteettidi
programmaziongi base di Arduino.
CONOSCENZE Gl i student. i dovrebbero ave
PRELIMINARI iahili i iani di ingi [i
BlCHIESTE variabilicostruttiif-thenelse, loop e funzioni di qualsiasi linguag¢

programmazione, in modia poter capire senza problemi calr
linguaggio Processing supporti tali concettiprdgrammazione

TEMPO RICHIESTO Due o tre ore.

PER

L6 MPLEMENT |

NE

ISTRUTTORI/DOCE Studenti universitari 0 insegnanti che hanno espe
N nel i nsegnamento di cor si i

(preferibilmente usando il linguaggio di programmazione C/C
corsi relativi agli schemi elettrici.

CONOSCENZE Comprensione generale abncettidi programmazioneli base ne
ACQUISITE E H H H .
COMPETENZE linguaggio Processing (C/C++):

SVILUPPATE - . e . .
STUDENTI 1 \Variabili boleane, integer e stringa

9 Variabili locali e globali
I Record e strutture
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1 espressioni boleane e aritmetiche
1 funzioni
1 oggetti e metodi

Comprensione generalecdncetti dellgprogrammazione a event

interrupt:
1 Interrupt
1 Timer
1 Eventi e callback
1 Eventloop
CONOSCENZE Presumendo che i docenti accompagnatori siano professori di
ACQUISITE E H H H ¥ 3
COMPETENZE informatiche e wmtprqg,rammazmne,qbotrebbe
SVILUPPATE - comunque apprendere le regole sintatticBéC++ a supporto dell:
INSEGNANTI programmazione procedurale e i pgradidi programmazione
oggetti, eventi e interrupt. Gli insegnanti accompagnatori impar
a usarela piattaforma #@uino IDE, in modo dapoterla
successivamerugélizzare ancheelle loro lezioni.
CONOSCENZE Il personale universitario gli student univesitari coinvolti
ACQUISITE E H p H H H '
COMPETENZE svilupperanno competenzecdmun|ca~2|c_)n30|ent|f|cai§ soprattutto,
SVILUPPATE - competenze per | i nsegnament
PERSONALE i i i i i 0O
NV E R T AR IO O d.| Sposi ti vi Ardu_l.no a uno a.
STUDENTI Dimostreranno ancheome poter utilizzare tadlispcitivi nello
UNIVERSITARI sviluppo di progetti falate ped 6 aut omazi one d«
MATERIALE -Una | avagna bianca (pu, essc¢e
NEEESSARIOPER condiagrammi schematici)

IMPLEMENTAZIONE

DELLGSGATTI VI Proiettore e computer connesso a Internet per mostre

partecipanti le letture della stazione metereologica domestica
qguesta master class.

-Computer connessi a Internet dove i partecipanti possono part
in gruppi per usare e mixare ddice in questione. Gli stude
useranno la piattaforma Arduino IDEitf://www.arduino.cg, un
ambiente gratuito per la programmazione del microcontrdio
generale, Arduino u rlattropidaagel
source basata su hardware e software flessibili e facili da usare

-l si st emi embedded comuni can
pi % sensor.i e I nt er &g,eispthyy matoa
altri dispositivi. Per esempm,e v ol essi mo <co

met eo p e rdovrenamo coatsliee Aupa soluzione hardwe
scrivere il software appropr

microcontrollore graticamente ru minkcomputer) e una periferic
Per una stazienmetereologica domestica molto semplice, a
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http://www.arduino.cc/

SUDDIVISIONE

DELLE ATTI1 VI

LINK E RISORSE
UTILI

Cofinanziato dal
programma Erasmus+
dell'Unione europea

sogno di sensor i ppessione baometre

polvere, fumo, gas, etc

Questa masterclass  divisa

1. Intervento/lezione informativiquesta parte dovrebbe a
|l uogo in una sala confere
organizzant€uesta parte inizia con il benvenuto e una |
at t irompitghiaccio, volta a parlare de#lsperienz
precedent.i degl i dgantmaziohei (
dd | el et t rdmp espertdpisankala tstazione
meteo domestica sviluppata, gli elementi elettronici us
codice sviluppato.

2. Attivit™ pratical visita
un laboratorio. Specificatamente, gli step della second

sono i seguenti:

Step 1.Gli studenti e idro accompagnatori si spostanel
laboratoriodova vr © i nizio | a sessi

Step 2Gli studentsono divisi in gruppi di2 persone (a secon
del numero di studenti e computer disponibili)

Step 3.Ai gruppi viene richiesto di appoetadelle modifiche
codice della stazione metdtssono sia sviluppare il prog
mixaggim seguire i compiti specifialsiitidagli organizzatori.

Step 40 Il personale univatario e gli studenti coinvohiella
master class hanno il ruolo di facilitaper aiutare i gruppi
studenti a skippare i cambi/mixaggi selezionati.

3. Autoriflessione da parte degli studenti: questa parte do
avvenire nella sala conferenze o aula magnappi sono
invitati acomunicard e di fficol t "~ I n
risolo qualsiasi tipo di probleni2opo lapresentazione deg
studenti, gli organizzatori chiudoiio meeting fornendo
ulteriori link e informazioni per coloro che vogliono sape
pi % s u otidellaaasterociass.

https://learn.sparkfun.com/tutorials/weathstationwirelessky

connectedo-wunderground

http://cactus.io/projects/weather/arduinveatheistation

https// circuitdigestonY arduineprojects

https// howtomechatmicsconY arduineprojects

https// www.electronicshubrg arduineprojectideas

https// www.hackstero/ arduind project&sorttrendingpage3

https// createrduinocd projecthubipagel&sorttrending
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https://learn.sparkfun.com/tutorials/weather-station-wirelessly-connected-to-wunderground
https://learn.sparkfun.com/tutorials/weather-station-wirelessly-connected-to-wunderground
http://cactus.io/projects/weather/arduino-weather-station
https://circuitdigest.com/arduino-projects
https://howtomechatronics.com/arduino-projects/
https://www.electronicshub.org/arduino-project-ideas/
https://www.hackster.io/arduino/projects?sort=trending&page=3
https://create.arduino.cc/projecthub?page=1&sort=trending

ULTERIORI Per ulteriori irdrmazionisu Arduinoe risorsedi apprendimento

LETTURE H i H H
CONSICLIATE livello base sui programmi Arduino

https://www.arduino.cc/en/Main/Education

FONTI UTILIZZATE Questa risorsa b &sunbasu progett
PER LO SVILUPPO . .. . . . . ~ - . .
DEI MATERIALI orientativid i sponi bi | i all dindirizz

https://www.arduino.cc/en/Main/Education
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https://www.arduino.cc/en/Main/Education
https://www.arduino.cc/en/Main/Education

Scheda conoscenze di base

REDATTORI Stanimir Yordanoy Un i v er s i Gabrovd, Bugariac a

INTRODUZIONE La maggior parte dei software oggi diggorfiornisce potent

ALLOARGOMENT O linguaggi,per consentire agli utenti finali una personalizza
flessibile e un ricco sviluppo interattivo dei contektsil proposito,
| a conoscenza di concett.i

necessaria per molti lavoratori della conoscenza, scienziati e i
inclusi.Ne consegue che, molti dipartimenti di educazione suf
hanno incluso nel loro programma corsprdigrammazione bas
Diversi paesihanno ampliato | | or o progr a
secondaria, ma anche primaria, per affrontare lo svilup
conpetenze base di programmazione.6 1 mpor t a
programmazione informatica ha ricevuto senmp#égtpnzione, graz
a campagnéi sensibilizzazione sul coding cdmé&urope Code

WeekOpportunit”™ di apprendi mei
molti paesi seguendo l'approccio organizzativo dei Coding
Tuttavia, in diverse occasioni, i corsirohittivi seguono |

tradizionale approccio di presgatina ad un& caratteristiche di
dato linguaggio di programmazione, esempi pocapplicabili all:

reaét 'pochi eserci zi di ppo
accattivante di promuovere carewe di programmazione a livi
base  data dalld wutilizzo
comei sistemi e dispositiviembedd@du e st o =~ | 6 a
nella master clasSeguendo questa Master Class, gli stt
partecipant.i avranno | "oppor
la progettazione, la programmazione e la costruzione di
embedded.
Lol MPORTANZ, Arduno stato recentemente int
BE%TLIADI\QNT:/ professional.i e nell 8i snoli paesi
LoEcoONOMI A/ | europeiDi conseguenztae pcodp o luanrai tc
SOCIETT sistemi Arduinojn ambito educativo. Questa tendenza si risc

n e | | dgiumoduli Arduinocome sistema embeddemh molte
piattaforme e applicazioni e aell s ua Cresc:
nel | 0 a uihdusmale e domestica e nell'Internet of Things
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PRESENTAZIONE Definizione di termini.
DETTAGLIATA . ) . .
DELLOARGOMEI Durante | d6attiwvit , devono e

- Sistemi Arduino

Arduino un mi-sourcecoro unthardnare e t
software di facile utilizzo (un linguagdioprogrammazione e
ambiente di sviluppo integratbcosiddetto IDE).

| controllerArduino sono relatamente economici e il prograadi
sviluppo integrato ( libDds¢cuzione &
Windows, Mac OS X e Linukolto spessole schede Arduino
basano sull'architettura Atmel AVR (microcontrollore ATmega3:
processore RISC a 8 bit). 1
chi amato oOProcessingd6 ed
programmazione facile ai princgiaSuper a | e cC
programmagzione tradizionale per sistemi embedded e microcol
c on | ijgparadignii e softivare elementari.

|l nvece di programmare nel [

difficile, gli utenti scrivono i prognan i nel | i ngua
successivamente 6 a mb i e n e integrato ($DR)i tfasfepisc
(converte) il programma al linguaggi@ @ carica nel controlle
tramiteun cavo USBtandard

La scheda Arduino pu, e aggientive

ampliando cos?® | a sua funzio
un modulo Ethernet, al fine di utilizzare una comunicazione |
basata su TCP / | P, oppure

comunicare sulla rete mobile.
- Programrazione basata su eventi e interrupt

Event. e interrupt sono [

determinate condizioni nel sistema o nel programma in esec
che richiedono | dinter ventfaano
in modo che il procesor e t er mi ni | 6esec
passi a el aborare undaltra a
esterne sono generate da un dispositivo periferico che richi
servizio. Le interruzioni software sono causate dal prograinen
richiamauna determinata istruzione, o dal processore stesso.

Gli eventi sono occorrenze interne al processore, che indican
nell'esecuzione di un'istruziodéisione per zero, violazione di
nor me di sicurezza, et c. L a
integrata nel command loop, e gli eventi che richiddéna t t
del processore devono inviare segnali chiamati richieste di inte
| segnalche inviano le richieste di interruzione devono essere ir
all dunit”™ centrale di contro

-Sistemi embedded

| sistemi embeddexbno parte integrante della nostra vita quotic
Sono largamente utilizzati nel campo delle telecomunic
del | el ettronica di consumo,
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hardware e software in un dispositivo. Esempi di sistemi em|
sonoil telecomandal e | | a t el e v i &ia cond&ionat:
telecamere, lettoNP3, stufemoderne, lavatricty e tutti i tipi di
elettronica di consumo. Sono specializzati in sistemi di comg
come qualsiasi computer, hanmo microprocessey dispositivi d
memoria e periferici, tutti controllati dal softw@@me qualunqu
compuer, i sistemi embedded sono programmati da ingegn
software che ne scrivono il codice.

Questi specialisti sono chiandhtn gegner i sof t w.

| sigemi embedded sono generalmente considerati dei

elettronici digitali, programati per eseguire determinate funzion
tempo reale. A seconda del loro scopo, sono caratterizzati da
c omp | édaguetla’elementare (con un chip mictomltore) a
sistemi complessi composti da molteplici dispositivi, moduli pe
edi rete, montati su un chassis comune o anche integrati in un

cabinet (case). Una tendenz
desiderio di ridurre al minimo dire&mi, massa, consumo energe
e costi, aumentando al cont
sistema.

¢ i mportante facilitare i pr

nella programmazione e nello sviluppo di dispositivi elett
Bisogm farlo in un modo coinvolgente, che possa aiut:
comprendere | e caratteristic
adottato in questa master cl
sistemi che possono essere esplorati per capire il prdce
programmazi one e creazione d
Arduino IDE.

Il codice della stazione meteo domestisaat o i n que
disponibile online al

http://aiut.tugab.bg/Project/meteostation/meteostation.rar

Da questo link =~ possibil eula
base del codice iniziale sop
possibili estensioni. Le estensioni indicatigsarsasuggerite agli
studenti.

Il codice mostra molte delle caratteristiche principali della
programmazione con Arduino

9 Installare e usare le librerie
1 Usare i commenti in un codice di programmazione

91 Definire le funzioni nel modo seguente:

voidsetup(Pquesta funzione  esegqg!
cont r ol | leprogrammatereregstoa.il codice inizializzan
terminali periferici del controller.

Il sostegno della Commissione europea alla produzione di questa pubblicazion
oy costituisce un'approvazione del contenuto, che rifletteesclusivadegiteil punto di vi
P autori, e Ila Commissione non pu, esse

* * . . P
Kk delle informazioni ivi contenute.


http://aiut.tugab.bg/Project/meteostation/meteostation.rar

Void loop ()d questa funziong avvidammediatamente dopo che la
funzione dise =t eRegstraniladdiae del programma di

controllo effettvo Non appena il codic

viene riavviatautomaticamente.

Il codice che svolge | e defi
mostrato nella seguente figura:

Hhinclude <..>
void main ()
// mtialization of peripherals and timers
// This 1s the setup () code
// Working cycle
while (1) {
// This 1s the loop () tunction .....

h

pinMode() - inizializza un pin come input o output

digitalRead f)questa funzione legge lo stato di un input digitale
digitalWrite Jguest a funzione i mpost
analogRead {jjuesta funzione legge lo stato di un inplbgo

digitalWrite (} questa funzione imposta lo status di un output an.
(PWM)

Serial.begin (1152@ipizializzazione comunicaziaesiale
Serialprint@i nvi a dati a un comput «

Serial.reaf) - legge i dati ottenuti da un computer sull'interfaccia
seriale

Queste sono alcune delle -caratteristiche standard use
programma. Questa sezione mostra anche le funzioni
dal |l utente che svolgono det
Funziore void displayWEB () teaaazione di una pagina WI
locale con le letture della pagina meteorologica.

void parser UDP {)ricezione dei parametri del protocollo UDP di
computer o telefono

bool sendToMySQL @ invio di dati misurati a un server QLS

remoto.
L'"attivit”™ dovrebbe anche. di
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Gli istruttori possono mostrare uno dei seguenti progetti Ardt
discutere con gli studenti circa la loro implementazione. Poss
vedere dei video o un modeflaluppato in questi progetti:

A Robot: Vorpal the Hexapod

https://create.arduino.cc/projecthub/vorpaiboticslic/robot-
vorpatthe-hexapoedf4e90?ref=tag&ref id=fun&offset=8

A Controlla la tv con il controllo del pensiero e Ardi
http://www.tinkernut.com/portfolo/homemademind-controlledtv-
remote/#lightbox[9305]/8/

A LED cube
https://youtu.be/tgWAC4hu7nk
https://youtu.be/2BIVUKW5hLO

https://www.makeuseof.com/tag/hoto-makea-pulsatinearduine
led-cubethatlookslike-it-camefrom-the-future/

A Arduino Radar Project
https://howtomechatronics.com/projects/arduinadasproject/
A Pi xel Chaser Game E GPL3+

https://create.arduino.cc/projecthub/unexpectedmaker/gikaker
games5929cf?ref=tag&ref id=fun&offset=19

A TOP 10 dei migliori progetti Arduino di sempre| 2018
https://youtu.be/-p_8u_0GNZE
https://youtu.be/0XTcJ=0u00

Per ulteriori dettaghediAnnesso 1: Risorse di conoscenza

GUIDA PER LA Tutti i dettagli riguardanti il codice della stazione meteo dorr
COMUNICAZIONE H H A 3
CCIENTIE CA PER deSCI‘. bt nel I a OPr eck)\eabperaz_asse:
GLI INSEGNANTI presentati in modo appropriato durante la sessione intro
(intervento informativo) da una prospettiva che exdailiznodo in
Cui i c odi c elnoltre, it preséntatoree doerep

preventivantefare domandeagli studentisulle loro conoscen:
preliminari, per creare un collegamento fra le nuove conoscenz
gl i student. i gi 7 i sudemtnh@mnno d3gerier
nella programmazione con C/CC++, il presentatore potr
descrivere il codice presentato, facendo analogie con C/C++.
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https://create.arduino.cc/projecthub/vorpal-robotics-llc/robot-vorpal-the-hexapod-4f4e90?ref=tag&ref_id=fun&offset=8
https://create.arduino.cc/projecthub/vorpal-robotics-llc/robot-vorpal-the-hexapod-4f4e90?ref=tag&ref_id=fun&offset=8
http://www.tinkernut.com/portfolio/homemade-mind-controlled-tv-remote/#lightbox[9305]/8/
http://www.tinkernut.com/portfolio/homemade-mind-controlled-tv-remote/#lightbox[9305]/8/
https://youtu.be/tqWAC4hu7nk
https://youtu.be/2BlVUKW5hL0
https://www.makeuseof.com/tag/how-to-make-a-pulsating-arduino-led-cube-that-looks-like-it-came-from-the-future/
https://www.makeuseof.com/tag/how-to-make-a-pulsating-arduino-led-cube-that-looks-like-it-came-from-the-future/
https://howtomechatronics.com/projects/arduino-radar-project/
https://create.arduino.cc/projecthub/unexpectedmaker/pixel-chaser-game-5929cf?ref=tag&ref_id=fun&offset=19
https://create.arduino.cc/projecthub/unexpectedmaker/pixel-chaser-game-5929cf?ref=tag&ref_id=fun&offset=19
https://youtu.be/-p_8u_0GNZE
https://youtu.be/0XTcJ5-0u00

Scheda di pianificazione della lezione

OBIETTIVO LOobideetltlioviont er vent o i nf or me
apprendere il funzionamento e la programmazione di ¢
embedded, cos3 come capire
guesta master class. Gli studenti saranno invitati a revisi
cdi ce, nella seconda parte

SETTING Il numero ideale di studeptartecipanti dipende dalla seconda |
del l a master cl ass che sar
informatica. Durante la seconda pagé, studenti sarannc
organizzati in gruppi.

LUOGO Sala conferenze o aula magna

DELLO®&I NTERYVEI

EZIONE

POSSIBILE Gli studentiuni ver si tar. possono

PARTECIPAZIONE H H H H H H

oS TUDENTI prgsentare_ll cpdlcg, mentre il persor_lale universitario cc

UNIVERSITARI | datti vit e |l a discussione

NELLoATTIVI i mportante al,uandagli studenti sbreolinligi
riportare le loro conoscenze preliminaulla programmazior
informatica.

TEMPISTICHE E Fase | Descrizione della fase Tempo

RIEPILOGO no. stabilito

1 Benvenutg chiarificazione degli obiettivi |2 min
della master class

2 Sessione rompighiaccio 3 min

Per e s e mpp wipvitaré @glii studen
lavorare in coppia, per tr@veose2che differer
programm@is e gui t i -imedagh altd
cone usare dispositivi peldesi®/ per i contrd
serie ESP, che funzioBa®¥ aecc.

Introduzione ai sistemi embedded 10min

Presentazione della stazione mete/5 min
domestica

Viene richi est oapplcazio
Android per accedere alle letture della stazi

5 Gli studenti sono invitati arispondere alle| 10min
seguenti domande:

-Come funziona il Sistema?

- Cosa succede quando si preme il pulsant

"Riavvia" 0 si tocca un sensore di
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Cofinanziato dal
programma Erasmus+
dell'Unione europea

*

* X x
*

*

temperatura?

-Come potresti sviluppare questo sistem
programmando o wusando altri sensori
hardware cheg i conosci?

Presentazione del codice della stazione
meteo

Cfr. dettagli presentétianel 6 Sc he d a
bas®Qui glitsidenti volont@iristruzione supe
possonousmssre il ruolo di presentatori.

25min

Chiusura e spostamento verso il laboratorio
di informatica

LOi struttore present
mixaggi gli studenti dovranno faerepéacd
nell dattivit?’

* * . . PR
Kk delle informazioni ivi contenute.

5 min

non

pu,
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Scheda dell dattivit”™ prati

OBIETTIVO Ldobi et tiviivto® dperlladtactlati t ar e gl i
della loro versione di staziomeeteqg implementando revisioni !
estensioni possibili del codice presentato nella prima parte dell
class

SETTING L&t ti vi oinunhlabordtotiabd@ i n f, daverg studen
lavorano in gruppidi 24, a seconda dellopazio disponibile

LUOGO E Losvol gi mento della parte pr
MATERIALE laboratorio di informatical e | | 6 u n icomputes dovrébber
essere connessi a Internet e Arduino IDE installato.

POSSIBILE Lbatti vit ™ far partecparglitstudentiaunivpratari n
SRR oNE ruolo di facilitatoriOgni volontario dovrebbe supportare massin
UNIVERSITARI gruppi di studenti alla volta mancanza di volontari, questo ru
NELLOATTIVIET 'pu, essere svolto.dal person
Ciononostant e, i coinvol gi
al tament e auspicabil e, perc
superiore ad essere pi¥ a |«

cose che esulanoldghrogrammazione (ad evita da sidente).

CONTENUTO Dur ante quest aliceal daranno invitati a ngodific

DELLOATTI VI TE i codice della stazi one fomiet
loro varie idee per le estensioni che potranno mettere in pr
potranno sviluppare le proprie idee.

TEMPISTICHE E Fase| Descrizione della fase Tempo

RI EPI LOGO DELL

SRATICA no. assegnato
1 Organizzazionedei gruppi in modo che in | 2-5 min.

ogni gruppo ci sia un equilibrio fra gl
studenti che hanno precedente esperienza
nella programmazione e quelli che non
possedonos ol i de capacit
programmazione.

2 Breve introduzione {25min.
IDE
3 Presentazione di possibili estensioni 5-10 min.

Gli student lavorano in gruppi per| 2040 min
sviluppare le loro estensioni

Gli studenti universitari volsatgono il ruolo d
facilitatori
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5 Feedback e autoriflessione 3040 min

| gruppi presentano a tlonm deeazioni e ripo
I problemi con cui si sono confrontati e

trovate. LAul ti ma f
nella sala conferen
tenuto I dintervento

6 Conclusioni e saluti 5 min.
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Annex |: Knowledge Resource

Arduino Programming and building of embedded system
Editor Stanimir Yordanbechnical University of G&uigania

EMBEDDED SYSTEMS

An embedded system isedactronic device that is built into a mechanical or electrical system in
order to extend its functionality by adding new features.

The term "embedded" indicates that the system is an integral part of another larger system or an
integral part of the contted device. An embedded system may be composed of several smaller
embedded systems.

Oftentimes, the embedded system is a component in any larger system. For example, modern
cars contain many embedded systems. One of these systems controls theiekehydEmf

another controls emissions, and a third displays information on the dashboard. In some cases,
these embedded systems are connected to some kind of communication network.

The first embedded systems appeared after 1971. This is the yeareWimrodhiced the

world's first microprocessethe Intel 4004. The emergence of microprocessors resulted in the
rapid development of embedded systems in various areas of human activity, such as space
probes, computerized traffic lights, aircraft fligimtrol systems, bread makers, microwave
ovens, television sets, stereo systems, remote controls, cash registers, credit card readers,
navigation system, etc.

The principle of operation of an embedded system is the follows:

-the system receives informatimom sensors that monitor the values of certain variables
-based on the monitoring results and tHmuith algorithm, the system controls various actuators
-actuators control the mechanical or electrical system.

Unlike software designed for genpughose computers, embedded software cannot normally be

run on other embedded systems without significant modification. This is mainly due to the
diversity of hardware. The hardware in each embedded system is specifically tailored to the
application for which was designed in order to maintain low production and operating costs.

All embedded systems contain processor and software. Where software is available, it is also
necessary to ensure that there is a place to store executable code (FLASH and RQ) memorie
as well as to temporarily store data during runtime (RAM memory). If only a small amount of
memory is required, it may be contained in the same chip as the processor; otherwise, external
memory chips are required.

All embedded systems contain inputs@rnputs. For example, in a microwave oven the inputs

are the buttons on the front panel and the temperature probe, and the outputs are the device
display and the microwave transmitter. The outputs of an embedded system are almost always a
function of itsinputs and several other factors (time elapsed, current temperature, etc.). Typical
inputs to the system are sensors and probes, communication signals or control knobs and
buttons. Typical outputs are displays, communication signals, or changed vahgsica

Figure 1 represents a generic diagram of an embedded system. The main elements of an
embedded system are:
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1 The computing core: It is most often based on a microcontroller, but is can also be based
on a microprocessor, a digital signal processor (Disfpaogrammable gate ar(@PGA)
device or aapplicatiorspecific integrated circ(itSIC).

1 The computg core: It is most often based on a microcontroller, but is can also be based
on a microprocessor, a digital signal processor (Disfpaogrammable gate ar(@PGA)
device or aapplicatiorspecific integrated circ(itSIC).

Embedded System
RAM
memory
v i —_
Vo a y .
)
(2 a
3 K>  Processor 5
k= @)
FLASH (ROM)
memory
1 Memory: it is used to process and store data. Memory also stores the program code.

Depending on the type, the memory is divided into etepgydent, volatile memory types

RAM, SRAM, DRAM, DDRAM and enefgylependent, newolatilie memory typesROM,

PROM, EPROM, EEPROM, Flash. Each type of memory has its own specifics and application.
Volatile memory is used for data processing-vhlatile memory is used for storing the
progr am, as wel |l as storing dat a powersstippymu st L
is disconnected.

1 Analogue signal processing schemes: These schemes are ugedcesprine signals
coming from the sensors. They are also used for scaling signals, filtering useful signal from
unwanted noise, etc.

1 Analogueo-digital and digitatto-analogue circuits. Analogoedigital conversion

(ADC) circuits are necessary to process analogue signals from a microcontroller or from another
digital circuit. ADC circuits convert analogue signal voltages into digital formats and they are
manly used to collect data from sensors that measure values monitored and controlled by the
embedded system. Digtialanalogue conversion (DAC) schemes, on the other hand, allow the
values of certain variables or parameters of the embedded systemtedfemamsaverted into
analogue signals, which in turn can be used to control actuators.

i Digital signals in embedded systems. As in most electronic devices, in embedded systems
the digital signals sent to the microcontroller and other integrated cirstitstemohave a
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voltage level of 3.3V or 5V. However, when it is necessary to control external devices, signals
with higher voltage levels are required. In embedded systems, such voltage levels do not cause
problems as electronic components are usualtgctg@d most commonly by galvanic
isolationbetween low and high voltage signals.

1 Timers: a timer can be programmed as a counter, which can have an additional
configurable prescalef its input clock, and the clock source can be selected by the software.
Larger microcontrollers have several timers that can have different bit rates; andhlésiB

timers.

1 Communication interfaces for exchanging data: modern embedded devices contain many
integrated circuits such as memories, andtpdigital and igitatto-analogue converters,

sensors in integrated design, etc. These circuits exchange data using digital interfaces, the mosi
common of which are SPI, 12C and UART interfaces-iBulkvices may also be able to
exchange data with a personal compstag USB, Ethernet, Bluetooth and WiFi interfaces.

i Visualization of information: for user convenience, an embedded device usually includes
an indicator that can take different forms, from ordinary LEDs to moderrstwaeh displays.

The indicator enaldecommunication with the user and it enables the user to visualize and
change particular parameters in the software program that controls the operation of the
embedded device.

1 Power supply: the power supply is an extremely important part of an embeddded dev
The power supply can be connected to the main electric network or it can be independent of it is
it is based on batteries or a photovoltaic panel. Regardless of the power source, the voltage
regulators in embedded systems ensure that the electaunis are supplied appropriate
voltage.

1 Software: the embedded device would not be able to perform its function without
appropriate software. Therefore, it is important that the operation algorithm of the device is
properly implemented as a software pragEither assembly language-léswlprogramming

language) or, more commonly, Heglel programming language can be used to develop the
software. Depending on the type of embedded system, software development is performed
without the use of an operafisystem or using an operating system. When an operating system

is used, it is most often a viiale RTOS (Real Time Operating System), characterized by high
reliability and a predictable response ti me
becaus it is written to nowolatile memory and ideally will not be modified over the whole
course of system operation, which can last for decades. In many modern systems, programs are
stored in flash memory and can be replaced when modernization is npoaasay,that

security protocols are followed. This enables the modernization of existing and operational
embedded systems but also creates prerequisites for abuse. Among the most popular Operating
Systems (OSs) for embedded systems are QNX4 RIOS, EnlbedreHree RTOS, Windows

CE, etc.

The development of embedded systems is directly related to the development of microprocessor
systems. The emergence of novel;fpegtormance processors and microcontrollers has a great
influence on modern embedded eayst that are used in household appliances and a variety of
other devices used in all human activities. The widespread use of the Internet and the
opportunities created by Internet Protocols to remotely connect different devices is a key further
step in thalevelopment of embedded systems.

Trends in embedded systems development suggest that these systems will become ever more
connected to each other through the global network and will increasingly be able to provide
services through the Internet. Technotothat underpin the Internet of Things (IoT) are the
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highspeed Ethernet or WiFi networks. Using these technologies, devices are able to access
shared cloud services, where they can store in databases any information necessary for their
operation and redtis information from the cloud.

Another emerging trend is the use of Artificial Intelligence. Thanks to Atrtificial Intelligence,
embedded devices can perform functions that were, until recently, only performed by people.
Through Avrtificial Intelligence duaccess to information on the Internet, embedded systems can
perform analyses and autonomously make decisions in during their operation.

THE ARDUINO PLATFORM

Arduino is an opesource programmable hardware platform for handling multiple physical
objects. It consists of a microcontroller board and a special Integrated Development
Environment (the Arduino IDE) that is used to develop and code microcontroller software.

Arduino can be used to develop interactive systems controlled by variousnskesaichas.

These systems, in turn, can control various indicators, motors and other devices. Arduino
projects can be independent or they can interact with software running on a personal computer
(e.g. Flash, Processing, MaxMSP applications). The ptatfsists of hardware and software,

both of which are flexible and easy to use.

A simplified version of C++ known as Wiring (http://wiring.org.co/) is used for Arduino
programming. Applications can be developed either by using the free Arduino IDE
(https//www.arduino.cc/en/Main/Software) or by using any C / C ++ IDE. The Arduino IDE
software is easy to understand and simple to use by beginners, while also being flexible enough
for advanced users. It is based on the Processing language amitptEprocessing.oig

which makes it easy to use in education and training. High school and university students that
have learned how to code in the Processing IDE can easily master Arduino.

The Arduino software is open s@yrso experienced developers can modify and supplement it.
Arduino language capabilities can also be expanded with C ++ libraries.

Arduino consists of an-t8t Atmel AVR microcontroller and optional components. An
important aspect of the Arduino platforenttie availability of standard connectors that allow
users to connect the CPU board to variety of
There are various interchangeable shields available on the market that can be mounted on an
Arduino. Someshields communicate with the Arduino directly through different pin ports.
Thanks to the 12C bus, several shields can be mounted and used at the same time.

Most Arduino platforms operate at 5V operating voltage and feature 14 digital 1/O
(Input/Output) pats, 6 analogue inputs, a 16 MHz crystal resonator, four LEDs, a USB
connector, a power connector, a reset button, and an ICG8RuUjinserial programming)
connector. The Arduino can connect to a computer through a USB cable.

The Arduino microcontrolleromes with a bootloader that makes it easy to load programs into
the device's flash memory. This makes using Arduino easy as it allows programming to be
performed using a simple computer.

There are various versions of the Arduino platfoArduino MegaArduino Uno, Arduino
Nano, Arduino Mini, Arduino Ethernet, Arduino BT, Arduino Leonardo, Arduino Micro,
Arduino Due lttp://arduino.cc/).

A number of compatible sensors and actuators have been developed for Arduame.uBeely
by reading from or writing directly into Arduino pins. Open source libraries have been developed
for many sensors.
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https://processing.org/
http://arduino.cc/

PROGRAMMING OF ARDUINO MODULES

In terms of programming, all of the boards are programmed in the Arduino IDE, and no
additional comgnents or devices are needed to operate them. Everything is inbuilt into a
development board that makes Arduino devices easy to work with. Arduino enjoys great
community support around the world and a great number of libraries and examples of how to
use tle platform already exit. The official site provides detailed information about Arduino, as
well as many sample projects for operating Arduino with peripherals (sensors, actuators, displays,
Arduino Shields, etc.).

As already mentioned above, Arduino dpeetohave also created an Integrated Development
Environment (IDE) that is simple enough to help beginner programmers and powerful enough
to allow experienced users to build more complex projects.

To install the Arduino programming environment, visit thempany website
https://www.arduino.cc/en/Main/Softwareand open a window for downloading the IDE
software.

Arduing - Software b

€ @ @ httpsy/Avevarduino.cc/en/MainfSoftreare E1 ¢ Q Search B ¥ #

8 MostVisited @ Getting Started B Google Mpesopan (5 Yporu no nporpammm... & ESPOIEE ana Wil coas

HOME STORE SOFTWARE EDU RESQURCES COMMUNITY HELP Q i SIGN IN

g
THE THIRD ONE IS J g o
= S o e

Download the Arduinc IDE

Windows installer, for !
Windows 2P filefor n

ARDUINO 1.8.9 Windows app Requires Win 21 or 10

The open-source Arduino Software (IDE) makes it easy to Get 58

write code and upload it to the board. It runs en
Windows, Mac 05 ¥, and Linux. The erwironment is
% WItten injava and based on Processing and other open- Mac OS X10.8 Mountain Lion or newer
source software
5

This software can be used withany Arduine board
Refer to the Getting Started page for Installation
Imstructions

v

From the page showed above, the user has to choose the Operating System (OS) on which the
IDE has to be installed in. Clicking on the link with the correct OS will initiate the download of
the installation file.

Once the installation file is downloaded, it must be run. After the arduliwindows.hehe
file is run, a standard license messdigappear initially, which must be accepted by pressing the
"l agree" button.
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https://www.arduino.cc/en/Main/Software

@ Arduino Setup: License Sgreerment — >

W Plzase review the license agreement before installing Arduing. IF you
oo accept all terms of the agreement, click I Agree.

Wersion 3, 29 June 2007

Cancel

MU LESSER GEMERAL PUBLIC LICENSE ~

Copyright () 2007 Free Software Foundation, Inc. <httpffFsf.org)f >

Everyvone is permitted ko copy and distribute werbatim copies of this license
document, buk changing it is nok allowed.,

This version of the GNI Lesser General Public License incorporates the terms
and conditions of version 3 of the GMU General Public License, supplemented
by the additional permissions listed below,

W

A new window will pop up, prompting the user to select the desired actions that the installer has
to perform. It is very important to select the "Install USB driver" atitims ensures that the
USB port will be properly configured to work with the Arduino board.

@ Arduino Setup: Installation Options — ot

I Check the components wou want ko install and uncheck the components
oo wou don't want to install, Click Mext to continue.,

Select components ba install:

Space required: 482.4ME

Cancel

Install Arduino software
Install USE driver
Create Start Menu shorbcut
Create Desktop shortout
Associate Lino files

< Back | Mext = |

In the next step, the standard window for selecting a directory for installing the IDE will be
displayed. In our example, the default directory iBi@grantiles (x86) Arduino\.
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I < ;
@ Arduino Setup: Installation Folder = 23

@8, Setup will install Arduino in the following folder. To install in a different
5:2) folder, dlick Browse and select another folder. Click Install to start the
installation.

Destination Folder

| C:\Program Files (x86)\Arduino\ Browse...

Space required: 402.3MB
Space available: 412.5GB

Cancel Ju stall Sy < Back Install

e

By, Extract: IRLEDecodeBase. cpp
oo

Once the "Install" button is pressed, the installation of the program will begin. As the installation
progresses, a window will appear asking for permission to install the Arduino USB Driver. In
order to ensure that the USB tpwill work properly with Arduino, the "Install" option must be
selected.

[57] Windows Security

Would you like to install this device software?

Name: Arduino USB Driver

= Publisher: Arduino LLC

[] Always trust software from "Arduino LLC". Install J[ Don't Install ]

@ You should only install driver software from publishers you trust. How can
decide which device software is safe to install?

>,

The installation will complete after this step, and -agpepndow will confirm this. To finish
the installation, the user should press the "Close" button, after which the psogran
launched.
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' N

€8 Arduino Setup: Completed &=

#90, Completed
O=

\ Vv

The next step is to create a new project in the Arduino IDE. The procedure is the same for
Windows and Linux based systems. When the IDE starts, the main window will open. It will
contain two functionsoid setum@dvoid loop The generated code will look like this:

&% sketch_julBa | Arduino 1.6.9 - d X
File Edit Sketch Tools Help

sketch_jul28a §

1 woid setupi) { &
2 /4 put wour setup code here, to run once:

3

4}

]

6 woid loop(} {

7 4/ put your main code here, to run repeatedly:

g

9} W

Arduino/Genuino Uno an COM1

Including additional libraries will not be required for this project, but it is important to know how
to include libraries in a project created in the Arduino IDE. This can be done in two ways. One
way is to includexternal libraries created by someone else. Libraries should be archived as a
RAR file, which has to be included in the Arduino environment through-Skattude

Library> Add .ZIP Library.
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&9 sketch_jul2fa | Arduino 1,69 — O *
File Edit Sketch Tools Help

Verify/Compile Ctrl+R
Upload Ctrl+l
Upload Using Programmer  Ctrl+Shift+U
1 woil Export compiled Binary ~ Cirl+Alt+5 “
A h oonce:
3 Show Sketch Folder Ctrl+K
4y Include Library ] Ianage Libraries... Ctrl+5hift +1
5 Add Fie.. Add ZIF Library...
6 wvoid loop() {
7 // put vour main code here, to rug Arduing libraries
g Bridge
ERY EEFROM
10 Esplora
Ethernet
Firmata
G5M
HID
Keyboard
LiquidCrystal
Mouse b

Robot Contral
Robot IR Remote
Robot Maotor

5D

SPI

Servo

Another way to include libraries is to create a new folthex ot directory of the Arduino
IDE, which in our example, it is CProgram Files (x86)Arduino. From there the libraries
folder must be selected. Inside this folder are the libraries divided into different folders.

Marne - Date rmodified Type Size

drivers 28072019, 1642 File falder

exarmples 28072009 16:42 File folder

hardrare 28072019, 1642 File falder

java 280720191 16:43 File folder

lib 28072019, 1643 File folder

libraries 28072009, 16:43 File folder

reference 28,0729, 16:43 File folder

toals 2807209, 16:44 File folder

tools-builder 2807200, 16:44 File folder
@ arduino.exe 15.03. 209, 1616 Application 305 KB
>£] arduino.lj.ini 15.03. 209, 1616 Configuration sett.., 1KE
@ arduino_debug.exe 15.03. 209, 1616 Application 103 KB
>£] arduino_debug.ldj.ini 15.03. 209, 1616 Configuration sett.., 1KE
[55] arduino-builder.exe 15,0329, 1615 Application 1170 KB
|J libusk0.dll 15032019 1815 Application extens... 43 KB
|J rmswcp100.dIl 15032019 1815 Application extens... 12 KR
|J rmswct]00.dIl 15032019 1815 Application extens... 733 KB
Hrevisions.bct 15032019 1815 THT File 29 KB
:@ uninstall,exe 28072019, 16:44 Application 404 KB
|J wrapper-manifestxml 15,0329 1@16 HMWL Docurnent TKB
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When the user starts Arduifor the first time, the IDE will open a window that is ready for
writing a program. When writing a program in the Arduino environment it is important to note
two important functions.

The first important function oid setup @1d the other igoid loof). The setup function

specifies the role that each controller pin will play and specifies the libraries that will be used.
This part of the program is executed only once. It is followed lmpph@unction, which is
repeatedly executed and it must contain within it the actual program for operating the controller.

Once the program is written and ready for <c
computer under a unique name. This i dpnselecting theave aommand from the File

menu or by pressing the keyboard shortcut Ctrl + Shift + S. Once saved, the program must be
compiled. This can be done in two ways: one way is to compile without uploading the program
onto the controller anthe other is to compile and upload the program into the controller
memory. To compile the program without uploading it onto the controll¥ertfye/ Compile

option must be selected from the Sketch menu or with the keyboard shortcut Ctrl + R. An
alterrative way is to simply click the checkmark button just below the menu bar. The other
compilation method is compilation with uploading into the memory of the controller. This can
be done again via the Sketch menu but this time the Upload option mustdak Ketan also

be done by pressing the button depicting an arrow pointing to the right, which is directly next to
the checkmark button, or by pressing the keyboard shortcut Ctrl + U.

€9 sketch_jul28a | Arduino 1.8.0 — O X

Eile Edit Sketch Tools Help

WO setup () { ~

J anaade  oociaaae e dbasan oo b = 2= 232, P

For example, we can upload a sample program from the Arduimo. Shste Arduino
programming environment comes with many examples and we can use one of these programs to
show how to compile and upload a program.

To open a program from the examples available in the IDE, the user has to select File
Examples> Basics> Fade from the menu. This will open a new window in which this program
will be loaded. The user should only compile and upload the program into the controller's
memory.
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@ sketch_aug2¥a | Arduino 1.8.9
File Edit Sketch Tools Help
e Ctrl+M
Open... Ctrl+0
Open Recent >
Sketchhook r
Examples 3 A .
Close Cirl+W Built-in Examples | fun once:
T Ctrl+5 01.Basics 3 AnalogReadSerial
Save As... Ctrl +5hift+5 02.Digital 3 Barelinimum
03.Analog 3 Blink
ag eleli it shiteh . Communication 3 DigitalRead5erial
IR Sl 05.Contral 1 Fade
Preferences  Ctrl+Cormma 06.5ensars 3 ReadAnalogVoltage lY=
) 07.Display >
JQ}JIt Cirl+0 08.Strings 5
0a.use >
10.5tarterkit_BasicKit ¥
11.Arduinol5P H
Examples for any bhoard
Adafruit Circuit Playground >
Bridge L4

To upload the program onto the controller, we first need to connect the Arduinoecdatroll

the IDE. This is done by selecting TeolRort from the menu. When the user clicks on the

Port option, another submenu will open in which the user must select the desired port to which
the controller is connected.

B Fade | Arduina 1,60 — [m] %
|File Edit Sketch Tools | Help
Auto Format Cirl+T
Archive Sketch
Fade Fix Encoding & Reload
15 Ivanage Libraries... Ctrl+5Shift+ ~
16 int 1 Serial Manitor Cl+shit+ Hin the LED is attached to
17 int b Serial Plotter Ctrl +5hift+L ht the LED is
18 int f WiFi101 / WiFiNINA Firmwrare Updater points to fade the LED b'y
15 Board; "Arduino Nano" >
20 /44 th Processor; "ATmega328P (Old Bootloader)" *h ol press reset:
21 wvoid Fort | Serial ports
Get Board Info COM3
2z A -
23 pl n Frogrammer: "AVRISP mkll" 4
Burn Bootloader
241
25 9

Once the controller is connectéte program must be uploaded into its memory. There are two
ways to upload the program. One is by pressing the arrow button, and the other is from the
Sketch> Upload menu (or by pressing Ctrl + U).
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| Fade

15
16 11
17 11
18 11
19
20//

22
23
24 1

B Fade | Arduino 1.8
File Edit Sketch Tools Help

Verify/Compile Ctrl+R
Upload Crl +U
Upload Using Pragrammer  Ctrl +5hift+U
Export compiled Binary Ctrl +Alt+5

Show Sketch Folder Ctrl ek [/ the PWM pin the LED is attached to
Include Library >’/ how brlght the LED is
AddFile. [/ how many points to fade the LED by

the zetup routine runs once when you presz reset:

21 vold setup() {
// declare pin 9 to be an output:
pinMode (led, OUTPUT);

Once the program has been compiled and uploaded imte
upl oadingo6 is displayed bel
into the controller and will run almost immediately.
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Annex |I: Model hands-on activity sheet

Developmentof Esp8266Microcontroller Home-Made Weather Station

Editor Stanimir Yordanbechnical University of G&uigania

INTRODUCTION

Over the last decade, we have witnessed intense changes in the behavior of climate processes
New records are set on fallen raid atypically high temperatures at different points on Earth

were measureMore and more devastatisiprms, droughts in many places around the world,

as well as floods as a result of heavy rainfatinlgreome of the results dimate change.

According to somebserversit is the result of human activighileaccording to others, this is

part of natural cycles our planetOnly time will show who is right in their claims. But in any

case, atypical and uncharacteristicqohemna increase their frequency and strexrgtlthis

directly affects people's lives. It is for this reason that accurate and timely reporting of weather
indicators is extremely important in many aspects of our lives, especially those related to the
microdimate at home or at the wplice.

The weather station is mainly designednfonitoring current temperature, humidity and
atmospheric pressure, dustiness and illumination monitoring. We will develop our weather station
based on ESP8266 and programminiparArduino IDE environment, but the datall be

displayed on the mobile phone and recorded on a remote server.

Main environmental parameters are:

A Temperature- characterizes the average kinetic energy of the particles of a macroscopic
system in a staté thermodynamic equilibrium

A Air humidity éthe amount of water vapor in the air.

A Atmospheric pressure- the pressure exerted by the atmosphere on a unit of earth's
surface

A Amount of rainfall 3the amount of water falling on the ground in the form of Hainfa

A Sun exposured a physical quantity describthg time the sun shines diheduring a
certain time interval

A Airborne dust - entry of new chemical, mechanical or biological substaacese
uncharacteristiaf the air

GUIDELINES FOR DEVELOPING A HOME-MADE WEATHER STATION

Appropriate sensorsa microcontroller andmanagementsoftware are required for the
development cdiweather station. There are many platforms that can be used to build the station,
but the cheapest and easiest to implement is the Arduino controller applicatitsn and
compatiblesensorsThese sensors are precise enough to capture meteorologicaB@hbia. A
ESP8266 processor will be used in the present paper to develop the weather station (Figure 2).
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Figure:Description of the Node MCU ESP8266 microcontroller

The NodeMCU is built with ESP8266 based Wdtlule ESA2E. There are 10 GPIO ports,

4MB Flash, two buttons, micro USB connector andib®€B antenna. The GPIO ports can

also be used as PWMWIre andl’C. It has a 48mm x 25mm size, 4 mounting holes, and a
2.54mm (2.54mm) gap between them atiblp with Breadboard. It can be powered by a
voltage of USB 5V or by an external power supply efl2V, connected to a Vin pin. The
operating voltage of the GPIO ports is 3.3V. When connecting to devices and microcontrollers
operating at 5V, it is ressary to use a converter at logical levels. The controller has a Lua
firmware and can be programmed with the Arduino IDE thanks to the CP21parusiial
converter.

The following meteorological parametessn be monitored with the weather station:
temperature, humidity, dust, atmospheric pressure, altitude, rain, sunshine.

MEASUREMENT OF TEMPERATURE AND HUMIDITY

The DHT22 sensor is used to measure temperature and humidity.

gggogoon
ARAAAARRA"

DHT22 PIN
GND-—
vCC

DAT

Figure onnecting@&T22 to NodeMCU

The Humidityand Temperature SensdHT22 - measuregemperatureanging from4 0 At o
8 0 Aancrelative humidity in the range 098%. It has a prealibrated digital output and is
notable for itgeliability and stability. The sensor is mounted on a 40mnmxnlBoérd. It has

a triple interface connector and a mounting hole. It is powered by and operates 3% 3.3V
voltage.
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The schemof the sensor connection to the controller is given in Figureler b read the
datait is necessary to install the library.

The code for reading the temperature and relative humidity is as follows:

#include <DHT.h>
#define DHTPIN 13
#define DHTTYPE DHT22

dhtbegirf);

float h = dhtreadHumiditg);
float t = dhtreadTemperatufe

BAROMETRIC PRESSURE MEASUREMENT

Atmospheric pressure is one of the most important meteorological elements. Torricelli's tubes
werethe first instrument usetb measuré, and thereforeatmospheric pressugemeasuresh
millimetres of mercury pillar (mmHg)tdrathe unimillibar mb, mbawas introduced. When
measuring atmospheric pressure in meteorology, the following types of baronusieatiyare

used:

1 liquid barometers /mercury/, operating on hydrostatic basis;

1 deformation barometers /aneroid/, based on the properties of solid bodies;

1 gas barometersbased on the properties of gas;

1 hypsothermometersor thermobarometers based on theelationship betwedoiling

point of liquidsandexternal pressure.

In this guide we usthe BMP180 sensor manufactured by Bosch. It is designed to connect
directly to a microcontroller amobile device via afCl interfaceAtmospheric pessure and
temperature data atempensated by calibration coefficients in the E2PROM sensor memory.
The BMP180 consists of a pieesistive element, an analogue digital converter and a control
device with E2PROM memory and a sei@linterface. The sensor produces uncompensated
pressre and temperature data, so in the E2PROM memory there are 176 bits of calibration
coefficients to compensate for temperature dependence and other sensor parameters. The
microcontroller sendsr@quest for measuripgessure or temperature.

EWMFLEOFIN Hadasicu
13w 33v

GHE ——————EHE

o [ — [l
5D -D2

Figure £onndog thBMP180 sensor to NodeMCU
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The SFE_BMP180 libraiyused to measure atmospheric pressigre.is an example of how
to use it:

#include <SFE_BMP180.h>
#include <Wire.h>

SFE_BMP18pressure
pressurdeqir) ;

char status

double T,P,p0,a

status= pressurstartPressu(@);
status= pressurgetPressu(B,T);

pO0 = pressursealevéP ALTITUDE);
a = pressuraltitud€P,p0);

MEASURING THE RAINFALL LEVEL

In meteorology the word rain is defined as both the fallen water and tlendgesedn the

eartl® surface and objects. In either case, the water may be in a liquid or solid state. All rainfall is
due to the same reasotine low temperature of the e&@tburface and thewestlayersof air.

The following rainfall characteristics are used in meteorology:

1 Quantity d the thickness of the water layer (in mm of water column) that can be formed
over a horizontal impermeabl@face. This unit of quantity is identical to the litre per square
meter (I / m2) unit which is used in practice.

1 Intensity & rainfallperunit of time (mm/h)
1 Duration
1 Type of rainfall

All kinds of rainfall can be monitored by weather statiotise cas of rainfalloriginating in
cloudsduration and amount of precipitation for a cegaiiod oftime are being measurédr
othertypes ofainfall (dew, frost, fog) only the time of occurrenceeasured

The min sensor module MRD Flying Fish is agasy tool for detecting rain. It can be used as a
contact when the rain falls on it, as well as to measure the intensity of the falling rain. The
module consists of two boards, one on which the water falls, and anotperfahais the
measuremenbothseparated from each other for greater reliability, a LED lamp and a sensitivity
adjustment potentiometer.

Kainsensor PIN Nodexy
PIN
Vi

Figure E£onnectingktte-RD Flying Fish to NodeMCU
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constint sensorMirr 0;
constint sensorMax 1024

int sensorReadirganalogRe440);

int sensorReadinganalogRed40);

int range= mag(sensorReadingensorMinsensorMax), 3);

MEASUREMENT OF SUNLIGHT

Solar radiation in weather stations is measured by sunshine duration and intensity of light
indicators. The BH1750FVI Sensor is used in the present papenitor sunshine. The
BH1750FVI sensor is a digital ambient light sensor that us€simterface. It reports a wide

range ofilluminance levelél - 65535 Ix)It converts the lighteadinggo a digital coddt
consumes a small amount of electrititys not affected by the light source (for example:
fluorescent lamp, mercury lamppgah lamp, LED, sunlightaind the influenaa infrared light

is very small

Figuré: connectingBh. 750 sensor to NodeMCU
The BH1750 library is used in Arduino applications

#include <Wire.h>

#include <BH1750.h>
BH1750lightMeter

lightMeterbegirf);

uintl6_tlux= lightMeterreadLightLevé;

FINE PARTICLE READING

Fine dust particles are microscopic solid or liquid substances airborne indretreasiphere.

Sources of dust particles caméaturally occurringr artificial. Major sources are flowers (pollen
sources), fires, diesel engines, mining, construction (sand and metals) and natural sandstorms.
The DSM501A sens@used to read fine pales.

A widepulse modulation (WPM) signal occurs at the output of the sensor. The size of the
detected particlésat can be detecteds mi n i miha sedsorteteépnmed the number of
particles using an optical technology.
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Figur@: Connectib®M501 to NodeMCU
Measurement of particulate matter is done with the following code:

int pin= 15

unsignedlong duration

unsignedlong starttime

unsignedlong endtime

unsignedlong sampletime_ms 30000

unsigned long lowpulseoccupaney0;

float ratio= O;

float concentratior 0;

pinModé15INPUT);

starttime= milliq)

duration= pulselrfpin, LOW);

lowpulseoccupaney duration

endtime= millig);

ratio = (lowpulseoccupan@ndtime starttime + sampletime_m§ sampletime_m40.0;
concentratior 1.7 pow(ratio3)-3.8 powratio2)+52F ratio+0.62

INTERNET CONNECTION

The microcontroller allows connection to the Internet through itsnbuilteless connection
module- ESP8266. It can be configured as a server and can belabcesgl the page it
generates. This page is usedidplaythe measurement datgor this purpose, a dynamic Web
page shown in Figure 8 is built into the controller.
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[ ESP8266 Meteo Station X +

“ C {t @ Notsecure | 192.168.1.103

W Zamunda.NET (@) Mpoueaypa sa emur @ The Basics Of Comp [ BakaHL

MeteoStation

Parameters / Values

Humidity 1 5@.78[%]

Temperature : 26.88[°C]

Fahrenheit : 58.88[°F]

Rain 1 B.@8[1/m2]

Light 1 3@2.8a[1x]

Absolute pressure: : 984,.48[hPa]
Computed Altitude : 196.e8[m]
Concentration : @.88[ p/m3]

aiut-bg.com

Figure 8: Web page

DATABASE CONNECTION

The controller processes and sends a rdqueestatabase, creating a table containing ks fi
which respectively recattte IP address of the device that sends the information, the time and
date of the recording, and the measured parameters. The recording is updated evEng minute.
saved datean be usetb generatstatistics, trend calls, forecasts
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Figure 9: Database

CONCLUSION

The parametermeasuretbhy the device atemperature, humidity, barometric pressure, altitude,
rainfall,illuminanceand fine particle countheycan be monitored through the system console,
recorded in a database, and accessedIlgemote

The opportunity to measusamospheriparameterwith theweathestationandto monitor and
analge the resultsemotelyallows forprognosis othanges in thegarametersThe system is
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fully automated and an algorithm is developed for the conversion of the measured information
into physical quantities.

TEST

1 What igheaweathes t at i ono ?

2. What are the basic environmental parameters?

3. What is Aduing?

4 Whatarethe characteristics of tB&P8266 controller?

5 Which sensors are used in the developed imoageweathestation?
6 How isthe connection to theeathestation achieved?
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