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' @2 R

U ovom radu je opisaeksperiment telemetrijske stanice u poljoprivredi, koja mjeri temperaturu
gt I Oy 2 & (B tAl O yRU2XKI UIBRIE BIA D i O 1aTtideSkaka & inGISbeakkako bi
se mogli pogledati na bilo kom mjesputem internetai povratno reagovatiflNA Y2 LINS Rl 2y A1
dva mikrokontroleraWiFi LoRa 32(V2) LINE A Hefie; ojisli opremljeni protokolom za
komunikacijloR&® wl RA &S 2 NI RA2a{2Y FTNB1OSyOracal2 Yz2Rd
namijenjenomloTdzNB S| 2A Y I @

t NDA  dzNESprij@nnikdodretinik,u dometuje WiFiYNB OS A LIZTEI®Speak 2S5 & |
AaSNUSNRYD® hy 28 LRANBRYA]l dz | 2YdzdRayr NB@ST &a1S2NamsS N
nalazi dalje izvan domeWwiFia A Ay I f I @ bl a@2Y S{N}ydz LINA{ITdz2S A

DdzaA dzNBSIF 2 o6aidl yAOl 0 WEiLeid WHEA aBSHY 2 XR Y NIY 2 YO
temperatureDHT11A Sy T 2NBY @f | Oy2aiGA TSyt 2Aa0il R2YIF8S LINE
elektronskog kola za regulaciju napajanja.

aA{INR12YGNRE SNR &dz LINE 3 NIrd¥idoNDEY Al | dz | Ne1-21S@ 2L.32yaziiy2 225)
LI2 RNDIFyS o0A0ftA2GS1S 2R &0GNIYS LINRPAT 2SI 6 @

{GFyAOlr OFfta8S LRRFGTS LINA{dzLX 2Sy S LoR&Rdokdddy T 2 NI
LRRFG1S LINRAaf2SWerZRE @SNIUBNEA WMA BN 2SS A LR ONI Gyl
ASNSNI = GF12 OG2 adlyAOl LINR Yervel,a v skedifsy'thh GNR 2 S
L2 NBO6S AfA 20dzall Ghpe | upragljgni 2s@terhtin 2zdzndvodrijalaRie” 8 S
2RNDOI glyasS @t Oy2¥E2 NBIUEYLISNG ddzNRO GA 3INF FAG] A
gt I Oy 2kbrisicEnaYR(I®@S Rilulidiu stargefn& poljopriviednom imanju i, u skladu s tim,
oAf21S Y23dz R20A0GA 2R3I2GF NI 2dzoA GNBGYIl yod

t N2 L3t @t afdhkciénhlie cit®e sistErial Hrégpn2 poglavliju su opisane
GSKYA61S 1 FNF{1GSNRAGAY §podeBnNBsOOnS yalsiktemdzll Bafdjagid i A 2 L
softversku pripremurada sa mikrokontrolerom. Ui NJ dp8glaviju su dati osnovnpodaci o
LINPG212ftdz [2wl X 6A2S adz 2 a326070ydpdgiavil flogisaa 1 | 2
internetska platformaThingSpeakkoja jel | & f dzOy'k T+ RI f 2Ay a1 PetoLINBIf SF
L2 3t gt 2SS &F RNOA LRRFIG1S 2 yI6ayaieang KFy 11 2NODG
postupak kalibracijeSedmolLJ2 3t | @f 2S5 &F RNOA 2LAa A dzZdziad @2 Al
kojim je prdd T SRSy LX 261 T U podligdhidmOdsiacimZpgdiav)jiriSayani SuNJID
rezultati mjerenja u vidu grafika i tabela.
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Lhay2 @y 83 A8 Wy 8

{A&a03SY 4S8 Y208 LRRA2StAGA yI @GA0OS Fdzy 1 OAz2ylL ty
aft 2@Q@8¥ASYT 12 OG2 2(SSyLINANA T UINGR| dyllf 28 t2AdD ALI2MRD Mi | S
GSYLISNI GGdzNF = @t | Oy2aid @1 RidaliOF P2 dzOY¥B& Y G{BEEbRY
sastoji od nodeMCUO6 Y2 RSNY A dzY NB O S yLARAVAM KoiNahikasidnhaySraogutal =
aktuatora i prednjeg kraja senzora, napag@pfsnovang na autonomnom sistemu solarnih baterija
A ATELTY2Y OLINBlARIFSdz0 Y2 Rdd pistati pubels (oR&ARNE2 2 6 NI
DALJINSKOM KOLEKTORU, koji dalje pi€iaja i rutera fot spo) komunicira seCLOUEM, na
kojem su integrisane komercijalrieT platforme poputThingSpeaklFTTT Kao rezultat, izjerene
St ABAYS a$sS Yiseindia HiliNgjel Bild kKadalddailizBa¥ i povratno reagovati.

Commercial — ”""_—_\"\‘
loT platforms B < C@UD A
ThingSpeak 7 — T~
IFTTT A
Zapper —
Server #2
Server #1 / hdd L
Server (web page)
\Router \:)_)/
SMART-MES N
STATION fx% e

o (T

Battery 1-5km
nodeMCU J ) ‘.ﬁ. C
% nodeMCU

Power supply
+

1

LoRaWan A
Power
Switch LoRaWan
— - ~——  REMOTE
sensors' & /qh\/ % 1’ COLLECTOR
front-end Tomp Air Sod Other
humidity moisture sensors
wire
heater wireless

light
water D
pump

220V

Slika 1.1Funkcionalne cjeline sistema

PNRA Y OA LA 25 ¢ yeldatan§aidi 2. &G F YA OS
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Korisnicki server

Stanica g '\(O/P
Q ¥ '\»m
%o @8
’ { Ruter
Solarna ploca,
akumulator a
1 1
Kontrolna Komunikaciona ‘ _
elektronika jedinica Komunikaciona
I I jedinica
Senzori i aktuatori Softver
Softver
1
5 1
Ekran
Ekran
Mikrokontroler 1 UsB

Mikrokontroler 2

Slika12Y t NAy OmaLA 2SSty OSY

hy2 OG2 a$ ylI LNBA L3It SR CRARNWO&DAdzy ROL 2 dakB 51 |
Lidzi SY MRBMAB5Say2 2SS LINA{FTFY Ylye2AI LINANHZBYAS
ASNIDSNBY A LINAR1FTA@GFye2S (NBydziyiK NBdtodeuliza 1 YaS
komunikaciju i o sinhronizaciji.

' NBSE2 LINRLFT Y f A2 Sdhalai hapdfuRiind istiddftatski diodiraglikuedz 1 2 2
48 L2 KIFNROSNE]12 AYLESYSYyilrOA2A® bS2LK2Ry2 28 o
Lidzy 2A @23 | {dzvdd  G2NF A &2t Ny23 Al @2N} SySNHA2ST
vremena. KontrolndSt S1 G N2y A1l 28 11 RdzOSyl Rl {Fa RAZ2 NIR
poglaviju 2.2.1.

{SYyT 2NRA 23400l Ndz2dz @S1dz al aLkRtal Oy2Aay agreasSiz2y.

FATAGTS GStAG6AYSd t 2002 Y RIARMEAAY  NBAKS NP 24 S N& 2 INJ
LINA |1 f2dz6A0A YyI2OhOS anAa02 s ild LRRFRAVI Y FRAT RE
sistema.
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LLESKYAG61S 1FNFTGSNRAGAL S

2.1 Heltec WiFi LoRa 32(V2)

t 21 NB6S 3l R @2 ESPBAL thigom od B ®M8zT¢hdilica LX6 duabre).
Opremljen je WiFj Bluetoothi LoRa&d i Y RF NRAYIl T 06SOA6ydz 12Ydzy Al
izlazne snage od 19dB za komunikaciju putem protokoRZ &l yIFITylF6SyAY R2YS
Mikrokontroler posjeduje triUARTKkola (wiversal asynchronous receimeansmitter) za serijsku
komunikaciy, po dvaSPI(serial peripheral interfagei I12C (inter-integrated circui}, 12S (inter-ic
sound; osamnaest dvanaestobitnfidDCulaza i dva osmobitnBAGzlaza, 2Z5P1Q(generalpurpose
Ay Lzl k 2 dzRjdrdva.Raspo®dpindva je prikazan naisfl. 1.

Ima 8MBSPI Flasmemorije i 520KB internSRAMmemorije; jedan mikrdJSBLINA | fIRENzS | | =
LINAlE2dz6F1 TF FyaSydz A dzl dzLlly2 oc LIAYy28F 1 LD
OLEIRA &4 L)X S2 @St AG6AYS nxdc AYy6l o

t 2GNR2 Oy 2l adéeNHeeS i 922 BB Of Wdzx! = R21 a8 NI} Ryl GSYL
40 do 80 °C.

.o WIFI LoRa 32 Pinout Diagram
W rover

control

Touch Pin 4 / \

GPIO Port pin R | |3 —KN
B ~nalog Pin EB— @ ﬁ °] o—EH
“\r DAC - L] o EIN

ADEi 6% - Gp103es ~ sensevo —(ECEN—e Lol > O v |

B serial SP1 12 Aoc11* - ceroszt - capve —EEA—e L) <o) o— - o H eeros - wre
@ Physical Pin #oci 2t - erozst - cap —EHE—e L3 Y O] o o H eron - womo
el R ] OF 58

- cx1 | eeroe - apcz 1 - Touchi - sutton
o—JFTH- scL - GPI022 - V.SPLWP - WORTS
Tl orrons - vsero - wors -[EEENCR4Em
o—EE- o023 - vsro

@MQy

Touchs — abci 4 — ceroszs - xtais2 —(ETEN—e [ @
Touchs — apc1 s ~ Gp1o3ar - xtaun2 ~{EEEE—e [ "0
@

) —-— aoca s - cerozs —JETHE- e [ JHEEE o— T ceros - vser o -EETRTR4m
P Yo o X B e
mm1—‘mg_1—wm1-n—o o = o— - cerois - aocz3 H wsercso - touchs -ENERR4m
[ 7 toka kst RERUTETRE ncz_s—erxw-n—.' 4 oMM ce1o2 - abc22 | HSPIWP - Touch2
Toucs|-apcals - errora -HIEEHE—e [S1348 (] oMM cpros - mocae H wserio - Toucho HEEIEITRGm
puchs — ac2 4 - cprors EEEE—e (4] (o] - oero17 - vz
SeELiS -eeoRin- ok - S —e [0 @ HO I 26 Tr TR oicons D
‘P\ ‘lﬂ‘l arrow are used by on-board (L LR they must not
be ik B be aloss L0 KOR AL YA SR

Slika2.1: Dijagam pinova

t2 1FNF{GSNRAD
L23I2RYAY T T

GALFYE TylLélay2 yIFRYIFOdz2S LI Lz |
- KGieS@yAaesS LINAYea2SyS 3IR2S 2S5 LI GNJ

10
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2.2 Izvori napajanja

I LINR2S{1Gdz 2SS 12NRO6SYy UthacIiZyUL 41R {189y 4xH/ROHR) NI LINE A
a2t Ny LX26F ayr3asS p2 (122l ylI adzysé6S@22 agaSiaf 2a

7

2219t ST GNR SV nafafarfd aA&GSYLE

{Aa0SY aS 12yi0NRiAQR |iREiN2HRz tRNE | ALBNBS] AtRM- 6dz] t 2 dz6 d
dz 1 2t22 6AYS 2SS 2Y23dz26Sy2 A yeS32@2 LiddzyaSyaSo t |
Oli2RNBSdz2S RI fA 06S yI RéqIGtar 27806 naitlazu dajekoristarink v I L.
napon od 5Vi struju 1,5Aza vrijednost ulaznog napona od23V, pajel I G2 al GNOSy 11
mikrokontrolerima.

5NHzIA NBIdzZ | 2N yI L2 yAl 2ly2 & d8S {1 2 Nradaddnd /2 §[ ayo:
prihvatljivi nivo za punjenje akumulatartl stanju je d na izlazu da napon od 1;25T + A & ( NHz2 dz ¢
od 1.5A, all2 RSOl PR Y285dz &l Y2 R@dz 2d2I2 NJAX P46 | 2202 2 (0 LI2 NJ
potenciometromR1t 2 RSOSy 2S5 G 12 Rkbji bRibkerSslalyjénjalaa/Cerei@vojm o +

diodi D1 od oko 0,4y | R+ 6 g yF | 1dzydz | 62Nz A dGF {12 T1LRG6S
YEIELIF 2F2d2eA NBIdzZA I i2N [Tynpd
LM317 -~ D1 -
3l vo o D . s
= 10
— D2
L
RZ[] 470
Tadj >
° JI < rRa| |1k
— Ir2
NN [+ V2 l " L
Ic
11,75Ve y ——r llb i \: - \(j
th 2 . il i
5k & 5
L lle
—AHf
- vi
u .
o
¥ =
8 Sloyr” injt
L7805
Slika2dHY 9f S{TGNRSYl OSYIF aradaSyt [ yiLIl el

11



Telemetrijska loT stanica za potrebe precizne poljoprivrede {LISOA2FEAAGAG

5A2RlI 5 &LMzOGF ylLRYy 1+ o6FTA T} y+xd 51 o6A NI
daYAeS RI 0dzRS @S6A 2R n+3 (iQEiZ22 RIRGI NI2 OS50 Miz2 & So |
50-100> ! = jR 1LRY VYI 20G§LR2NYA]dz wh V@ kdnstaSténdzizrioik, 5% 2 dz6 | |
(dato je u specifikacijama regulatorad i 2 2 & A 3dzNJ @I RIF  yIFLRY yI 128
naponanabazh A dz 2@2Y &f dzép 32 d SRYIAT Rum SITNI 00 A & G2 NJ NI
NBEOA Ydz 6+ OU thnaHodz6F 245 0v@® OSY2 T FySYI NAGA adNHz2dz |
GNF yT Aald2Nr> 1023 6S3F a8 2rayiresS GARA RI 28 yaf
oA &8 L ldzydzf F 62NJ LddzyA2 &LERNA2S A Gl 12 RdzOS GNIF 2l

23Y 2 NRA @rie&iy A &

t2at 2SRy2S ONA2SYS (INX{GdSNAOS &a@S @Sol LJ2 L
elektronike, koja lako nalazi put do: amatera, studenata, pa i profesionalaca. Velikim izborom
mikrokontrolera (Arduino, ESP32, Raspberry P2.$ 2 0 dzK @ & SlyNJ OMINER{] M6 A&ILASK] (LI
¢F12 &8 Y23dz yIFoA ylIeNrTtA6AGACA aSyl 2NRA A LISNA®
202Y NI Rdeentc2IHAADPSFA Y2SNA G SYLISNF § &yHz2 NI Gt | Oy 2
I SYt 880DBIMGA RSGpopI@HUB2SNIZILINBRY G @t 21 2NAIAYL f y2
razvoja ovog rada.

SenzoDHT114 LIk RF  dz RAIAGHE ydz ONEGdz aSyT 2NF & { | RNDA
mjerenje okolnog vazduha, i prenosi digitalneRo G 1 S LddzG SY T G2 ylIYAaSyas
Y208 RI a$8S ylLl a2l Y2 YHYE dRRNDS Bdz2aR aGA LRI yI
mjerenja temperature iznosi od-B0°Cdzl G 6y2G G 2RLIAS3I @080z a A Al
(L 6y2adRR2®APAS &I yedydz Y23dz 26AGFAGA dz N} T YE]d
BStAGAYL ATYy28A mMpZp E MH E pZ@odhojihde thidriste,ith dz 1 dz
R 11 yFLIaryeaS A 2SRIy 1 I upeiddngndije njegdRbsliedrikl ® b S
¢ DHT22koji je i skuplji. Na sligi3je prikazan senzoPHT1ly' I S{1 AL NAYSy il fty2e LI}

Slika2.3: Senzor DHT11

12
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2.4 Arduino IDE

bl 2LINA2S 28 LRGNBoy2 Aruind IDEengllinfeyrateN Déveidrgeyitz 2 | N2
EnvionmengA Y G SANRA &L y2 NIt O2RI2 ORNNBzAXS ¥ 28 0ISNI GA DYy A &7
I @ y A6 ymtgs:/vaww arduind.cc/en/softwared { 2 FGGSNI 28 oSaLxX FaGFys d
LINPAT @92St 6dzd LyaidltlOa2l 28 2SRyzaidl gyl A 6AadGl 2

File Edit Sketch Tools Help

New Ctrl+N
Open... Ctrl+0O
Open Recent >

Sketchbook > o
Examples )i:e, to run once:

Close Ctrl+W

Save Ctrl+S

Save As... Ctrl+Shift+S

e, to run repeatedly:
Page Setup  Ctrl+Shift+P
Print Ctrl+P

Preferences Ctrl+ Comma ‘

Quit Ctrl+Q

Slika24Y t NA &G dzLdr yaS LIR2RSOI @Fya2AayYl

Da bi mikrokontrolerL,oRa 32(V2y'2 3+ 2 Rl aS LINR INJ YA Ndrduidg NI 1T @2
LR GNBoy2 2SS Ayadl f AN GA (Adbird BoardsiMadaidri selrialbid Wt 21+ 6 |
meniju File > Preferencdslika2.4). Zatim u poljuAdditional Boards nager URLESIika2.5) treba
dzy A 2S G A & thi§pR/Besalrcd.hRIWGCE/dtr¥nload/package _heltec_esp32_index.json

Settings Network

Sketchbook location:

C:\Wsers\ @ Additional Boards Manager URLs x |, Bronss

Editor lang o vor additional URLs, one for each row

Editor forg https://resource.heltec.cn/download/package_heltec esp32_index.J sonl
Interface
Theme:

Show verl

Compiler ¥
[] Displd
Verify

Check for updates on startup Save when verifying or uploading
[[] Use accessibility features

Click for a list of unofficial boards support URLs

OK Cancel

Additional Boards Manager URLs:
More preferences can be edited directly in the file
C:\Users\MECOnet\AppData'Local\Arduino 15\preferences. txt

(edit only when Arduino is not running)

OK Cancel

Slika25Y | y 2 OSy 225R 3 RANBNISe drd dz LIt 2 6 dz

13
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bl 12y G231 &8 Y P& ESPERritiskom haVdold # Boadl >?Ebards Manager
(Slike2.5 i 2.7). U polju za pretragu unijetdeltec ESP32 pritiskom na dugmeénstalll | LI2 6 Ay 2 S
AyaidltroOaal 122 mm@adS LRGNI 2FGA yS{2tA]z2

File Edit Sketch Tools Help

(v ] 4 @ =] E Auto Format Ctrl+T Boards Manager...
Archive Sketch
sketch_feh02¢ Fix Encoding & Reload =
s L . Arduino Yin
vold setup() Manage Libraries... Ctrl+Shift+
// put your| ; ) X ® Arduino Uno
Serial Monitor Ctrl+Shift+M
. : Arduino Duemilanove or Diecimila
1 Serial Plotter Ctrl+Shift+L )
Arduino Nano
void 16681 1 WiFi101 / WiFiNINA Firmware Updater Arduinc Mega or Mega 2560

// put your| Arduino Mega ADK

RV

Board: "Arduino Uno"
} Port b
Get Board Info

Arduino Leonardo
Arduino Leonardo ETH

Arduinc Micro
Programmer: "AVRISP mkil" 1 Arduino Esplora

Burn Bootloader . Arduino Mini

Arduino Ethernet
Slika2.6Y t NRA &G dzLJ y2S dzLINI @t 2 6dz LI 26 Y

@ Boards Manager

Type Al « | |heltec esp32

Heltec ESP32 Series Dev-boards

by Heltec Automation(TM)

Boards included in this package:

WiFi Kit 32, WiFi LoRa 32, WiFi LoRa 32(V2), Wirreless Stick Lite, Wireless Stick.
More Info

Slika2.7y ! LN} @f 21 6 LI 26+ Y

Naredni korak je instaliranje bibliotekeleltec ESP320dabirom Sketch > Include Library >
Manage LibrariesR2 f I T A &S R2 dzLIIbidry Randgery Sikaag W23 18 Y &t A ¢
dzLINJ @t 2 6(Boardsk MadageNUnosomHeltec ESP32z L2t 2dz 1T I LINB (G NI} 3 dz=
biblioteka Heltec ESP32 DBRwards by Heltec AutomatiorPritiskom na dugmenstalE o6 A 6 S
instalirana vrlo brzo.

14
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bile_Edit [Sketehy) Tools Help
Verify/Compile Ctrl+R
Upload Ctrl+U A
sketch Upload Using Programmer Ctrl+Shift+U A
7oid s¢ Export compiled Binary ~ Ctrl+Alt+S Bianage Libeness S
// pua
) Show Sketch Folder Ctri+K pod S8 Ll -
} Include Library % Arduino libraries
ol id Add File... Arduino Cloud Provider Examples
// put your ma-in ccde Aere, to run :epr':até Arduino Low Power
Bridge
} EEPROM
& Library Manager >
Type |Al « | Topic | Al « | heltec esp32
Heltec ESP32 Dev-Boards A
by Heltec Automation Version 1.1.0 INSTALLED
Library for Heltec ESP32 (or ESP32+LoRa) based boards Includes: WiFi Kit 32, WiFi LoRa 32, Wireless Stick, Wireless Shell,
see more on http://heltec.cn
More info
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LX 26 = 2 Rdolé ABda&d> WHi LoRa3202)2 R3I2 @I NX 2020 & BSIRPRI §i 2
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3.1 Osnovni podaci

LoRaWANe WAN protokol male snagéLow Power Wide Area Networkiig) 2 &8 YA Of 2Sy &
0SOA6y23 LROSIAGIy2F yI AyGSNySaG dzNBSF2F &b o
Internet of Things(loTE 1+ 2 002 adzy R@2aYa2SNY|l {paddtdzg,A { I O
mobilnost i usluge lokalizacije.
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LTI yaS8S3lF &aid22Ai ySLINE FfLoRayARiandizR N0 Sy 28 ARDBENRY 25
martu 2015. godine.

loRaeS FATAG61A atz22 o06SOA6YyS Y2RdzZ I OA2S (22A &8
usS

@St A123 20LAS3AFd ay23aA LINBOFT ASSYyA o0SOAB6YA aral
modulaciju (frequency shift keying, FSK)] I 2 FA T A 64 dna wedmd@ pagodia Salimak

L2 0 NRIbReLDSD T Fay20Fy yI  aO@N]) dzi (e spreat LSpEBtiurd NI £ y 2
modulation¢ CSS) 1221 AYlF AadsS (FNX{OGSNRAGALS YIES ayl
L2 @S6F @I R2YSASH S Yasfiaha KXk Saooj i svemirskoj komunikaciji zbog

St A1S RIf2AYS (122l &S LR&aGAOS A 20LRNyz2adGA VI
namijenjenakomercijalnoj upotrebi.
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