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ABSTRACT

This cooperative education project aims to study and design a monitoring
system to prevent corrosion in pipes. Transportation of oil in underground pipelines.
Also known as "Cathodic Protection System”, in which the system is installed, the
measuring system to prevent corrosion in pipes. Many areas are spaced every 500
meters along the length of the oil pipeline. The comparator In this case, it is
CuCuSO4 because the system used in the underground area. However, since the pipe
has a relatively long term. The company got the idea to develop a measurement
system to simplify and save time at work. By connecting the measurement system to
the wireless network. In this case, a board Starter-kit GRAVITECH of LoRa - IOT by CAT
Telecom, which is functionally equivalent to Arduino board, but with embedded
chips LoRa-IOT with by using the Arduino IDE to write code to connect to their work.

Such a system board And then send the information to display on the internet site.
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1m3gIuTiin Ag/AgCl waznsinanfngluihvedassainslunuagldvalui

wnsputiln Ag/AgCl Inaina

¥ %
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2.2.4 Yfisensiinady
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a

LNYUAUVINIRTZTUTU

atlaunanslilumnisne

aflu (rust) Wulaneduniinmsidsuanmldaindu Wesnlasuujizen

aaa H = 14 [ Y o w [ = wva J a 1 aa
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Fe + H20 + 02 — F6203H20
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»2H,O Fe—sFelt+ 2e
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b

JUR 2.7 YjiFenisiinady

2.2.5 mstdastunanlaliinady

2251 l4Bsnsmsiadevioman  Wetdestuliivitawmdnduianuiiuag

a A L%

MAlagAse WU nsmd nsulave 919 Aun dingd 354
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nlduawndniie
nae Teldsvesitile Aundeuied awnsavqeeentaiiy an1anEnINULAZTNg
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Al wazandeuunelingussliiinatiungiu 1w fiyn Wuau
2.2.5.2 1HsIAlumadnndnliadu (Stainless steel) lnsnnsifiusnouq
annsovliiAnduilduuneg TuiRawdn wu lesdley dnda siwarilazamnse
Y a e aa ! a 3 ! v v & & v v o
annsnaeilduuegiRauiuuuiawman Piedesiulilillominduianuusseine
Tnomss  Auadouriaiilfimnunmuiamenenimuasiedl  wanndliatuiinane
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Uil 2.8 wdnfiAnaiiy

v
a v A

22,53 33n158esfunvunalnin Taldlanzfunseu gnaaduiuaud

a

Y] v a a aa v & ) | ' A A 9] A a
soanslaliinaty lanenueuladulareiunsou Wi WLNTELPEN d9Nyd argulul
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AN1TTPR9DNLAD
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=
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2.2.6 NuiNeInuTEUU Cathodic Protection

TangiAnniswnseuainnisifiaufisenlniedl Tnslanzasiiaufise
senfindu Fellufiseninduduidsiivueluslumadianinviewadsianinslan Fatfud
TisimanisiiAnn1snnsou Sededilansiufiannadunalnansondiefuualng Ingldlavy
fidesdnmsouldinanindn @dndlniiheiuead (o) desnduwan) Wituniesefiuman
Feagililanstufnnseuunuman Wy madeuseuuniifounuie vionalasade agvh
Whndnundoudias iesnnuuniifondedidnnseudtsniuninandedidnasouuny

a = [ v a A < v I3 13 =3 a Addyl wad a
Wisulateusuliwuni@emdunelun wazlmudndusalneg 3958035891 “Fsualnsn

(Cathodic Protection)”
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Llme Do Link un

g‘dﬁ 2.9 sguu Cathodic Protection

Adnglnirvaaunanisiaisuniu Reference Electrode NLanaintinnig
Josruaduuuuwalnfin (Cathodic Protection) Tulasssruiiisnagldardndlnivosndn
JlelSeuifisuiiu Reference Electrode @ Saturated Copper—Copper Sulfate Reference

Flectrode (CSE) wlasarnidunisiaadnglnirvaavaniudmeiawazlanu
2.3 Tuswnsuntglunisvnieu

2.3.1 1Usun3y Arduino IDE
Arduino IDE Wusenyiurifilddmsu Upload Tusunsudanuvsoainnd
(Sketch) Fudoudialusunsunim C wie C++ drguasalulasnaulnsaiaes 019 1iu
Arduino Uno, Arduino Nano, Arduino Pro Mini, Arduino Mega wazlulaspaulnsataesiy
As¥NA Arduino uq Faueda Arduino annsadeudeludusuieiusviansieg wioldou
poludSiadiiemuaunsila/Unli Husu wena N 1318s@nsa Arduino IDE Tunns
Sulnanlusunsuluglalasreulnsaaaslunsynadus 01i 1Wu Node MCU, ESP 8266 uaz

Y

aue ladnee
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Genuino

ARDUINO

AN OPEN PROJECT WRITTEN, DEBUGGED,
AND SUPPORTED BY ARDUINO.CC AND
THE ARDUINO COMMUNITY WORLDWIDE

LEARN MORE ABOUT THE CONTRIBUTORS

oF [EXIIETEHAH on arduino.cc/credits

Starting...

gﬂﬁ 2.10 1Uswnsy Arduino IDE

Arduino IDE anunsaldaulanisluszuudfuifnis Windows, Mac wag

Linux paulniuusdrulngazi@euduly JavaScript ieliauisaudlowaziseuisealadne

v
wa A =

wiausislandnazaiuegfunsideulfn uafdauauiious Snvaigedisithauls lasu

I
Y

a ada 1 = o wa v o 4' v ] 9]
nMshnainazulsunoazideaduidulidelasinisdug ledrsiwane Jldaunsa

a o

YSuasudlasenielunay schematics wWosndu deuuziludadndwsiduuselosily

o o [

EUINTUNDUNITAAAITUAY ﬁﬁ’nmzmmmuQ’ﬁmaiajﬁﬂszauﬂ'ﬁzﬁlﬂuﬁﬂuwmﬂﬁu

A59U Arduino

2.4 w3av1eNlglun1sivaune

LoRa Wuwmaluladnisideuselfanawmangdmsuau Interet of Things (IoT) &

[

nwiuluisesvesszazmalunisdoans awnsniu-dedeyaldluszerlna 5-15 Mlawns waz

I
v ! £ a v v o

dlommmdarmildlugieiu-defeyadeudnem Snvisdianunsadmunligunsaiidrglvue

Usendandsnulunsainluladedoua 3990l% LoRa WumalulagNyieusendanasanuuay

Y

Al lun sty
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fuitlsrusms Jagiiu AT Idsudidunsindauaglsuimslaseie LoRa Faus
nanal 2560 waznelulasung 2 vedd 2561 Hasneeaiauinislululuiuiledvaq 18
Jow¥n 1Aun ngamamuasuazUSuama Jedul geuunu szoes W @syys uasuon
Us3uys asan asugsntl uasswdun wnansau gassnil quasesnil uavuasUgy sds
3 Janrdalulassnnsiannsudoarsugiafivvivaang ueen vise EEC laun vays szues uas

ALLTINI

mart
Farming

S LoRa loT
=

by CAT

mart

Mobility
mart
Cities & Home

Internet of Things - Long Range loT by CAT Telecom PCL

JUT 2.11 szuun1sieusialiane LoRa loT
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A5ALHUNTSIATIY

3.1 A5n15aiiulAseeny

UM 3.1 Fnsaiiulasenu



3.2 gunsaifnldlunnsvinlasseu

3.2.1 gunsalinAAnusnedng

311“7; 3.2 Voltage Sensor

lugaddusgiundnniseonuuuresiudsndudiuniudaldny
usssulridumesimumesidatouunu q ¥ass Arduino wssnulnihdunmegindentis 5v
udussduduwnveslugansraduuswiuliiiu 5v x 5 = 25V (3.3V mnldszuunsaduliit

Sunaresliiiu 3.3V x 5 = 16.5V) 1{18391n8U AVR Arduino THlu 10 AD dwdumuaziden

¥ '
(4 o =%

n1sdrassvadlugatifie 0.00489V (5V / 1023) fstulugansiaduuswiulwildunadusinis

A5293ULSIAY 0.00489V x 5 = 0.02445V

=
7

U7 3.3 Fneg19NSIToUADTENINIURSAN U LLDS

CaN
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38nseelganu
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91 + senulyl 5 wse 3.3 Tad
91 S panuw Al

91 Vee sanulinfaanisin

3.2.2 gUnsaiieusiel¥any LoRa by CAT Telecom

311"7; 3.4 qﬂﬂigﬁﬁawial%aw LoRa by CAT Telecom

LoRa 1Humaluladnisieuneliaisimunzdiiuanu Interet of Thing
(IoT) Aideyandnqunaniduessudoyasniey nailumalulaniinisldnuunswats u3ew

Y

Fuhfiaunlulasnoulnsamesimugunsaiunsesiunisifiouss LoRa walulad LoRa il
itulusesssezmslumsiieans aunsaiu-dedeyaldluszuzlng 5-15 Alawns Jszndn
w&aanmslindsnulugieiu-dedoyadeudre lugasiilddedeya annsaivunld

guUnsalidglrunusyndandaauld ilivssudadnldane
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5UN 3.5 uain Starter-kit GRAVITECH

'
o/

3.3 9aNLUUHEATU N15N19IUVDITIUY

Test Post

+ ‘ Voltmeter

5‘1]17'; 3.6 NMNLAYSINVBY Cathodic Protection

v

1A5991uUlY Voltage Module Sensor \ourafuuasa Starter-kit GRAVITECH Tu
syuUN15a0asldans LoRa by CAT Telecom waaldlusunsu Arduino IDE Tun1sdeu

TUsunsuitaldeusouasmununsiuresssuunsIvianistesiuatuluve

19



[y a

1N3UT 3.6 LﬁumsLLamgﬂmewﬁJaqswﬁuﬂaaﬂuaumawiamudafwﬂuiﬁﬁu Tne
aeiimsils Mg Anode Wlndruviethsiu Lﬁ@iﬁﬁmﬁ'}ﬁqm@a@LﬁﬂﬁiauLquViaﬁwﬁu lnens
faesszuu Cathodic protection axfiognasdumududunsdegy uslugniiinm i
m3infieusewing CuCusoa fu viewdn (Fudung) iiemsisseunaAImYas Mg Anode 31
fwhanuldegviald Taefdefmuaimnn Mg devinuey Aranusedndlnihsewirwviony

(Y]

1 Ref. Aunsaltldidu cucusod) ninlsazdasliarUsyana -500 dadlan

3.4 YUNDUNISHIDUADITZU

Suduanmsadasueaiuazdenduldeulayn Web site A https://lora-

iot.cattelecom.com/portal/login

3.4.1 wiheidrgdszuu (Login)

(11) Login

AL Username
& Password

@ |

Not a member? S

Forgot Password?

© 2019, LoRa loT <4 by CAT TELECOM

Resend Verify Email  User Guide
(3

JUN 3.7 mihveiingsyuy
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Usgnaume

1.1. 1gszuu (Login)

1.2. Msameifowdnldau (Sign Up)

1.3, msdeBatudunsasiasidldusnsnade

(Resend Verify Email)

1.4. fusitanu (Forgot Password)

1.5. gilen13ldaru Web Portal (User Guide)
3.4.1.1 Whgszuu (Login)

Jldnsendeya username uag password nasandunaa Login

iordhgszuunsldau adlgldannsoaneaeuaugniesues password
3.4.1.2 nsasmgioudnlgu (Sign Up)

JlduSnas (Subscriber) nunoiis §l¥a1uusn1s LoRa loT by CAT

Juffonsodnslunisieudegunsalidrivlaseing LoRa loT by CAT

' Il
o )

(Connectivity) wazidugSuiinvaunegunsaiigniuieusenulasaiig

Y 9 Y

]
= 1 1

sudsteyatigndssninsgunsalivlaside gldvinisenadianusiuyana

Y Y

3

sssunmialdudiiyana she¥u USEn vi3e sednsing 9 Ald

= v A

Tyldenn (User Account) vanefla daydldamsuliunazynaa
1 199uszuU Portal 984 LoRa loT by CAT Litea1Llun156i1e 9 Ligantu

gunsal wazdvslumsiensiegunsalvesiliuinig

Falumsamsidugldusnisurazass seuvasinisaiiedydgldanu

P [ [

sy iveldudgifiamnsadanisdeyanie o veslduins Bnvisdeanunsn

o

'
v a

a$19 U @gldnuiiuda dWesiutuuinisinnisgunsaluazdnslunis

\Wousevollduinislaanme
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Done

User Info

Subscriber
Info

Terms & Conditions

5U# 3.8 AsaneLdeun gy

3.4.1.3 wihvenaINid1g Ty

LoRa loT

uw CAT

@ &9 ROUTING PROFILE
@ @ DEVICE MANAGEMENT
@ é’ CONNECTMITY
- — e

e
@ €D  DOWNLNK
[8=] users

JU# 3.9 WNNAIRNIETEUY
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Usznausie
3.1. LZJHﬂ’MU@IU’iIWa‘ﬂ’ﬁL%QNGi@ (Routing Profile)
3.2. Wydnan13gunsal (Device Management)
35 myﬁﬂmsqﬂnﬁﬁl,%mia (Connectivity)
3.4. wyn1sl¥audeya (Logger)
3.5, wynsdedoyaainiasstnendigunsal (Downlink)

3.6. Lmﬁlﬂﬂﬁau’l%ﬂﬁﬂ%‘lﬁﬂ’ﬁ (Users)

3.0.2 a$slusindnsidieusia (Routing Profile)

féduuynmualustdnadiousda (Routing Profile) nasntiung
{Ju Add Routing Profile titedngnszuiumsaiislusindnisiensiolni I

sruUAzLAnImtnae Routing Profile Wislidldnsanyeluslvanisiieuss

(Routing Profile Name) visflf{ldanunsansendeyaldniuninudesnisves

Y

{4 udnavu Yes wieBudu visonatu No tivesnidn

L§RO loT Routing Profile

v, CAT

% ROUTING PROFILE

@ DEVICE MANAGEMENT
é’ CONNECTIVITY

BES  LOGGER

)P DOWNLINK

[@=] users

sUTt 3.10 ad1elusindmsidoune

Y
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3.4.3 luydnn15gUnsal (Device Management)

Tunsdgldfesnisifingunsalitas 1 gunsal I¥nadu Add Device

w&insensieavidenvesaunsal n1uUsELANYBY Activation Mode &9

[ %

Jsznaume OTAA wag ABP ﬁqﬁﬁliazﬁaaﬂiaﬂiwaamﬁ'am‘lﬁgﬂé’aamuﬁau

audoulrvesudag Activation Mode wdsaniunadu Yes iedudu wie

nady No tieeniin

3.4.4 wydpansgUnsaleuse (Connectivity)

LoRa loT Connectivity AR st
= CAT
L Ml Activate Voucher @
E ) ANAGEMENT @ AFZELVAZKSRBSDRT m
i T
Filter Connectivity
Active -
P

Connectivity Data

ndex Nurmber Start Cote Expire Dote Ref Used Connections Gronted Conrections

JUT 3.11 wiydan1sgunsalitese

Y .
o

1. W59ansasmesIenIsiteNse (Connectivity) nsaniuyes
Activate Voucher
2. asnemsivouse lnenalu Activate

3. J18azLden Connectivity
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3.4.5 wynsldanudeya (Logger)

v o/ a

wynldamiunanssivazidennisiu-defoyaseninegunainy

Y

v Y

a9y LoRa lUds Application Server viatilunsalfigléninun Payload
Format vasgunsal lu “Cayenne LPP” dldanansanalufisanisvesdoya
Tu 9 svuvazudnsdeya Payload Mignuuasailviegluguiuy json n5ed

15un1 “Payload (parsed)”

Logger

Filter Device

Logger Data

Timestamp Device Address  DevEU Payload FPort FCntR  FCm¥  RSSI SNR

A 25092018 10 28:4¢ BIEFF157 AADCDBCABIEFF1S7 00732761

BUEFF 157 ARUCUBCABIEFFIST  (GT22761016700c

AADCDECABIEFFIST  GC

T SYEFF1S7 9 S, o
JU 3.12 wymsldnudeya
3.4.6 wyn1sadeyasiniaseisudigunsal (Downlink) Usynaumie 2
Wy fie
Y
3.4.6.1 WyMAdoUN1sEIUIINIYUUINgsgUnsal (Test Downlink)
LSRa loT Downlink
= CAT
o
& 2 Input Data

Ul 3.13 wynageunsdsnuannszuuandsgunsal
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3.4.6.2 wyfdsnsduainszuuandsgunsal (Downlink Api)

LE)RQ loT Downlink

= CAT
4 i i
B o AGEMENT

1. Access Token
8
=
=
POST jictapifauthitoken

b Request
B v curl X POST

-H ‘Content-Type: opplicationfjson’
H ‘Accept: applicat
-d'(

¥
hupsdoroiet.caticiecomcampreprodiportaliotapiiouthioken

Besponse

5U#l 3.14 wyadmsdanuainssuuindsgunsal

v

3.4.7 wydan1sauBnvegliuinis (Users)

IS k74

Tunsdlgldusnns (Subscriber) fiosmsiindaydglda (User) iive
frelunsuinisdanista@velduinns (Subscriber) aunsamlalaoid
iy Invite wagnaly + szuuazuanmiiiae Invite User Tifldnsendiuad

Al4u3ms (Subscriber) Apansiiiy

LgRa loT

@
el
Invite User

Kisier b0 IOTIcO

LDED

4 vy

U7 3.15 wydnnsaundnueglduinis
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3.5 Junaunsauiagunsaliulusunsy Arduino IDE

W lUsunsy Arduino IDE w&aLfisuese Starter-kit GRAVITECH wlulu

TUsunsuiielivinausiuiulalagnisnsendsrauiwansanualsivaslutos URL

Preferences X

Settings Network

Sketchboox location:

Chsersecropotommentsardino __________|[eeowe
Editor Systemn Default e i ; (requires restart of Arduino)

Edtor font size: [16 |

Interfaca scale: 7] Automatic [ wni;% (requires restart of Arduina)

Show verbos2 output during: [+/] compilation [] upload

Compiler warnings: [None v

Display line numbers
[ enable Code Folding
[v] verfy code after upload
[ use externel editor index/package_adafruit_index.json
Aggressively cache compiled core

Check for updates on startup

Update sketch files to new extension on save {.pde -> .ino)
Save when verifying or uploading

https://adafruit.github.io/arduino-board-

Additonal Boards Manager URls:I hitps://adafrui.gthub io/a(ngrrpoard-ir\giew'nagkagg_adafruLindsumn{ j
More preferences can be ediced directly in the file

C:\Users\Teerapat\AppData\Local\Arduino1S\preferences.od

(edit onfy whan Arduince is not running)

ok || concel |

sUt 3.16 Wsunsu Arduino IDE - msifisiuesa (1)

nafiaigUnsal Arduino SAMD Board udane Installed

Type All v samd
Arduino SAMD Boards (32-bits ARM Cortex-M0+) by Arduino version 1.6.16 INSTALLED ~

Boards included in this package:

Arduino MKR WiFi 1010, Arduino/Genuino Zero, Arduino/Genuino MKR1000, Arduino MKRZERO, Arduino MKR FOX 1200, Arduino MKR WAN 1300,
Arduino MKR GSM 1400, Arduino MO Pro, Arduino MO, Arduino Tian, Adafruit Circuit Playground Express.

Online help

More info

| Arduino SAMD Beta Boards (32-bits ARM Cortex-M0+) by Arduino
| Boards included in this package:
| Arduino MKR Vidor 4000.
| Online help
More info

Industruino SAMD Boards (32-bits ARM Cortex-M0+) by Industruino
Boards included in this package:

Industruino D21G.

Online help

More info

Adafruit SAMD Boards by Adafruit ;/ersion 1.2.1 INSTALLED
Boards included in this package:

_Adafruit Feather M0, Adafruit Feather MO Express, Adafruit Metro MO Express, Adafruit Circuit Playaround Express, Adafruit Gemma MO, Adafruit - N

Close |

sUft 3.17 TWsunsu Arduino IDE — nisifiuuesa (2)

Y
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nawgUnsaidnTuAe Adafruit SAMD Board u&na Installed

@ Boards Manager %
Type [l vismd e e S A e
[Morenrg: A

Arduino SAMD Beta Boards (32-bits ARM Cortex-M0+) by Arduino
Boards induded in this package:

Arduino MKR Vidor 4000.

Online help

More info

Industruino SAMD Boards (32-bits ARM Cortex-M0+) by Industruino
Boards included in this package:

Industruino D21G.

Online help

More info

Boards induded in this package:

Adafruit Feather M0, Adafruit Feather MO Express, Adafruit Metro MO Express, Adafruit Circuit Playground Express, Adafruit Gemma MO0, Adafruit
Trinket MO, Adafruit ItsyBitsy MO, Adafruit pIRkey MO, Adafruit Metro M4.

Online help

More info

5Ut 3.18 Tsunsu Arduino IDE - nstiiuuesa (3)

deRasauadlvnauaulusunsy Tools kadden Board Adafruit Feather MO

WiFi101 Firmware Updater

LilyPad Arduino USB

Get Board Info | LilyPad Arduino
| i Arduino Pro or Pro Mini
!9 Programmer. "AVRISP mkii" ? Arduino NG or older
4 Bum Bot_;}loader BB N a5 {9% Arduino Robot Control
1@ ADDR_SEL_GND 0x1A | Arduino Robot Mator
| Arduino Gemma
Ak AN EK ¢ | Adafruit Circuit Playground
i Arduino Yin Mini
\ Arduino Industrial 101
Linino One
Arduino Uno WiFi

e I01 10 ‘ RM (32+bits) Boards

Arduino AR

Arduino Due (Programming Port)
Arduino Due (Native USB Port)

5Uf 3.19 TUsunsu Arduino IDE - msidenuain
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Ul UNAIAATUENAINANI T Nd U wartnlUenlusun T

1 Y

Arduino IDE ka21#3A15Han149v09uDsA Starter-kit GRAVITECH asluussiinmieg vos

Y @

Tsunsufdeuly dail
UsSAT 126
UsTTATI 134
UsTIAT 143
Ut 126

UITHAR 126

S¥id Device class
S%d Device EUI

S%d Device address

57%a Network session key

5%a application session key

cat lora.ino

set network session key

Line126  set device class
Line134  set device EUI
Line143  set device address
Line151

Line159

set application session key

//31')(!410*!L;‘x¢;1x.::l.xx;x:||;t::')y1;rx

XA R EXKRS B EEXKE KA

Serial2_String Write("mac set_deveul xoumx0000ao000”);

stric=atts
delay(250);
strl = Serial2.readString();

Serial.print("set_deveui”);

Serial.printin(strl);

//xwrsij0;:)Y;1&!YﬂQA‘A;Xﬂ#)lX\Lxr

PR XA FRERA AR ER

Serial2 String_Write("mac set_devaddr xxxxxomx");

grif<A'"y
delay(250);
strl = Serial2.readString();
Serial.print("set_devaddr");

Serial.println(strl);

JUT 3.20 fegunsnsensiadeya
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uni 4

NANISAEUIY

4.1 Na19UN

ilornmauisniiunAefiaginuuazuilyszuuasiatanisiosiuadly
o s‘z’ia‘Luaﬁmﬁw'mmﬁ]uﬁqﬂﬁ]f\;ﬁ’uLfluﬂWi’Lsﬁwﬁﬂmu‘L%Lﬂ‘%'aﬁmLﬁumaa"i’mmﬁmﬁﬁmﬁéﬂlﬂu
VN9 28y 500 WATNABAAIINEIVBIYE Faevomeuitnlszoynsiidoudisen Fely
n1eusEndaiuurfnlunisiissuunisasiaianisdesduaiiuluvenisis Cathodic
Protection 3adunisiassszuunisnsaainlilugasiiaqvesuuvie wdluszuuaziinis
Fouderirfuszuunisdeansiimaiielfuananisnsaaialugiensufiainesiives
Control Room @slunseiilldgunsal Starter-kit GRAVITECH Board siusyuunisioansly

v o

@18 LoRa - 10T by CAT Telecom lun1s&eanstoya a1nnsatiuaulassuites ssuu

[

as193anstestuanuluvie Juanisaiuaunsd

4.2 Han1snadauNsHansaNaIuIEUUIATeY1l T LoRa - 10T

. kl Timestamp Device Address  DevEUI Payload FPort FCnt A FCnt¥ RSSI

1 18122019 16:02:25 76217280 FF1721AC762172E0  cbcdef 15 24 /

Gﬁ ROUTING PROFILE

A 18/1220191601:27 76217280 FF1721AC76217280 cbedef 15 23 7
Q DEVICE MANAGEMENT 4 18/1222019 16:00:23 76217280 FF1721AC76217280 cbcdef 15 22 7
& comecmviry 4 18/1220191559:22 76217280 FF1721AC76217280 obcdef 15 21 7
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