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Abstract

Nowaday, the problem of children in tourist attractions occurs regularly. Especially
beach attractions often cause problems with children often with parents. Form the above
problems we have developed a prototype device anti- lost child alarm for tracking and alert
child’ s position in order to enhance the child safe alarm and assistance in case of the
separated, quickly. The design and development, that can be Retrieved signal strength
indication from the child tracking device with wireless communication technology Bluetooth
4.0 and sent the to data technology LoRa to the database. Admin will specify the location of
the child device to display the data in a web application and able to identify the child’s
location close to my present child’ s location, it also alerts to the web application if the child

is outside of the device reception area. The content of equipment can, within 30 or 40 meters.

Keywords: Retrieved signal strength indication, anti-lost child alarm, Bluetooth 4.0, Technology
LoRa
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nufuazauIdenineIdes

2.1 ugys 4.0
Yy
Ugys 4.0 38 Bluetooth Low Energy (BLE) \dunmdnumzveamalulagugnandanus
Fuludnvarilaaruuinvesiestull lnaldtetinsiain Wibree uaz Ultra Low Power (ULP) wae
AdLENIAAALYDIUEYSLIRITUL Ao n1sutnAlulad Ultra Low Power Bluetooth tinunle

} )
fhogransdiiinsldneluladil Wy msuansnearinsdng qunsalfithAwianuldifionisnsadu
dnsnissuresilavaeidieentidinieg wazgunsaivnianisunnd Wusu wazmaluladugns
ndanusgnesnuuudmivgunsalfiflengnisldauuunnedgean 1 9 uaziidnsmsdsiudeyasy
fi 1 MB sodunfiuaglinisidisiauuy AES-128 lunsifouseuazduinuteyaszninagunssl lne

gunsaiNfnfIUgns 4.0 Tuaranusadentdlanalruausendandsnuuasinunsssun (Leam, 2012)

4.0

€3 Bluetooth’

g‘th?i 2.1 Bluetooth 4.0 (Roland Hutchinson, 2010)

2.2 wialulad iBeacon
Beacons %50 iBeacon Uuluslapeanigniunussennldlunisssysuniaimaisuniiy

ey T9n1s1weusienu Bluetooth Low Eneray (BLE) Hielunsudsiumnisiviiugunsaldnafies i
Smart Phone, Table Lito¥aisenseumnalulagsyydunisildiuegas GPS lnsuiunisannisld

WHNU waziyuAMULduEINsEAULRs TUsSEAUURLLAS (Blaz, 2015)

iBeacon

Ul 2.2 iBeacon (Blaz, 2015)



2.3 walulad LoRa

L§Ra®

;Ji]ﬁ 2.3 LoRa Technology (Andrew, 2016)

LoRa 130 LoRaWAN (Low Power Wide Aera Network: LPWAN) dai8umalulagiildlunis
domsuuulimofildmugy dins uazidenloanisieansvesgunsal Ingldnisunsnszareanuilag
miﬂ%’mﬁlummﬁﬁaﬂmﬁ’m Sub-GHz Lﬁ@iﬁawmmﬁaaﬁﬁi’faga%’hsazlﬂa wazinaluladild
W usuazansadeanslandeuiunansdn winzdmdunslden Intermet of thing (IoT)

Mnidufiutarguninisdeudetuiuiiaugenuasdudou iumadeslssguuuusinmg
919ildu Mobile Data flanunsaifeusieszoglnale uddnoziidyn1iesdildinogs wiFi uas
Bluetooth faxiifosninduszeznie uazinaluladng 3 aEJ"Nlff]umﬂiuia@ﬁiﬁﬁwﬁamuqﬂumi

uresgunsalagadaiiios JelaiAnnisfinwuasiamn emwalulagaganunsauitymising

e

il venanildaiimalulad@idendn NB-IoT Aonisirgunsaiszuam Low data rate fidoanisld
\n3etneiieatuaetnewagardliualindsnsi Tnefa NB-IoT gnesnuuusnlaeilingussasd
Fostoluil

1. flengmsldnunummeifieniuy

2. giauasiisnagn

3. 1 Cell site @unsnsessulauszanm 50,000 run

a. szpzmsdeansinaunn e19aglae 10 Alawms 9ndgunsalfia Cell site Alndfian

welulad LoRa fifeldusoumieszuunisdeansliansdu vaneusznsidesniduluga
nMsdsdasaUfirniefianansawendyaiadiseiudossuniusiingt 20 dB Fedelvinnsdesles
wsevednuudanss PreUiulssuszaninimaieis uazlisedld Interface Protocol LoRaWAN
Humsdewdeilifedtszeznalumsdsiteyaileniouiiisuiulassieuuuning dadisannis
Tindrnuuaztieliaisuenmdiaduannsainundeny fuvwedetiefioaduld walulad LoRa
fafi§miinsvihanuitlnaninlusianea (Protocol) 3aedus anunsavhaulslaglsidesldgunsalvens
ﬁigﬁg’]me?iqszhaamﬁunﬂmmﬂumnﬁuL?’J’lﬁuaa dlewFeuidiuiuaietelnsdniflofie 3G way 4G

wamalulad LoRa aunsaveneuuinlannitwaziivss@nsnmeudununfnindmiuse nndiadu



wUU Embedded Lia991nanudsnasdanivuavad LoRa anufinandsuinaunti iunislandaanu
Penldndsnunmdanunzdmsugunsalillousomelunae3uuInian

Europe North America China Korea Japan India

Frequency band 867-869MHz 902-928MHz 470- 920- 920- 865-
510MHz 925MHz 925MHz 867MHz

Channels 10 64+8+8

Channel BW Up 125/250kHz 125/500kHz
Channel BW Dn 125kHz 500kHz é é é é
3 E |3 E
E E E &
TX Power Up +14dBm +20dBm typ 3 3 3 3
(+30dBm allowed) ® ® ® ®
R} k] ] i1
£ £ £ £

TX Power Dn +14dBm +27dBm
8 & & &
> >
SFUp 7-12 7-10 f E o 2
$§ $§ § §
Datarate 250bps- 50kbps 980bps-21.9kpbs T T T T
[ € & €
° o ° o
° ° ° <
Link Budget Up 15548 154dB < < = =
Link Budget Dn 155d8 157dB

3‘1J17i 2.4 audiiledmsu LoRa (Prashant, 2016)
2.3.1 Uafva9 LoRaWAN

1. szegnalng
- ldguanuiligeunn Fsfiaunusiodainyansldinn (long range up to 15km)
- Fyanauingavesaiosgnitefianansaltenlédfie -137 dBm
- nszaedya Ul Indoor i (up to 20dB penetrate for deep indoor)
2. Usgndandeanu
- invesgningldlnuummeitoesilriannsaldauldnaed
- Mésdswesannilgiusidesanlimnuian nudedyarausuniu
- sessudBinanaiesgnineldioes
3. 51790
- grupuiiu Light-License 3avinlvtdumus
- szuuiadetemsliuinshigiendudou (Slewfieuiu 36 uas 4G LTE)
- gunsalanignu Wy seuvdedyna uavaneenie e?iqﬁswmgﬂ

Operating Range and
bi-directional reliability

CAPEX & OPEX
Significantly cheaper
’ installation and

— maintenance
: E @
Deployment & Usage ﬂr Data Security
As easy as WLAN Hardware- and software

encryption

E‘Uﬁ 2.5 U8fvad LoRaWAN (Saravanabhavan, 2016)

Battery Lifetime

Up to several years
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LoRa a¢l§91u Chip IC 91nU3¥ Semtech willoufuiimun nisdeansiululasroulnsaaes
sganansavilainuda S nsiudedeyasznine Module LoRa avanunsaviléiseiilofinngonld
lardusunisdsdoyauinty uasudminnisdsfeyaudiaefesdenilsdtusunsdsfeyaiiiofn
ninensnaunrdluliiulugadeasliansdug mnvaeiulifinadenldilaitutuddoya i
luga ngu LoRa agviraululuunsesiudeya dldarunsaisenileidunsiaaeudeyaidt ndle
naeanaT uivniimsdsdayaidiun udlifinsGenldilidusiudeya sgvinliuiifaed ifu ud
o1vrlilannsnsuteyalmidanld viedoyafiiuliazgnaveentu ddunslfnuisansiinig
Bonilaidusiudeyaegiave uazlifinasldileddu delay() wiuq fenaassililiannsasudoyaui
17l 91nnsAnvinazAuniiieatuinalulad LoRa w38 LoRaWAN (Low Power Wide Area
Network : LPWAN) sfaindnaandnssiu aziiiuldinmelulad LoRa enaazifumaluladmadontnl
wanzandmiunisldaudnu loT viensdeansszninsgunssl Ingldnmsunsnszanenuinduing
feanunsadeansidszering sagnuandumealuladilindanus fiavinlasanuifafunsiiasls
welulad LoRa lunsWanngunsal wieldlsnsdeasdeyalasldnisunsnszaremnuiinduing g
Anudrduinglddeseglugiuaud 1M Fadugunuiieivieniuiansisasiiaunsaldny
Tnglsidosvoaynnd dennansznsiamaluladasaumauaznisdeansideandieusznaunis
nNIENIN Fosimunliedesingauuiaitazaniingauuauuisssanledunsoniiulides
vasuluauyw

2.4 FAULINWAATY

115719 uTe L UL e NNALATY T:UsLmimauwﬁwmwﬁaaguu Rendering engine &6
Rendering engine auinthiingng fe 11’1Lawmﬁwé’m‘%aiﬂLL‘U‘UIMQ&%N%@@Jaﬁiﬁuﬂmm@awa
thanuansnavuituiidiunidusenn IUsLmimmumNmawu Rendering engine 4% Futi g
wdng fe nswdsunvadludsiivanina ammimwaawamamumewaamuua“ﬂ'13‘1Js~ma
UEIULAFIUAITTINIUNAN g 2819838 VLB HIIBS (Server) ) Tudnvazunonnaiadunuy
Joadu Hudsnined (Serven) azusznouludioiudiines (Web Server) svinmiifiidousiody
Taawoust (Client) m1u Protocol HTTP/HTTPS Tasuanainiuidsniaes (Web Server) agvinutiiids
IdiAsudostunisuaninanumnsgiu HTTP muundvhluudaiudsvines (Web Server) il
drudszananadeenvvzidusudaniu Wy Script engine v89n1¥1 PHP 1eo1aasiinisinds .NET
Framework Fsflduulaniun CLR filduvane Intermediate 91nl@niiausie VB.net wie C.net
viioonavziu J2EE fiflduula ByteCode vasnanafildanlusunsunwandn [Susu



=
Web Server Software/Database Software
= oS
u -

Operating System Operating System
" HTTP Request HTTP Request
L
@/
HTTP Response HTTF Response
Client Computer Web/Database Server

Ul 2.6 dulsznouszwinsilegldan uazils Server (Roongroj, 2016)

Ausenndindululagiuuseneuldmenisianureanaluladeneg  wnunelddnasdud
TUswnsuuannandy, Hudinnes (Web Server), Hu@sniaszensias (Web Sever Software),
giudaya (Database), Huwsiiwes (Web browser) wagdue dausazdrufaziniifinaznisianui
wanensiueenly awnsawenadiulsznauvesnmsiauvesuienndinduseniduaesdiundng fe
walulaBilsdldann uazmaluladils Server faguit 2.6

2.5 PHP

PHP (PHP Hypertext Preprocessor) %38 Personal Home Page Tool A1 AauiLaes
9N scripting language mma‘hwaﬂﬁﬁﬁaﬁmﬂazl,ﬁuagujiulw&ﬁﬁaﬂ’jﬂ script waztalgauses
ofufuUsYnAds fogrsesnwiansuiidu Javascript, Perl Wusiu dnwnizres PHP Aupnsns
PnMwaRsUsLuLdug Ao PHP ldsumsianuazesnuuun ieldnulunisadsenaisiuy
HTML Tneanunsadeaunsnrseudluiomlalnesmluf® suuSindin PHP Hunwiidend
server-side %38 HTML-embedded scripting language ﬁ?uﬁaslwqﬂs] afinouilirdesmaufinmesds
Tusnaduiudsmies (Web Server) agdwniniumafidousae PHP axvinsuseanananusds
fiftogliasadoron udSerosdmadnsdlinduin wadwsildtuifotumatigninduin foldi
PHP \Juiedesilofiddauianiafitneliisnaninsaadns Dynamic Web pages (Suinadifinisidnau
fugld) IfoghaiussAvBnmuasiignidusniy (aunsvase, 2545)

« $_SESSION : Tolunisuszniemiduys

« Echo : Tlun1sihanunansludiuuumnsiu

» Button : ldlunsa$rsdunauumniiniu

Action : Tlun13fiuANUndIINNinIsnsEyIntue wa

« mysql_connect : ldlunmsigeuseiugiutoya

'
A 1

« mysql_select_db : Tdlunmsszynegvestoyaiaviouste lugiudeya

u

mysal_query : TglunisiFenldauniy SQL unldeululwgd PHP
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- mysql_fetch_array : Ilunisiseniheiiinainguteyaunldau
2.6 phpMyAdmin

phpMyAdmin #e Tusunsufignitamnlaeldnen PHP ieldlunisuimsdanisgiudeya
MysalL unun1sageds ieaningrudeyadidu MysoL axfinnugeeinlunisldau dafu Jed
Lﬂ‘%"aﬂﬁaiumﬁm'ﬁgwm’faa@ MySQL Fusnitel#anunsadnnis DBMS 7l MysaL lédreouas
avnan 1ng phpMyAdmin uedessievdandslunisdanisuazsifudrusouszaiuiiadralngniw
PHP Fslddmnsgrudeya MySQL siuduiusilses Tasannsaflazvinisairsgiuteyall viesi
mMsasannssing warddifleituilddmsunismaaeunis query Uoyarien1w1 SQL w¥euiuth &
a11150%1n15 insert delete update wiousinseiisld Ardasiney wileusufunsldniw saL Tunns
a¥1ams1edoya phpMyAdmin 1ulusunsuuszian MySQL Client faudleildlunisdnnisteya
MySQL drutiuiusifiees 1elnenses phpMyAdmin §atiagyineruuy Web server 1w PHP
Application ﬁi%’muau%’@mi MySQL Server AMUAI1130U89 phpMyAdmin 79

1. afuazauguteya (Database)

2. @519UazdnNITANTN LU WnsSn au wAly

3. Waawindlldidnluiududeyalunisisld

4. muaagUsIBMAs SQL (Tayn, 2553)

2.7 ssuumsdanmisgiudaya

szuudantsgiutoa (DBMS) Usgnaudegensuasiflilumsdanisgiudeya, dnwdeudiui
Tunsifiv, nsdndls, szuudnwenudaende, drsesioya LarAIEAINAZAINDUY SEuUdanis
grudeyaanunsauvvuiangldniunuudtasagiudeya (Database model) fiatfuayu o1fidu
wuUTaeudedEuuS (Relational model) 38 grudeya XML 1udu wuwnulszsnnvesneufimes
flatfuayu 017l server cluster vide Insdnyinnm Wudu wsmudszanvesauasunuiildly
n1sidnfagiuteya 019 WU Mwiaeun1Nllielasiaine v3e XQuery wiinmuuszansainlunng
trade-offs 817iLtu vuniilvgigavie Anuiagean 3o dus 1udu luuns DBMS avaseuagy
s milesvanavy 1wy aduayuawasunaldivatsq A sndegiau lu DBMS fiflesldns
819U WINA18 MySQL, PostgreSQL, Microsoft Access, SQL Server, FileMaker, Oracle, Sybase,
dBASE, Clipper, FoxPro 514‘] Iuﬂqﬂ"‘] snaWﬁmeg']m’J’a;ﬂa%ﬁ Open Database Connectivity (ODBC)
driver 1l¥isne tteeyaaliigudoyamunsavhauimfugudeyauuudug 1a

2.8 szuumsdnnisgrudeya MysQL
MySQL fig s¥uudan1sgudeyaifisduius (Ralational Database Management System)

Taeldn1wl SQL wiin MysQL Wuganduislewmugesa uwaunnsteanagendnily Inedinnswaun
nelausen MySQL AB Tudssinmaiiau laednnis MySQL nsluwuuildns wazwuuildludegsia
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2.8.1 Ussnnisdaiudaua (Database Storage Engine) fiatiuayu

- MyISAM a1Unf (default)

- InnoDB afuayuNsY N5 1uMATA (transaction) WUy ACID

- Memory n1sdaAvlumiieainud Wluasedaasafiennuasainuazsinga
idesmnifulflumbeaud ilitianudlunisinugann

- Merge 1Jun133au Table nane? dlunansua wioudly wdoududoyasnn Table
\Aie

- Archive isngdmdunisdaiudeyanin log file, Toyaiilsifosiinisfad (query)
wioldues g log file, ileUseloviilunisnsisaeudounds (Security Audit
Information)

- Federated dv3unisdaiunuudanema (remote server) unuilagidunisdaiiv
wuv local wilou fun1sdaLiu (Storage) LL‘U‘US‘UG}

- NDB dmsun1sdmiuiuu adawmes (cluster)

- sV ifiudeyannn Text file Tnsendeadosmnenansit (comma) iusuvsitas

- Blackhole

- Example
2.8.2 M5l MySQL

MysQL Wuidealdfusnndmiugudogadmiudvled wu {637 uaz phpBB wazdoy
THssamfunuwilusunsy PHP Gainaglddoindug ssituldandiieneufianessneg Avasunis
T MySQL wag PHP maudiulvuenainiuasniwlusunsufiamisaiinusutugiudoya
MySQL B3523fsn1918 Fwdanda Urana §9715U Mw19191 Awiisa fead limeu 53 waz
mwduldauniiu APl dmiulusunsuiifndenu ODBC wie druideudefiun1widu (database
connector) LU LoLeai a@unsaisentd MySQL un1a MyODBC, ADO, ADO.NET tudu (Ugya,
2553)

2.8.3 Wsunsudaglumsianisgrudeyauasrinauiugudeya

lun1sdanisgrudeya MysQL Asa1u1saldlusunsuuuy command-line 1 danas
giudoya (eeldenda: mysql wag mysaladmin Wudu) wse agailvanlusunsudanisgiudoya
GUI :nndulesiues MySQL Famalusungs: MySQL Administrator wag MySQL Query Browser {usiu

2.8.4 @2 YaNABNUNTINRIUIDY (database connector)

diunifnsie (interface) Witowonsanunwlunisimundue) e lidndeflsddunisyinauiu
giudoya MySQL léiwu ODBC (Open Database Connector) Suiluninsgiunansiinvuau el
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T duazmulunisdeusetulusunsundessuudug wu MyoDBC sululasnesiiolddmiunis
Feusieluszuy UfTRNTIUAT JDBC Amnadudioudadmiu Java tisldlunisindeiu MysQL
wazdl APl (Application Programming Interface) sineq) fldonldunnunelunsiidnds MysaL Tae
lajﬁuaaujﬁ’ummmiﬁwuﬂmmwmﬁq uenniloan fideusefun1wdu (Connector) Alsna
suda 898l AP fiaduayuluvnedl Ao

~ DB dwiunsidieusatiuniu perl

- Ruby dwisunisideusefiunw ruby

- Python dwsun1sideusiafiun1w python

- NET dwifunsideuuniw NET framework

- MySQL++ dmsuideusdefiuniw C++

- Ch dmsunsilieusiadiu Ch (C/C++ interpreter)

- PHP dmisun1sideusiafuniw PHP

wazdaillusunsudnsniidulusunsuuinsiaunlaegliuinnsdu dddtusgrsunivarouas
feudeuluneierdt Wuldsunsuduwenndindude “phpMyAdmin”

2.9 1Uswnsu Arduino IDE

TuUsunsu Arduino IDE Sdefininlusunsuiléifounw@ly fe Wuvewduasiignesnuuy
uuiteldmiulinumudivueialulasaeulnsaaoiengdlulasions Gamihavedlusunsuiiiy
wiloulsunsuililunsdeunuvmliuasldnnadunwildlunsideu Source Code Fsagd
iumnsnsnnlusunsuilfifounnddun fe axligawiusgiilerdou Source Code vaslusunsa
:a59ud7 TWsknsa Arduino IDE tuansnsadwlvan Source Code Tuiiwhuainlalasaoulnsaiaaslé
Mufiariisalusunsudadl Compiler Tushdsanunsanuldegrssimininlusunsuniwding
fhegnalusunsudsgui 2.7



& sketch_dec18a | Arduino 185 — m] x
File Edit Sketch Tools Help

sketch_dec18a

Izclcl setup() {
/f put your setup code here, to run once:

I3

void loop() {
// put your main code here, to run repeatedly:

sUf 2.7 TUsunsy Arduino IDE

Y

2.10 Jswnsu Keil uVision5

faNAuIs Keil MDK-ARM (Microcontroller Development Kit) Julusunsudivseneudag
ARM compilation tools @wsuaesulnalan C/C++ way Keil uVision ¥iutin#iiu IDE (Intergrated
Development Environment) uanainuudalasiulausnswazszuuliinisiiaiass (RTX Real-

13

Time Operating System) 1318 udaidond miuniswauilusunsussuvanssnailafiiid
lulasnoulnsamefiuninsyszanana sorduridldldtululasaoulnsaiaeinarenszga iy
ARM7TDMI, Cortex-M series 1usu usfidedrdnlunisldeam 1wy anunsaneulndldniivuinves
Tusunsulaiiiiu 32 k8 1usiu fegnalusunsusaguil 2.8

2.11 9U7

(Asuguszn wsnuetiug ua LN AU ATeiiiiaueniseanuuugunsaind
Wewdnmelaenisdearsiiuaduingliaedemaiagsin aeadurinud 433 MHz Fea1unse

[

A wision — o X
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

R IRET IR
e | W

PVi5i0n® ) Integrated
Development
I_Env'| ronment

Copyright © 2010-2017 ARM LEd. Al rights reserved. ARMKEIL
roduct is protected by US and international laws Microcartrole tocs

Ee.. [@6.. | OF. [0,

Build Output £y |

3U#1 2.8 Keil uVision5
CUIGERIEN
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wstumeunisvieueeniduaesdiu fo drugunsalulvngiaraunsaignyiey fen15NAaem
swezmshasevesgunsnitiaeniievssesfungaylunslénugunsal Fensfadaaroiniad 3
Snwasio 1. wuase (Vertical Polarzation) 2. w242 (Cross Polarzation) 3. Luausu (Horizontal
Polarzation) Wmaaﬂiﬂﬂqﬂﬂiiﬁuﬁiﬁd’]EJ‘VTWﬂ’]iﬂIG5@EyﬂElﬂ,ﬁqﬂﬂiﬂjﬁl%}Uﬁiyig’]mﬁlui%Ew%\‘iLLGi 50 LUAT
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(UFIV WAUDSY A 11387 Aednaug) MuiTeitiausiiesiunuuszuulaatuniswdn
nag ﬁ?fqaﬂ%”lmimﬂauimaLaaﬂumsmuaumsv‘hmuﬁwﬁﬂmaa%’u—eiﬁzyq;m%wq TRW-24G g
Avufl 2.4 GHz Tay TRW-24G Sulugauszinm Transceiver annsavimihiduldisiu uasdds
Tushifeafulunsioasiaefinsuegiandyaauuy GFSK (Gaussian frequency-shift keying) Tne
Iumi’e]@ﬂLLUU‘ﬂENﬁ’UGWWiwﬁﬂﬁaﬂﬁuiﬁaﬂﬁﬂﬁuﬂiﬁﬁﬁ’aLLEJ"ZJ"WEJ (Master) kazfiagning (Slave) laglv
faapsihetuinisiadedeasiusgnasniaaiuuy Half- Duplex Imaumﬁuaqammwaamuw Tl
AUAZYILIANU szﬂusummmm'ﬁaqammmuummsaammemmyaﬂmmwaunmL‘wa'ﬁaawmm
AEUNAUAINN RN TITa mnldSudyyraiunaissuuasiioi “1uaaﬂuaﬂiwauaami” WenIN
Lildsudyarameundu lddinsdumenuduideniodgnitedniy sxiedndunisvianisinse
yiieaguli “senuenszerdoms” sruvasinafeuiiieglusuviaaiosusidne wasdioglu
fumaeiosgning semsudadeusiiudilng Buzzer LLasmﬂ‘ﬁq@J’ﬁwmmmﬁmﬁ%mﬁﬂﬁﬂ
ﬂ%y’ﬂu'ﬁaumiﬁaé’iyimmﬂ%y’wialmé’zyﬂmaauﬁ%ﬁuaq nnsnageusruudesiunisndnnaiu
wuiluildwdeaansaiszozudadoulsiodvegiuszana 86 wns uazszUUANNTANINTULY
deuldauunldiidefiawain dwunismaasdluiiufisniiv wailldusngii szegnisudafioud
wnliuanasegradiulidaudszazudaionsilddunssmeiulunusunuadiinaaey

1MsnuiteiFesiiisatestunisfauigunsaiudafewfnndanasuinumenia

ansniuyszndldauluniseeniuuiasiaudiuvesnskinion Jumngdmiuiuiiau
uazeandnuurveInuiafouvesszuuliauysaielu
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aundnann agdddininensvesgunsalinmilildnatlunmsuanadumannaniluse
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wazvanetauUsEidhveseUnsalindadmiuiiniiiensivdeunugniesvesteyaiigndadiun ud
Swlvandeyaigunsaiaanigulsisuaingunsaldaddmiuiinluiulilussuugudeya wagludu
vesdunenndiadu axfudmildlunsuansuadoyaiuniegunsalasidmsudin dsnsidnd
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@0"""0/' aunstliamisiu

JUT 3.1 2 MNSITBITEUUNISHAAAOUANNANTAIUS I B
3.1 n1seanuuUsTUULdLfeuAnnaavasUSIMYIENIA

Tulassnuiannsautsnmsesnuuuldsid
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- MsmELYRIRUNTlNALIE
- myeenuuuskazimwIdwTeiuLennEedy
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3.1.1 n1seanuuUkazNaudIuvasaUnsalaantigy
3.1.1.1 MIPDNULUVLATRAINIENSALISHIUYasgUNTalannligIu

n1seanuuuLaziLansawIsludInretgunsalanniigiu lnesiuaziluniseenuuues
walulaBugyondsnus uazmelulad LoRa wWhdheiu wazanunsavihnusuiululasaeulnsaiaes
I¢penaiiszavsnmasanmmnzautumsldnululassd

ﬂ’]iE]E]ﬂLL‘U‘ULL@%W@NH’]@W%@LL’Jﬁuﬁ’JuﬁLﬁuwﬁ@@ﬂLLUU%HLWE]I%&’]HW]E%UFi’]‘l’J’EJJJUaGT’]LL‘VI‘LN
ngunsaifadadmiuidin Tnsarszuusumisiioguasigunssisuiamn siavlsesdmosigunsal
Aaadmiuiin uazazdidoyatignnseadsludgunsalinandlagldnisunsnszaneniuivesnauing
Tassasavdnueseunsalaniigiuansnsaudseanldiiu 2 dumdng fgui 3.4

“ Bluetooth low energy

(NRF52832 )

UART
Microcontroller
{ Atmega 328p AU )

SH
“ LoRa technology

Power Supply

(SX1278)

3UN 3.2 Tassadeensauasaunsalaniigiu

(1.) unasdelufinnszuanss (DC Power Supply)

wigsslilihnszuansdulassnuiiazduliiinsyuaaduauin 24 Tad 91nunassne
nszualniihniouen 9nduszyhnismsuasussiuliiinssuaaduliduunasdolnliinssuanss
yunn 5 Tadt 1osanluga nif52832 wag LoRa Chip THussfuluii 3.3 Taad Safeauvasnszudlyiin
910 5 Taas Tidu 3.3 Taad 1aeld IC Voltage Regulator LM1117 Tunisudasnszualniiann 5 1ad

T0u 3.3 Taad faguil 3.3

sy Ul LMILI7TMPX 3v3

=]
IN = OUT
(]

C5 ) | L

GND GND

UM 3.3 299suUaaunasiy
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Tulpssnuiavesnuuuisasundsiussiuliindmiugunsalaniigu Tnefivinisieu
LUU Switching power supply seenuuunniieldnudidnnsednd iuuvasiielalilvidugunsal
#1499 uazansaiUAsuLsstulan N spuaaduusafugelidulnssuansansedusinle fagui 3.6
FeazUszneusng Hasilawmesuazisniliiens imihiuawssiulnszuaadudulinszuansanou
nesimesvimihiiuvaslrinsaduliaduauiguazuvandudulrinsadaadi wazasasnuaui
i firuunsharesneunedines elildussiuednmnnsionis
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CEOORERERRIARRADAIIN

JUN 3.6 193sunasdrgliiihdmsugunsalanniigiu

(2.) gunsalanniigu

uaaangunsalindidmiu

n1seenkuUkariauIgUnIalaniiigiu wielvianunsaSudayey
NUN1TUsTUIANALAY LU

winwaziavesteyailisuuUssuanaiionsesdeyaneudidoya
gunsalinead Tnganunsowdanisesnuuueendu 3 dusil

(2.1) dmveinsiudsdayamemnalulagugnondanus

wé’ﬂmiaaﬂLLUU’LuﬁWﬁ%ﬁﬂM%ﬂmsaaﬂLLUUU@%@UQVJﬁwé’NWﬁWﬁ’]L%f\]gﬂ NRF52
Development Kit ﬁqmﬂ’@um%ﬂmau’%ﬁm Nordic Semiconductor fiaunsayiausuiuiu Arduino
Uno Revision 3 Lagaiu1sanmuis1ulusunsunie Nordic Software Development Tool Taeld
TUsunsu Keil, IAR wag GCC dmdunisadiedunuunaznisiauiegrenniivulausissonduasd
vainvane delyavenduiifedislidenldiuain nRF5 SDK ilesesfutenmaiadu Bluetooth
Smart, ANTwaz 2.4 GHz Inglulasearuitinendauves Chip nRF52832 1nwmu1Las0enwuy
gUnsnlaniigrudagud 3.7

L AL L L L AN LA N
> B0 00000 ROSNNN.

gﬂﬁ 3.7 nRF52 Development Kit (Nordic, 2017)
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(2.2) drumsiudateyanisimnalulag LoRa

nssudesutoyamemalulad LoRa 1Wunisivdstoyanngunsalanidgiuludegunsaling
¢ Feagld Chip 51278 Ainneludl IC RFM9sW Fadiulednisdeansifanesserlna fivimihilunis
Sudsdoya Tnsldnisuninszareainuinduingfininud 915 MHz uazdvuraidn Tdndssus
annsasudeyasmeaiulininndt 137 dBm Samnzandmivanunenwitaduiuy M2M Tag
Tassanull REMOSW axidoudefululasnoulnsameideazdstoyasenineiuiumg spl lag
RFMO5W agvimthilmilougunsal SPL Slave daulsilasaoulnsiaosazviminimiougunsal Spl
Master wagazivundunglunisdioyarasssuumedyyinuiim

Ul 3.9 SX1278 (Digikey, 2017)

Tnsn1seonuuuuazimuiludiuiasfnuiainnisesnuuuuesa LoRa shield for Arduino
du3a3u fignosnuuulaguium Dragino iugunsaliudsdeyaszozlnaluguuuy Arduino shield
form factor and based fin1sWmuIA1ulUTWATULUY Open Source UasAun1ssunIuaIndeyg i
ruyengs dnsldndsnuiion uazldnduanuilunisdeans 3 6rumnuiifie 433 MHz/ 868 MHz/
915 MHz Tnggnrrmuaainlssnuuiioviosuda delulassaudaglderuaiud 915 MHz uay
a1u15014971u52u U Arduino Leonaedo, Uno, Mega, Due 3aununsiazinunlalunisimuins
ponuuuaunsalanifign é’agﬂﬁ 3.10

D) oveano

IOREF  Lora Shield vi2

-
‘a
b

SUL
NC

gﬂﬁ 3.10 LoRa shield for Arduino (Dragino, 2017)
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2.3) lulasmeulnsaiass

lmiﬂiﬂauimaLaaimlmiﬂﬁﬂauiml,aaiﬁiﬂumiﬂivmama‘lmwﬂuuﬁ]ﬂ,% IC ATmega328p-
AU szNLﬂulmimﬂauimt,aasmwma AVR ifin1sWauaiuy Open Source :m’rimmwasuauammu
g15ALISILATYONALIS mgjﬂaamwwﬂﬂﬂmﬂmw ‘«NL%N’]%&’M?UQL?MﬁﬂM’] wazdiauTaNAIUIAe
sanasivadandelusunsuseld Tngldlusunsy Arduino IDE Tunsileulusunsudilédmiunns
AIUANNITINULAEMIUSEIIaNaTRYA ﬁqgﬂﬁ 3.12

Ul 3.12 Atmega328p-AU (Digikey, 2017)

I3 =

Tngniseenuuuiazinuludiuiazf@nyiannisesniuuuesa Arduino UNO @15y &

Huvedalulasaoulnsalnsiaesiivinauuuiiugiu ATmega328 Tngueasn Arduino UNO fiiiynasd
Beselulasreulnsaans wWu masolidssannsarldisnmsdouseadiu USB cable wiadnelw
#1e AC-DC adapter w3an1slduumned waziinnuuand1sa1nuesaves Arduino e laedi UNO
lail@ld FTDI USB-to-serial deiver chilp ufazd ATmegal6U Wiundulusunsunyas USB-to-serial
Snitadfaseedures NRF52 Development Kit way LoRa shield for Arduino 3atnsnzauiiaginun

Wawnudunvhnsyssaanansinuvesgunsalaniiigiu dagun 3.13

5Ul 3.13 Arduino UNO (Arduino, 2017)
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MnmsfnwdeyaniseenuuuTasUeia 3 vada aunsathuildluniseonuutiag e
gunsnlannflgililag IC Atmega328p-AU Fadululasneulnsaiaesiltlunsuszsnanaiivimiin i
Fudeyaann nRF52832 Module NIUYBIN19n15808715 UART (Universal Asynchronous Receiver
Transmitter) iun1sdoanstoyanuvoynsulugluuuesdslasia (Asynchronous) dadunisdeans
WUy Full Duplex anansasuuazdsdayalunanieiiu Inglidedddyyrauinundudiiivun
Jemgnisiudedeya oIS RIS uRazde i AufusisTunasileds usinng
doansuuvesdalasifa (Asynchronous) flemaiiteyasrgapmevardsteyaldunnninseasuuy
@3lasda (Synchronous) LﬁalﬂmﬂauimLaaﬂé’%’u%’a%aﬂm nRF52832 Module Wa2%1n15
mnaaummaﬂﬁaa%’auaﬁlﬁ% neuagasluludiuues LoRa Chip SX1278 Tnglulaspoulnsiassay
\ousiafiu LoRa Chip SX1278 uavdsteyaruma SPI (Serial Peripheral Interface)nJmﬁmiaami
i‘ULL‘UU‘Mm misﬁumimmaaamsﬂuaﬂﬂm feghatu waumes ndosnieU inTesaunuiued uay
due Snunane faufinnisdeansves USB Afiiladdunisviauiinirandy Lmeiaamﬂugﬂqu SPI i
Fagnldautusgluvraenmaindu lnslulasreulnsiassagsimihiivssaanadeyaildiuan
NRF52832 Module lU# LoRa Chip SX1278 Apudadoyailaiuludeeunsalinand feisnnsly
unsnszaneeLiRaLIng 915 MHz

wamiﬁﬂ‘maaﬂLLUUU@%@?’WL%@];%J nRF52 Development Kit, LoRa shield for Arduino Lag
Arduino UNO  anansadsnldluniseenwuusesimundugunsaliaaiiigiuliaunsainusuiulg
Tuvedaifen weusgndasunulunisndn uazUszudaolunisoonuuuliidnas iilelivanzas
dmsunsilldnudugunsalanndguldfeguil 3.15-3.19
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A bl b o ol Ll L

PP

JUN 3.19 nseanwuussanaivesaunsalanniigu
(2.4) edrygyed

Tuiﬂimwf%ﬁmﬁzgzmmagi 2 wuu el
(2.8.1) ndayapauaud 2.4 GHz
iendryaaunduaud 2.4 GHz Lﬂuqﬂﬂsfﬁﬁﬁmﬁwﬁ"lumsmmaé’zy]mpmmé’aqﬂnsaﬁamﬁ
§1u auiuusyansnmlunsiusndyannigunsaifaddmiuinldis ety

gﬂﬁ 3.20 " ”q;zymﬂ?iumm?i 2.4 GHz (Digikey, 2017)
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=

(2.4.2) LﬁﬁﬁﬂJﬁlﬂﬂJﬂﬁﬂﬂﬁuﬁ 915 MHz

(A7)
'

a

ndyanandunnud 915 MHz Wugunsalivihwihitlunmsvenedyaavesiigunsalaand
g1 Weiiudseanslunisdedoyaludsaunsalinaaglamayu

gﬂ*ﬁ 3.21 @ ”ﬁgiyﬂiuﬂﬁlummﬁ 915 MHz (Digikey, 2017)
(2.5) nmseenuuundedldgunsalaniilgy

nseenkuunaedtdgunsalanniignulvdanumanzandmiumsldaunieuenains lag
aeonuuuliiianuiinge WetestunannnuaziduiinelfAnaudsmefusgunsaianisiu
wazeonuuuliiidesdmiuiniandyaauinuneuen Wielfinussanannsianuvesgunsel
annflgiu faguit 3.22 fis 3Ui 3.24

3U# 3.22 nseenwuunadesldgunsalaniigiumielusunsy sketch up
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UM 3.23 niseenuuundesldgunsalaniilgiu

3U# 3.24 nseenuuundesldgunsalaniigiu

3.1.1.2 M3eanuUULasNRIYanAwITauvasgUnsalannligiu

msoenuuumazianweniufluduvesgUnsalaanigiu ssdunsiaunlusunsuildly
n3mvAL wiedanisdoya iledanisddunisinauvesgunsalenauiianiigiu wasiile
UsyAvsnnlunisvhauvesihgunsal Inedunounisauresdusunsuas@uanmstmunsirie
93 Chip nRF52832 fmundnsinssudeyauazimustinanlunsiensefugunsalasadmsy
WnmnfinisiensiefugunsaldndadviuiinazSunmsiudoyaainynsalfnsdmiuiindeuds
Foyaiilasuludidlulasaoulnsaiaesifievinnisuszanadeyadsguil 3.25 way JUfl 3.26
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Pnmshnuredusinsaludiuvesgunsalannigiudiunmssuteyaangunsaliaddmsu
Winlagddunisvinauveslsunsy 3uannisimuaAiufuie Avuanesanisidouse
lulasmeulnsaiaeifiu Chip nRF52832 uazfmundnsnisiudsdeya At duaizusulunisden
nsvha Mnuasdudunmsinuiiesudeyainangunsaifadadmiudauin uazihesdayaluds
lulasmeulvsaiaes ATMEGA328P-AU Lwammiﬂssmawamawaga‘mlm‘umﬂ Chip nRF52833 Lile
dedioyaluss RFM9SW antuasfunsinnuredusunsiludiuoynsaianiignudiunsussuona
Yoyaneudslugunsalinadlasardunisvitauveslusunsuisuainnisivuanesnnisidense
lLulasaeulvsamesiu Chip RFM9SW wéh3msiadevanunisaideuselulasnoulnsaaesiu Chip
RFM95W mnideusedisaagdosimunanuilunisldaunagmianailunisdsdoyalsiiu Chip
RFMO5W ndsanndilulasneulnsatasfinnisnsesdeyafidndulunisszysiuvisvesgunsaifng
dmsuiin whisdedeyaludsaunsalinang fagui 3.26
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3.1.2 mMsnawdIuvesgunIalinaad

msimunludruvesgunsalinaing Wunsiamitelildaulunsiuddeya 9ngunsal
annfigiu Wlevinisnsaaeusugniesestoyaiilésu udrTwinsdnlnantuluifivllussu
grudoya nouideyalulflunisuansualudiurosivuenndiadu tnglulasinisiazld Lora
Gateway AARTWIAEUSM Dragino é’ngﬂﬁ 3.27

g‘dﬁ 3.27 LoRa Gateway (Tindie, 2017)

LoRa Gateway Junmadfiaunsaiiouseiniatianisdearsuuulians LoRa Wiy
\nTovnBumesiinsuteang WiFi, Ethemet, 3G wie 4G wazdudugunsaiinandifiniswamn
LUU Oper Source Lad35043U Arduino IDE FawmsngdmiugBuldnu mszitesensudlonie
Wangeraws Timungaudmsunislaanu

JUN 3.28 lassafanngluresgunsalingiag

Tassatrameluves LoRa Getaway @unsautseandiu 3 daumdn feil
1. lulaspeulnsaiaes
lulasaoulnsataodfldlugunsaiinmiag Ao IC ATmega328p-AU Fa1du
lulnsroulnsaimes Aifin1swauuuy Open Source fnsdawmetayaiduansaursuassondus
Fegnoonuuuaildiuie TunnedwiudBufnw uardianusoiaudesontisfveinnie
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Tsunsudels Inegldlusunsu Arduino IDE lundeulusunsuiilédmiunismuaunisinauuay
nsUsEIaNatoya

IC Atmega328p-AU Lulilasasulnsataefililunisuszunana Mideuseegiu LoRa
Wireless Module $X1278 Tagldnisdearsniaunis SPI (Serial Peripheral Interface) R
lulasaeulnsataesazyiminfizuteyasn LoRa Wireless Module SX1278 fignunaingunsaiannil
§1u Llensaaoumugnisvestoyaiilisy

Tulasmoulnsaiaesdaudousaiu Dragino HE Linux Module Kugesnisnisdedans Sl
(Serial Peripheral Interface) #38 UART (Universal Asynchronous Receiver Transmitter) lne
Lulaseulnsiaesazvinviinisuuazdsdoyafistusening Dragino HE Linux Module titeldlunns
\Fousiofuinietnedumesidn fagui 3.29

LGO01 System Overview:

Dragino HE Linux Module

micro-controller CPU 400M Mips CPU
ATMega328P DDR: 64MB

Flash:16MB

USB Hub
Lora Wireless

Ul 3.29 leezunsulassaiianieluves LoRa Gateway (Tindie, 2017)

2. Chip SX1278
Tugunsalinandlfidu Chip sx1278 finngludl IC REMOSW Faidulednsdeanslians
sverlna vhuihilunisiudedeya Tnsldnisunsnszanemnuinduingiinnud 915 MHz wasdl
yuradn Mndanusi mnzaudmivanuuenndiadunuu M2M Tag RFMO5W azideusia iy
lulasreulnsaiaesdsazdedoyaseninafiuriiuma Pl Tas RFMOSW agsimthilvilougunsal SPL
Slave dhulslasnoulnsalaesazyimihimilougunsal SPI Master wazazivundamelunisdstoya
YDITFUUMBF Y IUIRN



3. Dragino HE Linux Module Dragino HE

36

Wusruuiiiniieuszanananans (Central Processing Unit : CPU) A usuan
(Random Access Memory : RAM) niaua11us81uas (Flash memory) fifin1sWaiawuy Open
Source Linux System @sl#d1adanisuilandatiimuivenduisliiannumuizandimsy
neUnaleduresmuLes lagsesdu 150 Mbps 2.4G WiFi daudusasuiilumsivdsteyavonnieniels
a1y uagosfuiheviheu saufu IEEE 802,11 Fadusmsgiunsviinuvesssuuiadetenisdeansly
e AU Foald ilefiazviinig Weulesgunsalindeunslimerthdefuuusyuu uay Dragino
HE anansadieusiarfu Ethernet, USB, UART waz GPIO (General Purpose Input/Output) téunnane

FJuungAunsIFauau 1oT (Internet of Things) (Eric Brown, 2017)

Dragino HE Linux Module azt@ausnonululasneulnsaiansaiuniamasa SPI viienasn
UART wite Susazdadeyaiusenineda Dragino HE Linux Module fululaspaulnsaiaes iilaigeusie
ety Bumesile Jsagldsninandoyatuluinulivussuugudeyaiingldlunsuanmauuiv

LOWNALATU

Failsafe
Button
Dragino HE

maodule

Arduino
Leonardo,
UND,

3‘1]17; 3.31 lneyunsuwes Dragino HE Linux (Tindie, 2017)
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3.1.2.1 mswaugandAwIsauvasgunsalinag

nseonuuULaziaLmendLfluduvesgunsalinand axlunsiaunlusunsuitldlunsg
muANTEedININsBeusefusz VU LTeYa edwunisvhauesgUnsalinag uaziilolile
fFoyafiisanosionisszyusumisiosgunsaifndiduiudn Tasddunounsiinuresdusunsy &
Ul 3.32
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ndamahamedlusunsuduesgunsaiinaig anfuittuneuntsiinuredusunsy
BunMIsHmURRENAUR1Y LagdasnnsiudsteyaildlunisinuadSudulunisifeuse
sewindlulasaeulnsaiaesiu Dragino HE Linux wénsiadevaniuniseiideuselulasaeulnsaaes
U RFMO5W dsanndinsideusoazsefnuaiivuaniudildlunisdearsnisfudadoyaliiu
RFM95W 21ndusinisnsiadevaniugvasdoyadl REMOSW amnsniuld mndoyadl RFMOSW
anunsaduld lulasreulnsaaesarauadeyatuuarfnnisdeyaillasu Tnsnisnsesdoyatidonis
ponuldiu Fsdndudedinisnsestoyalagldileridu substring Lﬁaﬁﬁﬂ’liLLﬁJﬂ%@yaﬁLﬁﬁaﬂﬂ’ﬁ
nduadenlditeidu send data Abuilerdulunisdsoyafiiiumsnsesudaludsssuugudoya
el flunsuanstoyasuwmisesgunsalfinddmiudiniuiuuewndindy

ns3enileddu send data iunsideusegunsalinandiugudoya mafdavinlassenld
muwddlunadeulusunsuildlunsidousie msoonuuumieniludiueslsunsy a §invi
TasanulsoonuuuliiinsSenltlavsivesdrd dadulavsiildnelumadousetugudeyauuy
MySOL uagn1svineuveslusunsuifoninirafifulsuuvanisfiegluon it Amualfdsly
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3.1.3 N1599NUUUEIUVBUIVLENNALATY

nseonuuvludiuveaiuuenndiadu {imidesnisesnuuuiivuonndiady gl
ansaldnuivieundindudiilade liflanududeunnniin Inegldauazaunsadldnusmein
nsammgLdou egdoyaangiudoys Weldnuasagldannsnsenanssuuldoisine Tneansly
nsuifedoyasiieg veaniseenuuuiuwe nmalnduutsesniiu 2 fe fauaszuuuazldanu fgui
3.34

g5y

DOAYINTEUY
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LaTEUY \./ HlgnusEUU
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&

Adaya
auiiays

nsandaya

E‘Uﬁ 3.34 Use Case Diagram YR TULONNALATY

91n3U71 3.37 Use Case Diagram vaasiusonndindu uansuuuninilduansd@unounis
INUNEAYYDITLUU MIBUAAINTNTRAUNTEUUALABIUUR Lilenauauaswiednseiisaszuy
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3.1.3.1 User Case n1stdgszuy

- Primary Actor: §auassuy w3eyldauseuy

- Stakeholders and Interests: Hauaszuy visegldnuiluldnussuuldegrgnsias
I3

- Precondition: Jauaseuy 30k bde1uTEUUAell Username wag Password nau
vievhmsdendu (Login) lihdszuu

- Postcondition: #auaszuy wiegldiuszuudendu (Login) wWildauluszuuld
d159

- Main Success Scenario:
1. gldanuszuuinsevesu Username Uag Password 9MNEQUATYUY
2. fawaszuuliivoya Username wa Password wigldaussuy
3. dlduszuuriinisdendu (Login) svuulaenisld Username wag Password

Y
%

- ifoya Username uag Password gnaes gldeuszuuisazanunsaldauly
syuuldidusa
- fdaya Username way Password hignsias fldauszuuludnsierauassuy

GUE]%’U Username Wwag Password

JUT 3.35 msepnwuuntilanmavediukenndndu
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Sign in

Ul 3.36 mseanuuumi&endu
3.1.3.2 Use Case N13589N31N52UY
- Primary Actor: §auassuy w3eyldauszuy
- Stakeholders and Interests: fauaszuu visaRl¥U08NIINTLUY
- Precondition: §auaszuu w3eldeuszuusiesdl Username Uag Password fiau
dievhmsaendu (Login) lihdszuu
- Postcondition: §puaszuu wiedldsuszuuanunsadonio (Logout) 3nszuuls
- Main Success Scenario:
1. dauaszuu viseflduussuuyinisiondu (Login) 1ihdszuuneudaranunsald
ulel
2. fauaszuy visedldnussuvansavitnisesnanszuula

3.1.3.3 Use Case msawziley

- Primary Actor: §auassuu w3egldanussuy
- Stakeholders and Interests: HauaTEUY IBRlTUTEUUAMELTE
- Precondition: é@LLﬁ‘i%‘U‘U M‘%E}f}ﬂﬁ?j}\‘i’luiwuﬁmﬁ Username wag Password fiau
Wiievinnnsdendu (Login) Whdsyuy
- Postcondition: §auassuy nsegldnussuvansnamedeula
- Main Success Scenario:
1. gldnussuuindegauassuudmiunsameaideu
2. {ldnuszuunsendeya 1wy Jo-ana ety weslnsdm
3. gldnuszuunsendeyadusalasu Username uag Password
4. Fldnuszuuinmsiendu (Login) Whgszuuneudazansaldauld
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3.1.3.4 Use Case m‘JQLLNuﬁ

Primary Actor: fauaszuu visegldanussuy

Stakeholders and Interests: HAWasEUU M5oRLFNUTEUUADINITAUHUT

\evinisiendu (Login) Whgssuy
- Postcondition: §auaszuy seldnuszuvaunsaldnuniaguauila

Main Success Scenario:

Precondition: HAwasyuy w3eKldausEUUABLil Username Wag Password figu
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1. duaszuu visegldvuszuuinisiendu (Login) Whgssuunewdavaunsald
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3.1.3.5 Use Case n139daya

v

- Primary Actor: §auaseuu vivegldaussuy

- Stakeholders and Interests: §AwATEUY Y3BKIIMUsTULABINTATOLA

- Precondition: §auasyuy w3aKldauszuudeddl Userame way Password fniau
Wilevinnsdendu (Login) lidszuu

- Postcondition: §auaszuy vsedldnussuuausagdeyaladnsa

- Main Success Scenario:

1. douaszuu viseRldvuszuuinisiendu (Login) Whdssuunewdaaunsald

vL v
JMUA
v o = sA'L v o v 1 v
2. AALATEUY NIBHLTINUTZUUAINNUDUAUBIAULDILA
£ = u‘L v o <3 ¢
3. fAuATTUU wserlvusTULYInNNTaeALeM (Logout) 3NNTEUU
Information
HUT:
N The Tide
fun Bakery and Café
% Tee Hut Resort I S=ENLE R &
@!i'\v"L'l ITURLAWEY &
5 TNNLIIUEW LU £
WIAL WK TRYT e
©
wiauLau )
.
%’4 F24T1
r"’)r,/ Faainanin @ e
T
Qovindfa
<
3 Wiy 2 o o4 (=]
7, TIMAAN VIILEU,
%, ) -
soyaunud 82017 Google g L .
Lat Lng: Tuvin
History
[AGA Signel 1 Signel 2 Signel 3 Time s‘mﬁ FECETY) andAIn
362E -9 -83 2017-12-11 14:28:16 4 13.28815615172022 100.9118740260601
362E -2 -80 2017-12-11 14:27:12 3 13.288142447137473 100.91188039630651
362E -67 -103 2017-12-11 14:26:30 2 13.288100354485598 100.91189816394124
362E -35 -142 2017-12-11 14:25:52 T 1 13.28809121809511 100.911909363329355

JUN 3.39 nihuanamateyaildsuangunsalfiadadmsuiniudiuveadming

3.1.3.6 Use Case nMyaudaya

- Primary Actor: &:JQLLaizuu

- Stakeholders and Interests: §auassuufaINIsautoyalnoggnies ATUTIULAL
lufifoRianain

- Precondition: §auasyuy w3aKldauszuUfeddl Usemname wag Password figu
Wilevinnsdendu (Login) lidszuu

- Postcondition: §auaszuuyinnisaudeyaladnsa
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- Main Success Scenario:

1.

AauaTzuU visegldnuszuuinisiendu (Login) Whgssuunewdsaeaunsold
aula

2. fawaszuuihnisautoyaiiu Jo-ana Jowu waslnsdny
3. {auaszuuyininisdene1v (Logout) 9MN3EUY

3.1.3.7 Use Case M3nsenteya

- Primary Actor: Nalaszuu
Yy

- Stakeholders and Interests: §auaszuuisanIsnsendeyalastiagneies uazla
ToRANAN

- Precondition: Huaseuu visefl¥auszuUdesl Username wag Password figu
wievinisiendu (Login) Whdssuu

- Postcondition: §auaszuuvinnsnsendeyaladisa
- Main Success Scenario:

1.

auaszuu visedldnuszuuinnisiendu (Login) Whdssuunawdaeaunsald
nuld

2. HALASTUUYINNISNSINUDY

U

Y
AwATTULIIIN1SaeAY (Logout) 3NTEUY

e e



uni 4
ANSNANABY
N1500NLUUNINAaRdlUlAT Ut TawUIRRn Y 3 diude
4.1 ASNAABINITINIULENYDEVBITEUY

4.2. MiveaesUsgansnmnisiulardiloyavesgunsnianiigiu
4.3 N1SNAABINITVINNIUNITIEUULAADULANME US89

4.1 NISNAABINISTINTULENGBEVBITZUU
A1INAADINITHENEDBVITLUY WUNIINAABLUBIAUNYITUNITYINIIULUDIAUVDITEUY Wil
ATAIULNOUITOUNNIDIVBIAIUAIIUDIT2UU kagrinsuAlatiialiaruisavitaulaegidl

Usgansnmlaganunsautsnisnaasseenidu 3 Msnaasenail

4.1.1 nsneasInsinuvesrasn g mivaunsalaaniigiu

nsnaaeINsin el dmsugunsalanniigiu ienaaeuisasunasigliii
NTEWERSY 5 1ad waz 3.3 1had lngrgaskrasdnglniinssuanssassunsssulninnseiaaduuuin
24 1380 AIgUN 4.1

CEOOREREHEDRRARDDDADaan

JUN 4.1 193sunasdrglihdwsugunsalaniiigiu



46

Tulassnstasluvaeinglainssnaaduanneuenaun 24 Tad Wfugunsaiannilgu
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wlasusaunszualndiiann 5 Taad Tidu 3.3 Taad Iagld IC Voltage Regulator LM1117

NNMINARDINTIINUEIUNINSYBtUNIalanllg Ty anunsavieuldagndes waganunse
UFurAwsesiuendtugiu 3.3 Taad waz 5 1ad lanuingussasArean1smnasdnisiiauves
wiasdngluihdmsugunsalaniiignu

2

JUN 4.2 Mssignasiievinisnaaeinsvitnuresiasinglihdmsuaunsalaaniigm

4.1.2 MIMINUVBITZUUUYA
° [ - °
NINARBINITNUTBITEUUUGYETUNITNARBUNEATIIAEUNTYINNUYRlIga NRF52832
lngnisinasanmsvinuvesssuuugyslaesaglisanigiuluivdesdyarnugysiavannsald
wonndtatuvulnsdnidedolunisAumdyrgiaugysignudeseanunaindlaniigiu e
nIaAeuUsEAvENINNSYIILYedliga nRF52832
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INNITNAFBUNITINNUVBITTUVUANSTRIRUnIalannignuluga nRF528352 aunsausaes
Truaauugyshe lneni1senumnkenndintuuunsAniaunsaguAnL usesdyyala -58
dBm Falulunuingusyasiuainisneasansinuvedssuuugysaegui 4.4
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JUN 4.4 Aranuusvesdynu Muansuuienndinduuulnsdniiiedo

4.1.3 N15NAABIN1TINUYAY RFMISW vasaunsalanniignu

nsnAaeInyeures REMISW [unsnaaeun1svinaiuaes LoRa Chip SX1278 Lile
nadouNIsTUsIAusEnIslulasreulnsalass ATmega328p-AU Uy itomamnlusunsuildly
msfulazdsteyasevinedeyamenisunsnszaenminauingfiaamd 915 MHz
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NTNAABINITLTOURDAUTENIN LoRa Chip SX1278 fululasaeulnsaiass ATmega328p-
AU H1UMNS SPI @9a3nsansiadeunisilienseldainuaresn1ssulusunsudsgun 4.6

@ COM3 (Arduino/Genuino Uno)

DATAGREM TEST - CLIENT

55 pin:10
int pin:2
int number:0
Inict OK - 915

Ul 4.6 wasnmsidensia LoRa Chip Sx1278 Aulalasneulnsatans

NMIMABINTTIUUAZATBYara LoRa Chip SX1278 ansavilalagnisvaassdardeya
feg lilenageun1siulasdiloyaseninvgunsal lngasimualigunsaliiladamiadusisy
Toya (Sever) wazrmunligunsaldnduludadaya (Client) Snan1siuuazdstoyaazuandagy
7l 4.7-4.8

£% COM4 (Arduino/Genuino Uno) - O *®
send

DATAGRAM TEST - SERVER -

55 pin:l0

int pin:2

int number:0

Init OK - 91SMHz
The following message was received from and acknowledged to CLIENT ID: 2 -»> Hello there!
A reply was sent to and acknowledged by the CLIENT

The following message was received from and acknowledged to CLIENT ID: 2 -» Hello there!
A reply was sent to and acknowledged by the CLIENT

The following message was received from and acknowledged to CLIENT ID: 2 -» Hello there!
A reply was sent to and acknowledged by the CLIENT

JUN 4.7 wa91n1sneaeInisiuteya (Sever) vasgunsal

'@ COM3 (Arduine/Genuine Una) = ] x
Send

DATAGRAM TEST - CLIENT -

55 pin:lo

inc pin:2

inc number:0

Inic O - 915
MHzSending a message to the SEEVER...
Got reply from server ID 1: FROM SERVER: Measage receiwved!

Bending a message to the SERVER...
Got reply from server ID 1: FROM SERVER: Measage receiwved!

Sending a message to the SERVER...
Got reply from server ID 1: FROM SERVER: Message received!

JUT 4.8 naan1snaaein1siuteya (Client) vesgunsal
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4.1.4 N1MARBINTINUYBLEUgUNTalNALE

ManAaeINsTnuvesdaUnsalinaag WWunisnaaainsinulaesinvesaunsalinglag
lngnaasieusedeansivaunsalaniigu

JUN 4.9 nsneaeinsiudwesyasenitsitgunsaianiignuiugunsaiinang

msvnassmThauvesgunsalinad Wunismaaesn1sieuues LoRa Gateway LGO1-S
Fadugunsaiinandiiamnsaidousoinietisliane LoRa fuiadetisduinesidntiunie wiFl,
Fthernet, 3G w3 4G Mimthisudeyaiignawnangunsaianiig Tnensnaaeumssudadeyad
q‘uﬂimamugmimuamqﬂﬂmmmmm‘uwm Lwas[,sﬂumi‘wﬂaaumi‘uawagaiuwmqllﬂm
anrfiguuazeunssiinand ilonsiaaeudeyatigndandszneulusie Annuussvesdyg
sldangunsalaniig aunsalannigmudieuenld :in1smaaasinsdsteyaseritsgunsaianni
gufugunsalinandannsaiunazdsoyasewinetuld faguil 4.10-4.11

‘5:__‘:‘ COMSE (Ardusno/Genwing Uno) - [ m] x

R551 63 SAT=T7 PREC=108

JUN 4.10 Foyangunsalannfigiulasy

9
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send daca done.

got reguest: NODELZ3:F4,base = ]

BS55I: -&3

base =

got request: WODEL23:F4, base = |

send data dons.

got reguest: HODELZ3:Fd,base = 1
RS3I: -5%

base = 1

gend data dons.

got reguest: WODEL23:F4,bass = 1
RS5I: -59

base = 1

send data done.

got request: HODELZ3:Fd,base = 1
E55I: =5%

base = 1

JUN 4.11 Jayangunsalinaadlasu

4.1.5 N5NAa9lYUEIUVDIMTMIULINNALATY
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1. Handuaunuugns

I
19 rtal b/ 16 | * (and also Bactery and Device Information services). T
20 #:include <stdinc.h> 5130 17 | * @ref srviib_conn_params module.
21 tinclude <string.h> b { 18 .

x 22 tinclude “nordic_common.h® 1 18
23  $include "nrf.n® £ 20 #include <atdint.h>
24  #include "epp_error.h® per_bes! 21  #include <string.h>
28 #include “ble.h” ppoct | 22 #include "nordic_common.h"™
26 #:nclude "ble hoi.hn" Matior 23 #:include "arf.n®
37 #include "ble_srv_common.h® 1 24  finclude rror.h®
28 tinclude "ble_advdata.h” 28 #include “ble.h"
29 #include "ble_advertising.h® prs 26 #include “ble_hoi.h"
30 #include "ble yries 27 #include "B)
33 #include "ble_hrs.h"” her. | 28 #include
32 -~ ,.;K | 29 #$:include
33 I #include "app_uart.n® I * 30 #include
34 - - ne 31 #include .
38 #include "bsp.h" 32 #include "ble_dis.h"
36 #include "sensorsim.h® 33 #include "ble_conn_params.h"
37 #include "bap_btn_ble.h® 34 sinclude “Bep.h"
38 tinclude “softdevice handler.n® 38 #include “sensoraim.h®
39 #include "app_timer.h” 36 #include "bsp_btn ble.h"
40 #include "device_masager.h" 37 #include "softdevice_bandler.h®
41 #include "pstorage.h® 38 #include "app_timer.h”
42 #include "app_trace.h” 39 tinclude "device manager.n®
43 #include *scanner_beacon.h® 40 #include "patorage.h®
a4 41 #include “app_trace.h®
4s | 42 #include “scanner_beacon.h™
46  #define IS_SRVC_CHANGED_CHARACT PRESENT o St 42

sUn
Y

Funldilariduly app_uarth

bep_btn_ble.h' cfrdevice_handler.h"
*softdevice handler.h® “app_timer.h®
finclude “app_timer "device_manager.h”

40 tinclude “device manager.h® *"pstorage.h”
41 #$include “patorzage.h” “app_trace.n"
42 tinclude “app_tctace.h” = "scanner_bescon.h®
43 “scanner_beacon.h®”
“
45 R 45 taefine IS_SRVC_CRANGED_CHARACT_PRESENT °
46 15_SRVC_CHANGED_CHARKCT_PRESENT o - 46
47 4 L3 nRF Drivess 47 1cefine CENTRAL_LINK_COUNT 0
48 CENTRAL_LINK_COUNT ° @ nRF Liboaries 48  foefine PERIPMERAL_LINX COUNT 1
49 FERIPHERAL LINX COUNT 1 Segges. 42
50 ——m a?a i sl 50 fcerine SEARCHED MAJOR 621234
sa ] tceine varT_rx_svr_s1ze 2se -GN nRF_SchDevice $1  bosfine SEARCMED MINOR ox8€78
52§ #cefine UART RX BUF_SIZE 256 ¢ ovss 52 #cefine APP_COMPANY IDENTIFIER 0x0059
53 @ @ Devce 53
54 toefine SEARCMED _MAJOR ox] 54 brief Function for handling s BeaconScanner event.
55 #oefine SEARCHED MINOR Cox 55 b
$€ tcefine APP_COMPANY IDENTIFIER ox $6 | < Bdetails This fumction will be called each time the oc
57 57 - In this simple implementaticn, it checks the
58 [[/**@brief Funecrtion for handling a BeaccnScanner evd 58 . and 1f they mazch, @ref BSP_INDICATE ALERT 3
59 | - 89 | -
€0 * §details This function will be called each time 60 * §paramiin] p_eve scannexr event data.
61 . In this sisple implementatics, it chec) 61 ./
6 | - and if they match, Sref BSP_INDICATE_AS 62 stetic void beacon_evt_handler(ble_scan_beacon_evt_t * p_
63 | - 63 Clt
64 * @pazam{in) p_ev:  scanner event data. W 64 uine32 ¢ err code;
- o/ -
66 static void beacon_evt_handler(ble_scan_beacon_evt, <
11 4 Bulld Output

gﬂﬁ n.2 (??Qﬂ'ﬁ UART TX buffer size = 256 , UART RX buffer size = 256

68



a) dop uant ffoc  g) maine ) app.utilh - X
B2 #define UART_BX_BUF_SIZE 256 /**< UART RX buffer ai -
. sm:un_mnu
ne SLARCHED MINOR
= APFP_COMPANY IDENTIFIER Semi as per

Bbsint

P 8z ")
T ] uars puthexstring les|(uin

74 princf("Averrize Daca:
thezatring_len|(

_t*)ip_eve->datal0], sizeof (p_evi->data));

_evt-3rov_sdv_packet.sddr.sddr)):

"
.adv_data.m
adv_dars.ma

'
[

Uil N3 Adauanaeng
IUN NS ATENLEANATAN €)
] app_uart fifoc g _] app_utilLh

886 H{

287 uint32_t err code;

asas bool erase bonds;

e —

as0 /f Initialize.

891 timers_init():

292 buttons_leds init(serase_bonds); - .

893 ble stack init(): AefduGudiunisitnenu

894 device_manager_init(erase_bonds):

895 gap_params_init():

296 advertising init():

897 services_init():

898 sensor_simulator_init():

899 conn_params_init () :

900 scanner_init():

901 uart_init():

902

903 printf("Hello"):

904

905 // Start execution.

906 scanner starc():

907 applicacion timers_starc(); .

208 err code = ble_advertising start (BLE_ADV MODE_FAST); Gurunis scan

ELE] APP_ERRCR_CHECK (err_code);

810

911 // Enter main loop.

912 for (::)

913 4 {

914 power_manage () ;

915 H

916 | }

917

918 L

919

J-LINK / J-TRACE Cortex

1:387 C:23

CAP NUM SCRL O'

JUN n.4 duvesilaidu main
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2. msdeasUoyaves LoRa

&2 rfos_client | Arduine 1.6.12
File Edit Sketch Tools Help

95 _client

#include <RHReliableDatagram.h>
¢#include <RH_RF95.h>
10 #include <5PI.h>

w @

12 #define CLIENT ZDDRESS 1
13 #defins SERVER_ADDRESS 2
14 gdefin= FREQUENCY S15

16 /f 5ingleton instance of the radio driver
17 RH_RF95 driver;

19 /f Class to manage message delivery and receipt, using the driver declared above
20 RHReliableDatagram manager {(driver, CLIENT_ADDRESS) ;

22 woid setup()

3 {

24 Serial.begin{l15200);

25 if (!'manager.init())

26 Serial.println{"init failed"):

// Defaults after init are 434.0MHz, 13dBm, Bw = 125 kHz, Cr = 4/5, 5f = 128chips/symbol, CRC on
&  driver.setFrequency (FREQUENCY) ;

32 uintf_t data[] = "Hello World!";

33 /f Dont put this on the stack:

34 uintd_t buf [RE_RF95_MAX MESSAGE_LEN];
36 wvoid loop()

g‘tl‘ﬁ n.5 miﬁiamﬁa;ﬂaixmw LoRa technology (client)

&9 r#95_client | Arduino 1.6.12
File Edit Sketch Tools Help

fa95_client

(R A =

34 uinté_t buf [RH_RFS5_MAX MESSAGE_LEN];

35

36 |wvoid loop()

37

38 Serial.println("Sending to rf%5_reliable_datagram server");
39

40 // Send a message to Manager_Server

41 if (manager.sendtoWait(data, sizeof(data), SERVER ADDRESS))
42|

43 // Now wait for a reply from the server

44 uintd_t len = sizeof (buf);

45 uints_t from;

48 if (manager.recviromhckTimecut(buf, slen, 2000, sfrom))
47 i

43 Serial.print("got reply from : 0x");

49 Serial.print (from, HEX);

50 Serial.print{™: "}:

51 Serial.println({char*)buf);

52 }

53 else

54 i

55 Serial.println{"No reply, is rf35_reliable datagram server running?");
56 }

57 1

58 else

59 Serial.println("sendtoWait failed"):

&0 delay (500);

3UN A.6 N15Fea1TUoYaTENIN LoRa technology (client)
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3. @nreansWesogUinandiuguteya

require "luasgl.mysgl”

local value= arg[1]

local current_time=osdate("%Y-%m-%d%H:%M:%S")

env = assert (luasgl.mysal())

con = assert (env:connect('soulmath_pro',' soulmath ','zQ9qrx11Xi}. '5location.tk’))
rss = assert (con:execute(string.format([[INSTO signal (ID_TAG, sigl, sig2)

VALUES ('9%s','%s', '9%s)]], arg[1]’arg[2]’arg[3])))

JUN n.7 Msdeulusunsunwidnd
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SK127T6/TTITE - 1371050 MHz Ultra Low Power Long Range Transceiver

L_E:ERa

1
!
:

[ p—r—

1Lheh
i

GENERAL DESCRIPTION

Semtech’'s SXAZTATT/TE family provides ulfra long rangs
while maintzining low current conswmption. making it
optimal for numerous applications.

With Semtech’s patented modulation technigue the device
can achieve sensitivity of ower -140 dBm using a low cost
crystal and bill of materials. The high sensitivity combined
with the imtegrated +20 dBm power amplifier crestes the
highest link budget making it opfimal for any application
requiring range. This modulstion technique also provides
significant advantages in blocking and selectivity over FSE.
The devices also support high performance [GIFSK for
WhBus, FCCT Part 20, 15.4g, and other legacy modes.
Semtech’'s technology overcomes a typical tradeoff of
performance wersus current consumption. The davices
deliver exceptional phase noise, seleclivity, receiver
linearity, and IIF3 for significantly lower current consumption
than competing devices.

The devices cover the major 1SM bands from 137 MHz to
1050 MHz. For ease of matching., kow BOM cost, and higher
performance the SX1276/77/7E family offers separate high
band and low band support for applications wanting to cover
dual bands for workd-wide operation, dual band support, or
security sgainst future band allocation changes.

KEY PRODUCT FEATURES

* O O F O F O F RS

18&8 dB maximum link budget

+20 dBm - 100 mV constant RF output vs. ' supply
+14 dBm high efficiency PA

FProgrammable bit rate wp to 300 kbps

High sensitivity: down to -148.5 dBm

Bullet-proof front end: IF3 =-12 dBm

100 dB blocking immmunity

Loww R current of 10 mé, 200 nA register retention
Fully integrated synthesizer with & resolution of 81 Hz
FSK, GFSK, MEK, GMSH, LORA and OO modulations
Busit-in bit synchronizer for clock recovery

Sync word recognition

Freamble detaction

115 dB+ Cymamic Rangs RS51

Automstic RF Sense with ulira-fast AFC

Packet engine up to 84 bytes with CRC

Busit-in ternpersture sensor and Low Battery indicator

APPLICATIONS ORDERING INFORMATION

*+ Autormnated Meter Reading

*+ \Wireless Sensor Metworks

*+ Home and Building Automstion

*+ \Wireless Alarm and Security Systems
* |ndustrial Monitoring and Conirol

Part Mumber Delivery MOG | Multiple
SX1276E TE&R 3000 pieces
Sxi2rT TER 3000 pieces
SX127E T&R 3000 pieces

U A.1 Jayaidanaiiaves SX1278



ULP wireless System-on-Chip

The nRFS2B3? is a powerful multiprotocol single chip solutons for
ULF wareless applications. I incorporates Morde's latest best-n-
class parlormance radio transcesar, an ARM® Cortex™ M&F CPU
and b12kB Nash and 44kB RAM memony The nRFSZE32 supports
Biuetaeth® Smart (formerty known as Bluetooth low energyl, ANT
and 2.4GHz progrietary protocol stacks, The device also has a
MFC-A tag interface for DOB pairing.

51248 .innlng O
i D.g.u.l [ Digital 0|
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Procassor Powar
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Lower power and higher performance

The nHFS2832 uses the 32-bit ARM Corax M&F MCL, together
with extensive flash availabiity, 512kB in total with S00KEB
avallable for application development, Codo density and exscution
spead are considerably greater than for B &-bit platformes,
Hawing HW support for ISP nstructions a5 well as for Floating
point operations positons the Corex MAF above Corte MO/MOs/
M3 and M4 performance wise, The Programmable Periphoeral
Interconnect (PP} system provides a 20-channel bus for direct
and autonomous system peripheral commanication without CPU
Intervention. This brings predictable latency imes lor paripheral
Lo peripheral imeracton and power saving benelits associated
walh leavang the CPU dle. The device has 2 global power modes
ONAOFF, but all system blocks and perspherals have indiwvadual
powar managemeant control which allows for an automatic
switching RUNADLE for systam blocks based only on those
required/not maquired to acheve particular tasks,

The new rades forms the basis of the nRFS2E3Z performance, The
radso supports Bluetooth Smart and ANT and 15 o0 air compatible
with nRF2AP, nRF2L and nRFS1 Seres products from Nondic
Semiconducton. Outpul power is now scalable from a magimum
of +4dBm down to -A0dBm in 4dB steps. Sensitivity i increased
at every level and offers sensitivity ranges [dependent on data
rate] from -%4 to -8%dBm, with -2&dBm for Bluetooth Smart, and
-5 5dBm for AMT.

T

KEY FEATURES

Mudti-protecal 2.4GHz radio

32-bit ARM Cortex M4F processor

E12kB flash + LAKE RAM

Software stacks available as downloads

Application deveopment independent from protocol stack
On-aar compatible with nRFS1, nRF2AP and nRF24L Series
Programmable output power from +&dBm to - 20dBm
RS5I

RAM mapped FIFOs using EasyDMA

Dymarmec on air payload length up o 256 Bytes

Flexible and conligurable 32 pin GPID

Programmable Peripheral Interface - PP

Sample ONAFF global power modes

Full st of digital interfaces ncluding: SPU2-winsUART/POM/
125, all wath EasyDMA

12-bitf OKSPS ADC

178-bit AES ECB/CCM/AAR co-procassor

Ouadrature demodulator

Low cost external crystal 32MHz + 40ppm for Bluetooth,

+ Ghppm for ANT

Low power 32MHz crystal and RC oscillators.

Ulira low-power 3kHz crystal and RC oscillators

Wide supply voltage range [1.7 Vo 36 V)

On-chip DC/DC buck converter

Indwvidual power managemant for all peripharals
Package ophons: S8-pin &b FNANL-CHP

APPLICATIOHS
laT
- Home aartomaton
- Sensor nehworks
- Building automation
*  Personal Area Metworks
- Healthffitness sensor and monitor devices
- Medical devicas
- Key-lobs + wrest walchas
*  Interactive entertainment devices
Remaote contml
Gaming controller
Beacons
AGWP wireless chargers and devices
Remote contral toys
Computer peripherals and |/0 devices
5@

- & ® W

- Keyboand
- Multi-towsch trackpad

Ul A.2 deyaiBannainves nRF52832



Features

+ High Performance, Low Power AVA® B-Bit Microcontroller
* Advanced RISC Architecture
= 13 Powerful Instructions - Most Single Clock Cyele Execution
- 32 x B General Purpose Working Registers
= Fully Static Operation
= Up 1 20 MIPS Throughput at 20 MHz
= On-chip 2-cyecle Multiplier
= High Endurance Non-volatile Memaory Segments
— WaNGA2K Bytes of In-System Self-Programmable Flash program memory
- 2665126121 K Bytes EEPROM
= BZHKAKZK Bytes Internal SRAM
~ Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
~ Data retention: 20 years al B5°C/100 years at 26-C'
- Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
- Programming Lock for Software Security
= Periphesal Features
— Two B-hit Timer/Counters with Separate Prescaler and Compare Mode
- m 16-bit Times/Counter with Separate Prescaler, Compare Mode, and Capture
@
= Real Time Counter with Separate Oscillator
= Six PWM Channels
= Bechannel 10-bit ADC in TQFP and QFN/MLF package
Termperature Measuremient
= G-channel 10-bit ADC in PDIP Package
Temperature Measurement
= Programmable Serial USART
~ Master/Slave SPI Serial Interface
- Byte-oriented 2-wire Serial Interface (Philips PC compatible)
= Programmable Walchdog Timer with Separate On-chip Oscillator
= On-chip Analog Comparalor
= Interrupt and Wake-up on Pin Change
* Special Microcontroller Features
= Power-on Reset and Programmable Brown-out Detection
= Internal Calibrated Oscillator
= External and Internal Interrupt Sources
= Bix Sleep Modes: idle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby
= /0 and Packages
= 23 Programmable /0 Lines
- 28-pin PDIP, 32-lead TQFP, 28-pad QFNMLF and 32-pad QFN/MLF
= Dperating Voltage:
- 1.8-55V
= Temperature Range:
= -10°C to B5°C
= Spead Grade:
= 0-4 MHz@1.B - 55V, 0 - 10 MHz@2.7 - 5.5.V, 0 - 20 MHz @ 4.5 - 5.5V
* Power Consumption at 1 MHz, 1.8V, 25°C
= Active Mode: 0.2 mA
= Power-down Moda: 0.1 A
= Power-save Mode: 0.5 pi (Inchuding 32 kHz RTC)

AIMEL

I ()

8-bit AVR®
Microcontroller
with 4/8/16/32K
Bytes In-System
Programmable
Flash

ATmega48A
ATmega48PA
ATmega88A
ATmega88PA
ATmegal68A
ATmegal68PA
ATmega328
ATmega328P

Summary

Ul A.3 doyaidaunaiinves ATmega328P-AU
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Devices International Ltd
FT2232D Dual USB to

Future Technology

Serial UART/FIFO IC

The FT2232D is a dual USBE to serial UART or
FIFO interface with the following advanced
features:

Single chip USB to dual channel sesial / parallel
ports with a variety of configurations.

Entire USB protocol handled on the chip. No
USE specific firmware programming required.
Transfer Data Rate 300 to 3 Mbaud.

USB to parallel FIFOD transfer data rate up to 1
megabyte [ second.

Multi-Protocol  Synchronous  Serial  Engine
(MPSSE] to simplify synchronous  serizl
protocal (USB to JTAG, USB to I°C, USB to
SPI} design.

CPU-style FIFD interface mode simplifies CRU
interface design.

MCU host bus emulation mode configuration
option,

Fast Opto-Isolated serizl interface option.

FTDI's royaley-free Virtual Com Port (VCP) and
Direct {D2¥X)} drivers eliminate the
requirement for USE driver development in
most cases.

Highly integrated design indudes 3.3V LDO
regulator for USE IO, intzgrated POR functicn
and on chip clock mulkiplier PLL (EMHz -
48MHz).

Asynchronous serial UART interface option with
full hardware handshaking and meodem
interface signals.

Enhanced bit-bang Mode interface option with
RD= and WR= strobes.

Configurable IO drive strength.

Fully assisted hardware or X-On [ X-OF
software handshaking.

UART Interface supports 7/8 bit data, 1/2 stop
bits, and Odd/Even/Mark/Space/No Parity.

Operational configuration mode and USE
Description  strings configurable in  external
EEPROM owver the USE interface,

Low operating and USE suspend current.

Supports bus powered, self powered and high-
power bus powered USBE configurations.

UHCL/OHCI/EHCI host controller compatible.

USB 2.0 Full Speed (12Mbits/Second)
compatible.

Extended -40°C to B5°C industrial operating
temperature range.

Compact 48-LD Lead Free LQFP package

+4,35V to +5.25V single supply operating
voltage range.

Dedicated Windows DLLs available for USE to
JTAG, USE to SPL, and USB to I°C applications.
ESD protection for FT2232D I0's:

Human Body Model (HBM) =2kV,

Machine Mode (MM) =100V,

Charge Device Model (CDM) =500V,

Latch-up free..

Ul .4 doyaidanaiinves FT2232D
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\ Transcode GPS to J-Link Pinout (SWD) |

1l e2 |[NC

Not use 3 e ©@4—GND}
Not used 5e 6 |[GND
SWDIO 7 @ ® 8 [GND

SWCLK 9@ e 10|GND
Not used |__11 ® ©12|GND
13@ ©® 14| GND*
' 15@ ©® 16|/GND*
Notused (17 ® ® 18/ GND*
5V-Supply (19 ®¢ @ 20| GND*

Top of box

S JTms swoto

ITek-sweLk

JUT 2.6 M3sie j-link Weusariugunsalanilguy
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™ nRFgo Studio - X
File View nRFE001Setup  Help

x
DFU using serial bootloader
DFU package Hex fie: |/Toolfs 132_nrf52_5.0.0/5132_nrf52_5.0.0_softdevice.hex | | Browse.

Hexfle type
O Softdevice ® Appication O Bootioader
Select COM port: -
33400 -
Dispatcher
Trace Translater Use fiowcontrol [] | Program

Direct Test Mode
nRF8002

nRF24LUT+

Log
(c) Nordic Semiconductor ASA 2008-2015

g‘d‘ﬁ 2.9 nRFgo Studio

2.2 drun1saslusunsudmsu LoRa anansaideulusunsuiiveldmiuaunisvinaiusny
1Us4n3U Arduino IDE tiiapiunun1svinnuvedhulasraulnsaiass ATmega328 #3saevinn1sas
Boot-loader d115U ATmega328p-AU nau

[

Juneu Boot-loader deail

- #aae Boot-loader USBasp fiugunsnlaniiignu

gﬂﬁ 2.10 Boot-loader USBasp
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mos! |IBe| viG
GND | @@ | GND

Mso (8| VTG FST | @@ | GND

sCK | @ | MOSI SCK (@@ | GND

AST |@®| GND WSO (@@ GND
ISPEFIN 150N

gﬂﬁ 2.10 Pin Conection

- 4lUsunsu zadig 2.3 Wuiiglunisas bootloader lngvinnsandamensiugg
driver ¢93U7 2.11

Ei Zadig = O *
Device Options  Help

| v | Edit
- More Information

Driver | | [ﬂ | libusb-win32 (v1.2.6.0)
WinUSB (ibusb)

USE ID I:II:I libush-win32

; Install WCID Driver b libusbk,
SelE |:| WinUSB (Microsoft

0 devices found. Zadi

g‘dﬁ 2.11 ¥W#AL2S Driver



3UM .12 M136193935418Y1N"5 Boot-loader

- alUsunsu Bootlosder lngvinmuduney fegu 2.13 - 2.14

@ sketch_dec?1 | Arduino 1.6.12

File Edit Sketch Tools Help

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

Sketchbook

Examples

Close Ctrl+ W
Save Ctrl+S
SaveAs.  CtrlsShiftsS

PageSetup  CtrlsShift=P
Print Ctrlep

Preferences  Ctrl+Comma

Quit Cirl+Q

2
Built-in Examples

01Basics >
02 Digital >
03.Analog >
04.Communication >
05.Control >
065ensors >
07 Display >
085trings >
09.USB >
10.Starterkit Basickit >
11.ArduinelsP i Arduinolsp

Examples for any board
Adafruit MOTT Library
Bridge

DHT sensor library
Esplora
Ethernet
Firmata

65M
LiquidCrystal
Robat Control
Robot Motor

3U# 2.13 (Fengerinwisiiownsen Bootloder

86



& Blink | Arduino 1612
File Edit Sketch Tools Help

QO BE
Archive Sketch

Blink Fix Encoding & Reload

Auto Format CtrisT

1 Serial Monitor Ctrl+Shift-M
- Serial Plotter Ctrl+Shift-L

N WFi101 Firmware Updater

‘ Board: "Arduino/Genuino Uno” g

Port:
5 Get Board Info

oMo" b

Programmer: "Arduino as ISP" 3

Burn Bootloader

function runs once when you
i) |
ciali

// tuen the LE

5UN 2.14 Henviinveuesn wosnn1siiouse

Blink | Arduino 1.6.12

File

Q0 B

Edit Sketch Tools Help
Auto Format Cirl=T
Archive Sketch

Blink Fix Encoding & Reload

Cirl+Shift~M
Ctrl+ShiftsL

Serial Monitor

Serial Plotter
WiFi101 Firmware Updater

Board: "Arduino/Genuino Uno" >
Port "COMZ" >
Get Board Info

Programmer: *Arduine as I5P" >

Bumn Bootloader

// the setup function runs once when you press

nction runs over and over

a5 Y e e

A
Boards Manager..
Arduino AVR Boards
Arduine Yin
Arduino/Genuino Uno
Arduine Duemilanove or Diecimila
Arduine Nano
Arduino/Genuine Mega or Mega 2560
Arduine Mega ADK
Arduine Leonardo
Arduina Leonardo ETH

Arduino/Genuino Micro

Arduine Esplora
Arduing Mini

Arduino Ethemet
Arduine Fio

Arduine BT

LilyPad Arduino USB
LilyPad Arduino
Arduine Pro or Pro Mini
Arduine NG or older
Arduing Robot Control
Arduine Robot Motor

Arduine Gemma

Adafruit Cireuit Playground

Arduino Yain Mini

WE wuwn

88 Biink | Arduino 1...

©9 Biink | Arduino 1...

gﬂ‘ﬁ .15 Burn Bootkoder

Ardui

w7 ) ENG

o]

41
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