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Inerinusianvfienmunszuuianaainetinmiagldinsaduleutatiuas
BUAUNIALATWeS (Fiber Optic-Based-Refractometer: FOR) @1%15un 1331982019
Whunne Anerdnustadiddiuniukuulsuaile (Variable resistor: VR) vu1a 100 Tovi
inrasadusnsadulesdiiuasdaiuisnindweifdeudetulilasreulnsaaasuein
mseNa Arduino U Portenta H7 dmsunuasdgaimeudenudygyiuninea (Analog-
to-digital converter: ADC) 119 16 U9 wagyiin1TasAdgeunlinan1uszuulasedig
dufiadoufiaiduannlugadearsiidmauniimdainiy 70 Se8iund deeufinmes
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0.0283 Tansowlasidud (v/%) 3o 283 Tadliadnowasidus (mv/%) aidlusunsy
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61406202 : Major (ENERGY ENGINEERING)
Keyword : Gas measurement, Real-time monitoring, Internet of Things,
Microcontroller board

MR. Viravat ONPOL : A dynamic Biogas Monitoring System Based-on loT
Platform Thesis advisor : Associate Professor Dr. Saroj Pullteap

This thesis is to develop a biogas monitoring system using a fiber-optic-
based refractometer (FOR) for measuring target biogas. A 100 ohm variable resistor
(VR) has been operated as a FOR, which is connected to an Arduino Portenta H7
microcontroller board for converting analog signals to 16 bits digital signal, and send
such signal through a virtual private network created from communication modules
with a latency of 70 millisecond. The output digital is then passed to the computer
server for data storage and monitoring the results via a web browser program.
However, the output signal can display biogas concentration values both in real-time
and continuously. In  addition, the system can identify the user levels between
administrator and general user. Besides, the developed algorithm can also calculate
the biogas concentration at 3 significant digits. Further, the developed system can be
displayed the voltage values in the range from 0.074 volt to 2.827 volt, and obtains
an average percentage error of 3.793% with a sensitivity of 0.0283 volts per percent
(V/%) or 28.3 millivolts per percent (mV/%), respectively. Finally, the application
programs used for developing the system include: HTML, PHP, and JavaScript, which

is an open-source program.
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1.1 fuuazaudifey

Tudlagtuidemdmdnildlunsudnlwihddmdsnuniaden wasndaunauny
FanFanumadondildaintansssued Mefnesssud tiy s1ufiu vieuwdus Tanudeld
nsssueIAdIuLdualdudmunlyiedu uindarunaunuasidundsuazein

o o’ o g v v i & o A ¢ ) = Y 1w =
'Vﬁ@LUuWﬁQQWUWFLGULLa’JINﬂ@J@lUWQWaQQWULLﬂQQWWWEJ NWAWIUAN RIDLULANAINTUTININ

o

a =

Aa@rn1mdunilalundsnudinnimneannwuaisgurssiadudigesaalreaisdunsd
P a = a a PRUPN AN v = = o ¢ s YR
MuvesudevIeiavdc JnaniinanyuyursediuEzey vieyadnianviudadnisg 9
Tnglaseas1evaainedinin Ysgnaunig fgdiny (Methane: CHy), Aalalasiaudala
(Hydrogen sulfide: H,S), wazfinwarsuaulasenles (Carbon dioxide: CO,) [1] Wudiu
Aratrnmduiuseloviuinung aunsadiultnelunsideu visiduanaslunisasis
' v | A a o & % 1%
auevguntgluduludasgguurd wazlulssugaamnssuniiaudnludesly
AusoulunszuIuNISHARFUAIUIIRE13 WY N1sEIRaT a0 LN T T uamasluni1siy
YaapTeIntinlaun (Boiler) nsanisuiAadininuduawmaslunisuanlui Wudu
ag13lsAmy dainAstan waziiusyleviuinunesanlananawalluinedu wafesdinn
v & % I 4 o Y a a . .
gadudunsresieszuuntsmelavesnuduasyiliiadaymuaiivniseinia (Air pollution)
v o1 oW v U = o & v o fu e = ~ 2 a Y
[2] lavuiiu duiudedndudetigunsalinfigdanan WiensnuiaUsinanasanududunes
Agidinuneniin1sdn waziveUseiliuaruidsslunasieuusnaiy 9 Fduiagdu
N1501529 7RI NI 2 dnwaizaleiu A AMTnsiatnnwandliiuainesosile
79919 0 vauzdu (Discreate measurement) WaENISIALUUMDLEBDY (Continuous
‘:’lj v av a < o A o a [ % P = [} 1
measurement) UanNA1NY H9091UI8BNLTUTIUIULINNAAUNTAS19AT 9L BAINEA?
917y Z. Dashtban, M. R. Salehi et al,, [3] vnsas19gunIaingIvinfinedin nndunse
W e (CHy) wasfinglalasudala (H,S) dmsuanuyaaizwazdisrauniu lagld
wleumuiinlnlniina3asa (Photonic crystal fiber: PCB) MUsgnaumeuunii@euuvgealsa
(MgF,) @aanansaldmnuenaduuatlanaud 1 lulaswng aude 3.3 lulasiuns asoumnauia
waIdUNIISATEezINa (Near infrared: NIR) lazuasdunssaszaznals (Mid infrared: MIR)
iligunsaltaieaguilliandudssdnsainulininndt 50% wenaind D. E. Williams et al.,

[4] laasrsaunsalnsiainfinaleluu (0,) uaglulasulasenlyd (NO,) Funualaeldnaila
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é}’ammaé’uﬁ”wﬁqamuaaﬂiﬁéﬁLﬂ?iauLLUmmmqmmﬁﬁqq%u dieltiduteyadunndmiu
sruuuannaLUUlATe Faanansoasaduinelelsuuarlulnsaulaeenludfifiuiuaies
fi4 10 dmluiuduaiu (part-per-billion: ppb) ua E. V. Perez et al., [5] lasanIosila
dmunsainfalulasiou (V) ABsshuusulndsenigldusaiui 3.0 MPa wazguniiige

300 'C Wngldunulzinueaiilonuaznslil vinusudureuiunesnddanasiindmsu

AIuANLIIRULazani liliaaAn

mndeyafildnannundreiu Inednusidldvaussuuuansuafieiinmuuudeiies
fensuansnaniuszuulnsaedunesidniiiennassnds (intemet of Things: loT)
[6-8] uazseuAnfionduszuuuanmaiedinmlngldfnainfetinwdivasnde
Tneldulisidudesedlugaiimmsiatn fufuisndudesinisdedoyasendinega
A inuazsasnauimesutteivhmhisaiudn Lt iuresietanmiu q Fadu
nsdauarunsgninegunsniiagunsal (Machine to Machine: M2M) [9] uuftuguvos
Sumesiiaifionnasinds nednusildutsszuuansuaiedinmuvudeidendy
2 dhuvdndneiu Ao duiifiugnsaasaafetinmduni lugeiuszneudeingad
Touuaswdniunsnlafiwes (Fiber Optic-Based-Refractometer: FOR) [3] fideusiose
lulasroulnsalaesvesn tazvinisdeanililudaaiosnoufiamesusig (Server)

ﬁwiu@aﬁami (Communication module) tazdaudnn1svoua (Data management)
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Fevihui A uarmudatureItiedan midawnanyanseiafedanmaunis Iag
\A3esnauimesulvadailusunsusig g dusvasrevtduiansaniuanaaaududy
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283119830 MU IULUUYeIN 399 PR dana3iunasaduaInlusunsun1wdig q el

Alfnuszuulaldanuasanuiniu
1.2 daguszasfvesinginus

WA UITEUULAAINANISASIDIARILTIN WL UUB 8alndkazsaliodlaevineu

vuiugIuresBuwesilaiiennassnds (Intemet of Things: loT)
1.3 92UlUnYasINginug

1.3.1 eonkuukaziaiuIszulLaninawuueaulatduagsowlios dmiussydsuimu

AUduTueIingTanmuLug B wnesidaiiennassnas (oT)



132 fWmuwiszuusunazdadoya 91n9ansaTnsuni1eludegiudoya (Database)
melulasreulnsataesuasda (Microcontroller board) wazynlugadoans ioainslnsetng
adloudius (Virtual private network: VPN) [8] WWeusgninagamsiaiafugiudeya

133 Waurszvudafivdeya lnolineufinmesuazvedmniussynd ieldlunns
Uszananamidunangansadn wagimsiniuteyaasguteya

134 Wauuenndiadu lngldsendniuszynd Wenandliifuaanududuves

edInMIAliaNANTIinfAuUNIg
1.4 dgrudwiang

o . & e a a a a a a Y

1.4.1 130 (Biogas) HWuMwiinaInsssuwdd Wngeainanuuaiiseuraviiale
nsdegaaegnivy g1ndnd viseyadnd udiliAaiwee g Funn Isiedimu (CHy),
inglalasiaudalig (H,S), wazfirwarsveulaeanlen (CO,) NnoliAndunsaiuuywdnind
nsanmyl

a § @ - a =2 ! [ ! 4

1.4.2 duwesidaiiievnassnds (IoT) niehs suiuumsdaasuteyaseningunsal
Meguulasatgiediuwar sUsUUNISAs I owi

1.4.3 lassingdrumiaiion (VPN) nunefis n1s@eusetiie u-dadayaainganiluds

) o’.JJ M v [ ' 2 LY dll 5 = 1 Y v 2 o Y a
anils Ingvsaesnliloeglulasuinefeniu eraagawaulasanednmeiuviliiie
lasstnediungldauaulianusadidslasaediudala

1.4.4 dano3fiu (Algorithm) 1lugaidsveslusunsuussynaluin3oinouiaines
winglunsimssuunsvinkuusgalnl WdmsunisUssuiananianisAuan sauds
wanIRaNun e Renmnes weldldudeyadmsunisinauls

145 lulasaoulnsaaasvesa (Microcontroller board) \uunigunsaiidagms
a & a o 1Y) s % ] A v a a ¢ &\ %
awdnnselinddmiudszendnisidaulusuuuusiig 9 Ndeenis lneine1dnusilaly
lulpsmoulnsamesvaindniuiuusatulniinnssuansindinsiainfinedinin wasuuas
dyaunuuownaeniuidnea (Analog to Digital: ADC) [10]

1.4.6 lugadeais (Communication module) \ugunsalilddmsuiousiodu
TassangBumasiin wazviligunsalisivaauiduanunsa@eusslidulassnefesiula

1.4.7 nnsdsdeyauuusiariies (Continuous data transmission) [11] 1unisdsdoya
seningunIalniiausieilies uazatiawe

1.4.8 gutaya (Database) Wudiuaiudrvesasosnauiivnesdmiviuiindeya

fng 9 Afan1sdaiu awnsefdeyauliviedaiuiiuiulinudanesiiuvedlusunsy



1.4.9 A93AUNABSKUYE (Server) WulaIaanaufidlnasUaten1anidd1usu

Sutoyavngansiadauarinnisdaiudiszuugiudeya Inslunsespouiinnosuiune

UsENDUMETUTUATUAN § EUSURRIUNTEUULERINaR 9N WL UUS yalng
1.5 sudszanunlglunisandunis

Ruuganyun1$ITeannamuaiuayunTIuInnTTuLALNTasNETIA U INedy

AaU1ng 9IUIUEUNEY 30,000 UM
1.6 @aunaidunig

WoeUJUAn1sszvuilaiiniana A1AI¥1IAINTIUATEING ANEIAINTIUAIEAT kag

wialuladgnamnssy un3nendefauing e nuansgsiaauuduns
1.7 Uszlavinanninazlasu

1.7.1 WaWAIUITTUULARSNAAUNTUYBINIRTININ U39A1% UMY NTAINY
1 d‘ U
RIONIGRAIGRIGAL

1.7.2 WBNAIUISTUULEAINAAINIUVUVDINIGYININ MI9N 19U 1MU18NE1UNTD

wansnalalaeldlusunsuiuuswes (Web browser) t#a331nlUsunsuduuswes

=

feglunngunsaluuunnmg Wulnsdwiilens vIelaTosnaufinmesiuunnn (Note book)
1.7.3 iiefinunszuunamnsanAnudutuvesietinmlaiuuisealnd vseuuu

deontanan Wweltiludayalunsainasiunisiiafiedanimiigenisla

@) £

1.7.0 o UABLUUAINSUNITHANLASBILDLNBDNITIN UIBLAAINE WazUIUNAS1S
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G RTGERITEREVTGERLLR

g a A % 7 | s I3 ) o
unililunisusserenguiineiteamsludiuveseniauas (Hardware) ndnnisvitau
vasgUnsalrena TUsinsuusegndsing q sudensAnvinediumalulaglunisiu-dedeys
i ¢ & a ¢ 2 A = . Y
seninguUnsaluuiiugiuvesduneadidaiiionnassnds (internet of Things: loT) iveaIw
o o v e = t4 .
sruvdmsunsiadafinedanmliuansnalugluuuves User interface vuldsunsy

Suusniwes (Web browsen Tagldfimsudsitadonisussenenguised
2.1 9% (Biogas)
22 w3edlensninfnedanin (Biogas instrument)
2.3 3UULENING (Monitoring system)
24 5mmaiﬁmﬁanﬂaiiw§a (Internet of Things: loT)
2.5 lasswaiudaiiou (Virtual private network: VPN)

2.6 wouAwIsUTEYNAdImMIUsEUUATIVTRA1BAININ (Application software for

biogas sensing system)
2.7  uTElAgIvee (Literature reviews)

TnelusneasldgALAaE gD N9UEILYDIENSAWIS BaNNKISNILUAILYLUTLNSUA1EN

'
I )

wazlusunsudmsvasunululasroulnsamesvesa saudiatoyanie o MngItedInvi

Y

)

nenfnuslanuainanuraslataainrane lagainisnesuieeazidenluldaziinte

[V

vo &
AU

—

2.1 A9¥n (Biogas)

[ [

fingginmfinannstesaalevadunidingdiminyade Jeaen laauudde vevain

|
P

Ms¥e1s nszuaunnstosaaneneldanzilifeendou (Anaerobic) Tudnwaz sy
THAnAeTnmay TngUnffedinndiintusiinusenaudae Sy (CHL) lusnsidly
Uszainad 50 — 70% fwensusulasenles (CO,) lusnsaruuszanas 30 — 50% wazludud
wiasUsznaudelalasiaudals (H,S) falulpsau (N,) felslasau (H,) wayloin

AUAIAU



nszvaLMaAafetinmEunmsdosaasdunidinglianalvgliidnasaudunsa
ﬁﬁiuLaqasummLﬁﬂﬁmmmismalﬁ WU NSABFAA (Acetic acid, CH;COOH) Taalunis
dovaanauitulunsnedia anunsautseenld 2 nsrurunsieiu Ae nszuIumsYey
amaﬁﬁm%umauam%aé (Extracellular digestion) LLazﬂizmumiﬂaaamaﬁLﬁﬂ%{umﬂu

waa (Intracellular digestion) IngnsguiunIsypyaaIsnIBUenwaailizsunIn NTEUIUNIT

'
a =

lelnsdd@a (Hydrolysis) Lunszuiunisdesaanslaegduvsdyiantsiaunsandyivlalag

4 a L

neldaniiglioinia Feqdunidiasvimtindesdunseingluianalugsiseuled

fydunsduasseanuinisuenwad (Extracellular enzyme) Wiluansusznauidunen
wsaum1aliie (Monomer) d1usunisasninsnedfa lnaanuilunszuiunisyos
fanam Jusgiuiouluifiudesonuiaingdunis Sraeuluifideslusiu euleidenluiy

I

ulsifidosadlulawmsen wazlenledfidesiduloanniiy seiloulviudasednazdu
é'hLi'QUg‘jﬁ%EJﬂumisia8m'ﬁ§u‘w§é A8 Auvagutiaii Fsamnsaulsqduvidiimihdies
anounIeTianeiy A AUNTEN 'aaaaw‘lﬂimu (Proteolytic bacteria), 3auvse ifeovaans
lagiu (Lipolytic bacteria), Lag auw'%éﬁsjaﬂﬁmﬂma@ﬂaﬁ (Cellulolytic bacteria) Wil
arudilunszuauniseransdunasituey funnududuisludiuvesansdunisuagany
Wudureseledsiufsgungiiuinalagseu nsrurunsdenAsnsyuiunisdesnigluwad
(Intracellular digestion) fissnoussTunounIsadIsnsnsEmedne (Acidogenesis) tuns
ﬁwmsﬂizﬂauLf'?mLﬁmﬁlé’ﬂ1ﬂmiEJ'amawﬁum%ﬂueﬂ”’umumnmL“fJumﬁc?]’jW’Tu RNty
Ldunidlunguaiansmasimiiiasuarsuszneudansliiunsedunidluanalng
fiszmedne (Volatile fatty acid) 1Hun nsmensuau uoanesed Arsueulnoanlys wesluile
wazlslnsiau luduneudeneslunsiasunsnsunidvmelnalvidunsasunsdaumdn
(Acetogenesis) laun nsnod@n (Acetic acid), nsauan@a (Lactic acid), nsalusileaila
(Propionic acid), waznsainassa (Valeric acid) @slunszuiunisdanas avinliiin

& s =3 v a ae 1 A a o Y A any a
ﬂq%ﬂqu@uvLﬂ@@ﬂl%ﬂsﬂumqﬂrJﬂ LLagﬁ]auchiﬁlﬂQNULWUI@‘l@@IuaﬂWWLL’J@a@ﬂJU@W"Lﬁ@@ﬂ%Lﬁ]u

9
[d [J

aglsinu mindinmswsyivlavesgdursdidudinuinniuazdwavilinisuingng
finsaunniiuludae vivlianngluvoniindenfitey (pH) fliauna Jeazdmarilidunid

mwmumaiwmmmugﬂaumlmmwmaiwmwmuim waglunszuiunisgaving
= a & = . a a e <

AD NTLUIUNITIUATISAAN TN Y (Methanogenesis), ﬂsmaumaimaqammmaﬂ
&Y I [ & a" I3 6V al 6V 6 2
fingasueulneanled wazialalasiau avgnildswdufineiinu uasinvasueulneanled

lngqdunsey SivilmAnfedvu (Methanogenic bacteria %38 Methanogens) auvseyinil

28Ul UNSUBELLUaaNE TN LA ILATTT sz danatan SRR R BTNy



v
a IS

Tngnse wiqgdunidydadauiseadrsirsdmulduindudoundlidnis@iveinis

e

a a

dusugdunsdafinil nasiafiwiinulussuunisgesaaienliennienielioandiau

ziinle 2 JUkuY Ae sUuuunsiinfeilinuiildsunsadunidluanadnsiudu
frgarsveulaeenles waglalasiau FeuSuumsiiaiesiimulugluuuiminhgu 70%
voaeiinuimuaiiinduluseuy waggukuunsiiaieiinugliuuiiaesasiinainng

Wasufgensusulaoenlydiuiglelaswulmdufiiefimusisgdun3deila Hydrogen-

utilizing methane bacteria lngnsgUIUNTNIMUALAAIAIFUN 2.1

a a 6w !
duvisgingluanalvey
Hydrolysis
L 4
a15UITNOULTUAY) NH;
Acidogenesis i
a 6 o ' HZS
NINBUNIYTZLNEIY
Acetogenesis il
N B VFA,C
ﬂiﬂaumsﬁmaqat,aﬂ 0
2
Methanogenesis
‘ CH,,
AIYYINTN o,

3UN 2.1 Yumounisifinimadinm

(fian: http://www.bbru.sc.chula.ac.th/biofuel3_htm _files/1271-4166-1-PB.pdf)

[ 2 '
=2 o v e =

Taglufsainniifaduiivefenlndselevuegaaiu Aedmuiauisaunluidu
49{" a a A ¥ U 1 = 6V = a r-ﬂl
WowmadunisndanseualniimIeairamdsnulugduuudig 9 Hudsiedinimeiindu
Plananuiwar lutfus N nwruiy wu Agasusulassnles Aelalasudalna Aina
1 a " [ g.; dl' = v 6V a = I3 e‘d' o I3
samsiuniglaveuywdlagase aslunsodiansiaiafiiedinmiadugunsalndniu

dmTuaNUaenieueIgnaINIIUNISNEANBTININ

2.2 1A399dan5299ANNUYINN (Biogas instrument)
wiesilensiadniedinnludagiuisnnuevatesiia wazilasuanuiiousgiauin

rgniuunlaidy 2 guuuu Teun



2.2.1 gunsalnsaaiaiwdiaimuuunnn (Handheld)
< L4 v e = Iy a ¥ ! = <
ugunsalnsiaiaiedinmalasuanuidenlunisldauedgiawnn eswindy
gunsalnsIainfinedinmidsaligannuavasaintunisldam silraiunsansiainfiie

Y

lesanisa uideldevesgunsaingrainieuuunnmde suasiefiinandagldamiieanin
vaugvimInsaiafedanmdmaneg delianudndudesegluanuindfeususglu
o1melagsau TuuadionafifeivlsUuogfetuiy uargunsainatnfetanweiing
annsafalduuuadsionds (Discrete measurement) liiansauanuanuuGoalngd

oA v ¢ o & Yo =
LLaSCﬂ@Lu@\{L@ Q‘Uﬂimmi'ﬂﬂ'ﬁ@ﬂq%sﬁﬁﬂqwLL‘UU‘Wﬂ‘W'] a']ll'ﬁfll,l,ﬁfﬂﬂ‘l@l@l\‘lgﬂw 2.2

sUT 2.2 sdegsaunsalngiainisiuunnmi (Handheld)

(ﬁmw: https://www.amazon.ca/Portable-Rechargeable-Handheld-Detector-Analyzer)

gUn3aln 339 TANBTINIMBUUNNNITN TIA BT INNANAINNA18TN1TINI

]
a a 1 1Y

nihvsuanmawazJunaiuand1eiuly Iuegivuseniugs uindnnisvinnuvesaunsal

ATIVIANGTININLUUNANT AzUTENDUMIY

- FanT293uA19Fa099 (Biogas sensor) Vit usinsiaduiiadann
wandsdyadugluuvemdenuiousaiuliiinszuanssiazifsuudasiofinisnsnadu

Aredinmidmangls lagludagduasewmmainfisdinmwuunnniidnisldfngiadu

finutin nvangviin wasnteutunldlugunsalnsiainfinadanin 2 sl lown
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o ANTUAETININULA NDIR (Non-Dispersive Infrared)

1ASIFS1MANVDIAINTIATUNBTININWUY NDIR [12, 13] USenounae
WAEINUIALAIBUNTNTA (NDIR lamp), LNUAZNOUNSULUUNTOUANIZAIININIAFULET
(Intake and exhaust), fI05TULAIDUNTUIA (Infrared sensor), uaznuleUszulana

(Processing unit) ﬁ'ﬂg‘dﬁ 2.3

Intake and exhaust

Infrared sensor NDIR lamp

Gas cell

Processing unit

5UN 2.3 laseasnavesiinsiaduinauuy NDIR

(fiar: https://www.oshinolamps.co.jp)

UANNITTINIUTBRNINTIVIANIBYTEA NDIR Ao unasindanasdunsien
(Infrared lamp) ¥ian15Udsauasiidaimenaduaniziidnaduluianavefinedinm
Hmunewindu Inslduazfoundy (ntake and exhaust) sowlvikasuisarugiaiy
azvioundu Weuasazioundunimnmatunasdunsisn lngasyinsuUasananduua
Hudeyailedslifuniagyszaiana (Processing unit) ¥osfansraduiienianududy
Aadinmitmanefvinsasetafusiuiidutu luanavesfsasiiviinades Tunis
psafuinufnetinmdmunediiinisesaiaiivinnatdes luanavesfwazinisgady
uasdussusatiosituiu vlvkasmnnsznuifnsadunasunsnsaiiuinnann uazile
danesnuinmsiUssuiieuiudeyaluniigyssuiana (Processing unit) Izausaseyla

INTANMUIUVUVBINLTININUINLDLNETLA

ad vosinTIvuingdininuuu NDIR Ae faruuwdugiadlidndusiead

fingeenTausiuivietinmdmunedmiunsin uasliongnsldauneniuiy

4 = Y v 6V = A [ v Y =
Y24 VDIHINTIIUNYGVININLUY NDIR A9 LUUAINTIAIUNIDTINTN

aa Y} & 19 o o A Y a
NUNANUAITUYU a']ll']ﬁiﬂfﬁ@]ﬁjf\nﬂﬂ']‘(ﬁj'lﬂ']WlﬂU']ﬂsﬁu@
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o fnsraduigiinnsiasaufizen (Catalytic combustion sensor)

Taseas1svesdinsiaduinedinnadaidusznausiodanssUiizen

(Catalytic bead) [14] uaz2935 Wheatstone bridge [15] #35U71 2.4 way 2.5 sugdsu

Y

PLATINUM WIRE

CATALYTICALLY-TREATED
METAL OXIDE

JUN 2.4 lassasnweadinissufizen

(fisn: https://naichangmashare.com)

D.C. POWER

JUN 2.5 dnsaaduiingyinnisndasiujisennesuiuaems Wheatstone bridge

(s https://naichangmashare.com)

lagndnn1sviaauresiinsIadudredanmelelizuaindiasaufizen
(Catalytic bead) wazifinnsassnognigludinsiadufiredinin waziilassadiemneiu

Tnodiassuisenivimidnidudansivaeu (Active bead) zfilassad1afivihainunain

a a

o d‘ ] gj L% -] [ 3 . . Q{' o £ d' ! aaa
nosAvnnegnelutuvesiiezgiieusanlesd (Alumina carrier) Mhwmthnssfazen

Y
aan@ndu (Oxidation) vedluanafinsdinmiududadudansisaeu wdvinliia
auseu Tuvaifeariudasaujiseviutndudegneda (Reference bead) Nilaseasg
ManvaaIanesAvImilauiy uigniadeusielaneinuanuieuluduueniieteadiuy
2/ A e IS Aa £ v LYY o aaa [ <
Ausau Weiwdinmidalnldlvadnanngludmmaiuiwasyiugiserdudensivaey

ARAMNTOUINNTUETRY o aurinliuserulninszuanseiiluanuaaanesmunigly

[
L a &

Winns1aaautUdsull waziilaieuiuline19839AnA1uA19ANALARTY 19950 ala Y
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(Wheatstone) agvinn1suawewsinulniinsenansaimuasuld vinlansiulanannuutu

Yostienndinnsnsaintuy 9 la

79 99389n5197uwTn mvian s ndassufizen Asariudu

AT uavgangiilidamadedinsiadulssiani nsmevauesineutdlirafingdinim

Jaidy vosmnTnTuingdinmedaniswdasaujisen Ae Tunisvieu
997705293 UvInllazfoslioandaudmsuniswnlndlidefinnisisau jAsevinlvia
Aufouaudsgamtng deiulunsininuinfifine@animegis 100% evinliRansaadu
e muwuuiliaunsedald wazansusenavussiindwasafdinsiaduinedinimwuull
=~ a a =% & 1 aaa 4o Y & & & v o S Ao
fUsganinmanas iudadasalfizenimihnidudinnsivaey G lndynasanih

A1595719aU v lrluszezenIzdmananisnsininviilinainedaule

- esvEganIad (Unit gain amplifier) Wuasasiiviuinivenedygiuain

A0 5393U w10 e a9 lnedinsiaduiiedaininuisviadernlaiieiing
PN = A o = ) | A o
nsuszunanailulasaeulnsameiidygyiuna wisussiulniinszuanseludaeiiauin
919snuegluglalad (mv) damavirliddyyrafdneaiulaiainaiainusedulni
(Analog to digital convertor: ADC) LUasAalatoaaaiduny uinni18Ussulanaves
s s A o a & o Y] I3 [ [ aa 7
poulnsalaesuedn ddurudnvesilsidunlasadyyiusuidandudyyrunineates
fegadu lulaspoulnsataasuesndl 10 Jun vaansenulniinssuanss 0 - 3.3 V agananse

wasAnlneldilanduilasdygraeuaenidudyamianea (Analog to digital convertor:

ADC) NiiA1921979 0 = 1,024 mnsasiaduineianinasdyanamasusanulniinszuansed

'
[

sunntugadlatrands Faenaviliiladidunisulatarandyyineuidendudyyin
Aineafiuuasdldszninansssuluiinssuansasge uiauseuliinnszuansigean
fArAuaeliiAY 10 vesARInea daNavilinITLAAINAAIAINITNTUYDIAILTININ
ﬁmmm’mLﬂﬁauqaLLazﬂQWMLinuﬁﬂﬁfq ﬁaﬁ?mwwsnsé’zyzyﬂmmnﬁ’amw%’uﬁwszj%amw
f\]%ﬁ’]ﬂﬁ’]ﬁ%mﬂﬁ@mﬂmﬁ‘%@LLiQﬁulWﬁ’]ﬂizLLE‘W]NLﬁ@IﬁLLNﬁuIWﬁﬂﬁlaﬁﬂuﬂiN 0-33V
Wevh A dyyinidneadintasainaiaindygiseuiden wansanldiduaiusiuiuin

ATRT eI U IRERGT RN

- lulasmaulnsaiaas Microcontroller) invuiNUszulana Llagn1shlad

Fyaaumseausaiulnihinsswanss Alavimsiiuvseoveedygadveglugiaussiuln

mo

wiudauinglulasasulnsaaesuainainisasvenedayain (Unit gain amplifier)
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wagileidunlasdyarusurdondudyyruiinea (Analog to digital: ADC) Muieidu

o

nmelululasaoulnsaassazvinniswlasdyiuouidsn nIowsesulunsuduludu

e

£
= [

dyqyrandnea anuulidane3uignadstunvinnmsuUasaidneanlmduaianududy

YIRNLTININT MUY NDULARIAN LADDNNIINUBELARINANS DDA NHB LU

- yi19eauansua (Monitor display) Uudruusznevanyinevesaunsalngivin
Fradanmuuunnm tagntasuaninaszncisumanududuresingdinmitanuney
nlilasreulnsaines ieuansiflinuiudsdnundudurosfedanmdunuaii
#09n135 Tnwdruuszneundnuedinsiaiafesdanmuuunnnsieeiildnaiudiedu

AUNTOUAAIIFUT 2.6

Gas sensor Menitor display

Unit gain Microcontroller,
amplifier

JU% 2.6 lassaisveamsasiiednfigiuunnin

2.2.3 gUnsninsIvTnfMedInInLuUAnAIALi
I3 ¢ o & A Aa a o Aa, | | a a
JugunsalnsaniningdininndeuinsdduaaiunUneg1aaulsesnu vieanud
MU AGIUN T UYL DA TIATUR TN AR A IWnT o e uns189dnnIg 9
drulngidndneiuvedeingniglulssnuinensiaduireniieenuiainvieds laggunsel
o o a o PN Y ¢ A )
ATIVINNIYTIN NV UAAFIAINAZUTENBUMERUATUAIUAN (Alarm controller) NMBIIUNY
A115333U719T3n MU LAnAIAIl gunsaladuAn 1 @9 auisaldsinduiingiadu

A1grn N UURARIRINLANaI8F1 LazAInTITUANTTININLUUAITIAENLTaRRR L UU LT

v v
S v 4

gunsalmIuANle 11839INAINTIITUAIRTINNULUVTTTINTN0LaRINaRAZNITUIURDU

lusduuuideanaglnnsensu

#anN13791ueUnsalnsITRi19 T INKUUAARYTEARIT L5031NAIRTIATU

Aednm@sdrulngfnsradusvuiiindenlddnsiaduigeianismdaisujizen
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o '
(Y I~

(Catalytic combustion sensor) tlosangldnudlngiiniluiaduionsiadufieinl
fisrlnanaviodsfng anthhnadeudesnsadufetinmeindvdamuadianiigunsal
AuAu Lenelimedfnsadufnedanmilfnduuuasiinni wazsemuauisanunnde
fufuglnsainaudadioulusuuuuing q 1 sufnsdsoyaisssuudnluineuiaomes
wiiteiaiiow (Cloud server) ihulassinedumasidn dmsunisuanmaluguuuunisinaus
foyasmunnisluninaeifies (Dashboard) Fsgunsainsiatnfedinimuuuindnsii

Y

anansauansagelafagui 2.7

Dashboard
P B A R

Alarm controller| T
2 [r=x l
] Ca
-] B GSM
oS
K =

Biogas sensors

JUN 2.7 Mg 1gunsningi9iniagan mLuURnRIAd

(T https://www.indiamart.com)

798 1949UNIUATIVINABTINMUUUAARIAIN Ap ANTIN5ITUNISATIIM
o Ao - a & i Yo ~ A 1 & 1 e = PxY) o
enTilvaillesaininnseglndiuganidestenisiiluaveiedsing Wewinlddngiadu
gian1swdassUisen wazauisasesiuiugunsalarupuiiieueilinesszuuianug
wioufvatunsasieTinivaunsainIsudaiaude 9 sauisaunsoadaleyaringrauiiames
[N} A dl' ¥ o 14 :.’/
widdngiailon (Cloud server) iauansdayalusuiuunisitausdeyanivuaniely

11904687 (Dashboard) lasae

Jaide ve19UnIalngIaTafineTinInuuuAnfenIf Ae llaunsansiviniig
wngld Wesnausansiviafinghilnlaiiesegaies uagmndesdafaisseuuaziism
gunnillesandeadiiaedyyialunisieusesevitguasal saudsenldinglunisaua

eEANNG AT
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2.3 S3UUKEAINA (Monitoring system)
Tunsnrainfedinmanilinaranudaluite 2.2 mafiarsananuvasasdisly
nsldeuuds gunsainsaiafnsuuuindensiiandugunsallunisnsintafefivaeade
unnivgunsalasainfedinmuuunnm esangldnuszuulidniusesetluged
yhmsasaia videqedifiiesilua uazansnsansrunalunsnsainldviufianssuuansua

(Monitor) Tngszuunansnadaunsanenlauanidnuazsail

2.3.1 szuukannakuudn (Offline monitoring)
[ a 4 v &Y ) a =) 1 1 LY =]
Wunisueiiwesssuunsasiniaiadininuuulanselassinediuda Taglud

msdstoyadnulasaneduneside iednnudeyanseuanualuguuuune q n1sddoya

1%

Anduneluszuunsivinfigyintu Wunmsdweyaauwuduvesineiinlaainaunsal

'
£ IS

n3193Ufi1guuuRnfinanlugigunsalniunulasgiededy yraond iy 13en1s

o

NalneIN1IUtIaLanINa a1dinsaelasldlasstnaaniznielu wie Local area
network: LAN nn8lu druaggiinasadilifiauaudesfiudygiasuniu (Unshielded
twisted pairs: UTP) %aﬂ1szuaﬁLma%é’ﬂwmsﬁ%ﬁumsﬁﬁagammﬂ%amuamzwifﬂama
wuulilsilassnedu nielassneansisuzuvulasenedumediin udansdedoyaitn

poNfimesultnaadouiiodniiudeys

'
ey £ % =

‘7767&7 YesssuLLansHaluLln Ao deyandwsiulunisdniurseuaninaaziining

Y

Uaande wagsamduiesnndunsdidaya vsomsuaniwanlidwlassie wielifinis
wansnanulasteBumeside vhldnsuansmatinisnnudus

v A v

Joide vesTzuuTTUULAnIHaLuula Ae lia1uisauanstayaifneinisain

[

laseteau 9 I wisliannsouandldainduwasiile vnlvigldeunsediisenisteyades

Y

agluanunfaseszuuilviniy waglifimsdisesteyavesseuulilundu 9 wWennulaeade

LAZIUAIUBITEUU

232 syuusanirauueaulall (Online monitoring)

Junsuanamassuunsainietinimriulaseiedumesidnlugluuuesiiey

Y

lo#l (Internet protocol: IP) [16] waglun1sLansnaA1AUIUNTUYBIAIYNIUID AN INE

TugUuvvesuladanunsafoyalivalsdnuue Nin1shstoyaatnaunsalniuaulagnsaniy

¥

1AS9U8BULN DS LaTN13AItaNaINATIABLNILABTULIYUY (Server) NTUToYARN

Y

58UUAT197nA93n W TngluinIesasuiime sulU18azUsznaua18lusunsuaIg 9

Malusunsufivimiidussuugiudeya WWswnsudmsusansuanulusunsuiivusiwes
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(Web browser) waglusunsuaiwidmivasnedanesiuuaniniiududuvesinesdinin
Tutlagtuiinisldmeuiinmesuivieaiiou (Cloud server) WWuszuudanislunisuanua
Tnefins¥uteyasingunsainiuauvesszuuniadufinedanim dsnsliuinisguiuy
poufinmosialion asdlusunsuiimnzAunuiidesnislidonfomumnune iausunsy
dmiudnnisgudeya waglusunsudmiunsuanINasEuusIg 9

788 v835zvUkanINaluUoaulal A @a1u1sansIdeuanIuEsEUUlAaIn
Tassdgdumedidn dumnefsansansaaeuainiila 1 ldnaeanaiuagzszuuanise
wIsfauanuskuuiEealndla vilvigriuaniazgdnnisseuvatuisannaulanseyiing
Loviud

Joide voszuukanswanuuooulal A lasetiedumesidandulasetne
a1s1sugiinisndadeyalavatesduuu envdwavilvdnislandludnuaegsng 4 a1nlan
g uaznisasiaaeuszuulugiuuunsuaninasuueeulatiulaswiedumesidnayly
annsadeonduniiidutazsandild esainidunisiideyadiiutuegfugliuinng

lasenedumesidnsietu 9

2.4 Bumasilaiannassnds (Internet of Things: IoT)

= % | v J ¢ - @ A 19
Jusluvunissukasdidayassningunsainaiuisageuseiussuuinseviuls
ludnuazuuuAIeeginies (Machine to Machine: M2M) [9] avegaiglalassvieideariu
wsoAlasaenle aunsaveusnsluanvasnilaienis nisdonatvgunsal wsenany
L [ cxeY Y 1 v & (Y 4
gunsalsedunalsgunIainlawuiy Yuegiuaiuainnsavetgunsal Usslnnueany
ANuUasndevesteyaivinn1ssunazdiseniteeunsaity 9 wazgunsallunisSunasds
o & ¥ 1 t4 a oA = v = [ 1Y ! 4
Tulusesegneldnalulagvielusianeaiiieniu Fnzausaduiavdsdayaseninegunsol

aaeale Fanalulagndenlilunsiuuarduloyatiuivaeguuuumeiudiiegiewaludl

241 walulad Zigbee [17] \uansgm IEEE 802.15.4 Afinsviraulngldnduing

[ v 1

A15150UEANDAN 2.4 GHz wazlionsn1sdsniutauandyl 250 Kbit/s Zigbee ¥IN91uUU

Y Y

A a 1

day v | d' d' = ]
ANUDTIASUBYINIINBIANTTIAIUANATUANAAGUIN YRILAarUssInAR UL Az UsEIme
D1TINUANUDAN Y UNUSENALTNUUUARUAIUD 784 MHZ, 868 MHZ kagU19USene
Tdaumnud 915 MHz Ystadvesnisidmauanudmagyilaunsasu-dedeyalaluszerlng

Nl 700 wes waziinisldndenudeudia vinlvnsldnuseiiiewesgunsal yagnia
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13282178198717UU NTUABULUALNDINTEIATY Tnelassngroanaluladuuy Zigbee
axUsznaumegunsalivihwiiiseiued 3 sUluuAe

o P

- gUnsalifieusa (Coordinator device) vimtihfiiudeyaiiefiulassioway
mvuadun1slunisdadeya sendnavun lag Zigbee nilslaseadngasiigunsalion
Wity

- gUnsaliansiauny (Router device) vnvthiilulnuanansifuuardedaya

sgrinagunsalieusowazlvunlate (End node) Wugunsalivitsumasanal dudu
gunsalvimhilunsiu-dedoyasenindyunnasaiia

- gUn3alvalene (End device) \Uugunsaluaegavasszuvaiuuinaziiu

v o

gunIalduiingaTasing o #5eAm5933U (Sensor) vailn Favimiidsdayanadun

Y

d! a [ 4

falnuanana wiegUnsalidonlaense Fegunsalumenisazegluaniiznisniounion
(Sleep mode) wazazhauiuinifideyavisodayanadan

mslanumalulad Zigbee ﬁ]zﬁaﬂ“i’fﬁmmﬁﬁmiﬁﬁagamﬂimmﬂma
livesidn uazlimanzfunsdsteyauvuselilesdensaniudoya udlassiogunsalves
SEUU Zigbee Aanunsodipunsaisaufiulunillnssiiulagsiis 256 aunsal uazmaiinnsde

senIgUnsalilanssegun 2.8

Star

Mesh

Cluster tree
. Coordinator
. Router node

o End node

5UN 2.8 sUnuumsieusiolasavng Zigbee

(ian: https://iiot.riverplus.com/zigbee-technology/)
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2.4.2 walulad LoRaWAN [18] 881121nA131 Long Range Wide Area Network 18y
nMsidoudeszninegunsaifiannsadendefusruulaswigldlusegilnaniunelulad
Zigbee Ingltinaluladvesnauinganudsdildfunseyginainesdnsiinuaunauainad
vosigura mnIsumaluladues Zigbee Wundunudinguuy FM neluladnisiu-d
Yoyauuu LoRaWAN fluseuldfuaduinguuy AM duaudiidindt FM msldadu
audsilunissusardsdoyaagilissorlunisfunasdoyatululdlnaun annsofu
uazdsdayalduinnin 15 Alawnas nisldadueuinlunisiuuazdsdeyalridediinues
5¥UU LoRaWAN detayalaraudnednin vilisyuy LoRaWAN winnziiunisiusavdadaya
ffldoyavuinidn uazgunsaifililunissunazdsdoyauasszuy LorawaN aldndanuiia
u1nvufiszeznarlunslfsuuunimesuinnindul lussuulaseinoves LoRaWAN
xUsznoume 4 dauman laun

- Iyuava1e979 (End node) \lugunsaindnludiuvesgunsaluarenisaziiy
gunsallunisnsiadneing q 1Wu fnsiaduenmgil (Temperature sensor), #R5333UAY
(Gas sensor), LarlA3edTARMUAUUTTENNIA (Barometer) Wudu ?iaqﬂmaﬂudaumm
TnuaUanenisazdsdygiadeunaiuiideulassuie (Concentrator/Gateway) iy

1 sl & 4‘ | ! ! 1 1% L
wigUnsalmdulnuadaigmeazaninsadendeiuduiendesenindlaseinglavategunsel

- gudeulasedie (Concentrator/Gateway) \Wudiufdeuidunia

senivgUnIalyanglasl®sniiesiasewie (Network server) 1iin1swousafulag

THluslareauvugdil (User datagram protocol: UDP) @uiiluldsinpeaiiiasioutfunisda

[ 1

JoyangufealaaliiinuatenisaslasudeyadiSavseli Gamthfivdnvesdudoulasy
Aa N13nIIvd@8uUleLa (Authenticates data) 3 ngUnsaivangnsudedoyaniuluds
Mdaudeya

- WWaslATiY18 (Network server) Wudndouseninadii@sulasevie

fudiinoslusunsulszend (Application server) Suihilunisivuauazesnuuulasatie
499 LoRaWAN fiflstelasednediusa (Private network), Inssgneansisazdiunans
(Centralized public network) wazlasatneaisisauefineneennseUszaiufiulasagie
(Distributed/Coordinative public network)

- @sneslysunsuyszend (Application server) \udiuinggavesssuy

LoraWAN dn1sdsuazSudeyanmasiudeyalaglilusinneaiuy TCP/IP Inihisudeya

PNUaten1emIegunsailagangasie q uniieUszaiananazuanslusuuuusig 9 uagly
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U9AsHgsNeslUsunsuyseynd wagidnudayaainisafndslunouiamesnd

sruvUuinisiiennIaafedld Inuedusenaundnuedsyuy LoRaWAN wanafaguil 2.9

Application Server

End node -
—

— 99

L Gateway
W =
—

Network Server rm—

U 2.9 dutsznausi 9 luszuulassing LoRaWAN

(Fist: https://medium.com/deaware/lora-lorawan)

o

Tuszuunsdtazsutoyauuy LoRaWAN Wunswensemenduinglusses
= = ¢ = o A | |y = o Y 1%
nlnananvainaunsalivatedefgenlastnensniesseenaflnaninadiuadiuning
YU 0Id Y QI (Bandwidth) Hupe szurn1edslnaninuninwesiesdyyinazdanag

wiluszeylnagaigunsaluaganinsadsteyals desdideyadsialull

o faglefuulasstigvesgunsal (Device IP address) Hvu1negil 32 Un
wazsienluieglof (IP-Address) Nlugriuntsluraungudeniu wazieglofivesgunsnl
[ = D = o o @ & m o sa
vaglunnanavisyadoya dwngunsalisuyndeuau uiuiedlofivesgunsalieylu
lasstenavan NefTeNsErIglasainguassivdwrutea (Network server) isawdsniias
TUsunsuuseens (Application server)

o sadnlase (Network session key) iuswalunisidingusdloya

2
ISP (% !

iulaseinglaesiadind il anunsassylainyadeyandeunty aunsodedayaniunguln

U
= & ¥ [ 1 Lo v L3 A 1 I )
GZNLﬂmagamﬂanﬂmwwqﬂmmﬂa’mma LLazmm%;ﬂamu‘[mwwmmu

o aszuUlUsUNsUUSZENG (Application session key) Lun1sisita

(3

lan1gIEnIegUnsailatenaz@snnesiusunsuyssend (Application server) ity
= & £ a v aas (& v 1 1 £
Fuduyadeyanednuingsnnesiusunsulssgndsuinanmdsiudeya

o Yaya (Data) Wudeyailianaunsaluaren1siiilumingiadu (Sensor)

1 1 = v

A v [ 1 1 Id v v Id 6 a A A
NIBDNINTIVINATIAN € %ﬂumamﬂamum3LUu6ua;J”awuasmm 21 TUFNIUNTAULUAKNIDUA

'
1a

(On/Off) viserdRauiesliindd Wesiuiudeyathaiuilanaduug aeguulaseig
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Yosfdwudayauaz@sineidoyauds duduunananioyatoyandaunsadaiiully

520U LoRaWAN Tudiutanes seninvgunsaliudidiousenindlaseng

243 walulad Cellular Wuszuunisiuuazdsteya Nvinligunsaifisesiussuy
lassnedumesiie wsegunsalfiawnsavinuliselslnreauuuniuqunisasdoya/fog

Tofl (Transmission control protocol / Internet protocol: TCP/IP) wiu lulasaeulnsaiass

A 1 v

U830 NF011935UA gUNTals1mes n3aMInTITAAIN 9 a1ursaieudanulaseyie
a § = 14 LY 1Y 1 1 o (3 A A da o = !

duwmasilale lneszuulziunazdeoyarulasanglnsAndiindioun NanvuzNsWeNme
lassvrgiansdniuuusars (Cellulan) lneldauddmsulassrslnsdniiinioun N3

mhgnuaesmivguanisidaduingligndes 1

AAWAILA 900 MHz = Truemove

pAUAANIE 1800 MHz = AIS, Truemove H

AAUAINE 2100 MHz= Dtac, Truemove, AlS , NT AIS

MAUAIINE 2300 MHz = TOT, Dtac

ludagdugliuinslassirelnsdwimdaunaiaimunnalulagnisiveuds

[ ! Y = a a 4 ! a f @ ¥ al <
LaeN1IIU-EIUYA S2u89UsEaNSAMNIsIdInTASwIsd U B SR LTI AN IALEY

o
= v A o

Lazl¥edalaiuTuNIn BnNvlisresninig (Coverage area) NATRUARULABUNNNUT
¢ o aa v a £ ™) v | ' v ¢ A P
warluanigmsaldaydundlnuinisaiunis Su-dedeyanulassinglnsdnindoud

¥ IS

f91wrunn JeilinslvialgusnsaunisSu-daeyalisnatignasuiniguiu danisly

Y

o v

wmadiansfu-dedoyariulasansinsdwiindsuiiaziiliszeslunisfu-didoya nie
nslinouseningunsailunissunedsteyatiuvhlinnd fanusadeuseiuialnsdm
(Cellular base) vaarelnsdmindauiild uazfiauisilumsiu-dsfoya samfsamning
YB3YRIHYY 1 (Bandwidth) uazuuAvestaya (Data package) funnniwelulad Zisbee

wag LoRaWAN ¢ viatiuseansnnlunisiu-dedayanlananiuidieiuiuagiuag fuiiug

Y

(% ¢

nsliuinisvedasdeinsdwiindouiiiu o lasgunsaiflfiiodonsofuialnsdmiazld
3G/4G Dongle 1WugUnsaidmiuld SIM Card flanunsaldaulassinedunesidasiiuian
Insdwiiflefie Tnilwesn USB dwsudelirgunsaifidosnisldauiulasmiedumedide
1 wn3asnonfinnesluzuuuuing q fuadosnoufinmesunie (Server) vidonoufinmes
d1uda (Personal computer) #38ABUARADINANT (Laptop) FIUDIQUATAIRNG fiananse

THaunuluslaneawuuaiuaunisdsdoya (TCP/IP) Ia danrnansalunisiu-deteya
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LAEAIIUNTI9YDIY 0T YUY UREAUToNNAIUBIUTENH I UTNIT LagAINEINITE
¥939UNT0l 3G/4G Dongle TIufenNUTNVRIFYIugUnsaliousialasainglnsdninuy
WNN (Dongle) lasuannaninsdniiede Inedieg19veigunsal 3G/4G Dongle a11156)

uamaldissgui 2.10

USB Port

3IGAG SIM Card

SUT 2.10 saeehsgunsal 4G Dongle

2.5 lassrediufqiaiion (Virtual private network: VPN)

< a ° v v a ¢ & a Lo ' = MY |

Juwmediamsviligldoudusesideaasganegdtiaseie vielildeganelalasaing
seeglng (LAN) wenuy Weanusaweudedulmaiionetlulasivigsseslndiduaiu (Local
area network) WBAMNALAININNTIANNTTEUUIASIIBLAEBANUaansaluNSSULaY
dedoya walan1svinlaseigdiudaiiounsa (Virtual private network: VPN) [8] 713
AandRmuaulasndy Sadnfieudnnldiussuulaseigvesesansnidanudsdunisld
NUHULATIUN Y DUMDS TN F8E1R U TEUVINUIBIANTNIIUAIGID SEUUINUVBISUIANT
SEUUNUY0dlsIneIUTa LU Fe58UUMuUsesnnsilananuLaldiulungarinisldou
79 laserneduwasiin warlasangdunsidnvsslasavien1eluredosdns §9n15vn1au
\ a | a & | a & @& a = I v oA a &
#1149 9 Meguulassigdunsudanulassinedumesilngeulinnundssiasdeiiinnnlyves
14 Hacker, Robot, DDoS (Distributed Denial of Service) LLazﬁEJQﬂm:u (Intrusion)lug‘d
19 9 wszlasenedumesilmdulassnenuuasisae wse Public Network fivnau
anunsadndale dsunnenfnaamndesyiauniulassediudi wiedunsile (Intranet)
Ao & v P Y] Y a v ' & = a A v
Pandusesdimnudasnnslunisiday matanisidaulasenedieu iumatanigrgln

A I a § @ 3 v Y Y 3 3 I3 ¥ [
NSLTDUADIULNBSIENIINN1BUBNBIANT AN DU ERvRIpInnsiulumeaulasnsy

ialoudngldnurinnuaindinnulagnse
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Tngundlunmsldnulasenedumesidavesdlduinig gliuinsdumesida (intemet
service provider: ISP) agiinsdaiudayalunisldeunng q (Log file) srumesiioldeu
lassnedumediin uaznanivgaldnulasasdunefidavienafliliinisUngunsal
s Fmdanvimadeaindifielfiuiigunsalsawes TawesazviinsBudusiay
(Authentication) iili#$Wnosnsiaaeudns (Radius server) vasffliiuinsduimeasiin
deunsaiswesinstuduiinudis fliuinmdunesiinazvinnisdeiieglefisziunia
(Wide Area Network Internet Protocol: WAN IP) 3nfis1aise% uazs1aimesaginnisaing
dumasndigliuinsdielieuduwesidn ludsisamesamis fududmulidisa
fuinsazvhnisifudeyanislinulilugunsaldwsuiniudeya (Log serven) ieldilu
wéngilumsiirulassisdumesids saudsinansiinuiinmsanivanuazsninan
foya wishemaiansBeudouvulaseediudiaiionasyiliglduinnslaswisdiui
iailoutatonis (VPN Client) Waurulassevesgunsaliliuinislassiedusuaiiou
(VPN Server) unu tngdliudnisdumesidanse ISP agldanunsaiunginssunisldau
vosglinulasarediuduaiionls lesinlassngdusniaiouldlisuuuuaiuuasnde
vulasenedumesidn (Internet Protocol Security: IPSec) [19] Wudidanisunanadeya
Tilauvasadvaufinisiu-deteyaseninsgunsaliliuinnslassinsdiudiailon
wazgUnsnilassthedaufaiioutaienng lasnszuaunistizenirsuuuuglusdiadou
szfutudl 2 (Layer Two Tunneling Protocol: L2TP) Foaggounginssunisldanu
wazfieglofiuulassiedumosiiln (P address) andlusnislassngdunesidnld

nsidensenuulassidiuinadousesuiuumsasnsouulassingdunesidn
(Internet Protocol Security Virtual Private Network: IPSec VPN) Iﬂamil,%amiaﬁ%ﬁmm
Uaensivgs shenisihssaiiteusudanu (Authentication) wazaugnieswesdoya tned
nsitnsia 2 wuu fie nsdhsalanzdiunesdeyaiioniudiutivesdeya (Header)
FoningUuuunisvudnedea (Transport mode) uagmaisandiuosdeyaunzaiuia
vosdioya Bonirguuvuglindiaiiou (Tunnel mode) axvlideyaiinuasndouiniy

a

Fagudl 2.11
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Original Packet
IP Header DATA

Transport Mode
e | ARG | owa
By Authenticated .
Tunnel Mode
Authenticated

sU 2.11 unanateyaiuasululuguves IPSec

IPSec uignsasadumsluniswensoseningunsaldeansiifeinissuwazdadoya
o ' s A = o ° | a %
MFendnglusAlaiion (Tunnel) Falin1snmuaULLUNTAITOYR NTBNITITIVINIGY
1a5918 (Network Traffic) wagesing 4 iedesiuyateyanudanyasuitnanluglusdiailou
lnvalusAadioutiavasnstannassanluniiuasnde (Security association: Sas) taimun
lslameauazdaneinudmivleiunisasammieiulasenglaesuuuuvesdonnassiy

luauvaendeaziuedivmsidouiaglidmivassanudasasdisludiuduvesyadoya

U

¥

(Authentication Header: AH) n3easnsanuvasnsieludgiusunazdiulargvesyatoys
(Encapsulation Security Payload: ESP)
N13NMUAN13ITITve el uelusAlaliouavinisasisuaunasUln (Crypto map) #

< v Y Y = ¢ ~ ° |y Ay ~ Y]
Lﬂ“U‘UEJanJaLau%Nﬂ’l’iLGU’lquﬂimUaWEJ‘VIN LW@u’]‘lﬂisﬂUﬂqﬁaﬂﬂJaﬂJamm@Qﬂqi LN@IGU

Y

1%
o 1

wmsfwesnldsueynyan wasthlulfussuudpnnisidunadioldlunisdsdoyaiigneisan
Fudurng 9 saesyuunisinnissiduaztennassindiuaulasadeniulaseny
dulmosiia (Internet security association and key management protocol: Isakmp)
warldnisuanildsusiadumesidn (intemet Key Exchange: IKE) luniswani@euendi
Fuduiiiiormuadennassin dmduaruvasasuinulaseedunesidn mnldmdwes
flgsuavslunaddsteyauasilulinuiuszuuianisdumdunisdsdeya figndsanile
maenfeuuuiuaasfawihnsnseidmsudonnacian eauvasaselunis
deteyalasdosimundidonuies uaghildldnsuaniudsustadumesidnlusyuuinnis
Wunslunisdstoya wissinisivuayaniswas (Transform sets) 11 ﬁgqﬁsqmﬂ'ml,ﬂaqﬁ
wdungustuvuvesluslnaeaiiliendunisadianudasafuduglusdiaiiou (Tunnel)

Fusznivgunsallunisiv-ddaya
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2.6 TWsunUEMSTUNRUITEUUATRIARBTINTN
2.6.1 TUsunsu phpMyAdmin wag MySQL

lUsunsy phpMyAdmin Wuldsunsudmiudanisgiudeya MySQL
H1ulUHNINIUVUIIIeS (Web browser) lnsaiunsaasiegiudeya (Database)
Wumsnadeya (Table) Tugnudoya windeya ufluddsuulasdoya avdeya saufisnism
foya uwaznsasteyaramelfeglusUuuuvesndlusunsusing 4 fifeans wu i Excel,
CSV waz .sql WWswnsu phpMyAdmin a1u1saldnisdsauludnuuznisidneu
LUUUTIARES (Command line interface: CLI) 1 waglusunsunwiieadl (PHP)
waza111@A3UA JavaScript a’mwﬂwsqmﬁ’lﬁbﬂ (Source code) Lﬁami%’mmig’lu%ayja

Tu MysQL 16 Teelusunsy MySQL @ansakanswiulusunsiiivusnnwes é’fﬂgﬂﬁ 2.12

« @ ANotscue 10168712345 /phamysdmin/indexphp o 0@
php M ] Server: 127.0.0.1 ~
&Hale 5 Databases || SQL % Status 2| User accounts =+ Export et Import ¥ More

Recent Favorites

—& New i } .
%3 gas @Change password « Server: 127.0.0.1 via TCP/IP
T_ inside_db utf8mb4_unicode_ci v used @ ' ¢
-9 mysql « Server version: 10.4.10-MariaDB -
T_ performance_schema mariadb.org binary distribution
+_ | phpmyadmin 8 = Protocol version: 10
-L_ test APPEalance Seings + User: root@localhost
« Server charset: UTF-8 Unicode
&’ Language &  English ~ i,

‘) Theme:  pmahomme v

* Fontsize: 82%

« Apache/2.4.41 (Win64)
OpenSSL/1.0.2s PHP/7.1.33

= Database client version: libmysql -
mysqind 5.0.12-dev - 20150407 -
$ld:

#" More settings

= Console

gﬂ‘ﬁ 2.12 fegalusunsu phpMyAdmin dwsudnnsgiudeya MySQL

2,62 TUsunsueUw (Apache) iuldsunsugliuinnsiu (Web server) fivimiind
Tinoufuglfauiu (Web client) inulusunsuivusmwesangunsaling 4 faunsafias
Wsunsuduusieesls Fdusunsuduusiwesasuszanananthudnisasia 9 vedssuuil
iy wazdulusunsuiiannsaldnusuiuldvatnie venmiesnarwndnegta

HTML sanansaldlusunsuniwn PHP wazn1w JavaScript o
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2.7 uAdeiifieades

M. Kahring et al. [20] lgvinisadadnsiataluiieldlunisnisasiataamududy
Ypafnwiiuy wazinwasusulneanlanlulssundnniedinin Au3delavinnisidviasa LED
Judasrdursusaanasunans Wuwnaanuliauassiaign nssuduvesaninsalay
(Spectroscope) LL‘UUiJ%’ULLméhm’;awﬁw%wLé’umqmi@mﬂﬁuﬁﬂﬂémﬁg’qmﬁamaﬁﬂ
Fnzan fuanmwndeunisldauiidudy ssuufnsataussnousemitedidnnsedind
uazinTIainfeassii gnesnuuusniiievhmihidugunsaituvausudelay uagsiuns
voaevUlulssuistinwiunamanednn nsiaiitusiuanududuresienansany
WHUUEIANTT 1% Tu958WIN9ANUTNTUATIUUNY 40% LA 60% F1USURINTIAIA
Waes nsnsaiant AL uresineludiulseney Aumndnetunansiniinnnals
sonsanasdusgrsnniiefisuiudiulszneundnvesietinin duddeudisulaenseiu

fnsvianldlunisgadunaly

S.D. Hafner et al. [21] Toa%ranaundiaduuuivlrnisndsiladdundn sanduls
ANU150 M I UNITAUIUANE AN 19T AT VIR MY (BMP) laag1aukiugiannusswnn

[

nMyinfedininvainvaiedsean Augideladanisiulusunsuussand Tnensuwuailendu

a o

nsvieueendu 3 @ %38 3 Function Alefiu Ao 1) Basic Function agiduilefduiisi
w1 Aulasen LLazﬁwmmeuﬁugm 2) Two data processing Function \uileridudivin
wifUsEInaNa wagduIns BMP (Biochemical Methane Potential) Tneld4ayaninnisia
w8z 3) Methane (CH) predicting production Function \Juilafdudnsunisannziuiiaz
Aefedimuinuindesfiods venanddneaimvesinedimuainsavituieldain

29AUSENDUVDIENIHINULI8TUNITODNLUUNITNAABILALNNSAAIIUNAANS

R. Selvaraj et al. [22] laad9szuunsiageuiieiinu (CHy) wazingasusulaeanlen
(€O, Tufedinmainemisdaisng q Iaeld Superluminescent diode (SLED) @4 SLED
Jawnasuuseauuud (1,540 nm - 1,640 nm) waztludidreliaiuisansiadu
Aaarsuaulneanleddi 1,570 nm wag CH, 1979 1,600 nm n¥ouiy wagynismaassiu
frediamiisiusinanTanasa 1 1wy ieve s vey tnde uazyala seduaududy
999 CO, wag CH, gﬂmnaaﬂmwiammdaﬁmwaqﬁ”w%amw JEUUNTIFIULUUBY Etalon
ﬁﬁmitﬁaﬂLﬁumqma@mﬁuﬁwamﬂimﬁma%mmamﬁawﬁ uenaINin1sIn

nsiUdsulUasvesrududy CH, wag CO, avuatfiunisdoureudsainemnsiudassuy


https://www.mdpi.com/search?authors=Michael%20K%C3%B6hring&orcid=
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L. Matindife et al. [23] l#Waiunszuunista wagnisarvauiitosiundanumani
ihdufnatanm wazszuuliinlsaneaduuunanBsannsaussanislindsnueisaonsde
waziszaufian Tuunaudldfnsfaunszuunisia uagnsmuauauSanesfuuuy
ARULATE YI0ATINAIANTARULASTE (Fuzzy Logic) @mSufinedininuazsyuulil
Taaduuunay IngUsvasdlasruvesszuuil o mswanisnislunisfuussanam
amnuansalunsdieanvesiedinmnauuazseuulilinlea wad Welvussg Tnguszasd
dlgfinsdenuarlddanasiiunsanaansnquiade dmsunisia waznsauauvesfne
Fanm wazndsoulniileaneadnanieninanududourensruiunisnanndenui
Aeades wazanuannsadurgaainiiuszansam sanes fiuuuunsinaaninquinie
IFsunsimundmivudaznitonsia wagn1saauaL 910 MPLABX a8y Integrated
Development Environment (IDE) n1sdnassunseenglansgyilagldgesalanniu C uayna
msfrassuandliifiulszansnimvesnislédaneifiunuunssnmansaguiaie Lileviune

ANUANAIUBITEUULN Lt SsUURaUNR seaunszualniin

M.Rasapoor et al. [24] l#ldnauidssinnisufuanin wazuiuusasyansamnnsaan
Aradannldedeiussansaminsdmansznusesyniafiavatsld lunisnuii
HATDIANUVUIMIUNE I UTans e linauuuy (0.2 W/ mL, 0.4 W/ mL uag 0.6 W/ mL)
73 3 aadliudwananaiy (10 widt 20 wifluae 30 WIT) denandnfnedanmuesdiu

Buv3dveunaguvy NMslaszivezyanes (OFMSW) NUSHNUBIUTIIInUARANAITY

Qe

o v

VI9aU (6%, 8% waz 10%) gnInsieyt nansvnaeswansliiiuvegadiveddg (p < 0.01)

Qe

VAUV Sonication kaELIA1VBY Sonication AONAKENMYTININAATINY LAZHAKER

IS [ 1

ANUTINIMNEIRINNTEOEINNT 72 FILUIE 6% TS WI1HADT LYY DUNANFIURNE

a

wazUSuransabusiusemiasiy (TVFA) lasuni1susewliu wien135n1955n91 Sonication

o [y

ANANAINSU OFMSW @1uSubilonn TS N191n731 (6% wag 8%) N155Nw¥1M28 Sonication

9

=b.

=

agadltddAny (p < 0.01) WiuAIUNTUYRs TVFA feumsetey uenantdalasunisigadl
1MANSUBUNAINURNIEIEINIE 5,000 kJ / kg TS wag 10,000 kJ / kg TS @unTnLNUNANER
AaFin nlapg 19l useansnnlaganizag 19898 19SULian 6% TS wasyinananan

ANYPINNGIFANEIN 72 FIl9U8INISLRER NS



27

una 3

ASn1sAiiunng

uniluni1sesuledunauni1saiiunisyinInednus Faideniluuniaznanina
TuRBUNITYINIUYIgUnTalasanITang q vidlulasaeulvsamesuesa lunadeans aunsal
d‘ o v a 1 1 1 3 L3 = 1 = 6
Aldlunsnsiadn wavnedeanng q Ingludiuveswenduasazinisnanddusunsudssynd
1 d‘ % 42’ gj 2 1 e‘a" o % Gl o 1
#1a q AldlunsimusruuTun Mgeniwlsludmuverunsaiiinin1sn v Taniednasa
& a A e & | = a ¢ '
g3 nIeiwdivuiy wazlusunsuussendludiuvonnianaufiamasuaing
nandlun1sFuA1INNTEIINLIINdINTeRUNTAln IR TUsunTuUsTEndd My
Uszanananddneailasundinsdanudassuugiudeya TUsunsunwidmsvasng
danasfiuiienisuaninalusuiuureansinidy siudunalianisasianisiouss
lAsavngLd@iiou (Virtual Private Network: VPN) TagH90uUaaun1sa 1 duaIua@ u1saLand

éﬁgﬂﬁ 3.1

AnwsuTindeyanuidenneites sautegunsal

A = ¢ & )
LA59950 WATYENALISNITLUNITHAIUITEUU

A

wunszuulagldaunsaiiifestossiudaenswsnty

NAFDUTLUU UUNNHANISNAADULAZYINANSUTB UG

NANTYAERUAULAT DD TADU

v

UseluAMAINYBITEUY

A

A3UNaN15398

5UT 3.1 JunaunisatiuaInednug



28

91n3UN 3.1 uanslidiufistunounisanduauvesingridnus Jeazgnuuieandu

5 JupauMan ¢ @Nnsalanssazidunlanirelull

JUNOUNYTY 15UNNSANBINUITeMAeIT09 AT ulUlalun1sWaurssuu

=

Msznaulusmegunsalnzeasawisndndu wu lulasneulnsamasuesa aunsallunis
= A = a s [N & ¥ 2 =2 (3 & A

deansvselugadeans uazAouiawmesuiYie (Server) Wudy Tudefnwigendulinie
TUsunsudszendeng 9 wu Wsunsulddmsunivaululasaeulnsamesuesa 1Usunsy
dmsudanisgiudeya lUsunsunwnldasiedanesiudmiunisussaiana wazvinisg
LARINAaNENLATuIULUUYRIN TN NI obN U TG LY VauuEealniuazhuunivun
4391781 uennlldeiesdnwunalanisdeiudeyasenindlulasasulnsalaaivesn
fulAsonouiamewlvIERUNENNIsveBUn o sIlaaYNasINds uazdedosrilad

ANuUaeniEYeItayanvinn1sTu-dsdnemiey

Jugouiiged axdunisandumsiauiszuuiunilagldgunsallulasraulnsaass

s s o & [ =2 [ = v 66 ¥ [y
vasn wazgunsaindndulunsiaunssvusindmsusuasudigunsallinungaudu
N195911911334 yhnsiafspeuiiawesiatie aunsallunsdeans Ande wagldanulusunsy

cal v P

Uszananuilinanuoudiluduseuusn ialilanadnsinnoinisselusunsuivusiwes

& A ) o ) = v ¢ ¢ ¢ ¢ & o
YUNDUNF N LUUTUADUAAIINNWRIUITZUUNUTZNDUAITITALIT LazyanaIsidun
BEUSDY INNUUNINITNAEABY wazvuNnNanIsnaasdiotiunyuseuisunua1ntaain

\A30elleinu1nIgIM (Standard instrument) uagAINLARNTEUUNHAILIUY

Tupouia \Wutunoulun1susuliuaanInuesssuunas1a3ulagn1sniAIaIa 9
AENITINANMEAINTEUU WaztinAIN lauvinIsUsEuNanen1saun1siietUseuLisy

AMszuLUsTiulanuesesliainuinsg1u (Standard instrument)

< & < av 1 v & = < a
Tugougayile \Wun1sasunan19idednssuuiiasiadu Isduuuidulumuanyigiu

= - A 1A v P a & v A o
uLazdlAuLgen e nieARanaInuntesliiedla uasinunzauagiluduuuuiiiomun

[ d{' & o A 2/ LY 1
Juesaatloinnianunsoaislussivgnavnssuseliluesuian
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Photo detector ‘
(VPN clent]
N ¥ Internet

>
8o I
&Q—

V‘irtual tunnel -
| Microcontroller boarM

|Chemistry compound|

1x2 Fiber coupler

Monitor device

JUT 3.2 WNARYDITEUULARIHANTIYIAMEIA kUL Ealny

91n3U7 3.2 wandbimudsdsuuafnlunisiaiuissuvuaninanisnsiainfng
wuuBsalvduuiiugiuveBumesilaiioynassnas Fansimuszuuiuanurania
W 9LA Y (Monochromatic light source) NHAMNE12ARY 1,310 UNTULNAT dIHIULES
ludsgunsaluenuas 1x2 Fiber coupler tiguanuasialduddginsiadulowiiuas
a a § o o/ o ey = A a a o [ 9
yinsunsnladimesdniunisnsiadaiiedinnm niinsnenaisusenauaiidmiunsiain
Aedinnusiazyiia lasdlaielondnuasies 1 dunlidniswenaisusenouiaiiiialy
UuA181984 (Reference) a1ntutarvanslowiaiinass 2 wdussgnsedidiuaunsal

7157939UWaY (Photodetector: PD) ifieyinnnsidasmnuidunasntaainlateanslownidnnas

av vy

Wunsasulddinsudessludalulasasulvsatansvasniiiainisdasailaign

e

\AT0IABN IR UIUETNBgM 19U AUAINTIATUABTIN M LANA1INUAD Tadeyaid

NFINTIVTUA LT ININAZ anELT AT DI Swe T aenulATINeBunesn LY

Y

¥V

1539188157150 waziinisasislasavivdludaiiou (Virtual private network: VPN)
1 a § d' [ [ 1Y & [ dl'
vulasesngdumesidaiienduvasndelunisiu-dedeya luduneudauiiie
1ATBIARNNILAB SLUUElATUTRLAINAINTIFFUMBTININAUNIMAT LATEIABUAIADST
wieazinsIaiudeyalasudnungssuugutoya weldilutoyalunisuanaaliiu
gunsaldeansiaesnisteyavesingdininainszuulagdanasnuniasistusumalusunsy

Web browser YMSLEAINALUULISEAINIT LAZLUUNMSLEAINALUUATAUATILIAN

nuulIRanlanaunaludnedunandmiutdasasianiseniuauue e dnus

Tupsall Fzgnuuseanidu 2 dundn o laun
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3.1 g1sauasuazwanAuls (Hardware and software)
ludruvesgniauisuazganduisusenaunienisnivuanuauds (Confisuration)
ve39UnIal/ARNTIWes NsldnugansLls wazn1sasedanesAud mTun1TUsELIANE

FdINsasamtianma Nllaunsoutnisgunsniensanas wazgenduaslansl

3.1.1 YafnsIRIRinedInInAuNIg

a o

Mnsviniediinimaunisazuszneumelulasreulnsaiaesuesnnsudyiu
aundonusonsesulinszuanssangunsalnsraiauaadifvdunauuueuiaan 910l
nsulasussiulninssuansmsedygrusurdenilasuidnnduafineanouds

ARdneanlalinginiesneuiiunesuitglnensdwulugadeas daandusui 3.3

3G/4G Dongle

Vision shield

RouterBoard

Ay

ControllerBoard

UTP Cable

Biogas Sensor Simulator

JUT 3.3 gnsawasludiunesiangiaininedin ndunia

~ v & e v ¢ 1 | ' °
31n3UT 3.3 wansbiiuidasaiuazaunsalnevinludiuvreinisdnasinis
a e a | ° & | Y o W o ¥ o a a a ¢ o o
WnAwdinn nauazinlU@susannusnsiadulewiitiwassinswnsnladwasdnnsu
A15ATIVIANFTINN

(%
e ¥ wa

WenlinusiiaesnsnaaeuamatURng 9 033anTIIANYTININAUNIG 19U
ArAundIuRslunsdsdeyanulaseiedunesidn Alesidudainunainniou

(%Error), Ara3ula (Sensitivity) Taginerinusilanivualididruniuivudsuanla
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(Variable resistor) Wugunsaflunsdrassdussiulwiniinle unusnsiadulouiua
yapsunInladines d115un159T19TAN19T10 W (Biogas sensor simulator) TagAvun
T umunuuddualdvivthilunisuduaussiuliinszuansadudygnuduwn
Joudnglalasroulnsamoivesa uenantulugud 3.3 aeldgunsalsmesies 36/4G
Dongle Wulugadeasdmivdstoyadandosaauiinnosuitng lnsnssefiuniuuuy

Usuanlanululasreulnsamesuasnuaninagui 3.4

Variable resistor

|3) V. to analog pin I

| Microcontroller board I

JUT 3.4 MegdrimsiensioseninaimumuuTueile

wazlulasreulnsaaasuase

91n3U 3.4 Wunsruaunisiiieleusdedidiuniunuudsuanlabimdiiu
lulaseaulnsatansvuasa lasldaneglvsiuiu 3 W@y Fearadunniadunisisuanylu
NVIDELTIAUNHINTERANTI 3.3 128 vo9lulAsAmuUlnsalansuasnunsawsanuluii

& Y A ) o v ) | 9 & ° = Y A '
rdnadI R Sulnvesdasuniuysuals anuurnssuanslWidunaessening
2115179 (Ground) Va9bUlASABUINTALABSUBSAKALYINTIIAVRIFIA T UNIUUSUA LS
[ [ I~ a [y} =l (Y} < Ao =

LLasmsJLauqmmsJLﬂumamaqmeﬂw%’]ﬂsmamq M3y eYIUBUIaRNNUAUAYULUAY

AuN1InyuIeILnuUsUAT alA ussulninnszuanseszning 0 89 3.3 Taad 1Uuns
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F1aausnuliiinTzuanseangUnsalnsi9dunas Bl Nkyainuduunasain

9 5299ULeLMLNLEIr TN WIS N TN aSE 1S UNNSASIDTARTININ

v P

MnyansIvTafiedinmiunsidlulasreulnsaaesueiniduaunsaindnly

'
o

' o [ [ aa 1% = o - !
miLLUaﬂmmﬂacyapzuamaaﬂLﬂummaa ‘USG]ENQJﬂ'ﬁiﬂiLLﬂﬁJﬂﬂiﬂ?ﬁ?ﬂ%i@iﬁﬁ@ﬂ?ﬁ

Ifululasreulnsaaesueaia wWielviinsvieuaalany (Flowchart) Tuguit 3.5

fviuaAAg 9 g1y

wrdlulpsmauinsaasd

1#3u 1P w3alal

dafnfae Function ADC,
Ref. uaz CO2 g Server

Yansvireunioli

JUT 3.5 danunaninisinnureslulasaeulvsaaeiuein

91307 3.5 mevhenveslulasneulnsaiaesueda lasfmunavlszdnaies
(Mac address), ﬁagj”l,aﬁmmLﬂéamauﬁal,ma%l,t,miw (IP server), 915Udgygy1aaunaen
ngunsalnsraiauas n1siivuaseulunisiugy (Loop) uaznisiulefivszdiiaies
(IP Address) angunsaisnmes ndsnduinisnsaaeuildsulefinnglnsainunes

nyold minlulasmeulnsataesvesalilasulefianngunsalsnameslvvinnisiugy
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ndvlutumeuusnlng mineeulnsamesuasalisuiiedlefiannaunsalstumesdnsa

'
! a

Tilulasaoulnsaaesvasaynisdsainaneanilasanardyyiaeurdenilasuainunsu
doyaueunfon hgisesraniivnesuivigsell warvinnisiugtuneugavingluaunii

Alduazlanisrinnu Ineyaidauwanifaguil 3.6

1 #include <SPI.h>
2 #include <Ethernet.h>
3 byte My_MAC_address[] = { @xDE, @xAD, @xBE, ©xEF, ©xFE, exED }; //Setting MAC Address
4
5 char server[] = "192.168.168.234";
6 //IPAddress ip(192,168,8,108);
7 EthernetClient client;
8
9 Setup for Ethernet and RFID */
1@
11 void setup() {
12 Serial.begin(968@);
13 Serial.println("Starting...");
14
15 // start the Ethernet connection:
16 while(Ethernet.begin(My_MAC_address) != 1)
17 {
18 Serial.print(".");
19 }
28 Serial.print("My IP :");
21 Serial.println(Ethernet.locallIP());
22 1
23 7 gy
24
25
26 /* Infinite Loop */
27 void loop(){
28 Sending_To_phpmyadmindatabase();
29
38 delay(1eee); // interval
31}
32
33
34 vold Sending_To_phpmyadmindatabase() //CONNECTING WITH MYSQL
35 { int reference = analogRead(A8);
36 int carbon = analogRead(A1);
37 if (client.connect(server, 28)) {
18 Serizl.println("connected”);
30 // Make a HTTP request:
ET:) Serizl.print("GET /gas.php?reference=");
41 client.print("GET /gas.php?reference="); //YOUR URL
42 Serial.println(reference);
43 client.print(reference);
44 client.print("&carbondioxide=");
45 Serizl.println("&carbondioxide=");
46 client.print(carbondioxide);
a7 Serial.println(carbondioxide);
ag client.print(" "); //SPACE BEFORE HTTP/1.1
49 client.print("HTTR/1.1");
1= client.println();
51 client.println("Host:192.168.a.253“)d
52 client.println("Connection: close™);
53 client.println();
54 J else {
ES // if you didn't get a connection to the server:
56 Serial.println("connection failed”);
57 }
58 1

5UN 3.6 gadndenvinsiusunsulululasreulnsamesuesa

9
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TudauusnAds #include WWunsidenldlugaguuuunisdeasdnvuzeaunsy

[ 1

wuudalasda wavidenldluga Eterneth Liladatayan1u Vision shield Inuiyadds

Y

Tunsdanslulasraulnsaaasuasn sail

byte My MAC address[ ] = {0XDE, 0XAD, OXBE, OXFE, OXED}

Juni1sivunan Mac address 19U Ethernet port

char server[ ] = “192.168.100.2347;

Junsszylefinauiivmesuidigvarennidesnisdsdeyaludiudauiazidu

o | 1 6 6
nsUsznensimuaaeg 9 Aelulilaspeulnsamesuesa

Serial.begin(9600);

Junisinuadnsinisdedeya

while(Ethernet.begin(My_MAC address) = 1)

Junisauseuiiasuiiegled (P Address) 3ansyuunisianiiaglodi (Dynamic
host configuration protocol: DHCP) winwasadinesiiln (Ethernet) lasulefidniaasiins

Juinlafinlasutunewlsaaly

void loop(){
Sending_to_phpmyadmindatabase( )
Delay(1000);

Az duAds void loop() Wuntsdslilulasreulnsaiassuesnyinaiuiugn

nae1nvIIUmNlaidu Sending_to_phpmyadmindatabase( ) tievinnisdsdeyanlalug
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LASDIADUNIADSUUVIY LAZALADIVIINFIINAUNITVIUDUIEAT 1 AU aeflendu

7291381 dalay(1000)
void Sending To phpmyadmindatabase( )

flafdumaianuing q iiledsdoyarnuduturesfnadinmildinimsaia
NnYAnTIaIafedinndunig fegnregluiladidu Sending to phpmyadmindatabase( )
Usznaune
analogRead( ) 1umsvsznmudunnveslilasnoulnsaaesiveda tile
fviualiduuadyaasuden niesuussiuliiinszuanss yamdsaginsimueld
M Ao waz A, lunsSuduaimeuiasn Tngan Ay, Suatussiulandn 3.3 Taaduazn A,
zuussiulaiinszuansenndiunuwuulfuAldidussfulilegsenine 0 - 3.3 Taad
wazlurds int reference = analogRead(A0); wag int-carbon = analogRead(Al);
Ao fuUsuiln Integer 3o reference was carbon MudiuARIneasinnisuias
Ausssulnihfivnounden A, way A, atudeu Tunisudasaeurdendundneameilesdu
nsulasdyaaueundenidudguiisea (ADC) veslulasroulvsaiaesuadn eanunsa

Auaallaann (3.1)

VinXZn

ADC = (3.1)
Vref
1ng Vin  #9 uwsssulniion analogRead suld
Vief A9 bh339ubno19de
n A9 UIUINANINTU ADC vaslulasmaulvnsaians

yasnaunsawlaghe

. I & o a 1 [} a a 4 [
client.connect(server,80) 1Juflaffunisieusaiuiaiosnauiimesusiung
mgnain 80 nieneindmiulusinreansetannasililunisitenlmasouddredatoyn

uliilowanimauulusunsuduusimes (Hypertext transfer protocol: HTTP)
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serial.printin() zidunsuanstoniuEuNIIYoIuandna (Serial monitor)
2939lUsunIN Arduino IDE e serial.printin(“GET /gas.php?reference=") LfJumiisq
Fowiuszunanalulasreulnsaaesuesnavddludineufinmesultie niousuusi
FosnsddlufunIsnaufinnesudtiaderine Feziinssudeninu wie strine Tufladdu

serial.println( ) Tuussvinse w1

¥

client.println(“GET /gas.php?reference=") 1Jun1sdedoyalusiuuy

Y Y

AN139AUUTAI 9 guiuanang gas.php Y81ATRIABNNUABTULYUIY ABFILUS

reference=(AlUT91984 (reference) Mmuilandu client.println(reference)) wazagyiinis

| P

seoderu Wieiudiuusiemas clientprintln( ) gaveazldsuuuudmiunisdaiuys
ajLﬂéaaﬂamﬁaLmaéLLajsziwsJﬁa gas.php?reference=[A1RanoaaInilendunisuuasndaygyiu
pundontludyuufinealudiuds referencel&carbondioxide=[AAdnoaludinys
carbondioxide] LazAsuimoskivIYa1enIvaziInIssuAIMIg niUsTUIaNa gas.php

NEDUAUANPIWUSNINUANFINT WiaUszananadsly

1 [

MnuudyufIneafliezgndwiuliduniosnouiimosuidrglnanung

Y

Wa3n Etheret va4 Vision shield Msafululasaeulnsaaeiuesn gaunsaisnimesig
n1stduiandulassirsdiudaiaiiou (Virtual private network: VPN) o nviualin
F0IN19N151TeUlATIBBUME LN W58 (Internet sateway) Tudruiiilugunsalfidoanis

WoulaseUrgdrudlaiiou (VPN client) waglin1smvuaidunienisdedoya (Routing)

! A I ¥ (%

Wodeloyadinsosnsuiianesusivielivng Feirgunsalsnimeidalinnsaeidnn

RV

a &

3G/4G Dongle Miuaunsaidmsutouseiulasswiodumesiidn vnlidyyiuisneasin

q DAY

<

Lulasaoulnsaiaesuaingndanuyosnialaseiediuiitaiiouvulaseinedunesiing
\3esneufinneiultnesaly

nsinvuaRuand@ (Configuration) qﬂﬂiiﬂiﬂal,ma%?jﬁ@ Router board [25]
dmdvadasmnediuiuatonlaenisiinuaddig q fsrmes Jsannsavilddenisld
TWsunsuiuden Winbox) Tnsarunsaniilnanlusunsuiutenifieldauldainiuley

http://wvvvv.mikrotik.com/dovvnLoads’?iqgﬂLLUUSU@@IUiLmiu?uﬁaﬂ LLamé’quﬁ 3.7
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uausIEMSINiL
ANUAAITNILADT

JUN 3.7 fegnlusunsuiulendmiuimusaaunsalsawmes

JUM 3.7 wanssegsvesiusunsuiuden dmiuimuariaunsalsiunes
negrevedusunsuaziluiausienis @msuldensien1sifeanisnvuanuaula
Tnesrunesludiuresasesrauiunesiiiigauisanmunnuautalndugunsaliumia

dmsuasalassgadrunaiaiion (VPN Server) anansafmuadnlagsgun 3.8

PPP Secret <vpn@rbr>
liEmabled U [ ok |
Max MTL: [1450 Cancel
4
|
MRRU:[ |+
3
Kespalive Timeout: -
T [ Comnert_]
Dotaut Prfc: Loca Adrese. -
S [ : - .
Authentication: [v| mschap2 mschap 1 o e l:l -
["] chap [Ipap
Umt Byesin: | |~
UselPsecilyes 3] T
IPsec Secret
Last Logged Out: |Aug/23/2022 12:06:07
Caller ID Type: [ipaddbess %] Last Caller ID: [1.20.34.180
WS ra Rl Last Disconnect Reason
[] Mlow Fast Path arabled

5U# 3.8 nsivuanuaudRsunsaliunisdmsvasdasaisdiuiaiiouainlsunsy
Fulen; (n) gunsalfunsdmiuadialassdiediuduaion (v) gunsalvaenisdmnsy

WoUmBlASIINgdIusLEL aU
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nsimuaa1smesiiluaunsaldunisdmsvasidaswiediudaiiou
fiusgneudae 2 drundndiedu Ao n1sadressuugluediaiioudunissedudud 2
(Layer 2 tunneling protocol server: L2TP Server) LLaﬂ\ﬂugUﬁ 3.8(N) LAZNITNINUAAN
Fofl¢41u (Username) wazswariiu (Password) d1mivlviadesuateniamiegunsal
Uangynafidesmsilienselasaigdrusaaiion (VPN Client) wanslusuil 3.8() mingunsal
MuseiUaensansaduduiinuiigunsaldumsdmivaiislassnedudatoulddisa
szuvaztAnglusdiaiiou (Virtual tunnel) dviudauazudeyaldazluglusdiaiiound
Armaonsty ewnszuuiiadetuinisdrstamudasadodmivssuulod (ntemet
protocol security Secret: IPsec Secret) Alfutaiiounguaiidainuvasadslunisiu-ds

Poyaszninsaunsaliunsisgunsaluatenis (Site to Site)

maﬁmum@mauﬁ’ﬁmawnmaﬂuﬁ’mﬁuwNﬁ%’uﬁ'zymy’]ma?maa (ADQ)
mnlulasaeulnsataefuein virldlasiiunsmuuadilvgunsaivateniadeude
wuuglisdiaiiousydutuil 2 (L2TP Client) nuausenisluduvestonnasssvingunsal
(Point-to-Point protocol: PPP) TR nesreufiunosusiengldfuus

Tiluthesiu fsgun 3.8 Natlannsouanansimuneiludiures L2TP client lanagud 3.9

B Interface <d2pout2>

General Dial Ot | Status | Traffic oK General | Dial Ot Status | Traffic oK

Connect To: [1.0.168.71 Cancel Last Link Down Time: Cancel
Apply Last Link Up Time: [Feb/15/2024 23:47:00 Acply
Link Downs: [0

ey

le: [defaut-encryption
Keepaive Timeout: [60

Comment Uptime: [01:07:13

Encoding: |cbclaes) + hmac(shal)

vl Use IPsec Remove TU: [1450 a
Psec Secret: [+ = MRU: [1450

eeeee

Allow Fast Path Local Address: | 172.16.32.251

Dial On Demand Remote Address: |172.16.32.1

Add Default Route
Default Route Distance: |1

Alow: [ mschap2 (] mschap1

vichap  [¥ipap

enabled running Status: connected enabled running Status: connected

(n) @)

Y 1

gﬂﬁ 3.9 fhegnemsmvuaeludiuves L2TP Client: (n) n1siaviuaal L2TP #e Client ()

PULAAIFDUNSAITOURDUDY L2TP Client

n3UN 3.9 Wunsimueaimugunsaldiuniafibiuinisiasaiediudiaiiou
IneTudes Connect To agilufieglafiuuundng (Wide area network internet protocol

address: WAN IP Address) alufieglofivesgunsaifumisiiliuinisiassivdiudaiaiion
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(VPN Server) n3ofiaglofivasgunsalvarenisiidosnisionlodlassinsdriudiaiiou
(VPN Client) ffoavin1s8ususinudie Username uaz Password fiadsiuaingunsal
Fumsiiliuinslasaieduduaiounazdedddastaniuuasndodmivlof (Psec
Secret) MPumilounguadnnisnondviunsbududnuivgunsalfunieiiliuinig

lassgduiaiouitaiiunulaenieniusui 3.9(n)

A ngunsalvaensiidensvesledlassediumiaiiouyinisweusdeny
v N9 ¥ a 1 | v 2 o & 4 o 1

gunsalduneiliuinislasanediudaiioudusa wivaniug (Status) 3wUsINYAIIN
dll ' °o d‘ Y ! ¢ & Y d" 1 1
Wourad1139 (Connected) tiauansliiduingunsaliaasiianunsaeusiasyuulasig
drudnadoulddnSawazazusngiegledt (P Address) ludiuvasgunsaivaeniafiseanis
Fouselaswnediudnadoulasulunin Ao 172.16.32.251 uasfeglofivarennsaziluan
172.16.32.1 augufl 3.9(0) wisvuudsldaninsadoyaseningunsalld lutuneusaun
Aosvinsivualdunanisastaga (Add route) evinlvlulaspeulnsameiuasnaiunse

Su-detoyald daguit 3.10

Route <192.168.100.0/24>

General | Attributes

[0 Wn LR 152.168.100.0/24) Cancel
Gateway: |172.16.32.1 ¥ | |reachable [2p-out2 Apply

Check Gateway: hd Disable

s
o
e

]

*

Type: |unicast Comment

»

Distance: Copy
Scope: |30 Remove

0

Target Scope:
Routing Mark:
Pref. Source:

enabled active static

5UT 3.10 Megrmaiiiunsnmsdndunidmsulaseigdiuiiailou

ASANAITNITAAUALEUNNG (Route table) @unsanviualalaewdaniinds 1P
PNUAUTIENNT UAINAEBNT Routes MnUwIMsimuarieglefivatenis (Dst Address)
A A | ~ A a & 1 ° P a ° ° | ~ | ~
wseneglefinguinauiamesudviggnivuald 93U 3.10 vinnsivuad1yafiegled
Yangnng (Dst Address) Yaneynie Aa 192.168.100.0/24 Lflumiﬁ'mumaummaqﬂagﬂaﬂ
Aaus 192.168.100.1 - 192.168.100.254 3nTUMUUAGUNINSWeNselUSmUnsalaung

liuinislassdiediudaiaiion (Gateway) lnsiinuaainiieglofivatenis (Remote
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Address) a1 3.9(v) vngunsaliatenieiideenisiisudelasetigdiuiiaiion
(VPN Client) anansafasafiuiduvansitouselassinsdiuiaiioulddnss azusingaiin
Reachable (2tp-out MNUUIINIINAGDUA-TUTayamen1stdAdY Ping 1fieglotives

\ATBsABNIMEIWAIINY AsgUN 3.11

Teminal <13 =] E3
[tongeshi@Uni Home] » ping 192.168.100.234 -+
SEQ HOST SIZE TTL TIME STATUS
0 192.165.100.234 56 127 2ms
1 192.165.100.234 56 127 2ms
2 192.165.100.234 56 127 3ms
3 192.165.100.234 56 127 2ms
4 192.165.100.234 56 127 2ms
5 192.165.100.234 56 127 2ms
6 192.165.100.234 56 127 3ms
7 192.165.100.234 56 127 Zms
g 192.165.100.234 56 127 Zms
9 192.165.100.234 56 127 2ms
10 152.168.100.234 56 127 2ms
11 152.168.100.234 56 127 2ms
12 152.165.100.234 56 127 2ms
13 152.165.100.234 56 127 2ms
14 152.165.100.234 56 127 2ms
15 152.165.100.234 56 127 Zms
lé 1592.165.100.234 56 127 Zms
17 1582.165.100.234 56 127 Zms
g8 192.165.100.234 56 127 3ms
19 152.168.100.234 56 127 3ms
sent=20 received=20 packet-locss=0% min-rtt=2ms avg-rtt=2ms max-rtt=3ms
-

5UN 3.11 nsnageumsdstayaluduniosnauiinesuiaieg

N3UT 3.1 11 0unsnseaeunisiwenselasiedduiiaion lneldAds Ping

' £
a1 a = 1

=4 Vo1 14 1l = a 1 1
wwuladnyadeyadeluliddnisguide (Loss) NaTuiay wanadnN1siloumneTening

YANTIVIANITININAUNI LazyaLAToInaUN MR TuLY18a11190ldurulATIvIY

1 Y] =1 v
dudiaiiaule

2.1.2 LADIARNNIMBDSHIYE (Server)

A v ey

Junsospeuiinnesiisesumainoaidmnangnnsiainfiigdininduniseiiu
lasangdumesilandsainnisvitlassiediuiiaiounisaunsaisiunes Malllugaves

\ATDIABNTIMBSLAITIEUARATUT 3.12



41

e pr
'

5UN 3.12 dudsznavluyniniesmauiiunesiavie (Database server)

n15v91uaUswNsU A elUAS0IRRURABSLUY eI N5V U U TN U

LLazﬁmiv‘imuLﬁusﬁumauﬁqEfamiﬁmmaﬂﬂmﬂiﬂugﬂﬁ 3.13

gudayaiaegn
3 4

grudaya
L |

4RI

o
\hmvisalal

. o
WIRRae

grudoya
¥ y
wan

v .
autaualugiudaya
yalug 4
FIA517

UM 3.13 dsmsvinuveniosneuiinesuldieg



a2

N15Y19UYDATRIABUNIADTHUUIBLTUINTANBTNUNTUAIRTN RN 0 TRYA

NYANTIVINMBFINMAUNISEIUNIEUNTalsIIwes ntuinisesIsaeuitlugudeya

Y [ J

Hansnideyaiindauiimuaudmiol mindeyalugiudoyadinsndalidiudiuiu
fifwun Saneifiuasvhnistufindeyadudirgudeyatnsm wdwhniandulusesudoya
MnfyanTaiafiedinmiunisutsunseisgudeyatansnideyaiiunudidvun
Mndudaneifiuagynismdnadsandeyaienuaudinistuiinasgudeyandn
letiufindnadsvestoyarianuanngudeyatansnasgudeyavdnduia sanodiuazsh
maau%’auﬂaiugm%’azga%l”mﬁnﬁgmm ileseutoyalminnyansainiedanmdunig

lngdanesiuagyinn1sIug1aINTunuLsnkuUsaLiies aungldseuuasyinnsUassuy

a a n/dy L ¥ ) ¥ ¥ I
31/1muwuﬁulmwﬂg’m%gamu 2 3UTBIA Iug’lumagamﬂ fA® gas temp

Jugudayadinsniiidniuafineasinynnsiaiafiisdinmaunis Jsdsznoudiy

U
Toyar1Lavaiu (Id), A181484 (Reference), kazArAinudutunasfieaiiveulnoanlen

(Concentration of Carbondioxide) N1lavinnstuiinannu1UseauIana gas.php tluyn 9

1 3w lnglassaievesgruteyailaseasnafegun 3.14

Name Type Collation Attributes Null Default Comments Extra

id int{7) Mo None AUTO_INCREMENT
ref int(5) Mo  None
€02  Int(3) Mo MNone

JUN 3.14 1A59a31951U004ATIA517 (gas_temp)

a Y & = o v Y = v !
"\]']ﬂE‘U‘V] 3.14 LLaﬂ\ﬂ,MLMuﬂQIﬂiﬂaiqﬁmaﬂiqu%@%a%'ﬂﬂi’]'} P92 UTLNBUAILAN

a1 (Id) dmsudaiuaanduiavusyindeya (Record) laauiluyiadias (Integer)

Y
[ <

anusvestoyalunsdafividliiu 7 wén awsafuanduievsnudalddu
1 849,999,999 uazvlintayaratn1a1ds (Ref) uagArmnududuingaisuaulnoanlyd
(CO,) Wurdnfiavuiu uazanuenlunisdafuldldiiu 5 wdn eswinAdyyin
Ameasnlulasaeulnsaaesuasniidnszning 0 &1 65535 Fuduavswudufienldniu

5 wian wazdialiiu 65535 grudeyafiaeadugiudeyandn Ao gas_db wandfsgud 3.15
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Name Type Collation Attributes MNull Default Comments Extra

id ni(7) No MNone AUTO_INCREMENT
ref float(s,2) Ng  None

€02 float(s2) Mo  MNone

date tfimestamp Mo  cument_timestamp()

sUTl 3.15 Tasaansgrudeyandn (gas db)

v 1Y

AN ITBIweIgIUTeYatInT1I gas_temp waggudeyandn gas_db 5uaN

kY

1w a a 1

NUTENIaNa gas.php NS TUNNAITYQYIUAINDATIA1919DILALAIAIINTN U
frwarsueulasonlydlugiudeyatansinn 1 3uadt augiudeyafin niuszuiana
gas.php gvn1siadeAIfiladuiinlug1udeya MeA19198uazAIAINTNTUVDY

[ v

ngasueulasenles nturnsiamnudigiudeyandn dslugiudeyandnasiilaseasng

LY

Aangudoyatnngn e fimstuindiAdneaiusiafiiaunade (Float) Lilesn
Adyaaiineannnsmatadesziganaieslulasiaiegiudoua Jedeyaviaduay
nadeuguiuy Float(s,2) sWunisiiudiuiwinlitiy 5 ndn wazdiuiudiaands
nafion 2 ndn grudeyandnaziinisdaduiui taznarlunistufindunisdudin
a1 (Timestamp) SalusfAftuiinnauayfuiisseguiuy U-feu-1u vu. -unfi-dund
(yyyy-mm-dd-hh:mm:ss) fouansiuiinaznailunsasiansmian wawuuLE g8
wiofufinarnaifideanisld ndsannnismianadsaingiudeya wazyinisduiinidy
gudeyandn Tusunsuasshnsaudeyalugruteyatinsi esesudeyanieriineasn

Yn3IininedInmivg lngyndswesmiusyaiana gasphp anansauanslansgun 3.16



aq

1 «2php

2 Helass gas_intenseq{

3 public $link="";

4 H function __construct($reference,$carbon){
5 $this->connect();

6 $this-»storeInDB(%reference,bcarbon);

7 H

9 H function connecti){

18 $this-»1ink = mysqli_connect('localhest’, 'root', ' 'Y or die('Cannot connect to the DB');
11 mysqli_select_db($this-»1ink, 'gas') or die('Cannct select the DE');

b

14 B function storeInDB(%reference,$methane,$hydrosul,%carbon)y{

15 $fquery = "insert inte gas_temp set ref = '".$reference.”',ce2 = '“.$carbon."'";
16 $result = mysgli_query($this-»1link,%query) or die('Errant query: '.Bquery);

'_t H

19 ¥

20 Hif($_GET['reference'] != '' & % GET['carbon'] != ''}{

21 $gas_intense=new gas_intense(%_GET['reference'],$_GET['carbon'l);

S

24 Sconn=mysqli_connect("localhost”, "root”,” ", tgas");

26  %$sglcount="select count(ref) from gas_temp”;
2 $resultcount=mysqli_gquery($conn,%sglcount);

28 $recordcount=mysqli_fetch_row($Sresultcount);
29  $count=%recerdcount[@];

:7'_ if(!isset($_REQUEST[ 'row']))
32 8{
33 $row=1;

H
35 else if(isset($_REQUEST['row']))

36 B{
37 $row=%_REQUEST[ 'row'];
—Z Srows+)

42 if(%count >= 368)

4.3 1

44 gsglgas="select avgiref),avgl(col) from gas_temp";
45 $resultgas=mysqli_query(%conn,%sglgas);

456 %recordgas=mysqli_fetch_row(3resultgas);

48  $ref=%recordgas[@];
$co2=%recordgas[1];

$sqlinsert="insert intoc gas_db (ref,co2) values ('%ref','Eco2')";
mysqli_query(%conn,%sglinsert);

$sqldelete="delete from gas_temp”;
mysqli_query(%conn,%sgldelete);

else ;;
5 i

5UN 3.16 fegreyadmtiiusyaiana gas.php

N19Y119UVDINUNUTEUIANE gas.php LSUAINATIVADUAIA Y IUATNDAVDY
AN819849 (Reference), wagA1ANULLTUR1TAISUBUIRBBN YA (CO,) Hn1sdau1NnLn

o

Uszanananielifien1sSuuwuu $_GET meyamdasaluil

if($_GET[‘reference’] 1= *” & $_GET[‘carbon’] 1= ')



a5

'
a0

YRIINNINTIARUANAINDaTdwnlulasAulnsalaeiuasaluyans1adn

23 a k4 [ ! ! ¢ < A J o 4
fadanmaunig arliilua1iradan #30A1 null TUSLATHALYINITES19Aad

(%
v A

gas_intense( ) Yuanlmimeyaddnail

Sgas_intense=new gas_intense($_GET[‘reference’],S GET[‘carbon’]);

flafdu connect( ) 1uilsidudmividoudoiniesnoufininesutvng
wazgrudeya daluiladdu connect() axdsznoudeilsidudmiuidondegiuteoya
Ao mysqli_connect( ) Tngsosdamniisesianundofioglofivesgudeya annsadenld
I§an1s3endasfiaIosustne (Localhost) n3afleglodi 127.0.0.1 wioufudogld

(Username) wagsacu (Password) damsunisidafisgiudeyanasnisidwesansing

A v o o

wdeyafideinisidau wagnisdmfivdoyalaldilaidu storeinDB( ) Adedslunis

o))

Q]

|
J L=

Jepndeiuintaya (nsert into) 3nudaneIuazyiINg

Da B
hol3

udayaiingiudeya

De

Pk

o -

n33v@UIILIUTaYaNIN1ITUN MIndT1uIuTayansU 360 Yaya Avualy MySQL
o ! a Y a ' Y v e I3 13

NINISUIALRALVIAND19849 (Reference) hagaradutvuTuitga1suaulnoanlan (CO,)
mefleaidumatadevadlusinsyd MySQL Aa AVG( ) Aduilsiduiiawiuduainnisidads
wandaya (Select) uaainistuiinidngrudeyanan (gas db) wieudurinisiuiiniian

(Timestamp) sef1din1stuiin wivainnistuiinteuaasgiudeyandndise WWsunsy

2VINTAUTeYAaNNAIINFIUTeYaTIAT1Y (gas_temp) tlosasuAIdy g 1uATnea
1NYANTIVINABTINNAUN T lnY baztuteyanisiuiinteyaduns 360 Taya faly

Y

11 doya lunn 6 WinlaeUszana aelu 1 Yilusaziiveyadn

54

v

Futeyandan 10 Yoy

Y

A5l UszUUNIUTUSEASULIUUTIILEDS (Web browser) Y9958 UUBAAINE
(2% a v = (22 a a 6
e InMUTENBUMIL 2 JULUU AR NSUAAIHAMZTININLUULISEALN kasN1TUARING
AYTINNRUUIINUAYINIATRBINTS Y lduseuvaunsadoundulunniinananaa
AULUUTUVDINTTININADUNUN LA TALNNITWEAINANY 2 WUURBINIUNSTEUTUAIAULLNNS

Tdnunounanslaluguin 3.17
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Biogas Monitoring system

Please, Login for monitoring

Username:

Passsword:

Login |

5UN 3.17 shegraminaeidngszuy (Login) dmiuinldaussuy

widdseuy (Login) §ldesnsenderly (Username) uagsvianiu (Password)

[y

Weduduinuneuldszuy Fsluszuvazswusgldnusendu 2 sedu Ao szdudguassuy

Y
(Admin) wazszaugldauialy (Usen) deluflenudinitussuudniavsdunnmuingy

Yo alaszuvaziifleandumsiiudldaunlulvauisadiunldnuvesssuuld dawandly

a

IUN 3.18
Biogas Monitoring system Biogas Monitoring system
Main menu Main menu
Biogas in realtimve Biogas in realtimve
Biogas in period Biogas in period

Add administrator/user

(n) (V)

Y 1

JUN 3.18 fegraviniuynen ; (n) MnuuMaNveIaLaTEUU Uay (1) mihwynangldnly

a

JUN 3.18(n) wandlviiudamdwydmsugldanulussuiguasezuu (Admin)
wazgui 3.18(v) Wutuydmiugldaunaly (Usen) v 2 niineeuansuysienisi

wilouumAsdunadmiuianwantizelusluuuissalnduazniiseuaninanuuivug



a7

I03a1uane Inglumyvasdpuassuuasivudmsuaiiegldau (Add administrator/user)
lngdunailidloyinnsng azuanagun 3.19

Biogas Monitoring system

Add Administrator/User

Name:[ |
Surename:| |
Username:[ |

Password:

Confirmpassword: |
Priority: ® Admin © User

Submit|  Menu |

UM 3.19 fegraminsenisifiudldauszuy

N3N 3.19 LﬂuwﬁwLLamNaé’m%’Uﬂ'}sﬂawﬁaaﬂaLﬁ@ﬁ%ﬂa@%qwu33Uinaiwﬂ
Mfeansandeyans Jedldseuy (Name), wiiana (Surename), ¥egld (Username), ¥ias1u

(Password), s¥anN1ULianTI9a8U (Confirmpassword), kagsgaunsldeau (Priority) veagly

sneln

NNNYIIINTIUN 3.18(7) Az 3.18(v) vnildanusyuuinmsnadaniiegdeya

MaFinmuuuiEealnl (Realtime) azUs I wiuaninanngun 3.20

Biogas Monitoring system

100

50

Concentration (%)

0 Time(Sec.)
00:00:05  00:10:05 00:20:05 00:30:05 00:40:05 00:50:05

Menu

5UT 3.20 fegavuansaadutuvesingtninwuuisealn
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POLAAINARBTINNLUUS A NI N15v 9 URaIu1s0eSU8MeR N1V

(Flowchart) aslusunsy fsgudi 3.21

Fudoya
a3 U
YA

LW getData.php
Fudeyarinluai

wanaNa

FUnuuns

Uansvineunsol

JUT 3.21 damsinuvesmiilanmainedanmiuuisealngd

f\]’]ﬂgﬂﬁ 3.21 WARNRIRIN1519U LA INTDINTI190NISUEAINAN DT IN TNUUU

Sealnyd lnelsuainniiusesulana getData.php MmN Ivaeuteyaiiiiuilug

[V

Tugrudoyathnsadeynddadal
function requestData() {
$.ajax({
url: ‘getData2.php’,
datatype: “json”,

success: function(data) {
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FayandnulvaninUseuiana getData.php Agvintfdedoyalnaiuniivii

Y

WARIHALUULS AN hasntwandwaisealniazyinnisiianletimwls andudnfkys

'
v o

Whilandunisuananaluguiuuvesnsnluiuiineyadesiail

chart.series[0].addPoint([x, CO2], true, shift);

'
[

lpeiintanina getData.php ﬂﬁsﬂauﬁ’wqmﬁﬁaqmﬁ

<?php

SobjConnect = mysqli_connect(“localhost”,”root”,”Password”,”gas”) or die (mysql_error());
$strSQL = “SELECT * FROM gas_tem order by id desc limit 17;

Sresult = mysqli_query(SobjConnect,$strSQL) or die (mysqli_error());

SresultArray = array();

While($row = $result ->fetch_assoc())

SresultArrayl 1=Srow;

mysqli_close(SobjConnet);
echo json_encode(SresultArray);
>

NSYINNUYBIMTNUTEINANA getData.php AVNsAstayadngudeyatingm
(gas_temp) Tieglusuuuudayaiadu (Jason form) wagnthuaninaingdinmuuusvalni

o | al { [ a 13 4
gvhausiaiilasuningldnuarlalusunsuivusniwes

mﬂ'gﬂﬁ 3.18 ﬂumiLLammaﬁ”’l%%’gmwgﬂl,l,wﬁmummnm (Biogas in period)

v A A

Wuntuananatsiinmuuusvuntanal ngluntiuaninaazinissuaiun Adeeanis

AU SuRuAUINToui LA Lagiioniuduaganisaum Aauanslugui 3.22



Biogas Monitoring system
100
g
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Z 50 =
=
@
H
&)
0
1Jan 12:00 2Jan 12:00
Start date:| | Time:| |
End date:| | Time:| |
Search Menu

Time

5UT 3.22 fMegnaminuananaiedin muuuivuaYIIa
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TuntuEnINafIgIININUUUARUALIWIAT HNISYTIUNTDAITLEAINAA Y

Y] ax a a 1 1% ° o ‘:4'
@ﬁﬂaimllmﬁ']ll’ﬁﬂaﬁl]’]EJ@']EJN\‘]ﬂ'ﬁV]'N']u@IQEUVI 3.23

U

=)
7

Sua wAfeu/Al

=y v,
NABINTAUM

h 4

= v v_ o
AIVBYARAMNINIG

r 3

o o - .
= v | unwenIAn DeltaV

udnmalugUuuy

ns

Auvnnsivdels

3.23 {9IN15YMNUYBIRTNLEAIHAMETIN TN UUATAUAYILIAN
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N3YNULBIMTILAAINATIFTININUUUANUAYIWIAILITUINNTINAAIHS
Aududurasiiedinin lnsazivuaiunlunisfuniduiuleqiu uaziinisivuaia
SulunisAum fie 00:00 wazduandoyatunishumasimualnduiuivasiiaidegiu

Q’.JI o ¥ d‘ 14 L4 o dl 1% 174 1 14 a
nduihdeyanlaaingiudeyandn (gas_db) MUsznaumiedeyaradr18198e (Reference)
LAZAIANTUTUAIGTININ (Biogas) HIANUIULNDNIAIAIINAIINTDANAAAT (Delta)
weAlauwanmalugULuuveinsml ndannnisussananamaududuveingLans
[ Yo & v ° v da v dw v % [y
Junslladnsa gldnuazanunsaimuniunizudundeinsdundeya waziunauanves

Toyanseainisaum tnglunsfisdeyanngiudeyanugnemdsissialuil

$sql="select ref,co2 from gas_db where (date between ‘Sbdate’ and ‘$edate’) order by id asc”;

Sresult=mysqli_query(Sconn,$sql);

o o & = v % o Ay I Y a
Pnyardndun1ssteyaaIng uteyandn (gas db) NFeINIsianIzA11984

' '
a A

LaZA1YDIINBTININNBETENINTUN NABINTSUAUAUMIURLTUN NFBINITAUMEAYINY
(date between ‘$bdate’ and ‘$Sedate’) Inai3sainuaaniieslumiuin (Order by ID asc)

wazldileridu Highcharts.chart) Mduileiduianizvadlusunsuaninansus JavaScript)

o a

WevinsasanTIndeyanswangudeyandn wazinissudeyaiunuaziiaii

U RV

Aean1sAumIdoyanutuTLYef1gTan maelU sunsin 1w e ioNLea (HTML)
wagfitayil (PHP) NilynAdssiall

<input type="date” name="begindate” min="<?php echo”$Smindate”;?>

max="<?php echo”$maxdate”; ?>">

Tugardenannaziinislduin <tag> Tunrwneviduneauaziinisldnu
AUl USNSUNLBTNLNDNNSSuNLTAkUS Smindate way $Smaxdate vinliganasiy

IS IS ! 14
fanugavgulunisidauszuy
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3.2 NMINAHdIUIEUU

va v I 1 ¥

AIdglavinnsudsnmsveaeusyuueenilu 3 dwuieiu Inesuainnisvegeuluies

Y89n135U-dedoya 1o nIngrdnusiiidruneddmatialunisdedoyaguuuuves

s =]

Buwmesilaiiennassnas (Interet of things: loT) Aatiuni1snadeuAIIEIUN1TSU-d4

)
a

[

= < a o w a 1 | 1 | A o <
Teyadududeddy wagnisnaaeud 2 aziluludiuveanisnieising 4 A9duvesyn
A5297ARNTTINNAUNG WU ArAnla (Sensitivity), LagAUasidusaluaaInAdau
(%Error) N15NAABUAAYINY ABNITUIYANTIVTATNIBTININAUNIIBIINAUAINTIATY

TowNU a9 lns wnsn At as@1NSUNISASIVTANILYININ LBUIANAITLLTUTUYDIND

(%
Yo A

Finnlasnsnadeurauaaansaedutelssnadl

32,1 mvegeunilunsdueesudoya
Tunsnageuiiliunisvaaouiiie w1 R (Latency time) 3aiduei
fuansisnuarilunisdsteyaseninseUnsaivilsfagunsainileiulaswiedumeside
Tnen1sdadoyaseningunsaiiulassngdumesidatiu fddldarunsadeniduni

- el v L Y oy a Yo o ~ 9 E y Ay
ﬁﬁiaqﬂﬂiam%a%a%mmulm V]’]bLWLWEJ\ﬂfU?‘naQ Tracert L‘W@@“UayﬁLUENGIU"UENL&HVIN‘V]‘UE]@@

Y

' v
a a =

derulasevedunasiin lagvhlunismaianuntiasazinanaadsludun1eiiinau

£ (%
a =

n1snageuiienIA1AI NI lunsdvTe Suteyave Ine 1 dnusiiindu

Y = 4 ¢ o | .:4' a s =i ° v & 4

naangunsalstunesnsludiuranasosnauiunesuiviengnimualiilugunsel
v ] Py v A g = U oA v ‘:4' ° D

Aune warludivinthndulugadeansveansiainineginmaunangnimunlmndy

gunsalffenIsaudefiulassisdiuduaion (VPN Client) 1v1n15itausdeseseuy

TAssnedusaioudisa Aauanagaiugun 3.24

Vision shield v nlual tunnel
T\ Client =

----------- A2 T"""""'ﬁ'.m. i

l IP(nhlt

5UN 3.24 dregrlassgdiuiiailou
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AsnadeuiionIA1ALnRazldRds Ping Fudulusinaeadildlunis
anaaouteiianainnindeuseseningunsainielulasstng (ntemet control message
protocol: ICMP) Aflvunn 32 bytes Fafuruinvosyadoyaund udanusausuruinldde
druiinyoseds L niousisvuinvesioyaiifeanisds lasdnds Ping tiuynrds
TumsiSenaeufinmesiusiing (Echo requests) udrasluiaieglefivasgunsaluanama mn
gunsalUaevsasniendefugunsaisiumsld gunsaldaremsazdsdonnunoundu
(Echo reply) undegunsalnunianseuiuiaailunisneundu Inglun1smaAinumiiauss

@ o 1 . 1 a
zldun1sunm Ping 1111ALQ88

3.2.2 MeaeuLiiomAnalURvadgans1 infiedin naung

Junisnegeugnnsiadafiedanindumaiioniauaudfne q fsaiauls

(Sensitivity), ALUasiduRAuARIALAZBLY (%Error), LazA1 R-Squared 1A8n1snadauYn

vaa ¥

7572 7AR19TININAUNIREITAIA 1 UN ULV USUA LA AT AIAI LA UNIY 100 Taviy
I~ '3 ) (Y3 [ ¥ ) a = a ) [
Wugunsailunisdraeddinsiadvleniivivasstnsunsnlaiimesdimiunisg

v ey IS = o ! v A [ =3 Y v
n3297af19TIn N Feazvin1sinsussaulnilinszuansansedygyraueuidenliiu

U

Lulasmeulvsalaasuasa ir835n15U5 UL UNyUYeIR s uwuuUsuaAle uyy
360 03A1 Y38 150U InRuUInIsTufnATusulndndaldanaseswansgunaiu
deyayraulalila (Oscilloscope: 0SCQ) wagymarstusinaudIgiudoyandn Junsusneuitn

]

Ao Y ° a a Y] o Ay v o = ‘:1' o
qV]']ﬂl@]iJ’]Vl']ﬂ']'ﬁL‘UiEJ‘UL‘V]‘EJ'UﬂULLiQWUIWﬂqw‘lﬂf\mﬂﬂqﬁUUWﬂf\ﬂﬂLﬂﬁ@ﬂLLa@ﬂgﬂﬂau

3.

doyaralail Meflazilunisidudeyasunseniawnuvesdagiuniudsuaildldaiuise

o 1

nyuUsuAladn annduiiantaainnistuiinierussaulniinszuanseiuafdnes
Mufindgiudeyau1vinismAnn gy (Catibration line) ieaAIuFuiUsNsaR A

LAz UINEDIAINIINITIATIE AU ALTUEY (Linear regression) I lAaun1IdUATILNG

Y

A1 R-Squared lnggunuunsiieusegunsalnavaauandlanagun 3.25
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Digital oscilloscope

UTP cable

Router board

Variable resistor

-

3G/4G Dongle

Microcontroller board

3U# 3.25 msweusegunsallumnngeunandiveyansiainfinednindunis

3.2.3 nsnageumInsiaduluuniilasinsunsnladimesdmsunsivining
JunsneaeuszUURansHafInTin Luudeidesildwaudy Tnonisly
Aansduloumdwasdasunsnlafmesdimsunisnsiaiainedinmresiuduaunnl
ps93unas (Photodetector; PD) andudianssiulaihiildaingunsainsnduuas (PD)

lulaspoulnsalaesvoialneszuumnTaainfiefinmaunisazdiidygraninoanladig

Y

uteyavdniuinIesneuiunesidvie faguin 3.26

1x2 Fiber coupler ; ¢
Reference sensing (MMF) Gas chamber Moo s B S 2
SM Fiber pigtail ; o1 [T, : Communication Database
L —l l module [ server
y I
z [
@( L WO po2 [T, : I
Light source - 1 g - 4
| . Microcontroller
Mating sleeves Chemical compound Board
Sensing element (MMF)
C02 tank
—

Plastic bag

JUT 3.26 Helasea¥ren1siiaiunszuy

i

Ingagiin1steufiedinmdngaivugnaass (Chamber) NRARIAINTIIIY

TowArasrdnsunsnlaiinesAoens1aind19820 1 kaziin1svuinnislasuwlad

o

e ufdInealneulseandu 3 antuy A aatuzneun1steuiiedinin

o

YBINTIN WAL AN
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anursznindoufiietinim wazaniusiinvusneasdfinefaniney 100% 110ty
ﬁwmé’cyﬁgwmﬁ%maaﬁﬁ’uﬁﬂiugmsﬁaga %qﬂszﬂaué’wmﬁ’wq@ (Min), Agaga (Max),
LAEAITENINNA1 (Mean) dm3UnN1ImAmNInsg1u (Calibration line) tletaunisunly
TUNSAUINIMANAUTUTUVDINFTININ LALNITNDUANBIBIRINTIaTUlELAIULES
%ﬁm%uﬂm‘lmﬁma%uamzwLLammaﬁ”w%"smWwaiaLﬁawuﬁugm"ua@umaﬁﬁmﬁaﬂqﬂ

ASINAWNAS19TU

Mndoyarienualuuni 3 Alddndunisisludiuresensauaiaig q Alddvun
wazhnacaliiauiiuiy saudsldsunsudszgndang q seludiuveslusunsudmiu
lulasasulnsatassuesalimaudtufuidiuniuwuudiualdildunudinsradu
T uasiaIunsnlafinesdmiunsiaafedanim wasnsideuneiusamesaivi
winiidulugadeans mslilusunsunviesidunes fewd wazananiud dmduais
Panos7ulun1sas 1T NUsSEUIaNa LA RUILAASNAA NS ULEAIATAIULINTUUDINLTININ
puadosnIsvesldiussuy Taslunisiiunisluunifinmameaouifiomenuant
AN 9 U933z UUlRENTYINUYIRITIasIRInTIdulan LA tn s unsnIndinosd1usy
7593w TI0 N wagn1snegeulnen uualilulasAeulnsal@esUBs AR INA U NI
Toufhuasviniuisninimesdiviunsiatnfefannlnonss sinsnaaeusenanile

asunanIsveaeuanungaly
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uni 4

NANITNAFIUKATNITIAUTIENA

YN dun191a1MaNan1SNAARUSEUULAAINARIYTININANAUITU 210N1T W
a a ¢ o =~ It & & & Aa A o o av Yy % a
efinusnluisowessnianls gondulsuasngudineites aeilanauiwdiluuni 3

1
v A

Tnananisnegdeuluuniazgnuuseanidu 4 nansvageudsil

4.1 NANISNAADUNIAIAIIUNUINLK

4.2 HANTNAADUVBIYARIATITIANGHININAUN

4.3 NaNIINAADUVDINLILARINE (Graphic user interface: GUI) 9932 UULAAINANY
%am‘wLL‘UUG}'@LﬁawuﬁugmmmaumaiﬁmLﬁaﬁqﬂaﬁwﬁa

4.4 NANISNAADUNISABTINAUMNSIFTUleMILEwdnsusnlndlines

Inglunisnegeuusaziitesvidunsnaasuluguuuuiiunnseiu wu n1svegaeu
wAAUMR Fadunisnadeuiiieniuseavsnanveinissu-dueyasenineynnsiaie
e nAuNNUATEIRENTILABI LYY TUNTYARIUNALNADNITNARBULNDNIAIGN 9

v

NeiuAnaNtAueIssUUATIIIANIGTININAUNIG FIUTINNTNAFDUVDITEUUATIVIA

=

6V =

ABTININAUNANINITARIIUNUAINTIDIUL SN IUILAIIRAT NN AT E1NSTUN IR
AN9PININ LBZNIINAADUTDINUILAAIHARY §) UI5ZUUNNAUITY Inedsivazidun

samalUll

4.1 NaNISNAGDIURIAIAIINARUIILHS
Junmsmegeuiiiemannnunasudslunisasdeyassninagansiaiafinadinmaunig
DLATDIABUNNADTHUUE TaarulATIeINIAENTIANeAleN Usenndy 4G AuiIven 3.2.1
a Yo . ¢ y o o e ~ v = |
dieldrnde Ping 9ngunsalsumeslutlivesyniingiainfinedinimaunis vieludiuves

gunsaivatenie ludeiegledl (P Address) Uaneniawsetieglefivesasosnauiiaines

1 a o

wiUneRanivuauLaY 192.168.100.234 %iéfﬁmmwﬂml,r;héﬁ“qgﬂﬁ 4.1

Y
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Fing (= B3
General | Advanced
Ping To: [192.168.100.234
ntedface: =
ARP Ping
Packet Count: [1000 -
Timeout: (1000

[ New Window

<

Seq#/ |Host Tme  |Reply Size [TTL |Status
983 192.168.100.234 87ms. 50 127

984 192.168.100.234 49ms. 5 127

985 192.168.100. 234

»

116ms. 50 127

234

2

34 B2m: .

990 152.168.100.234 5&-: Avg . ?D ms
991 192.162.100 234 42ms

992 192.168.100.234 38ms

993 192.168.100.234 42ms o027

9341 8.100.234 S4ms 0 127

995 192.168.100.234 37ms 5 127

996 192.162.100.234 27ms. 50 127

997 192.168.100.234 43ms 127

998 192.168.100.234 Tims 127

999 192.168.100.234 67ms. S % K3
1000ke... 999 of 1000 packe... 0% packet loss Min: 23 m3 R Avg: 70 ms 943ms

'
o o

g‘lJ‘ﬁ 4.1 ANg4 Ping 910 Router board

91n3U7 4.1 Uunisuanswavenashimds Ping 1uau 1,000 A53 91n1TuvNIg
mAnadenalunIneuNauTestoya (Echo packets) 31ALAT8IRRLNIMBS UM IENdINTY
dagunsaluaneneiidesnsiieusialasaingadudualiou (VPN client) lngaadeuadnis
AOUNEUIINAET Ping AU 70 ms vieilunisdsdoyarulassnedumesidauulasadng
Insdnyl 8Ty 4G Uniaesiiarnunuisuladaendn 100 ms eoifieuiunisai 4.1

= a 1 1 [ 1 1 | 1 [ 6 A I

n1sSguisuAIAIUndIwHe wagdnsan1sdetayaseninlasenelnsdnsidede
FanalunImeaeuaInszuUsIngadnmedin ndun1al delaindunisdsdeyaniniula

ANUTOLANILARINNGIN 4.1

d. v [ 74 1 1 =t U e A 1
19199 4.1 @@ﬁ?ﬂ'ﬁﬁﬂ‘ﬂﬁ]ﬂﬂaLLﬁ%ﬂ?ﬂ’J’]ﬂJMu’NLLNQ‘U@\‘iLV]ﬂIuIﬁEJIVlﬁﬂWV]ZJ’EJOEJGLuLLG]ﬁ%E!ﬂ

Generation Data rate Latency
2G 100 =400 Kbit/s 300 - 1000 ms
3G 0.5 - 5 Mbit/s 100 - 500 ms
aG 1 - 50 Mbit/s <100 ms

(Fan: https://hpbn.co/mobile-networks/)

matllunsnageumaiauvuladluniasasienaaglivinduynasaliosnnidady
e uniinadenisasdoya wu Fraarlunisldeu Inerdnusilaldmaialasaivdiu
danadon (VPN) lunisdsteya uimdunisvmafialasengdiudaiiouvulaseie
a ¢ & = ' a G ' oo = !
dutneside Falasevreduwmesidmlulassrgiianwuzilulassiigansisue

iusganaigldnulastiedertududusuniniliianisuusgesdy gy
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(Share bandwidth) Julsl Fadinavirlinisdsdeyaad wazluvesagliuinisdumesiia
vulasaneiiefeenviinavdsuwlandunisweimsdamiudeyaniogunsaiuntegdlag il

Ml uUINsmsU dwavilienanumiiausafduriondas 1Wudu

4.2 WANIIVAFIUVBITZUUAINTIVIAMYTAININAUNIG
o b4 =2 & A& £4 1 ' 1Y

Nnuansvegeuusnyilinswisenusiiidululaanaranuntiurddunisdeoya
5¥NINYALRAF0AITVRIYANTIVINBFININAUN T BATRIRRUT WS HIYNE TunIs
naaoudaulunisnaaouiieninuauiinion1nig q veslulasnoulnsaaosuasn
Y93Ynn3291n AT a1 unisveaeulaeldddiuniusuuysuails (Variable
resistor: VR) 18A31uun1u 100 lovid lagn1snyuuwnuasag 360 831 91nUUNINTS
Juiineanuduniuaindidiumuwuudivenls waginisduiinAussduliihaingunsel

LLamgUﬂﬁ'ué’mAmmLLwﬁ%maa (Digital oscilloscope: DSO) éﬁ’ﬂgﬂﬁ 4.2

IDigital oscilloscope l

=

Microcontroller board

' 3G/4G Dongle

JUN 4.2 nseeaunsaling 4 lNuAmsIaininedinimduni

NU199NITWANING gas.php NLAVIN1TTUANTYYIuATADE (ADC) AINYANTIVIA
iwdinmaun1agyinstuinidigiudeyadinsnd (gas_temp) luviui anntudaneaiiiu

YoINUNBUAAING gas.php AzvinITMnualiduAIdyyrufIneanvinnisiuiinla

=

Judau 10 a5t vise 10 deya Wieteyavinistuiinauasu 10 afsudliinismeanade

v 1 [ [ v Y

wavin1stuiindeyattngiudeyanan aetudeyaddyyiafinealugiudeyandn

Y 9 Y Y

I v a o Y

(gas_db) a1anduludeyadineanvitnisaaduiiniiewIeuiiguiugunsaluans

A o a

sUABUA YL UUATRDALAZIINNITUUTINIIALRAEINUUNLERAINE gas.php YIlENgIUN

b} g7}

N1IMIAadENN 10 ASY wagnn 20 AssduinadnsuanAsiules deuiulunismaasuil



59

(%
"

JudenldrnafeArdyyinfdneann 9 10 ATe w3enn 10 Yeya Felun1susinanlans

] U

'
A [ [ a

Aussrulniihangunsaluansguadudyanuuuidnes wasmdyninflneadingiudeya
ndn virliausasuamdeyaduiuinld werndedidudainuaatniaideu (%Eror)
wazAUasifudanududuresfinedinin (%Concentration) fhnnssraswhemafuniu
wuudiuald Heideyanded 1, 2, uag 3 Aldviinrstiufinarunsauansdigienisned

4.2 - 4.4 pUa1eu

M1519% 4.2 MINHANTNAAOUNBIUSHULNEUAGNG 9 YBIYARIATITIAAUNATIN 1

AR wseauluinaIn wsaaulnAn s Ca .
Y . R wWoaswun | asiue
FunuIIn N133983 Ay | 9nnswUag
PR A W . AU | A2IUARTA
soufl | fadunmau | aunsal Digital finoa AdByaIN . . P
N . WUt AU
Usuald oscilloscope (N.A) fInea
(%) (%)
Q) V) V)
1 3.85 0.07 1498.4 0.069 2.5 2.012
2 7.69 0.207 4376.1 0.200 7.3 3.226
3 11.54 0.34 7184.4 0.329 12.1 3.272
4 15.38 0.482 10069 0.461 16.9 4.373
5 19.23 0.622 13058.3 0.598 21.9 3.897
6 23.08 0.742 15548.1 0.712 26.1 4.079
7 26.92 0.856 18018.6 0.825 30.2 3.642
8 30.77 0.975 20549.5 0.941 34.5 3.520
9 34.61 1.09 22973 1.052 38.6 3.521
10 38.46 1.202 25355.2 1.161 42.6 3.439
11 42.31 1.292 27215.2 1.246 a5.7 3.575
12 46.15 1.383 29152.6 1.335 48.9 3.507
13 50.00 1.482 31266.8 1.431 52.5 3.422
14 53.84 1.575 33015.6 1.511 554 4.042
15 57.69 1.685 35224.5 1.612 59.1 4.306
16 61.54 1.79 37489.5 1.716 62.9 4.127
17 65.38 1.9 39837.9 1.824 66.9 4.019
18 69.23 2.01 42237.2 1.933 70.9 3.808
19 73.07 2.12 44648.7 2.044 74.9 3.592
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a = = = i o v v S A '
A5 4.2 AN1T1INANITNAFDULNDLUIULNYUAHNG 9 maﬂﬁﬂ@’nmﬁj'ﬂjﬂmu%qﬂﬂﬁqw 1 (»9)

AR wsasulWAnan iUl ce ce
Y . . Waswun | Waswun
FUNIUIN N1530V09 AdyI | nnswUas
. ., o . AL | AIUAAIA
59UN | @adumiu | gunsal Digital fInoa ANE ey . . 4
o v _— Wutu AU
Ysuanld oscilloscope (N.A) fdnoa
(%) (%)
(Q) V) V)
20 76.92 2.23 46889 2.146 78.7 3.749
21 80.77 2.33 49126.6 2.249 82.5 3.483
22 84.61 2.46 51853.3 2.374 87.0 3.510
23 88.46 2.59 54579.6 2.498 91.6 3.535
24 92.30 2.71 57077.9 2.613 95.8 3.586
25 96.15 2.83 59600.5 2.728 100.0 3.594
Error avg. 3.633

11NA597 4.2 Usgneusngaianudmuniudaldainnisusuunuvuresiaduniu
USurla (Variable resistor; VR) #1133 360 84ei1 Aruseaulniinainnisinavesgunsal
LLamqgﬂﬂﬁuﬁmmmeLuuﬁ%maa (Digital oscilloscope: DSO) #i¥aandaduniuySuale
roudnidfvdunauuudynuewdenveslilasaeulnsaiaeivedn Adygufinea
agnangrudeyandnyenedesnouiiuneiusivie wazAmssiulnidldainnisduin
A IURTNDARIN (4.1)

o

~ ADCyqlueXVres

V= 1R AT (4.1)

lng  ADCvalue A8 Andiys1auidneadingiudeya
Vref fo ATLIIRUDSBIRDURBLTFsUNIUUSUAT LA

n A F1urudn Bit) AsRTunlasdyraeuraonidudygyiu

famealululasAaulnsaaasuadn
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a = = = i ) v v S A
A19519N 4.3 AT NRANITNAFDULNBLUSHULNEUAINNG 9 maﬂﬁﬂ@'ﬂmiﬁ'ﬂ?ﬂmu%qﬂﬂiﬂﬂ 2

AR wsasulWAnan wsenuluiin ce e

AUNIUIIN N153A29 AdI | 3nnsudas wosituA | wesizun

sauil | dadumuuiu | gunsal Digital fdnea ANE ey Tan m’]iﬂmﬂ
ala oscilloscope (N.A) fanea T Aot
(%) (%)

Q) V) V)

1 4.02 0.074 1573.8 0.072 2.64 2.645
2 7.62 0.208 4342 0.199 7.29 4.442
3 11.54 0.339 71123 0.326 11.94 3.960
a4 15.36 0.481 10051.3 0.460 16.87 4.343
5 19.31 0.624 13109.4 0.600 22.00 3.830
6 23.17 0.744 15634.3 0.716 26.24 3.806
7 26.19 0.86 17987.5 0.823 30.19 4.256
8 30.57 0.973 20439.7 0.936 34.31 3.838
9 35.02 1.094 23013.3 1.053 38.63 3.705
10 38.42 1.204 25310.3 1.159 42.48 3.770
11 42.25 1.291 27079.4 1.240 45.45 3.982
12 46.08 1.382 28987.4 1.327 48.66 3.984
13 49.96 1.483 31107.3 1.424 52.21 3.980
14 53.85 1.581 33081 1.514 55.53 4.217
15 57.83 1.683 35336 1.618 59.31 3.889
16 61.57 1.79 37560.1 1.719 63.04 3.946
17 65.34 1.9 39755.7 1.820 66.73 4.217
18 69.2 2.01 42210.9 1.932 70.85 3.868
19 72.98 2.12 44a584.7 2.041 74.84 3.730
20 76.91 223 46867.8 2.145 78.67 3.792
21 80.77 233 49126.7 2.249 82.46 3.483
22 83.98 2.46 51682.2 2.366 86.75 3.828
23 88.26 2.59 54300.3 2.486 91.14 4.028
24 92.22 272 56766.7 2.599 95.28 4.464
25 96.04 2.82 59148.2 2.708 99.28 3.986
Error avg. 3.920




62

a P = = o o o v & A
A19519N 4.4 ANTINANTITNAFDUINBLUTYUNEUAIN 9 T@ﬂﬁﬂ@nﬁi?‘ﬂ?ﬂmu‘ﬂqﬂﬂiﬂw 3

AR wsasulWAnan w3saiu Wi ce Ce

FUNIUIN n153A29 AdI | nN1suUag wesiun | Wik

sauil | dadumuuiu | gunsel Digital fInea ANE ey Tan mqsiﬂa'm
ala oscilloscope (N.A) fanea T Aot
(%) (%)

(Q) (V) V)

1 3.95 0.078 17123 0.078 2.874 0.491
2 7.49 0.205 4262.2 0.195 7.154 4.825
3 11.52 0.34 7122 0.326 11.954 4.112
a4 15.43 0.482 10109.9 0.463 16.969 3.985
5 19.21 0.622 12962.5 0.593 21.758 4.602
6 23.07 0.741 15544.1 0.712 26.091 3974
7 27.04 0.86 18107.1 0.829 30.393 3.619
8 29.98 0.971 20399.9 0934 34.241 3.828
9 34.57 1.09 22821.8 1.045 38.316 4.131
10 38.42 1.2 251435 1.151 42.203 4.085
11 42.26 1.291 27078 1.240 45.450 3.987
12 46.1 1.381 28990.6 1.327 48.661 3.904
13 49.93 1.485 31101.9 1.424 52.205 4.126
14 53.9 1.58 331125 1.516 55.579 4.065
15 57.62 1.683 35182 1.611 59.053 4.308
16 61.59 1.79 37539 1.718 63.009 4.000
17 65.28 1.898 39752 1.820 66.724 4.125
18 69.01 2.01 42178.6 1.931 70.797 3.941
19 72.94 2.12 44498.1 2.037 74.690 3917
20 76.85 223 46718.4 2.139 78.417 4.099
21 80.48 233 49060.4 2.246 82.348 3.613
22 84.21 2.46 51745.8 2.369 86.855 3.710
23 88.32 2.59 54430.2 2.492 91.361 3.799
24 92.2 271 56992.1 2.609 95.661 3.731
25 96.1 2.83 59473.8 2.722 99.827 3.799
Error avg. 3.871
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1NA15199 4.3 TANUaSITUAAMURANAIALRAUYINAU 3.920 WAYA15197 4.4

f < 6

] a a a4 o a & i A
ANUBSIIUARIUAANANIALRAYT 3.871 laglilauAadeuediiy 3 A15190IUIANLRAY

jmd)}

¥ s

MeAusedulniainnisindeaunsaluansguadudyyrunines Adyyiuiinea

]

(%

wazALsulnAALUasaneAduIufdnea druanlasidudninuaainedouazidunis

T o

(Y A

AuIuIINAtedgveswTulniifignisinvesgUunsaliansguniu

o

dUIURINDA

[

wazkssulnAAwlaIanAduanuRaInea F9n1s199 4.5

A

d' 1 d‘ gj 1 L ¥ ¥ L4
f197999 4.5 19 NARAYINNNITNAFBU 3 ASY “UE‘NF’ﬂLLN@‘L!IW‘W’]"Nﬂﬂ’]i’lﬂﬂ’wq‘ﬂﬂim

uansgURAUdaMATRen wazAwsatulnihiulanAdygynfdnea

AR wseaului1aIn wsanulWin s ..
Y ) D\ Waswun | asiun
AIUNIURIN N394 AdI | nNISuUAY
sl o, . ) 2 . AU AIIUARIA
F9UN | fadunuuiu | gunsal Digital fInea AN ey Y s P
. o Wy GELY)
Ala oscilloscope (N.A) NINAA
(%) (%)
Q) V) V)

1 3.94 0.074 1594.8 0.073 2677 1.344
2 7.60 0.207 4326.8 0.198 7.262 4.163
3 11.53 0.340 7139.6 0.327 11.984 3.781
4 15.39 0.482 10076.7 0.461 16914 4.233
5 19.25 0.623 13043.4 0.597 21.893 4.109
6 23.11 0.742 15575.5 0.713 26.143 3.953
7 26.72 0.859 18037.7 0.826 30.276 3.839
8 30.44 0.973 20463.0 0.937 34.347 3.728
9 34.73 1.091 22938.0 1.050 38.501 3.786
10 38.43 1.202 25269.7 1.157 42.415 3.764
11 42.27 1.291 27124.2 1.242 45.528 3.848
12 46.11 1.382 29043.5 1.330 48.750 3.798
13 49.96 1.483 31158.7 1.426 52.300 3.843
14 53.86 1.579 33069.7 1514 55.507 4.108
15 57.71 1.684 352475 1.614 59.163 4.167
16 61.57 1.790 37529.5 1.718 62.993 4.024
17 65.33 1.899 39781.9 1.821 66.774 4.121
18 69.15 2.010 42208.9 1.932 70.848 3.872
19 73.00 2.120 44a577.2 2.041 74.823 3.746
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M19197 4.5 M15NANREEIINTVAADU 3 ATIvBIATwsIiulNThaInnsiassaUnTalLans

A

sUmaY

o

[

3 dyauninea Lazaussiulwihnnlasanadygianinea (se)
AR wseaulnfian wsanulnin i . ce .
Y . . Wasun | asitun
AUNIURIN N1539989 AdI | 3nn1suUas
N . . N . AU | AIUARTA
s9UNl | fdunuuiu | gunsal Digital fInea GRGLTGTREY Y . 4
v _— Wy GEL]
Ala oscilloscope (N.A) fnea
(%) (%)
Q) ) )
20 76.89 2.230 46825.1 2.143 78.596 3.880
21 80.67 2.330 49104.6 2.248 82.422 3.527
22 84.27 2.460 51760.4 2.369 86.880 3.683
23 88.35 2.590 54436.7 2.492 91.372 3.787
24 92.24 2.713 56945.6 2.607 95.583 3.928
25 96.10 2.827 59407.5 2.719 99.715 3.793
Error avg. 3.793

ANRASUD LU UAAINLRANAIAAINNITNAADY 3 ATINUINTIUaSGudAIURANas

WU 3.793 (%Efror = 3.793) LazaInNm15199 4.4 MAUANRAYYDINISNAFINT 3 AS

a1u1samA1Aly (Sensitivity) ¥89YAn T TN BT I MALNNAlARIEN1TIATIERToYE

Faudu (Linear regression) Inen1sunaA1afersdaInnudunudgnimualiduwny Y

wazAvuaAadsrIL Ul ALl asa NPy Infdnoadeiviun

aunsludusandlugun 4.3

= o

Tmdunnu X vinlele

3.0

N
"

g
o

Avg. Volt from ADC
- -
o (%)

o
wn

o
o

20 30

50

60

y=0.0277x+0.0396 ,

70 80

Avg. Resistance from variable resistor

R? = 0.9981.+"

90

UM 4.3 anuduiusseninainnuiumuka Al ssiulnihiuamindyaafdnea
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9n3U7 4.3 1 Dunsimsieiideyaidadu (Linear regression) ialinsiuiiaimaula

(Sensitivity) ¥83gnfansIvindun1eniilulasreulnsaaasvesalunisuiasAins iy

o

A durdFuifinea lagal R%= 0.9981 wazila1aulivesszuu Ao 0.0277 V/Q

Y]

a v A

= a §€ ¥ 1 v v 4
"I 27.7 mV/Q LLaBﬂ']i'JLﬂi'W‘VIGUE)lIaLGUQLﬁuLW@M'W’]’W‘TN@JVL’J"U@ﬂﬁﬂ@]’]@]i'ﬂ%'ﬁﬂ(ﬂuﬂqﬂ

Y

senIa st Ui wazAnUasifudauuduvesf1wndsunuwsaauluia el
lanmualiaaiswssiulniinudasAiainnisinseaunsaluaniguadudyyinuuy
fImoa (ARAUUN 3 3NA1T199 4.4) AuAlTULAY Y WarANRAgYBIAUTLTY (ADaN

'
=

7 7 9nen9197 4.4) gaimualiluwnu X degui 4.4

w
o

V=0.0283x+0‘0909"°
RZ=1 .o
I

e
.

Ined
[}

2
3820 P
.
= 15 -
= L
g e
B L]
:>: Lo K .
-
L)
0.5 »
.
=
0o —*
0 10 20 30 40 50 60 70 80 90 100

Avg. %Concentration

JUN 4.4 auduiussenirsdusstuliihannmyinmeeUnsaliansgunaudaaimuuy

fanaauazAAsU oS UAANULTUTY

9N3UN 4.4 Wunmsdwszideyaduduiiensivisinnulivesansiainfinednin

Aun1a lage R? = 1 el sendnaefevedssiulnihandiiumulsuals aiala
4 a o aa = ] a s o ¢ Y v

ngunsaluansguadudyyiuuuudlneafisuduanadsilasidudadiududy

Ao 0.0283 V/% %58 28.3 mV/%
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4.3 NANSNATDUVDINRLN LLﬁﬂ\iNﬂ‘UE]\‘liS‘U‘ULLﬁﬂs‘lNaﬁﬂ‘U%’Jﬂ'lWLL‘IJUGiE]LﬁENUUﬁug']u‘UEN

duwmasidaivennasands
Tudeilazilunisnaniagluuunisuansuarinnududuresinenisuveulneanlen
n1slanaulugduuunig 9 vesszuuniauduselldau IngdaneTnunasnaninyads

Malusunsun1w HTML, PHP, wae JavaScript fefisunuulunisuansuansioludl

Wsunsusuanuiiusn daduntihnistududinumenistendedldenu (Username)

wazsian1u (Password) Tnedfianuisaldaussuuldazdendudilasueyminaingaua

szuulildaulavingy wihuanmanisSuvegldnuuas svaiu wanaiagui 4.5

Biogas Monitoring System

Please, Login for monitoring

Username: |
Passsword: |

| Login

5UN 4.5 vthuanwausndwmsulouverldnu waysianueinldnussuy

'
a

FEUULAAINAILSUIINULLAAINATD index.php Wunihuansmalunissuetor gy

'
L4

wagsiasiy dmsugifesnisidaussuy wazgldnunediveyatierldanu wagsaniuegly
Frudeyaudniniy fevgldauszuuld lumiuanwmassidanesiiulunisfuredldanu

[

LAYSWANIY P91
”» 77>

Username: </td><td><input type="text” name="username” value=
” ”>

Password:</td><td><input type="password” name="password” value=
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YAAIA Tag input w30 <input> az¥imtnlunissuABunafignivualindued

Foildnu Fadnwaznissuaazludedinsendeyalng type="text” azinualin1ssuen

a

& Y o & v & [ Y @ a = 9 99 &
WULUUAIVUIED ARUNIDDNVITENLAY LLﬁSQ%LLﬁ@QIML%UIéﬂ:@?JUﬂG] 9 value="" 21Uy

L] 1

FNnUAlATDITUAILERNIAIUNG 1S8R Default unnlulamuuaal wu “” wananlieeq

TunsSudunauanstainulan lufidregsdnusenseaundligldnulaviududiedis

v

1 CY 1 a I a = A vg v a 6 o
wagludiuveesianiu QUWWLUUGUUW Password %QIU%W&‘WE&I%Q’]UW&JW@’J@ﬂ%iB

Aaan3ednuysiitay Jldeuaziuilugaiuniusiuiudidnysvassianiiunlald

Y

1 @ 1 [y

LazA value="" azliiifeg1e ndngldnadu Login daneifiuvemiiuaniuag
index.php vzdmnegniludunaisedldnuuassianuludmidiuanua validate php

WathaAlaluUseunanasa

ellntinUseuiana validate.php aglinansmaludnwaesuain dugldaussuy

(Graphical user interface: GUI) 19 #nnenfsunaesldey wazsiarutuilsuuuy

Y

= v ! 'y 1% 1 7 v 1A & v = My v
Mgnaeanegs witgldnuldderldaukazsianiuin vseveyandeulilieglugiudeys

Y 9

Ald91uszu (admin) niUsraaana validate.php azsansnaidudeninuiiioudufiou

' [
[ Yy A

lneynddandAgluntuaniua validate php fuagdiumeduaiunsaesuielasiail

Susername=strtolower($  POST[‘password’]);

Spassword=base64 encode(strtolower($_POST[ password’]));

% 1 a 4

Taglugaadeny 2 ussiaillunisfuardunadinntiianiua index.php 18013

9

[

defoyaidunuu Post udvin1sudsnadadnasslmdudidnysiniidnareladdu
striolower( ) Lo tostugldutoudefldsunaysianuiia Tneludiuvesnisfuen
swarudnduUsazilaidy basesd encode titevinslaswalvifuadunaiildszuy
yihnsnsenidnun esanlumsnsaaeuugudeyadlisuszuy (admin) dfinsidsia

A 1siilaidu base6d_encode Uosfu lunsaligrudeyagnatsnssy nadlaseaing

Yosgutayanldnussuuiuandlugun 4.6
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Name Type Collation
name varchar(30) utfé_unicode_ci

surename varchar(30) utfé_unicode ci
username varchar(10) utfé_unicode_ci
password varchar(50) utfé_unicode_ci
position wvarchar(20) utfé_unicode_ci

priority int(1)

5UN 4.6 lssaiegudeyanldauszuu (admin)

anolulassadragiudoya fidesa priorty wieanuddnyvesilday Mrudeyady
faav 0 Au 1 Tasdmuamiudifyvosldaussouiidndu o Mdugldsnussaunly
(Usen) mnaud gy vosidaussuudanvingu 1 andudldnussdulguassuy
(Administrator) Fsvdsaindildiand sifuaviasiagldauuag saniiu Sane3fialunii
uansua validate.php azthiandsisansenldunteyalugrudoyadldauszuy admin)
minnsfumdeyaisdefldnuuarsiaiiuliny azdidennuuiuiouusingdoay

ﬁqgﬂﬁ a.7

©) Biogas Monitoring System

Invalid Username and Password !

| Try again |

JUN 4.7 Yepnuudanngldnussuudeudeyaterldau uagsvianuligndes

nsuanstanIuLILfousnatndudanesfiuvemituaniwa validate.php wayawdl
Yuaadlnal (Try again) weugldaundululavegldnussvukassiaiiuiniwanaug
index.php vl widnmingldauszuuiinsldverldan uagsviaiugneies danesiunigly

Wiuanana validate.php AvinaunsyaAdssialuil
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S SESSION[“priority’] = Sdbarr[‘priority’];

< v P~ L. o o v v 1

Junisuseniadiuusseuun@e priority Aldaulandiuseaiana wagniiuanisa
aeluszuu lnedudsibivdua 0 e 1 weveningldnuedidugldnuszaula win
WARINALUYMAN (menu.php) A8¥1MN15A9ANAIRUSTBITEUY (priority) AaensiUaldflandu
session_start( ) Fafuilsdduresdusunsuniwfitesii (PHP) vin1sheAIAudAyves
dlduszuulidududsluntduaninawynaniide Spriority windawds Spriority A7
wirdu 0 aziluniliuanmamundndezun 4.8(n) waznandawys Spriority iy 1

9aNEINUVDMTNUAAINALNYANAIFUN 4.8()

© Biogas Monitoring System | ) Biogas Monitoring System

Carbon dioxide in period Carbon dioxide in period
Carbon dioxide in realtime Carbon dioxide in realtime
|

Add administrator/user

— =T

(M (¥)

JUN 4.8 vrhianssawmynan; (n) lwynandmsudldeumly () wyndndmiugauassuy

13U 4.8 Wuntuaninamundn lnedaneifiuazyiniswanauyiiinludiuves
Flda1uszuy (Add administrator/user) egunsanivualddngldaundesnisiiandy
Aldauszaula Wudldnussuusedudldonunly wiedldnussuuluseiudguaszuu win

A3 Spriotiy AU 1 agvinsiiiumy Add administrator/user ausU# 4.8(2)

Wegldauszuusedugauanafiiuy Add administrator/user §anafiuagyiin1sia

Mwanna addadmin.php Yuandsuanslugun 4.9
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@ Biogas Monitoring System
Add Administrator/User

Name:

Surename:

Username: |

Password:

Confirmpassword: |

Priority: @ Admin O User

Submit || Menu

JUN 4.9 vihuansmaven1sisgldiussuy (addadmin.php)

iuanIna addadmin.php Usenausiedanesfistunissua1duns nefiniadnuse
(Text) uazwiinsia (Password) Sauvadin siivAEuwe wuuideniie (Radio button)
iWervunsziuglinuszuuiairadudinduildaussousedule Welsvinnsnsendeya
uAsULENInndedeyareys Submit Sanesiiuazviinisdeddunaildvinnisnsen
ngldnuludmidadszutana insertadmin.php wieudunisnszuiun1siunisdnnis
Arwifiawann (Error handling) fikiaduanmsnsandeyaveslimuszuy fansnsondeya
fiamannvdelsiasudiu sadenisnsendeyasianiu (Password) wazdoyadudusiaiu
(Confirm password) linssiu Tnen1sudaieuszidunisiansteyaussiananuiionaini

Nafuiiy 9 Asgui 4.10

&) Biogas Monitoring System

Please, Fill the name

| Back |

5UN 4.10 M08 19n15UIUABUANURANAINAINYTUIUTEUIANA insertadmin.php
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1N3UT 4.10 Wushegrsesthmsuansdoruainszuunsiansdeianann (Eror
handling) 9nguldudemmudaieulunsaififldnuszuy lildnsendeyadovesldaniln
wawilvy Back Wielvgldnuszuulsvihnsnduanldneazideaniousladoyaligndodn
mndanesnun1gluninuszuiana insertadmin.php lavinnisianisteRanainiuiinys
ﬁ’mmﬁlé’%’ummﬂauwmﬁa’qmmﬂwﬁ’] addadmin.php 1nA1 wdslinuderanainla o

danasnuasyinnstufinfuUmndudndgudeyarldnumeyamdaiadeluil

Ssqlinsert="INSERT INTO admin (name,surename,username,password,priority)

VALUES (‘Sname’,’Ssurename’,’Susername’,’ Spassword’,” Spriority”’)”;

nasandanesiulavitnisdufinadanusiaandnggudeyadldnu JUsunsuagi
nsuanstanuwdeIszuulavian suiindnse (Add complete) wazdiduliidoniiinis

Wadadgdsguu (Enter system) Livold1gniiuanana indexphp d1viudududinu

Y

meforlduarsvianiu nasr@uinlng wasdudmsvaiadldanussuuiiy (Add user more)

)

mmgﬂﬁ 4.11

@ Biogas Monitoring System

Added complete

| Enter system | | Add user more |

JUN 4.11 wihuanwawdetoanulunmsifiugldnudnse

ilegldauruntuanina index.php menisldteyangniesisverlfanunaysianiu

&

[

° = 7 o X [ d' 2/ a1 A
ﬁ’]Liﬂi%UU%%LLﬁ@Q%UWLNHM@ﬂﬂUNWﬂQLLﬁ@QIUE‘UW 4.11 I@aiummmummzuﬂmwa

Y

uanaransnvesineasueulneenlyn (CO,) Tusunuuimungieian (Carbon dioxide in

period) MBNULEAINE co2chart.php ﬁQLLamﬂugUﬁ 4.12
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Q Biogas Monitoring System

entration (%)

JUN 4.12 wihuanwaieasueulaeenleduuummunyieial

91n3U7 4.12 Wuniswaninaaipududuresingaisveulasenleduuuninue
' a v v ) o | v v o & & a
Y9899 9N kannale tnenglansina1 LN IuueIf1gA1sUaulneanlunazdl

a

| v a { v & a a o a & a a X v
PoafuBunanasanuindunayiniui (Date) bazuiindunasiaiiai (Time) laglumi

wansnavzdisaenludInueaiun nartun1ssuAun wagddeniun natgavineNaens

AU

PUILAAINANINUAVDIINGDNUS LA L@ U150 LA LAEMN I NAILAUIN T LEAIN A
(Uniform resource locator: URL) #28n158naanae URL 97ASEUUT anINaanluswhnsy
HBuusreeslunal annuuliiduuswasiinisidantd URL 19952uunlafnaanun

a wa v ' = f 2 & aa v v ay o v
39Utz iAnisidonuniulusunsuiivusiiwes duduisnldnussuuildgndes
U :.’/ dl' U £ v r.:l' 1 24 U -'-N' ¥ 1 a a e":gl/ ;4
aetuivedostunisidaldseuuitlignaesianlanaiant Inerdnusiazldaiiuaiuise
YaalUsunsun1eIiei (PHP) Fuduluswnsuniwinauisateaiunisianlaaussuy
liignaes Wewnlusunsuawiiiiewit Iflsndunianansasu-deuwdsssvuseninamile
TneA1vIdndsszvviasidusiuuadnslunisidnldau NG WS ENNTILAAHE

A 4 r.g M va A U £ t%4 .
wientuszarananiglussuviuulaglilafinistududinuannutinaning index.php
NUILAAINANIDNUNUTENIANATY 9 LTUAUATIVFDUAILUITZUUNDU NONTIVEDUENS
AT EUU LONTLAAIHNANS N UNUTLUIAYINNITHSIVADURAINUING LU SEUU LU
Ala 9 919 0 30 1 wansigldauladlaiinisBududinuainntdiuanisa index.php

MNUARINANTONNUTEIIARATY 9 v IuIedanuiou Auuanslusui 4.13
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Please, Login for your authorization.

| Login |

sUN 4.13 vithuanwadmivudaneulgldnuwinisgududmuiieldaussuy

[

Aeluniinanang wazntiussuiananuinreIseuulsiidanasiunuseznaunie
YAA1EI (Source code) NAIAEYLNONITNTIVABUAIHUITHUUAINTUATIVARUANTUS 058AU

Tunsinlgssuunadd

session_start();

) a ¥ & o P ¥ o [ o
LUUﬂ'ﬁLﬁEJﬂﬂLGU‘WQﬂSUUL‘W@IsUﬁ']WTUﬂqimijﬁ]ﬁ@‘UﬁnLL‘Uiﬁg‘U‘U

@Spriority=5_SESSION[*priority’];

Junshsendaudsszuulieglududsve Spriority

_»»

if(Spriority=="")
Wudaulvdmsunsiaasuiidawlsssuuiliamseld wandandsszuuiawinduinadan

wanadoulviiduasa

{

echo”Please, Login for your authorization <input type="button’
onClick=location.href="index.php’ value="Login’>";
Humsdsliiszuuuansdeniuudadoudlinulihnsuduseunounisldauszuu ui
wanaty “Login” Tgldauna iileuanmiiusnuesszuy (index.php) tevhnsdudusasiu
naun1slgau

}
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4.4 wanmsnagaunsaeTiudtnsaduleuiniuassiiasunsnlniines
namaaevilifunmsmeaeulasigadinsadufedinmiumsohuiuingaiu
Toufhuasedniunsnlnfimed lnenishndegunsaiFuaingunsaiudesnandaien
(Monochromatic light source) Uasauandfianeliuesfinima (Fiber pigtail cord)
lfidousoiugunsaluenuasuuuuandn 1 14y uaswenoen 2 1 (1x2 Coupler) #ae
Fudeunoduloniiiiuas (Mating sleeves) Mailuasoandu 2 diu dauiinilseidad
dulouihuanduiifuddraduazdruiassgnaodiduloufniuasiiiniswonans

Fapanlyn (Zinc oxide: Z,0) lngnidanduargninaslunaonnaass (Gas chamber)

D

AanursavinnisvassiigaisusulaeanladiaziniAuls 1nea1uniauniiannnanaoiazil

Feafidoaeeailoudosfaanivaulaeenludidn wazdndomilsazidudesdmivizuie
faensuanlaeenledeaniivertunmugfmfudetlufdadely dmuaeduloufviady
Fitmundurdisds (Reference) wardunsaiafgaisuaulaeenles (2,0 sensing) v
n1sreLd1fugunsninsaaiatas (Photo detector: PD) 13 2 2 Liavimiiniiuuasniiu
duwasnidulowfitideafuussiuliihnssuansidatioudiglilasneulnsanaiuein
fideusofulugadoansvisesinnes duhmihiidsteyadnginsosaeuiinmesusivnondaan
nmsvinlassiiedudaiaiioudusa waziiniesnoufiuaedyaaa (Personal computer: PC)
w3olA30n0uRMOSHUUNANT (Laptop) d1m3UgnsnnsuansnanIududuves
faensvoulneenlasuuudalndiiullsunsmitusiwes (Web browser) lngnnsfnss

gunsalnvun Aauanaluzun 4.14

| Micr omnuollel board
Realtime monitor 8

€

Y

UM 4.14 nsiensgunsaldmsunsinduinedinnin
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Inenfinusilaldinsiadulowiiiinassinsunsnlaiimes (FOR) d1m5uns3adn
fngarsveulnoanlyn lngaisusenauniiuimenluganiniswdsuwdaddasadieves

Wuloumwaaduansiseanles (2,0) Meillunisuananatigaisveulaeanlenniumia

Y

Tsunsuivusnwesasduniuanina gasrealtime.php Nfsayarsr181984 (Reference)

wazA1finga1suaulaeanlas (CO,) INgutayatInT N anIuNTTeyal i Ind

Y

¥

lngmunualilulasaeulnsalaesvesadstouann 1 ms alafendunuitial delay(l)

Y 9

N1UseUIaNa getData2.php v MHINAIU0YAINFIUTOUAYIATIIRAININTA

v =

Foyamiulndliduntiuansua gasrealtime.php WBKAAIHAAIAMUTUTUVD

fngmsuaulaeonlydriulusunsuivusauees wanslugui 4.15

(@ Biogas Monitoring System

T - B

- C02
Reference

(%
Y 4 a

JUT 4.15 mihuanawaiikansridyaisfineanandnsduazainisueulasanlys

o

91n3U7N 4.15 Juniudnwmafiuansadyginfdnea Aldaniladdunisulas
@ =3 [ o aa o Yo 1w aa 1% a
AFuNBUIandudy y1unInea (ADC) mmiLLUaQIWMQﬂwam@ﬂmmamaaaﬂqaq
(Reference) WagANF Y YIUAINDAVDIAIAIINITUTUVDIN19AISUDUlAB DNl A

nirglulasroulnsataesvaialuguvasussdulniinszuanss Auludoaiinism
ATAILLANAILTIAULNAY (Delta V: AV) TaguAdyy1afineas198s (Reference)

warAdg g uRInearesigasuaulaeenlas (CO,) vnsauiuiieliiuisnnuidudy

vosfirgAr1suaulaeenlen FtudafosinisiiugaaasluninUseuiana gas.php

'
=Y

derudnUstunsdafiuatauatasiuliiy Faulugiudeyadingi (gas_temp)

Jasipaiiy Field Tunsiiuteyadmium co2_deltav sewuriu Awandlugud 4.16
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Name Type Collation Attributes MNull Default Comments Extra

id /> int(3) No MNone AUTO_INCREMENT
ref nt(5) No  MNone

cod nt(5) No MNone

cod_delta int(5) No MNone

5UN 4.16 g1udeyatins iy co2_deltav

Inglunthuaniuaves gasrealtime:php 3efeA1 co2_deltav wuans faguit 4.17

@Biogas Monitoring System

3‘1]17'; 4.17 MILEAIN gas_realtime.php #amdA1 co2 deltav

magﬂﬁ 4.17 Wunsaulfitanangnn co2 deltav Intlunmazifiuanuddsundas
NN3UT 4.16 Tuguil 4.17 Selianansasumnududuvesfimaniueulasenludls iosnn
fidyaasuniu (Noise) Wusaunin Fufuiinislunisiiadygiasuniulidesas
fie desdeyadilduvinnisnsestoya (Fitten Meonrsldimadinnisniaedendoud
(Moving average) Inn15udoa co2 deltav unvin1suianads sieddoyaivimm,
Aadeisunuinnagilinsniidyanasunutosas i wniteya co2_deltav 91uIu
400 Yoya w1vinsnsesteyasiemaiadndsindeufiszaruisnandyyiasuniy
yosnsldunniinisiinisnsssdeya co2 deltay iusiuau 100 Foya Fedudaneii

afrafuazgnimualivinisnsesteyamenisldinalindiafeiadeuniiuiu 400 Yoya

\eandayausuniulinniign LagaNAUABINTSANtaLaTINTILILDY 400 Uaya LazfBd



14

= ¥ v

fayatoyaniudeyalmifidun il 400 Yoya vilsigrudeyadangna (gas temp)
limagaulunisihdeyauld osngiudeyadinsndesavesniinunudsainnism
Aadoudvhnistiufindhgudeyandn (gas_db) feduisdndudesadregrudoyaiulgl
defutoyannansaatafetanndundaglifinsaudeyaangudeya fadlunisads
gudeyalmiazimuaie gas realtime fiflassaiavesgrudoyariuifoafufugutoya
#1971 (gas_temp) lnoyadrdsluniiuaniua gas realtime.php azfin1sairedaneiiiu

dmdumsnsesteyasemaiadadsindeuiisiuiu 400 deya seyateyadsdeluil
Ssql = “SELECT AVG(co2 deltav) FROM gas realtime LIMIT Sstartid,400);

nyaidudunisiediaigvesteyanieilaidu AVG() Fuduilsidudndeniiiuiiy
Y93Ade SELECT Mudrdaaaluswnsy MysQL fladduazviinisAauiunnaiedoya
co2_deltav Aaus $startid sesluauasu 400 Yeya Aavgiudu a1fuUs Sstartid iy
100 Wsunsufveyinismanaisdeyatinlyauasu 400 Aetoyad 500 uaziilaluswnsy
gy fauus Sstartid Avefindn 1 1esangutoya sas-realtime fiveyanvuiinduiivy

A vyvw o 1% v a a = = o v Y v
wazlilaladiudsiunisnsestayanigmaiinAageingeun vnlrianiwuansainududy

& s saa o v %) o ‘:1'
?J@Qﬂ']sﬁﬂ']anuvL@@aﬂvL%@Vlll m@qmﬁUﬂjuﬂ@QLaUﬂiqwuaﬂaﬁ @QE‘U'V] 4.18

© Biogas Monitoring System

co2

ADC

UM 4.18 spgransmuansainnududuresingaisveulnesnlenvaansosdyy i

PNTWIINSURBNAILAY Y 3 nAdyannfdnea (ADC) lagn1siidunsvunnsgu

o

(Calibration line) InginA ADC gafign (Max) fifA1 14935 @enan (Min) Afien 13806
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| [ 6 ¥ a 1

WATAISEMININANY (Mean) NHAIWINAU 14380 YINNNSILASILATRNALTWEY WalAlaauns

Y

Aududadu dagun 4.19

Calibration line
15000
y=11.415x + 13806 »
14800 R*= 09985 .-
14600 .
o 14400 .
]
< 14200
14000
13800 ¢
13600
0 20 a0 B0 ED 100
Y%Concentration

sUT 4.19 msvindunsminnsg e naun1sidandu

o

1INFUTN 4.19 msvindunsvuinsgiuinbilnaunisdmsumdianududuve s

[

(23 s (4 tdy
fnasueulnoanlynaall

ADC—-13806
X=—— (4.2)
11.415
Tag ADC #e  edwanaussuliihdidesnmesidudanududy

WalAaunN15aInSUNIAIANUINTUYRIRTANSUIULAD BN LEALAD 21NUUYININITIAL

YAANAIUNTLEAING gas_realtime.php Aall

$co2_concentraiton = ($co2_filter — 13806) / 11.415
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ngardndunisimunians $co2 concentration duunlmsiiitoiiuAdanys
$co2_filter f1vN15AUAILAT 13806 WAIVIN1SNIIHAEAT 11.415 91nduhIfauys
$co2_concentration 11naaanvliiienansArnududuvesitsaisveulneanled
Flaguit 4.20

(@ Biogas Monitoring System

_) Amududuveasfiie CO.

il
100

%)

(

coz

na1lun1snagou

21. Mar 00:02 00:04 00:06 00:08 00:10 00:12 00:14 00:16 0018 00:20 00:22 00:24 00:26 00:28 00:30 |

Concentration

Designed by MESL group

5UT 4.20 fegansmlannaradiduturesinemsveulneenleduuuisealngd

dquniuaninannulnduvesitvaIsuaulnoenlefuuuninuntiwial agludl
Sanesfiulunsnsesteyaieanarmerdon iosanndunounaunistiuind1dneda
(reference) hayATyIUAINDAVRIAILTNTUYBI A S URUlneaN YR aslugiutoya
nan 9ana3nulunu1UIsgulIana gas.php ﬁ]z‘vﬁmiﬁﬁaaﬂaﬁ%mmmﬂg’m%’aga%mn
(gas_temp) 11¥N1IMANRAUEIIIN T TUTnI g uteyandn (sas db) sradulund
wansafitgansueulaeanleduuuinuatisaidslidndudesinnsnsessdeyasamaia

ANLRAELARRUN (Moving average)

nNNuAdgYITIesunNlanauILaIauaIIsanasnnIINLUUssalndLazau o
vanauuduvesingasveulaeenledliiidiegsening 0 - 100% 1ntuiwinisteu
fgarsueulaeenledainduiudidnasanaass laedmvuanaileu namen ralunis

ASADIUE 1181ATNTASUBULADENLYABONIINNABANAABILALLIATAIANIUENEIAA
fAgasusulneanlenoonlaunun 3nTuIvini1stsufwlndiieving191enssudsimau

niouriaanatunsinnTuney Wiewseumeuiugiwialuisardunauiunsminindu

'
[ =

F997nN5NAEBUNINANVNIAleNS N ANLTNTUTBIRwASUaUlnean s fasUN 4.21

Y
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Q) Biogas Monitoring System

Concentration (%)

Designed by MESL group

JUN 4.21 fegansmianududumenisudesinganiveulneenledniouduiuiinaaily

N1INNEDY

Tngdiauanlunduinliusesuiguiunsinanuitudurestngasusulnesnlen

U7l .21 axlideya aguil €.22

Y Y

@Biogas Monitoring System

P1 P2

~

2|

co2

Concentration (%)

CO2 Feeding

CO2 Feeding

Free space

Air Feeding

Air Feeding

Initial Condition
Free space

Designed by MESL group

Y

JUN 4.22 shagrensmiaanduduvesineasuetlaeenlediussuiiouriunian

91n3UN 4.22 Wunsideuiisunsivuansaududuresiierisveulaeenlys
% r.:l' Y v = 1 g./’ g./’ 1 6V & & vV 1

fuszeznamlatuinlilundasduneu ninsuaseinvansueulaeenleniigrasanaass

[ I3 & I 6 ¥ v 1 6V I I3
asinnufIgaIsusulneantentrasan1uzly n1sUasefiwaisusulaneanlenaanain
i =N I I3 <@ Y
VaeANARBILAEN1TAENIUE lunaeanaasdliifiwaisueulaeenles Tneluglaziiuladn
ia1mviinsUdssfingaisueulasenledidngnasanaass (CO, Feedingns uisealnil
eUAMUTUTUAILANUTNTUYIR1wASUBUlneanlYs wazazanaITUNNAININNT
1 6V I3 I3 % 1 6V ¥ . . Q‘I
nsuaseingmisusulaeanlanesnain fen1suassfiwnieusnid i (Air feeding) Wud

6V 6 6
fasasuaulneanlas
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una 5

d3UNAN133Y

¥ o

Wendnustilunsiaunssuusanmainedinmuuuselliesuuiiuguvesdunesiin
ievnassnas Jsinisldeshuszneunangegiainnudifeiu sensawrsnduangunsal
] A~ e A o \ v = o 9 Y o a a
719 9 wAsedlle gunsaldeansnlulunisiu-dadeya suudinsiaduleuiiuasiinsumsn
Tnflmesnladmsunsiadiniiwaisueulasenlen (CO,) Waldlunisaesiuiuszuun
WUy wazgeniwisilddmiuarununiedinislulasneulnsa@esuasa 1Usunsy
Uszgnadmsussuudanisgiudeys wasniuansuanis q lneszuugnimunduiiendu

a v o o Y A4 A oA o e s % Aa o

suRudmsvaivasesdiamensivinianisuaulneanledlueuianiiiniulasnsie
dwsuldau sudaielfilfutoyaasaunadmsunsussdufitgansueulaeenled o 90
N11n13992970 wazinelidnisiaiuineend niunsiainnagdanindu 9 wwu Aednu
(CHy),
felalasiaudale (H,9), Aralalasiau (Hy), Awlulasiau (N,) saudsfigasindu 9 9
fnsraduidulaundlassdasunsninfinesaunsayiinisnsiaiala [Wewinssuuuanina
A1edinmuuusofio suuiiugIuvesdumesilaiiaNnass AT auI TuaIu150 5095V

fns1adulets 8 Yesdmaapwiden Fdunsivevesing 1 lnudlaunseagunansvingey

YDINITWAIUITZUUNANAINLARIs D bUT
5.1 MATUNANNSIRY
5.2 Ugymilun1s3de

5.3 YDLAUDMULAINTUNSNAIUITLUUNTIVIAN LT ININIUDUIAR

5.1 nsagunan1sidy
nenfinustannsaazunansidelidu 4 diu llesanlunisiuuiszuuasgnuuanig

[ ] o &
NAADUDDNLUUN 4 YURDUAIL

5.1.1 aguwan193deluduneun 1 1utuneulunisnagauiiioniAinaumidaguels
YpIn1sdloyauuiugIuvedunesidaiionnassnds Tnenisdoyaseninaszuunsnaia
1 =

AwfinmaunisiunIesneuiiamesudvisdaininuviiudeegi 70 ms auu1nTzIY

ns3uU-detoyavulaseinedyyiadnsénm 4G
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5.1.2 Wuduneulunisvageumeanuaudfng q veszuunsininfiiedinmsunis

1w a

Tngarnula (Sensitivity) vo95zuU agtdunisihauwsssulniuvasanamdygiuiinea

=

winnglugiudeyandniazAinuiiuniuandidiuniuwuulsuaila 100 Teviy

=

U
Joulviduunsnaulnsaaaiuaia W1n1v1n153As1endayadududananisnagey

1 I ow J ' [

WUIIAIRINE1IMIAY 0.0277 V/Q %38 27.7 mV/Q wagnisuiAtwssiulnnssuans
ndsunuliuailsd 100 loviu Mleudrgraulnsaaesvasaiuadeosidudaududu

vosfine yilldiaanaliegi 0.0283 V/% nie 283 mv/%

I3 & o e = v A a P Y]

5.1.3 1 Wutunaulun1smadaauszuuns191nR 19310 MAUNI1S Niln1sResIuiU
L .Y ¥ o a a a s o U U (24 1 [ 3
fnsrdulounivinassiniunsnlafimesdnsunsiaiafignisusulasenlen
Feaziunisnegeuiiefiasannuauifvesnslunasiinisteufaasuoulaoenlas
Wgnasanaaed (Chamben) kazn1sssuieingaiiveulneenleneanainnasnnaaes
TnensmiSealnifuanslugassnazdunisuaninsinuesrns1sds (Reference) LagmAAI
Wntuesfingarsusulaeenlan F9ilANUANUDIAINIADY 21NUUTIVIINITRIAIAIUAT
osussaulviuieanad (AV) Fevilinsiinasidsuutas uadsldauisasiuanla
Wesannsidy gy rusunin (Noise) aeauyinlildaiuisasiuarninuiduduves
& ¢ MY =% VY o v . Y a ! PN A a
frgarsveulneanlenla Fslavianisnsesteya (Filten Algnallanuuladeinioui
(Moving average) \iloandgaaisuniuvesninasauyinlieruarnswlaiuunf a1niu
insulasrdygaandnealimlumamudnduvesiieaisuoulaneenlenniuuuaunuy Y

§ @

ANTuinnIsasedanasiuluninasnsnaiiowaniattnu Y Widuesiduddauns 0-100%

' '
1 % a a1 o

MgNTUIAEYINAIReaNIIAEEA (Min.) Bedfn 13793 Am1dyausdneagga (Max.)

[ a

AD 14935 LATANFU U IMAINDATENINNANY (Mean) A 14380 W1U1MINISUIEUNNST

]

ANUUTUFIBITNIVINEUNI MR35 (Calibration line) vinlilaaunisasil
CO,_Concentration (%) = (ADC- 13806) / 11.415

naun1sienanIvlinseanadinuiuduvesitgaisveulaeanlea
2 s & - ¢ ¢ Y o v o a a s
Juwesiduduwuuiealndauysal anuuddinsadvleuiiduasidaiunsnlniines
dwsunsadaigaisveulneenleduazidulouiiuiuasd1sde (Reference) Nognielu
“aeANAADY (Chamber) ¥NN158 31U UYARINTIVIATIRTINMAUNIG 1nTUvIINsUeou

Aaansuaulaeanlen n1sAsanIuzsIfwnlunananease n1suassfiwaisuaulasanlys
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9ONANNABANARDY WazN1TAANULYBMABANARDsThiTAwariusulasenludindent
pudFuLazyhEdeturewAusnviseu niomtanamniuneundinisieudiey
Funs e vlvmsuasnasaduloniiihuadasunsnlnimesfitasdwenles (Z.0)
Wudinsiaduireaisveulaeenlan dinisnevaussiuiisaisveulneanlanuaysyuy
wanswafedinuuuseidesuuiuguvesdumesidnilennasmasiiiaunidy Suanen
A NTuYpIn1ga1suaulneenlenuuuiSealndladuniy dunnlaainnisveu
Agansveulneenludidmasanaasadunsmazduiu nndaesisarsueulneonles

29NANNADANAADWAUNTINITT W TNANAINIUANULTUTUIBIAASUU AR BN lws

5.1.4 Wumsuanmiuanialugusuuivled vulusunsuivusiwes lnessuy
uansHafiiau T aunsoanmtinaduiurssimanivoulneenleduuuiFealndly
uazansnsavAeiesfisansuaulaeenladiuuiruntsaliduii Fsguiuy
lun1sneuauesnisldeussyunag 193y (Graphical user interface: GUI) dnwaugluns

T¥nundeltdudou

5.2 Ugywuazauassalunisidy
Tunmsasessuuianmafednmiuuiealniuuiupuredunedidnifionnaswas

i awsouseendu 2 daundn ddun dwiidulusunsudssgndeing @ vievewsiuag

wavduiifuedosiio gunaisha q wiesrsaus dldvisludiuvemaingainfedanim

v L3 r-ﬂl a s (B | | 1 Y t:’ll
AuUNNe wazgaaUnsaliasasmeniameiiive Inedayyluidardiuainsawudlanall

5.2.1 TUsunsuyszgndeng o vsegenyiuls

- IWsunsy Winbox vimmtirimdulusunsudmsuninunainisitisusalaseding

s v

drudilailauvretguninisnimesaie Router board #A1181nTuN1SAIMUAAT LB931N
srmesuwazlusunsy Winbox Wugunsaliamzaulnsauuiay wsenudedns Jsierinig
= v o Y v ° o =~ - ' ' ¢
Seudifeddiuileidy wazwynsiivuedig 4 Ndesdeunasenintlulasaoulnsaaes
U930 waz 3G Dongle saufsnistvuaabiduiisgunsalfiliusnisiassiediuduaiion
(VPN server) wazgldusnisiassngaiusaiiou (VPN client)
5.2.2 gunsalinIesile ¥3eE15ALI3
- lugadears AuliiaiosueeA1AIundIgue (Latency time) MAndu

31n8Unsal 3G Dongle Wausanuladyy1avedlasainglnsdniiena (Cellular base)

ndanalin1siu-dateyaiinuliadnaneiudne dunalaannisldads Ping lunism
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A1Auniasuds Tnefidadevatseg1afiviilian Ping time dauuansneiu Wansuus
n5lUIUTDITIdY 18 (Bandwidth) suaa;ﬂ%muﬂ%umﬂaluLawﬁmmwmmanﬂsqﬂﬂﬂ
fofledu 9 wazdrenarlunisldon sudeszorainurinavesgunsal 3G Dongle U
ndygramesasielnsdnwiieno Wudu

- a0 5999ulsuniuasrdnsunsnladine sa19sun 9907 19A15 Uaulneanles

(FOR) \Jusnsaduiedininnasieaindulonduinasnivuindn waziaaulsizuis

Mlrnsnaasudasldninuseiinsy Taduiies

5.3 dawusnuzdmiunsiauszuunsaininegdinmiluauian
FPUULANINAMETINRUUABL B IuUTIuguve B esidaiionnassnds Wussuy

v
LY = ¥ (3

gnitmunTumeesfusznaunanyad1utnngg satudelaustusTwonansdudelasil

53.1 lulasaoulnsalasivasn unsega Arduino Su Portenta H7 ATl a4y
wUasdyraueurdeniudyaualneansolendu Analog to digital converter: ADC
Wity 16 O fieunsalddnaneaniniui 65535 wihe fafuSamnsfumsidanudniu
iresinfifesnisninila wazausiug1ge Uditosn Portenta H7 Liifinedn videvesmis
dusuldlunisdeusefulnswiedunediin faiuisfeuinuninoulnsaaesiiie
vhmsiensefulaseisdumesidn Tusuuuuldsinpeanvumuaunisdsteya/fetled
(Transmission control protocol / Internet protocol: TCP/IP) fhenmsiiuussneulnsalaes
Arduino Vision shield agvililulasaoulnsaiassuasn Arduino Portenta H7 @119
Feurelasetnedutpesidaldudainmainunidlunisdsdeya Bandwidth) dA1mindy
100 Mbps @slutlvatiugunsainelussuulassnedumesidadiulngivuinaiuning
YOIV Y YUY 1,000 Mpbs Lwiéhmmmaﬁagaﬁdﬂmﬂﬁzw&maﬁfﬂﬁ"w%am‘w

Y Yy
Y

Aunsiivwiafitesndt 1 Mbps vilinisdsdayaiioane uiviatguagiunisimuiluauian

'
| A

Y991In3T8MudY 9 Ndesntsunszuvidluiaiuide e1adsuveda Vision shield 19u

gunsalsoLuUBuNTUsEANEnmlunsTu-dedeyanfininvusgiunisesnuuuvesinisy

Y

wazwalulagidniulalunisvinide

5.3.2 lugadoansvesssuuiiimuiuldldgunsalsmesuasdu 46 dmiuidouse
lassredumesidauaznisliweiialassirvdrudnaiion (Virtual private network: VPN)
iornuvasadslunisdstoya lnemsiemgunsaiifielivinausinduszninesnnes
wagdu 46 aufanisenszvulasiediuduaioulideudeduldseninesunes

NABUNIIADIHUVIYAUITIIHBIVDITEUUMNSIVIAAIDTININAUNIUUT A UTULT DU
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Aoutranndodldinusianzdiu fdulueuianmninisimuissuunsaiafnedinm
wwuseiilasuuiiuguvesdumefilindfiennaswds fefivhnisimunoreghiduiudedd
snmesdmsunsasanulaeadelunisiu-dudeyaniufsguiuunisdwoyanialdinaia
msddlusunuuduiiiaududeuresnisuiuaszuutesnit a1 wazidedelduinniy

szuulugadeansilsluineiinug

5.3.3 WWsunsuuseyndsing q nalusunsudnnisgiudeyasgnalisunsy MySQL
TUsunIsun1e1 HTML, PHP wag JavaScript kazusnaintuddlusinsudsuasnedanasyi
pgnadu TUsunsy EditPlus TUsunsusiudu 9 @y Apache WWusu lngdanasiiunavun

azidudanesiiuvesniwifviausiiusenanedusunsuaien HTML, PHP uay JavaScript

=l o

Tuynuth Fadunquatwnginnsidesieniudiug wazdulusunsunsilasuanuiiey

Tuvaied 200 UsHATUAI®INY 3 Aruduntwinaluisavinnisandlvanunldaulalael

= o

rouderlddngla q inlalusunsums 3 fgldeumanuangyilminlaus3vsedlandunsly

Y Y a

v 9 Wigiaunlusunsulaldaulaglideanldate Auniilusuaainigidenisimun

kY

£%
a 4

FEUUATIVINANBTIN MR BLTBIUEug U BumesLla ey nassnal dauatinly

val 'Y 1

NI 3 DAauTaRaLsoasleviu warIndndasniswalLlsEuusadnIua1LIsanIU

Y

TUsunsun1edU Aausalilusunsuiiu o vnrsiamssuuseiiloalaiguiy

FEUULARAINARETININRUUABL DU BN Ug1uYBsd wnasdaLiannassnds unis
Waunszuukdansnanadeieanauvasasitlunisldau euazain uasdunuianieldiu
a & v % - a A4 A o 9 9
waAn waziudunuulunisaiieszvusansa vienanasesiledmiuldlunisnsiain
] = v o v ¢ o ] o
inedinmluguuuugaamnssy eaaauyulunisuidigunsalnsiainndrsusemand

s1PreutNE warduasunsidaudangluussmealiuaniu
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#include <SPI.h>

#include <Ethernet.h>

byte My MAC_address[] = { 9xDE, @xAD, OxBE, @xEF, @xFE, OxED };
char server[] = "192.168.100.234";

EthernetClient client;

void setup() {
Serial.begin(9600);
Serial.println("Starting...");

while(Ethernet.begin(My_MAC_address) != 1)

{

Serial.print(".");
}
Serial.print("My IP :");
Serial.println(Ethernet.localIP());
¥

void loop(){
Sending_To_phpmyadmindatabase();

delay(1000); // interval

void Sending_To_phpmyadmindatabase()
{ int reference = analogRead(A®);
int methane = analogRead(Al);
int hydrogensulfide = analogRead(A2);
int carbondioxide = analogRead(A3);
if (client.connect(server, 80)) {
Serial.println("connected");
// Make a HTTP request:
Serial.print("GET /gas.php?reference=");
client.print("GET /gas.php?reference=");
Serial.println(reference);
client.print(reference);
client.print("&methane=");
Serial.println("&methane=");
client.print(methane);
Serial.println(methane);
client.print(“&hydrogensulfide=");
Serial.println("&hydrogensulfide=");
client.print(hydrogensulfide);
Serial.println(hydrogensulfide);
client.print(“&carbondioxide=");
Serial.println("“&carbondioxide=");
client.print(carbondioxide);
Serial.println(carbondioxide);
client.print(” ");
client.print("HTTP/1.1");
client.println();
client.println("Host:192.168.0.253");
client.println("Connection: close");
client.println();
} else {
Serial.println("connection failed™);
¥

}

90

UM n.1 gaAmdsilusunsudlulasaeulvsaaeiuein



<2?php

class gas_intense{

public $link="'";

function __construct($reference,$carbon){
$this->connect();
$this->storeInDB($reference,$carbon);

b

function connect(){

91

$this->link = mysqli_connect('localhost', 'root', '@imylmg8i') or die('Cannot connect to the DB');
mysqli_select_db($this->1link,'gas') or die('Cannot select the DB');

¥

function storeInDB($reference,$methane,$hydrosul,$carbon){

$query = "insert into gas_temp set ref = '“.$reference."',co2 = '".$carbon."'";

$result = mysqli_query($this->link,%query) or die('Errant query:

b

¥
if($_GET['reference'] != '' & $_GET['carbon'] != ''){

$gas_intense=new gas_intense($_GET['reference'],$_GET['carbon']);

¥

$conn=mysqli_connect("localhost”,"root™,"#l kil Be"m", "gas");
$sqlcount="select count(ref) from gas_temp";
$resultcount=mysqli_query($%conn,$sqlcount);
$recordcount=mysqli_fetch_row($resultcount);
$count=%recordcount[@];

if(!isset($_REQUEST['row']))

{

$row=1;

}
else if(isset($_REQUEST['row']))

{

$row=$_REQUEST['row'];
}
Srow++;

if($count >= 360)

{

$sqlgas="select avg(ref),avg(co2) from gas_temp";
$resultgas=mysqli_query($conn,$sqglgas);
$recordgas=mysqli_fetch_row($resultgas);

$ref=%$recordgas[@];
$co2=%recordgas([1];

$sqlinsert="insert into gas_db (ref,co2) values ('S$ref','%co2')";

mysqli_query($conn,$sqlinsert);
$sgldelete="delete from gas_temp";
mysqli_query($conn,$sqldelete);

else: ;3
2>

'
o

9

'.$query);
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<dectype html>
<html lang="en">
<hsad:
<meta charset="UTF-8">
<meta name="Generstor” content="EditPlus@">
<meta name="Author” contert="">
<meta name="Keywords" content="">
<meta name="Desoription” content="">
<table width=100% border=0z-<tr align=center><td align=center><img src="title3 jpe"> </ td>/tre<trectdsBnbsp < tde-<tr
<tr align=center><td><font color=blue size=5><b>Please, Legin for monitering</font></td>»</tr></table>
<titlerDocument</title>
</head>
<body>
<table align=center border=0>
<form name="checkadmin” methcd="post" action="validate php" onSubmit="return check}">
<trs
<tdrBnbsp</td=
<trs
<td>Usemame:</td><td><input type="text” name="usemame” value=""></td>
<t
<tr»
<td>Passsword:</id»<td><input type="password” name="password" value=""></td>
<>
<tr>
<td>fnbsp</td>
<trx
<table>
<table align=center border=0z
EnbepAnbepdnbepidnbepiinbspctrs<td><input type="submit” value="Login"></td></tr>Enbsp; Bnbsp;
<formz
<table>
</dive
</oody
</htrl=

5UN n.3 yaddamiiuseanana index.php
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<ldoctyps html»
<hitml. lang="en">
<heads>
<meta charset="UTF-8">
<meta name="Generator” content="EditPlus@™>
<meta name="Author” content="">
<meta name="keywords” content=""»
<meta name="Tescription” content=""»
<table width=100% border=0s<tr slign=centers<td slign=centers<img src="title3 jpg >« e tre-<tre<id=Enbsp; <l <
<tables
<titlerDocument-title
<Iphp
seszion_start]) ;
fusernames=striolower(s_POST ussmameT);
tpassword=basedd_encode(striolowernd POSTpassword Ti;
foonnect=miyzgli_connectlocalhost”, root’, " @insideRBR,"gas T,
mysgli_guendiconnect,SET NAMES UTFEY;
fiisset{zusemame] and issat(fpasswond))
{
Szgl="select usename, password, pricrity from admin where usemame="3usamame’ and password="Spasswond™
Sresult=rmysgli_query{3connect,3sql] ;
fnum = mysgli_num_rows(Sresult) ;
ifiEnum<=0]
{
Fis
<div align="canter»><font siza="3><bs<font color=rad size="5=Imalid Ussmame and Password < font=<bewfont=</divs
<iphp
% SESSIOM[pricrity]=C;
=
«table align=centar=-
<tre-<tdeEnbsp<tdsirs
<'tablex
<div align="cantar><input type="button” onclick="location_href=Ind=scphp ™ value="Try again™s<'div>
<iphp
axitl ;
}
glse
{
sdbarr = mysgli_fetch_arrsy(sresult) ;
iflfusernamel=tdberusermame] and fpasswordl=5dbarpazsnord T
{
echo “<orr<or-cor-<br-<bre<orrccenters-MNot exist in database«/centers” ;

£ SESSICN] priority T=0;

'
o
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}

else

{

Slogin_true_admin = Susermname ;

§_SESSION[ priority]=$dbanpriority;

echo "<meta http-equiv="refresh’ content="0 ;url=menu.php™>";




<ldoctype htmls>
<html lang="en™>
<head>
<meta charset="LUTF-8">
<meta name="Generator” content="EditPlus® >
<metz name="Authar” content="">
<meta nama="Keywords" content="">
<meta nama="Description” content="">
<meta name="viewport” content="width=device-width, initizl-scale=1">

<table width=100% border=0»<tr alicn=center»<td align=center»><img sre="title

<tdrareatreatd»Enbspatde it
<tr align=center><td><font color=blue size=5»&nbsp;<fontr><itdewtretables
<title>Documant< title>

<Iphp

session_start();

@5priority=3_SESSION[ priarity];

i Spriarity
{
echo”gtable width=100% align=centers<tr align=centerz<td»chrecfont size=6 color=rede<b>Please, Login for your
authorization </ fonte<tdx < irectr align=center>ctd><input type=button’ onclick=location href="index php’

value="Login'<td»</tra</table>”;

2lze
{
=]

<table width="250" border=1 align=centers«tr align="center" siza="

%ot alig

size="5" color="white">Main menu</b></fonte</td=<itre
«tre<td slign=center height="35"»<z href="coZchart.php >Carbon dicxide in periodo/anaitde <t
«tre<td slign=center beoolor="DEE1EL" height="35"><a href="filterrealtims.php > arbon dioxide in realtime</a»</fdnaitrs

chrr<td align=center bpoolor="DBE1E1" height="35"><a href="nohZzrealtime php »Carbon dicsdde in realtimes/artdewrire—

<Iphp

i Spriarity
echo’<tra«td align=center height=35%«<a href=addadmin php»Add administratonuser</aroitde <t
}
else

=]

</tzble>

<Iphp

=3
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95

="center” bgoolor="420607" size="30%" height="05"><font



<IDOCTYPE HTML>
<htmls
<heads»
<meta hitp-=guiv="Content-Type" content="text/html; charset=utf-8">
<meta name="viewport” content="width=davice-width, initizl-scale=1">
<Iphp date_default timezone_set{Aszia’Bangkok >
<titlexGas intenshvewtitles
<syle npe="t=aios s
-highcharts-figurs,
highcharts-dats-tsble wmble {
min-width: 360p:;
mae-widths 100%;

margin: lem auto:

highcharts-dats-tsble wmble {
font-family: Verdanz, sans-serif;
border-collapss: collapse;
border: 1px solid #ebebebr
margin: 10p: auto;
texct-glign: center:
width: 100%:;
mas-width: S00px;

-highcharts-data-table caption {
padding: lem &
font-size: 1.2am;

color: #555;

highcharts-data-tzble th {
font-weight: 800:

padding: 0.5em;

highcharts-cata-table td,
-highcharts-data-table th,
-highcharts-data-table caption {

padding: 0.5em;

-highcharts-data-table thead tr,
-highcharts-data-table tr-nth-childiewen) {
background: #fBETE;

UM n.7 Yardamtiuaning co2chart.php
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-highcharts-data-table trhowver {
background: #F1F7;

= stylas

<Iphp
session_start(l;
@S priority=5_SESSICN[ priority’T;
S pricrity==""
{

echo’<table width=100% align=certer><tr align=center><tds<br><fort size=6 color=red><b>Fleaze, Login for your
authorization.</font<Ads<tre<tr alien=center><td><input type=button’ ondick=location. href="index php’
value="Login'<tdr</tra</tables”;
slze
{
T
<table width=100%><tr alicn=center><td align=center><img src="title3 jpe s« td> < tr=<tablex

</heads>

<body>
<script sro="nighoharts jo7 =< soripts
<script sre="modules series-label js < soripts
<script sre="modules/axporting js" </ scripts
<script sro="meodules/export-data. js > < soripts

<script sre="modules/zccessibility js" < soripte

<figura clasz="highcharts-figure™»
<div id="container »</divs
«p class="highcharts-description™>
<o
<figuraz>
<form name="gasintenze” action="<?php echo 5_SEAVER[PHF_SELF]; 1" method="get">

<Iphg

flizset{s REQUESTbegindateT) & lisset(s_REQUESTIenddateT) & lisset(s REQUESTItimell) & lsset(3_REQUEST[tim=2T1)
{
Sbdate=date("-m-d 00:00:007);

Sedate=date(™-m-d 2355587

alze
{ Sbdate=3_REQUEST[begindate];
$edste=5_REQUEST[ enddate];

n.8 YARE I LARINE co2chart.php (619)
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stimel=f REQUESTTtimell;
stimel=f REQUESTTtimell;

ifSbdate 1= ™)
{
fodste=5bdats;
else iftbdate == )
{
iodste=date{™-m-d";

Sedate=iedate;

else ifffedatz == ")
{
tedate=date(™-m-d7;

glse -

iftimel 1= ™)
{
Stimel=3timeldtimel=5timal 00"
else ifttimel == ")
{
time1=date[00-00:007;

StimeZ=3tme;dtime2=5timal. 00"
else iff5timez == "7
{

StimeZ=date23:59:397);

glse -

Sbdate=4ibdate” ".itmeal;

sedzte=iedats.” "sUmel:

5UN n.9 yardamtuaning co2chart.php (5i9)
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Sbeodete=date createlSbdatel;
Sbedate=date_format{tbagdate,'d-m-v");
Sendate=date_creste(tzdate];
fiibeodate » Sendate | Sbesdate == fendate)
{
echa"<table align=center><tr align=centers»«<td align=canter colspan="F»<font color=orange size=3»<b>¥ou were filled incomeact
wvalues, Pleazs try agein<tdea Aty alion=centers<td align=right»<fort color=blue size=3»5tart tmefontr<Ade<td align=lefimafont
siza=I»ibdatec Tontid> < Araatr alion=centar><td slign=right><font color=blus sze=3>End tmefonte < td><td alion=lafir<iont
siza=Iehadatas fonts <=t
>
<trectd colspan="F"»&nbsprotdraitrs
<tr glign=cener»<td slign=center colspan="2">

<button name="redirect” onClick="redirect] >0k button>

<soript type="textJavascript™>

furction rediteci]

var url = “gaschart.php”;

window.location{url);

}

<fecript>
<php
alse
{
Soonn=miysgli_connect{"localhost”, root’, @lnsideRER", gas™;
Sagl="selact ref hZs,col from gas_db order by id asc”;
Sresult=mysgli_quendSconn Ssqll
Ssqlnum=miysqli_num_rows(Sresult);
Ssgleount=5sqlnum-100;
Sref=zrrapll;
Sh2s=arrayl);

LooZ=amayll;

Ssttime=date_create(3hdate];
Syeartime=date_format{$sttime, ),
Smonthtime=date_format{ssttime, m™; Smonthtime—;
Sdaytime=date_format{Ssttime,"d");
Shourtime=date_forrnat{$sttime,™H");

Sminutetime=date_formmat(istime, TS

Ssecondtime=dste_format{Ssttime,s’);

Sstarttime="3yeartime, $monthtime, Sdaytime, Shourtime, Sminutetime”;
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Sznocount=1;
while(3zrocount <= $sqlocunt)
{
Ssqlzno="select ref h2s from gas_db limit $znocount, 1007
Sresultzno=rmysqli_quendiconn,Ssglznal;
Sznosurn="0"5refsum="0";
while(Srecordsurn=rrysqli_fetch_rovdSrasultznal)
{
Sznosum=Sznosum-+Sracordsuml 17;
Srefsumn=5refsum+SracordsLm[ 0],
1
Sznoavg=5znosums100;

Srefzvg=irafaurm 100;

tdeltzave=labs(abs(Srefave-Sanoavg- 1300001150100,

Sdelimv=5deltzavy

PU—
Sznoavg="0";

PRI
Srefavg="0"

Sznocount++;

<script type="test/javasoript>

Highcharts.chart container’, {

tite:

fenct: "

wlis: {
titles {
text: 'Concentration{ADC)

type: 'datetime’

L
legend: {
layout: wertical’,

align: 'right,

gﬂﬁ n.11 ﬂ;mﬁﬂé’wﬁmamma co2chart.php (¢19)
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werticalAlion: middle

plotOptions: {
serigs: {
lab=l ]

connectordlloved: false

pointStart: Dete UTC<iohp echostarttime; 7=,

pointinterval: 0165 * 23 * 1000

L
series: [ {
name: ToZ,
data: [<Iphg echeo impledel",” Sdeltav]; 1]

L1

responsive: {
rules: [{
condition: {

raWidth: 500

chartOptions: {
legend: {
layout: 'horizental,
align: ‘center’,

werticalAlion: ‘bottom’

=

</soript
<iphp

Ssqlybegin="select distinct DATE_FORAMAT(date, %6%7) from gas_db order by date 2sc’;
Sresultybegin=rmy=zgli_queny{$conn, Ssqlybegin);

i

<table width=100% align=center border=C

<tr gign=canter»<td slign=centar>

<iphp

whhile(Srecordy=mysgli_fetch rowd{Sresultybegin)

gﬂﬁ n.12 quﬁﬂé"wﬁmamma co2chart.php (¢19)



Syearbegin=5recordy {0,
Styearbegin=j5yesrbegins543;
-l
<php
Ssqlavp="select avglref),avalhZs] avglond) from gas_db where date betwieen 'Shdate’ and "Sadate™
Sresultavp=rmysgli_guen{Sconn,Ssglaval;
while{3recordavg=rmysgli_fetch_rovSresultavgl)
{

Srefavg=number_format{l{Srecordayg[0l465535)100)

echo"<table alisn=center><tra<td=Enbsptd><rrtables

echo"ctable alisn=centerr<tre<td=Enbspoitd><rewtables";
Ssqlmindate="s=lect DATE_FCRMATIdate, ‘%Y-30rm-36d") from gas_db arder by date asc limit 17
Sresultmindate=mysgli_guend{iconn,3sgimindata];
Srecordrindate=mysgli_fetch_rowd{Sresultrmindate];
Smindate=4recordmirdatel0];
Soqlmandate="select DATE_FORMAT(date, ‘Sa¥-%m-96d} from pas_db order by date dasc limit 17
Sresultrmadate=rmysgli_quendiconn, Ssglmandatel;
Srecordmadate=mysgli_fetch_rowd{Sresultmandatel;
Smaxdate=Srecordmaxdate]l);
g
Start:&nbspp<input type="date" name="hegindate” min="¢¥php echo"3mindate"; 7»" max="<iphp echa"Smandate”;

7> »Enbsp;tmenbsp;<input type="time” name="timel"></td></irs

ctr align=certer><td align=center>&nbsp;@nbspEnbspdnbsp Tofnbsp; <input type="date” name="enddate” min="<php echo"5mindate™;

72" mae="«Iphp echo"Smandate”; 7»"»&nbsp;time:Bnbspy<input type="time" name="tima2"»</tdw<tr>
T

</tablex

ctable align=center border=0w<tra chd»Enbsprotde e

ctr align=carter><td align=center><button type="submit*»Search</button::

<input type="button™ ondick=lomtion. href="menwphp” value="NMenu»<td>
<t

<iphp 1>

102

cire<tdrEnbsp o tde<tre<ir alion="center><td alien="center»<input type=buttor’ ondick=location href="gasrealtime. php’ value="Carbon

dizedde realtime’»<tds</trs
</tablex
</formz>
<oodys
< htmls

<iphp
=

\
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<iphp
sassion_stari;
@5priorty=5_SESSIONL priorityT;
& priority==""
{
acho <table width=100% =lipn=centers<ctr align=oanters<tdm<orecfont size=6 colorsred»<b>Flease, Login for your
authorization.<font»<tds< tra<tr align=center><td»<input type=button’ onclick=lotion href="indexphp’
velue="Login'=tdstraatables)
slse
i
=
IDOCTYPE bl
<html>
<heads
<titlenGas resltime< titles
<script sre="httpsw/Yoode joueny.comdjqueny-3.1.1.min.js"> < soripts
<soript sro="highcharts. js > </ script»
<script sro="modules/seres-label js > < moripts
<soript sre="modulesExporting js"»< soript>
<soript sro="modulessport-data js >0 soipte
wsoript sro="modules/accessibility o < zoripts
«<table width=100%><tr align=centar»<td align=centers<img sre="title3 jpr > td»oirectables
</nead»
<hodys
<div id="monitor” style="height: B00p:g"></dive
<body=
=/t
<soript type="textJavascript™>
Hdocument).ready{function() {
chart,
arigChartWidgth = 1000,
orieChartHeight = 200,
charti#idth = origChartidth,
chartHeight = crigCharHeisht;
~ar chart;
function requestData) {
5l
url: ‘getlatal php',
datzatype: Jjson”,
success: function(data) {
war midats = 1500 parze(data);

conzclelogimidata);

var zno_delta = J5OM parse{midatz[0].zno_delta);

'
o

N.14 YaRAVTuandNa filterrealtime.php

9

CaN
(=
=b.
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war phmb_deltas = JSCM.parseimidetal0] phmb_delal

war x = (e Oet=(].getTimel;
:hiﬂ:c'arl.:erie—;[ﬁ].ca:&.lerglh » 10000;
chart.seri=z[0].addPoirtx, mc-_ce'.laJ. true, shift);
chartserizs[1]addPointlx, phmb_dalia], true, shift;
consalelogr=f);
32y Bodyemptykl
war o= TebenT;
tr = tr + “vid align=cantars” + "Refarencecchs © + parsefloat(reflioFied)
+ 7+ e
tr = tr + “vid align=cantars” + "CHd:<b> ” + parseFloatichd) sofieed(3) + °
b + "o
tro= tr + "<id shign=cantar>” + "HIZ:<b> "+ pa’scFloa:i:hﬁ:l.tnFibcE:l;S] +°
b + "o
tr = tr + “vid align=canters” + "CO2:¢hs " + parseFlostoo ) tofbed(3) + °
<0 + "oy
tr=fr 4+ "

a0 ="'"_\'_=b|.c s ::-:-d:.-.lant ].::p:nd[tr};

Highcharts sa#0ptions(]
ghobal: {
up=lUTC: falz=

chart = naw Highcharts Chark(]
chart {
renderTo: 'monibor,
Type: spline’,
ko {
load: function ) §
setintervslifunction 0
reguestDeta);
1, 1000k
addSmrias: function () {
var lskal = thiz.randarer. lsballs cadaz war addad, about to radrawr chart’, 100, 1200
At
fill: Highcharts. g=tOptionaloolor[0],

padding 10,

;nJ‘T/'i n.15 @mﬁwﬁwﬁmﬁmma filterrealtime.php (#®)



.zsslf
calar: "#FFFFFF

add;

setTimeout{function ) {

lzbal fadeOut();

titles {
tewi
tooltip: {

nesderFormat: '<span style="font-size10p »{ooint eyl spans<brs’,

pointFormat: “<span style="Tont-sizel 4o {series name} | «/spanr<span style="Tont-size:l Bpec»{pointy:  2f</spans |,

e
type: ‘datetime’,
tickPixelinterval: 150,
maEoom: 200* 1000
yiudE {
minFadding: 0.2,
manadding: 0.2,
tithes {
test: ‘Concantration(%a),

margin: 10

zaries: [{
name: “Znlr,

data: []

name: PHME,
data: [
1
</soripts
<table width="600" border="1" id="myTable" slign="center">
<thead>

gﬂ‘f/’i n.16 ﬂ;mﬁwé"wﬁmamma filterrealtime.php (#®)
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<thzads»

<thody id="myBody™><thody>

«/tablex

<table zlign="center" widih="100%">

<tr align="certer"><td align="center>»Snbsp;<td>< /A

«/tablex

<table align="center” widih="100%">

<tre<todsAnbspr o st

<tr align="center">

<td align="center'»<a href="menwphp > <button>Menu-<button» </ s»E&nbspnbspEnbsp;@nbsp;
<z href="caZchart php"><buttor>Carbon diowide in period</button></a=Enbsp;Enbsp;&nbspnbsp;
=tre

<'table>

<Iphp

I

gilﬁ n.17 ﬁmﬁwfﬁmﬂ%@mwa filterrealtime.php (#®)
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<Iphp

require_once'connect_db.php';

=
<table width=100% border=0=<tr align=center><td align=center=<img sro="titled jpg rw/tde e cirectd»Enbsp < td et
<ir alisn=centerr<td><font color=020697 size=3><brAdd AdministratonUser< /b fontetd= < e atabler
ctitlexDocument</titles
<iphp
seszion_start);
@5priority=% SESSION[ priority];
i priority=="")
i
echo"<table width=100% align=centers<tr align=canter><td»<bri<font size=6 cclor=red><b>Flease, Login for your
suthorization.<font>< tdx</tra<tr align=center><td><input type="button’ ondlick=location href="indexphp’
value="Login'w/ids < rx</tablex";
else
i
e
<div align=center>
«form name="adduser" action="insertsdmin_php" method="post">
<table border=0r<tre<td>&nbspotd=<tre<tables
<table border=0pe zlign=canter>
chreotd align=right=Hame < tdetdeginput hype="tet” neme="name"><Ad» <t
ctrxotd align=richt=5urename/td><td><input type="test” nama="surename ">/ il
ctrxotd align=richt=Usemame<td><tdx<input type="test’ name="username"></td>< s
<trx<td align=richt=Fassword:< Ad<td><input type="password” name="password > <tde<tre
<tr<td align=richt>Confirnpassword:</td><td><input type="password” name="confirmpassword > <ads<trs
ehreotd align=rightsPriority</td><td><input type="radic” name="priority" value="1" checked>Admin
<input type="radic” name="pricrity” walue="2">User
it
<
cirrtdeEnbsp<tdeatrs
etrrtd»Enbsp<tdectd><input type="submit” name="submit" value="Submit">&nbsp;<input type="button’
onclick="location href='menu php™ value="Menu > <tr>
< tablex
eforms
<iphp

g

5U% n.18 gaAdvitiuansua addadmin.php
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<iphp
require_onceconnact do.php;

el

ctable width=100% border=0x<ir alim=renter><td alien=center><ime src="title3 jpe < td» irecir-ctdeEnbsprotdr<ine
«tr align=centerr<td»<font color=blue size=5xanbsp;ofonts otdeotretablax
<fitlexDocument<titles

<Iphp

sazzion_start;

@Spriority=%_SESSION[priorityT;

"

il 5 pricrity:
{
acha"<table width=100% align=centers<tr align=entarz<tdy-<breciont size=6 color=red><b>Your 're unauthilized. Please, login

to Entry<fontewitde<Aretr slisn=center»<tdx<input type=button’ enclick=location href=index php’ value=login'<td < tre<table=;

else

{

=

<Iphp

Smame=3_POST name];
Seurenames=5_POST[surename];

Susernamne=striclowend_FOSTTusemameT);

Ssglusemames="select username from admin where usemames="$usemame";
Sresultusemname=myzgll_guend$connect, Ssglusemamel;
Sroves=rysgli_num_roves(Sresultusermamel;

Spassword=haset! _encode(striolowers_POSTTpassword 1
Sconfirmpasswiord=based_encodelstriolower(_POSTl confirmpassword TH;
Spriorty=5_POSTpricrity];

% priority=
{Sposition="Admir"}
alse ifl priority=="2"
{Sposition="5taff";}
finame==""

acho"<table align=centers<tr align=canters<tdz<font color=red size=5»Please, Fill the
name<fonts<td»wAra i <td»&nbsp; < td<rtre<tr alion=centers<td»<input type=button onclick=\ocation href=addadmin.php’
walue="Back > < td» e /tablex";
else fSsurename==""

echo’«table slisn=certer»<ir alion=center><td»<fort color=red size=3»Flease, Fill the
surename<fonteotdecArectrectde-Gnbepootd »<rectr align=centars<td»<input type=button ondlick=location href="addadmin.php’

vElue=Back > td> troatablen;

5UN n.19 gaAdmiiuszaiana insertadmin.php



else f{Susemame==""

echowtable slign=center><tr alion=center><tds<fort color=red size=5»Plezze, Fill the

Usemame<forts<tdectratre<tdbinbep;<tde <At align=center><td><input type=button onclick=location href="addadmir.php’

vElue="Rack < tdwr2/tables";

else fSrovel=0)

echowtable slign=center><tr alion=center><tds<font color=red size=3»Usemame is

existefontr <td> ot ctrectdranbsp < tdr </ tre<fr align=centerr<td><input type=button onclick=location href='addadmin.php

vElue="Rack < tdwr2/tables";

elze f{Spassnord=="]

echowtable slign=center><tr alion=center><tds<fort color=red size=5»Plezze, Fill the

password fontetdratrectrectd»Enbep e td s rnatr 2

vElue="Rack < tdwr2/tables";

else fSconfirmpassword=="")

echo ctable slign=center»<tr align=center»<td»<fort colorsred size=5»Plezse, Fill the

corfirmnpassweordefont»otds < traare<td»anbsp < td»<tre<ir align=centersctd><input type=button

onclick=location href="addadmin php’ value="Badd»wbd=< tre</tables",

else if{Spassvordi=5confirmpaszsword]

echowtable slign=centers<tr align=center><td»<font colorsred size=5»Pazzward and Confirmpazsward iz not the

same<font><tdr i<t ctd»Enbep;<tdr<trectr slignscenters<td><input type=button onclick=location href="addadmin.phg’

vElue="Rack < tdwr2/tables";

alse

i

Ssglinsert="insert into admin (name,surename,usemame, password, position, priorty) values

(3name’, Ssurename’; Susermame’, Spassword, Sposition’, Spricrity T

fmysgli_guendbconnect,dsglinsart])

i

-3

<table slisn=centar><tracid»Gnbep<idr<racira<td align=center>«<font color="green’ size=g>Added

=center><td»<input type=sbutton onclick=location href="addadmin.phg’

109

completetd>tretre cidEnbspwtds<tragir»<id align=canter><input type="butten” onclick="location href=indexphp™ wvalue="Enter

systerm™>&nbsp;EnbspEnbsp;Enbsp;<input type="button” onclick="location href='addadmin.phg’™ value="Add uzer mare™»<table>

<iphp
alse

i

echa"Error” Seglinsert. ™ mysqli_emorSconnect};

¥sconnect-»closel);

€an
c
=D.

.20 YAAN

9

'
[

aN

niUszanana insertadmin.php (79)
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Collective Datasheet

1 Features

1.1 Microcontroller

Component

Details

5T STM3ZH74 77Xl Processor

Dwal Core

ArmE Cortex®-M7 core at up to
480 MHz with double-precision
FPU and 16K data + 16K
instruction L1 cache

Arm@ 32-bit Cortex®@-M4 core at
up to 240 MHz with FPU, Adaptive
real-time accelerator (ART
AcceleratorTh)

Flash Memory

2Mbytes of Flash Memory with
read-while-write support

1 Mbyte of RAM

Dwal mode Quad-5PI
memaory interface running
up to 133 MHz

CRC calculation unit

Security

ROP, PC-ROF, active tamper

3 separate power domains.
Paossible to be
independently clock gated
ar switchied off.

D1: high perfarmance capabilities

D2: communication peripherals
and timers

D3: reset/cdock control/ power
management

Voltage scaling in Run and
Stop mode 6 configurable
ranges

4 DMA controllers to unload
the CPU

12 high-speed master direct
memory access controller
(MDMA) With linked list

support

2x Dual-port DMA with HFO

1x basic DMA with request
router capabilities

All
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Component Details board

Up to 35 communication

peripherals 4= 12Cs FM+ interfaces

{SMBus/PMBLzs)

dx USARTs/dx UARTS (I507816
interface, LIN, IrDA&, up to 125
Mbit's) and 1x LPUART

&= SPls, 3 with muxed duplex 125
audio class accuracy via internal
audio PLL or external clack, 1x 125
in LP damain (up to 150 MHz) 4x
SAls (serial audio interface)

SPDIFRX interface

SWPMI single-wire pratacol
master IF

MDIO Slave interface

2x SDFSDICYMMC interfaces (up
to 125 MHz)

2= CANM controllers: 2 with CAN
FD, 1 with time-triggered CAN (TT-
CAN)

2= USE OTG interfaces (1F5,
THS/FS) crystal-less solution with
LPM and BCD

Ethernet MAC interface with DMA
controller

8-bit camera interface (up to
B0 MHz)

11 analog peripherals

3x ADCs with 16-bit mase.
resolution (up ta 36
channels, up to 3,6 M5PS)
1x temperature sensor

2x 12-bit DVA converters (1
MHz)

2x ultra-low power
comparators

2x operational amplifiers
(7.2 MHz bandwidth)

1x digital filters for sigma
delta modulator (DFSDM)
with 8 channel/d filters

Graphics
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Chrom.ART graphical
hardware Accelerator™
(DMA2D) to reduce CPU
load

Hardware |PEG Codec

Up to 22 timers and
watchdogs

1x high-resolution timer (2.1
ns max resolution)

2x 32-bittimers with up to 4
IC/OC/PWM or pulse
counter and quadrature
(incremental) encoder input
(up to 240 MHz)

2x 16-bit advanced motor
control timers (up to 240
MHz)

10x 16-bit general-purpose
timers (up to 240 MHz2)

Sx 16-bit low-power timers
{up to 240 MHz)

4x watchdogs (independent
and window)

2x SysTick timers

RTC with sub-second
accuracy and hardware
calendar

True random number
generators (3 oscillators
each)

96-bit unique ID

.; l n L &4 ,,v.:.fv”—‘.
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1.2 Memory

External memories

SDRAM B MByte

Q5SPI Flash 16 MEByte

All

1.3 USE

High speed [optional/FUIl Speed LISB) Al
Host and Device operation

Fower Delivery support {optional)

DisplayPort H7 full

1.4 HD Connectors

High Density connectors

1x104100 Ethernet with PHY

1x CAN

4x UART (2 with flaw contral)

IxI2C

1x 5D Card

1x 5M

12 125

1% FDM input

2 lane MIFI DSl output

& bit parallel camera interface

10w PWM output

Tx GPIO

8x ADC inputs with separate VREF

All
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1.5 Crypto Chip

ATECC608 Microchip® Crypto
{optional)

Protected storage for up to 16 Keys, certificates or data

Hardware support for asymmetric sign, verify, key agreement
- ECDSA: FIPS186-3 Elliptic Curve Digital Signature

ECDH: FIPS SP800-56A Elliptic Curve Diffie-Hellman

NIST standard P256 elliptic curve support

Hardware support for symmetric algorithms

SHA-256 & HMAC hash including off-chip context save/restore

AES-128: encrypt/decrypt, galois field multiply for GCM

Networking key management support

Turnkey PRF/HKDF calculation for TLS 1.2 & 1.3

Ephemeral key generation and key agreement in SRAM - Small
message encryption with keys entirely protected

Secure boot support

Full ECDSA code signature validation, optional stored
digest/signature - optional communication key disablement
prior to secure boot

Internal high-quality FIPS 800-90 A/B/C Random Number
Generator (RNG)

Two high-endurance monotonic counters

Guaranteed unique 72-bit serial number

All

1.6 Secure Element

SEOS0C2 Secure element

Ready-to-use loT secure element solution

Securely storing and provisioning credentials and
performing cryptographic operations

based on NXP's Integral Security Architecture 3.0™

CC EAL 6+ certified HW

FIPS 140-2 certified platform with Security Level 3

Support for RSA and ECC asymmetric cryptography
algorithms

Support for SCPO3 protocol

up to 100 Mio write cycles / 25 years

H7 full
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1.7 MKER Compatibility

MER compatible header Tx PWM channels .
Tx ADC channels
1x 5P
1x UART
1x12C
1.8 ESLOV

ESLOV Connector

12C port with automatic device enumeration All

1.9 Power Management

WP PF1550 Programmable Dynamic voltage scaling Al
PRIC

Programmable independent

14 valtage output to carrier board

Programmable IO valtage

Integrated Li-Po/Li-lon Battery charger
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2 Ratings

2.1 Recommended Operating Conditions

Caonservative thermal limits for the whole board: -40 *C (40 °F) B85 °C {185 °F)

2.2 Power Consumption

Current consumption in deep sleep mode (@3 7V) 067 mé
Current consurmption in busy loop (@5V) 26 &
Maximum current consumption with M7 OM and M4 ON bliking (@5V) 230 ma

Mote: All the measurements have been performed with Partenta H7 full version (ABX00042). The current
consumption in busy loop has been evaluated according to the following loop:

1. Deep sleep mode.

2. Wake up every 595 seconds.

3. Acquire data for 5 seconds.

4. Go back to deep sleep mode.

2.3 Block Diagram

WiFi
LBEESKL1BX-E@3

CRYFTO
SEBSBC2HIT FZA15DT

Hicrecontrollar ETH

STRAZHTATHIHS LAHET4ZAT

BIPI-DST Bridge PFER SWITCH
AHXTEZS K18 PISETUKE

ERI Filvar EHI Filtar EHI Filter
PCHF2IEE3E /L2 PCHFEUSEIEET SB3E

m .
PFortasta HT
B rower B microconirsllar
| a3 B rtats Comsemication
B intsrnal Pares B cennaciors

Block diggram
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3 Connector Pinouts

I I EEE ET Ol O &£ 4 O O @G
a1 A A3 Ad Ll A an AY Aln Al a1

1z Bt B8 By BE 87 85 S BY B3 82 B
I O OO O @ D JO | veus ] L can
W cobte around BT R e e e ey W ire. e,
. Cable bus poeer . High spaad data path Plug configuranien dstestlon
(EK far USH, or T8 for OF A1t Mode} * One hecomes WCOMS, for cable or sdsptor pewer
W usB 2.8 Inverfecs = CC is used for UEE-PR comsunication
LESE-C@ Pinout
3.1 USB-C
Pin Description Pin Description
T +/- High speed data path (TX for
GND | Cable Ground TH2 +/- | USE, or RX for DP Alt Made)
R¥1+/- | High speed data path (TX for
WVBUS | Cable b
SV U= power RX2+/- | USB, or RX for DP Alt Made)
SBU For sideband use (Mot used for
D+/D- | USB 2.0 Interface SELZ USE)
o Plug configuration detection * One becomes VCONMN for
. cable or adaptor power * CC is used for USB-PD
communication
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Asileg Fin High Benaity Seemector
Default
High density connectors pinouts

Description

Pin

Description

High 'Density

Connector

VREF

ETH High Density CAN
Connector Connector
High Density High Density
s Connector oSt Connector
High Densi High Densi
CAM e Y DMIC en v
Connector Connector
12C0 12€1 12C2 125 High Density VSYS VIN V-SDCARD VCC VBUS USB ADC- P
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Pin Description Pin Description
High Density

GMND Ground PWM Cannsctor

High Density High Density
Gho Connectar A Connector
SWDIOSWCK High Density ADC High Density
SWo Connectar Connector

High Density .
SOC Connactar RESET Other Fin
3.3 I2C Ports

Cystern integrators can use the Portenta HT's High-Density connectors to expand signals of the board to a custom-

designed daughter board or carrier. The following table summarizes the [2C pins mapping on the board's High-

Density connectars and shared peripherals/resources. Please refer to the board's High-Density connectors pinout

section.
HD Connector | Interface Name | Pins on HD | Status! | Shared Peripherals
Secure Elerment (Oxd3)
n 12C1 43-45 Shared | PMIC [0x0E8)
AMALOGH (0x54, 058, 0x70, 0x72, 0xT7A, OxTE, Oudd)
n 12C0o 44-46 Free
12 12c2 45-47 Shared | Camera (D1P-D1N)

'Status column indicates the current status of the pins. "Free” means the pins are not in use by another resource or

peripheral of the board and are available for usage, while "Shared" means the pins are used by one or several

resources or peripherals of the board.
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lay Commands

)

3.4 Wake Up Signals/External |

ARDUINO
PORTENTA H7

RGH LD

Liimach g USB Type-C
Tesperature QU0 1368 S0A 1-aa
Senzor QL aee seLT ai-ae
@ s es . -3
P [ s J
E——
~ AREF AREF )
mrs A BIDGH a0 ar»
sacrs aBGAI B «r®
g2.77 BANELENEE GND
270 CAbCAS EIENE ssser [TTID

as EA N GROETIN TUN ARy TR -8
s2-7e [HociAs BETEEN o KEID d QTN IO usaTy RK 136
2.8 CADCAS IO v D - R - QU ey seL. a0
n2-6r PN S BTN ETTED GEDIE TN 1263 804 s1-aa
R2-00 A s TN BT DT T eI CIP0T 240
2-67  PAN 4 TN TR G sPIeKT n-38
n-e5 P TN D ERT T SR S0P 2-42
n-03 eana DTN ETES QI e esT T n-3e
n-a1 e BTN @D ey -0

B Ground B Internal Pin ] Pigital Pin |l Microcentroller’s Port
B rorer B swo Pin | Analeg Pin Migh Density Connector

B reo | | other Pin Default

MAR format Heoders pincut
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4 Application Examples

Due to the dual core processing, the Partenta supports a wide array of applications.

4.1 Accessories (Not Included)

= UUISB 2.0 Cable Type A/B
= Portenta Vision Shield

= Portenta Breakout Board
= Portenta Max Carrier

= Portenta Hat Carrier

5 Functional Overview

5.1 Board Topology

Depending on the variant, some of the components does not apply. The image below originates from the H7 form

factor, see what components are applied on your board:

%3 - a [ — L (?
[:. - |§: a ' o = m @ -
[N Ei = illl = 3 EIIII
el ond, | ¢ |feeer
S 1-] o T )
" [+] = =88 = ;
“ol . R = ==
o Ll - ]! . ©

Only with Po

Ttenta H7Y

Only with Pozxtenta H7 and Porxtenta H7 Lite Connmected

Bagrd Topalogy
Ref. Description Ref. Description
1 Main processor Ui Power manager
uz2 5P| Flash memory ui Crypto chip [MXPE)*
u3 USB HS PHY iz, ui3, ul4d ESD protection®
g SDRAM uie Crypto chip (Microchip®)
us Ethernet PHY n.j2 High Density connectors
Ue MIPI to USB-CE/DisplayPort converter® ANT1 Antenna or U_FL connector®*
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Ref. Deseription Ref. Deseription
uy Level shifter* JANALODG |DIGITAL MKR compatible headers
us 12C level shifter* 14 Battery connector
us Wi-Fil/Bluetooth® module** 15 ESLOV connectar
J6 Micra UFL connectar

* = Only with Portenta H?

** = Only with Portenta HY and Portenta HY Lite Connected

5.2 Power Tree

MCE4PF1558ABER

Legend:

D Companent

5.7V (VHAT]

@ rorer 110

. Max Current

+6Y ([ POUT)

il

+3I¥3 [(POUT)

———————H ETHEIHT 4D
— bcac J
—H

M HIPI-UZBC Bridge

il

|

WiFi/BLE Module

— o [EID—EID—

UEBIULPT
Transceiver

E

Ethernet

Conversion Type

@ voitage Range

Portento HT Power Tree

i

FLASH
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Abstract. This nud) intends to develop a real-time brogas dsplay system based on the Internet of Thmngs (loT) that

can be used 1o il biogas and beogas from dangerous pomts. The biogas simulator provides a
DC voltage from 0 1o 3. 3 volts 1o the {ler board for d dulatmg the bsogas concentration. Additionally, a
cellular system has been selected for data Therefore, this ncrwork can send data over unlimsted distances.

To ensure the secunty of data fe ik 15 carried out between the source and the destination using
an [PSec VPN and the database server includes sol\v.m such as MySQL., H I'ML, PHP, and Javascript for displaymg
results on graphs via a web b . The exper | results sh d that a b can display in real-ime, and ako
it can create continuous graph mtervals of 3 seconds. Finally, the developed results sh d the high perfi of

the biogas monitoring system and also were very accurate with a difference of 0.001 V /%% concentration.

Keywords: Gas real-lime 2l of Ihangs; microcontroller board

g

INTRODUCTION

Nowadays. renewable and alternative encrgy is used as the primary fuel for power gencration. Natural
resources like natural gas are the source of alternative energy. Utilized resources include coal, oil. and even natural
garbage. But renewable energy, such as solar energy. wind energy, or even bio-energy like biogas, will be clean
energy or energy that will not run out. Biogas is a gas created by spcuﬁc bacteria when they break down organic
waste, including manure from livestock farms, waste from o i andh hold waste [1]. These biogases
include methane (CHy), hydrogen sulfide (H:S), and carbon dioxide (COz). Biogas provides a lot of advantages
that are suitable for usage in homes it can be used for instance, as cooking fuel, utilized as fuel to heat a home in
the winter, and in industrial facilities where the creation of specific goods requires the use of heat, such as when
utilizing biogas as a fuel to boil a boiler and used as a fuel to produce electricity. However, biogas also includes
some problems with air pollution [2] and is dangerous for human respiratory systems. To determine the quantity
and concentration of the target gas being tested and to weigh the danger of operating. a biogas measuring
instrument is required [3-5].

Additionally, numerous studies have been conducted to develop instruments such as a portable methane
measuring tool has been developed, according to a smdy by Yang et al. [5] using an Arduino Uno board coupled
to humidity. temp ¢, and p ¢ sensors housed in a glass tube to measure methane gas and record data. By
comparing a methane dcu:c(or with a gas chromatograph fitted by a thermal conductivity detector, the
concentration of methane was determined, with an average absolute error of 0.69% + 0.55% when compared to

ing the gas ch graph (GC) type. Furthermore, Tiwari et al. [6] used the Vocus-PTR-reaction mass
spectrometer equipment for lbc onlmc determination of sulfur pounds and undesirable poll with real-
time testing findings. Daily methane contamination testing can find up to 300 compumds Hafner et al. [3]
developed a tool for monitoring methane gas and forecasting its gencration. The rescarchers developed the
algorithm as a function, with a total of 10 functions, which are separated into three function groups, 1) Convert to
standard values function 2) Processing and calculation functions 3) Analytical functions peedict the occurrence of
methane gas in advance. In addition, users can access it using the web interface or the online biogas app (OBA).
Furthermore, Tlangovan et al. [7] created a tool for online presentation and utilized it to forecast the presence of
methane, the enhanced methane prediction algorithm (EMPA) is used. Methane detectors provide EMPA with
essential data, such as the concentration of methane. Compare the Naive Bayes algorithm with artificial neural
network results for the pressure, temperature, and pH values used in calculations. The processing time is faster
and the network accuracy is 94.84%.

Therefore, this rescarch aims to create a biogas detection display system that is effective. In addition, it is also
safer than the traditional measuring tools by using the Internet of Things (IoT) [8]. It has a communication model
and transmits data between measuring devices and devices to receive data in the form of machine-to-machine
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(M2M) 10 send the concentration of the target gas from the source biogas generator located far (remote plant)
through an intemet network with specific encryption for data secunity [9].

RELATED THEORIES

The Intemet of Things (IoT) is used to impk-mcm a real-time biogas display system that can collaborate with
several devices and applncauon pmgtams using technology to link the database server and the location where the
biogas or target gas d is lete system has been split into the following theee sections.

1. Hardware is the biogas measuring dcv. ice pan that transfers the observed value to the database server via a
communication module which is detailed below:

1.1 Three 100 K variable resistors have been used as the biogas detectors to simulate the operation.
1.2 A microcontroller board that is used for controlling gadgets like clectric motors. sensors, machines,
etc. The following are the major components of a microcontroller board:
-CPU (Central Processing Unit)
- RAM (Random Access Memory)
- EPROM (Erasable Programmable Read-Only-Memory)
- 1/O (Input / Output interfaces)
- Timer (Clock-pulse generator)

The type and capabilitics of a microcontroller board determine its capability or application. Board with a
microprocessor, which in this study requires measurement data from precise sensors. This research uses a Portenta
H7 microcontroller board from the Arduino family. which has a high resolution and a function for translating
voltage from analog to digital signals (analog to digital converter: ADC) [10] at 16 bits, and also a DC voltage is
applied to the analog pin of the analog microcontroller board is a digital signal with a value between 0 - 65535,
The dual-core microcontroller board also features two CPUs. Furthermore, it utilizes the IEEE 802 3u-compliant
cthemet connection on the Portenta vision shield to connect devices, as shown in its basic structure in Figure 1.

FIGURE 1. Structure of microcontroller board and 1O port

2. Software is, normally, operated to support the hardware. However, it consists of 4 main parts as follows:

2.1 The language program which consists of HTML, PHP, and Java HTML programming language is a
language for casily creating web pages. However, it is not flexible or unable to interact with users. Therefore. the
PHP language program is used to receive data from users to process and calculate the data. Consequently, this
part includes the use of JavaScript programs to create interactions between users and the three programs mentioned
above. HTML, PHP, and JavaScript are open-source languages, therefore, program developers are creating new
functions and libranics. There are many out there for use.

2.2 MySQL is a data management system with a table format divided into columns. To store data from the
biogas measurement equipment set, the PHP program can store, get, update, and delete data, etc.

2.3 EditPlus program is used to create algorithms and functions for calculating and processing data. It
causes the program can be separated into colors according to type and type of language and is casy to use.

2.4 Web browser is a program that can be used on every operating system. However, it is available on
almost every portable device such as puters, notebooks, cell phones, etc.

3. Communication module is regarding the method for n‘ansmmmg and receiving data in different forms, it is
an Internet of Things (1oT) technology, which is a way of sending and receiving data between devices that can be
connected to a network system. Both the same network and distinet networks are possible. One-to-one. one-to-
many, and many-to-many connections can be made. The technology and protocol used by the transmitting and
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receiving devices must be similar protocols, depending on the capabilities of the device, the sort of work being
done, and the security of the data being transferred and received between them. Data transmission and reception
technologies can take many different forms, as described below:

3.1 Zighee adheres to the IEEE 802.15.4 standard and uses low-frequency public radio that has been
granted a license by the body in charge of overseeing cach nation's frequency bands [11]. Low-frequency waves
offer the advantages of having a relatively low power consumption and being able to transmit data across a
distance of more than 700 meters. Devices in the ZigBee network carry out the following 3 components:

- Coordinator device gathers network data and chooses the path that information between nodes will
take. There is only one coordinator per Zighee network.

- Rowter device serves as a hub for data transfer between coordinators and endpoints. It is an active-
mede device that is always able to transmit data between nodes.

- End device is the system's fimal piece of hardware. It is in charge of immediately sending data back
to the coordinator or central node. When data or signals are sent, the final gadget will be in sleep mode and tum
on.

Zighee technology typically works well for applications that don't stream data or don't constantly send data
from nodes. A network may contain up to 256 devices. The connection topology of Zighee is shown in Figure 2.

Mesh

B Courdinsior
# Rouwicr node
Cluster tree O End node

FIGURE 2. Example of connection topology of Zighee

3.2 LoRaWAN is derived from the phrase "long-range wide arca network”™ [12]. Using low-frequency radio
wave technology permitted by governmental frequency control groups, it is a link between devices that can
commect to the network over a greater distance than Zighee echnology. The distance required for dama transmission
and reception will increase with the use of low-frequency. This technology can send and receive data from 15
kilometers away. The LoraWAN system is well suited for receiving and transferring data with modest amounts
of data since it uses low-frequency waves, which significantly reduces its constraints interms of data transmission.
Additionally, the LoraWAN system's data transmission and reception hardware consumes so litthe power that it
has a battery life of more than 10 years. The LoraWAN system is basically divided into 4 major components,
which are described below:

- End node will mostly consist of measurement equipment like temgperatune Sensors, gas sensors, ic.
The end node’s equipment will only transmit a signal to connect to the concentrator gateway.

- Concentrator gateway is the component that creates a conduit between the network server and the end
node. The user datagram protocol (UDP) is used for communication between the concentrator gateway and the
Metwork server, and the major job of the concentrator gateway is to validate data coming from the end node before
delivering it to the network server.

- Metwaork server includes a private network, centralized public network, and distributed coordinative
public network in Lora's network design, which is determined by the data ransmission between the concentrator
gateway and the application server.

- Application server is the final component of the LoraW AN network. Using the transmission control
pritocol'internet protocol (TCPIP), it transmits and receives data from a network server. Data from many sourees,
imcluding the destination or End node, must be neceived by it for processing and presentation in a variety of forms,
and in some situations, to be used.
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On occasion, an operating system computer with both an application server and a network server installed can be
used. The topology of the LoRaWAN network system can be illustrated in Figure 3.

Application
Server

FIGURE 3. Topology of LoRaWAN network system

33 Cellular is a system that enables network-capable devices, as well as different sensors and
microcontroller boards can access the intemet. Data will be sent by the system over the mobile phone network.
Cellular can connect to the interet network and has faster data transmission speeds, including bandwidth and data
packet size, than Zigbee and LoRaWAN technologies, depending on the service area of the mobile phone network,
making data transmission or interaction between devices to receive or send data possible anywhere. A 3G/4G
Dongle device will be utilized to conneet to the cellular base. It is a tool used to insert SIM cards so they can
access the intermet network via the cellular base. It contains a USB port for attaching to internet-dependent devices
like a PC, notebook. laptop, ctc. The service provider's agreement governs the speed and bandwidth. and the
capabilitics of the 3G/4G dongle device, as well as the strength of the signal received by the dongle device from
the cellular base. An example of the 3G4G Dongle is depicted in Figure 4.

IGAG SIM Card

FIGURE 4. Examples of 3G/4G Dongle device

In addition, this technique is more secure for connecting the devices. This rescarch employs the internct
protocol security virtual private network (IPSec VPN) [13]. However, This connection is extremely safe for data
transmission. Encryption is used to confirm identity (authentication) and data accuracy. Encrypting oaly the data
except the header, known as Transport mode, and encrypting both the data and the header, known as Tunnel mode,
will make the data more secure as shown its structure in Figure 5.
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Transport Mode

!

FIGURE 5. Changed packet m [PSec format

IPSec is a method of establishing a connection path between communication devices that requires receiving
and sending data, which has a network traffic pattern and various parameters to prevent foreign packets from
entering the tunnel [14] by tunnel will create a Security association (Sas) to defines network traffic protocols and
algorithms. The Sas model is determined by the application for which will be used encapsulation security payload
or authentication header (AH).

Experimental Setup

The continuous biogas display system is researched as a prototype for use with a future fiber optic biogas
detector. The function of optical fiber detectors is to change their structure by coating them with a compound that
absorbs biogas and affects the refraction of light within the optical fiber, such as Cryptophane for detecting
methane gas, or Agentum to detect hydrogen sulfide, ete. It is to measure the intensity of light with a photodetector
and send an output voltage from 0 to 3.3 V into the microcontroller board. To simulate this, we use a variable
resistor (VR) with a resistance value of 100 K€ as a simulation device instead of the fiber sensor. Therefore, the

lation data is obtained from a variable resistor. Consequently, this signal is sent 1o the microcontroller board
and converted the analog signal into a digital signal with the ADC function [15]. The calculated data is, normally,
using the following equations:

ADC=((V_inxa))'V_ref (n
where:

a is the maximum ADC value of the digital data (equivalent to 65535)

Vi is the analog input

Vi is the reference voltage

The resistor adjusts the analog voltage that has been input to the analog pin of the microcontroller board
between 0 - 3.3 V. Consequently, the ADC value from the microcontroller board is then converted into a digital
signal with a digital range from 0 to 65535 and sends it through a communication module to the database server
for data storing. The configuration of the developed system is, however, illustrated in Figure 6.
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3GMG Dongle

| Vision shield l

Microcontraller
board

I 33 V. Reference l Biogas sensor simulator l

FIGURE 6. Hardware configuration of developed system for biogas monstoning

The microcontroller board was able to connect to the database server once the router board on the VPN client
side had successfully cstablished a VPN IPSec connection with the router board on the VPN server side.
Consequently. the latency of data transmission has next been evaluated for the data transmission time of the
system. This depends on the distance and the overall equipment of the system. Latency can be calculated by
averaging the ping time from device to device. The average ping time should not exceed 100 ms. In this work, it
has been calculated the average ping time from the router board on the VPN Client side reaches the database
scrver 1.000 times. The result shows that an average time is equal to 70 ms, which is less than 100 ms, making
the latency relatively low and reliable, as shown in the Figure 7.
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FIGURE 7. Latency or ping time between VPN Chient and database server
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Additionally, the router board equipment will secure data transmission and receipt using an IPSec VPN. The
database server will have a variety of data-storing applications. Moreover, a web page is made allowing the client
to examine measurement values using a web browser after data processing.

A dlgllal oscilloscope will be connected to the device to test the signal's ton to the & server to
conti the voltage coming from the biogas detector simulator, while it is linked to the database
server. Board with a microcontroller to keep track of the voltage during cach test. When the microcontroller board
receives voltage, digital signals are itted by its eth c to the router board [1 6] where they are
passed into the server's database system. Before transmitting the new signal through the VPN tunnel created by
the router board to access the database, configure the format of the new signal on the router board, which receives
digital signals from the microcontroller board as shown in Figure 8.

I

VPN Clieat

Reference signal
Database
I Ignal
o s Sehso wewver

Laptop, Menbtor device

FIGURE 8. Configuratxon of developed biogas monitoring system

Every 3 scconds, the database server must receive new data from the source measurement device via the
connection module to update the temporary database. The real-time display program'’s algorithm will then extract
new data and display it via the web browser.

When doing the test by already providing electricity to the microcontroller board on a digital oscilloscope,
capture voltage values, and then compare the values. The database then discovered the voltage changes regularly.
As a result, the average data that is received from a temporary database after 200 records, or roughly 10 minutes
has been input into the main database. The target gas or biogas concentration display can be saved in CSV, Excel,
PDF, and several image formats. The data is displayed through a web browser software in a time interval.

The measuring device will communicate the data to the database server when the entire system is
interconnected, and the database server will utilize an equation to calculate the desired biogas or target gas
concentration [17]. The equation can be used to calculate by

[%Concentration] biogas=! [ADC] biogas’ [ADC] reference |x100 2)

However, when the system has been installed and configured, it is possible to build a flow chart from the point
of gas measurement to the display system on the screen via a web browser, as shown in the flowchart in Figure 9.
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FIGURE 9. Flowchart of developed system for biogas monitaring

In addition. we are recording the resistance and voltage values from the adjustable resistors by using a digital
multimeter (DMM) to measure the resistance values. Also, a digital oscilloscope has been utilized to measure the
voltage and ADC values from the microcontroller board, which are next sent to the database server in a MySQL
format. The setup of this configuration is shown in Figurel 0.

Conmnection madule

FIGURE 10. Expermental setup of developed system with communscation module
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RESULT AND DISCUSSION

As mentioned above, the experimental results consist of resistance. input voltage (1), output digital values
(D). reference voltage ( V), and the percentage of concentration of methane gas has been summarized in
Table 1.

TABLE 1 Experimental results data from experiment

Resistance (Q)  Input voltage Output digital Reference voltage CH4 concentration

(Vi) values (Dow) (Veut) (%)

99.84 0.001 25.21 0.001 0.03
90.78 0.1 2007.08 0.101 3.038
81.25 02 3988.74 02 6.111
68.34 05 9932.54 05 15.278
3021 1 19885.1 1.001 30.372

14.83 2 3975485 2.001 60.8
483 3 5960548 3.001 91.164

From the results, we found that the percentage concentration of the CH4 (in simulation) is directly propertional
to the voltage. Morcover, the developed system will use the discovered concentration to produce a chart on a web
browser with an accuracy of 0.001V /% concentration.

However, users can get the desired gas concentration information on the display page at
“htp//1.0.168.17:2345" Firstly, the users need to log in with their username and password via the login page. A
main menu display will appear as shown in Figure 11.

@ Biogas Monitoring System @ Biogas Monitoring System
Please, I,ogln for mnnlmrlng m
Usemagme: AL gz priad 7
Paseword: | l P %
;'n;-ull--'iAl |
Logn [ [T
Calondonde msnllan |

FIGURE 11. Example of user iterface in login and main menu functions

From Figure 11, the system shows a menu of information. Users can select the type of information they want
to access. The list will consist of a graph display by displaying graphs in real time for each step. It will require
any type of gas and elements for adding users to the system who can access via the item selected, which will be
utilized by cither a task-limited user or a system administrator. The system administrators will have access and
real-time monitoring as shown in the example in Figure 12. and Figure 13, respectively.
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@ Biogas Monitoring System
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FIGURE 12. Example of real-time display of bsogas concentration

@ Biogas Monitoring System

100, Ret=9%.658%

CHa-66.435%

0 :S~58.294%

Concentration (%)
n

FIGURE 13. Example of a biogas monitoning system in a penod
CONCLUSION

In this work, a real-time biogas display system based on the Intemet of Things been developed. It consisted of
hardware and software allowing real-time display. The system can create a frequency and continuity of biogas
measurement results from the measurement point. In addition, the data sent to the database server is still safe due
to the VPN making the data transmission point, and the database server is on the same network. Morcover, the
data transmission is performed via the internet network. Therefore, there is no limit on the distance for data
transmission. The developed system uses a microcontroller board as hardware to receive analog input values.
Moreover, it can be used with various measurement devices for future applications. The simulation software has
a function to display three difference types of gases compare with the input DC voltages. A microcontroller board
at cach input level there is not much of a difference between the three types of gas concentration values, it can be
discovered and also ensures high measurement accuracy for the system.
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