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du 1rdenawsuaalunsdlidndu fansaa3nAendl (Secondary Sensar). wia Fnsrafutuses
nInTaniazendnansiasunlasesnivesludidumesesiiasansiatald ddulngas
Wuminfwe iyl wu wsidu nsvud ausumiu e sazammiaah Jusu erash
wUsmanien muBsunlasudansnfinesuedaduteesmardasiddsunny eisnsu
Arsfimesmaliiniidsusy aratalilasldimed wersssuiadneg dafunisinduds
ndeuieIslwihlagisaginnieurse s slsimamlwih fururisudsivinsa
Sanan 1113enenindunisTnlaeisseuls nszuiun1sieanil msesIeiu (Sensing) nydlilfn
TmnuaRnreiavgnisenI ISuwes

2.1.1 WANNTIINUYDITULRS (Sensor)

nanMSIIUIOTULIEeS (Sensor) m’l‘t’ﬂmvwmﬂmvmﬂﬁigﬂaauwamumﬂiﬂwm
Lﬂuaﬂiwua IﬂaﬂﬂmuuamﬂaaumLLU'm'N5} ImﬂuﬂmimumaﬂiULLa"LWﬂW hay mmlﬂmsm’im
Huruavesiulsiidesnisiandnnsyhaudumas (Sensor) Wassu

nﬁgﬂﬁaumﬂqmq (Capacitive)

duAudszredieing Yssneusmsutilausedatesassuruiiauuvioladidnasniussuing
urumanasuiendnnsinuladldanmsuesiufutssauuiaumanuuueuladd

A
C=g e =— 2.1)
0 rd

Fop
®
™

o = A1 Permittivity VBIGYNIA = 8.85 pF / m

€, = A1 Relative Permlttlvsty fuanaﬂaus] (m1319 2.1)
A= ﬁumwa@mmnu (m?)

d = sseviimanuenvsaniy (m)



NNANNTA (2.1)  AIMINY Capacitive awnsaldsunladldlaadous d, A wie €,
Ussgndldmnniaduszezednlivateguuuu udluiitazrenaridunuuimamaduanuiusuuaiig
q

9

. ¥
bRt F}Gﬂ]ﬂltﬂ&r%}? {Glass substrate)

UNUIAY (Tantalum) ,
Lagtilan; (Chrominm layver)

/

Inatdnaninu Twaues Folymen)
JUT 2.1 fwTaduarTiduiuua g

= ' A o’ a
A157147 2.1 Armsiiladidnesn

ﬁ’athaterial) ladidnain (Dielectric Constant : .1)
Vacuum 1
Air 1.0006
Teflon 2
Wax 2.25
Paper Pt
Amber 2.65
Rubber 3
Oil
Mica 5
Ceramic (low) 6
Bakelite 7
Glass 75
Water 78
Ceramic (high) 8000

mﬂwmmumwa (Capacitive Humidity Sensor) mmﬂw 2.1 Lﬂummam'ﬂw
AuTuLUUTduune Sladidnesndulndues aﬁmimmuimaﬂmawﬂm vnlwianas
LﬂaauwaammmaalmaLaﬂmﬂmﬂwmmwmumLUJmmmmmauwmﬁsuawaimmﬂmmaa:u
wandunilsazusznaufeduremumndudBadal fuuususesidund ssuirananasdudy
vadlwimes (1ndidna3n) drumandnduasudursssiulasdiouuaivinlildmauetenuuuunse
ﬁﬁﬁNWﬂwaﬂuﬁmeﬁmgwguLﬁﬂ6] fusurdlasflonuasilndmesarillassauduanarsndons



a 4 v a2 B P Y I v M a g a 4w )
TNURIaLNITUIANY Feufiu Fuihliluanaveskiudluiileddnmsn 5 - 8 Le3asinuaznisin
Wil desredunuuiasiidisiudegsswing 0 s 100 % RH Tnafieauaiiaaatu 0 % {u
375 pFuazianulidadudu 1.7 pF / %RH Fadpuduaunisainuduiusleidy

C =375+ L.7(RH) pF (2.2)

Adoauugegaiinenndusesauns (2.2) fe 2 % wanneulidudaduias 1 %
ilemnBameiTainriuuuuaudiunnaldsaniuansuiadnssuaddy vierssinin
A (Oscillator) TumsudResiidanuguasinanudunusivegludnuaz suusu lunism
ﬂ'wmmqmulﬁaiulﬂE’JLEﬂm?ﬂﬁauﬁasﬁmaﬁamiaaﬂu,'umwimn Taplanzisasiilannud W i
m':t’m%’umm??uLLUUmmq%ﬁﬁhmmﬁmmugcyﬁamaqlm&ﬁmw%ﬂﬂismm 100 kQ 100 kHz
mIuEuaIquesladlinainasinuiismenaaa e g pdeniefifenda Loss -

o
Vo e

Tangent F01UTUUNUME tan O THHAMIIAD

tand = —L (2.3)
wCR

611 C = 500 pF 4 tan O ¥ ~ 0.03 93U 2.2 wansinssadunuunruglddauiy
Anuwmilenitediion (Pure) lunsnsdndanred aslden wiaiges (Factor) (Factor) amnw (Q)

a9995.0u
0=w.CR= R‘E (2.4)

l

U9 2.2 1asiliannuiwuy RC aynsulaeiiaudiuviu R ves C

Fenaunmsuandiiiudl Q uusemAl R 10 d1enudisssued f, vessasnsanduiinsiody
¥ v L2 = 5 = 2 -] at 2 a4

AMHTULUUAMNIRAULasiid Ty 107 Hz 193593fA1 Q Ussuna 30Unit dwdutdemsseiaie

ﬁaaﬁﬂﬁmaﬂuaammaﬁwwmmmmﬁalmwiﬁwaﬁwgﬂ



=

2.2 aunnu
q U

o
o e =f

luadmilumAmiieafveamgiiintudy 2 wwane fomuuuimaremdnauvnanmans
warANsEsULEanIAMiENABEER guvmamansduieidosiunisinludamaia fa
Mirimaugamgiludaumamaniludewusn Ssmuniulasasdainaiy JeszuienuAda
wUsAneq Aawnsansaaialdainnisdang dudndadnazlanudlaludedindningnmna
Aans lagedurafisnisazaudiuieuniavwialvg wazinuvisiiinessineg lusuvwamans
(Famnm) lugruzganadoneadfvesnsifiwesveseymaludgann

TumsAnwildndiBeadd annsofannuddeugamailusnvwaransin WumsTawdasu
La?iaﬂqaaaqnWﬂ’LuuGia:aam%aiﬂuisuuQmwwamﬁm% T,maﬁqmmﬁi‘fummmmaaL@Uﬂmamﬁ&%q
GhlE ﬁa&uwuu%‘qﬁadUizﬂa‘uﬁ'aEJU‘%mzumgmﬂai’m'mmmﬁa%mmmﬁwaﬂﬁiﬂqmmﬁé’uﬁ
At luldusslondls Turesuds wduidwulunsdulumesozneuvesaansluanine
auga Tuufagaued wdsnudwilunisedaulmiimeassunelianaveuis

agf s o &
2.3 ANUTUAUNNG

didl B = a ’6" o ¥ ﬁy = o

AU (Humidity) wineds dnnuledinsisglueime auduveseaniaiinisildsundas

atnasnian | IwanvisetieaTusyiuanuiiuwasanmll . MINTULEMS (Relative humidity)
vanells  “dnsidmves Yinadesihfidegaidusimanediinaleidndiasdiilienniedudn o
gampilifieniu’ wie “@nsidnvesniuduledidfiegiswionruiuleundud” Arenududuing
wansluguvesfagay (%) Wewlugnslan

ANUTUFLING | = @Iinaledmagluainig / Usuailedsdivilieneaduda ) x 100% (2.5)
= (mwdulenwsiegluennia / anuddledhueteniadudi) x 100%  (2.6)

Usinamadlodlueniatuegfuenmydueteinis o1 afeuainsaiuletildunadn
2Inedu é’fﬁfumﬂqmwgﬁmadmmﬂa@awuﬁﬁm61 wilaftsilAR "aneduda” (Saturated air)
onmarlianunsauiuinled fsainndail udenamndniondein ernediaududuing 100%
wagvngaumpifnsandiasin lothasldsudnusduvouna qmwgﬁﬁﬁﬂﬁﬁmmﬁmmﬂuﬁ
Fonin “gaiidne” (Dew point) Qmﬁwﬁ'wwaamﬂm%us}auﬁqmmﬁqqﬂdﬂ@@ﬁwﬁ’nwaammmﬁa
2.4 Wuwe3inauTunuulszy (Capacitive Humidity Sensor)

FuesTarmrudusuui s nutuduivg (Relative Humidity) — finmslgeauiuegng
nieendlugramnsy Bonded uidevieveasmnaiadnd Wuwesuuuiiilasaieiivssnay
Wihstuguuiufiduuiivhanindued  viewdiasenled (Metal Oxide) 0N13199g 58U
Audnlnsasiaaas Imaﬁuﬂ’;‘umﬁéumdﬁqﬂﬁmgﬂLﬂﬁa‘ué’aaﬁﬁmimm‘[awuwﬁgwqmﬁ:aﬁaﬁﬁuﬁu
aveasuazlgmanuasuan



JUN 2.3 wanaduas (Sensor) wuuandan

Wuweswuuadinaunsansaduanutudiinsluanwinndenldifovas dudady
wieiinsmevausdldedrafiudnduia. Inododiamuduivndiould 1 Wedidus ATA7IY
Il (Capacitive) AasuAouly 02 fs 05 pF Wuwefuuumurdivignimusliinadnuas
awzRemduyszavigumgiiandaiiliiunddR | winamadgads 200°C nMInaugan1zinn
anmrmsmuly uasdimuselasnvevasasialitnsae Turaeiivisnaimsmevaussaduged
Ao 30 &4 60 Funfl dmdumaBeuslasentulutig 63 Weddud dvdutorssvasiumeduuy
PR FaFuminaufianananiiu 206RH udaenisiBeudtasdianuia 5%RH f9 95%RH
uaﬂmﬂﬁ,ﬁuﬁda%ﬁagnﬁ'lﬁ’mmmawmia@’hai::aziwiwfgue%’;um'sﬁummffuﬁm&ﬁliu:daa
dyaa wsiemnlnaduinpagiililiowan senugesmugbiin warlumsl jiRassestosnd
10 ¥ ﬂmamﬁﬁﬁﬁﬁmaﬂwﬁmaﬁL%uwa%uuwﬁmmgﬁ’ﬁa Dew Point (flaaainasfinms
WasuwasdaaaenndoiiuAIm L deuly wiveidsuwdadlidony faw uaser Drift
i Fefonuded uithearduiiwdsuludndilusesuiismunuds dumefiEuiasyenll
Wudadu

et

s Vit T

JUT 2.4 uanslassasrwasdumes (Sensor) AUrdan nsvitudady

2.5 Sensor SHT 15

\uwed (Senson) Tngmpiiuarauduriin SHT15 Ju gunsaldsdayanes Mviwehil dedn
vegamgiiuazamiuvateniruinalasseu ludweda Arduino YUN microcontroller itadssn
saluds Server ﬁﬁﬂé‘jﬂﬂmﬂﬁﬁumgmwgﬁL,Laxmm%u
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U 2.5 Wuwes (Sensor) dngaumaiiuazanudiu SHT15
NNgUT 2.5 Wunsuansdnvuzsesii ingumniiuazari@urils SHT15 winauia SHT ay
vanggumeriuiiy SHT10, SHT11, SHT15 uslagquivziinadnuasuazammannsaiiuansseeaniy
U walagsauuad msvieuasiidnsazadodu uadlulassoasidenldatagaumgivasauiy
a3 SHT15 ing1ganunsaldaiuiuuasa Arduine YUN micracontroller

2.5.1 n1seuUagueas (Sensor) SHT15

A.sldress= rm

{ Transmission Start Command =00181 Heasurement
i — A S = _\ A’gf {g0ms for 1204
8, (W] \
L WD / /'\f\ SN W/ M
e ey : ' e D
DATA \ / % . S SEREETIND (1 N ot s —\
idie Bits = 12bit Humnidity Data ;”ﬂ"f,"‘i‘“’" by
RIS By | 1\ Ne_ Nl | | 2 ACK |7 ;\ i ACK
1 ™l RS e VA f i
stk \\J' v/ \'..f[ (WA AT ) R \ \U ‘._: \‘. 5 A, \\.;,,,
3 T - 1 RIS W
WSh CRC-§ Checksum LSy Sleap swat for next Transmissian Start
I % 5 ’.1_ iAlAAL ACK. measurement}
iy fy i AR ) IR i !'_ f
LS VAR NN - s W N2 7 o TRV 4 45

JUN 2.6 wamensvinsueaduies (Sensor) SHT15

2.5.2 BUAUNITINUVBATULaS (Sensor)

guduwsnBwees (Sensor) aldfulninen VDD.wasndsantudyainazanseiuan
TneAaslddinit 1 V/ms. Mﬁ&mﬂﬁuﬁm%uuﬂa% (Sensor) Aa4n1s 11 Ui Tui‘mm sleep wnlaidl

QJE)

AN amaaawamaﬂaumam
2.5.3 n1sdemds (Sending a Command)
as’m%’umiﬁmﬁumaﬁﬁamaL%“umnﬁwﬁuﬁﬂvﬁaﬂ%’ﬁqﬁ Uivﬂauﬁmﬁmmwmi“ﬁuﬁmm
DATA Yeuzi ey SCK ‘iumum (1) mymaammmvmum (0) LLavm'mma'ivmaﬂ(l) an

Ay uazdynas DATA azidsuaine (0) Jugs (1) yauriidyanaes SCK feagluaniisas (1)
waimaluzuil 2.7
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|
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1

1
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1

|

1
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o
(=]
3

gﬂff’i 2.7 uanan13dsfds (Sending a Command)

[
=1

ANFIALIUAIINUUUIENBUMEA1aY 3 Ualaseds 5 08 1Sulees (Sensor) SHT15 i
WIMsSuATInaLavAasdsaluaduaes DATA Widusi (0) wdsaniivn SCK lasudds 8
 Na99NUUaY DATA wasayaeany

U
U

A15199 2.2 WaERIFaavuaYaagues (Sensor) SHT15

Command Code
Resrved 0000x
Measure Temperature 00011
Measure Humidity 00101
Read Status Register 00111
Write Status Register 00110
Reserved 0101x — 1110x
Soft reset, reset the interface, clear the status register to default 11110
values wait mininum 11 ms. Before next command
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Connection reset

sequence

v

Transmission start

A\ 4

Sent command

F:y

1A

ACK

Measurement of RH and T

(80ms for 12 bit)

v

Most Significant Byte

Ti'ld5u AsK

1

Sleep (wait for next

Measurement)

F N

CRC Checksum

calculate

finsde ASK

Umags ASK ,
FON1Tad

21U

ACK

o o I 2/ @ g
3UN 2.8 uaasnivinauvesnsenudeyaraadues (Sensor)

ACK

1

Last Significant Byte

18510 Ask

L%

Traaungiluazauiiy (SHT15)
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254 mﬁﬂqquﬁuagmm%u (Measurement RH and T)

wdsnderdedifesnisin (1000001017 dmsuaududivsuaz 000000117  dmiu
gunnil fnsulnsaaasidessediilininnisin 20/80/320 :nmsta 8/12/14 bit gy A1
AIUANANYasIEIUATIIEvesai L dedya aamisasniihe 30% dmsudyaianisaures
n3in fAuduiges (Sensor) axﬁ’a%’aaﬁlammﬁ@mmﬁw (0) uwazdnd lvua Idle fvesnaulvsalass
fassenumieuvesdoyanousuiusiuduas SCK  naufiazerudoun feuaillfainnisiaduas
fapsegaunsiiagneiusanin driudneulnsaiaesansnsndeyaldedradaiiias aetluduas
foyavesmstauazuilsluddmivaziAnundiannsddayadpeulnsaaeifemevaususias
luslaaidu DATA Wus (0)  ynqA1azdusl MSB_ nifeansisduanamdsnnnlsdfunisaeuiu
vosfiaya CRC win CRC8 Checksum lulldroulnsiaeaaasginsinsodoasudanndeayanisialu
dauvet LB Lawr1ves ACK azagluszdugs daduiwes (Sensor) aziingluun sleep nluila
wdmnnsAndedearsiasedas

2.6 Arduino Microcontroller

2.6.1 Arduino Huueinlilaspeulnsiaainiena AVR filasiaimuuy Open Source fe
uﬂmﬂmmaﬁu@uammu Hardware Wag Software §7 Uain Arduino maamwwmlﬁtmmlmw
FaduF e dwiufiudufne murﬂwmmmmmmmﬂm Wisiu Wadagaatiaiiveda
vialdsunsudalaanme  adudzaInUasvasuesa Arduino Tunisregunsaitaudieg Aagldau
Asnselsadansedndainmsuenudadauderdiuaiian /0 vesuoin (afa08 3UT 2.9)

uss

JUT 2.9 uanansindiedoasssniAniameiiu Arduino Microcontroller

2.6.2 NIANARHBEIIIUNINNABNNIADS Arduino Microcontroller
1 Wweuldsunsuuurauiimas drumalusinsy Arduino IDE f9@1unsan1iilvan
19310 Arduino.cc/en/main/software
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Fe T4 Seercn Taoks) elp

] Facks Bospiss
drghien Shaten

Fun Engeadiog B Redoad

Senal Montor Lo Shitre
B Apdane e

Faaes Y anduine Doeemdencee wf dmeqalis

Ardne Dustwnds of Durmaingue w/ ATmagalfd

Programme ‘ srduing Hang wi Hme,?;:f,‘,s

Arda i i &1 AT EE
Bt Bootnader Arduing Hane i ATmegalte
Arguine Megs I o Mega DK

Fudane Mega iATrsegal 258

FUN 2.10 uansnisidenvadnliessiulusunsuiitsudeu

2 winpfdeulAnlusunsusauTesuds Wildnudaniuuaia Arduino #lduas
ey Com port

fute Format CirlsT
Archie Shetch

shelt ot ":4 EeEncodiag & Rebosd

7 Beriakianiof Crlvhift=1

Boapd il
Serial Post oY COMaT

Programimier b

Busrn Boctinader

UM 2.11 wansnaidenuieay comport Tinsetunsldany

3 natu Verify ilensiadeualtugnieuas Compile 1dnlusunsy arndunaty
Upload 1aa lusunsuludsuasa Arduine #rumisane USB Waduluaniiauiasuas asuansdaniny
waud19d1e “Done uploading” wazueinaziSuvinaumuideulusunsulilavwui
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T

SRR

JUN 2.12 astvaaupaugndes Lag compile (4e)

u

WazlLamanIuenIs compiler La%aanyiﬁﬁ(mﬁ)

2.7 Auaudivsziiivasduges

1TNeA (2548) ﬂanmﬂmaaﬂmLawuwaﬂwiuanm%mu‘f,uivwﬂfmmmaiyuummu
ASZUIUNITANLY uuﬁuuaaﬂwawﬁwa 2IILLU A7 AU ZAY mulﬂmﬁmaaunmaau
ngusnaeg Wik Lwﬁ]mEjmﬂmmawivmwuﬂumiwaﬁm']Laaﬂ AaRuENURAve Iy
mewmmlﬂmﬂLsuwﬁﬁaiﬂaiummmmyamavetaﬂﬂaasnuamm'1mm'iaiULLuwmaamimlUl‘mu
8 muwamwumavﬂmamummaﬂ wammﬂi“mmmeasmaaﬂiﬁumuummuﬂmamﬂm
UT2n1943n71A25V51U AuauTRUsESdueiisvaz Sunsidelul

2.7.1 aduudugl (Accuracy)

mmLmualWLUumuwmmmmmimaqLeuuLsaa'ﬂumnmmmmmwmﬂnammﬂumw
Lmaﬁwaaﬂsmmmmmmﬁaamﬂuammlwu ‘Luwﬂgummaﬂﬂmmimwﬂﬁnumvmmmmm
ranaadeulunisintuiae u,m%ummﬂmauaauumuamumnmmumﬁuauaUﬂsmmimuu R
yhluAmmuulugderauandumenremiielunis e

2.7.2 AULUUaY (Precision)

ALLLUBY AD muwmmmmuﬁmaamefaa%‘tummammLa’lmwmmuaummwﬂﬂiq
mammmmammmauwwmLﬂmmﬂu'wa'isjf]mq

2.7.3 mma'm'ﬁa’[,uﬂ'mi,amm&m (Repeatability %38 Reproducibility)

FI’J’illﬁ’m’liﬂlUﬂ‘1‘iLLEIGNﬂIW%WL{:JU%’?JFT’MUQ%ENWHNLLﬁuau%ﬂQﬂixqmﬂﬂi&ﬁ?ﬁ’;L%UL%EJ%&US}
lngvunedsaimuuiuauvasduresnialidoulalunmsiauuuiin Feuedaeauaiunsalunis
wansAnewnelrdA oAy
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274 ANUABIALAREU (Error)

AMLAALAABY B nar1tsEuIRIRlaAuAaTe TnevluAiauaaaadaudenuen
Dumhereadesidud vasdadumdadimnuuiugssszuunisiadnge

275 auAaaAdauddn (Static error)

ANuAAIALAABLARR Ao mmmﬂamLﬂ?iauﬁﬁﬂ"1m%aamahuﬂﬁi’maaqﬂﬂﬁzﬂ' fadu wn
nsumANLRaRLRdeuainvesgUnTaituudl ansaviinsyaeliiaes addifleantanseny
saf1ALuiug1vagUnInl

2.8 g1udeya (Database)

2.8.1 grudaya (Database)

swdoya wneds naguwasdoyanienuduiudiu thanfusvsnd lisefuedaiissuy
wazdeyaiiusznauiuiugrudeyadu dowswnutagussasrnsttourasesdnsdeuiu wu Ty
dlnauisiusiudeya swdnnsalnsdnivefiudndouinisiiuenasmnedianes

o 1 & =1 S oW g [ = v o 1 & s 12
dunau Feveyadruiiasiiaunduiusnuuasidunsesm shesnnliussloviseluniends daya

]

Qe

=

tue1avsinduyana deuesaniudt viamgansailaq Alddsauladne wiseraldinainnns
duna nstuniemsTaitduld saufadoyaiiiluswee Yenaw warguningna q fawnsatin
Faiuusrudeyald vaziidrdgdonanad sdoslinruduiusiu wsissdesmsdmnld
Uselewlsaluluawine

2.8.2 szuugudeya (Database System)

szuugiudoya el fisrnvesgiudeyasieq vieflsumesdeyaiavan dvo1aaglden
nsAuIN wioUsEaRanani g visa1aavrlaninmstuindeyalaegld wu ssuugudeyaiiy
nziloutidnuvinends  Navsengiuteyaiieg Wy gudeuaividau srudeyaiidn giudeya
919138 Ao uay s1udegandngns Wiy Fsausulussuupudeyavesnunadeoudin vie
sudeyaineiiusine Aazdsznaviie grudoyadud grudeyagnd grudeyassuudad grudeya
qnvill uazgudoyamunusuting (udu

2.8.3 szuuaan1igudaya (Data Base Management System)

syuudanisgiudeya vuneis nqulusinsuvieverduwrsvulianis fadduuievimdid
uinsgudeyalaonss WilussivBnmunniign Wuiesesdefivass nnsanuazanligldannse
vihilsfeyald Tnefgldlidndusesiuifnntuneandonnislulasadgiutens waie fide
DBMS f'l‘fluﬁaﬂamiuﬂ’aiﬁaﬂmﬁsmwé‘lﬁ%’ wazlusunsusineg ARedesiussuugudoya foens
989 DBMS ﬁﬁaﬂﬂuﬁ%%ﬁu laun Microsoft Access, FoxPro, SQL Server, Oracle, Informix, DB2

v
=1

dusuniirfivesszuuinnsgrudoya ik
1. AmuenRsgIudeya
2. muAuMsnfsdayaiuusiigg
3. qua - daiuteyalifimugniousiud
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a. fndesmsdises Lgaxﬁuamwuﬁu%'azﬂa

5. Anszidpuuiunienianiw (Physical Organization)

6. snwmuUasaisvesdoyanelugudeyas uastesiuldlifeyagame
7. Urgednwigudeyalindudaszanlusunsuuenwiinduius

8. Wenlosdayaiidnnuduiusidndeiu riesassunnudosnislédeyaly

2.9 M99BNLUUNTITNAABY (Design of Experiment, DOE)

DOE fan1snaday w3e yavasnisvadey WedAnwnatastadstnd (nput) denadnsd
aulanaudnuaigIRanIW vi3e Quality Characteristics) InsnsiAsusziurastiadoindhoga
ddlanuusunisvasasiioanwuulisiviidemnuie

3y (Factor)  uildedase (independence) - fiffiinsgiasdoinavdsnadonadng da
wiadu 2Ussande “Uﬂ%’ﬂﬁmw]‘ulﬂﬁ (Uncontrollable factor %38 Noise factor) wnusie z1,
72,.., zn Lgaﬂﬂﬁ’aﬁmmulﬁ (Controllable factor) = wvu@e x1, x2,.xn lag DOF ﬂzijdl,ﬁuﬁ
msfnuitetsinansemuandatefieusldrenadnsfiauls lusasidonsnssnonavastiade
firuasliilslilidmaronadnsasilioddy Yaduitrauatldandund) vimaiui (Treatment)

- Swuaddunisinisunass (Replication)  tTunisiinsvaaessdedoulyd
wiloudu Tnglunsnrassmiien aviiswudeulanisvinass (reatment combination) wihfuwa
auvesiuuladonasiurussiuveudastade Wy mavesesiill 2 Y9389 av 2 seduasi
siovun 4 Jeulansnaaas

- nadnsiianle (Response) unaidnuasmpmaniiaula Sududaduludass
(Dependence) fiasn1sfinu mUA Fieraasumlatesaihldidymunisiudsuuames
NIALIUNA9)

- m3gal (Randomization) - iugumilvuas DOE fimerenldiatas Uncontrollable factors
n3wa1Y

adsasianeafuAIeT response MlAIINNNTVAGES

uananifaddAniaug fureluadenunsnludemimuariudidy auduussewing dede
nIBUIUMILaY wadns wanalddhemuuurilUveanssuiuntdeuil 2.13

(4
=

IngussasAvasnseenwuunImnastauisoasUlaeg
1. Ueidade x's fdviswase Response )
2. fmunssiuiimnganvestiade s fndwase Response Y 1ol Y SAwiiunie
TndiAnsfudmengsnniian

3. fvunssuiimnzanvesdade x’s A5vSnase Response Y o liiinmdunsved
Y 61

4. fmunszdufuanzauresilade x's  Aaninase Response Y ilolwavianaves
Uncontrollable factor ﬁﬁaaﬁajm
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Controllable Facrors
Xi ,le.. Xn
Jedaiudy HAAYS
— > AISUIUMNS —p
(Input) (Qutpur or response)
Z1,72,..7n
Uncontrollable Factors

sUN 2.13 druuuinluvasnszuiums

miaaﬂqumwwaaaL"T;JuLﬂéaqﬁaﬁﬁﬁ@aEhwf'jwmmimu@mmxmm%qa5ﬁ RAVRTEID
HATBINTIRAR N IEUINNSMIBLNUYTAIUANUITIINTUIUNTT outof-control  Fsanafitads
Pruruuminduldldietiuaumaesmuiodnd manfudys uilwiedinszuunisndug
ﬂ'n”meﬂ@fmimmmvaJu‘lUléfmﬂ“mﬂhjmmdwﬁﬁaﬁﬂmﬁdma@ia Response agsiltdAny
miaamwumamaawaL,UulmamamuElﬂmwauwﬁmammu fistmndineUseynivinnistes
DOE mmmnmuwwmmamﬂmm dilugnanissuiunisiingusiil

1. 1R ISR

2. avuiuwdsanasdwalilandnfusiniaan Snuaugmiauamaglutiivun waslng
fuAtimeaneinasnis

3. aAna N IWALNERS L

4. ansuvulags

uanniintreenuuumsuaaasdianstsalfituaiesdolunsSulmanssiitegudilingdu
o X
Al

1. YsnilusazSouiisudnuagiiuguunmiadasitoenuuuliud

2. Ussiludeaningfvyiineieg

3. Uq%wwwﬁLma%ﬁémasﬁaammuwamamﬁmsﬁaﬂwﬁﬁaﬁﬁm
%ﬁﬂ&iﬂiﬁdmﬁﬂﬁsqﬂﬁlﬁff DOE agiiUssavinmazdmaianisuiusduanuansaluniiude
(Manufacturability) , aus50us (Performance) wazauuieds (Reliability) , Auyu (Cost) wav
szeziaTlun Wi (Development Time)  %@Han ST gy

2.9.1 YuUABLANTIBNLUUANTVIAGDS

Wielviuaildannisinsesdiiag DOE famundede Uiluldldesadssivsnm suiud
Hnszifesiiinnunenisine, Response fidula, Hadeiinninzdanase Response, 7an154Au
oA AaaRILULININISIATIE addaau §1 Montgomery (2001) uay Montgomery (2005)
Idasuuumanis@nwsieDOE 1w
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- Anw 1ty

. ANvuA Response MiFaen1sAne

- Awustiadeiidesnsmuns uar seduvastlade
- MyuasULUUNIVInaed

Smaneaes wasiudeya

Amzvidaya

~N OB W N

- a#3U waz dnausnuimenuiuls
2.9.1.1 msAnwilygm: Tudumeui AiAgissnseulnindaniAeesls desnis

Toyaunuvddathe hedmundwminsvesnsdnulidnau nsinwluduneutvesafsiinuing
dwhlifinssidilanseuiunsldifely wasiluguuminiasdymluiian

2.9.1.2 A13AIMUA Response  #IBBInTsANE: Lﬂuﬁy’umauﬁﬁﬁwmimmaaaﬁaq
mwumﬂmaﬂwmmNﬂmmwmuﬂﬂm%wawmaamaﬂauﬂ‘iwaﬂﬂivmumimmmmﬂmaa 81
Hunasnaannin $PC Hatissilaldnssuunsalinamassaiioma Luaqmmwuumﬂmw
Lifirwawnsasshlinimisitateildsmane Responselildmau insrznanismaasiaztsiany
LLmﬂm'wuaamaﬁuasﬂ%ﬁ'ﬁlﬁmwwﬂaﬁ’aﬁeiqwaqﬂs‘] wirthy Tuvaidase idsnassiusasunanaag
ldanunsaudsuenld

2.9.1.3 marwuaiadunfiosnsaauau wes ssiveesiade; Wuduneuildviinis
noassfaudaniateiiasdeiiazdmasia Response wéoniissiurasuataseivsudouls Tnados
finnsanliaanndasivaainnisaniuniseds faasdesondedoyanindiderniy waz/ude
Uszaumsalinuilifaadasiunssuiunts windwuasiuiuiade wazsravraddadelinsoungy
winlilildnanveaasiiugnisuitymildadnuiniduazinsiuinunniuluasdmase
funu uasialumsnnaes sgrddsfinumsdifiinauladsfiferdessuauinngvinimaaes
annsafnnsasladedainansmeassleiunia Screening Experiment faufiagyinisvaaasiag
aziduniulladefinnitnsdanase Response at1iaTwoll

2.9.1.4 MsimunsULUUNITMAADS: Lo 3 %umaumﬂﬁﬂaa‘wgﬂﬁaw&umauﬁaﬂ;}
gaenntin Himvaasineudonsuuuy (Design) 183n1sMAaeY TaswdsuuIniiaene S1uauasly
A1s¥nIMAGesE (S117u replication) nsMvuARIAUNTNAaeIet gy Wuduy

2.9.1.5 mivnassuaznisiivdaya: fvaassfosavaunisnaasslidulumuuny
#7191 mnlanaeisannisuaassuasniaiiudeya wdwalnismaaesliundedie uazl
aunsnihldiienegieslsld wumslivnisaasimundnnisvesnisguazdalianinaes
Noise Factors linszanaiage ilinaresnismnaasusiasassiueg funansmnassnsanounii vie
ﬂi&’é]‘u‘] auaa*?“maﬂu) %39 i Autocorrelation ‘iuw’.l”lﬁ‘uauamﬂﬂﬁﬂﬂﬂaENL‘LJum‘u

2.9.1.6 m3wATzndeya: n1siwsvideyaimuvannisyeimsiiasy wmm
WUsUTIU (ANalysis Of VAriance, ANOVA) m3liasienidasnsin nnsinsziaunisidunnass s
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wuuBadunazliidudadu lunisliasiziesdiinsesilivedvuaimeadfdaslunsinsies
vannuaneviln wisghalsimudTianegimsdilandnmsneaiiitienisusaumnedigndasie
2.9.1.7 msasduaziiauswuImiensuFulse: Wensunanishasie n1s

aﬁﬁHaLLavLLU‘”UWﬂﬁﬂ"ILUUﬂ’ﬁLWEl‘lJiU“lJNL‘Uumﬂﬂ’lﬁﬂ]aﬂ’i\ﬂEN mLﬂﬂvwmﬂmmamamu N9
maaﬁmammauwuﬁmaq LLavmawmﬂ:1'mV"Lm?umﬂm'ﬁﬂiuﬂmmwmmmas faiasiintameans
Lwaauau’uaLmvmmiﬂw‘dﬁaanﬂsaﬂaumiﬂﬁwaﬂm’lmia UBNINEAITINISATIARRALNANTS
ﬂiuﬂgamamiaauamm SPC Tivangaudaludae

ndumeuitaviun dumeudt 214.11 - 21413  Hutunsunswienmisvaaes 3
sudunisegeszinsyTadeldliiAannuiianainiu wazldnansvmaaesiiianudidede 1nlug
nsU3UUsslsednausiads Tnensaridumsauatuneudl 2.14.1.1 -2.14.1.7 anmaammuia‘uq lm
MnMsvaaesiednnseslode (Screening Experiment) msvaasslptazideniitovsddadefidma
A8 Response 981911934 (Refining Experiment)  Uasnsuaasiionmusssduasladofiiua
pgnamzan (Optimizing Experiment)  anufinwaiaviwuyselunisin DOE Wlifuanuaiefed
wﬂaawumsJmmvmmwmaawmﬂlummmmqmm uazayunalila sdwwmummwaamm
AANEIAR199 7 ALy ﬂuauawlﬁlmﬂuaaiwmaﬂu Aufuusvesteyalinfinaannimaaes
\Wuruy

2.9.2 answavaslade (Factor Effects)

svinaresfafetsusnduainnsiuasuudasey Response Wiasusiuasdadefidnum
WasuwaslUBuuadu 2 Ussamite Sviswandn w3e Main Effect Las 3nsnasia vie
Interaction Effect Main Effect iiunagasnisiudouulasysuiadaanstadovidngasea
Response Imaﬁlﬁﬁm‘ﬁ’aaﬁ’ummﬂﬁauuﬂaaﬁsé’wa\i{]ﬁaﬁ:u*-] iosznoumsesune Tiarsan
JUT 2.20 0 uae 2.20 4 Asaniiiiiladh A uss B fimnindmasis Response y wiazUaduaunse
USULA 2 sediu Sendsediuge (Hish level) wiusnewiasmsne “+” uaxssium (Low level) unu
fewnTamiy “ namie i:ﬁuqmaﬁsﬁuﬁwaqﬁﬁa A Fzunulame A+ Lag A- mUE1RU Lay
sefuguazsziumueitade Bazimilddnn B+ uay B-mudiy @ududadneal fdluns
BENLUUNTVARBILUULHAYBIT HAWUT 2)

. B ]
Hinly ik

o ’
Facton Factor

Low] Lowl

Factor s :
Factar L3t

JUN 2.14 Response 91nnsnaaas 2 Jaduq as 2 sudiu
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\\.

o
L

— = S B
L& LR =

Respponse

=

Respponse

=
|| f
i

=ouy

Factor A Factorh

=]

n U

JUN 2.15 nsviuananareslade wuuldfidvinasou (n) uaziidvnsnasiu()

Main Effect AuanaMALadgve Response tasusaztadbiissduganazen iy angui
194l

2.14 n Main Effect v910338 A was Main Effect 183238 A aruieaylasa

Main Effect A =y . =y . = 30;40u10;20 -

= 720+40_10+30_
Y 2 )

20 (2.7)

in Effect A =, — 10 (2.8)

asungliimsasuszduvestads A aandlugs wisaingslush avdsuald Response
WasuuUaslaniade 20 mize ity mswaguainszausiilugeassidli Response Wity 20 wie (3
a3y B s86fus Response wiwain 10 iy 30 Laziitase 8 s¥/Uga Response 1finan 20 iy
40) m=zLﬂﬁauisﬁumnq&lﬂﬁwxdmammﬁu%’mLwiﬂummmﬂﬁéuuﬂauaﬁa%mﬁ Tuvausdinis
Wagusziuvesdady B aindlg wieaingslush axdawalif Response WaBuLadlnaade 10
UYLy m'mJﬁaummsﬁuﬁﬂﬂqa%ﬁﬂﬁ Response  1findu 10 wiiy (ilads A seéush
Response Liina1n 10 1 20 wasiitass A 5¥AUAY Response W10 30 U 40) n5udsusau
nngaluiasdmansetuduisivuinmalasuwatedsasai dseaduliide Sousesures
Yaduilasmilaagvinuneliimuiin Response wapaswasiwaimnelaglisdugeivsanin
Padunils iesnniladousasidmase Response e9dasydaiy Aafianiz Main Effect it
(laifl Interaction) nsdlfitada A wae B T Interaction fumisdsussiuwestlatenisdmasy
Response aaiwlmxﬁa&ﬁmm’mﬁu*‘uaa5ﬂﬂﬁwﬁ@é’a;mwmsﬁi:;ﬁmmﬂﬁmﬁ'uﬂ'rimﬁaut,maq
U84 Response AzUANANAUAIY Lﬁ"@Lﬂuﬁuaéﬁﬁﬂiaﬂauﬁm%‘maﬁm‘am’lgﬂﬁ 2.14 ¥ Main Effect
993tlade A uaz Main Effect vaatladey Adunalesad

—  — 3040 1042
Main EﬁectA=JfA+—}1A_=3 2+0— 0; O:() (2.9)
o =B
Main Effect A =3, —p, =200 _10+30_ 44 (2.10)

2 2
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nuansiuineaillgnisaguifiawaials esain Main Effect A = 0 Tufiliilé
nunaauInlisiansnavesilads A mziEleAuin wwiz Main Effect vaadads A fiusazseau
999U338 B 2z lAnausnnaaiy fail

Main Effect 1891338 A N11338 B sz azla

Main Effect A =30—-10=20 (2.11)

Main Effect aeatlady A Ntade B sziugs ezl

Main Effect A =0-20=-20 (2.12)
FadunnsviunefiemensiBsuuUanes Response mmaawmmwmaaa{]ﬁmEJ'W'iauﬂu ’Lummﬂﬁ
2.14 @ andnaveastlady A muﬂmmwa&ﬁmﬂ B fia &17itlade B szdus nspuseurasilade
A 2slugeaeyiilif Response iuain 10 1y 30 luvaizit Response a¥anasatnann 20 1 0 7
tady B 'isﬁuaﬂm'zmﬂﬂaauLﬁaaG’fuiiwﬁﬁw%waéammdwﬂa%’aﬁﬁﬂé’aﬁmmw‘%ahiﬁﬂﬁlmam‘i
waanns GN‘:TUW 215 émmﬂwm%auni'awsumuﬂu (iﬂw 215 ) wansdlifidndnaseninadady
wazATUTaLd UL T EiuLe Main Effect Baminsiaadusan Main Effect ﬁuaa{]wauuumaa
Tumamsafudanadunsmldauiudy (gﬂm 2.15 %) {Wlunstsddait interaction szwinallade

2.9.3 UssLnmeean1innasy

n1seanLuUN T IMeae A nasl s ndpinisunaasdondonldivanyauiudnuas
voslymidaszneudae Srunuteds Jeulvnasiiansan lassainanasvaaaslaganiganunsdu
avmienn - elunsvhnainass ssesnandilifuuiioodld Wamnevesnisiinsmaass sy
Ussianvesmanaaasiidudiuudlifudon TWanduvuifiaududounn Wy nsmaasuuy
Uadeinien (Single Factor Design) NTIRaBILUUAS Bz ilady (One Factor at a Time Design) N3
vAaBILUUguanysal (Completely Randomized Design) — nisvaasssuuazfiuawnas (Latin
Squares Design) ﬂﬁwﬂaaﬂLLUULLWﬂwaﬁaaLc-'ﬁmﬂ (Full Factorial Design) n1InAagILuURWATE
L‘%'aalmﬁmﬂ (Fractional Factorial Design) uag nsvnaaawaiaves Taguchi tWudu Tunis
wushidesdudniy DOE fagnanfaany mammassuuuiafeiier (Single Factor Design) N5
mmaamuumaas{]wa (One Factor at a Time Design) miwﬂaadLLUULLWﬂmanaamugU (Full
Factorial Design) uaz nmsmaassuuuunvadealiiingd (Fractional Factorial Design) ity
dvsunisesnuuudug Q’a’wuawmmﬁﬂmL'ﬁmﬁmlﬁmﬂwﬁ'@?{aéfmmiaamm“umiwmamﬁ’ﬂﬂ K
Montgomery 2001 1Jugy
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A15497 2.11 fn Contrast, Effect wag SS

Factor Contrast Effect 58
A 1331 16.638 1107.226
B 60.3 7.538 227.256
AB 69.7 8.713 303.631

INTUUAT SSr AN

S5y = iii(yﬁk _;"')2

izl =1
—(18.2-23.83)> + (18.9-23.83)* + ...+ (39.9 =23.83)>
=1709.834

uay SS¢ laaldaunnsasle:
YR £ A o 1 S AN VA
=17.9.834—-1107.226.—-227.256—-303.631

{7 12D,
datuazlanansiwIsiemunlsUTulunis e 212

AN91991 2.12 11579 ANOVA dmSusiiesned 2.15.1

Degree
Source of Sum of Mean Faw
of Fo "7 | Result
Variation Squares square v2
freedom
YUIARBNATILA | 1107.226 1 1107.226 | 185253 | 475 | Sig.
AIHL5130Y,B 227.256 1 221256 38.023 | 4.75 Sig.
AB 303.631 1 303.631 50.801 | 4.75 Sig.
Error 71.722 12 5977
Total 1709.834 15

35

A19719 ANOVA UsT1uanenainu (A) a1nusisau (B) waz Interaction AB fnanowsiduasiyiauy

agaildeddgfisedu d = 0.05 Ferenndoduguinuas Main Effects %3 A Lag Buaz Interaction
Effect Fellfgadu Effect A W1iu16.64 Junisu@innisasuszaueestads A (Wasuruianan
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AiusEwing 16/1"fu 8/1") agsiviseduuseduasiiouadowdsuly 16.64 wie (Rvduilewdeu
nndnlulng wazanaadowdeuanlngundn) dwiu Effect B uaw Interaction Effect AB
adunglaluviueadlfiu uaﬂmﬂﬁ)ﬂﬁﬂugﬂﬁ 224 uand Effects vesladasanusiduasiiiou
U947 Interaction  Effect fnasteilteddadonin Wunsldeuufuedaiuleda nanis
AATIEieny Minitab  wanslum15199l 2.13 Usznaudne 2 dwufe dudt 1 a1519 ANOVA Uni
(druuw) Feaeardosiumsnedl 2.12 dud 2 Wunanisinsgives Factorial Analysis Usgnausie
M3 Factorial Fit wag ®1919 Analysis of Variance lngludiuvesn1sng Factorial Fit 92l@ngan
Effects uazAndulszAniues Regression Model sannsamuaildanaunisit (2.21) de Tuvae
ﬁm‘iNAnalysis of Variance 9710 Factorial Analysis 3¢394Ra984 Main Effects [1aaeiu

Interaction Plot {data means) fer Vibration

04 o

Mean

B {rpny)

5UN 2.24 31 Effect vaslladunusiduasiiiou

M15749 2.13 Nan13IASIERAN Minitab Ta9n15vnaasludieg e 2.14.4

Two-way ANOVA: Vibration wversus A {inch), B (rpm)

— —~ = o = =
ouTCE fag - e L

SN N ]
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Nnaumsi (2.21) s=lden B, B, B, uaz B, Hil

B, = GrandMean = p1=23.831
_ Extimate Effect ;,  16.638

B 9 =8.319
B, - Exﬂ'ma[;EﬁéCtB _1.537 _ 3,769
7, = Exlimare;Eﬁ%ct B _ 8.7;13 _ 4356

Beannndadiunadul coef lumsie Factorial Fit 910 Minitab wazarlé aunis Regression A

Y= 23.83148.319(x) + 3.769(x, ) + 4.356(x. %,)

e x, %y WU Code Variable fmuiu +1 wav+1 o Run fisziu Low level way High
level vastlifemudrsunnuanunmandeurasniMmeanivie Residuals 9sUseanaainaynis
‘ﬁ (2.12) ija “yijk Uszanguainginis Regression %éumumm?iamm Run “fu‘ﬂ (%1 115 Run 17; Low
level 9290378 A naz B 9zla:

y=23831+8319(~1)+3.769(-1) +4.356( - 1)(-1)
=16.1
=T

L

flatUA Residuals 919170715 Run Dazaiuinladadl

elll= 182 - 16.1 = 2.1;€112=18.9 - 16.1 = 2.8, 21132 129 = 16.1= -3.2, e112= 14.4 — 16.1
=-17

A1 Residual Mwdamuwiadluvitusadeniusuandlunisiead 2.13 91ntufaerinIs as 12w
Residual finginssumuauuigiunatavield snenns plot nel dauandlugiin 2.31
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A15199% 2.14 A1 Rasiduals 18488197 2.14.4

Run Factor ; Residual
A B 1 2 3 4
1 (1) -1 -1 16.1 2.1 238 -3.2 -1.7
2 1 -1 24.025 £ 0.0 -1.6 -1.5
3 b -1 1 14.925 1.0 -0.4 0.2 -0.7
4 ab 1 1 40.275 0.7 3.6 -4.0 -0.4
Residual Plots for Vibration
Normal Probability Plot of the Residuals Residuals Versus the Fitted Values
2] 4
_.)"”/-( ® * ¢
b ){;' ] Y » ’
g ,1/ g T %
4 A : = 2 P -
10 o Y
: E:) 25 [ 25 58 ¥ E k) ~;
Residual Fitead Value
Histegram of the Residuals Residuals Versus the Order of the Data
&3 02 'ﬁ"‘k‘ ;,-‘: ;
g; 2 % o \- A V% "‘ = ‘:ﬁ-\_.
. j v "\_‘,j'
\ . -2 1} 2 & -‘11';'3456789]0[111[31‘15-&%
Residual Obszrvation Order

JUNL2.25 nlitentTin Tz Residuals yasniavinaasil 2.14.4

mﬂgﬂﬁ 2.25 lﬁﬁﬁfy,agmﬂmmmlﬂﬁﬁqw,ml,t,{;iaahﬂm dlns1WsenIng Residuals  fuAn
Observation Order 9¥fl Pattern 101 Autocorrelation a¢ Usidasannisiudeyaluitlyldldinan
viniunntindaidndudeslinrudifgivanuigiudiu Autocorrelation

lunsufofidlonsiuinde Main Effect A, B uas Interaction Effect dnasauseduasiiiou
wfosimuaszauresladelionzaniunisudn fevilnAsussduasiiioutosdian Tuvasitlivh
THensnsnananas anguit 2.25 sztiiuimsimuslildnenaiuaundn uazannsaseu 80
rprm N13RTIsietvandeadiasaviild Wunsieseiianeu (Surface Response) Lilaga1n
lunsveasauuy 2° wieveFsafudiiosnsfnuiamsiiyuvesssuuivies (Ui 2.23) ity
Tuszdudug vesudaztadedafiléfinnsan nsvi Surface Response ax%ﬁaaimﬁ%’azﬂaL%aﬁﬂMWﬂ%u
visoanaiunenarenssduaniioufissdu Combination Suq (WU A = 1/8 way B = 60 rom 1Ju
nu) veellade A uaz B lda1naunis Regression launi1sulad Coded Variables Ty Actual
Variables agslsfmslufiiaghindiiiseasdonves 2 3edanannt (o ruannsafnuiiiufiléd
MnviidalanizduniseanuuunIInnaseail)
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3.1 N159BNKUUNITNARBINDAIAT Parameter fiiunzeau

”Luwﬁawﬁ]umiﬁﬂmmaammummivuUﬁmmm&hﬁwi’qammﬁLLawmm%uImmJL%mi
vmaaamulﬂmmqwgmimam DOE (Design Of Expenment) \iadsnsmAuanas (yzeld) 7ia
naneanvds MAnTuannszuIuNHER lunsdliaznanienisudedvesansidlen (15%1)
vd1n luanmefmunzadlnermuadauds (Factorlunisneasadll

1. ooumgiifvanyay

2. euAuELTInE Rz

3, anfivanse
TngeonuuunsvaasuiiemAdudsimnzan Tagnssmunnisnnass Tagldlusunsy Minitab
luiSeswea Factorial Design TngldiBidonmugud 3.1

fﬁe Edt Data Vcalc'gut Graph Edtor Tools Window Heb
SR by EscSws 'e@?ﬂ? *@E“(DJ"

— Reg » e VATV ———
ANOVA v AL
£ 5 = T ETEEER A & T
10/1_ Control Charts | Response Surface  * |l 0¢fne Custom Factorel Design...
Uelcome ta tini QU2 Toos ’E Mixture FLEV Pre-Process Resjonses for Analyze Varebity...
Relabiity/Survival k. Taguchi )| S
Mukivarite ’:' fas oy Factorial Design...
i, MOGiy Design... richi
Toeiee } 7% Diply Desan... i Fu(‘.‘”n Plots...
Tables P ———— { ol * .
HNonparametrics 3 {21 Contour/Surface Piots...
EDA > & Overkid Contour Plot.,
Power and Sample Size ¥ \A5egesnonse Optimizer.,

= a v A . ;
JUn 3.1 WAAINITSUAUNITORNWUUNIINARDSIABLEDN Create Factorial Design

wasantudoniiu 2 level factorial (default generators) 1#on Number of factor = 3 99n1u
= 1 . P
wdenludmves Designsimuguil 3.2



Create Factorial Design

Type of Design

" Plackett-Burman design

Help

& 2-level factorial [default generators)
" 24evel factorial [specify generators)

" General full factorial design

Number of factors: | 3 v]

[2 to 15 factors]
[2 to 15 factors]
[2 to 47 factors]
[2 to 15 factors)

Display Available Designs... |

Designs...] |

| _Resuts.. |

OK ‘ Cancel 1

JUM 3.2 uananthananiseenikuunsvinaed (Create Factorial Design)
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@ennsvinaesuy Full factorial design t#lilaa run 1du 8 runs Ldan Number of replicates

Ju 2 wWewndunnsivuadennisvhnisneasssiiiludeulad 2 s wanalugun 3.3

Designs Runs

'éreafé F;ctcr%i.:li De.stgn ! DrrzsiAgﬁs y

Resolution 2**(k-p)

¥ 5%

[172 fraction
Full factorial

Number of replicates:

Number of blocks:

Help I

y

Number of center points: l a8 vI

(% =

ITI

2%%(3-1)

(per block)

[for corner points only]

oK | cancel |

= v . «
JUN 3.3 uansnaennseankuunNsnaad (Create Factorial Design)

dl o 1 1 d] A < 2/ v 1 2 d

LaLIINMUAAIRe eI INITAaeui gl sIngluntdi199e9 Session Fewans
91U Factors, Runs way Replicates waylumiind1a Work sheet asiflunisnivundn Parameter
' 2 dl ¥ 1 a . =l @ =l
A WiewmanTsuaaesiialilidndnna (yield) mnfigauansiazud 3.4
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E; Seszion

10/10/2015 21:15:10

Welcome to Minitab, press F1 for help.

Full Factorial Design

Factors: 3 Base Design: 3, 8
Runs: 16  Replicates: 2
Blocks: 1 Center pts (total): a

All terms are free from aliasing.

t

[ Worksheet 1T
+ C1 o2 c3 c4 C5 ce c7 cs '
StdOrder RunOrder CenterPt, Blocks | Temp Humidity Time Yieid
1 14 3 1” 1 ?.“5_» 50 24
2 10 2 1 1 25 50 16
3 13 3 1 1 23 50 24
4 o 4 1 1 28 60 16
5 12 5 1 1 25 60 16
6 11 6 1 1 23 60 16
T [ g 4 1 1 25 60 24
8 & 8 1 1 22 60 24
9 1 9 1 1 23 50 16
n 4 n 1 1 25 ] 1R

JU# 3.4 Uanavii1sing Session way work sheet

3:’: @t dy [~ U @l 1 v 6’5 1 =Y 3{

Jupouasaintenlunismeaesdnunesliudn Parameter lngUsusiedr aamoll Auiu
Wawta MuRE A Minitab favali udadinaslugien yield Wumsaugalunssuauniseeniuy
ASNAABY IMUNANISNAADILE ¥NITLATIBVHANIVARRIERY luunaekl

v & ¥
3.2 N159aNLUUIEUUEN S INaunginasA Uty
N15YN91Y8eTEUUIEENAN fweslulasroulvsaians Arduino YUN agidudsdtynaiiie

s

- 1 LY [ & dl' o.') v =2 & @S ~ a:’{l’ s [l 1 v
Anderuidiuiwes SHT15 Wedwiliduseiinoaumaluazautiuiatazdsmonnuiiiudn
lulasmeulnsaaasvinnisuszinanasasiuainla antudlulasaeulnsaaesas Suduanmen

)

o =

admeInd(Limit switch) Lﬁamma@Uﬂamzﬁumﬂixafhﬁﬂﬁﬁlmﬁa@ﬂ Hownzhaindind
(Limit switch) lﬂﬁﬂﬁy’aLﬁamiimﬁ’umﬁﬁ'mwuawisafifnﬂmﬁaﬂ@agﬂwmaﬂ’ju WaTEAVINER
hﬁmﬂauimal,aa%asm’maaumiﬁwmumaﬁswmmuLﬂ%‘aw%’uqmmﬁL.Lasmm??uiﬂms%’u
é‘i’gp,tgmmmﬂl,ﬂ%‘mmu@z.ﬂﬂamqLﬁammaam'ﬁsvwé‘dﬁwmuﬁﬂu‘dﬂﬁagjw%hj MRt
vodlulpsraulnsaaes Arduino YUN %ﬁﬁagaﬁg{mmﬂhuma Wi-Fi Tnethdeyailduniulilu
Data base Tuguuuuves log file gldausyuvanusailagdoyalflaems request winaudinanis
uanmadeyaiiiveglugudeya Website request Foyalu data base dwfayaunil Laulag

(website) Uszananateyalegluguuuulng HTML



Pulse width modulation

[0 1 [1

Reieive temn and RH
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SHT15 sensor
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Limit Switch

1
1
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Web AP |
I
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= ~8—F 3

e J Website

User(Browser)
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Database(MongoDB) I

Condition
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[
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5UN 3.5 uandlaseasiavessyuy

3.3 ANSY9IUYBNLA Az EIUVDITIUY

3.3.1 N13919995 19UIENI9 Arduino YUN iU 1@wwas SHT15

nseeldeuiuld sck amdume ndednduand 3 veslilesroulvisaian Arduino YUN
wagiene Data dseidniuend 2 veslulasaeulnsaaes Arduino YUN

o =

(Slave)

24-55V GND

Ul 3.6 n3deldienm Sensor SHT15 fiu controller

€QaN



€9 SHT15 | Arduino 153 o &]=]
File Edit Sketch Tools Help

SHT15

#include <Bridge.h> -
#include <HttpClient.l>

BEased of the wiring code at http://wiring.org.co/l:
int SHT_¢lockPin = 3; d for
int SHT_dataPin = I; 1 £ '
int PIN DOOR = 4;
int PIN_DEVICE = 7:

Arduino Uno on COM1

5UT 3.7 wamwvithdsvedlusunsulunisdanuveshilasmoulvsaaes

waea N e ulUswnsudsnuasonausuzynisiusunsuasivly Arduine YUN

P =
[File Ede Sketcaffoak|Belpi <=1 1L {icy PLIET N
Autc Fermat. T
.- Archive Sketch Q
A Fix Encoding & Reicad

P d Senal bonitor Clef=Shift+ 1)

Board [
1' Port | @ Arduino Ydn
i < Teep Arduine Uno

Programmer '
| Arduing Duemiancve or Diecmils
| Burn Bootlasder

Arduine Nano

Brdine Mega or Mega 2560
Badrno Mega ADK
Erduine Leorerdo

| Beduing Micra

Asduino Esplora
Aeduino Mini

Asduine Etheinet
Arduino Fia

Arduino BT

LikPad Arduin USE
LiyPad Arduina
Arduino Pra o Pro Mini
Arduino NG or cider
Arduinc Rebot Control
Arduine Robot Mctcr

sUT 3.8 uanwmieadenyssamgunsallumslynuvedlulasroulvsaaes
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3.3.2 N156972999 MNIUIENI19 Arduino YUN AU Limit swith

= s1
Arduino YUN }——— b Limit switch

UM 3.9 WanaN1570I99579M 39 Limit switch wag Arduino YUN

& oA a ' o gy, o — 1 ' s 1w
9NgUT 3.9 aviulahidledssgnedardunaliinaindaglifinnsdeainsnaddedsdya o
T Tulasmoulnsiaas Arduino YUN

) 1 a - -‘?l’ U .
3.3.3 NMINDRNITIEUITNILATDIAVUANIUVHULASAIINTUNU Arduino YUN

5V

T
n
la

b

|

It

Arduino YUN »——

L

%
e L
yemame 3E% pEem

|—Co

< i ' < = & W s
JUN 3.10 LaAIN15ADNITIBNINLATDIANUANGUNILAYAIUTUAU Arduino YUN



BN C:\Windows\system32\cmd.exe - mongod --dbpath C:A\mongodb\Data\db [ im]l=
Microsoft Windows [Uersion 6.1.76811
Copyuright <(c?> 2889 Microsoft Corporation. All rights reserved.

IC:“Users Pakin>cd C: xmongodb\bin

IC:\mongodbsbin>mongo
MongoDB shell version: 2.6.6
ing = test
-B31-891T11:35:85.680923+87880 warning: Failed to connect to 127.8.8.1:27817.
errno:18861 NHo connection could be made hecause the target machine actively

=85 _\28+878BA Error: couldn’t connect to ruer 127.8.60.1:27817 (
connection attempt failed at sr»rc- mongo-sshell- mongo.js:-146
exception:- connect failed

C:~mongodb~bin >
C:~mongodb~bin>
(.- SmongodbN\bin>mongod dbpath C:xmongodbxDatasdh
6:17_.523+0374808
36:17.537+0788 warning: 32-bit servers don’t have journaling enabl
Please use journal if you want durability._
6:17.537+87808
6:17.698+87808 [initandlistenl] MongoDB starting : pid=125280 port-=2
dbpath=C:-~mongodbxDataxdb 32-bhit host=Pakin—PC
A1-81T11 6:17.692+8788 [initandl tenl
A1-91T11:36:17.6922+8780 [initandlisten]l == NOTE: This is a 32 bit MongoDB b

B1-81T11:-36:17_692+8788 [init Alisten ] = 32 bit builds are limited
than B of data <or less with journal)
—B1T11:-36:17_.701+0780 L[initandlisten] == Note that journaling defau
tu uff for 32 bit and is currently off .
—B81- | 36:17.783+0700 [initandlistenl »= See http: s dochub.mongodhb.

6:17.786 0780 [initandlistenl
6:17_.7807+878A [initandlisten]l targetMin0S: Windows XP SP3
6:17_7808+03788 [initandlisten]l db version v2_6_.6
] 36 :17.718+89788 [initandl enl] git version: 688e8bcec3192627693bB4cc”?
da29ece30BaSf45alf
12015-01-01T11:36:17.713+8700 [initandlisten] build info: windows suys.getwindouswv
ersionimajor=6,. minorx=1, build=7681. platform -~ service_pack='Service Pack 1’
BOOST _LIB_UERS i
2915-81-91T11:36:17.713+8788 [initandlisten]l allocator: system
2015-891-91T11:36:17.714+8788 [initandlis nl options: { storage: { dbPath: "C:\m
ungndb\l)ata\db" A
5-81-891T11:36:17.749+87808 [initand] tenl allocating new ns file C:Smongodb\D
ata\db\local ns, £illing with zZeroes.
2015-01-01T11:-26:18 43467600 [FileAllocatorl allocating new datafile C:mongodhb>\
Datasdbylocal.B, filling with zZeroe

= 3 i i £ e o
JUT 3.1 usmsmsyihnvesnsdsutayaidwivlugiuteya
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¥
Arduino YUN 5yu5ndoyaiavuadadini
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3.5 nmsmAnNuiugfiguugi 23°C

Hoswnnsvhaueessh Sensor sdaiiianuaaedsuiludady feiuannsmnly
3UT 3.12 uandifiuvaieiitves Sensor Sagamafisheiu erueaaiedoufiozsnefiludaey da
Tund v dnsatuisfommmmulsivildmnuutiueuesia Sensor SAnA
ranaudoutiosiian Tntluitdasnaniiia a gungdifl 23°C windy

-40 -20 0 20 40 60 80 100
Temperature (°C)

JUM 3.12 LansAIAUARINLARBNYEY Sensor gaumalenusey

3.5.1 maasudayaninsailudoyagamad

u
A oAl o

Avosdeyagamnll ddnvanlududuannsamanulilaglians funlag Data Sheet
83 Sensor (SHT 15)

T =d, +(dsxSO,) (3.1)

1o SOT = Serfal Qutput Temperature
d, uay d, Jummefidady Tae d,= -0 TuASudulas d, = 0.01
(fvualag data sheet)
msRT 3.1 Awsifimesiigestdlunsiana

VDD d,(C) diCF) | do°C) SO
5V -40.1 - 40.2 0.01




3.6 msnviuanuelunisanauladnenzauy

Weswnn1siliunsmen parameter Mnyay fetusdaadinsimuamdninasiluns
sndulahguungiiimnsauiigadnvasdunuagdondulumudermuany JUil 3.13 waz s
3.14 Gadl

1. lifivesenainiu
2. mniiesommagsosdiidurueudnanliviu 0.2 mm. LA 10 90
3. mnfiwesendasdesdiiduriruaudnatdliviy 1.3 mm. lifiu 5 90

NO ADJACENT g
BUBBLES

0.2mm x 10 bubbles
/ MAXIMUM

1.3mm x5 bubbles
MAXIMUM

JUN 3.13 uanidnyagvesdunuiseusula

4

JUN 3.14 uanadnuaisanide
wazgdnuilinaseseulngthunuiildainnisudeidsinasilegiioasirdlusansdisud

3.15 lnefl 3Ufl 3.15 (n) wansduvositionuiisensuliuay JUR 3.15 (3) waniiosuitlianansa
gaudula

{(n) ()
-d o/ L 1] lﬂl o
sUN 3.15 LLamanwwmwaamﬂm'smsnaau’lmamsmwaﬂmm%am‘ammu
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NANISNAADILAZIASIZINANITNAADY

4.1 wansNAaRiianIAn Parameter AU Ey

W Iniviin1svaaosUdue Parameter mudl TUSUNS Minitab Generate 19Uy
Randomization ﬁi’maﬂizaQéLﬁa ANdaAT Factor ﬁawa’amamwuﬁmﬂmvﬂulﬂlé’ 19199y
wineils gaumniivesmeueniiesniuay winneasdupeudionavilildamanina (vield) fAndimeu
U1 mamwmumamqmuawwmmauaﬂamﬂas)mmaﬁﬂlm DU INALUN D ULT1 D10
AT U LLm’memamamJumnaqumﬂmmamaamﬂwuawmamauaﬂmmwﬂwmw
ma\:mim'm'mﬂ:um’mnﬁmummflmumulﬂﬂmﬂmﬂumauw’l way finnsdean Replicate 1Ju
2 muwmammumﬁ run fGeulRLss a0 Lwamv’l,uwam‘mmaammmmLﬂzfaaamﬂ‘uu
seazBuaaiinaudnegy awnsaglugud 4.1 ineanail

: = M AB - cmpend!*um'MFI [\0’ LIU e ""I

B pe ede baa Gk Stat ‘Grph Egtor look Widow Hep

08 Sl - @ HORE |CB - 0A IR GEE
onh o trosy & ca )| o6\ '©6 [ er c8 { ce | cwo
'StaOrder RunOrder| CenterPt Blocks | Temp |Humidity Time | Yield |
S A2 IITTARTI NS Y /1] AeBeh |\ 80 = /2l Dl S X< O
2 10 2 1 1 25 50 16 78!
3 12 3 1 1 23 50 24 ES
Pl 9 4 1 1 23 50 16 70
5 12 5 1 3 25 80 16 76
6| 11 6| 1 1 23 50 16 77
7 | 8 7 1 1 25 50 2 95
e 5 g 1 1) 22 50 2 )
Y ! 1 9 1 1 23 50 16 79
;ﬂ 4 10 d 1 25 0 16 7a4
A{f‘ 2 11 1 1 23 50 16 77
12 5 12 1 " 22 50 24 g5
13 | 7 13 1 caf 22 £ 24 =
14 16 14 1 1 25 50 24 o
15 2 15 1 1 25| 50 16 70
16 6 16 1 25 50 24 a5
17

‘Uﬁ 4.1 LLaﬂQﬂWaWﬂUsﬂumﬂuﬂWimﬂﬁﬂﬂLL@”NﬁﬂTiV}ﬂﬁ@ﬂuﬁﬂ’n&iﬁ’N“]

Tumeussliandun1siasigd Terms voausazfuls Insidon Analyze-Factorial Design Terms.

& & 2 . 2 al o o
Felutumeuilazidion Analyze 9N Terms inT1Z451%B9N1597 Interaction feseaziBoafagui 4.2



Analyze Factorial Design - Terms [==2]

Include terms in the model up through order: l 3 '1

Available Terms: Selected Terms:
B i
B:Humidity & B:Humidity
C:Time 3 | C:Time
AB
< I AC
BG
« l ABC
Default
[T Includebleeks in the model

[T dnglide center points.n the modeél

Help l OK Cancel

JUT 4.2 WenanisidensifuniIvnaad Interaction Terms

nuludiuvens i idon Plots 71 Four in one Tudiuwes Effect plots tHan Pareto duen
Alpha LGen 0.05 wamTuagdennagu 4.3

Apalyze FactofdbBengn - Grages. o2l (2B )L N7 SRY =
t1 Stdfrder Effects Plots
c2 RunOrder I~ Normal ~ Pareto Alpha: (0. 05
G3 CenterPt <
C4 Block
[:; “_.a; 3 Residuals for Plots:
Co Humddity « Regular " Standardized " Deleted
(g Time
2 &1 Residual Plots
€ Individual plots
= Hisiogram
I Normal plot
cr
& Faour in one
I Residuals versus variables:

Help | ok | cancel

JUT 4.3 uansnnsideniiouaniniiv



52

9IRS Residual Plot Famnefadimundodenisagidlnger mean dafu
Heguinnsmaziiulihadildlifanuiaiiounieinun dewnfud Residual Versus the Fitted
value sndumsifinidoyaildimenguiuvield amnnsmasifiuidoyaszinenguiuiansia
msvnaesiitiefield fagui a.q

Residual Plots for Yield
Normal Probability Plot of the Residuals Residuals Versus the Fitted Values
99 = 5.07 ‘
~a —| | |
90 F7 - | . %
£ i a8 - 5. ¥
S s > é 0.0+
& . ki | = . R
10 e | -2.5-i .
- o J i g}
-5.0 25 0.0 25 5.0 75 80 85 %0 95
Residual Fitted Value
Histogram of the Residuals Residuals Versus the Order of the Data
4 5.0 1
- A i
>3 R B ‘
£ TEE | ® o A
i 2 z g 0.4 _\’ 7'/_.\"/ 1 ;'-‘.‘ e f/ ‘A" A W
o ol - - : &/ "ol W !_ 1
F i = QP &4 -2.51 \ 3l
E < fals -
0 i ol sh | e \5.01 y 1
-4 -2 0 2 4 1,23 4.5 6 7. .B.-9910 1112 13 14915 16
Residual Observation Order

gﬂﬁ 4.4 ua@n3 Residual Plots for Yield

luahuves Pareto Chart of the Standardized Effect %84 Yield uandiifiudensmunugiidstaven
fasuusTiidvdnauniigalumsviaaesi wngUi 4.5 agiiulddn fauds C fie Time fdvanaun
fign uagfulssesasn fofuls A Tavinasesamuwazdiulsiiianinasiufosuls A8 fe 3
Svdwasausywin Temp G Humidity manefs gamaduazainudy

Pareto Chart of the Standardized Effects
(response is Yield, Alpha = .05}

14

gﬂﬁ 4.5 uany Pareto Chart of the Standardized Effects
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luntienaves Session Wunsasvdeuiaily Term vas P fadasnit 0.05 viovunedamuneda
Alaqdifidntdosndn 0.05 avdwmansynusananisnaaesdslumsilasdl 2 fAfe Awes Temp i
gampll uazAves Time wiana Idvinatunandanie yield Aauandluguil 4.6

== MINITAB - TempandHumi.MP)J

EJe Edit Data QI( Stst Greph Editor Iookﬁrldow ;ueb

,@Hé $ G| ox Tiﬁﬁ@?ﬂ@@@i}@*@lﬁ ,i'f'
EE] Project M... [sla] = (P Session

Session )

————— 10/10/2015 21:15:10 --

o R D Factorial Fit: Yield versus Temp, Humidity, Time
U orial emgn

[E] Factorial Fit: Yield versus Terr Estimated Effects and Coefficients for Vield (coded units)

Response Optimization

----- 11/10/201513:16:17 - 4 Term Effect Coef SE Coef T P

Factorial Fit: Yield versus Terr t g5

B Effects Pareto for Yield T -4.875 -2.437 8.6782 -3.64 0.007

oy

TempxHumidity 2.625 1.313 0.6702 1.96 0.086
Tenp=*Time -1.375 -0.688 8.6762 -1.83 0.335
Humidity*Tine 1.625 8.813 08.6702 1.21 0.268

Temp=Humidity=Time 1.125 8.562 8.67082 0.84 B._426

UM 4.6 Uanwmtiriaved Session

@ & i< I P Al o ¥ = A = P ] 17 v 1 al
wasntuasiunamidlguugiiiifige fideanitidnandn (yield)iagdfigavilfisalaang

winzauiignie Aesgamall Temp dtasAuTuduinS (% RH) wazAvesnanfiwizay
(Time) AiaTemp = 23 “c, Hurnidity 50 % RH Wag Time = 24 falasduansluguil 4.7 Fafuazdu
wamdunsaaniesio ingamgiiussrndulnefazfosmeiauysielfaminauduazany
Lﬁaamwmqmmﬁmnﬁqﬂ

e e

o
Te] 2l wialwin]

{ i
e Temp Humidity Tine

o WY " .o &
o 3 [0.0%63) (2403
i 070 1 220 60.0 16.0
' mooooe = =
i Yiek e '/’
| Targss0 e -
i y=g7.0800
tf| ¢=079:00

5UN 4.7 uanwit1sineves Response Optimization
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d H 1 1
4.2 wansuaasudiodeitudoyaruviaulyd
INNSRaIUNY 3 naaesaituaiasingumiinaranuudnivg anndwudeya
unUledlddasaluil
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_} Datal ogger 101920141530 - Notepad

File ~Edit ~ Format ~View = Help

MM DD YYY HH MM 55 C RH(%) Door
10 19 2014 15 3 0 23.00 50, 1
10 19 2014 15 5 0 23.00 50.00 1
10 19 2014 15 g 0 23.00 50.00 1
10 19 2014 15 9 0 23.00 50.00 1
10 19 2014 15 11 0 23.00 50.00 1
10 19 2014 15 13 0 23.00 50.00 1
10 19 2014 15 15 o 23.00 50.00 1
10 19 2014 15 17 0 23.00 50.00 1
10 19 2014 15 19 0 23.00 50.01 1
10 19 2014 15 21 4] 23.00 50.01 1
10 19 2014 15 23 0 23.00 50.01 1
10 19 2014 15 25 0 23.00 50.01 1
10 19 2014 15 27 0 23.00 50.01 1
10 19 2014 15 29 0 23.00 50.01 1
10 19 2014 15 31 0 23.00 50.03 1
10 19 2014 15 33 (4} 23.00 50.03 1
10 19 2014 15 35 0 23.00 50.03 1
10 19 2014 15 37 4] 23.00 50.03 1
F

device

e e e e e e e
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5.1 @sunan1mnasy

Tusulssnugnamnssudssiandidavsedndudsanifinisiigunsal sgragy A
Ay (Resistor) 1ad(IC) wiaduiuuszq (Capacitor) 1am udnn3uszneufuuniaie19a3(PCB)
SuLﬁaL"f]‘l;%U@WE?WL%gUﬁauﬁ%ﬂﬂﬂ%’mm%ﬁ lpvanlvgandusudidnnseidndldlunusueud
ﬁa’{,%’mu“luaquﬁﬁmagjmﬁaffﬂumsl,am?al,l,ﬁﬂiwzﬂ%'muuumm@1 N3991N1ALIU AzHoIEng
Uesfumaifinrnudemeiuiasddinnsednd Tt aaduluSewewssduaniiiou auiunaznng
nyzunn uaglunszuiunisudefvesdiandian (potting process). dadendniidnailmian
wasenAlumeludniie feguuninareamtuiildlddimmasgiuismunll dwansenude
audsmelunszuaunsias vamhewdfudlilannsafavieuludeuld dwaviiliazeos
aeTususann Tnaunfudamsilsy Taamgisasaminlulsaugaamnssudidnnseind
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! @ e P | a  cad v = .

wmmaaﬁmmmiwcﬂaaqLwammwamammmam‘[mﬂwqwgmwmaawaq DOE (Design of
Expenment) IneiuaR1veIRwls (Factor) Manua 3 flls Ussnausig GRUERLRIV G RETRR
AuTUFLTINS Lazsses na'ﬂ,umimemaqammaﬂmaz,wu wu:n ﬁ’lW'Ti’liJLlﬂE]i%lﬂﬁ]’lﬂﬂ’li
maaﬂwmwamawmmqﬂagw ganindl( Temperature ) 7l 23°C Amstudusitvg (Relative Humidity)
1 50%RH wazszeriiatventsudmnln 24 F9lud wuit vdanasatiuSuATLMLNZ auvinlA
lanandnfigaudu 98 %

5.3 @3Unan1snnassuiA1nuLiug1vesssuudisedeianiuauiaunfive
qmwgﬁuasmmsﬁu

wdsniildrgamglifivnzaufe 23 °C Adudadumsmanuuiuglunisialild
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AnunAnninasifissslifaileinsiassudieutueiordnbuds wazanunsadelayaniu Web
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Iﬁﬂiﬂmﬂiumﬂiﬂumsﬁﬂmmﬁ'ﬁﬁaﬂma&ﬁﬂﬂﬂﬁﬂuaqqmwgﬁuasmm%u
Code program Arduino YUN

*****************************************-)(;***************************

#include <Bridge.h>

#include <HttpClient.h>

//Based of the wiring code at
http://wiring.org.co/learing/basics/humiditytemperaturesht15.html
int SHT_clockPin = 3; // pin used for clock

int SHT_dataPin = 2; // pin used for data

int PIN_DOOR = 4,

int PIN_DEVICE = 7;

// Setup HTTP
HttpClient client;
String ip = "192.168.240.182";

void setup()f

Serial.begin(9600); // open serial at 9600 bps
Bridge.begin();

pinMode(PIN_DOOR, INPUT);
pinMode(PIN_DEVICE, INPUT);
}

void loop(}
//these can take a bit to get the values (100ms or so)
float temperature = getTemperature();
float humidity = getHumidity();
float door = digitalRead(PIN_DOORY); :
float device = digitalRead(PIN_DEVICE);

Serial.print(temperature);
Serial.print(" | ");
Serial.printinthumidity),
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String url = ip + "/censor/SetValue?TEMP="+ (String)temperature +"&HUMI=" +
(Stringlhumidity + "&DOOR=" + (String)door+"&DEVICE=" + (String)device;

Serial.println(url);

client.getAsynchronously(url);

}

float getTemperature(){
//Return Temperature in Celsius

SHT_sendCommand(B00000011, SHT dataPin, SHT clockPin);
SHT_waitForResult(SHT _dataPin),

int val = SHT_getData(SHT dataPin, SHT clockPin);
SHT_skipCrc(SHT _dataPin, SHT_clockPin);
return (float)val * 0.01 - 40: //convert to celsius

}

float eetHumidity(f
//Return Relative Humidity
SHT_sendCommand(B00000101, SHT dataPin, SHT clockPin);
SHT_waitForResult(SHT_dataPin);
int val = SHT_getData(SHT_dataPin, SHT_clockPin);
SHT_skipCrc(SHT - dataPin, SHT clockPin);
return -4.0 + 0.0405* val + -0.0000028 * val * val;
}
void SHT sendCommand(int command, int dataPin, int clockPin){
// send a command to the SHTX sensor
// transmission start
pinMode(dataPin, OUTPUT);
pinMode(clockPin, OUTPUT);
digitalWrite(dataPin, HIGH);
digitalWrite(clockPin, HIGH);
digitalWrite(dataPin, LOW);
digitalWrite(clockPin, LOW);
digitalWrite(clockPin, HIGH);
digitalWrite(dataPin, HIGH);

/



digitalWrite(clockPin, LOW);

66

// shift out the command (the 3 MSB are address and must be 000, the last 5 bits are

the command)

shiftOut(dataPin, clockPin, MSBFIRST, command);

// verify we get the right ACK
digitalWrite(clockPin, HIGH);
pinMode(dataPin, INPUT);

if (digitalRead(dataPin)) Serial.printn("ACK error 0");
digitalWrite(clockPin, LOW);

if (IdigitalRead(dataPin)) Serial.printin(*ACK error 1");

}

void SHT waitForResult(int dataPin)
// wait for the SHTx answer
pinMode(dataPin, INPUT);

int ack; //acknowledgement

//need to wait up to 2 seconds for the value
for (inti = 0; i< 1000; ++i){
delay(2);
ack = digitalRead(dataPin);
if (ack == LOW) break;
}
if (ack == HIGH) Serial.printin("ACK error 2");
}

int SHT getData(int dataPin, int clockPin)
// get data from the SHTx sensor

// get the MSB (most significant bits)
pinMode(dataPin, INPUT);



pinMode(clockPin, OUTPUT);
byte MSB = shiftin{(dataPin, clockPin, MSBFIRST);

// send the required ACK
pinMode(dataPin, OUTPUT);
digitalWrite(dataPin, HIGH);
digitalWrite(dataPin, LOW);
digitalWrite(clockPin, HIGH);
digitalWrite(clockPin, LOW);

// get the LSB (less significant bits)
pinMode(dataPin, INPUT):;

byte LSB = shiftin(dataPin, clockPin, MSBFIRST);
return ((MSB << 8) | LSB); //combine bits

void SHT _skipCrc(int dataPin, int clockPin)
// skip CRC data from the SHTx sensor
pinMode(dataPin, OUTPUT);
pinMode(clockPin, OUTPUT);
digitalWrite(dataPin, HIGH):
digitalWrite(clockPin, HIGH);
digitalWrite(clockPin, LOW):

67
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dy=39.7 d;=39.8 dy=39.9
Sensor(°c} | Reference(®c) | Senso(®c)r | Reference(®c) | Sensor{°’c) | Reference(°c)
23.22 23 23.14 23 23.03 23
23.21 23 2% 13 25 22.99 23
23.2 23 2012 23 22.99 23
23.21 23 Lowl? pa, 22.99 23
23.2 23 2313 23 22.98 23
23.2 75 23.14 23 22.98 23
250 45! 23.14 23 22.97 723
23.21 23 LI 23 22.97 25
25,22 73 23.13 o) 22.97 23
23.21 23 23.14 Vs 22.96 23
23.7 23 2. 113 23 22.96 23
23,21 23 2315 23 22.98 23
23.21 23 2 345 LS 22.97 23
23.2 29 23.14 23 22.96 23
232 23 23.14 23 22.94 23
232 23 23.14 23 22.93 23
23.2 Vo) 23.16 23 .92 23
252 23 2515 23 22.92 23
232 23 23.16 23 22.94 23
23.2 73 23.16 p 22.96 2%
23.21 23 23.16 23 22.95 23
232 23 23.16 23 22.94 23
23.2 23 23.17 23 22.95 23
23.19 23 23.17 23 22.97 23
23.19 23 23.17 23 2297 23
Z3.2 25 23.15 23 23.03 28
23.18 23 2315 23 22.99 23
23.19 25 23.14 23 22.99 23
23.2 23 23.14 23 22.99 23
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di=39.7 d;=39.8 d;=39.9
Sensor(°c) | Reference(°c) | Senso(°c)r | Reference(°c) | Sensor(°c) | Reference(°c)
282 23 23.13 23 22.98 23
23.19 23 23.12 23 22.98 23
23.19 23 23.12 23 22.97 23
23.18 23 22515 23 2297 23
23.18 23 23.14 23 22.97 23
23.18 23 23.14 23 22.96 23
2317 23 23.13 23 22.96 23
2307 23 2971 3 23 22.98 23
23.18 23 23.14 23 2297 23
23.18 23 23.13 23 22.96 23
23.18 23 23.15 23 22.94 23
232 23 23 1H s 22.93 23
23.22 23 23.14 23 22.92 2%
23.21 23 23.14 75 22.92 23
232 723 23.14 23 22.91 253
23.21 23 23.16 23 22.96 23
237 23 23.15 23 22:95 23
252 23 23.16 23 22.94 23
23.2 23 23.16 23 22.95 23
23.21 23 23.16 23 2297 23
25,29 R3 23.16 23 2297 23
23.21 23 23.13 23 22.99 23
23.2 23 23.14 23 22.99 23
23.21 23 23.14 25 2299 23
23.21 23 25,13 23 22.98 23
23.2 23 2313 23 22.98 23
23.2 23 23.14 23 22.97 23
25.2 23 23.13 23 22.97 25
23.2 23 23.15 23 2297 23
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dy=40 d;=40.1 d;=40.2
Sensor(°c) | Reference(°c) | Senso(°c)r | Reference(°c) | Sensor(°c) | Reference(°c)

23.11 23 2277 23 22T 23
23.09 23 22.77 23 22.69 23
23.08 23 22.78 23 22.7 23
23.08 23 22.76 28 22.7 23
23.07 23 2275 73 2.7 73
23.06 23 22176 23 28T 23
23.04 23 226 23 LN 23
23.03 23 286 A3 22.7 23
23.03 23 ol im %3 22.7 23
23.02 23 A8 23 b+ 23

23 23 22.74 23 22.7 23

23 23 7 22.75 23 22.7 25

23 23 22.74 23 227 23
22.99 £s 22.75 23 22.69 23
22.99 23 22.76 23 22.7 23

23 23 22.75 23 22.69 23
23.02 23 22.76 23 22.72 23
23.02 23 22.76 23 22,71 23
23.03 23 22.76 23 22.72 23
23.02 23 22.77 2 22.71 25
23.02 23 2207 23 AN 23
23.02 23 2277 23 2272 23
23.02 23 2277 23 22.71 23

25 23 2278 23 22.7 23
22.99 23 22.78 23 22.71 23
22.99 23 2278 23 22.72 23
22.99 23 22,77 23 22.7T1 23

23 23 2207 23 22.72 23

23 23 2276 23 2272 23
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d;=40 d;=40.1 d;=40.2
Sensor(°c) | Reference(°c) | Senso(°c)r | Reference(°c) | Sensor(°c) | Reference(°c)

22.99 23 2278 23 22,72 23
22.97 23 22.78 23 2272 23
2297 23 2277 23 22.72 23
2297 23 22.76 23 22572 23
22.99 23 2277 23 2272 23
22.99 23 22.77 23 227 23
2299 28 2277 23 22.69 23

23 23 22.78 23 22.68 23
22.99 23 2274 23 22.68 73

23 23 2275 23 22.69 23
23.02 23 2276 75 227 23
23.02 23 2276 ¥ 3 22.69 23
23.03 23 2215 23 27 23
23.02 23 A AD 23 22.7 23
23.02 23 22.75 23 22.7 23
23.02 25 22,714 23 245 23
23.02 23 LGRS 2% a7 23

23 23 22.14 23 22T 23
22.99 23 220\b 23 22.7 23
22.99 23 22.76 23 22.7 23
22.99 23 2275 23 22.7 23
23.11 23 22,76 23 A 23
23.09 23 22,76 23 22.7 23
23.08 23 22.76 23 22.69 23
23.08 23 2217 23 22.7 25
23.07 23 22.77 23 22.69 23
23.06 23 2211 23 2272 23
23.04 23 22.77 23 22.71 23
23.038 23 22.78 23 2272 23




dy I dl Y o U 14 d‘ = 1 5 1 Y o ¥ € Y ¥
wnanstluenasianulidmsunisldnuienisfinwivingu ldeygnlviluldusslevisunisen

ludnsallagrsau Snvivhudilvidawdasilon uavdesgedadadivedenarsynasaninisuiiluly



74

IAINSSNANERS NUNINLNALRITRIUASUNS

19-20 3iqu1eu 2558
o d o o o ar a (23
SNANARA 5889 waun aih mathaas SwIAgia



a - - e = PR -
sl 's:e‘lm'mm:mﬁmnﬁumamnmmmauanawqmm RIG‘I"T 1

19-20 diquizu 2558

) 4
MSARIWITZUUNTAROIH l.n"l‘a': 9 qquu HRTANMHNTWY aam‘mﬁmw ad

- o a o ga -
AN RNITUIRNITHANTDIHANATAT DIA NN Sa NS

The development tracking system monitoring temperature and relative

humidity of curing potting process in electronic manufacturing

= M i, aa i w2
mau dgarnwes * 5u: nesiel

Fewndn Fanssumaian ausImnisumani aonumaluTains ssandidaamnaans=ia

v 1 FATRAJ]ING 1 HYNRATRNT=UIVAR AN TS NTUNWUNIUAT 10320 "7 0-2329-8000 Aa 3925

*8L08: nick_zx@hotmail.corn

Pakin Phanyawranmte1’, Viriya Kcmgratema2

12Dcpartment of Instrumention Engineering, Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Ladkrabang, Bangkok 10520
*E-mail: nick_zx@hotmail.com

o .
UNndaaes
v Xaw % -
wnaaatnkiieglzred lum i sun IR aaiueh
& -
szisgunpiitazanasureinisdanizaaminiionlu
a as X

nizuIwnTHAR  Iapeuissmduniteanuuutazadie

4 - . P X - . e
mmnea‘muguun:ﬂ':1nsu'|.na'w1'mM'um.mshu Web

oy w - - - .

Server 1@ qemmwmmtﬂuqﬂnimmuqu LUNN wazudy
Lﬁauqmﬂgﬁ n'nu'{uwul1:g1i'aamuqu1un-s:mum1

o -3 a - a -
wdArveddistiden lapartnsoddscnaudae 1.
luTesneulnianed Arduine YUN 2.#2n7a9ingmangiiuas

X - - - o 2
ATINTW (SHT 15) 3.»‘11'5‘1%'::611]5:! 4.9 TINANM I
- - & -
YainTBIMIUqNEMNiILRzATINAL 5. 11N e S (Web
server) 6.3747838 (Data base) HanasgumMTIIIBLE
a v - a X o

smiy dmsunsiaguugil uaraasualfomiondy

) n o . a 3 o
wnTaaneTsm wuh dulefifuanunaiawnfou mfowiang
0.69% uaz 148%  mudeULszmanIndiTayar® web
server

= = a X o - . -
ATMAN gy AMUBUTUNNT m"m'n"lu‘l‘smu

Abstract

This research is development instrument for monitoring
temperature, relative humidity, status of temperature and
humidity controller (on/off), and door (open/off). Generally,
monitoring and recording have to use operator to keep the
[ lative humidity
of potting process room. We develop this device for used it

info ion envil it of t ture and
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instead of operator. The system can monitor real time and all
time up to user and it will be alert direct to user. The system
including, 1.Arduine YUN 2temp&humidity sensor 3.door
sensor 4.sensor form device controller 5.web server B.data
base. The result of system for measure temperature and
relative humidity have found relatve error for temp 069%
and relative humidity 1.48% can see data by web server
Keywords: temperature relative humidity wireless network
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