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The purpose of this research was to apply an electronic sensor, namely resistive
soil moisture sensor, capacitive soil moisture sensor, K-type thermocouple, and DHT22
sensor in real-time measuring method development and paddy moisture content
evaluation. 26%w.b. initial moisture content of Khao Dok Mali 105 paddy was used in
measuring test, while the paddy was dried by a pneumatic dryer with constant air
temperature of 70°C and 80°C, respectively. The drying air flow rate and the paddy feed
rate were kept constant throughout the test. Principal component analysis was applied
for the analyzing of electrical signal data measured from resistive and capacitive moisture
sensors with the paddy temperature measured by K-type thermocouple in experiments
to create the prediction models of paddy moisture content by multiple linear regression
analysis method. The humidity and temperature of drying air measured from DHT22
sensors were used to evaluate the paddy moisture content in drying process. The results
showed that the developed real-time measuring and evaluating method used signals
from both of resistive and capacitive soil moisture sensors provide low error prediction
of paddy moisture content in the range of 14%w.b. - 5%w.b. during drying process. This
moisture content range is suitable for long-term storage of paddy as a grain. Meanwhile,
the real-time determination of paddy maoisture content by temperature and humidity of
air obtained from the DHT22 sensor combined with factor n correction give a moisture
content of paddy with low error in the range of 26%w.b. - 14%w.b. The paddy moisture
contentin this range is suitable to storage for consumption purpose. This study indicated
that the various type of sensors has the potential to be used to develop a real-time
evaluation of paddy moisture content during the high temperature paddy drying process.
In addition, it makes more convenient, faster, and more accurate than current measuring

method.
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yha1u d1deniinisassdaind oudiluneufunszuavesenimeuusieifussAmie
fanansnensusintinvesidonduld

13 esouuianuunvgaugnumnldlunisanaud utanfidunivie
yosudaiiflvunndn esannszuiudiemaniuieutazanavesniseuurialrngs denalild

LaluNsUWI I BsuasUsENIANG U 1 1auia3 0wt ILUUNINEaNd N ugIu LaL

MANNSIURITUN 2.3

Moist air
4
D

Cyclone
collector

Belt feeder—o:'"ﬁi“=

Inverter

I
High-pressure  Electric heater
blower

JUN 2.3 urunmiaIaseuliakuunvigad (Uegwa flanadiug wazane, 2559)
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Vogwa Hawedtug, analy Tavlanay, o1dut dugdl, Snsde Tuua was And
gnmsUszansi (2559) l@uen1sanautuvestuden Tngldiadeseuniouunneas
(U7l 2.3) Aifin1swdneniadeuaindamesiuda (Electric heater) deunfumuduves
frudendisiosouuis (Drying column) Aeuflennaduazgnuensenandudenitlslaau
(Cyclone collector) Tnguiseiildvinisouniaiisdesseu e Anunaresiaudsens
fifdudunidostulssans amnsldndinuluudvesmnududemdsausinig

(Specific Energy Consumption, SEC)

JUN 2.4 inT00uwiinmveanduwuy Insisad 9enfa, 2559)

Ins1¥mi 9onfia (2559) Ideaniuuuas AL IIAT BIBULHILUUTVE ANTY
domannefmnzaulunisnuguial eseuuisuuufagslslaauuaylaifadslelaay
dmsunisTinsisgansnmvound ssdunuulunisananududiaden (Uil 2.9)
TneeFesuusisnuunnzaniiivinnsyieufe msadsanufounnadostiianudou
(Heaten) Tnefliadoaitnan (Blowen Tumstuindeusniafeurtirgrosuus Tuvaz ety
Frdongninsandaivinlagansdndosndaiivfifuemesidusumgs Wedngnddes
wdamadivemeauuis 91azgnoniafeuiidenududuivdimanuiulusineenty
fuerne denalviornmafiaududuivsgaduuasigamgionas mntudnazgnoinie

aananitilviassdgduiutnuaziuseunisinnuluiises 9 aunsensmuduiulden
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anasteAUsEa LU IMNETADINTT NAINAITANYINUIN NTULAILUULLARAS
lglaauanuisoanainududfniwuudnaslalaau Nan1igenirouwiagungil 80°C
Tugwnsinisiuaveseinia 0.0631 m*/s (55 Hz) wagensin1steud1udsn 8.45 kg/min

(30 Hz) danaliesidudtsuganilianndeoulunisveaaeuiu 36.84%

2.3 ﬂ'ﬁﬁﬁ?ﬁ]ﬁ@Uﬂ'ﬂ&l%ﬂiﬂL&lgﬂﬁ%

Tnestalunisasaaeuanud wudafisudddddu 2 38n15udng Ao n1sasavdey
AuAEIERT LAy IR TRde UAIRURE N sEeN TneTiansiimstivniunargadon
fumnsiueenty drendriluidedeluil

231 nsdaanutudie3inss (Direct Method)

& v aa & a T aa ! 2 A
N1TAIIVFDUAITNUT UAIYIT AT L‘LJumiﬂmUiaﬂmuwmaqiumaG]‘W“U

'
a )

Ingiluazandendnniseudnmeeamgiigaiielaunnfegluwdalesnty Tneu3uian

Y Y

fignldeenanuba Aoaudurssudatiues 38n1smsaaevanuduiiiuituinsgiu
fin FBnseuseaniouguvniiagi (Hot Air Oven Method) uifudsnsiildsuniseeusu
Tuprsdnlddmsunisasuiiiouins esilotnaud vluwdaivvinaie 4 uenani
Fnstnandignavyiunsunudnimmuimanuduiitogluudafielfeg s
TuszAvanna LU A5U991UI89U Association of Official Analytical Chemists (AOAC) %38
American Society of Agricultural and Biological Engineers (ASAE) tJusiu
F8n1seusieaudeunamnfiagil (Hot Air Oven Method) tuisn1sfidey
tunldmsamusinueutuiifeoglusdadiden faudusmuifeves Insinid 2enin
(2559) MhmsiiushegsiiuAenlussmintsnsyuruniseuuris 10 n3u adudeegiiflen
Wi pthdwdeniiddevandoufioungd 105°C1iunar 24 Flua i eldauiy
panandatn Tnes98935n15v0e AOAC wonani lunsdnwinavessiaudsang o
i vadeetuusgdns amnisldndsurenad ssouuisnvuningay Tud unou
voansinnrmdudnn Toewa Hewadiug, anals luvlana, eniud dugdl, dnsdy duwa
uaz And anwsuszansy (2559) I sinitdenannszuiumseuuisnouaneud

aaumndl 103°C 1Wunan 72 Falug Lﬁaﬁﬁa;&amﬁmmmm%ﬂumﬁm’mamﬁ‘ﬁ 2.1 %39

9 Y

'
v

2.2 A9NNE1INN
=3 1 [ & o a Y Y ad v v
wiuINsinanudunasgundenldiuegiald (Weuauieu) lvna
nsianuiugrgelussividudeyadmsugrunmsasuiieuls usegelsiniuisnisaanan
o & v v ' & @ A a o v Py
Jududedldiiaulumseuldanudusenanudaiy anvsnisvihenuieulidussuy

Y
a o w

Idudeddndinuas Fifuludeddalunisemainenurudmsuisnsdngn
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2.3.2  N15I9ANIUAILAINIBBY (Indirect Method)

= 1 @ A

N19ATIFADUAINUTUAIYTIDN19D BY LﬂUﬂﬁﬁ‘VﬁU%ﬂﬂmﬁ’]ﬁM%JEJI‘HL@J@WWGU

Y

¥

lagendenannisianuandinislii1venudaiy nwuigeswioaUnsalsus
mediannsetind wu nsibd/enuduniulii anuglii pududuivsveseinie
Wudu Faduiinivenaissfiotaanudwudafioidnaznumiulaluninisaigaey
99393501351 Aearuazaansimiilunisesatadedisuiunisindiedsase uddqaney
= 1 d' 2 [ [~3 1 d' d; d' 4 [y} ] ) [

AAMLEa1NN15TA L UAINI9INNTUTEUIUNTST DN enTaenumukiugluni1sin
NN i Uadesued19d unonvdsnan Ut ug lun1se 9 duazdaaiinig
gaulguiAI eadladnegiauanauiiuldaiu n1sinanudun1e3sn1eeeu a1w1sada

Tavannuaneds iy

5UN 2.5 1aesinanudunuumIneadmiutilng 4niuden (Nanagarden, 2563)

1. msiaanuaunmulnii (Resistance) lguannisvesmnudrlni1use
AUA1UMIULAN Y 1 rsueenLuULAs 990 TAAITLT ULLA AT Y danuagaagun 2.5
Tneweseiliafaziiigasastemnudwasksanulninaed aiwiﬁﬁ’uiwau‘[amﬁﬁu@j 219997 U
Juszegasfiamils Wedeulnsulanzaslunesmdadiv dyuralaiagluaniuudadivla

& A & & A & v o ' v v
mnaaisdanuvugwazmnudanviiauiuies dygyralniaginanulitesas
= & Iy ) Y] & a P o
FaNTLhan3 oL U TN USEULAEATINUAIAINNTY TUVUENANUAUNIUDL WU SHNEL
) & 2 A ) PRIy ° ~ ' = f 2 & &
fuanuiuluwdaiiy dyaailiazgniunaeuiisusaswuseteanunduesiduiaiuiu

vouudairluusiaziln (5ung gunsian, 2561)
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2. M3inAualnila (Capacitance) ldvdnnisvesAimualuiivesdan

Nyusgiuaauty Fudunauianauantfladianninvesian (Dielectric material)

Y
a | ' 1 ' Y < & A dAa & a1 d‘ a a
719¢ 3813 19UN A IUIUVRRAUUTEY Ingludaianilinudugeazilainsiladiannin
(Dielectric constant) g9 waaN w7 liAutulesaziin1nanladidnnindaeniuluiae

JUN 2.6 wanandnnisiugiuuasiiwlsisinasiaAnauglilin

Material

—

Cross-section Area (A) —

JUN 2.6 wunnuansrannTinauglndi Gauuasain: e eunanen, 2556)

T aunaen (2556) wanen1sAwiaAiaugliihvemudfugesviin
A3119 (Capacitive transducer) §aa2ua1u150tun st vUszlailiaudunus
[ z.s' = v a § & aa = g vo 1 o
Aeaun1si 2.3 uena1nin1sldaeasusanduisnianldindraiugluinainaiseuan

ANBUTILAUTLDWNAVDIAIUY INFUNITN 2.4

A
C=00885E,— (2.3)
d
Tagil C Ao ANl (Pico farads)
Eo fio mAsiiladiane3n (Dielectric constant)
A fio Munthdniudouvesusulanzguunu (cm?)

=} 1 ] 1
A9 STULINTEIINgmEUlane (cm)
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1
Z, = —— (2.8)
27TfC

A a A

lagfl Zc  fe Budiuaudiondnnveiningg (Q)
f Ao AR (H2)
C Ao Auglnii (F)

v [ ! = & o = A o & & A o [
PMnanNIsAena Iuduiuivesnissiiednauruuaaislagendanisia

AUl (Dielectric Methods, Capacitance) finuiulutagiulunisnisdtg unsel

[

NuaEeIsUN 2.7

Y

)}

PM-599 (ersion 4603)

Paddy Moisture Tester

‘\5 3

UM 2.7 insesinAnugudnadion (any AasusLsdy, 2563)

3. MyiamNTuEnse1nA (Relative Humidity of Air) WWunsinaanudiu

v
k4 IS) LY L% s

TuwdanigannisldaunsalfuimnuruduivsvesoniaiienUsanadnsoanunluguiuy

Y
£

YosUosidudALIu FBnstlanunsaldweiialunisinlavainnalsguuuunuanumunzay
ve39UnIal 31NNSANWINUITeALA BITRInU dnsuszendldiguigesiunisideuin
AINT UFUNNTV8I81N1AUT AT IT VeI NNaAT1Ua N wazuUsAINad NS
< ¢ 2 & g o - ! o a o o fA A A v

Juesidudanuiuiniendduduenniinduvednsdniiefoduniotngliane

(9541 wnuaseday way adu N13AN, 2562) uenani AunAnA Yy war Usznidn
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fuReninis (2558) Ildvdnmaifieaduil eenuuuuaraiaaiesdieTnranuduiiden
wuuldae faguil 2.8 Useneuludae (n) wisdeuiaaiauiiu (1) nmededimndu uay
() MafuALtouansna TnglTeuiisunanisinduiaies (1) Moisture Meter 1 SB90O
nuirfinunaiaiadeugegad 1.5% WeFeuifisuanuudugiiuiadesiaanuduin

N9NISAN

JUN 2.8 LasedinmnarudUGenwuuliany

s
a Y

(NUNFNG U thag Usenidia fufaasnis, 2558)

3 @

outlet air measurement ambient air (inlet air)

'S . measurement
(_EE31

= DHT22

v dlgltal pm amlog pin

1 5 s
MCU E

computer display - 0 ® O'

o] ol

.

UM 2.9 inseseuuianuulravnaiargUnsainldlussuuusziliuanuy

(AALUag1n: Hemhirun and Bunyawanichakul, 2020)
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Hemhirun and Bunyawanichakul (2020) wuenislidisuigesingamaiiuag
AIHAUEIMSYBIINAIAYIET (DHT22-Sensor) Uagneen (EE31-Sensor) NIATBIBULIAS

A 2 v o 4 o o s a a
wuulnawing Wednwinisiiudeyaannwuwes Tannududuinsuazgaumgdl (3UN 2.9)
dnnadalszidiumnutuaninevest nildenaigitaunauia wasiUeuiisunansuseiiu
AUY UAULAT 89MT39TUAINNT WU 1T an KETT (Riceter F512) Han1sAnwIAs 91l
Uszaumudusalunisdienwuwesaenanuldeunazduiindoyald anuduanaring
1nN1sUsElURIeISaunaudn SilinadnslndlAssiunIsansiaduautulaedeiaie

Y a

TalANa1n 4.3 % wonanid waannsdtauswmaialun1suseduninuyugaiig

Y

YostiAenseinimssuuiafanangnaesengmsiasEUUAUANIAT BB UL UUSTAYE
Tnladlufian feduiiugrunnudlaluanaudfueseinia faiaded 24 Sadudeddny
sensAnwuitesiaumeieiselUluouan (@57 wwitsay, 2563)
iiaidunisandediiavenisnsiaiaruiudnseisase lkdauide
Srnunidiauadlalumsimuinedalunissaduauiuingendnnismadeuwuy
13ivianee819 (Non-Destructive Technique) Wi oud Ty mfinuiaeann1siIsn1enss
lanunsansvauenisldauldog 199 uv297 A1nn1snunInau3fedduun nudn
Pathaveerat and Pruengam (2020) siawwmafinnsiannuduluinaenannisdeud
vosnszarmedovlavoadnaoled fidanudunusfuanud uduivsaunavesainia
Turasluagryinia dsussydndenduegniely (U 2.10) Tnsnruduvesiiauden
Fanaldangunavdfiasuudasluvesnszae Jefvesgunsalfsnaifedduyus

waraunsavnauulglunale

JUT 2.10 MsinpnuautnannsEawafoulauaadaaslsn

(Pathaveerat and Pruengam, 2020)
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LED ~ High-pass filter
InGaAs \
,/ —
o | S },,‘ lvl
. “rf Sample box
!
|
|

Y

‘J‘IJ‘VI 2.11 iuUUMTJﬁ]ﬁ]Uﬂ’JWJJGUUWJEJLVIﬂUﬂﬁLUﬂIVIiﬁIﬂU’e]uW’i’IL’iﬂm‘lﬂ,ﬂa (Lin et al.,, 2019)

Probe with
base on top

Container with
samples
having a hole
on lid

Mobile
application

JUT 2.12 szuunsiadugamgiinazanaduresinlunssuiuniseulismeainianiglud
(Luthra, Shafiekhani, Stephens, Sadaka, and Atungulu, 2019)

Lin et al. (2019) ld Wy uigas 5195 uAI104 uT 178 madln
awnlns alnddunlsnsngulnd (NIR) fagufl 2.11 wan1suszifiuaussauzvesgUnsal
dlensavaeuiudniitmudulugie 13 - 30% Tiduussavanisinauls (R) whiu 0.936
Lag nasrunIdeaesv0an 1Al anatn (SSE) 1y 25.47 9 aLa uvesinadail
Ao Tiuani1sTafisamdwazuaiug sﬁaLﬂué’fgfgﬂmﬁﬁ‘Lumamwaauqmmw%’nmﬁaﬂ
TUSENTIINITHA N NITVUA S LATATEUIUAITTALA U LY ULA 83N UNISA NWYA
994 Hernan and Hsieh (2019) & sl@wmunszuunisinsalusi@ii ofwuausunannuiy

Tud1udatd e laeldaiunlnsidines waztw UUSEANS AINN1TVIIIUVDITLUY
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Gaffdhuvszneu Tiun wdosdu wiumu awnlnsiives uasiid Tngldnsmasouuuisauii
MsMBUALBY (RSM) FBUHUNTNAREILUY Box-Behnken dmdumaasiiunsiivanyan
flanvosszuudl fudiniinistannsalinanisueanuduiriuudondfanuudug
Tusziuiidotiold windunuinedesilefenaninadeutaguaznsldodanududou
wons AuvaniidutedriadinuldainnisAnuludagiu luudyuvesszuveuurianislud
WU Luthra, Shafiekhani, Stephens, Sadaka, and Atungulu (2019) laUsziliuusednsnn
i ¥nlfasdmiunnadvguvgduasanuiuresinlunssuiunisouuiadaseinia
a18luds (On-farm in-bin drying process) ﬁ’a'gﬂﬁ' 212 dadenandauudugiga
Tassenuaanduius () serinsauduiinnaialdsuauduiesgiy Saudu 0.989
wardlan R? Wiy 0.979 Bniladsfndsdieuasiantngesnue Saiusglesidmiunis
n3avaevguniuazauduresi melufaduseisn Tuvaed Joaquin, Ramos, and
Martinez (2019) slsWamiaiaanududnuagdnlnaedaanuquuuldaudiduius iy
Anutuisdaiy KUt 2.13 Sdsiamnudiiusvesdeyarsluios fiRnsuas maauiud
R? Uszana 0.94 lneflmnunanniad euiadeainnisinegil 0.24% (Mean eror) dmsunis
yedeuNIPALINIS 1ndosleddniuaTesfiomadondunuidmiuinauduiiugen

Teoganiuguazsings damnzuinisiannudusyivlugs

PROBE —

HANDLE —
\

POWER —._\
SWITCH

~— SELECTOR SWITCH

v A

SUT 2.13 in3esilotamnudusayfivlugs Joaquin, Ramos, and Martinez, 2019)

o 4

24 pusutfvesenmaty

2N Lﬂumaqmam‘ﬁaLﬁmagﬂuamumﬁ”a flasduszneunevanletuasufanans
siiavzUuiiu Insarniauiaaziduonmailiiledfudiudssneu aviueinirsausiam
filovlussiuseneu SeSenldsnTenidein enney Fsoniatuiiinusuiusgsn

AOAILTINLAZNIZUIUNITAN 9| NNINYIAIENT LABLANIZATEUIUNITOULIIT LED1n1ATY
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= a

Wusnanslunisanmnuduvesian 3eiianusndudmsugnauladneieinuniseaumiig

9 Y

(%
o 4 =

aniresinanudilannautfisng 4 vesonetusiielui
241 anudulevasin (Vapor pressure)
lovhiiflegluonimsUssngAduduuia Tafanudu Fonianudule
figamqivis 9 Wenruduletheylugnaugatuaniugreanafigumgiila 4 A
u qmﬁm’%amﬁ auiuleduda (Saturation vapor pressure) 4938 udasldii arinun
Aaautvnse1niadundedrunmAiaududuivsveseinie Tngauduledudn

Tutegaumgil 0 - 200°C Amnalldanaunisi 2.5 (ASHRAE, 2009)

5 db

C 2 3
InP = T—l +C, +CT +CT, +CT +CInT, (2.5)

db

el P, Ao mwusuleduds (Pa)
Te  AD gaumginsziizuss (K)
G fa -5.8002206 E+03
G A9 1.3914993 E+00
Cs Ao -4.8640239 E-02
Cq A 4.1764768 E-05
Cs Ao -1.4452093 E-08
Cs Ao 6.5459673 E+00

2.4.2 ununnlelasiunsn (Psychometric Chart)
ununwlelasiundnduununmiliansseasidoaguandAvoseiniena
fian1zeng 9 %qqn%’mﬁﬁummmwmamu W ASHRAE, Carrier Wufu wuunnil
Joaanlflusdivena Wesndauautfionnaiddysiveglunaunin faguil 2.14
JuiliAnanuazmnuninsinsgisruuinniy
Aaaut@eng q wardarnsathuildlunismsnsdiuanuduvesi
flornimeuntisldsuarnnsmiaudusenanntaneuuiadisenadeu dudunseuiums
angamniuasifiuanuiulvidueinia uwuninlslasuainizuansanuantivesen

favdasa Uil
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fogms,  ASHRAE PSYCHROMETRIC CHART NO.1 T AR T U A T T ”
‘ o NORMAL TEMFERATURE SEALEVEL iy o P 2 N 1 T
BARDMETAIC FRESSURE 101325 Ps E 3 ‘ﬂ' i | = -
GOmYRIGHT 1932 2y e | fﬁLA e P S
ANERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR. CONDITIONING ENGINEERE, INC. e 1I_= t ¥ - = R
A = )(‘ = o Y P
an - -
s
\% ’ \}<— 24,
.Bv. ~ [ -
LT SN N P
! i .
i =1
L = SN P
=T 1%
i
I
|

e

1
Sape

i
FUMIHTY RATIO w, g /bitan
z o

=]

S

0 Ny Fr 'sﬁ"gg r-“n 1 \ri%
~ .‘ ol - = ==

- .sraa—ml .‘g i ) et
N iﬁ e rﬂ-ral S i _—E
=M

DRY-BULE TEMFERATURE, 'C

U 2.14 usunlelasiunin (ASHRAE, 2009)

2.4.3 aumalinsziunzudis (Dry bulb temperature, Tqp)
nsziganudnevesguin 2.15 LLammﬁmmmﬁﬂisLUmLﬁqgﬁqLﬁuammﬁ

‘ZJ’EN’EJ']ﬂ']ﬂ‘VI@']u‘lﬁgﬂﬂﬁﬁﬁx‘i%’]ﬂm@ﬂuﬂLﬁ@iﬂiuL‘U’]”LL‘VN‘VI’JlU n137 mmammnmium%um

msinlugaiidoiniadigmazmin i eandvsnaainnisunisdiionaneliiintefianatn

NNsIala

JUN 2.15 mydngaumaiinszizwiaaznseiUwilen
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2.4.4 qmwgﬁnsmﬂﬂzlﬂan (Wet bulb temperature, T,,)
Jugamgindaldanmesludives lnenszziagniudieddaniiannugu
IS a U « A v ~ ' (Y
wazdonieliBuduadouniny (NselU1waMUYLBITUN 2.15) IMNANUUANANTDIAILGY
WiaenI1ANAuYeIeInIa Juibinnddssmeldennia dmalianudunazaamaiives
Wanad Wehssmeludieniesess aweinieldainsasuiiladn (eniadusa) o gauuy
gaunniivaa1asviniugunnivese1n1AdNs Fagungll a 9Afanal 158N aunqd

Asznzen

3 v

2.4.5 auunianu1A1e (Dew-Point Temperature, Tgp)
< a & A o Y (Z v [ ]
Wugamngiiveteniaduiignilidudias aeldeulvvesdnsidiu
& = [ a [ A H a a ! [
ANHTUAIN  ANFuUTIEINIAR Iagduaanlouilueimasuianisauidunatgidy
weAl1 ASHRAE (2009) laszufsdeulalunismsmuinaigumgfigaunAn (Ty) Ineuuadu
2 nyel lauA N3l AUIA199E 581719 0 - 93°C (LARIAIENNIS 2.6) Wag NTENYAUIANS

9EANIN 0°C (WaneRsaunIIn 2.7)

_ 2 3 0.1984
T, =C +coa+co’ +c o+, (P) (2.6)
T, =6.09 +12.6080L +0.4959Q° (2.7)
Teil Ty o guumgligniinds (O
a Ao ln P,
C, Ao 6.54

Ce A 14.526
Co Ao 0.7389
C,,  fB 0.09486
C,, A 0.4569

2.4.6 ANMNIUSUNWNSVDID1NA (Relative Humidity, RH)
WJudwnsrdiuvesmnaleunlueinidneuiaveslouduiniennusuleun
Tuoniadeauule1veseINFRNfNRamIiAeINY @ausaMUINAIANNTUENTNS A

ANEANNST 2.8 (ASHRAE, 2009)
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RH o Avwduduing (%)

m,  fe walethiiflegluainia (ke)
m,.  #o wnalethdush (kg)

P, Ao awsuradleth (Pa)

P. A9 Anusuleu1duda (Pa)

2.4.7 9n5189UAUTY (humidity ratio, M)

< o ! % aa I 1 14
Lﬂuammwaqmalamwmaqiummﬂmamammmma 1 kg aU YULUN

USinmsiifiansan wanaduanudusiusssaunisi 2.9 (ASHRAE, 2009)

Taen

m PV/RT P /R P P
= == (,621945— = 0.621945———  (2.9)
m, PV/RT P /R, P P — R

da da atm v

m=

0) Ao SnsEIuAILTY (kguapor/ KSdryair)
m, e walethiifleglueinia (ke)

Mg AD UIADINTFLLIAS (kg)

T Ao gauuil (K)

P, Ao awsuredleth (Pa)

Py  AB AMUAUUDIDINIALA (Pa)

R, fio Aasiivastoth (/kgK)

Ry, Ao AmAsfivesennieuis (J/kg-K)

V o USunsuese1nid (m?)

P.m A ANNALUIIEINE (Pa)

ANNSTUAIAIINA UUSTEIN1ALaen AtUTeuldn199 199 9A21UAU

d' LY 5 = &, o & LY = £ a LY 5
NILAVUMLLA FalALTUUE 101.325 Pa leiuﬂ’J’lﬂJﬂuUii?ﬂﬂ’]ﬂVlﬂﬂ?ﬂﬁjx‘i@’]ﬂ@\‘iﬂ’]ﬂi%ﬂUuﬂVWLa

anansaruInleanaunisi 2.10 (ASHRAE, 2009)

52559

P =101.325(1—0.00002255777 ) (2.10)

atl
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gl Z Ao ANNENTIgnedLlagseAutmela (m)

2.4.8 aumadl (Enthalpy, H)

Huenitysddeseiundnuvesmadina Quiidaeainia) lumeuvemdssuy
meluvedlmaiundsudosnnniswasunlamesnnudunazusuing (PY) vasvaslua
Feaun1s 2.11 winthaeuniadatnaunis 2.11 uasizirenulsuia 1519:15809
UNIaTTINIE Faaun1si 2.12 (Cengel and Boles, 2007) & an15uaanaunialves

DINARIILAL DINIFTUALNTOAUINLAIINANNNTA 2.13 (Stoecker and Jones, 1984)

H=U4+PV (2.11)
h=u+pv (2.12)
h=cT+mh_ (2.13)

Wefi Hh e wuniad U wde Jke)
Uu feo waseunelu U 3o J/ke)
PV, pv A WenveUtiesnnsiva U vie J/kg)
T Ao gunndl (K)

9 AMNTBUIUNILVRIBINANAIUAUAIN (J/kg-K)

0O
o
o))}

P

[ [

he A0 WasUIuNzesloududl (U/ke-K)

=< % U s

ASHRAE (2009) 52UDIAMUANNUSAINSUNITAIUIUANBUNIAUVDIBINA

3

SonsumgaumniiuasSnainauTuredeInia o vty wansdisaunsi 2.14
h=1.006T, +®(2501+1805T, ) (2.14)

2.4.9 U333 WILu0991718 (Specific Volume, v)

Wudns1d1uv99US UIMT01N1AR LA VDIDINAIUTUE L U TagaInIA

'
o =

a1 9N1AiUSIRIINNItes (1aenARevleUTUIATUIN 9INANAUL)

pd)}

wilnandilunisvenefnugumaiinanuiuai nanme luaneanuduaIviineINa
Y
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Tumsnduiunineinialigaumn g ueIn1Alzve1eiiaanyi uTIInsINIEYe381n A
WNTU (17801N1AANUIBUTNINTANAT BINANET) UTUIRNTTUNILVDI8INIAAINITD
AwIndleanaunIsh 2.15 (ASHRAE, 2009)

287.042T,
= (2.15)
Patm - P\/
Tefi v Ao UTUIns3WIz8981n1A (Mm/ke)

2.5 aszurumsanguvainasinuauduliiueine

Paddy Grain

A 4
v

JUT 2.16 nsrUIUNTANgMYILALINLANTULIDINA

v
v

A UANwwazTLIEM T TnwazUselivpdue I Udonluseninenss uiunis
auwisd1uUdenasansou Audedndudewianudilasenssuiunisangumngl
N & Xy = 9 ! & S a &£ = 1%
wagiiuAMuIuliiueInie Wesannssuiunsasnarndunalniiatuluniosouuis
i y
wuumvzauildnaaeuluasiil
a v v = 9 a' A 1% « o o
HTUINTLUIUNTBULITTIUTONGIFUTN 2.16 1H081N AR ULLARBUAIHIULLER
P1udenaingad 1 lUdgad 2 szezusnvesnszuiunseuwisdnduszdaddinnuiouun
R RUAAT1 (ANTW) FemuFeufienniaatelouluduifina nfeausoududs
(Sensible heat) 7 lviunulun1siiugaumdlvgedu Weogamgivesingalu dewalv
AudulavashunTuaunseninuiulevesligninuiuleveseInie il ves
6 o 1

wantszwmeeanldle Amnueunlininlunissewied 1Sun11 anusaunrs (Latent heat)

Tuvaideriuennimeuwiinvslionmgiianasainanuiounaydeliuin Wunaligamgl

Y Y
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Y9901 ANSIEUTWERN (T,) dedninneusiudden (T) e T, < T, uonani
pIARlESU (FuAnuduandden) sslidnsdiunuduiingy deanunsodoud
‘U?Nﬂi%U%UﬂﬁUﬂLLNUQﬁI"dIﬂiLuﬁl?ﬂlﬁjﬁﬁzﬂ‘ﬁl 217 gl ANV LA UNTLUIUNS
flmmiu (Slope) ithlumusnsdmuveseudouduiia (Sensible heat) Mdifingumngi

vosrenuTousIulddmiunseuiun1seulis (Total heat) uanagagy 2.17

ASHRAE PSYCHROMETRIC CHART NO. 3 ASHRAE s £
HIGH TEMPERATURE 10°C to 120°C  SEA LEVEL e ~50
BAROMETRIC PRESSURE 101,325 kPa ~20

IGHT P>

SRR AR SENSIBLE HEAT _4H .4 375

TOTAL HEAT - 4H 3“0
‘o

w
| 90
) TNTT NI WEN w\\ N T 7v;1 ‘\{‘ ,wa.l_ ﬁﬁ\\)&y\
50, z S\ o e ! g -\ l K‘ %y
26 N L INgsd A I L S X
SN R RSN
\ 1 s, \ X \ \ L Y{ P
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j M) LN~ | . e L 3]} 40
29 7:\\ (TS \ N N ‘j—f ~\‘Jf, i ;_N'“ X
i\ \ NE l {1 1\ 15 4{,_;, ™
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22, | " ~0\| L\ CERV.NENEEN ~J AN .
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> \N | NEEN \! =& 3
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A <l
g —‘\aﬂo i%
N
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g
S e
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ER -
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ERNY E o
. \?aa z s
= . e
s E
HUNN E_om
TR =
o018
S %0 E ow
JA NSRS
i ~ %
< 2;\’80 ;S
o B S \ }‘ L > - :
2 20, y 5 - \o\c / = i o
iy ~ AT ¥ %A, Y b \‘1. S “N10
A% ' 2 Sl ] B "
2 pa \ P 4 1\ |
o% elS ~ &) <INY (L:v\» 3 - N
T N A T R R
\ el |
iz s i il ol bt S I G el TR T R

DRY BULB TEMPERATURE °C

sUN 2.17 idunszuiunseuwiidnienmeauiou
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2.6 MIAATIZBIAUIZNBURAN

Mackiewicz and Ratajczak (1993) N@1849A3a%u18984N153LATIENBIAUTENBY
wan (Principal Component Analysis, PCA) 71t un1sanvuinaulsnioandfivos
Yoyadunaiifmun 91nn15a519yARuU5Y8IHATINTUEUATY (Linear Combination)
vosiawUsiiauladne sqmé'hLLUimd’]ﬂi‘%sﬂdwaﬁijisﬂawﬁﬂ (Principal Component, PC)
Tuvausii Groth, Hartmann, Klie, and Selbig (2013) way a@18%4 duanysaines (2559)
spyin Malnseviesdusznoundnifuiiesilonnsgilunisiiessideyanatofius

aa v 14 <

ieandnuiuiiideyadiedniulsagnadietunilvg FeenmsaiususananuuUsus

v o [

vogaiwlsiulilauinian anulaamureisnmstidunsdngnldnudmsunisinsesi

Y

&

Yoyaograunsvargluamuimedinumaniuaginermans usanvn dafnaswuiiumade
PCA dgnlddmsuaiatiads (Factor Extraction) luduneuvesisiiasiziiiade (Factor
Analysis, FA) WileTngUszasafiunndnaiusenly e1fiiu nsandiuiudnusainnisadig
faustmifidu Factor score Fsanmsohiatemardlulddmivinsginisadadeluls
inltamsunn ey Multicollinearity sgningdandsdaszla wioldlunisAnuilassasng
AMUFNRUSYOIR LU Anwn naonduNITes UIBdsAumIIeY BetaTuusazngy
fidanuduius fugs 9 9ol Usslerdludunisinsuauauuisesaldidueged
(e MivdUayan, 2554)

Tnglunmsiinsgsiesdusznoundn (PCA) sinagamuaiius PCiJufudsinl
LNUNATILT LF U ILUTIAN deaunisd 2.16 vueT auduiuddauusiay x
fusshusznaundn PC, Gauls x, gnuiudeyalviegluguuuuinsgiu (Standardized) veq
f1 Z-Score (2) dmsunsanalaglusunsa 1BV SPSS Statistics sUuuuas@iusiidu
masmLSTNLﬁmmaaﬁﬂssﬂawé’ﬂgﬂmeﬁaaumi'ﬁ 2.17 (fapn 1nAud Uy, 2554)

dMSUN1TTIAT IV NAIINTUTLATY IBM SPSS Statistics @1115aWa15041A7 W,
Taa1nm1919 Component Score Coefficient Matrix kag L 1019015 LA INAITT
Component Matrix wona1nii A1 Eigen value (A) ﬁﬂa%ﬁqmmﬁﬁﬁg%qsﬁa%aﬁmﬁﬂizﬂau
OR 9 aunsaesuigldantminesdUsyney (W;) @1115071LANNAUINAIG A8
103 W, ndaluasdusznautiu (gns lneassal, 2563)

PClz W“X1+ W12X2+ W13X3+ ot W Xp

1p

PC=WX+WX+WX+..+WX
2 21" 1 22" "2 23" '3 2" p

~ (2.16)

PC=WX+WX+WX+..+WX
P pl 1 p2 2 p3 3

pp P —
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le L“PC1+ L12PC2+ LBPC3+ e LlpPCp

Z =L PC+L PC+LPC+..+L_PC
2 21 1 22 2 23 3 2p p
— (2.17)

Z=LPC+L PC+L PC+..+L PC
p pl 1 p2 2 p3 3 pp p

Tefi PC, o osdUsznoundndl i, = 1, 2, 3,...0)

Wy Ae AndminuseduyssavantndwUsianddun j Feldasne PC wand i
X AB AILUSLANSIAUTN |

Z, X Ao MUY X; ezmaﬂﬂiuiuaaiuiﬂt,wummmu N X~ X, average / SO

L.

i A9 A1 loading YoIFInUTALaTUT j fiu PC wanT |

Sk PR @ EAUNINIFINVDIRIUT X

NASANEUATETIRIULY WU Alkhayrat, Aljnidi, and Aljoumaa (2020) 5% 5&
ANLENIIIAT BINeVDINTIATIZiBIAYsENoUNANA T U dannsdeyagnA1veaui Ty
Insanunpufilegegraumena Inellyaanineiiiadisanisanifivesyadoyalnsauuing
A3 arUseidiun13IANaUVRIRNAMUUARYUI Akar N U LBl B g uA U UALALL O L LA

£

v 6 [ | A ax ) £% wa A &
RAANTNITAINNFUNUAUNTNAUU ‘ﬂ?ﬂ‘g@ﬂ@ﬂua@ﬂLﬂu%ﬂﬂi%ﬂ@Uﬂ’)ﬂﬂm%ﬂJU@ 220 5180159 UU

Y93gnA1$IUIY 100,000 318 uenaNiSaausfiemadiniunsinsnluouandiazuiugu
waztfinUsgansnmlusunsisiasrlusiAsnevanns PCA Tasaiadodrdnuuuimunies
ANSUFMLNIRSRLLITR L UURLINUIIUAFUBY Parhizkar, Rafieipour, and Parhizkar (2021)
finauensUsziliunaz USudgsuuudiansnsmanisaindsuetenasnnuiasdoya
vuelngiiifinnuuususiugesieyasiuaumn lunnsfinsil PCA gnialiduiznisan
Toyauazaiun1susstanadeyaathdmsukuuIasnIsyitueg 5 wuu loun Linear
regression, Support vector regression (SVR), Regression tree, Random forest W& ¢
K-nearest neighbor (KNN) algorithm nan1534's wui1 3§ PCAddngaing sd1miy
nsanstuuteyauarandunaudiiunisldededivsddy Bnstaunsadulselond
TunsnsiadeudsyansamesulatdelUla

uananil PCA duduifoudnsudanistoyaanaiuainmaia Visible/Near
Infrared spectroscopy (VIS/NIRs) 210n15NUN3U1UTT87 N 1uuInuin Abu-Khalaf and

Hmidat (2020) WalunwnadAn1sAsIaauLuuluyinats (Non-Destructive Testing, NDT)

EN

Wauszilununmuesdduuznan (Olive oil) kNUN1IATIABDUAILITNIUATILATIEN

wuuAnAngldiataniunisenuunasianldinegs teyaaansuiilaainiaiesiiofn
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anIAsenlag PCA nouiazUssiliume Partial least square (PLS) Nan1s@nw1tnyui1 PCA

au1sadwunnauaun e unznenlddu 4 nqu wag VIS/NR a1u1savinune

o = a

AanudunsauazanUaseanladliogrsuiug FallussavsanlunisuenuezanuLaneg
aunanmvesnduuznenlidueged Jedifianiafeniuiuideves Esquerre et al.
(2020) Waldwadiaieifuildmsuhuemaiivwesaunnveansnneduniiunisuidauas
lagld PCA 1Jwies osllod1sianisnszanedivesteyalunisiesziniaaiiananasy
FearPIganyatetanaail nIosdyguTUNILLATanANg FounUlATIATIIANUKUTUTIY
1 ¥ a ! A a ¥ o (% LS a 1 = gl’
Jveoyaiy feunvzdssiiugig PLS dmsunmanisalnuninveansnlveduy nsAnuiil

Y @ = (J = o £ a = o Y =
wansliiuiawuudnansgegniauislginaila PCA-PLS Na1u15aviunefinsusdnmunim
vaansningduldegraiused@ninn lneszuuionaduselevisenisnsiainwazaiuny
Aaunluaen1sHEnle

a Y v v & a ¢ & U & an o !
INTANATINWTITIAY FLTAUIINTIATITRIRUTENoUMENTUITNSNTYALALLAE

Iasvanuisudmiunisandiuudwlsiuniieginuiuuinas dngnldlunsiesevdeya

Y Y

| aday °

veludiuvesuvaateyavunlveg Nddveyadnuiuumiena (Big data) wasdeyaalaniuain

Y

[
[

wiosdedn lnedudsyaluifignasnetu (PC) gninludududsiudmiunisimseiaae
aa aa A | Y o v w ¢ a 1% a v o
Aneadalugvuvuiuanaeduludidudaly Usglevdnnulaanauiddeqsiuun

1< o a

LUUEULUEUN

e

alun1sd13Snstanldusudsamiaiudszdnsamnisvinuenatoys

dmsuirdosiieoTnld
2.7 MTIATIINITANNDY

MTIATIERN50N008 (Regression analysis) LUUNSANYIANLEIRUSTEWINFIUUS
Fausenevluaie fauusdasensedulssasy (Independent variable, X) AU LUT
povAUDIVIafIUUTA (Dependent variable, ) TneiiinquszasAiiionanisaldvoss
wUsmuaIniuwUsdasy Uselnes avimd s ogsen way wadwiu widedlnyad (2551) diaue
JULUUNITIATIEINITANARITLAUINNTHITANTIWIUAILUTB ATz ua MWl TN UAUDY
Fauvalonu 2 dnwauy fevdedl 2.7.1 uay 2.7.2

2.7.1  M5ATIERNNsanaaeLladuag19918 (Simple Linear Regression, SLR)

mMIIrsginaneeuduegsiadunisAinwguiuuauduiussening

AanUsdase 1 dIfuAIuUIRoUANRY 1 A7 dnuueYaIAudunusenanInuale
Fsaunnsil 2.18 gUuuuAmANTuSAsna1ngaduundy 2 dau Ao drufanansaesungld
(0 Wazauiliansnsaasuiele (e) werrfanan (Residual, Error) dmsunisuszana

ANFLUSIUALN15ANB8DE1998D1AEATNNSUSEUNUAELUSE ANS NV IANATINAIA 98D 90D
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AIRANETR (Sum Square Error, SSE) dA197ign viann1silisend I5masaestiesiign (Least
Square Method) 11nfiasanaun1si 2.19 awiiuladn nasiumasdevaAmanaIntueg
a a v v & A = & a o o A v
susuvaunsiesugle (ny,) daduguuuvaunisid Jadudsddgyigalunisassauns
une d1msunisuszununidiwdsiysngegluaunisannesianunsaaiuinle

NAUNISN 2.20 - 2.21 (UselneS avimd u agsen uag wedvliu ndeslnyad, 2551)

y R ——> ANRAIVBIAIABUAUBININGZUY (Lyy)
aulsoasz 30

= e
> ﬁgﬂﬂﬂﬁualil l— AIHANDIAVDITZUY (e)

L —» ampuausdnaald (v)

JUT 2.18 M3AnT1in1sanneeidaduegedty

(FinwUasan: Usslnes avied o agsen wag wedviiu wideslwyad, 2551)

Y=, +e =B, +PX+e (2.18)

n n

Min SSE = Min e’ =Min D (v, —v,) (2.19)

B1 = = (2.20)

B,=v-Bx (2.21)

lagfl P Ad ANAITIVTRAAALAL Y VBIEUNITOANDY

B,  Ae AduUszAvenTdnUsdunarEe A NtueInNIINAUENNUS

'
| al

Hyy Ao Aladevesiuusany Y fesuielalagmudsau X

b

A L% a o d‘ .
X; AD FILUTDATEAINUN |
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X Ao ALRALYRIRILUIEsENSIUTILA
Vi A FILUIAIUAINUT |

_ a ' a Y a v
y Ao ALALUBIRILUIAUNTIUTILLA

2.7.2  msiaTinsannaedaduny (Multiple Linear Regression, MLR)

Awlsoasen 1 (X))

Faunlsaszi 2 (x) —— AURABUVDIANDUAUDINNTZUY ([Ly )
> = .
szuunaule — AHANAIAVDITEZV (€)
w ’ a = -’ ' = w )
muﬂ’sam:ﬂp(;\p) L Aaeuauaaniald (Y)

5UN 2.19 N15ATIINT0RnLIBLEUNY

(FinuUasan: Uselned gvied o agsen wae wadwiy widaslwyat, 2551)

n133AsIinsonneedudunidunisfnwgueuuaudunug sening
AaUsdaszdIuiunInndn 183 (k> 1) Ausulsnovauss 1 A7 anvusveInuduRus
ot mualdRaunsT 2.22 Wefiasgimuuuannisieisiaaesesiian ieviili
mﬁmwamﬁ'}é’qaadﬁmﬁaaﬁqm 2zlA31 Min SSE = Min Se? = Min &' ¢ ELUUN?]%JJQEEV]@MN
anadnauidladnsruuivinisAnwasdfuusidies k Jadsfidmasefuusmovaues
(k < p) Aswani o ldiAnaueaaedeulunmsuszanaaauduiusle deduiladdu
Auduiusvestanlsiuiiansasduioadouldfiaunts i 2.23 dewmniafanan
luaunisanneedudunnivialaanuatensa (Usslnas avied o ogsen uas wadwiy

widedlnyad, 2551)

Y = l"thl,x2 ...... Xp+e = BO+B1X1+B2X2+"’+Bpo+e (222)
Y= (X X, X ) Fh(X X, X ) e (2.23)
Tnedt P, fie ArAsTivasaunis

B., B., B, Ao AduUsEAVSYeIANNTT



HY/X]_,XZ ...... Xp

X A9 fuUTDasY

Y A9 AILUIAY

n B YUIAVDINGUAIDEN

P fio SwauasinarduUseansluaunisanass
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Ao AREveIRILUIINY Y NoSunelalagfudsau Xy, Xo,...., X,

N385 19aun15an0 0T duNy (MLR model) @111503LA5199ilataely

Matrix tWarvuali Y way X Wulusuaunisi 2.24 uag 2.25 aaurasilazadudseans

YR9FUNTTAUNITONTULORIEUNITT 2.29

Y1
Yz
Yn><l = Y3
_Yn_
I X11
XlZ
an(k+l) = o
1 X,
_Bo_
P,
B(k+l)><1 = BZ
B

21

X

22

23

V ¢~

2n

anunsalisugUuuuaunsunalaiu

X'Y = X'X'B

k1

X

k2

k3

. X

kn _|

(2.24)

(2.25)

(2.26)

(2.27)
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I ZY | n le sz Zxk __Bo_
leY le lez inxz lexk Bl
DXY = DX, DXX, DX XX B, (2.28)

_ZXKY_ _Zxk lexk zxzxk ZXE __Bk_

Aty FudsvadaunIsanneaidaduny wlaainaunisi 2.29
B = (XX)'XY (2.29)

Tunisa¥rsaunisanneoidadunuuny e1afluensal i fnusduuiad
FadAnuduiusiuLee (Collinearity or Multicollinearity) 3aillAlUNINATIAULIY DIANY
nydlfivimsfinnsannisadaunsonaesidaduegiaine wuin fMusFuiudnusam
Lifierwduiustuas wiilsidudsdumaduiniieseginmsnosnesiuuny wazvadou
Marginal t-test wuhulsdasymaniannsoosuienisiasuulasesiiulsnevauadls
nedid dadunisiaduiuniedasiuesuisnisiud suvaswesdauda ¥ fuies fady
lunisaiaunisanneedadusuuny faeseidiulngdudenldisnsindveya
fumnsinafueenly faznanliluide 2.7.3

2.7.3  FBmsihdawdsdigaumsamiunisinsginisanney
nsddIwUsIgaunsdmsunisiasisviannesidey nainnaiels
s Inenssal (2563) tiaueisnsiuddudndu 4 38 dd

a %

1. 35 Enter \unsindaudsdasennda (Xs) lgaunisonaaeianum

o w aa

lagEIATIERLIN1TRAIITUNAMYIINA T ATYead@ (Significance, P-value < 0.05)
iieideniudslamsogdnegluanns

2. 3% Backward Elimination 1Ju3Sn1suhdaudsdassidngaunisanaes
Wanun Mnusasnsuls X ffleuddndesiigneanty (arsanann t-test Alaifhiuddny

n19adif) GedauUs X Mmdeandunsunesuniiazgnindigaunisannseluseui 2

o w a

udvhnsiadndsilufidedagnisadfsen (Warswnaan ttest) lngvinisaugwuull

U598 9 aunsziamaslanzannsndulsau X Jdvdfgannnsedeuads T iy

3. 3% Forward Selection 3491NN15@S19AUNISONDDENDUNIZVIINITLAL

=2 Qﬁdldl ¥

Aawdsdasziingaunisiazda gansanana1dedidynisaiandendosn ga

uduusiusiu (P-value aeiign) Mnuuiadiudiuusdassimdnluidngaunisiaednidion

] v J

ndududAgfina1Iu aunsevildanunsaiudiulslasndaven
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aa . . & aday Yo a o o [ | LY
4. 73 Stepwise Regression u3silasuanudisudmiunisAnidensiuys
Wirgaunisonney 1fleeaniBiilunissinganuvesds Forward Selection wag Backward
. . . v VY [ gj I o w a v 1% ad
Elimination 1anlisaeiu Ingtunauwsnazidunisiidminlsdasediaunissieds Forward
Selection MinlunudwUslarunus AN 5w wanadrldddwusladanudunusiu
fuwdsmu nMsansziazeR lunessiudi mnfifudsdaszursimunasidadanid,

v

qun1s sEuvIztndILUsBaseNua Hunel L[Wgaun1Ingoudy a3 anaN T

o w a [

fudsBaseneadian (ttest) mnwuirdudslalifideddamieada dudsdufiasgndnoen
ANAUNT
2.7.4 mMI5UNEARdIUANNLUTUIIUVDIAUIANNIINAIMUTDETY
g5 Lneassal (2563) nanadienisdasizdanaesdndunisimsiei
ievnduUsyansnissnaula (Coefficient of Determination, R?) w%aﬂuﬁif%’ﬂﬁ’u‘[mﬁﬂﬂdﬁ
R Square dmduen R? filda1nnisiesnzss SLR urniived fedndaufifaudsdasy X
41115005 U18N15UE suuUasvesianlsay Y dmsunisTiasied MLR A1 R

Y a

g niend duuszdns nisdadulany (Multiple Coefficient of Determination)
Fefinrumanelufiemaiendu visd mafuimdn R anunsadiuinildannaunisi 230
uennilunsisgvionnes a1 R2 lunquinessindeniliaonadosiuusseing el
i R? fpumnzausnnay ssiinisuduen R2 3uluwel Bendn Adjust R? Ssanansasuanild

AIAUNNST 2.31

L 2 =3)

SS :
R _ total residual — 1_‘:1— (230)

“Neagnn:

n—1
Adjust R® =1—(1—R" )| —— 2.31
jus ( ) —v— (2.31)

laghl Y, Ao muUsauiilaannnisvitung
vy AD ANLRAYRIALUTANUNTIUTINUYINUA N 61
N Y o o a .
Y, AD AILUTAIUAINUN |
n D IIUIUFRIDL

K AD IMUIUMLUTDATY
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UBNINNITNANTUIAINAUFUVBIAUNTNRAUITUIINATIATIZVANA DY

FINNANINILAINDUNT NANTITYINUIERILUITAULNTAINUAAINLARDULAATY NUAI8TYININS

TATITRTINT @99U0IANUAAIALAG UG I@B9LAA Y (Root Mean Square Error, RMSE)

Y9IN1IVIUIENAINANNITAN00Y IaeuUsnungualed e ldnaaeuidu 2 nquldun

nguiildadrsannisaouiiisuninggiu (Root Mean Square Error of Calibration, RMSEC)

warng U limaas AL UG1YoIANNTITIBUNINTEIU (Root Mean Square Error of

Prediction, RMSEP) &sanunsasunalldsaaunisd 2.32

RMSE, RMSEC, RMSEP = % (2.32)
el ¥, fio Muvsauiildannisyiung

Vi fio Faudsauaisud i

n A9 TIUIUAIDEN

RMSE  fle Asinftaesvesannunainindouridsaenads

RMSEC ~ Ae A1 infidesuesnuaainieieuiidsaediadeuaings Calibration set

RMSEP

Ag A1SINNEBIVRIANUAIIALATEUNAIABIRGEYDINGY Validation set
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Tuunifidenanfaninginvensouwnfinvensaiunuide MuasiBunveddan

q

gunsal waztAI o e M lumwIde naonIuTUABUUURIULAZNITIATIEINANITIFEAIY

TUSWNTUYILIATIZUNEDR 18518a2LDUAYRNTAMIUNITIVELERIRIITasa UL

3.1 NSOULUIAAYAINISANLEUIIUIRY
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w,net + mwater,add B md,net

= x 100 (3.3)
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w,target
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w target
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Wanaagui 3.11

gﬂﬁ 3.11 K-Type Thermocouple (MAX6675) Module with Temperature Sensor Probe

3. 1 uwesianud uludusdndiuniu (Resistive soil moisture sensor
module) wanefa3ui 3.12 wazidutwesinaiud uluduyiaiuuseq (Capacitive soil
moisture sensor) kaAwRe3UN 3.13 gniunUszyndldlunisAnwianuduiiussening

Fyayrauliiiduezunasniuaududig seglugi1gungigaweInszuiunisouwia

[y

Tuaidedl

- GND

+VCC

JUN 3.12 WuwesTanudulufuviadumiy



45

JUN 3.13 WuwesTamudulufuriaiuusey

4. Tuga DHT22 (AM2302) lddwsuinaamginazanuuduinguatoinie

[

auislumMsvinideil (U7 3.14)

SUT 3.14 Tuga DHT22 (AM2302)

AU Lgedevesteyavinnisimdudsddydmniunisinisnaaeuas
Aasizinanisvnass esnnduladefivadinuniniazeuuiiediovemanuivy
bvidaulaanunsadmaiaig q sudaranlaainnisieseildldlaegiagnees deiiu

I

{ = o v Ya u = o = v 1o < calg v
newardnsdndumesluldau fidedvinisaeuiisuaugndesusiugrvesduitesily
dmiunisinidedueiesiiotaunnsgiu laun wmesludlila type K uag 1@uwes DHT22
IngdruveatunaukasNanIsas Ui suaukug1veg Unsaigns1eul iluduving

YarIednusatull (nARWIN N)



46

¥ '
= A

WuwesiiunsaeuiisuauwingINTunsunount tgnious aidiu

vasnezglu figufl 3.15 Uszneulume Wuwesinanuiuluiu 2 wia agnihunussyndld

Y Y

LY < & v

TuuITod Wuwes TR A lwarANUT UFUNNSVYDIDINE (DHT22) 2 #7 LAzl ulges

9 Y

dmiuingumgil (K-type Thermocouple) 2 i1 Tudmvedlusunsumuguszuuiuiindeya

A {Iaelanuusgazidenig q Mluaanun v

DHT22 (No.2
Out to 'O Pin D12

Temperature of Paddy

/A
/ DHT22 (No.1)

Out to 'O Pin D11

+VCC to 5V

-GND to GND

JUN 3.15 waunmnsiaeuregunsaliiudeyanisin

Y ¢

3.24 nsannsgunsal

v a a a

SU3N19BLANNIBUNANULATDIDUAILUUNINE AN

Y

gUnsaisuimeBidnnseinddmiuiuunssuulssduamutuiidenuuy
puaTSagnAndantuASese ULz AN R q KUl 3.6 n uae 3.16 {AdElTes
Aseladsinuduneunisiauazdseneu dmsulugunsaifuindumesiaanudvlufuuas
Fuwetingungivesdniuden (K-type Thermocouple) §390 C vaiy?l Wuies DHT22

9 U

gnARFIUTMMATIveseINIANa U AN (AN 1 1130 A) LAZUIIINNINOBNBINIAYDS

9

lalaau (97 2 wse B) @sldvie PVC dwsudnduiduwesaingnd uaz K-type Thermocouple

dniuingamgiveto AN Mo ulieign D muguN 3.6 n uag 3.17



ar

(A) DHT22 (No.2)

(C) Soil moisture sensor

(Resistive, Capacitive) (D) K-type thermocouple

+ K-type thermocouple (inlet air drying)
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gunsalsuimaBidinnseindiu Wunsiwserimgluuuresaunisneinsald el faudseu
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11NN 1 1 GuANGues) wazsdsaiy 1§ (PNuTuTIWaen) asun1sIAsIEn

ﬂ’]'iﬂ@ﬂE]EJL‘UﬂLa‘IJLLU‘UWM (Multiple Linear Regression, MLR) 34¢ ﬂmmi%mmumim

[
4 = A

aunsviunerasndeyanisnnaedluduiud evssdiuUssaviamnsiuisanuiy
Tdenteuartimadadnanluliiesegiteyansindyyraliniuirisseuiaissoy
Wi mgay

fisil wansvnaeeita 75 fegng (MNUUNITVAABIRIGUT 3.18) gniiandn
Sosdaunaruisdeyaeandu 2 nau Tudadi 2:1 dwsuldlunsaswaunsiievaasgu
(Calibration set; 50 samples) LLazisﬁﬁﬂM%’Um@aaUﬂ’amLLaJusi’waaﬁumsLﬁsmmmgm

v

(Validation set; 25 samples) lagdey ml‘vxlﬂmlﬁummummLm%ﬂumuﬁtﬁ Judaantd

Fyaalugaeiuia 10 - 60 Lﬁ'awmLﬂuﬁu"mL’Jmﬁ'é’ﬁgapmammii’@ﬂ'au%ﬂmﬁ
LLasLﬁaIﬁ%a;daﬁﬁﬂmummLﬂanaﬁiamﬁmﬁzﬁma
3.3.4 nﬂiﬁﬂms“ﬁ'ayjaLﬁaLﬂ"uﬂszaw%n'lwn'lsvi"m'laﬂ'u'm%yu‘*ﬁ'nLﬂﬁan%aﬂ
AUNTANNDEULTUETULUUNA

OIEIQJQOJ ¥

HAIINNITIATIEVVLaAI8IT MLR (1nde 3.3.3) inlidenutesey

[ [y 1

v9935¢anan dadunaunandeyanismaassfitaundnwimiuduiusiegsimouuin
Toyarananonaiinisnszdanszanglunaneia denalidrduuszans nsdndulaidadou
(Coefficient of Multiple Determination, R?) ﬁﬁﬁﬁiﬂmu’mﬁ'ﬂﬁ?w%Lsﬁumiai“uﬁﬂLﬁ“u‘dizﬁ;

a =

wmflmmmmaauaqmﬂmsmmamamaL%um}a 319 2 wile Welfisuinuidudu

[
v @

anmaeadla
fikuan FsnanisUssdiudssavsnmeesaumsvianududaeisnnsd §34s ldesunsly
Tuide 4.1.3

INNNTNUNIUITIUNTINA WU U1 N1FTIATIEYD9AUTENOUNAN
(Principal Component Analysis, PCA) luASmsdsgnlidmivanifivestoyalivdetesas
wanzunnsdanisteyaneutnluiinsgidaedunoudy 9 Aunndreiuluddudaly
Uslovdograiulddaiauninisnedvi it dedruaund shisnnsdana 1w
THmseiteya (waziBengnnandbiluiite 2.6)

Yad a [ (3

dmsunisfinwmanudululilunisyssendldizdmseiosdusenaundn

(PCA) TunN15INUUSLANT A NNV IUIENEAIN MLR wagiiaduduinisn1s3wmsiey PCA

anunsnuldluinednusetuild §ifeToinsiened PCA Augadeyamanaasufu
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A2elUsUNIN IBM SPSS Statistics 91U U09AUTENOUNANNITATIVTINAMNUUTUTIUVD S

Toyaiulaasigaisensule (asindn 90%) gnlddmiunisiiasiest MLR luddudaly

HAN15YIUIEANNTNTIURENIINWATIARINE1IgNIUS B UL URUNAN S UIEALTUT T

(%
6 v v

NNITIATIERETURRY 3.3.3 Waguuilduveitnisiunisihluldimsevideyanely

I
Y

el wanveaeugnnanabiluiite 4.1.4

3.4 nseuwiidnidendqeiniaseuuisuunmzay

13 pspuu I mzauduuuUlASunsUS U Iuas AadsgUunsainisTndagasag
JuiiFeutos auriate 3.2.4 Hravdenmevdnszuiumsdauendaiovu (ide 3.2.1.1)
gnianwsue I udmiunmeaunseusslaefnunaududwaned 26%w.b.
(sadie 3.2.1.3) ludmvestunounismeassuasduiinua FAdeldimunitoulvmunuaz
Fndiunsdiail

1. ON Main Circuit Braker udaimunnmiisouvesinay (Fuindousiniadild
o) wazuelne$ (Furdsiuindsuangddssinuden) Tasi Tneismsfmunanud
vuBesimasilu 55 Hz uaz 30 Hz aua1siy

2. Mmung g fveie1nIei 1T o s uganIUAug MY (Temperature
controller) §nimesazviinsg uenalid gumgfinudininvualy Ae 70°C uaz 80°C

muoulaveinsnaasy

5UN 3.21 mstadndfend msunisnaaes
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o

3. 41denAMUTY 26%w.b. gnlUTeAIgUT 3.21 tedanauws Tnes3de
o ¥ A a v o [ < a 1Y
MuuninavesiUdensusudmiunaaeuluy 20 Alansy

4. dadanisviuvesdnmesuazinay luvaeiasdiu §33elaaiun13ussn
rnUden 20 Alandu lUdsdaiudivesaiesauwiy aunseivaumgiivesainia

v Yy g a o §Y o o ay v o o v a
3] f\lﬂ‘VI'NLGU'TViEJacULLV@LU‘UI‘UGHM% AU NaLm@iWUﬂ’]aQWI%ﬂUaﬂzaﬁlLaE’NGU']?LTJa@ﬂ

' '
YA v a VY o D% =

LU FERFBEUAUIURaIMseUWRITMIsINIUGRNI U BB LAY

Y

< Y 1 v

5. duiUieg19tIUERNIHUNNTOULINLIATIIMANNTY (Muiidel 3.2.1.2)
a1 [ <@ fov vV a a a ¢ v . 1 v

NN 9 10 W FuAUNIsiAuNaveIgUnsalSusneBidnnselindeie Arduino H1uMtnae
Serial monitor ¥84lUswnsu Arduino IDE tieldidudeyalun1siinsierinad saznanafs
luiidedaly szeziandniduniseunis 650 wil (@wsudeuluniseuunisil 70°C) waz
600 W9l (FwsuReuluniseuwied 80°C) Nellluwsiazanmgliounianl 70°C wag 80°C §3de
adunisneasiuasiiudeyaidudiuan 3 n1sveaesne 1 gaunglioniAo UL id
Judeulwnageu

[

AN5199 3.1 LUUINABILDUNSARAINSUNITIATIZI

YauuuIans sUuuusaunIg
NeWtOﬂ w,time < w,equilibrium
MR = : e = exp (-k.t)
w,initial ¥ w,equilibrium
Page Mvv ime w,equilibrium n
MR = — - = exp (-kt)
Mvv,imtial [ w,equilibrium
Henderson and Pebis TV SV, equitirium
MR = = a.exp (-k.t)
Mw,initial [ w,equilibrium
Logarithmic Mw ime w,equilibrium
MR = - e =a.exp (-kt) + c
Mw,iniﬂal - w,equilibrium
TWO term Mw,time - w,equilibrium
MR = = a.exp (-k .t) + b.exp (-k,.1)
Mw,imtiaL - w,equilibrium
Mldlul et'al‘ Mvv,time - w,equilibrium n
MR = =a.exp (-kt )+ bt
Mw,imﬁat h w,equilibrium
Wang and Slﬂgh MW ime Mwe uilibrium
MR = —= LT S ltat+bt’

w,initial - w,equilibrium

0 quuns U wae gidde drmsdud (2554)
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LUUIADIN AN AIEATENTUTINUNEE NI INTUAsURUaIANUTUYBIT WA BN LY

[
v =

nIzUINNITOUNIdmMTUNIUITElg N uaIn AsiUTeugudeyan1smaae iy

Y

aa v

EULLuuauﬂﬂiﬁuLLuw%amﬁwmwma (Empirical equation) EULLUUG}'N oy (M55 3.1)
Tage I9laniuasuuuuaaes (Validation of Model) A3en15150 A0S N19ad i Ao
AduUszans nsiadula (Coefficient of Determination, R?) LazA5INT @09789AI1Y
AasLAdeufdedesade (Root Mean Square Error, RMSE) wiaUszifiuanuaenndasves

aa o a

wuudnaesiilaiutayanisnaass viadiwlsvesuuuinaeseuiisAagninsisilaeileidu

Nonlinear waalUsknsy IBM SPSS Statistics @ 95188zt 8ma1ns un15ts91uluswnsug e

Beseidsnangnuuuliludieveineninusil (nanuIn 1)

3.5  AISWRAIUII5NI152AasUseiuA21u% YT 128U A anA1uEI 81959910

< 5% & a a v a <

Lsnutszjai'uﬂﬂ’nmju’[,ummuﬂmumuuaz‘zjumn‘uﬂ'ixq
Tuillavndauil 3.3 Jidenaninsneassiefnwinwimaazmaudullls
dwsunisuszendldiduwesinauaulufums 2 slauilddmsunisuszsfivmnuudialy
n3zUIUNITOULIS lneidanuinnalanisiasigiesdusenoundn (PCA) iumeailn
nianudrdguazlaaulunisiiundiasigiteyaneunaziideyainnisinduliaii
o L = Y ad = oA A v U Yaw Yo
aunN13YIUNeANNUTNILURENAETE MLR waztileanuieievesdeyansin §3dulai
< & v At ! = a S o a [ < £4 [ ~ o v v
Wulre i Tngungidwunisaeuisuluiandsusnadanudifegui 3.17 dwmsuin
gaumgiivesindenvuziioonanvesuwis lunismaaeideinisiurdy gl
< R - = | \ Yo a g v $ s ad =
PNGULeTII 2 3lia 0 10 WM Ingudazdaalnaidunisiiutoyarausiuiin 1 aud

o o £

Ui 120 Mslwsgviteyadmivassaunsvinneaududiailientaninnisiiteya

Y

[

dyaailnihwendugesusazidnsesatly IBM SPSS Statistics Fslunmsdnvh 3981984

AR}

A3N15IUNNTIATIERUULAEINUTUABUTNLAINASANYITUAY (KU 3.3) nelunaila PCA

¥ ¥

unldanfidvesdoyaudini PC lusifildundinsizd MLR saudvgamaivesindend niu
Waun3smsianarysvidiuanudunuuaiuiaiass degladinseiuasieuiiouna
nsUsgiiummduisluyndeyaiiliasiaaunts (Calibration set, nsvaaosniail 1 uag 2)
wazgadoyaillilunismaanumuusiugivesauns (Validation set, Msnaaosassil 3)
Tnefinsuvsnsdiveanisinsesinadsll

1. insievmannisdmiuriuneanududnden Mndeyanisinmeiduiges
giasunusarsdanuuszy Houlunsounis 70°C

2. ApsgsimaunIsams U AududUEen ndayanisinmeiduiges

gilasunusazydanuusey o Reulunsouuiia 80°C
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v

el Tsunsu 1BM SPSS Statistics gniunanlddmiuiginsginan1snaaenad

be

namutee lneglduliwuuteyawastunaunsinseibiludimyevedinednusadull

(N1ANUIN )

3.6  NISWRAIUIISNISIALALUTZEIUAINUY UT 12 UADNAINLIATD5 99N
WiuLas DHT22

Airoutlet: T,, RH,, 0

Paddy inlet:

Paddyinlet: =

Heater coil

Airinlet: T,, RH,, (;

E‘Uﬁ 3.22 MsangmANNSeuLazNavestlUGen

sAteiliivdeyagungfinasiizuis (Temperature of air, Tyy) WagANTUENYS
¥939n1# (Relative Humidity, RH) il udeyalunis@nwivagWauiifnisdssdiu
AU ?zfq;:ﬁé’faﬁ'mﬁam&gaLe‘z‘iuwa%ﬁm%’uﬁ’uﬁﬂsﬁaga 2 90 flaguil 3.22
1§un 9ainanmernawindon s madwesiaay (909 1) uazgaineiniAeuuiedslasy
AN Tan a nseenveslelaau (Red 2) Tasdeyadananngniiluiieseinusi
vosnuuiionnimeuuisldiuanndniiendsiidiidunaiswesaturesdiaiden
fanuafianatmungaunauna MnuwAadina darudululdlunsiauimadai
dmsUsuifiuaududBonmunasidunssuiuniseuuisin

finsanguil 3.6 () way 3.22 e1ALIRdeuRouIignay fonmginseiizus

T, UarAUBUANITMS RH; gnifingamiinazanmnuudiviveseimamvilalagdnines
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gMT1dIUANUYUVBIBINALIAT BUAETALVNA U INAN QNI N UMl (UENLADS)
AUNTEUIUNITIIANUTOU (Heating process) faguil 3.23 Fududing1avasnssuiunig
vaueusINAniigamal 24°C, 65%RH U 40°C dwsunisiesiziaududaidden

=

AURALIANN 9 Hawuduneunagun 3.25

o, L[] o ASHRAE PSYCHROMETRIC CHART NO.1 “
Q NORMAL TEMPERATURE SEA LEVEL ‘
- AROMETRCPRESSURE 101325 kPa 0y LA
o 132 .
AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-GONDITIONING ENGINEERS, INC. y .l

/
K]
5 B

P
aT“

|
TOMIDITY RATIO w 9.k
D R et

e s

-1

neir

UriTaaraaranTs
LEVIDRSATE NN

5UM 3.23 nszuiun1sviiAuieu (Heating process)

AUl 9991NN15LAUAIAIULELREA 8UDIBINIAAIT NA1UILA L UITITD 3.2.2

a

Aadeliihdeyatinlddmsumegnsinisivaidanaveseiniseuuis lagidaniasun

[
DY

AMANURY9981NA A N11998AVBIDINIABULIY NN IF8N15HTUA1ENTINTING

i
\B9av0IDINALITIA

/ :'l' {;2
f” - : —’
iV - . .
i g Inma.l - nlma...'! I'.
I“ pl _ _ ‘!‘
m = p,A, v, m,, =p,A,V2

gﬂﬁ 3.24 NMSIHASIENOMNTINTG MALTILIAVDIBINA
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91n1AwINd aud sgniruviauseudinsueuwisTanineasiudue Ay
a = =3 1 v a & . <
MINNTUININTUT 3.24 Agiiudn 8nsInsivadsuiavesoiniaty (m ) idunan
1 44' v v < - = 1 & A Y
YOIAMUNUILUUTDIDINA () LAFDUFIAIEANULTT (v) Belraruvenuiindidn (A) lay
1289939101A7 U Usznoulunie NasIusznd 19828904910 1ALRY (My,) A UNIa

’oj A a i = % v YV PN
votlotileaglueinie (mq.) Weuauduiuslanaaunisi 3.9

= PAV (3.8)
r:nmaz |fhda_i_ rhmois (39)
mois: mdam (310)
dlounuaunisd 3.10 wWhludaaunsi 3.9 aglad
M =+ @ =, (14 ) (3.11)
FIU DNIINTTIALTILIAVDIDINIALTAT @1saAUIlaRall
. mma
P (3.12)
(1+®)
AV
i, = P (3.13)
(1+M)

ynfiTsanUSeudisussriednmnislradanavesemeatuuaroniauis wudn
ftounnssrulunavdndndensegluauns @unsi 3.8 wag 3.13) aiuldidvsnaves
Samdunuiueimedsogluaunisdmviunsnanisivadanaveseiniauiy
fentfosunn Weisuifisudunanissumadasnisivaidanareseiniadu nsdnw
Tnelufsinazeyuuadananidlddalndifestunsefisuwindudnsunisduan

ons1n1slravese N @Ejﬂﬂiﬁﬁfmll NUITBUENNNTUIINT NS IAALTINIAVIBIN AL
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1NAUNITA 3.13 dNSUNIIWAIUITN1TIAAMUTUTIUENAINNANSINEULYDS DHT22

Faridelanandeiwlsiludunaunslaseianududnifiguin 3.25 uagaunisn 3.14
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!
] O ]

: y v 1 J o o
/ 814A T,,, 10z RH, 910 DHT22 (9n3ah1) / / BIUAI T,,, 12 RH, 910 DHT22 (30 30N2) /
M P, gadafi 1) Ao P, (gadafi 2)
C\ 2 3 C, 2 3
1“]3“ _T_+c‘ +C‘\Frdh +C4Pr."~ +C<Frd‘h +CV\ !n-rzlb lnp\ 7T_+C: +C‘\_1_J‘-\ +C1-rdh +C\'_l_x!h +C(\ 1anh
db db
R . m p . m P
MM P,: RH=—=— SO P : RH=——=—
m P\‘_ N m
s P N P
AN @1 0=0.621945—— Anam o2 : O=0.621945——

| O |
l

m\mrux*}au - mdu (ml - m] )t
m M  —100m
— W, net w.initial waler —Pair
M =
w
m w.net it water—>air

5UN 3.25 MsAwINANNIUTIUGNTIgAnA1e 9

JUADUNITAIUIUAIUY UTIIUABNAINTUNITHAUIIE NS UTLLTUAINUT UL 12

<3 3

< I3 a 5 Y} 1 1 a £
NG ULYDT DHT22 LIUINNLFULYRING 2 AIDIUAIYUNHUVBIBINIAYIYILATYIDBN

'
a a o

Y89LA3 B9BULKY g aun I SuAtgnuUasniiaidunaiu (K neudrlueuin

Y
[

A1AUALLad uA (P,y) VOINT 2 3ATA AINANNITT 2.5 YTl AT UFUN NS aINA
gniuAnnAseLiaIINTUnUHILNN WieAERIIEILAINTUYBIRINATY 2 9ATR

d‘ o U d! 1 v ! &J o o
AIUAUNITN 2.8 e 2.9 AUAINU FINARIIVDIDANTIAIUAINTU (0, - @) Qﬂuﬂﬂmmm
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USuuarudufisnemandwdendigenniaeuwniaiiig () 1 9 deaunisi 3.14 laei
HATINVRIUTUIUAINYUAINA1IYNUN I UAILIUMIANMUTUEAN 1820391 Bl 1IR61 <)

o ° & = a' = o PN
ﬂﬂﬂ'ﬁﬂ'ﬁ«nmﬂ'ﬂ’]ﬂi%u&nﬁﬁ;ﬁWULﬂﬁJﬂgﬂqﬂﬁNﬂ'ﬁ‘W 2.1 ‘Vﬁ@‘waﬂﬂqﬂaﬂﬂqi'ﬂ 3.15

- o,)t (3.19)

|

3

—
e

water—>air

m M initial - 1oomwater air
M _ w,net  w,initial —> (315)

-m
w,net water—>air

gl M, Ao PuTUTIEBNTIA Il INSTUUUSE I UAINUTY
A o A a v
My net AD 1IATERTUSUAY (ke)
A a X A v
My initat AD USUINANUTUSUAY
Myater> i D UIAVBINMEINGDINIAD U (kg)

t Ao 1 (s)
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NANTISANLEUNISTIAY

4.1 anudululdlunisuszandldi@uasiannudulufudmiuiaauiu
17 I =] [ a 1 (%
d1URenNTEAUaMUILANFAITY

AnadsvesdugnliinuaInnsiamedue s Innnuaulufusdafiuniu

=

waggdaiuyusey o aungiinng 9 wansaaguil 4.1leeviguaiedede () - (3)

Judyaradwihanduwesviasuniu lusuznsuduviiie (@) - () Wudygraliih

o A

NNuesviaivUsyy a gamgiinsiagi 40°C, 50°C, 60°C, 70°C uaz 80°C ANUAIAY

farsananadedyuralniifagui 4.1 nuauldwiusuresdygraluinle

[ ]

o | a v a ) I A ) | & Py | a aa
ﬁ]’mﬂ'ﬁﬁﬂiusﬁﬁﬂﬁumu 'Wz:]mﬂiimmﬂmmm’mmumqumﬁmulmwiummm%w 0-10

' < A o a 1 a a [
ag19lsfiny Wedunanginssuvesdygralniilalasnmsinainynaamgiinisin

' [
v

Aenuin Anadsvesdyaaliiireudienei dudeundunda 20 Wuauld weldu

@32y

N1SNANLAEBNSNAIINNITANAIBRAUNNTTIIUABN TENIINTIATIARS o Tudiessey
Ua1g989n153n §37edsdenteyadyaralninlug193u1fia 20 - 40 unlddmsu

ASAATIEIHA L UTULT DIAUYBINISAN Y
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lududurein1sfinull gIdvauladnwinavesdygraluiinnanusudindien

Awanaeatulunsazenuad Inenisiinuasinusauldua ududnganinmeaduesin

9 Y Y

& A v a & Y} Ao v v o & o ° o
Aufurdafuniukazyiaiuuszy navesdgyradiininladadadudiudsmudmsu

Y

= A v v o & [ & v N Y] Ao v
NI1IANYN LW@@JLLUQIH@JQ?WN&NWUﬁ?SWQ’Nﬂ'ﬂ']llsfjusl]']'lLﬂa@ﬂ U QJJQJ]']MIW'W’]W'J@@’JEJ

Wuesng 2 ¥lia (JUT 4.2) naannisAinwianuduiusaang s wuli fMuusanugudiiu

o

oyl danuduiusiulugduvuvesanudunus i adunswndy 991570

o

v
a < o a =

Fruyraslviinluusiazgaumgiinn@ueesna 2 vlla Suildululufamaieddiu nanfie n1s

Y

(%
(%

a £ ) A ] J o Ao 1% @ 3 a
VNP UVDIANUIUVNIUABNAINAR BN ITANAIVDY iy}iyﬂiuvLWﬂTVl’vaﬂ'ﬂ'mL‘UUL‘U@TVN 2 BURA

Tudndiunsanasuuuidunsy wansdeun 4.2 Fadudmegrsvosunliunnuduiussening

1Y

AnuruiIUdeniudyaadnii e gaumgiinisiaf 60°C
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=8—9.20%w.b. —+—13.15%w.b. —=5—17.12%w.b. —4— 19.56%W.b. ——22.75%w.b.

475
130
a5
)

400 : : : : :

0 20 40 60 80 100 120

a1 ()

e 0200, b 13,150, e 17, 12%wb, o 19,56% b, e 22.75%w.b

600

PR i L e

¥)

400 T T T T T

0 20 20 60 30 100 120
na Gy

—5—9.20%W.b. =t 13.15%w.b, —F=—17.12%w.b. —r—19.56%W.b. —3—22.75%w.b.

475 4
450 4
£))

425 T T T T T

0 20 10 50 30 100 120

N G

6 9 20% . b 13,15%W.b, — 17.12%W.b, o 19.56%w.b, —m 2275%w b
600
115 4 st &

;

450 4 ® ' -

%B iy
423 = : : ' : :

0 20 40 60 80 100 120

na ()

e § 20% WD, e 13.15%W. b, T 17.12% Wb, e 19.56%0W. b, e 22.75% W b

475 4

b))

425 T T T T T

0 20 40 60 B0 100 120
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JUN 4.1 dyanaliihnngueesinanuiuluiu o sunginisiniwandieiu
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Mrlvhamdwaaduiiadnmm
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anuvuiaen (%w.b.)
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540 -
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anusuinnlden (%ewb.)

JUT 4.2 Auduiussenineanuaududen

[y

1y

[ [V < 6
waulinanmsinmugues

Fapnuguludu n) vliadiunu v) siaiulsey a aamgll 60°C

4.1.1  WANITAATIZHRAMUTUNUSTZNINANUTUL I UGanAURYy1alndN g

IGanndueesiannudulufusiadumunazsdanulsey

9INNITILATITNNITON0BELT LT LA UBE19918 (Simple Linear Regression,

SLR) a1ndeyanisnaaesiina1iuntnasiu vilvlasuuuvaunisanuduiusifadunsandu

[y

sy

UVRUUAINITIAAIT 9 A9n15199 4.1

a ° & v 2 a ¢ N Y] a
A19199 4.1 FUNTNIUIEANUIUVUUEDNIINATTIATIZN SLR V]igﬂ‘UQﬂﬁ/inlm'N 9

o FULUUANNTURUS
gauugu (O - P =
WuasY IR NI ugesviinnuusey
40°C Y =-0.031 (X) + 44.410 Y = -0.155 (X) + 99.931
50°C Y = -0.024 (X) + 36.670 Y =-0.150 (X) + 96.828
60°C Y =-0.024 (X) + 34.526 Y =-0.182(X) + 111.848
70°C Y =-0.020 (X) + 30.269 Y =-0.096 (X) + 64.971
80°C Y =-0.023 (X) + 31.204 Y =-0.121 (X) + 77.260

4.1.2  wavawuUuU)insinnlidninadanisiisuuamisfiinesvasaunis

uU18AUYT U1 a 9NN T ULEas IR NG uluAurlad 1uniu

a <
wazyUanuUIy

AFUUTEANS NS 8AINUTUVBILE U LU Y (Coefficient) wazA1AIN

(Constant) Y94aUNISTRAUIINNITIATIEN SLR NRaungieing o wansnsgui 4.3 dmsu
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° LY <

Toyaveaduwesylamumiu uag3un 4.4 dmsutoyaveaduwesyiaiulsey

A4 s B 60 B Eso M40 B 50 =0 SR E 80
0.035 50
~ ) V)
g 003 7
g 40 /
GE %
z i 0 W
g 002 FH = % b
z 11 z 7 :
o Yrer < 7 e
< EEvEs & / b b
& 0015 7 ko 20 A % i 3
i n §
£ o001 i / I b
= i wi W ; ;
0005 hi : :
i | :
0 R 0 = +
auigil (0) gaumgil (€)

JUN 4.3 AndudszavduazArsnvesaunisyiueanusuddmiuduee selladumnu

740 50 =60 nn E %0 74 [ 50 g6 | 80
0.25 140
- n) V)
3 120 A
G
©
c 1
g 100 4 7
z 47
@ 7y
& " i 7
: g 0 7
e ] =
£ ey < 7
= W] & 60 4
¢ i /
s e
@ AN /
H ARNNR]
i~ e 40 A 7
= e
tHH 20 /
Ak 7
HHH :4
Rk 0 /2
X P
autinil (0) aatigil (C)

o 1w a £ ' PN [ & v o [ < ¢ a =3
E‘U‘VI 4.4 ﬂ’]ﬁll‘LJ33E?WlﬁLLﬁ%ﬂ’]ﬂ\‘WIEUENﬁiJﬂ’]i‘Vl’]‘lﬂEJﬂ’ﬂiﬂ]u“(ﬂ'ﬂﬁﬂﬁiUL%uL“H@iﬂ]umLﬂUUizﬁ‘]

fi915an3UT 4.3 azifiuduunliilunisdsuuaseduy sy ans veauns
dadudmiuidusesriafumuisfivgstu (Manautiosas) Turisenmnd 40°C §1 50°C
wazdinsiasuuasiisadndion (Aeudhaned) Tudiseamail 50°C fe 80°C Tuvniriidmed
yosaunsHnltianadutiegumgil 40°C fs 70°C uaziAsundasioslutasgumgll 70°C
fls 80°C ilefiansanguit 4.4 FadudoyadmiuduwessiniAuuszy wuin Tlurrsgamgl
40°C 4 50°C ArduuszAniiinisiAsundasdes Agagnnuiigamnil 60°C (ArAnay
gean) neufiaefinisanasvesdndulssanslutrsgamall 70°C fs 80°C (AAnaugedu)
uonanil FnsivesaunstiAiuasuulandntoslutingungdl 40°C i1 50°C uaziiugegn

el 60°C Falumendanuwiliunsiaduresrnslugiagumngil 70°C fis 80°C
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sULUUANNAUNUS B UINA5199 4.1 gnirlunaaaunisAIuI M
A1ANNT utIldenlunaavg g dveinisnaass Iage R? Adjust R? kag RMSEC

gniddmiulsziiuanuaunsatumsvinganusudlionluidazgamgiinisnaaes

a

M13197 4.2 wan1sUseiliumuaansalunsiwganuruiUdenluidas gamad

Y

gaungll Wuwasvyladunu Wuwasylianuusey
(0 R? Adjust R RMSEC R? Adjust R>  RMSEC
40°C 0.802 0.800 2.156 0.974 0.948 1.130
50°C 0.869 0.868 1.785 0.903 0.902 1.534
60°C 0.958 0.958 0.993 0.969 0.968 0.865
70°C 0.951 0.950 1.067 0.637 0.633 2.839
80°C 0.958 0.958 0.912 0.750 0.747 2.070

o

N9 UA s ULUAIAIAINTULAE ARSI VD9ANUFURUS AT ULd ULy D 5

]
=

giadunuissanteenuldanuanisiafigamgiviunansluisgs (60°C - 80°C) Tuvaued
anutusazaasinndeyavesduwesiaiiuiszy dnswdeuwdasioslugisgamgiien
udsUmnaNs (40°C - 60°0) Mslizuulasvesduusasnanaennnesfunansuseiiiy

ANNAINNTOTUNTYINUIEALTUT AR N TuAaL AT MIUANSIIN 4.2 FInUIduLees

9 Y

[
v

yiadunudauudugigalunisiuiganududiiuienseningamgdl 60°C - 80°C
Tumanssfudu e ssdafulszaiamuududigslunsiusaududiuden
semingangdl 40°C - 60°C waannsneaesil wuil guupiiuiladenilsiifanuddy
uardamaronsvhuismstuiden il ugedinenutuluiusi 2 «lin sghadaian
413  wamsiangiaunsiuieanuiuiiaiandeisienmsinisannes
Waduiuuny
mmmiﬁﬂwﬁmum@f’jifaLﬁaﬂwa%ﬁmmwmlﬂﬁwé?&Lwﬁmﬁﬁ 20 99
Fuiift 40 snlddmsumsiinsiesinanismaaes Frenafanandnldindudisideyatuniu
Aputreesiiloisuiisuiudianatdu udegdlsfnu Sruvesieyadaiivamedmiv
o . .

nswseinanludnladeiidesiilafanuddy esandeyawmarlazilunalagnss

poaun1sgsldvinenanslunguitegsnldasvaunisiievainigiu wagnqualeg1eitld

1
Ya v X I

naFauANNLiug1vssauNsisunnsg il deuludiuiliidedsdenlddeyadyyalni

kY

TugraaaudIunia 10 f3uin 60 ufurgumgiivesnsindmiun1singeyt MLR
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M15197 4.3 HANITIATIENNITOADDLLTATULUUNY,

RUIEIOH EULL‘U‘UﬁNﬂ'ﬁ R? RMSEC RMSEP

wiadumiy Y =41.070 - 0.133 B, - 0.022 B, 0815  2.065 1.932

ylaiuUsyy Y =74072-0.116 B, - 0.098 B,  0.631 2917 2.653

a

vianewe: B; Ae gangil (), B, Ao dyanailiiiainnisia

firsaHanITiATIiana1Ied 4.3 agduihmeiuisanuduannaunis
vosduigasuiafiuniu S R2 iy 0.815 Tuvaedinsvhuieauduainaunisves
Fuwesdafivusey dan R ity 0.631 uenani i evmanisiuieainududn
TWSsuifisutuainuduingneds (dunanisevausougumgiagi) e fulmen
ANLAALATBUINNNTIIUNY WUTn IWuessilafunuiian RMSEC Wity 2.065 uay
RMSEP winfu 1.932 dwsungusegnsildainsaunisifisvinnsgiunasngusiiesiedild
nageUANLLE1vRIaNNTIAsUIIATEIY Mudiu Tuvned Wuwessiafulses
fifin RMSEC wiiu 2.917 uag RMSEP 1wy 2.653

namAnTevisananuandrifiuianuaaandeudslimaoutnagedmsu
nsvueALTudaInsULUUAINSEIgN AT AseEnsl Redumamniininfieniu
UsyAvEnmnmsviuneramistuindeaunisaanosdadunuuny (MLR) Jadudsidylu
Fupouveamaumunssunssy SeiiAdelananliluinde 2.6 wasde 3.3.4 dounthil

414 wanisianisdeyaiiaiulszAniaiwnsinuisanududiaudenvas

AUNI0ANDLBILTULUUNY

i eaunsTaaududnudend danaudugn dmuadledgun
Fafilgnanilfluiade 4.13 euddeddvdiimeiianisinsesiesdusznaundnunlddmiy
’ELﬂiwﬁsé’ayjasuaaé’ﬁgiyﬂmlw%ﬁ'%’wﬁmmm’13’3’@9’1’3wﬁumas‘i’mmmsﬁyﬂuau
giaduniusazydaiiulszy laeldlusunsy IBM SPSS Statistics Tun1saae3iasny i
\BAAULAE A

Toyagnimlu 2 nquie nauusnUszneumedeyaanwuigesyiadiuniu

¥ 6

nguilaesUsznausedoyaanwueesviaifiulseg nnsiesiziesdusznoundn (PCA)
W paanouTiuiudoyaasdaenisadisdanusinl (PO Fuaindesya 51 Teya
fldnndyaramsinmeomugesudazia laomeil 4.4 szyfsanuannsalunisesune
AnsLUsUTIReyaRuiudazesAUsEney (PC) annsasiusinlild andeyadendn
wudn n1sld PC uiles 2 fanunsaiusiusiuauulsusiuvesdoyalde 99.943% wax

99.699% dnsuteyavnuigestiasumuuazilanuusyy mudiu



66

d’ a ¥ 1 L3
f15190 4.4 ﬂ’ﬂuﬁ’]%ﬁﬂiﬂﬂ’]i@ﬁU’]ﬁﬂ’)’]ﬂJLLUSUTJU"U’EJ\‘IGUE)HQIULLW@Z@QQUiBﬂ@‘U

dssna Wuwasyladuniu Wuwasvlianuusey
(PC) AU IUTIU AULUIUTIU AMULYTUTIU AU IUTIU
(%) dzay (%) (%) azeu (%)
PC, 99.779 99.779 99.399 99.399
PC, 0.164 99.943 0.300 99.699
PC, 0.016 99.959 0.177 99.876
PC, 0.010 99.969 0.061 99.938
PCs 0.006 99.975 0.011 99.948

asRUsEnaUvan (PC) NN endeyadnniwuiwesidazsiamemnaia
PCA wazduusgumniinsta gnlddmivadnaunisiueeuiudnudensemeain
MLR Tnguuenisasnanuuinaaseandu 3 sUiuy laun

1. wuudaeafild PC arndeyaiwuigesdviafuniusiuiuaigamgid
YasnLUden (Uselanaunis: RT)

2. wuudaesiild PC anndoyatwuivosvidaliuuszqudvaaumgdl
YasnLUGen (Uszlanaunis: CT)

3. wuudaeadildannisld PC anwuwesits 2 slinaufuaigumgi
Ya3LURen (Uselanaunis: RCT)

dmsunisadiauuiiansdie PC aanansnsil 4.4 1938 nnsdmdenduys
dasemeIs Enter method (Use probability of F; Entry:-0.05, Removal: 0.1) Lanss18aziden

Tumn5199 4.5 wagnan 15T auUIguANANNSEUANSTINUNEANUTULEAINISUN 4.5
Y

A1519% 4.5 NS UTIEUAINUAILISOIUNISYINUIEAMUTUYDILUUINEDI9INIS PCA-MLR

Uszunnaunis  saudsiildadneaunis R  AdjustR® RMSEC RMSEP
3 (PCyp, PCop, 0.855 0.845 1.822  1.888
i Temperature)
3 (PCyc, PCy, 0.850 0.840 1.855  1.986
! Temperature)
RCT 5 (PCyg, PCop, PCic, PCoe,  0.931 0.923 1.258  1.280

Temperature)




_ &8
= n) Yszianaunis: RT 0 X0
O O ™
E * o X o*®
é 20 4 x © x%‘o'd )@
= 2 = o 0
2 R 0.8548
E | calibration set X "'—'
°= RMSEC =1.822 0Q.”"0 ©
. ‘o'x Q X
c 15 - P o
E oﬂ' o] @
@ ® ~BOX
= m -2
= ® -~ °0g
! -
2 10 ®.-70 © R? fidation set — 0-8493
= I L=--80 O Calibration set
a2 & X RMSEP = 1.888
= i
°V§ X Validation set
;E 5 T T T T T T T T T T T T T T T T T T T
5 10 15 20 25
ANN¥UAAaend1389 (%w.b. by oven method)
25
3 v) Ysziananms: CT o o
: ¥
S & 2
s 20 08495 © ° g°
= albrarion e - o
S t t ) Gg ° o o
= E %X RMSEC=1.855 Fs
z ,éc‘)’(’ O °o
€ 15 - % O "
= =%
2 o
[~ B o ,:y X
@ 4
ﬂg L ==  alidation ser  0-8358
& 10 4 :::' . — 1086 O Calibration set
B
= i
E & (o] ¥ Validation set
=
-
E 5 T — — T — ——T— ———
5 10 15 20 25
él’ =} =)
ANUTUNAUTNH 1389 (%w.b. by oven method)
25
~
-; A) Yszanaums: RCT 00~
< o <§ /,'Q_-,%’
_ d v_—’ X
E 20 chahhraliou set 0.9308 % %
= Q) '4:r (o)
2= i RMSEC=1258 3 9‘9,;,3(
E x‘,-b;( (o]
E 15 o -~ "o
-
g
ﬂg i X ’M
v ide]
E 10 8"9’ R.i alidation set =0.9395
= 7 . % O Calibration set
=z Y =
’s 22775 RMSEP = 1.280
- 5 O X Validation set
e
& 5 T T T T T T T T T T T T T T T T T T T
5 10 15 20 25

ANNUY1aBND1484 (Yew.b. by oven method)

3
u

a

U 4.5 UseaNSn1nnsyinung AN ug 1A 8w uUINaadwaasUseiny
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NANTISARALEDNAILUSNUINNITIY PC L ee 2 fausnlinan1saseaunns
9711 PC, wag PC, GuaqL%uma%i’@mm%ﬂuﬁwﬁﬂéfmmuuawﬁ@LﬁuﬂizﬁgﬁauﬁuﬁaLLU'i
gaumnisiewmatia MLR lawiudiissne wuudnaedsiangd 3A1 R Wi 0.855 wag Ry
Winy 0.850 uenanilauaimisalunisviuieaududg nussfiuanngudaegig
7lumnm19fy e Calibration set waz Validation set 91nNan15UsZLTU WUT1 RMSEC
YosauN1TUTEAN RT wazUszian CT dandu 1.822 uaz 1.855 Tuvauzil RMSEP fiAndy
1.888 uay 1.986 nud1eu

nsvunsand udradenlurasgungd 40°C - 80°C Areiduieos
Faauduluiurdadunuliuaniueainnd suvesnisviuiedesninduwesoia
Audseq FaUsdfeussdnsnndiganiilunisssfiuanududnwdendisdume suda
Fruny dndunsdli g uwediiesdai savituieanud vlwd eulonisneaevi
agnslsfimy mndduwedite 2 slauldTamduaialiinieussdfiunuddden
sauifu farudululdiesfiuauaunsavesuuuiaedunsiunemmduidenls

aun1susean RCT ﬁqqﬂa%’wﬁumﬂmiﬂium PC, wag PC, 31nToya
vosdueniine 2 vindwivgumgduasnisiaunlddmsviuisanududindden
NANISILATIEILUUTIADY WU A1 R%er ﬁlé’ﬁmqqﬁn 0.931 wavA1 RMSEC fladu 1.258
G ewssuisunanisyitunedu Validation set wuiwuusiasadlinn RMSEP vu 1.280

HAN1IATIVERURUUTIARTlNAA NN TgeTu datunsldiduiees 2 aliasaududmiu

o & v A 1 1 v v < s 1 v aa
NUIYAMNIUVIUUADN ALVIYYALTYLIUNIT maaycymlﬂﬁwmm%umaﬂm agnINd

o o=

AueaILAReuLANANUILgamgTivein Faudunistnedefvesduesyiafiuuseyd

'
a a =

fgunnuametndeusilutisvesgamgiive s ogamniiund daenadesiuiuisoves
Joaquin, Ramos, & Martinez (2019) wag Abdullah, Rahiman, Zakaria, Kamarudin, &
Mohamed (2019) sldfs AU uesviadumudumngdmsunsinlug e iiviu
nasdegaumgilas (NHANTSANYINEUNTN)
deRsuiuisuidisunanisviuisamdusenitauuuiassdaldan
MR MLR (ade 4.1.3) Auuvudassisldannsiesgsiesiussnoundnsaniunis
Ansnziianneeny (PCA-MLR) dmsunsdviiunenaainnisindieduges e yinifien
WU wuusiaesdildnmada PCAMLR Tnanisviungaudud idenutugiganis
wuuassiildanaia MLR wadandndunaldanmafivliuvesd R uagnisanasmese
RMSE wualtimaninuldanmsliesgigndoyaradusessiadumuuazsiafulssy

LANINSLUTHUMIBUNARINNS 1N 4.6
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AN5199 4.6 N15USHUMIBUNANSYINUIANNTUINWADNTENINNATA MLR AU PCA-MLR

AUs WAlA MLR wAldA PCA-MLR

NAUGADYU  Resistive sensor  Capacitive sensor  Resistive sensor  Capacitive sensor

R? 0.815 0.631 0.855 0.850
Adjust R? 0.815 0.631 0.845 0.840
RMSEC 2.065 2917 1.822 1.855
RMSEP 1.932 2.653 1.888 1.986

n1sUszendlinisiiasieissrusenaunan (PCA) dwmsunisaniiivesdoua
nnsivnasieniessdetn daldindumaiafifianuddyiitiednasulinisyhuiena
fae MLR fiUseansningedu uazannuanisnaaevluafsd siliifuamudululddae
Usrendlfiduiwesiis 2 vlin dwmsumsdssduautudiudenwuumunaass Tusswing

nsrUIUNTRUIATliaamaligadaly

4.2  WANI5IULIAIT1UABNALASDIDULAIRLUUNINZAY

30
2 X X A15VINaBIAsId 1
- 1% L4
2 1 X @ AINNRDIATIN 2
220 4 g
2 &{’g« AMSNAADIATIN 3
e A
5 %g
15 1
1= L
=) &";"‘u\
= =
= B
a2 10 4 VA
-
g . B . eo—
&
[ IS S B | S M
0 100 200 300 400 500 600 700
a1 (1)

JUT 4.6 nseuwiilienanglaleulvvesgumaiiennimeuuiia 70°C

INNINARBIB UM IUTONTIANUTWITUAUUTEUU 26%w.b. AILLATBIBULIY
wuunmvgan nelddeuluauare niAeunied 70°C way 80°C n1sdusiagetalden
NN 10 w1 dwmsuussiuaudumeiseuausouguuniai nan1svaaeneguil 4.6

wag 4.7 MUAIAY ARA BV0IANTUTIUAINT anaInINIaTe1g 9 AnLsaziouly
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n13NAaeegNI1eulaesui 4.8 FeawanisnaasstgninlumuiumaAgnsdiuaIuty

(Moisture Ratio, MR) bV 8711k UUT188INALAAIERT IUNITOS UIEA NENYULNITOULY

v a Y = v &
YUABNAYLATBIDULNILUUN N AU

- [ 2 3
h [=] o (=2

1den (@%w.b.)

v

ANUTUNIN
=

[

» X nsnARBeAsadl 1
1%% g 4
1" N1SNARBDIASIN 2
] 2 L4
] B NISNARDIATIN 3
] ”:.(%
] &"x,,’«x
] e
E BB s s e
0 100 200 300 400 500 600 700
=
1221 (1N)

JUN 4.7 MmseuuistnUiennmelaieulvvesgnmgieniseuuia 80°C

30

25

(%w.b.)

20

ilden

15

k%

@
E

10

mmﬁﬂmm%umn!

NI AN AN SR B ARV I W AN
x

% MIouURldeni 70°C

mMsouuiatldend so°c

o

OORBOGOIONNK

0

LI L L L L L L L L L L LU L U U L B B B B
100 200 300 400 500 600 700
a1 (1)

UM 4.8 Aadevesniseuwistiionnneldeulvgamgiionireuniaiuansieiu

FULUUANNIAINA91991 3.1 gniadIeuiiguiuAgnsdinaudu (MR) Tuus

dll d‘l ! d‘ [J Q‘I o LY s
ﬁ%L\‘i’e]ubLsUGU@Qﬂ'ﬁVl@ﬁEN LW@V’]Q’W’NW‘UE}QLL‘U‘U"\]']@ENIU&@JWW I@]EJG]'TTN’V] 4.7 UNLFUDNARNS

ANAITNIYDILUUTIADINLANAIIAY 21AN153LATIERA81USWLATH IBM SPSS Statistics
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LU0 AIAIUML AU LANITTIUIEAUEN ¥UEN1TO UL 1L UG BNAIELAT 09D UL
wuunveay agldiieulvgungiienniaeuuis 70°C uag 80°C #a1sanlaanen R? veq

ToyaBudilng 1 un9ign wag RMSE FeitAndnlng 0 1 niign

M99 4.7 ANASTILAZNAANLLLLEIVDILUUTIADUBNNIABUUUA 9|

Fouuusians gyl AATivaLUUIIaDY R2 RMSE
70°C k = 0.006 0.990 0.0277
Newton -
80 C k = 0.007 0.994 0.0222
70°C k =0.002, n = 1.200 0.999  0.0093
Page .
80 C k =0.003,n=1.135 0.998 0.0127
Henderson 70°C k = 0.007,a = 1.064 0.994 0.0221
and Pebis 80°C k =0.007,a = 1.046 0.995 0.0192
70°C k =0.006,a = 1077, c =-0.031 0.996 0.0178
Logarithmic .
80 C k =0.007,a = 1.051,c =-0.013 0.996 0.0179
. k, = 0.004, k, = 0.004, a = 43.594,
70 C 0.997 0.0161
b =-42.556
Two term
. k, = 0.005, k,= 0.005, a = 43.228,
80 C 0.996 0.0167
b =-42.196
A k = 0.002, a = 0.980, b = 0.00000374,
70 C 0.999 0.0083
n=1241
Midilli et al.
) k = 0.003, a = 0.982, b = 0.00002440,
80C 0.998 0.0115
n=1.200
Wang and 70°C a = -0.004, b = 0.000004398 0.979 0.0411
Singh 80°C a = -0.005, b = 0.000005259 0.966 0.0509

mﬂmsmmmﬁmaaamﬁil,auﬂ%’agmwwm q Winadannsnedl 4.7 dlefiansan
AANUTEVT9HANTILIESRI1d 1A T uE 1N uLUTIAReT ST FLA
HANITNARDITTI WU WUUTIABIVRY Page hay LuUTIa0dvas Midilli et al. 191 R? gadis
0.998 - 0.999 dwfumseuwisiiudenludisgamadl 70°C fs 80°C uazdlAn RMSE siinin
WUUSIaDLeNRis Aauuudy o waﬁnénmﬁﬁmmaamé’mﬁugﬂﬁ 4.9 uaz 4.10 3

WUUTIABINY 2 WU anunsabikan1syiueidanuudugireuteadlussauiisousula
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wingalsAmIy MNRANTUIAT R2 Usenauniu RMSE agtiinin wuuidnasswas Midilli et al.
fenaumnzauuinsihusaudnyaznseuwiitdendoied sseuniauunvzan
aelifdeulvgumadeiniaeuuia 70°C uag 80°C wnfign 1 eaandnuniznsmuos
NAN15NARBY (N13ana10e MR) fuudliuanasdoudianeiilugaedaus 0 - 100 Uil
ANTUNITOULK 9197 70°C waza29i 9 0 — 50 Ul dmsunisountedngd 80°C
MUNEINNTLLLIAININAT NISENBIANLTUINAIvBLEATIUEen ey damldionas

Mlrmdunsmdnsarunnuauiunanidnvauenllidudadu

1 €
O MR (Experiment)
08 4 — - — MR (Newton)
2 MR (Page)
------- 3 age
g g
wg 06 o wweeeeee MR (Henderson and Pabis)
é — .. — MR (Logarithmic)
c ————— 7O
g 04 4 MR (Two-term)
'E MR (Midilli et al.)
~
3(% 02 o - = = = MR (Wang and Singh)
0 T T T T = 7 -\&m
0 100 200 300 400 500 600 700
1381 (M11)

a o

JUN 4.9 anudniussgninednndiuanuuinifeniuszesaauuieiigaumngil 70°C

Y

O MR (Experiment)
08 4 — - — MR (Newton)
—_
E ------- MR (Page)
~ .
WS‘.: 06 4 R e MR (Henderson and Pabis)
E — .. — MR (Logarithmic)
c | Xy aa o ter
g 04 4 MR (Two-term)
= MR (Midilli et al.)
) ~
;% 02 4 S, - - = = MR (Wang and Singh)
0 T S9)

1781 (W1h)

a

JUN 4.10 anuduiusseninedndmanuruiniioniussugiatouuieiigamgil 80°C

Y
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owSsuiisuguuuumnuduiusmuannisves Midilli et al. (MR = a.exp (-kt") +
b.t) wuingusuuAInadunasmsEnineauduiusuuy Exponential (Wail a.exp (-kt")
fupuduiusidadu mad b Memediahliuuudeesdindamneauuiniseiune
nRnssuNITeULRIT A eNA8IAS BsR UL I IVizANaINN1TIAGeY Wonanilsdliian R?
g9l9 0.999 uay 0.998 dwFun1souuedl 70°C wag 80°C ANAIRU uAve1 RMSE siige
(0.0083 uaz 0.0115 M Un1seUNTeil 70°C way 80°C muddu) 1l aluSouifioufy
LL‘U‘Uﬁi’waaﬂLamﬁ'%ﬁaguLLUUSuﬁQﬁ%’alﬁaﬂﬁléﬂumsﬁﬂm'f: AT UNANNTYINUIEE AT
AT uANUUUTIAB9T8 Midill et al. AushTdIuAuTuiIUEenainnimaass

gnSeugudssUR 4.11 uay 4.12 aua1eiu

08 + »

MR (Prediction)
®

04 4 ’,"

02 /
0 T T T T T T T T T

0 0.1 02 0.3 04 0.5 0.6 0.7 0.8 0.9 1
MR (Experiment)

5UN 4.11 n1si3guliigunan1svinungansdnuauauINkuuIIaesues Midil et al.

AUBATIEIUANUIUINUADNIINAITNAADY Al NISBURAIVIUFBNT 70°C

08 4 =

)
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=1 5
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MR (Experiment)

5UN 4.12 nsilIguiiigunan1sinungdnsaduauauInkuuIaesves Midili et al.

AUDMTIFEIUANUIUINILUADNIINAITNAADY Al NITBULAIVIUFBNT 80°C
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43  N1sRAUIITN1TTARas Uz uAUY U 1UaaNAIULIA12393N
Wuwasinanudulufusiaduniuwazsianulsey
Aadpvesdya i fis A lnedugesinmmaursiafuniuannveass 3
A3 (Reulvnisnaaesi 70°C) gneeaulaeguin 4.13 n uazdygadliiainniseruaiime
< § v & a < Y | 1 v
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ludruvestayadyaraliiuazgamaiivesdrilden a Weoulunseuuwniail 80°C
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Yaat1UReNigoIN AR UIREA (FUT 4.9 kay 4.10) N13NTEAUAIVDIVBYAIINNTT
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Component 1 Wag Component 2 Ae3U#l 4.15 ¥ 7191 inAiasalIeuiiigunaluyuses
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¥ ilefnsanmuunussAUsEnauUnand 1 axliiuiinguvesiauys Tc Tr uag Temp.Paddy
fifmnevesmuduiusfiaenadasiu S Tc 9xeglndan 0 Ainw Fauusianannd
auduiusHnduiua Mw.oven mansvageuiiduwaliululufismaderfunisinvilu
¥t 4.1 luwngdinguuesdanys Tc uag Tr 119/a5unq Ui ueg UuunueIdUszney
ffifemadsanndsiusariy uamdeududasysswineiauusie 2 (ufienuduiugsu)
e Condition Test i uiaulun1smaassouniadfl 70°C uaz 80°C uanadianisvineu
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NARUAY B819TALAU YaFWNATINUINNNITILATIZINNADAAEN1TIASIEITY VilAnuIn
fawUs Condition Test i8nswaneardyy rulii1ainnisiaaieiduiressdafuniu
ADUTNLBENS 9819Na1LA21 Condition Test LifidnSwamaan Tr 1He991nHwUsN9@09
NMIFWUULNUDIAUTENDUNTAANIIADUTIAIRINAY UINNITUIBNTVRINITTUNIUNLARATY
ﬁi'wﬁ’umsmﬁsmuﬂaamm%uLLasqquﬁﬁuaq%’nL‘Uﬁaﬂ%agﬂfﬂﬁmﬁuma%ﬁa 2 ¥in
ﬁamaﬁﬁL"'f]usﬁayjaﬁuﬁumaﬁuquﬁﬂii:ué’mwzymlw%mﬂmﬁmmugﬂﬁ 4.13 way 4.14
Ioagnatnlau

o U %3 aa % a dy 14 =l a Va o =} %4

dufumaiauignsianarUseidiuanududriudenwuuniuanase §idudenls
Aauds Tr (F1wau 61 Yayausn) way Tc (3113 61 Joyawsn) ulddmsuimsen
29AUSENRUNANLABLUINITWAILITIST 15 TAkaz Ui uAIud ud 1 ausidave g uwas
d‘ a o dgj %) 1 Yal v %) = %) v
PN LardawlaUsELnNYIdaNNIS Il ANLERnRaRInUNISANE tUiITe 4.1.4
HaNTBAT ANz gnnanitluitedaly

4.3.1  wan1sIATIRIMIANNIEUTUTUIgANTud1aenIIntayansin

14 < § a v a a < = 4 o
ﬂ’JFJL‘UUL‘UE’]'i?luﬂﬁ']u‘l’l']uLLﬁzﬂlUQﬂfUG]Lﬂ‘U‘U'i%Qq 3] NBiﬂ‘UﬂTﬁaULLWQ 70 C

M15799 4.8 AuLUsUTINYR Ry aludsiasasAUTENeU o Weulunisauwiai 70°C

sy W syladunu Wuwasylanuusey
ANULYITUTIN AUwUsSUTIU ANURUITUTIN AuwdsUTIU
Fe (%) aveial (%) (%) avanl (%)
PC, 86.189 86.189 30.847 30.847
PC, 2.434 88.623 22.742 53.590
PCs 2.227 90.850 20.948 74.538
PCq4 1.825 92.675 6.284 80.821
PCs 1.446 94.121 4.250 85.072
PCe 1.229 95.350 2.786 87.857
PC, 0.841 96.191 2.647 90.505
PCq 0.721 96.912 2.137 92.642
PCy 0.633 97.545 1.079 93.721
PCiq 0.608 98.153 0.942 94.663

[

Toyady ol iialesduresinanuruyidadiuviu 91uiu 61 Jaya

U s

warnuresYIauUsey 31U 61 TaYA MNTLELLIANBULINAIT 9 719 3 N1INAR0S
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gninluiiasesiosduszneundnifi eanduiudaus lnsduundeyasenidu 2 ngu
audeyavendumesudasyiln ludndiu 2:1 dwmsuldlunisaseaunisiiisuuinsgiu
(Calibration set; 122 samples) kagldd@nSUNAFDUAIIUKIUETIVOIFUNITNHUNIATFIU
(Validation set; 61 samples) Fohmsarziesrlssnoundnesnundiu PC sianun 10 PC

AdansalumMseSueAILUTUT WYYty afindmTuusay PC e5UnefInns1a9 4.8

A5 4.9 FUUSLANT WaLA1AIT VBIAILUTAIUS UAUNISYIUIEAINUT UT 1 UA BN

NNSAATIENAIEIT PCA-MLR 2 @oulunisauwsts 70°C

%4 = Q‘ 1 dl L%
dudssansiaza1nnvaInLds

fauus
Usztan RT Uszian CT Uszen RCT (PCr/ PCo)

PC, 0.516 0.378 -0.067 / 0.201
PC, 0.149 0.263 -0.086 / 0.248
PCs 0.474 -0.123 0.315/ 0.081
PCq4 0.548 -0.496 0.433/-0.213
PCs 0.300 0.406 0.113/0.293
PCq 0.150 0.029 0.248 / -0.002
PC, 0.060 0.352 0.115 /7 0.400
PCs -0.913 0.032 -0.848 / -0.301
PCq 0.271 0.158 -0.046 / 0.179
PCio -0.015 -0.082 0.095 / -0.095
gaunll -1.019 -0.951 -0.962
AASTIvDIaNNTS 64.911 61.298 61.887

AINNTIATIENBIAUTENDUNANANNS UNAUIIT N5 TALazUseluaINuTY
Tdananduesinanudunsazuils vinas 10 PC WUl PC 1iled 3 fvaddumasin
d’f a % <@ % a ¥ 1 d'
ANNFUYTAAIUNIU @TAAUTIUTIANLLUTUTINY e TaYaLALlAg NI 90% luvaei
4 [ L a @ o [~ v 4 ) 1 (Y] a
yavayavedulrasvilanulszadndudedld PC 31u3unin 7 67 luniseSuigaiiy

wUsUsuvesyadayaiiy welildauulsusiuasauiigandt 90% wan1siasziiliu

(%
A

Jodananustienanmasinisindygralvidedumessiaiulszy Jaenndesiuna
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myBaseiladeluiitenountiil egslsiony S1uiuesduszneunaniie 10 67 andeya
@ 4 1 a 1 ) a 6 | 1y o a v S o [ 2
vouduwesudazyin sinegniluiiasied MLR swuiumuusaaumgidnliend mivaing
AUNNSYNUIEANUTUT1UEDNTUNTZUIUNITOULAIAIULAT DIDUBAILUUNIZ AN LA8AN
U5 ANTNUNFILU AL AAITIVBIANNTITIINAITATIZI MLR ANUNISRUIUSELANAINNET?

Aluiite 4.1.6 (LandRIn13199 4.9) HaNISIASIZRHILUUANNITIUANSTIN 4.9 anunsaieu

1%
Yo A

AUNSANUFUNUSA NS U U e UTUTUFaN Les 9Tl

(Model RT) M, = 0.516 PC, + 0.149 PC_+ 0.474 PC_ + 0.548 PC, + 0.3 PC,
+0.15 PC_+ 0.060 PC, - 0.913 PC_+ 0271 PC,~ 0.015PC (4.1)

- 1.019 Temperature + 64.91

(Model CT) M, = 0.378 PC_+ 0.263 PC,~ 0.123 PC, - 0.496 PC, + 0.046 PC,
+0.029 PC, + 0352 PC, + 0.032 PC, + 0.158 PC,~ 0.082 PC,,  (4.2)

- 0.951 Temperature + 61.298

(Model RCT) M, = - 0.067 PC, - 0.086 PC, ,+ 0.315 PC,, + 0.433 PC,,
+0.113 PC,, + 0.028 PC, , + 0.115 PC, - 0.848 PC, ,
- 0086 PC,, + 0.095 PC,  + 0.201 PC_ + 0.248 PC,
+0.081 PC_,~0.213 PC_, + 0.293 PC_, - 0.002 PC_, “
+0.400 PC_, - 0.301 PC,, + 0.179.PC_, = 0.095 PC_,

- 0.962 Temperature + 61.887

uansvIsALTuTUen feaunsTea 3 Ussion Segnadisty
nyaveyadmivainaunsifisunnggiu (Calibration set) hazyadayadmiunaaey
ALiLEIvRIENNSiEULmSEIY (Validation set) wansualddaguil 4.16 uay 4.17

finnsannanisvuneamdulungu Calibration set 993Ul 4.16 wu
aumsUssian RT way RCT anansavhuwisanutuldroudislndifssiudoyadsdadeioy
funisviueanududisaunisssian CT msﬁ%aga Fyayraulldfadanuudsusiugs

TuszarhsNUBINTITOULAT AINAMINITYINUIEAUTUIINFUNTTIE 3 USELAMLDAATRANAIATY
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Fedunalataaulugae 100 1iwsnreInIsouwi WeawSuuranisvihuieanusulunguves
Validation set wuindd1aruaaiaadouadludiaa 100 w9LsNYeINITBULELYULAEITY
faudinaunisuseian RCT agdimnuanansalunisvawesunisindygralviianiduiwes
Lwiazéhﬁﬁm'umamLﬂﬁaulmﬂsmﬁ’ummqmmﬁﬁuaﬁmﬁmu e SRk NRUY19Ea
o v ] ¢ a I Y] ° v a a
NMITincedugesvilanulseylussussudu vinliaunis RCT LA uAaIALAZBY
v 1 1 I3 a ) 1 :j I a & 1%
AulUf28 WAeg19bsNeNL BNNASUINaNISYUIeTugIIaIf ke 100 wrisduauly
TUIINAIINNITVNUIEAMUTUSBAUNITNE 3 Useinn Tianaataadousi de9danalaann

JoyangiingnIuTuenads vialungu Calibration set wag Validation set
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JUN 4.16 nan1sviungANuL1IUFRN3IN Calibration set oy Reouluniseuuis 70°C
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JUT 4.17 wan1sviunganuud1iudenann Validation set s Weuluniseuuns 70°C
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4.3.2  Wan1sIATIRImaNn1saEmiuinueausuduten andayanisin
v 3 § A v a a o v o
argTuasyliadunuuazsianuysey a Weulunisauuis 80°C
Toyady ol iinleedugesinanudusdadiumiu 9uau 61 Joya
wazandugesvlaAulszy 91uIL 61 Taya AINTTELLIAINITOURAIT LANA ST
1T auluniseuwis 80°C gnunluTiasiey PCA muifnisiaeanuite 4.4.1
AuansalunseSueanuulsUTIvTesRdoyaRtannsindeduesudazaila gn

99U AYRIAUTENDUNANTILEASLAAIAIS197 4.10

M19197 4.10 AnuuUsUTINvRtaYaluldazesRUsEnoU au Weaulun1sauwian 80°C

sy \Wuwasviadunu Wuwasvlanuusey
(PC) ANULUTUTIU AUwUSUTIU ANULUTUTIN AUwUSUTIU
(%) azay (%) (%) dzay (%)
PC,y 89.675 89.675 79.455 79.455
PC, 2.131 91.806 7.766 87.222
PCs 2.056 93.862 3.757 90.978
PC, 1.456 95.318 2971 93.950
PCs 1.133 96.451 1.870 95.820
PCs 0.991 97.442 0.947 96.767
PC, 0.752 98.193 0.771 97.538
PCq 0.499 98.692 0.515 98.052
PCy 0.344 99.036 0.403 98.455
PCyq 0.232 99.269 0.273 98.728

AINNITALATILNBIAUSENBUNA NAINS VIS N15TARaLUTELT UAINUTUY
T1denanduwesinanudunsasuils sinas 10 PC wuin PC 1iled 2 fvaddumasin
& a v a ] a Y \ A
ANNFUIAGIUNIY aunsaesuteANkUTUTINYRayaLAnlaaInd1 90% Turnziiya
Toyavonduesviafiuuszadndudodld PC ndn 3 67 Wianusivsuauwlsusiuasau
Tiaandn 90% eenslsfinu PC W 10 67 Fagniwsgianduesudazailn sagnuily

a ¢ ! (% (Y a Yy I~ o (% 14 o dy 4 A &
AT MLR ’i’JlIﬂ“UG]’JLLUiQﬂJMQM‘?J’]’3Lﬂaaﬂﬁqﬁﬁ‘UﬁﬁNﬁﬂJﬂqﬁmquqﬁlﬂ’J’mﬂiu%W?LUﬁ@ﬂ N
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A5 ATITIUEaUlUNNTaUWIAINEUNLN TneNAdUUSEANTUTNAILUSHALANAITNIYBIALNT

1%
v

gnRTURUNTRUIUsTINYRsaUNTsAena 1l luiide 4.1.4 uananan1sIAsIeee

ANS9N 4.11 9198 @UNISYINUIEANUIUIIWUABNTS 3 UTLLNN WAASAIANNST 4.4 — 4.6

o o o & v = % & P
MUY LagNan1sinweANNTudnUGenmgaunsie 3 Useian gnsngailagsun 4.18

wag 4.19 dmiudeya Calibration set uag Validation set m1ua16U

a o a £ [ d' o ° Y ° & v =
M15199N 4.11 dUUSLANT LAaTAIAINVBIAILUTATVSUEUNITNIUIEAINUT UYLUA DN

ANNSAATIENAIEIS PCA-MLR 2 WWouluniseuwsis 80°C

L4 = Q‘ 1 ﬂl L
duuseansuazAnanvaInnds

fauUs
Useinn RT Useian CT Usenn RCT (PCr/ PCp)

PC, 0.696 -0.066 0.112/0.123
PC, -0.448 -1.374 -0.257 / -0.634
PCs -1.256 0.214 -0.714 / 0.120
PC,4 -0.659 0.124 -0.371/0.118
PCs -0.090 0.477 0.020 / 0.278
PCq -0.090 0.086 -0.048 / 0.081
PC, -0.280 -0.505 -0.168 / -0.241
PCq -0.081 -0.283 0.042 / -0.176
PG, -0.142 -0.088 -0.148 / -0.034
PCio 0.011 -0.671 0.041 / -0.332
gl -0.858 -0.875 -0.841
mmﬁéuaaammi 61.140 62.145 60.106

(Model RT) M = 0.696 PC - 0.448 PC, - 1.256 PC, - 0.659 PC - 0.090 PC,

- 0.090 PC, - 0.280 PC, - 0.081 PC, - 0.142 PC_+ 0.011 PC,

- 0.858 Temperature + 61.140

0

(4.4)
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(Model CT) M, = - 0.066 PC,— 1.374 PC,+ 0.214 PC, + 0.124 PC, + 0.477 PC,
+0.086 PC, ~ 0.505 PC, — 0.283 PC,~ 0.088 PC,~ 0.671 PC,,  (4.2)

- 0.875 Temperature + 62.145

(Model RCT) M, = 0.112 PC, - 0.257 PC,,- 0.714 PC_, - 0.371 PC,,
+0.020 PC,, - 0.048 PC, -~ 0.168 PC,+ 0.042 PC,,
- 0.148 PC,, + 0.041 PC_  +0.123 PC_, - 0.634 PC_, .
+0.012 PC_, + 0.118 PC_, + 0.278 PC_, + 0.081 PC_,
- 0.241 PC_, - 0.176 PC_, - 0.034 PC_, - 0.332 PC_,

0

- 0.841 Temperature + 60.106
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4.4 HANISWAIUIITNISIALAZUSSTUAIIUY UT 1 UA BNAINLIATDIS

NFULwas DHT22

v a v Y

g iluarAuTudivsvetonNAwIndeunauinginay (Radadl 1) gnineiey

Y 9 Y

\Wuwwes DHT22 a1 1 neuilsggninanuseulasinluananuduiildenaiunismeaes
luiatell 3.4 neuen1AdelasunnuruaIngy gnueneendusseinianiglelaau 437y
Ivihnsiiiuaaamglivazanududuinveseinie s nseenvedlelaaudngn (Rad 2)
v < s o A < v o= Y & - o 7

Mmelduwes DHT22 fifl 2 nan1sinutuiinteyamailsigaulagguit 4.20 - 4.21 dwsu

N1SNARBY A ATBULNN 70°C Wag3uR 4.22 - 4.23 §mTUN15NAR09 0 N1TDUNAIT 80°C
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5UN 4.23 9aunilulazAnuuduivngvueenIavaseuliia (RAdnd 2) s N150UWANH 80°C

4.4.1 WANISNAIUIITNI5IALAsUSLLAUAIINT UT 1A BNAINLIANRS 3

INGULLDS DHT22 a1 Waulunisauwsisii 70°C

Tayan15Ing v iikarANNIUFNTnSYeIeINIAINgUN 4.20 gnlddmsu

ATUIUAIINTIAIUAIUTUVBIINA 0 991 1 (Humidity ratio, W,) veugfidayanisinain

JUT 4.21 gnlddmSuAuinadnsdiunutueseaInia a 999 2 (Humidity ratio, W)
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Factor n #158811a1919 9 gNANINAINNITUTEULNEUTENINNAIAIUTY
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O Replication 1 A

Log. (Replication 1)

Replication 2 Replication 3

Log. (Replication2) ====- Log. (Replication 3)

Factor n

A

¥}

‘ y =-0.691In(x) + 5.5611; R? = 0.966 ‘

‘ y =-0.631In(x) + 5.386; R? = 0.9358 ‘

‘ y =-0.596In(x) + 5.2164; R = 0.959 ‘
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3 4 "\:,
=) R | y =-0.7011n(x) + 4.8555; R*=0.9780 |
= XJ
= Do
s A A\Xg'* y =-0.6291n(x) + 4.6165; R? = 0.9704
g2 1 ARa800
e A e =) 200
aa SR A s 0820
1 pay G'O(I).C?Q 7o e ToT NIV
b S g X PV
SERKR R
0 T T T T T T T
0 50 100 150 200 250 300 350 400
nat ()

JUN 4.29 AnudNiussendng Factor n fukia ad Weoulun1seuuisil 80°C

ilawdeyanisvaaeia 3 aswSsuiiguiunayfeniannnisingamngi

v v ¢

wazAMUTUFLTNSURIDINIAMEEULLeS DHT22 1neAtAs1e3inn Factor N eNUSLeLLIaNLy

dmsuauwistnden AnuduTusAINa1 gnuanslagdgun 4.29 laefivia 3 n1maaea

Tiwad Tuwilduanudunusiduasniiviy 9nn1sfiadeyanas Microsoft Excel ¥4l
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ANAUUTLANT AL ANAINIVDIAUNITAMUAUNUS AN 3 N15NAFBILANNALALIAULIN WAL

aunsiananausaesuedeyalagalaei R? agluyae 0.9704 - 0.9780

INANUFDAAABIVDILUILUAIUAUNUSIG 3 NISNAABIAINNAIUIVLIA

Ya v v §f &

H3985189UNaY0Y Factor n tuguluuAnafunsguel 4.30 Fellanuduiusiduasni3fy

[

Handureia Nanunsaesuredeyalad R? wirdu 0.9887 lnefimnuduiusaainagnly

AnSunNIsyuneNanuTUTIWUEBNA83S DHT-Factor correction Tuaaugaby

35
s |4
— \
)
= [}
E 2.5 “
> . y=-0.6491In(x) + 4.717
g 2 ‘Q‘
5 ¢ R*=0.9887
Z QQQ
= 15 LT YN
5 ) ..._‘
E 1 .".".."" -~
Yséave
05
0
0 50 100 150 200 250 300 350 400
I (1)

3UN 4.30 ALRfeUaInNdIRUSTEndNe Factor n fuial o Weulunseuwsisit 80°C

X Mw (reference) @ Mw (DHT-Prediction) A Mw (DHT-Factor correction)
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=
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JUN 4.31 namsvhuneanududraddoniedsnisiauazUssiluandues DHT22

ol Woulunisauwsie?l 80°C
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° & v a ! v oA Y °
ﬂ']i‘m']u’]ﬁﬂ'ﬂqllsﬁum']']L‘Ua@ﬂﬁ%%'ﬂqﬂﬂqiﬂﬂuﬁﬂwLQ@UI?J@']ﬂ']ﬂ@'ULL‘V]\T 80 C

QNuAnIAIFUN 4.31 Taefl Mw (reference) uminududaliondnededegnisadiulagds

'
Y]

puaudou Feseunisaneududiniudenain 26% unsiiidndendnuduauna
o Wi 400 MsTesumarEEuiURen Swhuededumes DHT22 grutadu 2 38
#9 DHT-Prediction 1Tu38vuteaud ud1nann s uImAINd unaudsgui 327
(lsifl Factor n) wads DHT-Factor correction LHu3s#finsifia Factor n inluganisduamn
INTFABUNLT HANITIATILVAIUYNADILUUGIVDINITIIUIENA QNTIBIUAUATITHUS
Prmn1seuLisoonidu 3 JUuU Ao 30% 60% way 100% TesaWIEATiT Bl

JUN 4.29 M3T18URAAINE1ILERILARIANT 1N 4.13

A1519% 4.13 N15UTEEUUTLANTAINAITVINTUIEAUTUT NG ULLDS DHT22 i l3aula

ANBULIT 80°C

ATSLU9 STELIaT  NNSASIEAU A5n15vIugANNTUTIURBN
P98 (1) AU DHT-Prediction  DHT-Factor correction
R? 0.457 0.998
30% 120
RMSE 3.552 0.409
R? 0.624 0.996
60% 240
RMSE a.137 0.354
R? 0.333 0.925
100% 400
RMSE 5.069 1.715

fANTUHANSIUNEANNTUS1IADN1NANT 9T 4.13 Wuldin3EnnsTe
LazUseuAuAuAIaIa3 #2838 DHT-Factor correction @13150¥UNEAMNNTUT7
I¢oehausiuglugisvesnisanmuduiienisdaivdmiuuiling nansuseiiudieisd
Tofennsusiugrgedmsudag 30% way 60% (ves 400 W) Fslsen R 18y 0.998 uag 0.996
AUEEU uonant SInvesAadsruARAEsUTSEDs (RMSE) Sldudu 0.409 @wsu

N6l 30%) ez 0.354 (@113unsad 60%) Wena1sanan1syuwieglunnsiuvesnisan

ANUTUTIINWAAMUTUSUAUIUNTENITIIURO NG AN NTUANAR NITNYINTAIAINTY
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%

2638 DHT-Prediction fiA1 R? 8¢/l 0.333 wag RMSE 0g#l 5.069 Tsilmnunainiad eugs
YauriA5 DHT-Factor correction Tiuanisvimnedl R? 1windu 0.925 wag RMSE Wwinfu 1.715

dednmerinanisviunsanutuaaineresiniudenseninanszuiunis
puuluTIInTY 13% - 26% wnsgiuden wui aadnaniiailndifestunuideves
a3t wufisny (2563) adnauensussiiuautuiludnvasifatusas i

AANMLARBUEUNUS (Relative Error, %Error) agii 4.3% 1ag3sn19mnsiainAanududnuaen

Y

[

RTINS Tudianederueainaiou Wu 2.75% dviuteuluniseuwieil 70°C
way 1.65% dmsuleulunmseuwiie?l 80°C Jududeyauarliinisnmstifinnuuiugiguas
a o = 1 [ a dy ¥ a 1
HfnsAMINBINDADNITANUITE UUUIEINAMLTUT IR LA S me LUl lusuan

78 DHT-Factor correction anansausulsanan1svinungaududiuien
TUsEIINNTZUIUNTOULINAIBLATDID UL UUN Mz au LA pg 19l UseBnEnn Tnglaniznis
auLiIt 1 eT AL ud T un1sUslaa dedunnii nuiuldannwgfnssuues Factor n
A 9 Ae Msanasnflidnwaziduaenisiiy weainteuluniseuwiel 70°C wag 80°C
e Wisuisuiumuideuss 3ns1sad 9800 (2559) F9LATINITOULIIAILLAT BIDULIAY
wuumnganlugusuuidennu Seldinisiauresleslaaulunisfauenaunineanain
ameluszuvasaazliidulunugauafiniu win1sasdadunaaIntan1sauliwesuide
o ! PN = & 1Y a a | v & v Y] Ay
sananfseydemudulilavesdninaluniseuwisderiadluduiudii n1enaeainiidna
gaNINMBBUWIY (HAnuauuidumeeenIntUdenvuregluds) Useiiulamnsoiiay

° = a a1 ~ a e a X & o v a
V]']ﬂ']iﬂﬂw']l,wNLWNG\@lUlmu@u’]ﬂm L‘W@aﬁmsﬂiﬂﬂgmiﬂmLﬂ@%uLLawuau‘Uaamumg’m

! d' & % Ao A9 va o A
s o Inudiuldainaidedlvdianugndewndsiusely

45 wan15UseuUsEaANS A NV935n159IakasUseiuad1u3 Ut UaBN
ANULIATDTINNUI VY

NANISYINUIEAI8ITNITUTERUAMUTUT LU R NAIUNA1ATIIN AU T U NG ULD S

A v < ¢ a & < ¢ a a o L v oa
yiadunu Wuwesvlaiuysey wazslduiwes DHT22 gniuTeuiisuiuanuiiudnedeain
WeouauFounuuINIFINVEY ASAE laglian1siuenanuioulunsaulianiinismaaad
Town Waulvun1soukian 70°C s1891uNa 500 U7 kazkoulanisauwsia? 80°C 5189 UNA

400 U7 §esUR 4.32 uay 4.33 audsu
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A95UN15HUS s UBUANNBL U TUNN TV UNEANNT LT UABNAINIT AT U E LT
d’l’l q’j Ya o ¥ 1 ] [~ 1 dl' = 1 a
AMUTUNS 3 wuu HI3glauusrinaateanidu 4 939 livenansdegaauvan1suTeiiy
L v & Ao I\ o | ) ! ' ° o aa A X
AMUTUTIWUFDNNL AU UELANAIIAUATL AR T INIANE NS UITNTUTEIUAINNT U
muLaaw‘%aﬁgﬂﬁwm;ﬁumﬂLé?juwa%ﬂjﬁmm 9 l6in 0 — 30%, 30 — 60%, 60 — 100% uaz

0 — 100% UBILIANDUMAIVIINUANI L9

40 :'l‘.
| @ Mw (reference)
—_ X Resistive sensor (calibration set)
2
B 30 X Capacitive sensor (calibration set)
d
é« 'é*x DHT-Factor correction
= 1¥&
vg B ;‘5,; e Resistive sensor (validation set)
= 20 - ‘A’.‘m;;e A .. Ca .
E _ AK’RRG \ Capacitive sensor (validation set)
S By
wg ] 'gmﬁhn
20 ] '!h’-".’é‘ﬂiﬁ b
g ] Boday
& ehtronann
1 ’!!I!tnnT
0 LN e e e e e e e e e |
0 50 100 150 200 250 300 350 400 450 500
a1 (1)

SUN 4.32 #an157IU8ANHTUTNIAINIENMTUTREINATUTURUUANS 9 0 N1FBULIITN 70°C

40 4
:I @ Mw (reference)
- 1 X Resistive sensor (calibration set)
3 4
g 30 A X Capacitive sensor (calibration set)
z 4
e -} g¥ DHT-Factor correction
[~ -
vég " B ﬁ,! A Resistive sensor (validation set)
s AA%&& A Capacitive sensor (validation set)
s ] et hEEey,,
R ]
= ] E*eg
Z 10 A K
e &
= LI
] LLLETT LSS
0 +—r—r—r—r—rrrr—rTrrrr
0 50 100 150 200 250 300 350 400
A (1)

JUN 4.33 #aN5YIUNEANHTUTIIAINITNTUTEEIUATUTURUUAN 9 0 N1FBULIITN 80°C
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4.5.1 Wan15USEUEUUSLANSAINUB9ITN15IAasUSLIUANNTUTIURBN

HUUANALIANR39 o aulan1sauwits 70°C

A5 4.14 USEANT A998 0157 AlasUsetdunud U1 Ua o nbuuAILLIa13 4

o Waulynisauwiia 70°C

ASUUY  ANTATIREDU Resistive sensor Capacitive sensor
. . DHT22
PAIWIAT ANULNUYT  Calibration Validation Calibration Validation
R? 0.930 0.251 0.820 0.249 0.987
0-30%
RMSE 1.028 3.539 1.660 3.669 0.515
R? 0.916 0.868 0.876 0.937 0.730
30 - 60%
RMSE 0.547 0.581 0.666 0.399 1.060
R? 0.918 0.916 0.892 0.937 0.516
60 - 100%
RMSE 0.389 0.420 0.397 0.403 2.045
R? 0.987 0.880 0.972 0.889 0.945
0-100%
RMSE 0.692 2.096 1.028 2.010 1.433

NATUINANITYIIUIEAINTUTIIINITNITTALAL UL UAMLTULUUAN 9
a o g A [ 3 1 o aa a dfl"
M Tulugun 4.32 anansadenaiuiiannuuiug1gereisn1suselivanuyuLuy DHT-

a0 v 14 ¥ a a

Factor correction @eiienlnalAgsiudoyas198egarian tugas 150 UIkINYBINITOULIY

Y Y

o

(0 - 30%) VauzdisnUsnduauduiegnianlaifumesinfumusazainfulseg
Faflmnudusnugavesdyanailniid faldlurianardanann siliua AUETAMETIPBHG I
fefanarindu nan1siusnAn R2 way RMSE 910015197 4.14 wui13ansusiiu
AT KUY DHT-Factor correction ilein R? gafle 0.987 vugfinvarAamatady RMSE
Wity 0.515 Wefinnsanniseuwisinidenlutianaidaly (30 - 60%) wuin n1sviune
Wada8 DHT-Factor correction 15 14AnALARIALAR DUT U vauzfinan1sviuIeaILTy
nndugesviadumuuazsiafulszas uiiaglinanisiuedlndadred anniu

NYLTN T U UYDINITVNUNBHAA8LT ULEDSIT 2 VT aldAIRANAIAADUT1IH191

lugaan3a19 30 - 60% waz 60 — 100% wan1sviuneillvinanvslunguves Calibration set
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ua Validation set agslsfiniy mnfinnsanamsiuvesssuudsgniamtuansuided
Ui TugrnamesniseuwListaustideniifauduisududiginiosouuiuargnan
AruduasIunsEismuudngauduanna a doulvernimeuuisil 70°C (0 - 100%)
wuin nsvhuneraandueessiadiuniu 9annistaeududailungu Validation set
ﬁmwmmusﬁaﬁ R2 iU 0.880, RMSE winfiu 2.096 wagnsyinuienaaniduiwasyiaiu

o |

Useq9 funqu Validation set diAuusiugneg R? i1y 0.889, RMSE iy 2.010 vaugi
N3 MUIENaINGWEes DHT22 finnuuiiug1egfl R? windu 0.945, RMSE iy 1.433
= I 1 o o I o al % [ Y @ & o 4 o [
Faduanuwiugieyluseauiiseusulaieldidugunsaliuateyadmiussuuaiuny
nszUIUNITaULILAselY

4.5.2 Wan1sWUSEUEUUsEaNSAMNUB9I5N15IALasUsTliuAuTUT1aan

LUUAINLIANDS9 ol Waulun1sauwiie 80°C

o a a aa o a & v & a
M157190N 4.15 Us2dns A1 nuedl§n153aLkasUselduANuY UYL Ua 9 nLuUAINLIa9d

ol Weaulunisauwia 80°C

ANSWUY  N1SASEU Resistive sensor Capacitive sensor
. . DHT22
YA ANUBUUYT  Calibration Validation Calibration Validation
R? 0.986 0.203 0.965 0.445 0.998
0-30%
RMSE 0.419 3.322 0.668 4.476 0.409
R? 0.956 0.865 0.883 0.931 0.975
30 - 60%
RMSE 0.375 0.911 0.618 0.493 0.281
R? 0.931 0.969 0.902 0.972 0.634
60 - 100%
RMSE 0.417 1.060 0.325 0.994 2.709
R? 0.996 0.889 0.992 0.820 0.925
0 - 100%
RMSE 0.406 2.045 0.542 2.610 1.715

ilefasanwansiueaNuTuiIUGenaINguUR 4.33 wuanuraaAteu
n38NsianazUssduauduaindugessiadunukas sidaAulssQinduainngy

Validation set @1l unan1anauiuslsgeluginsuduvesdyyralniinfieiuaiain
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Wuwesa 2 vllafinuiiiuldainguil 4.1 fausHiuneia PCA svisandAvesioyanin
nsTrlutuduuds unsevinavesaulluiusuvesdyaiinan vilfesiusenay
$1uau 10 PC (uunsaziinveaduiwes) limumsanozedursyndoyaials 100% viilva
nswensalauuandugesuiladuniulugag 0 - 30% Se1 R? Wiy 0.203, RMSE
Winfu 3322 uaznanianensainuduandumeseiafuuseadian R? wifu 0.445,
RMSE 11U 4.476 dmsuna uil ldvauasunisviuie (Validation set) fausiiangy
Calibration set %Iﬁmamsﬁqmamm%uqaLﬁsﬂ,mﬁmu uidlonansueadudang
gniFeuliisufunisviiunesasne DHT22 wud1 DHT22 ndulvimausiugifireudndndiAss
fusneutusnedslugag 0 - 30% Taefian R2 Wy 0.998 uay RMSE i 0.409 wefinnsan
Tuthenadnly (30 - 60%) F8n15TauasUszifiumnutuain DHT22 Aawnsaiiegsunena
AL lEAL W T Aunszitslutieundiii 240 - 400 (60 - 100%) WuAAAAIPAABY
qﬁuﬁm%ﬁ“ﬂﬁzLﬁumms?;jumﬂ DHT22 @ diein RMSE 0¢71 2.709 vauzfinanisusuiiiu
audumnidumesudaduniulyanuudugannasyinngd R2 ag/luY19 0.931 - 0.969,
RMSE 08 Tut29 0.417 - 1.060 wagnanisUszduninud unnifumessinfvusey
Tanuwsiugrannisviued B2 egluras 0.902 - 0.972, RMSE aglutas 0.325 - 0.994
dmiungy Calibration set - Validation set

MINAISUTIN TNV TLIEA AL LS E I 9NTEUIUNITO UL
aziulean 38nsUssiduanutiuie 3 wuuily awnseruisnaautulddiuazliug
aruwsiugluseduiiienuindefiogiduszdumsinnudumansd Tnegasuiivsng

P

1Y) a ° 3 s i v aa ' ) '
FALAU AD AITNIUIYNIAINNLIULYRST DHT22 ﬂ@uGU’]\clsLMﬂ']'VlllV"I’Jr]llLLHUQULLagLLMUSWQQﬂLu%QQ

12
o

0 — 30% WINUDITLHLLIAINITOULAINUI TR UNAUD VULTN1TVNUNEHAIINT UL TR
Auduluduns 2 vlaanunsaviuienanud udalaudugiaduylessosaaua 30%
WWuduly ag19lsAnuisnisuszifiumnudumanilsei dnen wn1svinungnanfuayaiuisn

Tdnuldnuuianumgauveinsinasiuiaseseuwidluusia sUkuUIuAnsiveenly
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unauuazdalauauuy
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51  #5Unan1sive
IngrinusatuildnausnisuszendldaunsalsusArgungdnuainuduives
T1UFRNLAZUDIDINIABULIIAINAT DIBULTIRUUNINTAY LN DTLATIEkavU e U
& Aa v = dl ' = S v o 1Y)
AU oy lut1iudoniivaainig g nasinnisdnwianudululiludududniy
Y @ 5 dgil a a v a < ) o a dglj
n1sUszgndldiduwesinanuduludurdaiiunuiasyianuissydmsudssidiuanuiu

¥

TriFensiuiuiinlsoamal Usitadnen nuean1sinsizviesAusenaunandnsuanila

¥ <@ a0 1 ¥

Y = A o o a a v o
YDUAINNNITLAUNAAIYLATI DIUDIANT 2 YUA slf'ﬂﬂﬁﬂl,ailliﬁﬂqiﬂqu’]ﬂma@ljﬁ MLR

Y

fusgAnsamgedu Wothuimadatuldsudoyadyyalniiuazgumgi d1uden
TusEwinanssuIunseuLtednUaen 9nANTUELAY 26%w.b. aunsEiinuT g1
Lsi’hq'mm%juam@a wuin o FeulvenAeuuiis 70°C 3315 TauazUssfiunnududinen
FuwesTannuturdadunulinanisiiunismiuduiidauduiusfuainnud ugieds
Aoutnags Tnedardudseans msdadulany (9 iy 0.987 (d1msy Calibration set)
0.880 (d1%5U Validation set) uazilarsinvasarunainadeuidsasdads (RMSE) Wiy
0.692 (@5 Calibration set), 2.096 (§1%3u Validation set) YU InsUsEdiunuTy
ﬁ'ﬁ’wmsﬁyumﬂLs‘z?umai’ﬁuﬁmlﬁuﬂssqﬁm R2 19w 0.972 (d1u5U Calibration set), 0.889
(@115 Validation set) way RMSE vy 1.028 (@11$U Calibration set), 2.010 (@1%5u
Validation set) uanaani 38n1sussidunrwdud1ndsimunaindoyanisindae DHT22
T¥nanisvhunenududden Taedl R2 winfu 0.945 uay RMSE winfu 1.433 Wieszuu
wandlgnlddmiuussiiuamuduindonlunssuiunisouusis s eulverniaasil 80°C
Fnsvssduenuiuiiannlneduge fslndunusasadafusey Wan R2 8w 0.996
way 0.992 (dusu Calibration set) 0.889 wag 0.820 (d193u Validation set) auadu lae
1 RMSE 1Ju 0.406 waz 0.542 (@ wsu Calibration set) 2.045 wag 2.610 (115U Validation
set) pudndu Bnsts 3nsUssdunududegnivamiandeyaves DHT22 §elikanis
yhugmutuiiiauduiusgeiugadeyadneds Taefie R wihify 0.925 way RMSE winiy
1.715 9gslsAnnu ediasizinanisyuneanududiidden Tnoudsisnateendy
3 929 muesidudvaaiamun TEun 0% - 30% waz60% - 100% WU31 33n15UsEIEY

ANUTUTINNAIUILIIN DHT22 HANULAALAULAL IANAN1SUSEHIUAIIUTUAIULIANDSS
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Ailaunamadousilutie 0% - 30% dudutleweinisanauudndmiun1sIaLAY
ionsuslng (<14%w.b.) vausd Wuwesiarutulufiuste 2 4dn Tnansviuneaudy
Aflanunanpasudeudeaslugwiaisas 30% Wuduly nanisveaeud Tliidiudi
Guwedin 3 ol fdnenmiitsmedenisthur sz uuyssfiuanutuiadenuuy

MEIaaTelusEninansevIumMssuListIWdeniidgamgiadls uagldiissudazygln

Y Y

v

n3iadauazaInsInse wazwiuguuds ssuumaldaddunus Juduniesdiedn

mudanfianunsandsladmsununsng aaenaugsisvwianatsuazsuaanselulueuian

174
5.2  U9LEUdLLUY
1. Asvegeud uwesianul usdaduniusazsidad uussy vbinsiuin

nsviuvesgunsalliiniReuluniseuwisunne iy dnasaniseruadyaralninnla

'
= o 1

AaNISUIEANNT U (@1nn153es1eiladenieadf) Jedaunudadmsuiduses
giafiuusey nsfnwzuuuuaudunusvesdadeuriidnasod g radniuazauys
MEUANDY ARBAIUNITNAIUIITNIALAMIAATHITUN1TAT19MUUTIa0 I UIEAIUTY
v d & ad = o °o§ v o = a a &
Tden Juisvilanagyiinansvinnedvssavzamgedulaluswes

2. TadUNATENINNNITNAABY LUE1UveINITInANaNUR01N1AA 18 DHT22
Ianevnseanvaseniesiuuulelaey wud Uszavsaimnisinnuveslglaauldiduluaiy
gauaf vihlvidlonausdlugnuaegesnumisuiudiuden vaeReiiudivisduding
AIBAUTUIINLLARDENdDINABY T3 1avinliiAnANARINAGELIINNTINTY LioE U

v Ao v = P a o cu A v 2 ] %

HaN1TInNIANNgNFeINTL MmsHinnsiafigUnsaliniivanensesnvestiiionsiume

3. Tun1sneaes fIdeidenldiniasinanustausinluinuen e inAinusives
91INAB UM NI UTIAT I8N TIN5 tvaeIna o Uatenisesneimansudiglelaau lag
MN1538YnInnIL ASHRAE agnslsfionu nisldiesesdeinndaunsaseyaninidaau wu
Pitot tube %38 Hot-wire anemometer #3on15lguHUOaIHa (Orifice plate) d115Un1339
(Y & ad = o [ Y 1% v 1 o &
gns1n1sivavevesiva LUWIEvilaanunsadamlagndesusugunniu

4. fawdinsinAaaEudieIN1AT0LAT0IBULINAI DHT22 A3illAwnanA19ves
19 . o § v M a & a " I a &=
U938 (Residual data) inlvidlanuaaIandowinduass wiegelsiniu nindinsiiis
MIgenIIaTeNLantRTddonanung vaunanaseuiieuiunanisnaaes
WU ARenaIntldiusnaineudaunegeliteddgy viliiindoauufgiuwas vaduns
31nN15MAaesilin Auduvestndenaiagnateeenainaisluduiugeiniawinden
dmsuszuvsuwitdnwasd Ussinudenanamnsaviinismaaeaiafui ogudute

anudAguilaseluluouian
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Weugunsaldenan §iselsvihmsideudeiduwesiiniuueineznlu kumsideulsunsy
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v
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uaz 80°C AflFInn13Inse K-Type Thermocouple (MAX6675) Module gnifuiinmariiu
i3 Serial monitor wasTusunsy Arduino IDE Tunniflgamgdneshlésunsgisdlae
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111

A1 1 UAT 2 LAAIAIAITINN N.1 Uag N.2 Mudwu aun1siusngnelusui n.2 uaz n.3

nlddmsuuTuagumnigee1ulaain K-type Thermocouple 4 2 67 luauddedl 1ile x
1 Aad v @ s ,0 S Qd! Vo [ 7 v o)

8 Agaumiineulanniduwes (0 uag y Ao aumniidalaiunisusuwiauwas (0)

Fiaf 1y, = 0.9982x, - 0.5501 (n.1)

Fafl 10y, = 1.0021x, - 0.6424 (n.2)

A197199 N.1 N15a0UNBY K-Type Thermocouple #7# 1

gaungiinruau (C)

ﬂ%\‘i‘ﬁ%ﬂﬁaU N - A A X X
30C 40C 50C 60 C 70C 80 C
1 30.50 40.25 51.00 61.00 70.25 80.50
2 30.50 40.25 50.50 61.25 70.50 80.50
3 30.75 40.25 50.75 60.75 71.00 80.75
4 30.50 40.50 50.50 61.00 70.50 80.75
5 30.75 40.25 50.75 61.25 70.50 81.00
6 30.25 40.50 50.50 60.75 70.50 80.75
I 30.75 41.00 51.00 60.75 70.50 80.75
8 30.25 40.75 50.75 61.00 70.50 80.50
9 30.75 40.50 51.00 61.25 70.50 80.50
10 30.50 40.75 51.00 61.00 70.75 80.75
11 30.50 40.75 51.25 60.50 70.50 80.75
12 30.25 40.50 50.75 61.25 70.50 80.25
13 30.25 40.25 51.00 61.00 70.25 80.50
14 30.75 40.50 51.25 61.00 70.25 80.50
15 30.50 40.25 51.00 60.50 70.50 80.25
Means 30.52 40.48 50.87 60.95 70.50 80.60

S.D. 0.20 0.24 0.25 0.25 0.19 0.21




A197199 N.2 N1580ULNBU K-Type Thermocouple §# 2
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gaungiinruaw (C)

ﬂ%\‘iﬁ‘lﬂﬂﬁiﬂ] . . . . . .
30C 40C 50C 60 C 70C 80 C
1 30.50 40.50 51.00 61.00 70.50 80.75
2 30.75 40.50 51.00 61.00 70.25 80.00
3 30.50 40.50 50.75 60.75 70.75 80.50
4 30.25 40.25 51.00 61.00 70.50 80.50
5 30.25 40.00 50.75 61.25 70.75 80.25
6 30.25 40.25 51.00 61.00 70.50 80.25
7 30.50 40.00 50.75 60.75 70.50 79.75
8 30.25 40.50 50.75 61.00 70.50 80.25
9 30.50 40.50 50.50 60.25 70.50 80.25
10 30.50 40.75 50.75 60.75 70.75 80.25
11 30.75 40.50 50.50 60.75 70.50 79.75
12 30.25 40.50 50.50 60.75 70.50 80.25
13 30.50 40.25 51.00 60.75 70.25 80.25
14 30.75 40.50 51.00 60.50 70.50 80.25
15 30.00 40.50 51.00 60.50 70.50 79.75
Means 30.43 40.40 50.82 60.80 70.52 80.20
S.D. 0.22 0.21 0.20 0.25 0.15 0.29
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Sodium chloride (NaCl) 75.3
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Arduino Uno
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Arduino Uno R2 Front Arduino Uno SMD Arduino Uno Front Arduino Uno Back

Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get started.
The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmegal6U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial
converter.

| Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put
into DFU mode.

| Revision 3 of the board has the following new features:

e 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatible both with the board that use the AVR,
which operate with 5V and with the Arduino Due that operate with 3.3V. The second one is a
not connected pin, that is reserved for future purposes.

e Stronger RESET circuit.

e Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the reference model for the Arduino platform; for a comparison with
previous versions, see the index of Arduino boards.

Summary
Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended) 7-12V
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Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which & provide PWM output)

Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-uno-Rev3-reference-design.zip (NOTE: works with Eagle 6.0 and newer)
Schematic: arduino-uno-Rev3-schematic.pdf

Note: The Arduino reference design can use an Atmega8, 168, or 328, Current models use an
ATmega328, but an Atmega8 is shown in the schematic for reference. The pin configuration is identical
on all three processors.

Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

+ VIN. The input voltage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the USB connection or other regulated power source). You can supply
voltage through this pin, or, if supplying voltage via the power jack, access it through this pin.

+ 5V.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USB connector (5V), or the VIN pin of
the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board. We don't advise it.

+« 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

« GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In
addition, some pins have specialized functions:

+« Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins
are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

+ External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change in value. See the attachInterrupt() function for
details.

« PWM: 3, 5, 6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.
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¢ SPI: 10 (SS), 11 (MOSI), 12 (MIS0), 13 (SCK). These pins support SPI communication
using the SPI library.

« LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled AO through A5, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 volts, though is it possible to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, some
pins have specialized functionality:

« TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:

« AREF. Reference voltage for the analog inputs. Used with analogReference().
+ Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and ATmega328 ports. The mapping for the Atmegas,
168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmegaleU2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The '16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows
a_.inf file is required. The Arduino software includes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is being
transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial
communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also supports 12C (TWI) and SPI communication. The Arduino software includes a
Wire library to simplify use of the 12C bus; see the documentation for details. For SPI communication,

use the SPI library.

Programming

The Arduine Uno can be programmed with the Arduino software (download). Select "Arduino Uno from
the Tools > Board menu (according to the microcontroller on your board). For details, see the
reference and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original
STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit
Serial Programming) header; see these instructions for details.

The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The
ATmegaleU2/8U2 is loaded with a DFU bootloader, which can be activated by:

* On Revl boards: connecting the solder jumper on the back of the board (near the map of Italy)
and then resetting the 8U2.

* On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground,
making it easier to put into DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to
load a new firmware. Or you can use the ISP header with an external programmer (overwriting the
DFU bootloader). See this user-contributed tutorial for more information.

Automatic (Software) Reset
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Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2/16U2 is connected to the reset line of the
ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.
This setup has other implications. When the Uno is connected to either a computer running Mac 0S X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader is running on the Uno. While it is programmed to ignore malformed data
(i.e. anything besides an upload of new code), it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace
can be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the
auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for
details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra
layer of pratection. If more than 500 mA is applied to the USB port, the fuse will automatically break
the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Four screw holes allow the board to
be attached to a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil
(0.16"), not an even multiple of the 100 mil spacing of the other pins.




120

EVALUATION KIT AVAILABLE

Click here to ask about the production status of specific pan numbers.

MAXGE675 Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

General Description Features

The MAXEETS performs cold-junction compensation and + Direct Digital Conversion of Type -K Thermocouple
digitizes the signal from a type-K thermocouple. The data Output

is oulput in & 12-bit resolution, SPl-compatible, read-only + Cold-Junction Gompensation

format.

, o Simple SPI-Compatible Serial Interface
This converter resolves temperatures to 0.25°C, allows ) N i
readings as high as +1024°C, and exhibits thermocouple * 12-Bit, 0.25°C Resolution
accuracy of 8 LSBs for temperatures ranging from 0°C to * Open Thermocouple Detection
+700°C.

The MAXEETS is available in a small, 8-pin SO package. Orderi ng Information

Applications PART TEMP RANGE  PIN-PACKAGE
*  Industrial MAXBETSISA 20°C o +B5°C 8 S0
* Appliances
* HVAC
Pin Configuration Typical Application Circuit
TOR VIEW a
ano 1] (0] ne —
LE] s S0 o e
- l: B = = Wi
e [2] BE=] & b
T Chp————]
50 L
maxim

integrated.

19-2235, Rav 3, @21
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MAXE675

Absolute Maximum Ratings
Supply Voltage (Ve to GND) .
50, SCK. G5, T-, T+ to GND ..
S0 Current oo
ESD Protection (Human Body Model)
Continuous Power Dissipation (Tg, = +70°C)

§-Pin 30 (derate 5.88mW/°C above +T0C) v 4T ImW
Crperating Temperature Range ... -20°C to +85"C

. -0.3V to +8V
1o Vg + 0.3V

Cold-Junction-Compensated K-Thermocouple-

to-Digital Converter (0°C to +1024°C)

..-85°C to +150°C
. +150°C

Storage Temperature Range ...
Junction Temperature
S0 Package
Vapor Phase (60s) .
Infrared (15s) ........
Lead Temperature (soldering, 108) e +300°C

Sirmsgos beyon froes ked wnder “Abeoiufe Maximm Ratings” may caues parmanenl damage Jo e device. Thees am simss rlivgs only and luncions’ apenston of e device af these

ar any ather conmitions bayond Mase indealad & M aparanions sechions of e speckisenians (s ol impied. Expasure i absak

oewrs reknbay

Electrical Characteristics

HATHIT FRing SOnaWans for axmended parads may et

(Voo = +3.0V o +5.5V, Ty = -20°C to +85°C, unless otherwise noted. Typical values specified at +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

TTHERMOCOUPLE = +TD0°C, Vop=+33V | 5 +5

Tp = +25°C (Nota 2) Veg = +5Y 6 +6

T =0Clo Ve = +3.3V -8 +8
Temperature Error +;§§EE!1222LT;5E“C (Note 2) Vi ——y ) o LSE

TTHERMOGCOURLE = +700°C Vog =+3.3V -7 +17

to +1000°C, Ty =+25°C (Mote 2) Vg = +5V 18 +19
Z::;Ta?uple Convarsion 10.25 LWILSE
Cold-Junciion Ty = -20°C to|Voo=+3.3Y -3.0 +3.0 .
Compensation Ermor +B5°C (Note 2) Ve = +5Y 3.0 +3.0
Resolution 0.25 C
Tharmocouple Input
|mp€dancep " 50 kel
Supply Voltage Ve 3.0 5.5 W
Supply Current oo 07 1.5 mA
Power-On Reset Threshold Vo rising 1 2 2.5 W
Power-On Reset Hysteresis 50 mYy
Conversion Time (Note 2) LRk 0.22 5
SERIAL INTERFACE
Input Low Volage Vie %2‘; W
Input High Valtage Vin oo v
Input Leakage Cumeant ILEak 0| Vi = GND or Ve 5 WA
Input Capacitance TN 5 pF

www.maximintegrated.com

Maxim Integrated | 2
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MAXE675

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Electrical Characteristics (continued)
(Vo = +3.0V to +5,5V, T = -20°C to +85°C, unless otherwise noted. Typical values specified at +25°C.) (Nate 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Output High Voltage VoH Isource = 1.6mA Vgcq - "
Output Low Voltage VaL lging = 1.6mA 0.4 W
TIMING

Serial Clock Fraguency oL 4.3 MHz
SCK Pulse High Width eH 100 ns
SCK Pulse Low Width oL 100 ns
CSB Fall to 5CK Rise toss Ci = 10pF 100 ns
5B Fall to Output Enable tow Cp = 10pF 100 ns
CSB Rise to Output Disable 13133 CL=10pF 100 ng
SCK Fall to Output Data Valid no Cp =10pF 100 ns

MNote 1: All specifications are 100% tested at Ty, = +25°C. Specification limits over temperature (T = Tpyy 10 Tpgax) are guarantesd
by design and characierization, nof production tested
Note 2: Guaranteed by design. Mot production tested.

Typical Operating Characteristics
(Vo = +3.3V, Ta = +25°C, unless otherwise noted. )

OUTFUT CODE ERROR (LSE)

OUTPUT CODE ERROR
vE. AMBIENT TEMPERATURE
i
"
/
015 @ 45 B 75 m

TEMPFERATURE {'C]

www.maximintegrated.com

OUTPUT CODE ERROR (LSE)

o

QUTPUT CODE ERROR
¥6. VOLTAGE DIFFERENTIAL
.
-
P
y
/| d
-1 0 10 il 0 4 50

WOLTAGE HFFERENTIAL (mv]

Maxim Integrated | 3
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MAXE675

Pin Description

PIN | NAME FUNCTION

1 GND | Ground

2 T Alumel Lead of Type-K Thermacouple.
Shaould be connacted to ground axtermally.

3 T+ Chrome| Lead of Type-K Thermecouple

4 Voo s;:;i;ii‘iﬁ tilgrﬁg Bypass with a 0.1pF

5 SCK | Serial Clock Input

& ©s F:hip Salact. Set TS low to enable the serial
interface,

7 S0 Serial Data Oufput

3 N.C Mo Connection

Detailed Description

The MAXGGTS is a sophisticated thermocouple-to-digi-
tal converter with a built-in 12-bit analog-to-digital con-
verter (ADC). The MAXGETS also contains cold-junction
compensation sensing and correction, a digital con-
troller, an SPl-compatible interface, and associated
control logic.

The MAXEEYS is designed to work in conjunction with an
external microcontroller (UC) or other intelligence in ther-
mostatic, process-control, or monitoring applications.

Temperature Conversion

The MAXEGTS includes signal-conditioning hardware to
convert the thermocouple's signal into a voltage compat-
ible with the input channels of the ADC. The T+and T-
inputs connect to internal circuitry that reduces the intro-
duction of noise arrors from the thermocouple wires,
Before converting the thermoslectric voltages into
equivalent temperature values, it is necessary to com-
pensate for the difference between the thermocouple
cold-junction side (MAXB6T5 ambient lemperature) and
a 0°C wirtual reference. For a type-K thermocouple, the
voltage changes by 41uv/°C, which approximates the
thermacouple characteristic with the following linear
equation:

Vour = @1pV/°C) x (Tr - Tamg)

www.maximintegrated.com

Cold-Junction-Compensated K-Thermocouple-

to-Digital Converter (0°C to +1024°C)

Where:

VouT is the thermocouple output voltage (pV).

Tgr is the temperature of the remote thermocouple junc-
tion ("C).

Tame is the ambient temperature (*C).

Cold-Junction Compensation

The function of the thermocouple is to sense a differ-
ence in temperature between two ends of the thermo-
couple wires. The thermocouple’s hot junction can be
read from 0°C to +1023.75°C. The cold end {ambi-
ant temperature of the board on which the MAXEBETS
is mounted) can only range from -20°C to +85°C.
While the temperature at the cold end fluctuates, the
MAXEETS continues to accurately sense the lempera-
ture difference at the opposite end.

The MAXG675 senses and corrects for the changes in
the ambient temperature with cold-junction compen-
sation, The device converts the ambient temperature
reading into a voltage using a temperature-sensing
diode. To make the actual thermocouple temperature
measurement, the MAXGETS measures the voltage from
the thermocouple's output and from the sensing diode.
The device's internal circuitry passes the diode's wolt-
age (sensing ambient temperature) and thermocouple
voltage (sensing remote temperature minus ambient
temperature) to the conversion function stored in the
ADC to caloulate the thermocouple’s hot-junction tem-
perature.,

Optimal performance from the MAXBEYS is achieved
when the thermocouple cold junction and the MAXGE7S5
arg at the same temperature, Avoid placing heat-gen-
erating devices or componenis near the MAXGE75
because this may preduce cold-junction-related errors.

Digitization

The ADC adds the cold-junction diode measurement
with the amplified thermocouple voltage and reads out
the 12-bit result onto the SO pin. A sequence of all
zeros means the thermocouple reading is 0°C. A
sequence of all ones means the thermocouple reading
is +1023.75°C.

Waxim Integrated | 4
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MAXE675

Applications Information

Serial Interface

The Typical Application Circuit shows the MAXBETS
interfaced with a microcontroller. In this example, the
MAXE6TS processes the reading from the thermocou-
ple and transmits the data through a serial interface.
Force CS low and apply a clock signal at SCK to read
the resulls at S0. Forcing T8 low immediately stops
any conversion process. Initiate a new conversion
process by forcing C5 high.

Force CS low to output the first bit on the SO pin. A
complete serial interface read requires 16 clock cycles,
Read the 16 oufput bits on the falling edge of the clock.
The first bit, D15, is & dummy sign bit and is always
zero. Bits D14-D3 contain the converted temperature
in the order of MSB to LSE. Bit D2 is normally low and
goes high when the thermocouple input is cpen. D1 is
low to provide a device ID for the MAXEETS and bit DO
is three-state.

Figure 1a is the serial interface protocol and Figure 1b
shows the serial interface timing. Figure 2 is the SO out-
put,

Open Thermocouple

Bit D2 is normally low and goes high if the thermocou-
ple input is open. In order to allow the operation of the
open thermocouple detector, T- must be grounded.
Make the ground connection as close to the GND pin
as possible.

Noise Considerations

The accuracy of the MAXBETS is susceptible to power-
supply coupled noise. The effects of power-supply
noise can be minimized by plaging a 0.1uF ceramic
bypass capacitor close to the supply pin of the device.

www.maximintegrated.com

Cold-Junction-Compensated K-Thermocouple-

to-Digital Converter (0°C to +1024°C)

Thermal Considerations

Self-heating degrades the temperalure measurement

accuracy of the MAXBETS in some applications. The

magnitude of the temperature errors depends on the
tharmal conductivity of the MAXB6756 package, the

mounting technique, and the effects of airflow. Use a

large ground plane to improve the temperature mea-

surement accuracy of the MAXGETS.

The accuracy of a thermocouple system can also be

improved by following these precautions:

&« Use the largest wire possible that does not shunt
heat away from the measurement area.

& |f small wire is required, use it only in the region of
the measurement and use extension wire for the
region with no temperature gradient.

+ Ayoid mechanical stress and vibration, which could
strain the wires.

o« When using long thermocouple wires, use a twisted-
pair extension wire,

s Avold steep lemperature gradients.

*  Try to use the thermocouple wire well within its tem-
perafure rating.

« Llse the proper sheathing material in hostile environ-
ments to protect the thermocouple wire,

s Use extension wire only at low temperatures and
only in regions of small gradients.

* HKeep an event log and a continuous record of ther-
mocouple resistance.

Reducing Effects of Pick-Up Noise
The input amplifier (A1)} is a low-noise amplifier
designed fo enable high-precision input sensing. Keep

the thermocouple and connecting wires away from elec-
trical noise sources.

Maxim Integrated | §
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MAXB675 Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

A\ /
= [Juudududududuyt

Figure Ta. Serial Interface Protocol

-| |-— o [ |.._

Figure 1h. Seral Interface Timing

BIT DUMMY 12-BIT THERMOCOUFLE | DEVICE STATE
SIGN BIT TEMPERATURE READING INPUT D
Bit 15 14 13 112 | 11 10 g 8 7 6 5 4 3 2 1 0
] MSB LSB 0 Three-
state

Figure 2. 50 Oulpul

www. maximintegrated com Maxim Integrated | &
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MAXB675 Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Block Diagram

SOLD-JURCTION
COMPENSATION

REFEAENCE

WOLTRGE
I
J_—- =h}
Chip Information Package Information
TRANSISTOR COUNT: 6720 For the latest package outline information and land patterns
PROCESS: BICMOS {factprinis), go lo www.maximintegrated.com/packages. MNote

that a "+, "#", or °-"in the package code indicates RoHS status
only. Package drawings may shaw a different suffix character. but
the drawing pertains io the package regardless of RoHS siatus.

PACKAGE PACKAGE OUTLINE LAND
TYPE CODE NO. PATTERN NO.
8350 S8+2 21-0041 20-0096

www.maximintegrated. com Maxim Integrated | 7
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MAXB675 Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Revision History

REVISION REVISION PAGES
NUMBER | DATE DESCRIPTION CHANGED
2 414 Ramoved automotive referenca 1
3 621 Updated equation in Temperature Compensation saction. 4

For pricing. delivery, and ardering mfarmation, pleass visil Maxim Imegrated's online storefront al hitps:(asasmaximintegrated comien/starefrantistionefront. ml.
Maxim Indegratad cannoh as5Ima respansibiity for use of any ciowitny oifar fhan cimwitny entirely emboedied in & Maxim fnfegrated product. Mo circul patent icensas

ae wmalied, Maxim Infegrated rmsenves the fgft 1o change the sy and specificatians withaout rafice &t any hime. The parameinc vakies {min and max Wmits)
shown in the Electrical Charachenshics table sre guarmnieed, (thar parametnic velues quated in this data sheet ae provided for quidance.

Maxim integrated and the Masim Integrated logo are trademarks of Maxim Integrated Praducts, inc. B 2021 Maxim Integrated Produets, Inc. | 8
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Worid chips iiumadanufuuarduadasenatulugaduneaauanyduanuiuduneaauais
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Capacitive Soil Moisture Sensor SKU:SEN0193

Contents

1 Introduction
2 Specification
3 Tutorial
3.1 Requirements
3.2 Coennection Diagram
3.3 Calibration Code
3.4 Calibration
3.4.1 Calibration Range
3.4.2 Section Settings
3.5 Test Code

4 FAQ
5 More
Introduction
Our soil moisture sensor (https://www.dfrobot.com/product-1385.html) measures soil mositure levels by Capacitive Soil Moisture Sensor
capacitive sensing rather than resistive sensing like other sensors on the market. It is made of corrosion (https://www.dfrobot.com/product-1385.html)

resistant material which gives it an excellent service life.

Insert it in to the soil around your plants and impress your friends with real-time soil moisture data!

This module includes an on-board voltage regulator which gives it an operating voltage range of 3.3 ~5.5V. Itis
perfect for low-voltage MCUs, both 3.3V and 5V. For compatibility with a Raspberry Pi it will need an ADC converter.

This soil moisture sensor is compatible with our 3-pin "Gravity" interface, which can be directly connected to the Gravity I/O expansion shield.

Specification

@ Operating Voltage: 3.3 ~ 5.5 VDC

* Output Voltage: 0 ~ 3.0VDC

® Operating Current: 5SmA

© Interface: PH2.0-3P

© Dimensions: 3.86 x 0.905 inches (L x W)
® Weight: 159

Tutorial

Requirements

* Hardware
* DFRduino UNO x1
* Capacitive Soil Moisture Sensor x1
* Jumper Cable x3
® Software
*® Arduino IDE V1.6.5 Click to Download Arduino IDE (https://www.arduino.cc/en/Main/Software)

Connection Diagram

Capacitive ¢

(https://www.dfrobot.com/product-1385.html)

(Iwikifindex.php/File:SEN0193-line.png)
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Calibration Code

void setup() {
Serial.begin{26@@); // open serial port, set the baud rate as 9660 bps

}

void loop() {
int val;
val = analogRead(@); //connect sensor to Analog @
serial.print{val); //print the wvalue to serial port
delay({18@);

Calibration

Calibration Range

Warning Line

@

Recommend Depth (Wiindex pho/File:SENO193 test png)

1. Open the serial port monitor and set the baud rate to 9600

2. Record the sensor value when the probe is exposed to the air as "Value 1". This is the boundary value of dry soil “Humidity: 0%RH"

3. Take a cup of water and insert the probe into it no further than the red line in the diagram

4. Record the sensor value when the probe is exposed to the water as "Value 2°. This is the boundary value of moist soil “Humidity: 100%RH"

) # The components on this board are NOT waterproof, do not expose o moisture further than the red line. (If you want
(wikilindex php/FileWarming. yellow.png) :: p:)lecnl r}:ompenems from the elements, try using a length of wide heat shrink tubing around the upper-section of
e boar

® There is an inverse ratio between the sensor output value and soil moisture.

Section Settings

The final output value is affected by probe insertion depth and how fight the: soil packed around it is. We regard "value_1" as dry soil and “value_2" as soaked soil,
This is the sensor detection range.

For example: Value_1 = 520, Value_2 = 260.

The range will be divided into three sections: dry, wet, water. Their related values are:

® Dry: (520 430]
* Wet: (430 350]
® Water: (350 260]




131

Test Code

/ *
This example reads Capacitive Soil Meisture Sensor.

Created 2815-18-21
By berinie Chen <bernie.chen@idfrobot.coms

GNU Lesser General Public License.

See <http://www.gnu.org/licenses/> for details.

All above must be included in any redistribution
rrbbrre N

JrewzerrrsesNotice and Trouble shooting===ss===s=sr=ss

1.Connection and Diagram can be found here: https://www.dfrobot.com/wiki/index.phprtitle=Capacitive_Soil_Moisture_Sensor_SKU:SEN@193
2.This code is tested on Arduine Uno.

3.Sensor is connect to Analog 8 port.

eonst int Airvalue = 528; Jiyou need to replace this value with value_1
const int Watervalue = 268; //you need to replace this value with Value_2
int intervals = (AirValue - WaterValue)/3;
int soilMoistureValue = 8;
void setup() {

Serial.begin{968@); // open serial port, set the baud rate to 9608 bps

void loop() {

soilMoistureValue = analogRead(AB); //put Sensor insert into soil
if(soilMoisturevalue > WaterValue 8& soilMoistureValue < (WaterValue + intervals))
{

Serial.println("Very Wet");
else if{soilMoisturevalue > (WaterValue + intervals) && soilMoistwreValue < (AirValue - intervals))
{

Serial.println("wet"};
else if{soilMoistureValue < AirValue 8& soilMoisturevalue > {AlrValue - intervals))

Serial.println("Dry"});

}
delay(1@@);
}

FAQ

There are no questions about this product yet,

For any questions/advice/cool ideas to share with us, please visit DFRobot Forum (hitp:/lwww.dfrobot.com/forum/).

More

#» Documents
* Schematic
(https:/igithub.com/Arduinolibrary/DF Robot_Capacitive_Soil_Moisture_Sensor/raw/master/SEN0193%20%20Capacitive % 20S0il %20Moisture%20SensorV'1.0.PDF)
» Product SVGs (https://github.com/Arduinolibrary/DF Robot_Capacitive_Soil_Moisture_Sensoriraw/master/SEN0193.zip)
# Share
# Relative humidity to absolute humidity calculator (hitp://planatealc. com/2167/)

E {http:iiwww dfrobot. comiindex. php Zroute=productiproduct&product_id=1385& 01934 iption=true# VnJZsvmagAw) Get it from Gravity: Analog
Capacitiv il Moisture Sensor- Corrosion Resistant (hitps:/fwww.dfrobot. com/product-1385.himl) or DFRobot Distributor (hitp:/fwww.dfrobot.comfindex.php?

route=information/distrinutorslogo).

Category: DFRobot (https:/fwww.dfrobot.com/) > Sensors &Modules (hitps:/iwww.dfrobot.com/category-156.html) =Sensors (hitps:/'www.dfrobot.com/category-
36.html) = Temperature & Humidity Sensor (hitps:/www dfrobot.comicategory-64.html)
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Aosong Electronics Co.,Ltd

Your specialist in innovating humidity & temperature sensors

Digital-output relative humidity & temperature sensor/module

DHT22 (DHT22 also named as AM2302)

Capacitive-type humidity and temperature module/sensor
1
Thomas Liu (Business Manager)

Email: thomasliu198518@yahoo.com.cn
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Aosong Electronics Co.,Ltd

Your specialist in innovating humidity & temperature sensors
1. Feature & Application:
* Full range temperature compensated * Relative humidity and temperature measurement
* Calibrated digital signal  *Qutstanding long-term stability *Extra components not needed
* Long transmission distance * Low power consumption *4 pins packaged and fully interchangeable

2. Description:

DHT22 output calibrated digital signal. It utilizes exclusive digital-signal-collecting-technique and humidity
sensing technology, assuring its reliability and stability.Its sensing elements is connected with 8-bit single-chip
computer.

Every sensor of this model is temperature compensated and calibrated in accurate calibration chamber and the
calibration-coefficient is saved in type of programme in OTP memory, when the sensor is detecting, it will cite
coefficient from memory.

Small size & low consumption & long transmission distance(20m) enable DHT22 to be suited in all kinds of
harsh application occasions.

Single-row packaged with four pins, making the connection very convenient.

3. Technical Specification:

Model DHT22

Power supply 3.3-6V DC

Qutput signal digital signal via single-bus

Sensing element Polymer capacitor

Operating range humidity 0-100%RH; temperature -40~80Celsius
Accuracy humidity +-2%RH(Max +-5%RH); temperature <+-0.5Celsius
Resolution or sensitivity | humidity 0.1%RH: temperature 0.1 Celsius
Repeatability humidity +-1%RH; temperature +-0.2Celsius
Humidity hysteresis +-0.3%RH

Long-term Stability +-0.5%RH/year

Sensing period Average: 2s

Interchangeability fully interchangeable

Dimensions small size 14*18*5.5mm; big size 22*28*5mm

4. Dimensions: (unit----mm)

1) Small size dimensions: (unit----mm)

Thomas Liu (Business Manager)

Email: thomasliu198518(@yahoo.com.cn
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Aosong Electronics Co.,Ltd

Your specialist in innovating humidity & temperature sensors
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Pin sequence number: 12 3 4 (from left to right direction).

Pin Function

1 VDD--—--power supply
2 DATA--signal

3 NULL

4 GND

Thomas Liu (Business Manager)

Email: thomasliu198518(@yahoo.com.cn
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Aosong Electronics Co.,Ltd

Your specialist in innovating humidity & temperature sensors

5. Electrical connection diagram:

vDD

DHT22 1Pin
M C U rA 2Pin

4Pin

GND

3Pin---NC, AM23(2 is another name for DHT22

6. Operating specifications:

(1) Power and Pins

Power's voltage should be 3.3-6V DC. When power is supplied to sensor, don't send any instruction to the sensor
within one second to pass unstable status. One capacitor valued 100nF can be added between VDD and GND for
wave filtering.

(2) Communication and signal
Single-bus data is used for communication between MCU and DHT22, it costs SmS for single time
communication.

Data is comprised of integral and decimal part, the following is the formula for data.

DHT22 send out higher data bit firstly!

DATA=R bit integral RH data+8 bit decimal RH data+8 bit integral T data+8 bit decimal T data+8 bit check-sum
If the data transmission is right, check-sum should be the last 8 bit of "8 bit integral RH data+8 bit decimal RH
data+8 bit integral T data+8 bit decimal T data”.

When MCU send start signal, DHT22 change from low-power-consumption-mode to running-mode. When MCU

finishs sending the start signal, DHT22 will send response signal of 40-bit data that reflect the relative humidity
5
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and temperature information to MCU. Without start signal from MCU, DHT22 will not give response signal to
MCU. One start signal for one time's response data that reflect the relative humidity and temperature information
from DHT22. DHT22 will change to low-power-consumption-mode when data collecting finish if it don't receive
start signal from MCU again.
1) Check bellow picture for overall communication process:

Host computer send out

start signal. Data transmission finished,
Sglisor send out and RL pull up bus's voltage
response signal. Output data: 1bit"0" for next transmission

—e EHKIF  e— —= [DHTEE & |fe— —=
A] WS | i It

; ' | | o |
PR | ol SR e ol MERL - ] ¥ &0

e S

EHES DHTf5 S

Host's signal Sc#or‘s signal &)utput data: 1bit "1"
response from sensor Sensor pull down

Pull up voltage and bus's voltage

ready for sensor's output.

Si'glc—bus output

2) Step 1: MCU send out start signal to DHT22
Data-bus's free status is high voltage level. When communication between MCU and DHT22 begin, program of
MCU will transform data-bus's voltage level from high to low level and this process must beyond at least 1ms to

ensure DHT22 could detect MCU's signal, then MCU will wait 20-40us for DHT22's response.

Check bellow picture for step 1:
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Host computer send start signal Sensor send out response signal
and keep this signal at least Ims and keep this signal 80us

A

Host pul up voltage

5's voltage

DH THiB; {55

80us

DHT{E S

Signal from host Start data transmissi

Signal from sensor

Single-bus signal

Step 2: DHT22 send response signal to MCU
When DHT22 detect the start signal, DHT22 will send out low-voltage-level signal and this signal last 80us as
response signal, then program of DHT22 transform data-bus's voltage level from low to high level and last 80us

for DHT22's preparation to send data.

Check bellow picture for step 2:
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Start transmit 1bit data Start transmit next bit data

26-28us voltage-length means data "0"

— 26us—28us

NG =2 N Lf e T
FELi] p e | [ AR

P _..l il L._

T —bidfin

55L& H:

v

Host signal Sesnor's signal

Single-bus signal

Step 3: DHT22 send data to MCU

When DHT22 is sending data to MCU, every bit's transmission begin with low-voltage-level that last 50us, the
following high-voltage-level signal's length decide the bitis "1" or "0".

Check bellow picture for step 3:
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T0us voltage-length means 1bit data "1"

Start transmit |bit data Start trapsmit next bit data

1
|

\(elel P - F—vitFFh
I I 4

6,] ) e [ oo omm—

. | 1BiFEs | |

PR | —- Stus oo |

e SEHy:

ES L1 HT{E S

Host signal Sesnor's signal

Single-bus signal

If signal from DHT22 is always high-voltage-level, it means DHT22 is not working properly, please check the
electrical connection status.

7. Electrical Characteristics:

[tem Condition Min Typical Max Unit
Power supply | DC 3.3 5 6 \
Current supply | Measuring 1 1.5 mA
Stand-by 40 Null 50 uA
Collecting Second 2 Second

period
*Collecting period should be : =2 second.
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8. Attentions of application:

(1) Operating and storage conditions

We don't recommend the applying RH-range beyond the range stated in this specification. The DHT22 sensor
can recover after working in non-normal operating condition to calibrated status, but will accelerate sensors'
aging.
(2) Attentions to chemical materials

Vapor from chemical materials may interfere DHT22's sensitive-elements and debase DHT22's sensitivity.
(3) Disposal when (1) & (2) happens

Step one: Keep the DHT22 sensor at condition of Temperature 50~60Celsius, humidity <10%RH for 2 hours;

Step two: After step one, keep the DHT22 sensor at condition of Temperature 20~30Celsius, humidity

>70%RH for 5 hours.
(4) Attention to temperature's affection

Relative humidity strongly depend on temperature, that is why we use temperature compensation technology to
ensure accurate measurement of RH. But it's still be much better to keep the sensor at same temperature when
sensing.

DHT22 should be mounted at the place as far as possible from parts that may cause change to temperature.
(5) Attentions to light

Long time exposure to strong light and ultraviolet may debase DHT22's performance.
(6) Attentions to connection wires

The connection wires' quality will effect communication's quality and distance, high quality shielding-wire is
recommended.
(7) Other attentions

* Welding temperature should be bellow 260Celsius.

* Avoid using the sensor under dew condition.

* Don't use this product in safety or emergency stop devices or any other occasion that failure of DHT22 may
cause personal injury.
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[oc) Resis_Capacitive_collection | Arduino 1.8.12
File Edit Sketch Tools Help

Resis_Capacitive_collection

int resistive = 0;

;
int capacitive = 0;

void setup() |
Serial .begin (9600) ;
Serial.println ("CLEARDATA") ;
//Arwa¥IeTy excel
Serial.println("LABEL, Time, Resistive Signal, Capacitive Signal"™):;

void loop () {
resistive = analogRead (AO0); //DMADNA resistive sensor
capacitive = analogRead(A2); //22%A1070 capacitive sensor

Serial.print (resistive);
Serial.print (" ,");
Serial.print (capacitive);
Serial.println(" ,"):
delay(1000) ;

JUT 2.2 Wsunsudwiiuiiudeyaandumesinanudueiafumunasslanuuseq
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Data_Collection_Thesis | Arduino 1.8.12
File Edit Sketch Tools Help

Data_Callection_Thesis
#include "max6675.h"
#include "DHT.h"
#define DHTPIN
#define DHTTYPE DHT22
int resistive = 0;

int capacitive = 0;
float TC1 = 0;
float TCZ = 0;
int thermeDo = 4;
int thermeCs = 5;
int thermoCLK = 6
int thermo2DO = 7;
int thermo2CS = 8;
int thermo2CLK = 9;
float tl1l = 0;
float t2 = 0;
float rhl = 0;
float rh2 = 0;
DHET dhtl (11, DHTTYPE);
DHET dht2(12, DHTTYPE);
MAX6675 thermocouple (thermoCLK, thermoCsS, thermoDO) ;
MAX6675 thermocoupleZ (thermo2CLK, thermo2CsS, thermoZDO);
void setup() {

Serial.begin(9600) ;

dhtl.begin();

dht2.begin();

Serial.println ("CLEARDATA");

//AHRAKINTIY excel

Serial.println("LABEL, Time, Resistive Signal, Capacitive Signal, tempPaddv, tempAIR, T1, RH1, T2, RH2");
=" " N 0 G W A A S I |
void loop() {

resistive = analogRead (A0); //dwwﬁﬁa1n resistive sensor
d(AZ2) ; f/ﬁﬁwﬁﬁaﬂﬂ capacitive sensor

capacitive = analog

TCl = thermocouple.re Celsius();
TC2 = thermocouple2.readCelsius();
tl = dhtl.readTemperature();

rhl = dhtl.readHumidity();

t2 = dht2.readTemperature();

rh2 = dht2.readHumiditv();
Serial.print(resistive);
Serial.print ("™ ,"™);

Serial.print (capacitive);
Serial.print (™ ,™);

Serial.print (TCl);

Serial.print (™ ,"™);
Serial.print(TC2);
Serial.print(™ ,™);

Serial.print(tl);
Serial.print("™ ,");
Serial.print(rhl);
Serial.print(™ ,™);
Serial.print(t2);
Serial.print ("™ ,™);
Serial.print(rh2);
Serial.println(™ ,");
delay(1000);

JUN .3 Wiunsudwiuiiudeyaaniduigesitommunisussiduanuainug1anua1ase
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1381 (W)

ANNTULRAYVRITI AN TUAAZASIVDY

nsnagaau (%ow.b.)

AMUTURALVDY

P1dden (%w.b.)

ASed 1 REE REE

0 259216 26.5703 27.7384 26.7434
10 24.4415 23.8603 253669 24,5562
20 23.6439 23.1411 24.4347 237399
30 22,6704 22.1603 23.5901 228069
40 21.9266 21.4055 22.7032 220118
50 20.9419 20.5020 21.7904 21.0781
60 20.4739 19.5593 21.2395 20.4242
70 19.6395 18.7360 20.1906 19.5220
80 18.6178 17.6501 19.4198 18.5626
90 17.8594 16.8830 18.4246 17.7223
100 17.0794 15.9396 17.7949 16.9380
110 16.0749 15,3026 16.7440 16.0405
120 15.1873 14.4995 16.0673 15.2514
130 14.6133 13.7949 153190 14.5757
140 13.9386 13.1543 14.6024 13.8985
150 132114 12,6393 14.0540 13.3016
160 12,6385 12.0989 13.2574 12,6649
170 12.8449 11.7551 13.1453 12,5817
180 12.3057 11.2416 12,4764 12.0079
190 11.7568 10.7276 12.1324 11.5389
200 11.2938 10.3165 11.5739 11.0614
210 10.8769 9.9001 11.1050 10.6273
220 10.4647 9.5234 10.6951 10.2277
230 9.6233 9.1811 9.7003 9.5016
240 9.2626 8.8156 9.3540 9.1441
250 8.9953 8.4931 9.0622 8.8502
260 8.6599 8.2547 8.7865 8.5670
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1381 (W)

ANNTULRRYVRITIIUFIN T ULAAZASIVDY

nsnagaau (%ow.b.)

AMUTURALVDY

P1dden (%w.b.)

ASed 1 REE REE
270 8.4144 8.0273 8.5779 8.3399
280 8.1688 7.7531 8.3052 8.0757
290 7.9500 7.5556 7.9850 7.8302
300 7.7036 7.3179 7.6579 7.5598
310 7.4794 7.1414 7.4415 7.3541
320 7.2909 6.9522 7.2453 7.1628
330 7.2203 6.7958 7.1039 7.0400
340 6.8983 6.6381 7.0422 6.8595
350 7.2942 6.8324 7.4197 7.1821
360 7.0595 6.6943 7.1910 6.9816
370 6.9179 6.5494 7.0335 6.8336
380 6.7381 6.3772 6.8915 6.6689
390 6.6880 6.3020 6.8910 6.6270
400 6.4733 6.1400 6.6165 6.4099
410 6.5357 6.0447 6.5160 6.3655
420 6.3911 5.8949 6.3436 6.2099
430 6.3669 5.8603 6.2668 6.1647
440 6.1458 5.7502 6.1286 6.0082
450 6.0571 5.6492 6.1365 5.9476
460 5.9492 5.5347 5.9578 5.8139
470 5.8720 5.4834 5.8942 5.7499
480 5.7614 5.3860 5.7128 5.6201
490 5.5919 5.2295 5.6559 5.4924
500 6.2937 6.2093 5.8338 6.1123
510 6.1701 6.0564 56718 5.9661
520 6.1147 5.9289 5.5384 5.8607
530 6.0126 5.8304 5.3039 5.7156
540 6.0413 5.9159 53291 5.7621
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ANNTULRRYVRITIIUFIN T ULAAZASIVDY

nsnagaau (%ow.b.)

AMUTURALVDY

P1dden (%w.b.)

ASed 1 REE REE
560 5.8470 5.7486 5.2664 5.6207
570 5.7677 5.7421 52168 5.5755
580 5.7537 5.6019 5.1270 5.4942
590 5.5821 55147 4.9701 5.3556
600 5.8648 5.5043 5.6656 5.6782
610 5.7418 5.4081 5.5465 5.5655
620 5.6726 5.3873 5.4786 5.5129
630 5.5878 5.3846 5.4008 5.4577
640 5.5231 5.3351 5.3661 5.4074
650 5.5345 53332 5.3552 5.4076
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1381 (W)

ANMUTULRASVRITI RN TULAAZATS

YBIN1NAEIU (Yow.b.)

AMUTURALVDY

P1dden (%w.b.)

ASed 1 REE REE

0 257215 26.2592 26.3899 26.1235
10 24.5559 24.4490 25.1031 24.7026
20 233868 23.4279 24.0384 236177
30 223538 225611 22.8829 225993
40 21.4540 21.4343 21.7891 215591
50 20.3339 20.3353 20.8078 20.4924
60 19.4832 19.5309 19.8132 19.6091
70 18.9967 18.5166 18.8962 18.8031
80 17.9941 17.5567 17.9906 17.8472
90 16.9555 16.6383 16.9675 16.8538
100 16.0394 15.6102 16.0307 15.8934
110 15.1320 14.6700 15.0119 14.9380
120 15.2850 14.1899 13.9380 14.4710
140 13.5034 12,5812 12.4003 12,8283
150 12.8526 11.8983 11.6450 12.1319
160 12,2032 11.1858 11.0611 11.4834
170 11.4881 10.5388 10.3668 10.7979
180 11.1411 10.1103 10.3268 10.5261
190 10.5244 9.5026 9.7012 9.9094
200 9.9961 9.0334 9.1928 9.4075
210 9.5291 8.5656 8.7323 8.9423
220 9.1015 8.0801 8.3819 8.5211
230 8.6582 7.7951 7.9685 8.1406
240 8.6364 7.7348 7.7423 8.0378
250 8.2726 7.4282 73775 7.6928
260 7.9415 7.1540 7.0670 7.3875
270 7.5894 6.8992 6.8210 7.1032
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1381 (W)

ANNTULRRLVRITI RN TULAAZATS

YBIN1NAEIU (Yow.b.)

AMUTURALVDY

P1dden (%w.b.)

ASed 1 REE REE
280 7.2975 6.6482 6.5491 6.8316
290 7.0570 6.4584 6.3131 6.6095
300 6.3571 6.2386 6.2836 6.2931
310 6.1312 6.0130 6.0639 6.0694
320 6.0027 5.8704 59152 5.9294
330 58228 5.6820 5.7396 5.7481
340 5.6298 5.5694 5.6208 5.6073
350 5.4965 5.4458 5.4868 5.4764
360 6.2948 6.4502 5.7926 6.1792
370 6.1407 6.3034 5.9972 6.1471
380 5.9897 6.0654 58118 5.9556
390 5.8704 5.8804 5.7397 5.8302
400 5.7528 5.7801 5.5932 5.7087
410 5.6214 5.6304 55218 55912
430 5.4329 5.4403 5.3509 5.4080
440 5.3595 5.4259 5.2523 5.3459
450 5.2480 53141 52172 5.2598
460 52292 5.1082 5.2037 5.1804
470 5.1181 5.2371 5.1525 5.1692
480 5.0780 5.1890 5.1373 5.1347
490 4.9064 5.1488 5.0581 5.0378
500 4.9206 5.2781 5.0076 5.0688
510 4.3875 5.6108 53277 5.1087
520 4.2404 5.4784 5.2416 4.9868
530 4.1396 53418 5.1448 4.8754
540 4.0597 5.2248 5.0644 4.7830
550 4.3804 4.6891 4.6911 4.5869
560 4.3578 4.6423 4.6148 4.5383
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1381 (W)

ANNTULRRLVRITI RN TULAAZATS

YBIN1NAEIU (Yow.b.)

AMUTURALVDY

P1dden (%w.b.)

ASed 1 REE REE
570 4.2931 4.5064 4.5102 4.4366
580 4.2614 4.5024 4.4568 4.4069
590 4.2042 4.5144 4.3640 4.3609
600 4.3765 4.6886 4.3673 4.4775
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
0 25.92 1 27.80 79.40 39.80 50.68
10 25.47 1 29.90 70.18 41.86 43.20
20 24.44 1 30.98 67.14 43.46 40.38
30 23.64 1 31.12 66.14 44.86 37.32
40 22.67 1 30.68 67.02 45.96 35.14
50 21.93 1 30.86 66.96 46.62 34.20
60 20.94 1 31.52 63.90 47.20 32.94
70 20.47 1 31.22 63.76 47.65 31.60
80 19.64 1 32.00 61.62 48.05 30.90
90 18.62 1 30.08 68.46 48.25 30.60
100 17.86 1 30.54 66.94 48.78 29.68
110 17.08 1 30.38 67.40 49.53 28.73
120 16.07 1 30.96 65.64 50.00 27.96
130 15.19 1 31.82 61.96 50.63 26.77
140 14.61 1 32.56 59.00 51.30 25.74
150 13.94 1 33.30 57.94 51.68 25.55
160 13.21 1 33.60 56.34 51.96 24.94
170 12.64 1 33.02 58.42 52.53 24.40
180 12.84 1 32.16 60.86 52.75 24.20
190 12.31 1 32.26 60.22 53.12 23.50

200 11.76 1 31.80 62.16 53.38 23.35
210 11.29 1 32.06 61.44 53.68 22.98
220 10.88 1 33.12 59.44 54.08 22.83
230 10.46 1 32.32 61.48 54.16 22.62
240 9.62 1 33.18 58.74 54.58 22.10
250 9.26 1 32.42 61.92 54.70 22.20
260 9.00 1 32.72 59.96 54.98 21.62
270 8.66 1 32.70 60.32 55.33 21.35
280 8.41 1 31.88 63.52 55.78 21.05
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
290 8.17 1 32.76 60.38 55.85 20.85
300 7.95 1 32.48 61.28 56.52 20.30
310 7.70 1 32.68 59.56 56.72 19.80
320 7.48 1 32.86 58.20 56.90 19.35
330 7.29 1 33.32 57.64 57.05 19.50
340 1.22 1 32.90 57.44 57.40 18.80
350 6.90 1 34.28 53.70 57.67 18.57
360 7.29 1 33.78 54.64 57.86 18.36
370 7.06 1 32.46 58.46 57.87 18.37
380 6.92 1 33.68 55.68 57.90 18.50
390 6.74 1 33.50 56.40 58.10 18.43
400 6.69 1 33.46 57.86 57.93 18.85
410 6.47 1 32.84 58.66 57.98 18.53
420 6.54 1 32.65 60.40 58.18 18.73
430 6.39 1 33.22 57.66 57.95 18.55
440 6.37 1 33.68 56.34 58.27 18.30
450 6.15 1 33.50 56.40 58.40 18.08
460 6.06 1 32.94 57.84 58.50 18.00
470 5.95 1 33.12 57.04 58.55 17.93
480 5.87 1 32.98 56.34 58.80 17.55
490 5.76 1 33.90 55.68 58.63 18.10
500 5.59 1 32.85 59.00 58.58 18.10
510 6.29 1 33.56 56.24 58.65 17.95
520 6.17 1 33.08 57.52 58.34 18.04
530 6.11 1 32.86 58.80 58.48 18.13
540 6.01 1 32.46 60.26 58.33 18.30
550 6.04 1 32.00 60.30 58.33 17.95
560 5.93 1 32.02 61.36 58.47 18.10
570 5.85 1 32.32 59.90 58.43 17.95
580 5.77 1 31.42 64.04 58.48 18.32
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
590 5.75 1 31.08 64.96 58.53 18.25
600 5.58 1 31.66 62.30 58.25 18.13
610 5.86 1 32.74 58.76 58.33 17.90
620 5.74 1 33.52 56.48 58.58 17.88
630 5.67 1 32.12 60.56 58.40 17.93
640 5.59 1 31.02 63.56 58.30 17.88
650 5.52 1 31.90 60.60 58.25 17.80

0 26.57 2 29.38 69.00 58.84 17.58
10 25.01 2 29.78 66.56 40.28 46.63
20 23.86 2 29.80 65.62 43.38 37.73
30 23.14 2 30.08 64.62 45.13 34.40
40 22.16 2 31.46 60.60 46.20 32.57
50 21.41 2 29.82 64.58 46.74 31.26
60 20.50 2 30.28 63.42 47.42 30.28
70 19.56 2 30.10 64.06 47.95 29.60
80 18.74 2 31.96 59.12 48.46 28.90
90 17.65 2 32.62 57.22 49.02 28.12
100 16.88 2 33.26 55.68 49.33 27.80
110 15.94 2 32.32 57.96 49.88 26.84
120 15.30 2 32.00 57.80 50.14 26.12
130 14.50 2 31.44 60.28 50.62 25.54
140 13.79 2 31.90 58.24 51.08 24.78
150 13.15 2 32.32 58.38 51.68 24.40
160 12.64 2 32.18 58.44 52.25 23.70
170 12.10 2 32.06 58.74 52.72 23.08
180 11.76 2 32.70 56.18 53.02 22.40
190 11.24 2 32.70 56.58 53.44 22.18
200 10.73 2 32.80 56.00 53.82 21.56
210 10.32 2 32.68 55.34 54.10 20.90
220 9.90 2 32.70 54.48 54.92 19.74




155

Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
230 9.52 2 32.82 53.98 55.45 19.28
240 9.18 2 33.68 51.94 55.98 18.86
250 8.82 2 33.84 51.44 56.46 18.44
260 8.49 2 33.66 52.00 56.90 18.22
270 8.25 2 33.54 51.48 57.02 17.84
280 8.03 2 33.48 52.22 57.33 17.78
290 7.75 2 33.64 51.46 57.68 17.38
300 7.56 2 33.86 51.84 57.88 17.48
310 7.32 2 34.40 51.72 58.10 17.68
320 7.14 2 33.90 51.30 57.94 17.32
330 6.95 2 34.32 51.12 57.90 17.55
340 6.80 2 33.88 51.72 57.95 17.33
350 6.64 2 34.08 51.10 58.12 17.20
360 6.83 2 33.94 51.44 58.23 17.15
370 6.69 2 33.92 51.92 58.36 17.12
380 6.55 2 34.16 51.16 58.76 16.80
390 6.38 2 33,78 53.86 58.70 17.33
400 6.30 2 33.44 52.94 58.50 16.93
410 6.14 2 32.90 52.74 58.48 16.46
420 6.04 2 32.92 53.54 58.46 16.72
430 5.89 2 32.92 53.40 58.50 16.64
440 5.86 2 32.94 53.50 58.55 16.63
450 5.75 2 32.84 54.16 58.52 16.76
460 5.65 2 32.88 54.70 58.43 16.90
470 5.53 2 32.82 54.88 58.48 16.90
480 5.48 2 32.54 56.02 58.60 16.96
490 5.39 2 33.04 55.08 58.78 17.00
500 5.23 2 32.12 56.58 58.58 16.78
510 6.21 2 32.30 56.40 58.63 16.80
520 6.06 2 31.73 58.15 58.56 16.88
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
530 5.93 2 32.00 57.64 58.60 16.90
540 5.83 2 31.60 59.02 58.58 17.03
550 5.92 2 31.58 59.62 58.62 17.04
560 5.83 2 31.94 58.60 58.55 17.18
570 5.75 2 31.94 58.80 58.58 17.14
580 5.74 2 33.48 54.96 58.60 17.23
590 5.60 2 33.42 54.68 58.58 17.12
600 5.51 2 32.90 55.94 58.34 17.26
610 5.50 2 32.70 56.58 58.03 17.48
620 5.41 2 32.98 55.66 58.08 17.42
630 5.39 2 32.64 56.80 57.98 17.50
640 5.38 2 32.84 56.04 57.93 17.43
650 5.34 2 32.76 56.00 57.98 17.35

0 27.74 3 29.74 64.38 57.42 17.68
10 26.38 3 30.68 61.30 41.22 42.02
20 25.37 3 30.88 60.02 44.00 35.54
30 24.43 3 30.58 60.48 45.45 32.85
40 23.59 3 30.72 60.12 46.03 32.13
50 22.70 3 31.00 59.00 46.62 31.14
60 21.79 3 31.30 58.14 47.16 30.16
70 21.24 5 30.80 60.42 47.50 29.83
80 20.19 3 31.40 58.30 48.45 27.93
90 19.42 3 31.08 58.82 49.10 26.90
100 18.42 3 30.96 58.48 49.08 26.72
110 17.79 3 30.50 60.22 49.40 26.28
120 16.74 3 30.54 60.00 49.80 25.53
130 16.07 3 30.74 59.06 50.15 24.90
140 15.32 3 30.44 60.04 50.70 24.30
150 14.60 3 30.92 58.88 51.18 23.68
160 14.05 3 30.62 58.26 51.60 22.68
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
170 13.26 3 30.82 57.42 52.03 22.00
180 13.15 3 31.08 56.98 52.65 21.48
190 12.48 3 31.42 55.02 52.66 21.02
200 12.13 3 31.26 55.96 53.03 20.85
210 11.57 3 31.46 54.64 53.30 20.30
220 11.11 3 32.16 52.50 53.74 19.74
230 10.70 3 31.62 54.24 54.80 18.85
240 9.70 3 31.46 54.82 55.05 18.73
250 9.35 3 32.06 54.24 55.34 18.66
260 9.06 3 32.22 53.98 55.60 18.50
270 8.79 3 32.32 54.54 55.88 18.50
280 8.58 3 32.18 54.52 56.00 18.23
290 8.31 3 32.18 53.60 56.25 17.75
300 7.99 3 32.28 54.88 56.66 17.88
310 7.66 3 32.70 52.32 56.63 17.43
320 7.44 3 32.48 53.04 56.90 17.28
330 7.25 3 32.52 53.68 57.10 17.36
340 7.10 3 33.04 54.00 57.40 17.54
350 7.04 3 32.90 52.78 57.50 17.08
360 7.42 3 32.96 52.98 57.70 17.00
370 7.19 5 32.96 52.78 57.78 16.88
380 7.03 3 32.56 53.56 57.92 16.70
390 6.89 3 32.72 53.14 57.98 16.63
400 6.89 3 32.78 53.26 58.18 16.56
410 6.62 3 32.70 52.54 58.18 16.34
420 6.52 3 32.40 53.16 58.33 16.18
430 6.34 3 32.42 53.62 58.48 16.24
440 6.27 3 32.46 53.50 58.44 16.20
450 6.13 3 32.14 54.86 58.57 16.30
460 6.14 3 31.88 55.88 58.68 16.30
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
470 5.96 3 32.18 55.44 58.74 16.38
480 5.89 3 32.26 55.76 58.85 16.40
490 5.71 3 31.96 55.84 58.88 16.20
500 5.66 3 31.80 56.12 58.96 16.08
510 5.83 3 32.10 54.30 58.82 15.90
520 5.67 3 31.68 55.68 58.78 15.95
530 5.54 3 31.40 56.20 58.90 15.87
540 5.30 3 31.52 56.16 58.90 15.92
550 5.33 3 31.54 55.96 58.80 15.87
560 5.26 3 31.30 56.86 58.85 15.90
570 5.27 3 31.34 57.00 58.82 15.94
580 5.22 3 30.88 58.58 58.90 16.00
590 5.13 3 31.74 56.40 58.78 16.05
600 4.97 3 30.84 59.68 58.78 16.22
610 5.67 3 30.50 60.66 59.12 16.12
620 5.55 3 30.96 59.56 59.10 16.15
630 5.48 3 30.76 60.38 58.96 16.26
640 5.40 3 30.84 60.02 58.88 16.33
650 5.36 3 30.22 62.44 58.76 16.46
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
0 25.72 1 31.20 59.88 60.24 17.02
10 24.56 1 31.60 59.12 47.56 31.30
20 23.39 1 32.82 55.86 50.35 27.58
30 22.35 1 32.88 56.08 52.30 25.48
40 21.45 1 33.52 54.82 52.80 25.43
50 20.33 1 33.02 56.00 53.58 24.54
60 19.48 1 33.34 55.34 54.18 23.84
70 19.00 1 33.64 54.38 54.82 23.16
80 17.99 1 34.06 53.26 55.03 22.78
90 16.96 1 33.36 54.90 55.18 22.63
100 16.04 1 33.46 54.40 55.70 22.03
110 15.13 1 33.90 53.38 56.24 21.56
120 15.29 1 34.14 53.00 56.80 21.06
130 14.24 1 34.34 52.62 57.52 20.40
140 13.50 1 33.92 54.42 57.88 20.25
150 12.85 1 34.50 52.36 58.35 19.68
160 12.20 1 34.44 52.86 58.90 19.28
170 11.49 1 34.52 53.42 59.56 19.06
180 11.14 1 34.56 52.24 59.77 18.53
190 10.52 1 35.08 52.00 60.33 18.35

200 10.00 1 34.42 53.08 60.33 18.17
210 9.53 1 34.52 53.82 60.90 17.95
220 9.10 1 34.84 52.52 61.14 17.64
230 8.66 1 34.42 53.98 61.60 17.40
240 8.64 1 35.20 52.14 62.12 17.06
250 8.27 1 35.40 51.32 62.48 16.75
260 7.94 1 35.42 49.54 63.00 16.08
270 7.59 1 35.88 48.40 63.48 15.70
280 7.30 1 35.58 48.58 63.75 15.38
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
290 7.06 1 35.40 49.24 63.96 15.32
300 6.36 1 35.76 49.42 64.38 15.32
310 6.13 1 35.70 49.14 64.58 15.08
320 6.00 1 36.66 46.62 64.85 14.88
330 5.82 1 36.38 47.94 65.23 14.93
340 5.63 1 36.18 47.80 65.50 14.63
350 5.50 1 36.54 47.74 65.62 14.74
360 6.29 1 35.48 48.58 65.48 14.40
370 6.14 1 35.72 48.58 65.58 14.40
380 5.99 1 36.10 47.60 65.80 14.30
390 5.87 1 35.20 48.52 65.73 14.08
400 5.75 1 35.52 47.86 65.90 14.00
410 5.62 1 35.68 47.56 66.00 13.95
420 5.53 1 3592 47.34 66.08 14.02
430 5.43 1 35.88 45.80 66.10 13.53
440 5.36 1 35.86 45.66 65.98 13.55
450 5.25 1 36.20 45.58 66.30 13.60
460 5.23 1 36.24 44.78 66.18 13.40
470 5.12 1 36.60 44.28 66.30 13.43
480 5.08 1 36.28 44.94 66.38 13.38
490 4.91 1 36.20 44.24 66.23 13.25
500 4.92 1 36.58 4392 66.30 13.30
510 4.39 1 35.94 45.54 66.25 13.40
520 4.24 1 35.74 45.40 66.00 13.33
530 4.14 1 35.50 45.86 65.98 13.33
540 4.06 1 35.74 45.80 66.08 13.38
550 4.38 1 35.22 47.16 66.00 13.44
560 4.36 1 35.06 47.82 65.94 13.50
570 4.29 1 34.58 49.20 65.95 13.55
580 4.26 1 34.20 50.58 65.70 13.75
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
590 4.20 1 34.44 49.84 65.83 13.73
600 4.38 1 34,32 50.64 65.58 13.83

0 26.26 2 31.34 68.20 60.96 22.64
10 24.45 2 31.90 66.60 48.10 35.36
20 23.43 2 32.30 65.36 50.90 31.58
30 22.56 2 32.76 65.62 51.20 32.52
40 21.43 2 33.06 64.78 51.80 31.20
50 20.34 2 33.28 64.64 52.76 30.22
60 19.53 2 33.30 64.20 53.40 29.40
70 18.52 2 33.80 63.04 53.86 28.90
80 17.56 2 33.70 63.10 54.60 27.90
90 16.64 2 33.88 62.40 54.94 27.36
100 15.61 2 34.26 60.82 55.60 26.58
110 14.67 2 34.44 59.96 55.90 26.12
120 14.19 2 34.70 60.58 56.70 25.66
130 13.43 2 35.04 59.42 57.32 25.04
140 12.58 2 35.10 58.34 57.84 24.28
150 11.90 2 35.24 58.68 58.50 23.68
160 11.19 2 35.40 57.46 59.30 22.80
170 10.54 2 35.70 56.50 59.88 22.16
180 10.11 2 35.66 56.66 60.60 21.56
190 9.50 2 35.92 56.28 61.24 21.14
200 9.03 2 36.36 53.60 61.64 20.32
210 8.57 2 36.00 54.02 62.00 19.80
220 8.08 2 36.20 53.72 62.50 19.40
230 7.80 2 36.28 53.44 62.88 19.10
240 7.73 2 35.92 56.34 63.40 19.30
250 7.43 2 36.70 52.70 63.90 18.50
260 7.15 2 36.30 53.08 64.20 18.22
270 6.90 2 36.30 53.46 64.68 18.00




162

Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
280 6.65 2 36.20 51.20 64.80 17.30
290 6.46 2 37.00 50.14 65.10 17.36
300 6.24 2 36.60 52.80 65.50 17.50
310 6.01 2 36.08 54.72 65.36 17.64
320 5.87 2 34.82 56.66 65.20 17.32
330 5.68 2 35.92 54.74 65.60 17.40
340 5.57 2 36.80 50.14 65.74 16.70
350 5.45 2 37.34 45.30 65.80 15.78
360 6.45 2 37.64 46.66 65.82 16.28
370 6.30 2 37.60 48.08 66.44 16.36
380 6.07 2 37.30 48.34 66.62 16.10
390 5.88 2 37.20 49.66 66.66 16.32
400 5.78 2 37.20 45.56 66.44 15.50
410 5.63 2 37.72 45.80 66.36 15.78
420 5.55 2 36.60 47.84 66.20 15.70
430 5.44 2 36.32 49.18 66.20 15.86
440 5.43 2 34.70 51.80 65.04 15.90
450 5.31 2 34.20 51.66 64.96 15.60
460 5.11 2 33.56 51.90 65.20 15.20
470 5.24 2 33.00 59.92 64.62 16.80
480 5.19 2 33.46 60.84 64.86 17.18
490 5.15 2 33.50 57.68 65.30 16.30
500 5.28 2 33.78 58.64 65.40 16.56
510 5.61 2 33.60 59.22 65.90 16.40
520 5.48 2 33.86 59.50 65.96 16.60
530 5.34 2 33.90 59.00 65.80 16.52
540 5.22 2 33.84 59.86 65.70 16.70
550 4.69 2 33.40 61.44 65.30 17.00
560 4.64 2 33.10 65.52 65.50 17.50
570 4.51 2 33.00 65.10 65.70 17.28
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
580 4.50 2 32.40 65.20 65.54 17.00
590 4.51 2 33.12 64.04 65.06 17.38
600 4.69 2 32.80 65.52 64.72 17.56

0 26.39 3 33.20 59.28 61.36 18.42
10 25.10 3 33.70 60.30 46.10 38.28
20 24.04 3 34.16 59.38 49.84 32.54
30 22.88 3 34.54 57.88 51.70 29.74
40 21.79 3 34.62 57.32 52.50 28.76
50 20.81 3 35.84 53.68 53.24 27.90
60 19.81 3 35.00 56.40 54.14 26.82
70 18.90 3 35.10 56.46 54.80 26.32
80 17.99 3 35.40 55.54 55.40 25.66
90 16.97 3 35.70 55.18 55.80 25.10
100 16.03 3 35.86 54.30 56.46 24.40
110 15.01 3 36.12 53.74 56.98 23.80
120 13.94 3 35.94 53.74 57.66 23.00
130 13.26 3 35.86 53.78 58.32 22.38
140 12.40 3 36.10 52.14 58.88 21.66
150 11.64 3 36.00 54.00 59.20 21.58
160 11.06 3 36.38 50.68 59.52 20.70
170 10.37 5 36.52 53.04 60.26 20.88
180 10.33 3 36.50 53.32 60.96 20.42
190 9.70 3 36.40 51.64 61.40 19.46
200 9.19 3 36.60 50.18 61.68 18.94
210 8.73 3 37.04 48.96 62.22 18.50
220 8.38 3 36.92 48.48 62.60 18.04
230 7.97 3 37.30 45.90 63.00 17.20
240 7.74 3 36.90 47.38 63.30 17.10
250 7.38 3 37.10 48.54 63.92 17.20
260 7.07 3 37.46 43.22 64.40 15.80
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
270 6.82 3 37.70 43.98 64.60 15.94
280 6.55 3 37.16 45.74 64.26 16.16
290 6.31 3 37.30 43.46 64.44 15.56
300 6.28 3 37.50 41.30 64.60 14.90
310 6.06 3 37.60 43.20 64.74 15.44
320 5.92 3 37.40 45.64 64.98 15.88
330 5.74 3 36.92 47.60 65.48 15.84
340 5.62 3 36.64 48.18 65.60 15.78
350 5.49 3 36.60 48.20 65.76 15.70
360 5.79 3 36.34 50.56 65.70 16.00
370 6.00 3 36.40 48.02 66.04 15.46
380 5.81 3 36.26 50.62 64.20 16.60
390 5.74 3 36.10 51.14 65.00 16.30
400 5.59 3 35.80 51.90 65.50 16.10
410 5.52 3 35.80 53.00 65.80 16.20
420 5.40 3 34.90 53.92 65.76 15.84
430 5.35 3 34.80 54.84 65.82 15.98
440 5.25 3 34.78 55.88 65.60 16.30
450 5.22 3 34.90 56.60 65.60 16.50
460 5.20 3 35.00 55.90 65.20 16.50
470 5.15 5 34.20 58.74 65.30 16.60
480 5.14 3 35.20 56.80 65.26 16.80
490 5.06 3 35.00 56.74 65.50 16.60
500 5.01 3 34.30 58.08 65.42 16.30
510 5.33 3 34.60 56.44 65.36 16.28
520 5.24 3 34.86 55.72 65.38 16.26
530 5.14 3 34.56 57.48 65.20 16.50
540 5.06 3 34.50 57.72 65.10 16.56
550 4.69 3 34.30 58.90 64.90 16.80
560 4.61 3 34.34 59.54 65.20 16.80
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Time (min) | Mw (%) | Replications | T; (C) | RH; (%) | T, CC) | RH, (%)
570 4.51 3 34.00 62.78 64.30 17.64
580 4.46 3 33.10 62.92 64.50 17.06
590 4.36 3 33.16 61.98 64.90 16.54
600 4.37 3 33.28 60.30 64.80 16.40
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M15719% A.5 Component Matrix 3nN3asgiteyanvuiinalaeiduesinanuruluiu

FRAGTUNIU A NTNAADUDULIIINUADNT 70°C

Component
Signal
1 2 3 4 5 6 7 8 9 10

Tr0 | 0.956 | -0.169 | 0.139 | 0.064 -0.1 | -0.091 | 0.054 | 0.01 0.055 | -0.057
Trl 0.909 | -0.316 | 0.061 | -0.087 | 0.155 | -0.069 | 0.015 | 0.099 | 0.036 | 0.064
Tr2 | 0924 | -0.264 | -0.222 | 0.001 | -0.005 | -0.047 | 0.019 | -0.016 | 0.035 0

Tr3 | 0926 | -0.22 | -0.134 | -0.089 | -0.15 | 0.023 | 0.045 | -0.028 | 0.148 | -0.041
Trd 0.94 | -0.191 | -0.094 | -0.195 | -0.05 | 0.018 | -0.04 | -0.088 | -0.015 | 0.028
Tr5 1 0927 | -0.273 | -0.011 | 0.093 | -0.139 | 0.065 | -0.05 | -0.031 | -0.049 | 0.136
Tr6 | 0.892 | -0.22 | 0.353 | 0.051 | 0.006 | 0.034 | -0.016 | -0.072 | -0.068 | -0.071
Tr7 | 0934 | -0.264 | 0.135 | -0.07 | 0.013 | 0.028 -0.1 | -0.026 | -0.101 | 0.015
Tr8 | 0.907 | -0.255 | 0.171 | 0.136 | 0.075 | -0.017 | 0.147 | -0.119 | 0.097 | -0.038
Tr9 | 0.869 | -0.184 | 0.166 | -0.361 | -0.011 | -0.063 | 0.12 | 0.025 | 0.081 | 0.118
Trl0 | 0.892 | -0.042 | -0.213 | -0.18 | 0.071 | 0.301 | -0.016 | -0.036 | -0.041 | -0.112
Tri1 0.92 | -0.197 | 0.081 | 0.034 | -0.025 | 0.289 | -0.073 | 0.019 | 0.093 | -0.055
Trl2 | 0.943 | 0.018 | 0.027 | -0.034 | 0.114 | 0.063 | 0.004 | 0.105 | -0.187 | 0.034
Trl3 | 0.907 | 0.083 | 0.161 | -0.083 | 0.267 | 0.069 | -0.052 | -0.109 | 0.086 | -0.061
Trld | 0.958 | 0.059 | -0.104 | -0.139 | 0.043 | 0.079 | -0.076 | -0.096 | 0.064 | 0.088
Trl5 | 0.945 | 0.121 | 0.009 | 0.075 | -0.173 | 0.004 | -0.107 | -0.081 | 0.032 | 0.004
Trl6 | 0.963 | 0.103 | -0.068 | -0.012 | -0.139 | 0.084 | -0.051 | -0.025 | 0.004 | 0.053
Trl7 | 0.932 | -0.021 | -0.207 | 0.16 | 0.016 | -0.078 | -0.173 | 0.094 | -0.024 | 0.041
Trl8 | 0.916 | 0.087 | 0.182 | 0.282 | 0.01 | -0.079 | -0.067 | 0.017 | 0.104 | 0.029
Tr19 | 0.933 | 0.211 | 0.049 | -0.056 | -0.078 | -0.028 | -0.011 | -0.144 | 0.106 | 0.016
Tr20 | 0.956 | 0.167 | 0.122 | 0.014 | -0.07 | 0.019 | -0.045 | -0.093 | 0.037 | 0.022
Tr21 | 0.945 | 0.125 | 0.009 | -0.127 | 0.194 | -0.066 | -0.104 | -0.037 | 0.004 | 0.036
Tr22 | 093 | 0.037 | -0.22 | -0.135 | 0.141 0.1 -0.025 | -0.026 | 0.002 | 0.032
Tr23 | 0.959 | 0.14 | -0.013 | 0.02 | -0.179 | -0.048 | -0.056 | -0.028 | -0.016 | 0.006
Tr24 | 0915 | 0.213 | 0.127 | -0.053 | 0.042 | 0.078 | 0.135 | -0.038 | 0.158 | -0.106
Tr25 | 0.909 | 0.231 0.15 0.21 | -0.067 | -0.113 | 0.016 | 0.046 | 0.029 | -0.054
Tr26 | 0.872 | 0.147 | -0.199 | 0.319 | -0.177 | 0.14 | 0.062 | -0.091 | 0.006 | 0.064
Tr27 | 0.949 | 0.068 | -0.19 | 0.114 | 0.02 | -0.027 | -0.039 | 0.024 | 0.174 | -0.034
Tr28 | 0.974 | 0.053 | -0.039 | 0.084 | -0.003 | 0.045 | -0.124 | 0.08 | 0.012 | 0.056
Tr29 | 0.937 | 0.151 | -0.166 | -0.167 | -0.087 | -0.006 | -0.069 | 0.088 | 0.11 | -0.019
Tr30 0.9 0.155 | 0.122 | -0.256 | 0.057 -0.2 | -0.087 | -0.034 | -0.026 | 0.055
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Component
Signal
1 2 3 4 5 6 7 8 9 10

Tr31 | 0.907 | 0.209 | 0.192 | -0.123 | -0.076 | -0.166 | -0.156 | -0.035 | 0.035 | 0.097
Tr32 | 0.95 0.12 | -0.003 | -0.157 | -0.105 | 0.057 | 0.055 | -0.03 | -0.156 | -0.04
Tr33 | 0.939 | -0.066 | -0.06 | 0.103 | 0.191 | -0.132 | -0.125 | -0.015 | -0.102 | 0.028
Tr3d | 0.897 | -0.086 | -0.254 | 0.182 | 0.208 | 0.07 | 0.024 | -0.023 | -0.026 | 0.092
Tr35 | 0.926 | 0.084 | -0.247 | -0.085 | -0.153 | -0.095 | 0.084 | -0.062 | -0.063 | -0.042
Tr36 | 0.893 | 0.259 | 0.007 | -0.062 | 0.022 | 0.075 | 0.227 | 0.199 | 0.093 | -0.099
Tr37 | 0.889 | 0.107 | -0.128 | 0.269 | 0.283 | -0.046 | 0.103 | 0.084 | 0.036 | -0.023
Tr38 | 093 | -0.014 | 0.024 | 0.198 | 0.19 -0.06 | 0.029 | 0.041 | 0.041 | 0.196
Tr39 | 0.871 | 0.224 | 0.077 | -0.065 | -0.065 | 0.058 | 0.241 | 0.118 | -0.07 | 0.267
Trd0 | 0.932 | -0.016 | -0.199 | -0.104 | -0.195 | 0.032 | -0.001 | 0.153 | -0.039 | -0.036
Trd1 | 0.934 | -0.028 | 0.06 | 0.003 | -0.012 | 0.319 | 0.003 | 0.021 | -0.008 | 0.084
Trd2 | 0.951 | -0.207 | -0.01 | -0.018 | -0.042 | -0.026 | 0.041 | -0.132 | 0.104 | 0.036
Trd3 | 0.957 | -0.171 | -0.006 | 0.065 | -0.173 | 0.052 | 0.004 | 0.009 | 0.016 | 0.077
Trdd | 0914 | -0.114 0.3 -0.041 | -0.064 | -0.113 | 0.064 | 0.091 | -0.02 | -0.098
Trd5 | 0.914 | -0.069 | 0.228 | -0.128 | 0.071 | 0.022 | -0.055 | 0.258 | 0.049 | 0.023
Trd6 | 0.964 | 0.003 | 0.11 | -0.039 | 0.029 | 0.103 | -0.031 | 0.061 | -0.098 | -0.129
Trd7 | 0.945 | -0.094 | 0.05 -0.02 | -0.063 | 0.064 | -0.125 | 0.21 | -0.019 | -0.073
Trd8 | 0.944 | -0.019 | 0.006 | 0.03 | 0.106 | -0.099 | 0.117 | -0.103 | -0.121 | -0.093
Trd9 | 0.928 | -0.129 | 0.217 | 0.174 | -0.014 | -0.011 | -0.041 | -0.111 | -0.023 | -0.087
Tr50 | 0.946 | -0.084 | -0.004 | 0.151 | -0.177 | -0.001 | 0.025 | 0.002 | -0.149 | -0.066
Tr51 | 0.939 | -0.002 | -0.192 | -0.133 | 0.167 | -0.093 | -0.019 | -0.018 | -0.062 | -0.093
Tr52 | 0.969 | 0.117 | -0.043 | 0.009 | 0.142 | -0.039 | 0.094 | -0.034 | -0.017 | 0.05

Tr53 | 0.942 | 0.118 | -0.085 | -0.181 | -0.014 | -0.136 | 0.043 | -0.12 | -0.133 | 0.014
Tr54 0.9 0.334 | 0.151 | -0.065 | 0.049 | 0.143 | 0.012 | -0.069 | -0.035 | -0.084
Tr55 | 0.894 | 023 | 0.207 | 0.215 | 0.05 | 0.115 | -0.113 | 0.015 | -0.13 | -0.004
Tr56 | 0.925 | -0.079 | -0.271 | 0.051 | 0.179 | -0.04 | 0.052 | 0.003 | -0.01 | -0.124
Tr57 | 0.911 | 0.035 | -0.208 | 0.022 | -0.124 | -0.203 | -0.149 | 0.098 | 0.078 | -0.119
Tr58 | 0.927 | -0.044 | -0.036 | 0.082 | -0.161 | -0.261 | 0.147 | 0.048 | -0.075 | -0.029
Tr59 | 0972 | -0.1 | -0.006 | -0.032 | 0.088 | -0.134 | 0.053 | -0.013 | 0.02 | 0.018
Tr60 | 0.961 | -0.045 | -0.018 | 0.088 | -0.077 | 0.051 0.2 -0.015 | -0.045 | 0.017
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M1319% A.6 Component Score Coefficient Matrix 31n1A1531AT 1Yy AT YuiinAlag

WS InANnuTUlUAUTTAFIUNIY A NISNAFRUBUWAITIIWABNT 70°C

Component
Signal
1 2 3 4 5 6 7 8 9 10

Tr0 | 0.018 | -0.114 | 0.102 | 0.057 | -0.113 | -0.121 | 0.105 | 0.022 | 0.142 | -0.153
Trl | 0.017 | -0.213 | 0.045 | -0.078 | 0.176 | -0.092 | 0.028 | 0.226 | 0.094 | 0.173
Tr2 | 0.018 | -0.178 | -0.163 0 -0.005 | -0.063 | 0.036 | -0.036 | 0.091 | 0.001
Tr3 | 0.018 | -0.148 | -0.099 | -0.08 | -0.17 0.03 | 0.087 | -0.065 | 0.382 | -0.11

Trd | 0.018 | -0.129 | -0.069 | -0.175 | -0.056 | 0.024 | -0.078 | -0.2 | -0.038 | 0.076
Tr5 | 0.018 | -0.184 | -0.008 | 0.083 | -0.157 | 0.087 | -0.097 | -0.071 | -0.126 | 0.368
Tr6 | 0.017 | -0.148 | 0.26 | 0.046 | 0.007 | 0.045 | -0.032 | -0.164 | -0.176 | -0.192
Tr7 | 0018 | -0.178 | 0.099 | -0.063 | 0.014 | 0.038 | -0.194 | -0.059 | -0.262 | 0.04

Tr8 | 0.017 | -0.172 | 0.126 | 0.123 | 0.085 | -0.023 | 0.287 | -0.27 0.25 | -0.103
Tr9 | 0.017 | -0.124 | 0.122 | -0.324 | -0.012 | -0.084 | 0.235 | 0.057 | 0.209 | 0.319
Trl0 | 0.017 | -0.028 | -0.157 | -0.162 | 0.08 | 0.402 | -0.031 | -0.083 | -0.105 | -0.302
Trll | 0.017 | -0.133 | 0.06 | 0.031 | -0.028 | 0.386 | -0.142 | 0.043 | 0.24 | -0.148
Trl2 | 0.018 | 0.012 0.02 | -0.031 | 0.129 | 0.084 | 0.007 | 0.239 | -0.485 | 0.091
Trl3 | 0.017 | 0.056 | 0.118 | -0.074 | 0.303 | 0.092 -0.1 | -0.247 | 0.223 | -0.164
Trld | 0.018 | 0.04 | -0.076 | -0.124 | 0.049 | 0.105 | -0.148 | -0.219 | 0.166 | 0.236
Trl5 | 0.018 | 0.081 | 0.007 | 0.067 | -0.196 | 0.005 | -0.209 | -0.185 | 0.083 | 0.012
Trl6 | 0.018 | 0.069 | -0.05 | -0.011 | -0.158 | 0.112 -0.1 | -0.056 | 0.01 0.142
Trl7 | 0.018 | -0.014 | -0.152 | 0.144 | 0.019 | -0.103 | -0.337 | 0.214 | -0.063 | 0.111
Trl8 | 0.017 | 0.059 | 0.134 | 0.253 | 0.011 | -0.105 | -0.13 | 0.038 | 0.269 | 0.077
Trl9 | 0.018 | 0.142 | 0.036 | -0.05 | -0.088 | -0.037 | -0.022 | -0.328 | 0.275 | 0.043
Tr20 | 0.018 | 0.112 | 0.09 | 0.013 | -0.08 | 0.026 | -0.088 | -0.213 | 0.097 | 0.059
Tr21 | 0.018 | 0.084 | 0.006 | -0.114 | 0.22 | -0.088 | -0.202 | -0.084 | 0.011 | 0.097
Tr22 | 0.018 | 0.025 | -0.162 | -0.121 | 0.16 | 0.133 | -0.048 | -0.058 | 0.005 | 0.086
Tr23 | 0.018 | 0.094 | -0.009 | 0.018 | -0.202 | -0.064 | -0.11 | -0.064 | -0.04 | 0.017
Tr24 | 0.017 | 0.143 | 0.093 | -0.047 | 0.047 | 0.105 | 0.263 | -0.087 | 0.408 | -0.285
Tr25 | 0.017 | 0.156 0.11 0.189 | -0.076 | -0.15 0.03 | 0.104 | 0.074 | -0.147
Tr26 | 0.017 | 0.099 | -0.146 | 0.286 | -0.201 | 0.187 | 0.12 | -0.207 | 0.015 | 0.172
Tr27 | 0.018 | 0.046 | -0.14 | 0.102 | 0.022 | -0.036 | -0.076 | 0.055 | 0.451 | -0.09

Tr28 | 0.019 | 0.036 | -0.029 | 0.076 | -0.004 | 0.06 | -0.241 | 0.183 | 0.032 | 0.151
Tr29 | 0.018 | 0.102 | -0.122 | -0.15 | -0.099 | -0.007 | -0.134 | 0.201 | 0.285 | -0.052
Tr30 | 0.017 | 0.105 0.09 -0.23 | 0.065 | -0.267 | -0.17 | -0.077 | -0.068 | 0.147
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Component
Signal
1 2 3 4 5 6 7 8 9 10
Tr31 | 0.017 | 0.141 | 0.142 | -0.111 | -0.087 | -0.222 | -0.305 | -0.08 0.09 | 0.262
Tr32 | 0.018 | 0.081 | -0.002 | -0.141 | -0.119 | 0.076 | 0.108 | -0.069 | -0.404 | -0.109
Tr33 | 0.018 | -0.045 | -0.044 | 0.093 | 0.216 | -0.176 | -0.244 | -0.033 | -0.264 | 0.074
Tr34 | 0.017 | -0.058 | -0.187 | 0.164 | 0.236 | 0.094 | 0.047 | -0.051 | -0.068 | 0.249
Tr35 | 0.018 | 0.056 | -0.182 | -0.076 | -0.173 | -0.127 | 0.163 | -0.141 | -0.164 | -0.112
Tr36 | 0.017 | 0.174 | 0.005 | -0.055 | 0.025 | 0.101 | 0.442 | 0452 | 0.24 | -0.267
Tr37 | 0.017 | 0.072 | -0.094 | 0.241 0.32 | -0.062 | 0.202 | 0.19 0.093 | -0.061
Tr38 | 0.018 | -0.009 | 0.018 | 0.177 | 0.215 | -0.081 | 0.057 | 0.093 | 0.107 | 0.527
Tr39 | 0.017 | 0.151 | 0.057 | -0.058 | -0.074 | 0.077 | 0.469 | 0.269 | -0.181 | 0.721
Trd0 | 0.018 | -0.011 | -0.146 | -0.093 | -0.221 | 0.042 | -0.001 | 0.348 | -0.101 | -0.097
Trd1 | 0.018 | -0.019 | 0.044 | 0.003 | -0.014 | 0.426 | 0.006 | 0.047 | -0.02 | 0.226
Trd2 | 0.018 | -0.14 | -0.007 | -0.016 | -0.048 | -0.035 | 0.079 -0.3 0.27 | 0.097
Trd3 | 0.018 | -0.115 | -0.005 | 0.059 | -0.196 | 0.07 | 0.007 | 0.02 | 0.041 | 0.209
Trdd | 0.017 | -0.077 | 0.221 | -0.037 | -0.072 | -0.151 | 0.125 | 0.207 | -0.051 | -0.263
Trd5 | 0.017 | -0.047 | 0.168 | -0.115 | 0.081 | 0.03 | -0.108 | 0.587 | 0.127 | 0.061
Trd6 | 0.018 | 0.002 | 0.081 | -0.035 | 0.032 | 0.137 | -0.06 | 0.139 | -0.255 | -0.347
Trd7 | 0.018 | -0.063 | 0.037 | -0.018 | -0.071 | 0.086 | -0.244 | 0.477 | -0.048 | -0.198
Trd8 | 0.018 | -0.013 | 0.005 | 0.027 | 0.12 | -0.131 | 0.228 | -0.233 | -0.314 | -0.252
Trd9 | 0.018 | -0.087 | 0.16 | 0.156 | -0.016 | -0.014 | -0.081 | -0.251 | -0.06 | -0.233
Tr50 | 0.018 | -0.056 | -0.003 | 0.135 -0.2 | -0.002 | 0.049 | 0.004 | -0.386 | -0.178
Tr51 | 0.018 | -0.001 | -0.141 | -0.12 0.19 | -0.124 | -0.037 | -0.04 | -0.16 | -0.251
Tr52 | 0.018 | 0.079 | -0.031 | 0.008 | 0.161 | -0.052 | 0.183 | -0.078 | -0.043 | 0.134
Tr53 | 0.018 | 0.08 | -0.063 | -0.162 | -0.016 | -0.181 | 0.084 | -0.274 | -0.345 | 0.039
Tr54 | 0.017 | 0.225 | 0.111 | -0.059 | 0.056 | 0.191 | 0.023 | -0.157 | -0.092 | -0.226
Tr55 | 0.017 | 0.155 | 0.152 | 0.193 | 0.056 | 0.154 | -0.22 | 0.033 | -0.336 | -0.012
Tr56 | 0.018 | -0.053 | -0.199 | 0.046 | 0.203 | -0.054 | 0.101 | 0.008 | -0.026 | -0.335
Tr57 | 0.017 | 0.023 | -0.153 | 0.02 | -0.141 | -0.271 | -0.291 | 0.222 | 0.201 | -0.321
Tr58 | 0.018 | -0.03 | -0.027 | 0.073 | -0.182 | -0.348 | 0.286 | 0.109 | -0.195 | -0.078
Tr59 | 0.018 | -0.067 | -0.005 | -0.028 0.1 -0.179 | 0.103 | -0.031 | 0.052 | 0.047
Tr60 | 0.018 | -0.03 | -0.013 | 0.079 | -0.088 | 0.067 | 0.39 | -0.033 | -0.117 | 0.045
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M15719% A.7 Component Matrix 3nMsasgsiteyanvuiinalaeiduesinanuruluiu

giafiulszy a MsvedeusuwidUdenil 70°C

Component
Signal
1 2 3 4 5 6 7 8 9 10
TcO 0.209 | 0.696 | 0.345 | -0.112 | -0.237 | -0.084 | 0.411 | 0.024 | -0.147 | -0.124
Tcl 0.265 | 0.662 | 0.428 | -0.165 | -0.185 | -0.176 | 0.404 | 0.025 | -0.139 | -0.08
Tc2 0.277 | 0585 | 0.528 | -0.127 | -0.3 | -0.205 | 0.335 | 0.047 | -0.118 | -0.019
Tc3 0.308 | 0.479 | 0.588 | -0.252 | -0.274 | -0.152 | 0.288 | 0.146 | -0.079 | -0.018
Tcd 049 | 0.322 | 0.685 | -0.202 | -0.223 | 0.078 | 0.112 | 0.114 | -0.064 | -0.097
Tc5 0.329 | 0.188 | 0.739 | -0.217 | -0.121 | 0.309 -0.2 | 0.067 | 0.056 | 0.045
Tc6 0.509 | 0.164 | 0.717 | -0.187 | -0.159 | 0.28 | -0.079 | 0.073 | 0.019 | -0.045
Tc7 0.558 | 0.141 | 0.71 | -0.066 | -0.196 | 0.259 | -0.036 | -0.014 | 0.022 | -0.123
Tc8 0.581 | 0.052 | 0.562 | 0.282 | -0.36 | 0.143 | -0.142 | -0.137 | 0.019 | -0.062
Tc9 0.668 | -0.046 | 0.371 | 0.458 | -0.328 | 0.11 | -0.081 | -0.126 | -0.051 | 0.061
Tcl0 | 0.744 | -0.095 | 0.235 | 0508 | -0.21 | 0.093 | -0.036 | -0.095 | -0.122 | 0.099
Tcll | 0.813 | -0.103 | 0.115 | 0.483 | -0.113 | 0.047 | -0.053 | -0.057 | -0.138 | 0.102
Tcl2 | 0.877 | -0.124 | -0.085 | 0.317 | 0.051 | -0.079 | -0.044 | -0.123 | -0.107 | 0.109
Tcl3 | 0.877 | -0.204 | -0.202 | 0.141 | 0.125 -0.1 | -0.014 | -0.178 | -0.084 | 0.05
Tcl4 | 0.885 | -0.186 | -0.27 | 0.095 | 0.142 | -0.097 | -0.033 | -0.117 | -0.095 | -0.009
Tcl5 | 0.854 | -0.142 | -0.298 | -0.02 | 0.296 -0.1 0.013 | -0.096 | -0.096 | -0.094
Tclé | 0.847 | -0.137 | -0.323 | -0.01 | 0.285 | -0.075 | 0.048 | -0.04 | -0.071 | -0.117
Tcl7 | 0.823 | -0.089 | -0.407 | -0.024 | 0.231 | -0.065 | 0.117 | -0.077 | -0.078 | -0.098
Tcl8 | 0.764 | -0.06 | -0.491 | -0.03 | 0.198 | -0.075 | 0.193 | -0.056 | -0.011 | -0.07
Tcl9 | 0.697 | -0.025 | -0.565 | -0.064 | 0.19 | -0.043 | 0.203 | -0.054 | 0.052 | -0.019
Tc20 | 0.574 | 0.159 | -0.678 | -0.123 | 0.104 | 0.072 | 0.25 | -0.054 | 0.087 | 0.117
Tc21 | 0.333 | 0.323 | -0.697 | -0.107 | 0.11 0.26 | 0.318 | -0.135 | 0.084 | 0.063
Tc22 | 0.156 | 0.458 | -0.708 | -0.032 | 0.074 | 0.331 | 0.268 | -0.07 | 0.106 | 0.025
Tc23 | 0.028 | 0537 | -0.672 | -0.041 | 0.039 | 0.363 | 0.211 | 0.075 | 0.108 | 0.026
Tc24 | -0.067 | 0.586 | -0.615 | 0.013 | 0.025 | 0.31 0.144 | 0.229 | 0.086 | 0.025
Tc25 | -0.139 | 0.748 | -0.412 | 0.281 | 0.024 0.1 -0.015 | 0.332 | 0.033 | 0.039
Tc26 | -0.155 | 0.766 | -0.308 | 0.384 | 0.016 | 0.027 | -0.088 | 0.327 | -0.002 | 0.034
Tc27 | -0.156 | 0.814 | -0.241 | 0.384 | 0.114 | -0.004 | -0.01 | 0.222 | 0.012 | -0.025
Tc28 | -0.173 | 0.835 | -0.159 | 0.423 | 0.078 | -0.037 | 0.016 | 0.119 | 0.032 | -0.037
Tc29 | -0.138 | 0.841 | -0.056 | 0.46 | -0.087 | -0.071 | -0.037 | -0.064 | 0.124 | -0.072
Tc30 | -0.118 | 0.809 | 0.018 | 0.434 | -0.176 | -0.138 | -0.078 | -0.169 | 0.164 | -0.09
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Component
Signal
1 2 3 4 5 6 7 8 9 10

Tc31 | -0.118 | 0.826 | 0.09 | 0.365 | -0.142 | -0.178 | -0.042 | -0.202 | 0.146 | -0.081
Tc32 | -0.111 | 0.858 | 0.234 | 0.273 | -0.021 | -0.196 | 0.024 | -0.151 | 0.098 | 0.074
Tc33 | -0.052 | 0.801 | 0.358 | -0.152 | 0.246 | -0.239 | 0.11 0.02 | 0.015 | 0.141
Tc34 | -0.068 | 0.735 | 0.464 | -0.045 | 0.201 | -0.312 | 0.043 | -0.085 | 0.035 | 0.174
Tc35 | 0.039 | 0.633 | 0.536 | -0.16 | 0.369 | -0.269 | -0.04 | -0.095 | 0.042 | 0.135
Tc36 | 0.167 | 0536 | 0.633 | -0.178 | 0.377 | -0.128 | -0.134 | -0.088 | 0.052 | 0.095
Tc37 | 0.244 | 0.407 | 0.699 | -0.226 | 0.373 | 0.056 | -0.141 | -0.031 | 0.069 | 0.036
Tc38 | 0.324 | 0.289 | 0.688 | -0.288 | 0.351 | 0.153 | -0.167 | -0.058 | 0.166 | 0.031
Tc39 | 0.522 | 0.206 | 0.682 | -0.229 | 0.162 | 0.196 | -0.02 | -0.039 | 0.144 | -0.095
Tcdo 0.64 | 0.093 | 0.661 | -0.089 | 0.016 | 0.197 | 0.023 | 0.023 | 0.112 | -0.047
Tcdl | 0.786 | -0.03 | 0.493 | -0.044 | 0.098 | 0.074 | 0.032 | 0.101 | 0.079 | 0.077
Tcd2 | 0.843 | -0.097 | 0.353 | 0.049 | 0.176 | 0.074 | 0.072 | 0.113 | -0.017 | 0.099
Tcd3 | 0.868 | -0.131 | 0.287 | 0.129 | 0.109 | 0.095 | 0.104 | 0.142 | -0.061 | 0.152
Tcdd | 0.883 | -0.125 | 0.223 | 0.155 | 0.114 | 0.111 | 0.102 | 0.146 | -0.067 | 0.112
Tcd5 | 0.847 | -0.137 | 0.09 | 0.385 | -0.056 | 0.086 | -0.011 | 0.153 | 0.088 | 0.053
Tcd6 | 0.841 | -0.153 | -0.116 | 0.418 0 -0.075 | -0.04 | -0.049 | 0.138 | -0.04
Tcd7 | 0.894 | -0.175 | -0.208 | 0.148 | 0.13 | -0.078 | 0.021 | 0.023 | 0.098 | -0.081
Tcd8 | 0.876 | -0.074 | -0.213 | -0.115 | -0.071 | -0.172 | -0.1 | -0.035 | 0.178 -0.2
Tcd9 | 0.834 | -0.049 | -0.296 | -0.182 | -0.065 | -0.221 | -0.119 | 0.117 | 0.177 -0.2
Tc50 | 0.777 | -0.035 | -0.337 | -0.228 | -0.151 | -0.256 | -0.148 | 0.253 | 0.124 | -0.098
Tc51 | 0.673 | -0.052 | -04 | -0.297 | -0.232 | -0.27 | -0.188 | 0.301 | 0.04 | 0.024
Tc52 | 0.588 | 0.122 | -0.498 | -0.322 | -0.303 | -0.177 | -0.2 | 0.255 | 0.017 | 0.186
Tc53 | 0.507 | 0.276 | -0.563 | -0.314 | -0.33 | -0.084 | -0.209 | 0.11 -0.02 | 0.196
Tc54 04 0.384 | -0.542 | -0.334 | -0.366 | -0.029 | -0.104 | -0.249 | 0.028 | 0.184
Tc55 | 0.312 | 0562 | -0.506 | -0.273 | -0.318 | 0.091 | -0.097 | -0.298 | 0.027 | 0.09
Tc56 | 0.192 | 0.668 | -0.464 | -0.252 | -0.207 | 0.147 | -0.107 | -0.323 | -0.034 | -0.017
Tc57 | 0.124 | 0.714 | -0.429 | -0.363 | -0.065 | 0.148 | -0.123 | -0.173 | -0.122 | -0.072
Tc58 | 0.169 | 0.791 | -0.31 | -0.196 | 0.172 | 0.122 | -0.287 | 0.015 | -0.201 | -0.122
Tc59 | 0.153 | 0.826 | -0.227 | -0.004 | 0.227 | 0.089 | -0.302 | 0.065 | -0.236 | -0.092
Tc60 | 0.147 | 0.809 | -0.187 | 0.081 | 0.258 | 0.087 | -0.288 | 0.087 | -0.253 | -0.085
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M1319% A.8 Component Score Coefficient Matrix 31nA1531AT 1Yy AT UuiinAlag

< s & a A & v v d = o
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Component
Signal
1 2 3 4 5 6 7 8 9 10
TcO 0.011 0.05 | 0.027 | -0.029 | -0.091 | -0.049 | 0.254 | 0.018 | -0.223 | -0.216
Tcl 0.014 | 0.048 | 0.034 | -0.043 | -0.071 | -0.104 | 0.25 | 0.019 | -0.212 | -0.14
Tc2 0.015 | 0.042 | 0.041 | -0.033 | -0.116 | -0.12 | 0.208 | 0.036 | -0.179 | -0.033
Tc3 0.016 | 0.035 | 0.046 | -0.066 | -0.106 | -0.09 | 0.178 | 0.112 | -0.119 | -0.032
Tcd 0.026 | 0.023 | 0.054 | -0.053 | -0.086 | 0.046 | 0.069 | 0.088 | -0.097 | -0.17
Tc5 0.017 | 0.014 | 0.058 | -0.057 | -0.047 | 0.182 | -0.124 | 0.052 | 0.085 | 0.079
Tc6 0.027 | 0.012 | 0.056 | -0.049 | -0.061 | 0.164 | -0.049 | 0.056 | 0.028 | -0.079
Tc7 0.03 0.01 | 0.056 | -0.017 | -0.076 | 0.153 | -0.022 | -0.011 | 0.034 | -0.214
Tc8 0.031 | 0.004 | 0.044 | 0.074 | -0.139 | 0.084 | -0.088 | -0.105 | 0.029 | -0.109
Tc9 0.036 | -0.003 | 0.029 | 0.12 | -0.126 | 0.065 | -0.05 | -0.097 | -0.078 | 0.106
Tcl10 0.04 | -0.007 | 0.018 | 0.133 | -0.081 | 0.055 | -0.023 | -0.073 | -0.185 | 0.172
Tcll | 0.043 | -0.007 | 0.009 | 0.126 | -0.044 | 0.027 | -0.033 | -0.043 | -0.21 | 0.178
Tcl2 | 0.047 | -0.009 | -0.007 | 0.083 | 0.02 | -0.046 | -0.027 | -0.094 | -0.163 | 0.19
Tcl3 | 0.047 | -0.015 | -0.016 | 0.037 | 0.048 | -0.059 | -0.008 | -0.137 | -0.127 | 0.087
Tcld4 | 0.047 | -0.013 | -0.021 | 0.025 | 0.055 | -0.057 | -0.021 | -0.09 | -0.145 | -0.016
Tcl5 | 0.045 | -0.01 | -0.023 | -0.005 | 0.114 | -0.059 | 0.008 | -0.074 | -0.145 | -0.164
Tcl6 | 0.045 | -0.01 | -0.025 | -0.003 | 0.11 | -0.044 | 0.03 -0.03 | -0.108 | -0.203
Tcl7 | 0.044 | -0.006 | -0.032 | -0.006 | 0.089 | -0.038 | 0.073 | -0.059 | -0.119 | -0.17
Tcl8 | 0.041 | -0.004 | -0.038 | -0.008 | 0.076 | -0.044 | 0.12 | -0.043 | -0.017 | -0.122
Tcl9 | 0.037 | -0.002 | -0.044 | -0.017 | 0.073 | -0.025 | 0.126 | -0.041 | 0.079 | -0.034
Tc20 | 0.031 | 0.011 | -0.053 | -0.032 | 0.04 | 0.042 | 0.155 | -0.041 | 0.132 | 0.204
Tc21 | 0.018 | 0.023 | -0.055 | -0.028 | 0.042 | 0.153 | 0.197 | -0.103 | 0.128 | 0.11
Tc22 | 0.008 | 0.033 | -0.055 | -0.008 | 0.028 | 0.195 | 0.166 | -0.054 | 0.161 | 0.043
Tc23 | 0.001 | 0.039 | -0.053 | -0.011 | 0.015 | 0.214 | 0.13 | 0.057 | 0.164 | 0.045
Tc24 | -0.004 | 0.042 | -0.048 | 0.003 | 0.01 | 0.183 | 0.089 | 0.176 | 0.131 | 0.044
Tc25 | -0.007 | 0.054 | -0.032 | 0.073 | 0.009 | 0.059 | -0.009 | 0.254 | 0.05 | 0.068
Tc26 | -0.008 | 0.055 | -0.024 0.1 0.006 | 0.016 | -0.054 | 0.251 | -0.003 | 0.06
Tc27 | -0.008 | 0.059 | -0.019 0.1 0.044 | -0.002 | -0.006 | 0.17 | 0.018 | -0.043
Tc28 | -0.009 | 0.06 | -0.012 | 0.11 0.03 | -0.022 | 0.01 | 0.092 | 0.048 | -0.064
Tc29 | -0.007 | 0.061 | -0.004 | 0.12 | -0.034 | -0.042 | -0.023 | -0.049 | 0.188 | -0.125
Tc30 | -0.006 | 0.058 | 0.001 | 0.113 | -0.068 | -0.081 | -0.048 | -0.13 0.25 | -0.157
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Component
Signal
1 2 3 4 5 6 7 8 9 10

Tc31 | -0.006 | 0.06 | 0.007 | 0.095 | -0.055 | -0.105 | -0.026 | -0.155 | 0.222 | -0.142
Tc32 | -0.006 | 0.062 | 0.018 | 0.071 | -0.008 | -0.115 | 0.015 | -0.116 | 0.148 | 0.129
Tc33 | -0.003 | 0.058 | 0.028 | -0.04 | 0.095 | -0.141 | 0.068 | 0.015 | 0.023 | 0.245
Tc34 | -0.004 | 0.053 | 0.036 | -0.012 | 0.077 | -0.184 | 0.026 | -0.065 | 0.053 | 0.302
Tc35 | 0.002 | 0.046 | 0.042 | -0.042 | 0.142 | -0.158 | -0.025 | -0.073 | 0.064 | 0.235
Tc36 | 0.009 | 0.039 | 0.05 | -0.046 | 0.145 | -0.075 | -0.083 | -0.068 | 0.079 | 0.165
Tc37 | 0.013 | 0.029 | 0.055 | -0.059 | 0.144 | 0.033 | -0.087 | -0.024 | 0.104 | 0.063
Tc38 | 0.017 | 0.021 | 0.054 | -0.075 | 0.135 | 0.09 | -0.104 | -0.044 | 0.252 | 0.054
Tc39 | 0.028 | 0.015 | 0.053 | -0.06 | 0.063 | 0.115 | -0.012 | -0.03 | 0.218 | -0.165
TcdO | 0.034 | 0.007 | 0.052 | -0.023 | 0.006 | 0.116 | 0.014 | 0.017 | 0.17 | -0.082
Tcdl | 0.042 | -0.002 | 0.039 | -0.011 | 0.038 | 0.043 | 0.02 | 0.078 | 0.12 | 0.134
Tcd2 | 0.045 | -0.007 | 0.028 | 0.013 | 0.068 | 0.044 | 0.045 | 0.086 | -0.025 | 0.172
Tcd3 | 0.046 | -0.009 | 0.022 | 0.034 | 0.042 | 0.056 | 0.065 | 0.109 | -0.092 | 0.265
Tcdd | 0.047 | -0.009 | 0.017 | 0.04 | 0.044 | 0.065 | 0.063 | 0.112 | -0.102 | 0.194
Tcd5 | 0.045 | -0.01 | 0.007 0.1 -0.022 | 0.051 | -0.007 | 0.118 | 0.133 | 0.092
Tcd6 | 0.045 | -0.011 | -0.009 | 0.109 0 -0.044 | -0.025 | -0.037 | 0.21 -0.07
Tcd7 | 0.047 | -0.013 | -0.016 | 0.039 | 0.05 | -0.046 | 0.013 | 0.018 | 0.149 | -0.141
Tcd8 | 0.047 | -0.005 | -0.017 | -0.03 | -0.027 | -0.101 | -0.062 | -0.027 | 0.271 | -0.348
Tcd9 | 0.044 | -0.004 | -0.023 | -0.047 | -0.025 | -0.13 | -0.074 | 0.09 | 0.269 | -0.348
Tc50 | 0.041 | -0.003 | -0.026 | -0.059 | -0.058 | -0.15 | -0.092 | 0.194 | 0.188 | -0.17
Tc51 | 0.036 | -0.004 | -0.031 | -0.078 | -0.09 | -0.159 | -0.116 | 0.231 0.06 | 0.043
Tc52 | 0.031 | 0.009 | -0.039 | -0.084 | -0.117 | -0.104 | -0.124 | 0.196 | 0.025 | 0.324
Tc53 | 0.027 | 0.02 | -0.044 | -0.082 | -0.127 | -0.05 | -0.13 | 0.084 | -0.03 | 0.341
Tc54 | 0.021 | 0.028 | -0.042 | -0.087 | -0.141 | -0.017 | -0.064 | -0.191 | 0.042 | 0.321
Tc55 | 0.017 | 0.04 | -0.04 | -0.071 | -0.123 | 0.054 | -0.06 | -0.228 | 0.041 | 0.157
Tc56 0.01 | 0.048 | -0.036 | -0.066 | -0.08 | 0.086 | -0.066 | -0.248 | -0.051 | -0.029
Tc57 | 0.007 | 0.051 | -0.034 | -0.095 | -0.025 | 0.087 | -0.076 | -0.133 | -0.185 | -0.125
Tc58 | 0.009 | 0.057 | -0.024 | -0.051 | 0.066 | 0.072 | -0.178 | 0.012 | -0.305 | -0.212
Tc59 | 0.008 | 0.06 | -0.018 | -0.001 | 0.087 | 0.052 | -0.187 | 0.05 | -0.359 | -0.16
Tc60 | 0.008 | 0.058 | -0.015 | 0.021 0.1 0.051 | -0.178 | 0.067 | -0.384 | -0.148
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M15719% A.9 Component Matrix 3MnN3AswiteyanvuiinAlaeiduesinanuruluiu

FUARUNIU U NTNAFDUBULIITIUABNT 80°C

Component
Signal
1 2 3 4 5 6 7 8 9 10

Tr0 | 0.955 | -0.231 | -0.054 | -0.099 | 0.027 | -0.006 | 0.002 | 0.023 | 0.102 | -0.008
Trl 0.964 | -0.117 | -0.101 | -0.025 | -0.155 | 0.092 | -0.044 | 0.002 | -0.032 | 0.029
Tr2 | 0.925 | 0.009 | 0.226 | -0.147 | 0.098 | -0.115 | 0.145 | -0.124 | 0.029 | 0.061
Tr3 | 0.924 | -0.085 | 0.306 | 0.128 | -0.042 | 0.077 | -0.094 | 0.039 0 -0.01

Trd | 0946 | 0.185 | 0.113 | -0.136 | 0.117 | 0.111 | -0.028 | -0.065 | 0.033 | 0.032
Tr5 0.93 | 0.042 | 0.301 | -0.002 | -0.078 | 0.011 | -0.129 | -0.071 | 0.089 | -0.023
Tr6 | 0.951 | 0.192 | 0.036 | -0.101 | 0.023 | 0.149 | -0.113 | 0.011 | 0.074 | -0.047
Tr7 | 0.888 | 0.273 | 0.189 | 0.28 | 0.082 | 0.062 | -0.049 | -0.04 | 0.011 | 0.006
Tr8 095 | 0.261 | 0.063 | -0.008 | -0.015 | 0.076 | -0.076 | 0.018 | 0.043 | -0.054
Tr9 | 0.873 | 0.253 | 0.105 | 0.297 | 0.182 | 0.161 | 0.097 | -0.004 | -0.005 | 0.014
Trl0 | 0989 | 0.06 | -0.086 | -0.022 | -0.018 | 0.012 | 0.017 | -0.045 | -0.021 | -0.03
Trll | 0918 | 0.11 | -0.067 | 0.271 | 0.165 | 0.164 | 0.094 | 0.028 | 0.011 | 0.004
Trl2 | 096 | -0.123 | -0.143 | 0.068 | -0.021 | -0.094 | 0.045 | -0.149 | -0.029 | -0.001
Trl3 | 0.962 | -0.124 | 0.027 | 0.149 | 0.064 | 0.119 | -0.103 | -0.033 | 0.032 | -0.021
Trld | 0957 | -0.021 | -0.07 | 0.103 | -0.051 | -0.191 | 0.04 | -0.122 | -0.034 | -0.069
Trl5 | 0944 | -0.149 | 0.092 | 0.123 | 0.042 | -0.013 | -0.214 | -0.022 | 0.04 | -0.078
Trl6 | 0949 | 0.028 | -0.051 | 0.135 | -0.193 | -0.147 | -0.05 | 0.071 | -0.04 | -0.073
Trl7 | 096 | -0.166 | 0.128 | 0.044 | -0.03 | -0.064 | -0.127 | 0.041 | -0.047 | 0.02

Trl8 | 0.928 | 0.155 0.09 | 0.052 | -0.254 | -0.109 | -0.029 | 0.154 | -0.02 | -0.017
Tr19 | 0962 | -0.093 | -0.109 | -0.114 | -0.095 | -0.071 | 0.09 | 0.015 | -0.102 | 0.068
Tr20 | 0.934 | 0.19 0.149 | 0.106 | -0.121 | -0.138 | 0.069 | -0.031 | -0.078 | 0.082
Tr21 | 0.884 | -0.165 | 0.366 | -0.083 | 0.05 -0.16 | 0.074 | 0.084 | 0.067 | -0.038
Tr22 | 097 | 0.155 | -0.036 | -0.008 | -0.081 | -0.027 | 0.071 | 0.068 | 0.094 | -0.003
Tr23 | 0912 | -0.111 | 0.32 | -0.008 | 0.108 | -0.057 | 0.155 | 0.08 | -0.034 | -0.07

Tr2d | 096 | 0.075 | -0.173 | 0.02 | 0.137 | 0.036 | 0.078 | 0.007 | 0.005 -0.1

Tr25 | 097 | -0.059 | 0.165 | -0.049 | 0.012 | -0.024 | 0.024 | 0.112 | -0.029 | 0.06

Tr26 | 0.945 | 0.077 | -0.236 | -0.108 | 0.093 | -0.007 | -0.034 | -0.012 | -0.088 | -0.02

Tr27 | 0.948 | -0.147 | 0.002 | -0.188 | 0.019 | 0.062 | -0.09 | 0.146 | -0.004 | 0.076
Tr28 | 0.926 | 0.064 | -0.238 | -0.145 | 0.103 | -0.033 | -0.194 | -0.012 | -0.018 | -0.011
Tr29 | 0.953 | -0.101 | -0.005 | -0.127 | 0.071 | 0.167 | -0.038 | 0.114 | -0.121 | 0.007
Tr30 | 096 | 0.117 | -0.172 | -0.12 | 0.079 | -0.033 | -0.054 | 0.061 | -0.024 | -0.005
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Component
Signal
1 2 3 4 5 6 7 8 9 10

Tr31 | 0.962 | -0.115 | -0.029 | -0.043 | 0.028 | 0.189 | 0.016 | 0.005 | -0.124 | 0.021
Tr32 | 0.964 | 0.031 | -0.037 | 0.032 | 0.164 | -0.113 | -0.084 | -0.049 | -0.07 | 0.059
Tr33 | 0.947 | -0.245 | -0.046 | -0.03 | 0.062 | 0.109 | -0.093 | -0.066 | 0.045 | 0.035
Tr3d | 0952 | 0.064 | -0.105 | 0.057 | 0.097 | -0.179 | -0.053 | 0.071 | 0.098 | 0.105
Tr35 | 0.947 | -0.236 | -0.096 | 0.027 | -0.006 | 0.014 | -0.027 | -0.08 | 0.117 | 0.037
Tr36 | 0.943 | -0.015 | -0.161 | 0.093 | 0.063 | -0.137 | -0.037 | 0.185 | 0.094 | -0.025
Tr37 | 0.923 | -0.263 | -0.054 | 0.215 | -0.062 | 0.015 | 0.088 | -0.057 | 0.005 | 0.031
Tr38 | 0.937 | -0.052 | -0.095 | 0.264 | 0.116 | -0.04 | 0.067 | 0.093 | -0.074 | -0.022
Tr39 | 0921 | -0.225 | -0.118 | 0.199 | -0.156 | 0.03 | 0.113 | 0.005 0 0.018
Trd0 | 0.929 | 0.318 0.01 | 0.082 | -0.064 | -0.013 | -0.019 0 -0.026 | 0.141
Trd1 | 0955 | 0.098 | 0.083 | -0.02 |-0.244 | 0.01 | -0.007 | 0.062 | 0.032 | 0.033
Trd2 | 0929 | 0241 | -0.123 | 0.019 | -0.121 | -0.006 | -0.165 | -0.128 | 0.008 | 0.045
Trd3 | 096 | 0.101 | 0.136 | -0.151 | 0.065 | 0.027 | 0.037 | -0.01 | -0.098 | -0.05

Trdd | 0955 | 0.161 | -0.095 | -0.038 | 0.081 | -0.186 | -0.055 | 0.016 | -0.062 | -0.01

Trd5 | 0.966 | 0.021 | 0.059 | -0.036 | -0.058 | -0.186 | -0.008 | -0.098 | -0.052 | -0.086
Trd6 | 0.985 | -0.072 | -0.052 | -0.057 | 0.006 | 0.056 | -0.042 | -0.009 | -0.056 | -0.029
Trd7 | 0952 | -0.096 | -0.192 | 0.079 | -0.161 | -0.014 | -0.047 | -0.048 | 0.023 | -0.073
Trd8 | 0915 | 0.119 | 0.042 | -0.131 | -0.247 | 0.216 | 0.084 | 0.054 | 0.028 | -0.049
Trd9 | 0.938 | 0.146 | -0.078 | -0.059 | -0.147 | 0.128 | 0.207 | -0.047 | 0.024 | 0.004
Tr50 | 0.958 | -0.106 | -0.159 | 0.038 | -0.119 | 0.113 | 0.033 | -0.048 | 0.061 | 0.044
Tr51 | 0.963 | -0.044 | -0.205 | 0.012 | 0.076 | 0.059 | 0.087 | 0.058 | -0.007 | -0.041
Tr52 | 0.985 | -0.085 | 0.024 | -0.028 | -0.002 | -0.02 | 0.079 | -0.069 | 0.021 | -0.026
Tr53 | 0.964 | 0.014 | -0.206 | -0.03 | 0.051 | -0.051 | 0.084 | 0.066 | 0.068 | 0.042
Tr54 | 0953 | 0.172 | -0.048 | -0.12 | 0.124 | -0.023 | 0.088 | -0.043 | 0.025 | -0.053
Tr55 | 0.959 | 0.014 | -0.054 | -0.223 | -0.09 0.07 | 0.065 | -0.013 | -0.008 | -0.034
Tr56 | 0.954 | 0.053 | 0.058 | -0.193 | 0.067 | -0.083 | 0.105 | -0.042 | 0.118 | 0.007
Tr57 | 0.924 | -0.173 | 0.294 | 0.008 | -0.035 | 0.082 | -0.04 | -0.08 | -0.093 | 0.01

Tr58 | 0.972 | -0.147 | 0.031 | -0.033 | 0.111 | -0.021 | 0.061 | -0.036 | 0.023 | 0.035
Tr59 | 0.973 | 0.002 | 0.103 | -0.149 | -0.006 | -0.053 | -0.042 | -0.062 | -0.03 | 0.018
Tr60 | 0.968 | -0.189 | 0.064 | 0.003 | 0.095 | 0.012 | -0.017 | 0.033 | 0.012 | 0.032
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M1319% A.10 Component Score Coefficient Matrix 31nA1531AT 1T AN Tuiinelag

WS InANUTUTUAUTTAFIUNIY B NISNAFDUBUWAITIIWABNT 80°C

Component
Signal
1 2 3 4 5 6 7 8 9 10

Tr0 0.017 | -0.178 | -0.043 | -0.111 | 0.039 | -0.01 | 0.004 | 0.077 | 0.485 | -0.054
Trl 0.018 | -0.09 | -0.081 | -0.028 | -0.224 | 0.153 | -0.096 | 0.007 | -0.152 | 0.202
Tr2 | 0.017 | 0.007 0.18 | -0.166 | 0.143 | -0.19 | 0.317 | -0.408 | 0.138 | 0.433
Tr3 0.017 | -0.065 | 0.244 | 0.144 | -0.06 | 0.128 | -0.204 | 0.129 0 -0.069
Trd | 0.017 | 0.142 0.09 | -0.153 | 0.17 | 0.183 | -0.061 | -0.214 | 0.155 | 0.228
Tr5 0.017 | 0.032 0.24 | -0.002 | -0.113 | 0.019 | -0.282 | -0.232 | 0.425 | -0.164
Tré 0.017 | 0.148 | 0.029 | -0.113 | 0.034 | 0.247 | -0.247 | 0.035 | 0.353 | -0.331
Tr7 0.016 | 0.21 0.151 | 0.315 | 0.119 | 0.102 | -0.106 | -0.131 | 0.053 | 0.04

Tr8 0.017 | 0.201 0.05 | -0.009 | -0.021 | 0.126 | -0.165 | 0.058 | 0.204 | -0.379
Tr9 0.016 | 0.195 | 0.084 | 0.334 | 0.263 | 0.266 | 0.212 | -0.014 | -0.026 | 0.096
Trl0 | 0.018 | 0.046 | -0.068 | -0.025 | -0.026 | 0.019 | 0.037 | -0.147 | -0.101 | -0.212
Trll | 0.017 | 0.084 | -0.053 | 0.305 | 0.238 | 0.271 | 0.204 | 0.093 | 0.052 | 0.026
Trl2 | 0.018 | -0.095 | -0.114 | 0.077 | -0.031 | -0.155 | 0.099 | -0.49 | -0.138 | -0.004
Tr13 | 0.018 | -0.095 | 0.021 | 0.167 | 0.093 | 0.198 | -0.225 | -0.108 | 0.152 | -0.15

Trld | 0.017 | -0.016 | -0.056 | 0.116 | -0.074 | -0.315 | 0.088 | -0.401 | -0.16 | -0.489
Trl5 | 0.017 | -0.115 | 0.074 | 0.139 | 0.06 | -0.022 | -0.467 | -0.072 | 0.191 | -0.55

Trl6 | 0.017 | 0.021 | -0.041 | 0.152 | -0.279 | -0.244 | -0.11 | 0.235 | -0.193 | -0.514
Trl7 | 0.018 | -0.128 | 0.102 | 0.049 | -0.044 | -0.106 | -0.278 | 0.134 | -0.224 | 0.142
Tr18 | 0.017 | 0.119 | 0.072 | 0.058 | -0.368 | -0.18 | -0.064 | 0.507 | -0.097 | -0.122
Trl9 | 0.018 | -0.071 | -0.087 | -0.128 | -0.138 | -0.118 | 0.197 | 0.049 | -0.484 | 0.481
Tr20 | 0.017 | 0.147 | 0.118 | 0.119 | -0.174 | -0.228 | 0.151 | -0.102 | -0.369 | 0.576
Tr21 | 0.016 | -0.127 | 0.291 | -0.094 | 0.073 | -0.264 | 0.162 | 0.276 | 0.321 | -0.266
Tr22 | 0.018 | 0.12 | -0.029 | -0.009 | -0.118 | -0.045 | 0.154 | 0.225 | 0.449 | -0.022
Tr23 | 0.017 | -0.085 | 0.255 | -0.009 | 0.157 | -0.095 | 0.339 | 0.261 | -0.161 | -0.492
Tr24 | 0.018 | 0.058 | -0.138 | 0.022 | 0.198 | 0.06 | 0.171 | 0.024 | 0.024 | -0.704
Tr25 | 0.018 | -0.046 | 0.131 | -0.055 | 0.017 | -0.04 | 0.051 | 0.368 | -0.137 | 0.423
Tr26 | 0.017 | 0.059 | -0.188 | -0.122 | 0.134 | -0.011 | -0.073 | -0.041 | -0.417 | -0.142
Tr27 | 0.017 | -0.113 | 0.001 | -0.212 | 0.027 | 0.103 | -0.195 | 0.481 | -0.017 | 0.539
Tr28 | 0.017 | 0.05 | -0.189 | -0.163 | 0.149 | -0.055 | -0.424 | -0.04 | -0.084 | -0.08
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Component
Signal
1 2 3 4 5 6 7 8 9 10

Tr29 | 0.017 | -0.078 | -0.004 | -0.142 | 0.103 | 0.276 | -0.084 | 0.375 | -0.575 | 0.052
Tr30 | 0.018 | 0.09 | -0.138 | -0.135 | 0.114 | -0.054 | -0.119 | 0.202 | -0.113 | -0.034
Tr31 | 0.018 | -0.088 | -0.023 | -0.049 | 0.041 | 0.312 | 0.034 | 0.016 | -0.593 | 0.151
Tr32 | 0.018 | 0.023 | -0.029 | 0.036 | 0.238 | -0.187 | -0.184 | -0.162 | -0.333 | 0.414
Tr33 | 0.017 | -0.188 | -0.036 | -0.034 | 0.089 | 0.181 | -0.202 | -0.216 | 0.215 | 0.249
Tr3d4 | 0.017 | 0.049 | -0.083 | 0.064 | 0.14 | -0.297 | -0.116 | 0.232 | 0.466 | 0.741
Tr35 | 0.017 | -0.182 | -0.077 | 0.031 | -0.009 | 0.023 | -0.059 | -0.264 | 0.559 | 0.264
Tr36 | 0.017 | -0.012 | -0.128 | 0.104 | 0.091 | -0.226 | -0.08 | 0.607 | 0.448 | -0.18

Tr37 | 0.017 | -0.202 | -0.043 | 0.243 | -0.09 | 0.025 | 0.192 | -0.187 | 0.026 | 0.217
Tr38 | 0.017 | -0.04 | -0.076 | 0.297 | 0.168 | -0.067 | 0.146 | 0.306 | -0.354 | -0.156
Tr39 | 0.017 | -0.173 | -0.094 | 0.224 | -0.226 | 0.049 | 0.247 | 0.018 0 0.129
Trd0 | 0.017 | 0.245 | 0.008 | 0.092 | -0.092 | -0.021 | -0.041 | 0.001 | -0.124 | 0.994
Trdl | 0.017 | 0.075 | 0.066 | -0.023 | -0.353 | 0.017 | -0.015 | 0.205 | 0.151 | 0.236
Trd2 | 0.017 | 0.185 | -0.098 | 0.022 | -0.175 | -0.01 | -0.361 | -0.42 | 0.038 | 0.32

Trd3 | 0.018 | 0.078 | 0.108 | -0.17 | 0.094 | 0.044 | 0.08 | -0.033 | -0.469 | -0.353
Trdd | 0.017 | 0.124 | -0.075 | -0.042 | 0.117 | -0.308 | -0.12 | 0.051 | -0.297 | -0.07

Trd5 | 0.018 | 0.016 | 0.047 | -0.04 | -0.083 | -0.308 | -0.016 | -0.323 | -0.248 | -0.61

Trd6 | 0.018 | -0.055 | -0.041 | -0.065 | 0.008 | 0.093 | -0.091 | -0.03 | -0.266 | -0.206
Trd7 | 0.017 | -0.074 | -0.153 | 0.089 | -0.233 | -0.023 | -0.103 | -0.157 | 0.107 | -0.515
Trd8 | 0.017 | 0.091 | 0.033 | -0.147 | -0.358 | 0.358 | 0.182 | 0.178 | 0.135 | -0.344
Trd9 | 0.017 | 0.112 | -0.062 | -0.067 | -0.213 | 0.212 | 0.451 | -0.155 | 0.116 | 0.031
Tr50 | 0.018 | -0.081 | -0.127 | 0.043 | -0.172 | 0.187 | 0.072 | -0.157 | 0.29 | 0.313
Tr51 | 0.018 | -0.034 | -0.163 | 0.013 | 0.109 | 0.097 | 0.19 0.19 | -0.032 | -0.288
Tr52 | 0.018 | -0.066 | 0.02 | -0.032 | -0.003 | -0.032 | 0.173 | -0.226 0.1 -0.181
Tr53 | 0.018 | 0.011 | -0.164 | -0.033 | 0.073 | -0.085 | 0.184 | 0.217 | 0.325 | 0.294
Tr54 | 0.017 | 0.132 | -0.038 | -0.135 | 0.179 | -0.038 | 0.193 | -0.142 | 0.12 | -0.376
Tr55 | 0.018 | 0.011 | -0.043 | -0.251 | -0.13 | 0.116 | 0.142 | -0.044 | -0.037 | -0.237
Tr56 | 0.017 | 0.041 | 0.046 | -0.217 | 0.097 | -0.138 | 0.229 | -0.137 | 0.56 | 0.052
Tr57 | 0.017 | -0.133 | 0.234 | 0.009 | -0.05 | 0.136 | -0.088 | -0.265 | -0.442 | 0.073
Tr58 | 0.018 | -0.113 | 0.025 | -0.037 | 0.161 | -0.035 | 0.132 | -0.118 | 0.111 | 0.245
Tr59 | 0.018 | 0.002 | 0.082 | -0.168 | -0.009 | -0.088 | -0.091 | -0.204 | -0.144 | 0.124
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Component
Signal
1 2 3 4 5 6 7 8 9 10
Tr60 | 0.018 | -0.145 | 0.051 | 0.003 | 0.138 0.02 | -0.038 | 0.108 | 0.057 | 0.224
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M13197 A.11 Component Matrix 91nN15AT Ty afl TuiinAlneiduiges inaudu

Tupurdiaiuusey o nsnageuauwistUdond 80°C

Component
Signal
1 2 3 4 5 6 7 8 9 10
TcO | 0.874 | -0.037 | -0.205 | -0.3¢ | 0.046 | -0.081 | -0.163 | 0.048 | 0.081 | 0.03
Tcl | 0.881 | -0.018 | -0.219 | -0.371 | 0.021 | -0.078 | -0.088 0 0.112 | 0.056
Tc2 | 0.904 | 0.041 | -0.188 | -0.327 | 0.012 | -0.06 | -0.021 | -0.05 | 0.154 | 0.013
Tc3 | 0913 | -0.011 | -0.143 | -0.317 | 0.031 | -0.073 | -0.02 | -0.102 | 0.136 | -0.001
Tcd | 0.955 | -0.041 | -0.117 | -0.149 | -0.041 | -0.121 | 0.079 | -0.093 | 0.025 | -0.051
Tc5 | 0.961 | -0.056 | -0.065 | -0.083 | -0.052 | -0.153 | 0.085 | -0.112 | -0.038 | -0.043
Tc6 | 0.959 | -0.086 | -0.03 | -0.078 | -0.033 | -0.166 | 0.069 | -0.126 | -0.064 | -0.041
Tc7 | 0.947 | -0.078 | 0.121 | -0.077 | 0.022 | -0.163 | 0.191 | -0.018 | -0.056 | -0.012
Tc8 | 0.942 | -0.109 | 0.171 | -0.053 | 0.035 | -0.164 | 0.158 | -0.044 | -0.08 | -0.033
Tc9 | 0939 | -0.127 | 0.197 | -0.003 | 0.032 | -0.159 | 0.144 | -0.011 | -0.067 | -0.003
Tcl0 | 0.93 -0.23 0.17 | -0.015 | 0.035 | -0.155 | 0.111 | 0.007 | -0.058 | -0.005
Tcll | 0935 | -0.18 | 0.236 | 0.028 | -0.01 | -0.089 | 0.077 | 0.07 -0.05 | 0.024
Tcl2 | 0932 | -0.224 | 0.227 | 0.026 | -0.032 | -0.047 | 0.054 | 0.072 | -0.053 | 0.01
Tcl3 | 0952 | -0.217 | 0.125 | 0.028 | -0.11 | -0.001 | -0.066 | -0.008 | -0.067 | 0.001
Tcld | 0947 | -0.212 | 0.096 | 0.05 | -0.124 | 0.025 | -0.122 | -0.008 | -0.071 | -0.015
Tcl5 | 0939 | -0.233 | 0.088 | 0.039 | -0.142 | 0.044 | -0.142 | -0.025 | -0.072 | -0.017
Tclé | 0935 | -0.231 | 0.097 | 0.051 | -0.133 | 0.047 | -0.152 | -0.031 | -0.087 | 0.001
Tcl7 | 0938 | -0.231 | 0.071 | 0.037 | -0.148 | 0.06 | -0.141 | -0.015 | -0.085 | 0.008
Tcl8 | 0952 | -0.158 | 0.06 | 0.059 | -0.161 | 0.053 | -0.125 | -0.006 | -0.054 | 0.031
Tcl9 | 0.947 | -0.205 | -0.002 | -0.002 | -0.165 | 0.053 | -0.11 0.03 | -0.041 | 0.042
Tc20 | 0922 | -0.072 | -0.17 | -0.072 | -0.242 | 0.122 | 0.028 | 0.104 | -0.013 | 0.049
Tc21 | 0913 | -0.066 | -0.231 | -0.072 | -0.212 | 0.151 | 0.065 | 0.119 | 0.027 | -0.036
Tc22 | 0.922 | -0.091 | -0.238 | -0.055 | -0.181 | 0.12 | 0.088 | 0.076 | 0.043 | -0.07
Tc23 | 0916 | -0.069 | -0.289 | -0.013 | -0.079 | 0.14 | 0.135 | 0.041 | 0.007 | -0.112
Tc24 | 0906 | -0.18 | -0.279 | -0.021 | 0.019 | 0.136 | 0.12 0.04 | -0.02 | -0.095
Tc25 | 0917 | -0.163 | -0.284 | 0.051 | 0.057 | 0.129 | 0.124 | -0.013 | -0.01 | -0.029
Tc26 | 0.891 | -0.233 | -0.301 | 0.069 | 0.13 | 0.137 | 0.102 | 0.007 | -0.014 | -0.025
Tc27 0.9 -0.193 | -0.274 | 0.129 | 0.164 | 0.108 | 0.073 | -0.028 | -0.002 | 0.05
Tc28 | 0.894 | -0.219 | -0.267 | 0.122 | 0.179 | 0.106 | 0.067 | -0.017 | -0.002 | 0.048
Tc29 | 0916 | -0.17 | -0.199 | 0.159 | 0.192 | 0.029 | 0.017 | -0.038 | -0.007 | 0.114
Tc30 | 0.907 | -0.245 | -0.139 | 0.18 0.22 | 0.001 | -0.037 | -0.034 | -0.033 | 0.088
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Component
Signal
1 2 3 4 5 6 7 8 9 10

Tc31 | 0914 -0.2 | -0.133 | 0.199 | 0.209 | -0.012 | -0.052 | -0.036 | -0.031 | 0.101
Tc32 | 0919 | -0.182 | -0.135 | 0.197 | 0.219 | -0.031 | -0.047 | 0.001 | -0.01 | 0.065
Tc33 | 0.899 | -0.158 | -0.067 | 0.276 | 0.25 | -0.047 | -0.096 | -0.015 | 0.022 | -0.029
Tc34 | 0.882 | 0.174 | -0.021 | 0.362 | 0.187 | -0.059 | -0.059 | 0.022 | 0.067 | -0.049
Tc35 | 0.876 | 0.195 | 0.009 | 0.34 | 0.149 | -0.088 | -0.093 | 0.055 | 0.097 | -0.122
Tc36 | 0.922 | 0.034 | -0.005 | 0.216 | 0.155 | -0.133 | -0.15 | 0.091 | 0.043 | -0.124
Tc37 | 0.802 | 0522 | -0.12 | 0.159 | -0.032 | -0.124 | -0.017 | 0.143 | 0.01 | 0.003
Tc38 | 0.741 | 0599 | -0.158 | 0.098 | -0.063 | -0.138 | 0.002 | 0.165 | -0.028 | 0.026
Tc39 | 0.723 | 0.616 | -0.178 | 0.056 | -0.091 | -0.14 | 0.006 | 0.153 | -0.043 | 0.042
Tcd0 | 0.862 | 0.311 | -0.209 | -0.285 | 0.01 | -0.085 | -0.064 | 0.065 | -0.065 | 0.023
Tcdl | 0.831 | 0488 | -0.113 | -0.201 | 0.031 | -0.009 | -0.049 | -0.034 | -0.07 | 0.006
Tcd2 | 0.785 | 0593 | -0.057 | -0.114 | 0.028 | 0.038 | -0.015 | -0.075 | -0.038 | -0.009
Tcd3 | 0.743 | 0.64 | -0.003 | -0.069 | 0.065 | 0.09 | -0.027 | -0.097 | -0.06 | -0.04
Tcdd | 0.885 | 0.048 | -0.02 | -0.338 | 0.161 | 0.069 | -0.163 | -0.055 | -0.115 | -0.097
Tcd5 | 0.854 | 0.34 0.216 | -0.206 | 0.177 | 0.132 | -0.018 | 0.036 | -0.08 | -0.017
Tcd6 | 0.76 | 0538 | 0.274 | -0.06 | 0.129 | 0.159 | 0.024 | 0.016 | -0.051 | 0.021
Tcd7 | 0.669 | 0.632 031 | 0.016 | 0.11 | 0.165 | 0.064 | 0.019 | -0.005 | 0.034
Tcd8 | 085 | 0278 | 0346 | -0.143 | 0.143 | 0.116 | 0.062 | -0.004 | 0.033 | 0.046
Tcd9 | 0.875 | -0.109 | 0.348 | -0.216 | 0.172 | 0.076 | 0.009 | -0.005 | 0.092 | 0.001
Tc50 | 0.874 | -0.161 | 0.353 | -0.197 | 0.139 | 0.068 | -0.017 | -0.013 | 0.102 | -0.006
Tc51 | 0.885 | -0.229 | 0.356 | -0.082 | 0.059 | 0.016 | 0.031 | 0.089 | 0.079 | 0.021
Tc52 | 0.891 | -0.251 | 0.325 | -0.003 | -0.031 | 0.01 | 0.056 | 0.127 | 0.063 | 0.022
Tc53 | 0.887 | -0.265 | 0.311 | -0.009 | -0.064 | 0.006 | 0.037 | 0.131 | 0.071 | 0.02
Tc54 | 0932 | -0.195 | 0.168 | 0.07 | -0.152 | 0.027 | -0.09 | -0.022 | 0.064 | -0.061
Tc55 | 095 | -0.123 | 0.111 | 0.101 | -0.182 | 0.01 | -0.088 | -0.063 | 0.043 | -0.03
Tc56 | 0.898 | 0.242 | 0.113 | 0.241 | -0.186 | 0.016 | 0.008 | -0.122 | 0.073 | -0.016
Tc57 | 0.812 | 0411 | 0.111 0.28 | -0.203 | 0.029 | 0.059 | -0.136 | 0.087 | 0.036
Tc58 | 0.929 | -0.112 | -0.129 | -0.104 | -0.222 | -0.081 | 0.003 | -0.028 | 0.017 | 0.086
Tc59 | 0.895 | 0.302 | -0.065 | 0.123 | -0.231 | -0.009 | 0.046 | -0.06 | 0.049 | 0.113
Tc60 | 0.809 | 0.398 | 0.102 | 0.329 | -0.159 | 0.06 | 0.039 | -0.124 | 0.058 | -0.015
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M1319% A.12 Component Score Coefficient Matrix 31nA153AS 1Ty AR uiinelag
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Component
Signal
1 2 3 4 5 6 7 8 9 10
TcO | 0.018 | -0.008 | -0.089 | -0.188 | 0.04 -0.14 | -0.347 | 0.154 | 0.33 | 0.181
Tcl | 0.018 | -0.004 | -0.096 | -0.205 | 0.018 | -0.135 | -0.187 | -0.001 | 0.456 | 0.337
Tc2 | 0.019 | 0.009 | -0.082 | -0.181 | 0.01 | -0.104 | -0.044 | -0.158 | 0.628 | 0.08
Tc3 | 0.019 | -0.002 | -0.062 | -0.175 | 0.027 | -0.126 | -0.042 | -0.325 | 0.555 | -0.007
Tcd 0.02 | -0.009 | -0.051 | -0.082 | -0.036 | -0.21 | 0.168 | -0.295 | 0.103 | -0.309
Tc5 0.02 | -0.012 | -0.029 | -0.046 | -0.046 | -0.264 | 0.18 | -0.358 | -0.155 | -0.261
Tc6 0.02 | -0.018 | -0.013 | -0.043 | -0.029 | -0.288 | 0.147 -0.4 | -0.259 | -0.249
Tc7 0.02 | -0.016 | 0.053 | -0.043 | 0.02 | -0.283 | 0.407 | -0.058 | -0.228 | -0.075
Tc8 | 0.019 | -0.023 | 0.075 | -0.029 | 0.031 | -0.285 | 0.335 | -0.141 | -0.326 | -0.198
Tc9 | 0.019 | -0.027 | 0.086 | -0.002 | 0.028 | -0.275 | 0.307 | -0.035 | -0.272 | -0.016
Tcl0 | 0.019 | -0.048 | 0.074 | -0.009 | 0.031 | -0.269 | 0.235 | 0.022 | -0.235 | -0.029
Tcll | 0.019 | -0.038 | 0.103 | 0.015 | -0.009 | -0.153 | 0.164 | 0.224 | -0.204 | 0.143
Tcl2 | 0.019 | -0.047 | 0.099 | 0.014 | -0.028 | -0.082 | 0.114 | 0.23 | -0.215 | 0.058
Tcl3 | 0.02 | -0.046 | 0.055 | 0.015 | -0.097 | -0.002 | -0.14 | -0.025 | -0.274 | 0.009
Tcld | 0.02 | -0.045 | 0.042 | 0.027 | -0.109 | 0.043 | -0.26 | -0.026 | -0.291 | -0.093
Tcl5 | 0.019 | -0.049 | 0.038 | 0.021 | -0.124 | 0.077 | -0.301 | -0.079 | -0.293 | -0.101
Tcl6 | 0.019 | -0.049 | 0.043 | 0.028 | -0.116 | 0.082 | -0.322 | -0.098 | -0.356 | 0.005
Tcl7 | 0.019 | -0.049 | 0.031 | 0.021 | -0.13 | 0.103 | -0.301 | -0.047 | -0.344 | 0.046
Tcl8 | 0.02 | -0.033 | 0.026 | 0.033 | -0.142 | 0.091 | -0.265 | -0.018 | -0.219 | 0.189
Tcl9 | 0.02 | -0.043 | -0.001 | -0.001 | -0.144 | 0.092 | -0.234 | 0.096 | -0.166 | 0.255
Tc20 | 0.019 | -0.015 | -0.074 | -0.04 | -0.212 | 0.212 | 0.06 0.33 | -0.054 | 0.297
Tc21 | 0.019 | -0.014 | -0.101 | -0.04 | -0.186 | 0.262 | 0.138 | 0.378 | 0.108 | -0.216
Tc22 | 0.019 | -0.019 | -0.104 | -0.031 | -0.158 | 0.208 | 0.187 | 0.241 | 0.175 | -0.42
Tc23 | 0.019 | -0.015 | -0.126 | -0.007 | -0.07 | 0.243 | 0.287 | 0.132 | 0.028 | -0.67
Tc24 | 0.019 | -0.038 | -0.122 | -0.012 | 0.017 | 0.236 | 0.256 | 0.127 | -0.08 | -0.568
Tc25 | 0.019 | -0.034 | -0.124 | 0.028 | 0.05 | 0.223 | 0.265 | -0.041 | -0.039 | -0.172
Tc26 | 0.018 | -0.049 | -0.131 | 0.038 | 0.114 | 0.237 | 0.216 | 0.024 | -0.055 | -0.15
Tc27 | 0.019 | -0.041 | -0.119 | 0.071 | 0.144 | 0.187 | 0.156 | -0.09 | -0.008 | 0.301
Tc28 | 0.018 | -0.046 | -0.117 | 0.067 | 0.157 | 0.183 | 0.142 | -0.055 | -0.008 | 0.286
Tc29 | 0.019 | -0.036 | -0.087 | 0.088 | 0.169 | 0.05 | 0.037 | -0.12 | -0.03 | 0.683
Tc30 | 0.019 | -0.052 | -0.061 | 0.099 | 0.193 | 0.002 | -0.078 | -0.109 | -0.135 | 0.525
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Component
Signal
1 2 3 4 5 6 7 8 9 10

Tc31 | 0.019 | -0.042 | -0.058 | 0.11 | 0.184 | -0.021 | -0.11 | -0.114 | -0.127 | 0.604
Tc32 | 0.019 | -0.038 | -0.059 | 0.109 | 0.192 | -0.053 | -0.099 | 0.003 | -0.042 | 0.392
Tc33 | 0.019 | -0.033 | -0.029 | 0.152 | 0.219 | -0.082 | -0.205 | -0.049 | 0.09 | -0.174
Tc34 | 0.018 | 0.037 | -0.009 0.2 0.164 | -0.103 | -0.125 | 0.069 | 0.274 | -0.292
Tc35 | 0.018 | 0.041 | 0.004 | 0.188 | 0.13 | -0.152 | -0.197 | 0.175 | 0.395 | -0.731
Tc36 | 0.019 | 0.007 | -0.002 | 0.119 | 0.136 | -0.23 | -0.319 | 0.288 | 0.176 | -0.744
Tc37 | 0.017 | 0.11 | -0.052 | 0.088 | -0.028 | -0.215 | -0.036 | 0.455 | 0.042 | 0.019
Tc38 | 0.015 | 0.126 | -0.069 | 0.054 | -0.055 | -0.238 | 0.005 | 0.525 | -0.113 | 0.153
Tc39 | 0015 | 0.13 | -0.078 | 0.031 | -0.08 | -0.242 | 0.012 | 0.487 | -0.176 | 0.249
Tcd0 | 0.018 | 0.066 | -0.091 | -0.157 | 0.009 | -0.147 | -0.136 | 0.206 | -0.263 | 0.139
Tcd4l | 0.017 | 0.103 | -0.049 | -0.111 | 0.027 | -0.016 | -0.104 | -0.108 | -0.286 | 0.037
Tcd2 | 0.016 | 0.125 | -0.025 | -0.063 | 0.025 | 0.066 | -0.031 | -0.24 | -0.154 | -0.055
Tcd3 | 0.015 | 0.135 | -0.001 | -0.038 | 0.057 | 0.157 | -0.058 | -0.309 | -0.245 | -0.24
Tcdd | 0.018 | 0.01 | -0.009 | -0.186 | 0.141 0.12 | -0.347 | -0.176 | -0.467 | -0.582
Tcd5 | 0.018 | 0.072 | 0.094 | -0.113 | 0.156 | 0.228 | -0.038 | 0.116 | -0.324 | -0.101
Tcd6 | 0.016 | 0.113 | 0.119 | -0.033 | 0.113 | 0.276 | 0.052 | 0.05 -0.21 | 0.128
Tcd7 | 0.014 | 0.133 | 0.135 | 0.009 | 0.096 | 0.285 | 0.135 | 0.059 | -0.022 | 0.202
Tcd8 | 0.018 | 0.059 | 0.151 | -0.079 | 0.125 0.2 0.133 | -0.012 | 0.134 | 0.277
Tcd9 | 0.018 | -0.023 | 0.152 | -0.119 | 0.151 | 0.131 | 0.019 | -0.014 | 0.373 | 0.009
Tc50 | 0.018 | -0.034 | 0.154 | -0.108 | 0.122 | 0.118 | -0.036 | -0.04 | 0.415 | -0.036
Tc51 | 0.018 | -0.048 | 0.155 | -0.045 | 0.052 | 0.027 | 0.067 | 0.284 | 0.323 | 0.127
Tc52 | 0.018 | -0.053 | 0.142 | -0.001 | -0.027 | 0.018 | 0.12 | 0.405 | 0.257 | 0.135
Tc53 | 0.018 | -0.056 | 0.136 | -0.005 | -0.056 | 0.01 0.08 | 0416 | 0.289 | 0.121
Tc54 | 0.019 | -0.041 | 0.073 | 0.039 | -0.133 | 0.047 | -0.192 | -0.069 | 0.261 | -0.367
Tc55 | 0.02 | -0.026 | 0.048 | 0.056 | -0.16 | 0.018 | -0.188 | -0.201 | 0.175 | -0.182
Tc56 | 0.019 | 0.051 | 0.049 | 0.133 | -0.163 | 0.028 | 0.018 | -0.389 | 0.295 | -0.098
Tc57 | 0.017 | 0.087 | 0.048 | 0.154 | -0.178 | 0.05 | 0.125 | -0.435 | 0.355 | 0.215
Tc58 | 0.019 | -0.024 | -0.056 | -0.057 | -0.195 | -0.14 | 0.007 | -0.089 | 0.069 | 0.517
Tc59 | 0.018 | 0.064 | -0.028 | 0.068 | -0.202 | -0.016 | 0.099 | -0.191 0.2 0.68
Tc60 | 0.017 | 0.084 | 0.045 | 0.182 | -0.14 | 0.103 | 0.082 | -0.394 | 0.237 | -0.091
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Abstract

This research proposes the study of relationship between the
electrical signal from the resistance moisture sensor and the moisture of
paddy in range of 9.2 %w.b. - 22.75 %w.b. under the paddy temperature
at 40, 50, 60, 70 and 80°C. The electrical signal from the experiment is
analyzed by simple lincar regression technique to determine the
correlation with the moisture content of paddy at each temperature. The

result found that the electrical signal was inversely related to the
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moisture content of the paddy. The trend of regres Angsana New # 14

increase in the 40 - 50°C range and almost constant in the 50 - 80°C
range of temperature. The constant value of regression are decrease
over the 40 - 70°C range and slightly change in the 70 - 80°C range of
temperature. The prediction equation of moisture content in paddy was
highly accurate in the measuring ranges at temperatures of 60, 70 and
80°C (Adjust R =0 958, 0.95, 0.958 and RMSEC = 0.99, 1.060, 0.910
respectively). Additionally, temperatures of 40 and 50°C yielded results
at Adjust R* = 0.800 and 0.868 and RMSEC = 2.156 and 1.785

respectively.

Keywords: paddy moisture content, measurement, resistance moisture

sensor
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Abstract

This research proposes an application of resistive and capacitive soil moisture sensors to
investigate the influences of paddy temperature on the electrical signal received from senscrs when
tested with paddy moisture in the range 9.2 - 22.75%wb at 40 - 80°C to determine the relationship
between paddy moisture and electrical signals. It was found that the mean signal values between 20
- 40 seconds from both sensors were inversely linear correlation with the moisture content of the
paddy. Temperature is the factors that influence the measured electrical signal. R, Adjust R? (95%
confidence interval), and RMSEC showed that the model developed from the resistive sensor signals
was accurate in calculating the moisture content of paddy between medium to high temperature in
range 60 - 80°C more than the low temperature range. While the capacitive sensor signals model is
accurate in calculating paddy moisture between low to medium temperature in range 40 - 60 C.
Therefore, the resistive soil maisture sensor is possible and more suitable for applying as a paddy
moisture sensor in the high temperature drying processes than a capacitor soil moisture sensor.

Keywords : Moisture content of paddy; Resistive soil moisture sensor; Capacitive soil moisture sensor;

Drying
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2. 52108U3593y
2.1 NMSABUAIBENNT1EWSUNITNNGDY

2.1.1 mundsniasilouasiag

Tradenfiugunenuyd 105 gnuun
AsAeUANNT LS UFY muaunsT 1 Fe3Ens
suandou gamafl 105°C iunaindn 72 Halus
(Uit 1) [22) iileldiiudoyalumsannomu3una
ihideudundudnlugsinden Taslénszuenida
ilihtsudaddenuiniign welildanuiy
audeantsaasaunisi 2 e munelunis
wisuaud udradden 5 a1 Tdun 9.2%wb
13.15%wb 17.12%wb 19.56%wb uaz 22.75%wb
ALATY

W - W
Mth.lmliul =—r_—d X 100% (1)
W,
W = ,/Vm’l & Mqargn'l 2)
water add ~ W x MC MC (
( net inilial)- rarget
=
Tned
MC,,, i = WOSGUAATINGY (F251W)
MC,... = weidusaraiiu (W)
W, = WavaiIsgtdenn auau
lanudu ()
w, = warewhegsindonudioula
&
AMUTY (g)
W, = 17899899 1WEBNYT MUAT 1N

net
WIIUANTU (9)
=1avesnfdsufuliund nuden

water add
dmiumsinduunmi @
wdnduiaihirdenigniiuiug
vssylunwurdnadnamud 2 uastiluiivly
Vioudugamail 2 - 5°C WWunandn 24 $lus wax
weremAgnIAdIRIRE A ITIvE N Uz (BT
Wiamsunsnsyaeiavesnnuiuinandsuiv
nne 6 Falua [23]

< XXXDOK .y XHXK 4

- s - o e v oo ¥ w
UM 1 n) Traddenmiogiivssglutiedaimin
o &
) LATBIIUWIAUTULUY Hot air oven

4 P v,
3UN 2 malwesieg i mivdendmiunimnaes

2.1.2 myindgyrumalnihdsguigesin
auduludu
TunsneaesiiliusegndldTugaisuives
dmiuianmuiuluaudugunsalinamasiniwes
Fruden Tnedenlilugaieuises inmantuluiu
YU AR 1UNIU (Resistive soil moisture sensor
module) & %o diymore & nlag Worldchips
UszinAadu T9u1a 36mmx 15mm x 7mm
wsastuluivinenu: 3.3 - 12 vDC nszwalviiyiau:
<20 mA nsvudalui1vroen: <30 mA [24] uay
Tugasuiged Tarud uludusdafuusey
(Capacitive soil moisture sensor) 8o SZYTF uan
18 YX Electronic Components Useinaiu dvuim
98 mm x 23 mm wsaauluiwien: 3.3 - 5.5 vDC
ussiulwiieen: 0 - 3.0 VDC [25] mugilﬁ 3

\0 )
)
a ‘u & P
UM 3 n) wuwesTaanudulufuyiindumiu
) wuwosinaruduluiuriinfiuusyy
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uazld Microcontroller Arduino Uno R3 lun1ssu
ﬂ'wﬁ'zyrywmmniu@m"ﬂmm’guﬁ"aaaq'uﬁwsxmawa
WALLARIANA I YIUAINETINIUID Serial monitor
184 Personal Laptop ﬁ'auam'lug\lﬁ 4 Tngvimsin
fusegnsiwdeniiussyegluvaslvauileain

ignyilviiigaumgil 40 50 60 70 Waz80'C MudAY

Y

{8

v v v

=
MNILADUBUIDUY WILIEIJ‘VI 5

v

- v w v 3
UM 4 ununmmsTadyaramsliihdedinges
@ & a
Jaanuiduluiu

a w. - o) v
3UN 5 msussgindenuaziimseutn
Vigaumniisnag

Tu 1 manaasy sxlidnedn9 3 dr0819
dmiuvhmanadeudt 3 91 wdsaiumetein
nansiarmdgygralvwinilvevlugovaniou
gaungil 105°C Wuiaan 72 Falus il oFuam
amwdudnwdeniiiiegamannis 1 dwmsuns
Wisuiieuluurazdoulunismnans

2.1.3 MFAATIRANEUNUS TN YRy 0
nilwhiudrstuvesiwaen
a ot o s
maduifldhddygaiiuinnduees
5 A
Farruduludusiinfumunassilafiulssy A
a add o= a 4w o
Ui 0 s 120 ldlunsiasest ¥asdoyani
] e -
Areudnigagnidonuniiasizdiieguuuy
anudusiusuuumsanaesifaduesisde (Simple
. . -

Linear Regression) (un13# 3) aaslusunsy
Anszinieais Ineldisnsdndondiuusdass
v P < =
LIANNITRUULA BNV IR (Enter method) tWe
vinegAnnuuvesiIFenfiudazauugil ¥

yregluglvesaunisiudu Asaunsii 4 [26]

Y=MX+C (3
WB, = Coefficient(signal) + Constant  (4)

Tneit
Y, WB, = Woesidudmmiutgiu
Wenfigniunedisannis
NIAENAERS
M , Coefficient = ardudszansanudunus
maaiagaﬂﬁawnnns%nmswz i
msanoaiduduegisig
X, signal = Ardyarunalii Tnld
nlugainetuluiy
= Apeii AR us ves
Foyaitldnnnsiiasizings
nanpgLuduatnig
msUszInuAdILU ST sEIMsannasTuduagg
{wendeismsmdsassiooian (Least Square
Method) Aszanusananamalinasiuiidsds
YBIAIMANRIA (SUm Square Error; SSE) @17 gm
nedrauty (M) mldanaunisii 5 wavArnsd

(©) mildanaumsi 6 [26]

S
M_ i=l

>
i=l

C, Constant

(5)
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C=Y-MX (6)

Tnedl
X = Anad svosdygredidia 00 susausn n
10U
Y = dnadevesmmdudnaden (v) fissusaan n
1
And sz Anauaninnidadula (Coefficent
of Determination; R?) 10 um n1sada dusv
Aasiaruansduoanuudiaomndamansiv
ﬁ'a:‘{aﬂﬂr’a’uﬁumﬁﬂu Fwaldvnaunisd 7 4
vstindesidud nsdsuudasasiaudsea (v)
fosuwldnnaunisonoasfiuseunniy [27] uay
RZ fivinisusudliaenndaatusiuiududs
viuneluamnis (Adjust RY) Fwaldanaunisii 8
(28] venanil msUssiulssanssuvaamaiiung
AR utdendasaunisanneeidudu sdung
IR nAITINT dedvasrruAaIARE suidsaes
Lﬂﬁ" ¢ (Root Mean Square Error of Collection,
RMSEC) wanasaaunsi 9 [29, 301

R =1- - (
Y-Y)
i=1 f )
Adjust R* (8)
RMSEC = (9)
Tngil

1 = YUIATBINGUAIBEY
o ' =

p = SnusnsiinazduUszaniluaunisonces
WBadu

3. an1sAnEIkazanUIIHa

3.1 A2pg19t17lun1mAaeY

wan s IouAIag ug T suiteuifue
A manedidenis Weulvvasgungd
MINARDUANET UARIF T 1

= = e -
A13I9# 1 HaveanIniATeuAud utden
dmiuldnaasy o gnmnliving

comad ANy ﬂ::;i‘;?: daudeavu
TN e (%) UINTFIU

(%) ©

9,20 9.35 0.02

13.15 13.32 0.03

40°C 17.12 17.35 0.08
19.56 19.95 0.09

2275 23.10 0.09

9.20 9.12 0.03

13.15 12.99 0.05

50°C 17.12 17.29 0.07
19.56 20,03 0.36

22.75 2276 0.21

9.20 9.07 0.10

13.15 12.78 0.24

60°C 17.12 16.87 0.13
19.56 19.70 0.35

2275 2231 0.38

9.20 9.18 0.15

13.15 12.65 0.38

70°C 17.12 16.44 0.4z
19.56 19.63 0.51

2275 2226 0.93

9.20 7.9a 0.66

13.15 10.78 107

80°C 17.12 14.80 1.39
19.56 16.66 145

2275 19.55 111

o = al - &
WalTaulii gURATaINSIMIBUAD N Y
amudaniuAinnududwuieinoinas Al
A & P . ¥,
Aefevssmaiuldeniignidinhivanudeauy
M3 1UT0T oY a (Standard Deviation; 5.0.)
wud dregneiwdeniilinaaey o anmgd 40°C
6 _ e 1 af & w voa a
-70°C fAnad vvosnud utlndidsaduan
Arududmunefineinis lasddnudsavuved
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sy (nsudasdndnyn 8 On) TuthaSudures
msinfanaliviuouistudeaulutaduiid o
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3
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Molsture content of Faddy (%)
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§
i
L2
g [ ]
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i
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Maisture content of Faddy (%)
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gosrmmAuiidensshivadygailniian
wuwasviadumuassiinfvdssaiiuualivanas
Tnefi Flgamafi 40 50 60 70 waw 80°C fiwudliiuves
pmdniusiulufiamadioniu uansiasuil 8
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e . R
1] S
1. e
&1 ) Y Y

0 10 20 30 a0 50 60
Moisture content (%)
- v v ¢ ' 5 v - o
U 8 mnuduiiusseninanudutadeniu
dyamsliiilaen n) lugawuigedin
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3.3 HavasguURiTiReA NI U 3TN
autiudaAenuazAndyaynini

U7 8 v FrdiszAninisonney
(Regression Coefficient) %38A27uT UYBILEULUI
T SiAesniagud Siiuiinmswasuwawes
Andnaalilifuurliuanas doduusiu (i
pmdudwden fenwasuuasty #sluudas
gamgliilFdulszaninnsonnes uisnnudures
3l uamasaguil 9

93U 9 n) Ardasyans msnane v
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40 - 50°C uavAouiheneiilutregamgd 50 - 80°C

Coefficient (Negative value)
2 g

Temperature (C)

Quw =5 Qe @n» (=

Coefficient (Negative value)

Temperature (C)

Froo g i s G x
UM 9 Anduszavibvesdiiudsaninnuiy
dmwdeniudryanailaii figamnd 40 - 80°C
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) MnwuwedinnuuluRusiianunu
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wwgeiviadunuinniiuanaslugungd
40 - 70°C wasriuthensiilugrsgmuvall 70 - 80°C
TuvnsilArnsit vosrnuduiug seninemaudy
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3.4 AMUANNISOVIIUUUTIABIANUTUNUS
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Armduiusiugunisenaesduduediiie
sewismmduindenuas Adayaylifidldan
Tugawwressiadunusarsiadudseglagn
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YDIAUABIALAS BUFFIED4LaE 1 (Root Mean
Square Error of Collection, RMSEC) Andinsans
Ansiuasamsussdiy Lanmumsed 2

M5 2 wan e fuUsilsudisusswihadugedineruduluFusdedunutordadivlsey

Type of Resistive soil moisture sensor module Capacitive soil moisture sensor
sensor 40°cC 50°C 60°C 70°C 80°C 40C 50C 60°C 70°C 80°C
Coefficients -0.031 0024 0024 002 -0023 -0155 -0.15 0182 -0096  -0121
Constant™ 44410 36670 34526 30269 31204 99931 96828 111848 64971  77.260
RE 0802 0869 0958 0951 0958 0974 0903 _ 0.96% 0637 0750
Adijust R ' 0 F!_DO ) 0.868 0.958 0950 0958 0948 - 0.902 0968 0.633 0747
RMSEC 2156 _1}33_ @3_ 1087 _ _0;932_: 1_.1;6_;_1_5_2»3 _ 0.865 2839 2070

Wnewn : fseAuAUEeiu 95%
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Wiihildmnlugasusedviiadum frnuuiugh
'l-umsﬁﬂumﬂ'ﬂmﬂu“’u“uﬂ”ﬂméan‘dnqmmﬁﬂw
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Foyaamnalyiid ldanlugawuvesviiafiudssg
fiermusiugTlunsiunsimuiuindenta
gamqiiadsUunans #s 40 - 60°C u1nI 1A
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