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2.1.2 AaNWUINIINONYANENIV0INuNBZ510M (Arabica Coffee Botany)

1) 510U (Root)
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3) 1u (Leaf)
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4) non (Flower)
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Rainfall Information Wind Data

* Water Management, Pest & Weed Management, * Preparation for the emergence of pest and disease
Fertilizing Schedule ® Spraying Management

*® Crop Schedule Management * Architecture & Farm Design

*® Field Operation Management

@ * Management of residual humidity
Humidity & Temperature Data o
® Leaf Wetness

® Risk of Disease

® Plant Stress
® Yield Efficiency
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(1) mslddeyaiiiofianssuuszd1iu (Real-time Data for Daily Activities)
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Customer Case: Lanna agro industry Co. Ltd.

® Save water about 20% and electricity cost.

Increase maximum yield from 1 ton / acre to

3 tons / acre.

® Better management of disease and pest.

® Crop re-scheduling to optimize plant-climate

interactions.

] o | ° ¢ o % ] a & X A )
AWl 53 uansieganstiwueeinTiainaninwandedlulsun luRadsluiiuiivgndusy

Edamame yield from two growing seasons

Growing April-June Growing
season 1 season 2

Total yield 2400 kg/acre Total yield 2950 kg/acre

Poor quality 8% Poor quality 3%
(disease) (disease)

Actual yield / 2208 kg/acre Actual yield  2861.5 kg/acre

Why higher
damage?
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SEASON 1 SEASON 2
ﬁ Disease ~ 8% @ Disease ~ 3%

Higher daytime humidity means

higher chance of disease.

Lower daytime humidity

means lower chance of
disease.

0,
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Dew Point (°C)
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SEASON 1 SEASON 2

# Disease ~ 8% @ Disease ~ 3%

Higher dew point increases leaf wetness and water

drop on the Edamame Lower dew point near harvest period

gives lower chance for leaf wetness and
'_I_‘ water drop on Edamame
2
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Avg. Max/Min temperature of each month in 2016.

auu)NgIaa-cgasaiion 2559

30 \‘
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—a— Max-Temp

—a— Min-Temp

Best period for growing

58

Difference of temperatures
between day time and night

time effects plant health.

More Max — Min temperature

gap means higher plant stress.

We recommend to re-schedule the crop season no. 1 = May - Aug,
and no. 2 = Aug — Nov.

' [
a o Y

a i a ] a P ] a
AINN 57 LLaﬂ\W’Y]Lﬁaquwﬂuﬂiaﬂaﬂmqﬂﬂiu%@agLﬂ@uma@ﬂ'ﬂﬂﬂ Q%WU'J']?@Uﬂ'ﬁLWW%UQﬂV]Lwll"lgallﬂfli

Y 9 9

RYIENINAUABY N.A. - N8,

Avg. Max/Min humidity of each month in 2016.

aNNBugIga-angaTufanil 2559

o
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—e— Max-Hum
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\.—-_. —&— Min-Hum

a0 >“__\\/
v Best period for growing

1 2 3 4 5 6 7 8 9 10 11 12

NI

We have no choices for the

night time humidity. But for dav

time, June-December is best.

Relative Relative

Humidity -10% Humidity = 50%

We recommend to re-schedule the crop season no. 1 = May - Aug,

and no. 2 = Aug — Nov.
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Narrow Band loT (NB-loT)
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FARM \ t
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Farm parameters : soil, water, air, light, human + bio-organism
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Narrow Band loT (NB-loT)

Massive volume low power wireless connections

Bdbons of connections
100K per cen Low cost
deves
20 @8 better link budget
Deep penetration Low power operation
10+ year
battery kfe

indoors & underground

Integrates into celiular system
Easy cepioment

Source: https://grantecvn.wordpress.com
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. 200+ Plugins
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Cloud Platform

Wind direction Wind speed
2
B 11017 slliocence 1 ate
Air temperature 5 °® Rain gauge Artificial Intelligence  Big Data
& humidity ° ¢ =Y
= Light sensor S
— €ns(
Wireless
o Solar panel
communication
Pressure
§ sensor
Field Camera s_

Leaf wetness \-AR

Chemical )} ~ ] p - I IS

SEnsors

Soil humidity &
temperature

IoT Crop Field Monitoring Concept of IoT Crop Field Monitoring.
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Range 0 - 1,800 W/m?

Accuracy +/- 5%
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Range -40 to +65 °C
Accuracy +/- 0.5 °C
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Accuracy +/- 3°
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Resolution 1 centibar
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Field Camera &
Leaf wetness \- A“\

Chemical 1
Sensors [

[0T Crop Field Monitoring
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nnmaziuInandnsiainaninuindeufiiuundululasinisaiunsaiudeyaanin
aneuazannAuluiuivageuseiliesldegsauysaluuy Toyawmariviliagyiliinuasnsueaiu
AnsvesanmenAluiunugnniunlugiviousneg aaeansl wazausaiiveyauasiaduing

NANTENUVDIANINDINARDUS U UNANAAUDINILN SavIRvInIun tazlsaniaduluniunwlalusuien

3.2 wannsuaznanuAnelasfurasnduniun diewmaluladayndidnsaiing

3.2.1 ngufjuaznannisvasmaluladayndidnnsadind
wnd1dnnseiind (Electronic Nose) liugunsainsiatanaudiidouuuunsaunauyesagyn
uyudlasaziasuteyanauliidudeyadivia (Digitization of Smell) silisanunsaiiasgs Ysviiu
AudnuuzveIndu Tdsiuunuenueznauls ayndidnnsetiindorfendnmsihauveasumeinsiate
ﬁww%hLaqaﬂ?{wawLsejul,seja%i";uﬁ’uiugﬂwaaqamé (Sensor Array) lagn1sUsenianadayyu

IPIFULUL TinTernazinunnaumevannisveslyaiusedug (Artificial Intelligence)

Receptor Olfactory bulb Brain
)

4

Human

Coffee Odor \\\

N

( X N N
o ©oae

E-Nose

Sensor array Pre-processing Database

Ml 92 uanmdnnsinueneseundidnnsetind Wieudunalnnmssuniuvesuyed

v W

n1ssundulunyudiinainmsvihnuiduiusiusenitaynivatesduntiusnainisendt
aoauNnnesvay (Olfactory Bulb) Fsiwindsdyaaludranesdindsusuianvateyainduniu

vasaels nslanduinannismeladlaanandwdnlududaduadUssamsundu (Olfactory

Receptor Cell) Faagusinaunatunigluresayn dygranlaainnisvidunsisenssninduananiuiay
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A33uniiu (Olfactory Receptors) azgnaaluds Olfactory Bulb uavdslufaues auasasyimiinilunis
Uszinanalviaenadesiugiudeyaiuiiatounganinti

sruuTuInauvesyudUsEnaUmY

1. @USUNAU 950 DIAISUNAULAT SEUULNNAWLUILN

2. szuuihdgeausyany desmdessuvadiiazuenedey i

o

3. szUUUsEiiana FasanunsolenteskazIndInaula
ayndiannselndinannisvinauadteivaygnuywd lnewuiwesassd (Sensor Aray)
\W3guiailau Olfactory Receptors ¥asasnuyudlun1sduivluananiy wuweiaziiauiuniului

WasulUllodunsisendulessiveluananiu lnswuwesuiagiasianulveasialsvivousiag

v
a 1 [y Y & aa v Y

auanA9iY dygraaneugesavgninansauTlaziUasdygraaineuaenilunda antu

Y

[ a Y

wdsdyaufdviaiudmileUssinanaldnglusunsuneuiames wazldvdnn1smeas vienanns

Nand galaun 757ms1zviesAUsEnounan (Principle Component Analysis :PCA) tialdlun1sanan

'
a U ¥ a

EULLUUSUENﬂa‘L!LLﬂSQO’] WUNNAY SINENNITIATIZATLAUANUILYBINAY

[ [

ayndiannsedindlianwaeNifouluussuuiuinaure el

1. d2usunau UsenaulumielguwassunaudIuiuunn aae 4 saluauiadunusi wazssuuin
NAUNIN (WBLABTAADINTA Y1BTIUTIUNGW)

2. dqusausaudysyal Feasvinnisulsdyaaainisuieas (Transducing) wazdnnIsdayyio

[

(Signal Conditioning) WU andyaasuniu Nntuazklasdyauaneuaentiludynio

f3via (A/D Converter)

3. dauszurana Fasihdygiailasunuieuiieudaiftuguteyaiilegdiy wuagenaayld

'
=

35n155suvUszamion (Artificial Neural Networks) L @vin1swenkaznay saulufanig

Seusiazandiguuuuveniu
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..................... e Measurement
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-1 Air Pump ™ Mass Flow Controller |..................... 5

AN 93 uansedAUsTNaUTaNATEIYNBIAaNYailind (Electronic Nose)

o

yndianvseiindeznevauswanau wasulanavendutusenunludyaramialii e

v

AUNINIATITNANITAIVIAMETeNeED A lneldlusunsuneniamesle 3 15ael
(1) FRTINTRDUAUDIVDIN DI ULDITTIIIIRDNAUVDIANIUTUL 9 (Sensor Response)
(2) MFIATIENAMNULANG NVDIANANYULVBINA ULARZADIUNA8TT Principal Component

Analysis (PCA)

'
{ [ a

(3) M3duanuENYUEYBINAULAaranUNAIETS Cluster Analysis (CA)

v
a & Y

.:4' a ool v 2 = = & 5 = &
IQEJLﬂiaﬂ‘ﬂllﬂ@LaﬂﬂiauﬂﬁmlﬂUﬂqimiTﬂ?ﬂu llﬁ']ﬁ]a%Laﬂﬂ%@ﬂﬂ'ﬁﬁﬁﬁumﬁﬂimiﬁﬂﬂu

Y

A13199 11 wansdeyailosiuvesiawuesudazyinluniosayndibnnsetind

AU YUAVDIYULYDS

1 Combustible Gases
Ammonia (Low concentration)
Organic Solvent Vapor
Air Contaminant 2
[so-Butane, Ammonia, Ethanol
Methyl mercaptan and Trimethyl amine

LP Gas

o ~N o A OWOWDN

Solvent Vapor
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189 lULAINISNAFBUDNTINITADUAUDIVDLY UMD S WARL 2Ll TNAR1IU99ANUAIUNIUYD

LHULED S UAAEITITINU AT UNAUKAL AUA U UYDALULLD T LUAN1ILINIAUTENEAN aun1sh (1)

R%change = M x 100 (1)
0
Tneil Roschange Ag 9MIINTNOUAUDIVDITULYDS
Ry Ao AmAUE U U LTUeS YL TANAY Reference
R fio AanuduueLeuwe sz Tanau Sample

diaSeuiisuiunsviauvesaynuued in3esyndidnnselindaiunsavinuldiiensdae
LiwUsfiulumuonsusivasan nwindeumiiouiuuyud inseayndidnnsetindanunsauanmaluzuuuy

S a - v Py = q‘ v v PN
VBILNUNAAU (Aromagram) Aaunsanlaladne ‘Vﬁ@LLEWNNﬁiugﬂﬂ@ﬂﬂ'ﬁ’]wﬂ‘uaﬂﬂ’ﬂuLGEJlI“U‘L!‘UENﬂa‘L!

v

gilasing 4 Adudmanglunisnsiate vlagldnusazdinerdessensunanisnsainuuudumud vsil

Y
(% [

syndiannseiindiinulalunisnsiain (1-5 widl) Snviegunsalanunsaimunuanlugluuufinnnivie
waoudela i limunzdunsldaulugaainnssusngg endiog 1w gnaIMNITLoMITLAZLATBIAY

AIUNNTINYAT LarELINABN 8%



99

ad A Yy o a - a
3.2.2 NHYNNLNYIVBINUNAU LaZLI99UaINauUNIUn

1) NAY wazsavIRVaINILN

I3 av v o ~ a & = a = 3 A v a a &
LNaﬂﬂqLLWﬁWWIWQWﬂWUQBNﬂaUL‘ViﬂJ‘NL"UEJ'J ?jﬂﬂaULLagﬁ‘U@QLﬁJaﬂﬂqLLWWLLWﬂiﬂﬂzLﬂﬂ‘U‘lﬂu

a '

1 & 13 o Y [ P = Y =
FEMINNTLUIUNIAIUAAN LN I\'ﬂEJ‘Vl'JlU"i]% ’JLJJﬁﬂﬂ’]LLW‘V]QﬂJMﬂlIll’]ﬂﬂ’]']ﬁi@lﬂ/]’]ﬂ‘u 200 2@ YLy

Y

[
a v [y

wagldhiaAiuseann 6-10 Wil Medlaaumniivaziianldlun1sAioaTued fudnEn nAuneNvaINILHT
I U a Y & A A o a 1Y) Y - ]

HUn1IARARAINERUN LI FellUSINaSesas 10 tazdaududulszunusovas 1.0 Inguninues
a15UsENaUTEIVY naulazsauRvesnunUsEnaumeaisusenaufisenala (soluble) Faduanslinau

wazansusenaunszwelile (insoluble) Fauduarsilvsavifanie (Savy wazsaiusen)

2
==

Tagilunuslaziinduuazsavafiunnssiuoenld Feduegfuaneius anmwindoslunis
Ugn nsuvssy =as wezilsniudanuiduilesdussneuiiduianina il Tsiu uazanainduans
LY LﬁaﬁwLuﬁﬂmLLWIU@"{";%Lﬁﬂﬂg‘jﬁ%mumagmwu 191 Mailard Reaction, Reducing Sugar, Strecker
Degration, Caramelization, Carbonization 3avilAnuniiléfinduuassavdnunnaiety daiuielsd
msiamesesilefldlunsnssinsziuazesuiondunazsasidniun fi3ondn 2edenaunassava
A1 (Coffee Taster’s Flavor Wheel) Inasnauniuiitas (Specialty Coffee Association) %38 SCA

swdvasAnTIdenulan (World Coffee Research) tineldlunisdyasavfvesniunluszdvaina

AT 94 LaRnIsaRNAULATSAYIRNLN (Coffee Taster’s Flavor Wheel)

0 Specialty Coffee Association of America (scaa.org)


http://www.scaa.org/?d=scaa-flavor-wheel&page=resources
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a v [

Tnen9asnaunarsavfsilanuuziduleas 3 Tu §9a11150A1eIe Al

1) wlu (anan) 9 Yo Wunisulangunduiinineiige wu ndunald ndudn ndusenlyd nau
Wigakasniin NaUAIUMINULL NQULRAS Y
2) WNAN WUIVDNANYULVRINAUNUAUAIN WU Nalilgn naliused naldui

3) 23uen WUNTIATIZRNAULUUUETRI 1y NAUERDIUSS UgLUesT 31a1Uess

ANSANNAUN LN
NSNAABUANNAUNUNG 2 WUU Ao aundunwnun Fragrance wagaunduuIn1u Aroma lag

TfaynuyudSunau uazvdslayadanatwods

Fragrance Naununun

e
JE—

Aroma naunwilden”

AT 95 UARINITNAFBUANNTUNUHAIL YN LY

AZLUUAULGNTY (Intensity Score)
AZLUUAULTLTY (Intensity Score) Wuinsesilanldlunsinnaves “World Coffee Research
Sensory Lexicon” iieuanamdnuuyveinaunsasavialudieganiui lneuszilivayviaziuuainy
v Y LY = ! [d 2/ a a & a Y Y .
Wintuluseau 1 89 15 wagsyyinlun1sedainfuvsesaniiveaniui lngazuuuaududy (ntensity
Score) agAelUsziuansalUTsuguANULSBINaUiIeg1esaniunllun1591989 uazaunsn

AnusAskuunvuzanliiungufieg1ala
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0-15 Point Intensity Scale

BARELY DETECTABLE SLIGHTLY INTENSE INTENSE EXTREMELY INTENSE
2 6 10 15

| | ] ] | | ] |
l | | | | 1 | |
0 4 8 12
NONE IDENTIFIABLE, MODERATLY INTENSE VERY INTENSE
BUT NOT VERY INTENSE

AN 96 UAAITZAUATLUUAIILTLTY (Intensity Score) YaInIUN

JUNDUNITUILLIY

- Aewhmsusziiiu Uzl (Panellist) Fosvinnsaeuifisunauniusidaoeig

- fUsziiu (Panellist) Sn1m38us0e1381984 (Reference) dvsunudnuazyasniundissylaeii
pufuugtilunseIeaissylily Lexicon

- fUsadiy (Panellist) wanundunlagld3snswediimualy wazfununlilunsugiiAuaing
FouaunIUszuasnIeudmsunsUsEIdu

- lumsasigishedng fusndiuagaunaudiedauaysaniiéneds (Reference) firou anduisau
nAuvipausaegenulilenSsuiisuiunauniesarifivestoyasnads

- JUszdlumvuaAsLULA U TUYRsAREAaE 19N U

2) asnusznaumaaiiluwaaniuniy

TudanunAunaz NN A9 TR UTLN D UNILATTILANA AU ISTALAZUS LI WAANILN

[

fuazdansusenaunad

1. eslulewmsm

Tudanuniigslaishunssuiunmsdngnuanslulansalusurenimadass uasinduenalsd
Tngthmadaszduannduinaglasa UTmahmaglasassiuegivansiug wasseduauunives
wiEanun Tagluezadnmudesar 6.0-8.0 dnlulsdamnuiosay 4.0 Tnethuiinuss drudseneu
v lRAana use wazindseninenssuIunsfa fe U1Aa3aa9 1Wu arabinose galactose

raffinose rhamnose ribose fructose uag glucose (Varnam and Sutherand, 1994)

2. @susznaululasiau

ALBY (Caffeine)

= < A s a s a = [ & (Y [V !
Aduluansnlddngy dyavn YSuramwiduluadaniunasduegivatenug iy ae

v a a Qll b ! (% LY b4
WUQ@%'ﬁ’]Uﬂ’]‘WUﬂ’]LWEJ'ULQ'ﬁEJ'iEJEIﬁS 1.2 ﬁ?UﬂWUWHﬁ:I’iUﬁG]’]WUi@‘EJﬁ% 2.2
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TUsAuraznsaazillu (Protein and Amino Acids)

Tutdaniundvaznudsuialusfunaznsaesilusosay 14 Wealasuaudou Tushua

Wasuwlasiawliawaglasiaine nemsilasundasduiusiunisgadeunluse ninanism

3. lugiu (Lipid)

asrvsznavvaslurluwaanunidlutnunssurunsmusenaudigtiniunuwn (Coffee Oil)
Fanundduusnveawaaniu lnewulunuvaneiugezsninidesay 16 veshuidnuis dwniunlsda

anulesiudeay 10 vasivtinwse (Farah, 2009)

4. NIABUNIE

Tudanuniinsnegvateviia leun ngu Aliphatic, Alicyclic, Carboxylic waz Phenolic Acids
o 2w & 2 a X 2 g ¢ ' v g va
Yauzinsiushviaaniun anudunsaasiiutu dadunaunaineulesisstevaaeloduliindu

nsmlvdudase (Varnam and Sutherand, 1994)

Tun ez TN NALUTE B UALTUSUIUNTAVINUASDEAY 1.58 WIBKNIUNTZUIUNITAILUU

N a Y A Y] v a & a4 A Y
181998 UUTNIUNTATREAL 0.99 LagIUBNIUNTITAILUULINUITUIUATANIVNUAIZLNADINEITO8aL 0.71

o A

Wity aedinsafidnfey Ae NIATR3N NIANIAN NIALAARAN NIALNIIN Lagnsnesdin (Clarke, 1986) lng

o

a

luianavesnsaneglugunilaiuanes (undissociated acids) axidnsnalunismivgunisiiandusanaly
nuwl (Clarke and Macrae, 1985) addusznouresarsiegluminniun@u wasluniurmazuanaiaiuy
Tusviiauazusune

A151991 12 Lansaarusenaunaaiiveauaanufvaiunlissive (Farah, 2009)

U3ueu* (g/100g Dry Basis), 1ng
dhutdnuits

Component Arabica Robusta
Carbohydrates and Fibers
Sucrose 6.0-8.0 4.0
Reducing sugars 0.1 0.4
Polysaccharides (arabinogalactan, 34-44 48-55
mannan and glucan)
Lignin 3.0 3.0
Pectins 2.0 2.0




Nitrogenous Compounds

Protein 10.0-11.0 11.0-15.0
Free amino acids 0.5 0.8
Caffeine 0.9-1.2 1.5-2.5
Trigonelline 0.8-2.0 0.6-0.7
Lipids

Coffee oil (triglycerides with 16.0 10.0
unsaponifiables)

Diterpene esters 0.9 0.2
Minerals (41% K and 4% P) 3.0-4.2 4.4-4.5
Acids and Esters

Total chlorogenic acids 4.1-7.9 6.1-11.3
Aliphatic acids 1.0 1.0
Quinic acid 0.4 0.4

*USunasenauanesiulumuaneiug aniwernielumamizuan fu Bn153AsIen Y8

A15199 13 uanINguYesaNTTEmMedwasianauvesnunAIun (Mello and Trugo, 2003)

Volatile Group

Precursors

Example

Pyrroles and alkyl pyrroles

« Amino acids +
carbohydrates

« Hydroxy-amino acids

N-methylpyrrole

« Amino acids +

carbohydrates

Furanones « Sucrose Dihydro-2-methy!(-3(2H)-
furanone
Furaldehydes « Sucrose 2-Furaldehyde
« Arabinogalactans
Alkyl furans « Arabinogalactans 5-Methyl-2-vinyl furan

Pyrazines and alkyl

pyrazines

« Hydroxy-amino acids

Methylpyrazine

103
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Acyl pyrroles « Amino acids + 2-Acetyl-1-methylpyrrole
carbohydrates
Carbocyclic compounds « Sucrose 3-Methyl-1,2-

cyclopentanedione

(Cicloteno)

Pyridines « Trigonelline Pyridine

« Hydroxy-amino acids

Phenols « Chlorogenic acid Phenol

1Y

M13197 14 uananguuesanssemeniidnvaznauameniu: aAnududulununezs1iniAIna19en

Uszwnelaaeudy (Grosch, 2001)

Group/Odorant Concentration (mg/kg)

Mean Variation*

Sweetish/Caramel Group

Methylpropanal 28.2 24.0-32.3
2-Methylbutanal 23.4 20.7-26.0
3-Methylbutanal 17.8 17.0-18.6
2,3-Butanedione 49.4 48.4-50.8
2,3-Pentanedione 36.2 34.0-39.6
4-Hydroxy-2,5-dimethy(-3(2H)- 120 112-140
furanone

5-Ethyl-d-hydroxy-2-methyl-3(2H)- 16.7 16.0-17.3
furanone

Vanillin 4.1 24.0-32.3

Earthy Group

2-Ethyl-3,5-dimethylpyrazine 0.326 0.249-0.400
2-Ethenyl-3,5-dimethylpyrazine 0.053 0.052-0.053
2,3-Diethyl-5-methylpyrazine 0.090 0.073-0.100
2-Ethenyl-3-ethyl-5-methylpyrazine 0.017 0.015-0.018

3-Isobutyl-2-methoxypyrazine 0.087 0.059-0.120




Sulfurous/Roasty Group

furanone

2-Furfurylthiol 1.70 1.6-1.70
2-Methyl-3-furanthiol 0.064 0.060-0.068
Methional 0.239 0.228-0.250
3-Mercapto-3-methylbutyl formate 0.112 0.077-0.130
3-Methyl-2-buten-1-thiol 0.0099 0.0082-0.013
Methanethiol 4.55 4.4-4.7
Dimethy trisulfide 0.028**

Smoky/Phenolic Group

Guaiacol 3.2 2.4-4.2
4-Ethylguaiacol 1.6 1.42-1.8
4-Vinylguaiacol 55 45-65
Fruity Group

Acetaldehyde 130 120-139
Propanal 17.4

(E)-R-damascenone 0.226 0.195-0.260
Spicy Group

3-Hydroxy-4,5-dimethyl-2(5H)- 1.58 1.36-1.90
furanone

4-Ethyl-3-hydroxy-5-methyl-2(5H)- 0.132 0.104-0.160

*ANEALAL g YRINGURIBL1

*ATZMNYPIDE1LRL

3) nszuaUNIALAANIUN (Roasting Process)

Tuszninan1smiuaanunaziinn1siasunyadve199ausenaunanilvinlminnaunas sav@

105

a

YoanwNAuanAeiY Tuduneunsnvenisduudaniunazisugaanuseutasivdsuandilendud

[
=~ =

Widesseau 9 Weguu)liinduis 205 ssrwaidua wannulznesiuardsududiiniageu 4 1

nsgadstdminiesar 5 wazA1deannseu (Agtron Number) Uszanay 90-95
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a a

= =~ = = 3 N & Ao "
WDRUMAULNUVUDY 220 99Agaled Lann1nazilagulduauinig LasA1deannIauly

9 Y
[%

anaumde 60-65 nsgaydeuntindesas 13 Inslutunauil 13und1 nszuiunisinlslada (Pyrolysis)

[y

Fafldruddniviiliasusenevlunguanilulamsmannisuand uaziinmsudesfinaasueulaeenlss
GLGH
srozialunisfad ueg fussduuarUszianveinisda vaddusgfuauveuvesuslan
[HesanseiunsmazdmanonaulazsavAvesnium Tnevhlunisfnunudseaniu 3 seiu fe
- M3MLUUBeU (Light Roast) THgamgiuszana 193-199 asrivaifes
- MsMuUUNans (Medium Roast) Taaumgiiuszanas 204 ssmiwaldea
- msfuuuidy (Dark Roast) [dgaumniiuszanas 218-221 ssmiwaldea (Clarke, 1985)
w§e91nnIsAnasanziinsTaadvesudaniunlaeldin3es Agtron Roast Analyzer (Coffee
Research Institute, 2001)
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nsnfiszneld (Volatile Acids)
thanaglasa

nsniiliszine (Non-volatile Acids)
ansusenaussng (Volatile Compounds)
TUshy

ALNDU (Caffeine)
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Tudan W AFelaniun1sA (Green Bean) WUINI0IAUTENDUVDIAITTLNGIIUIULN WL

AuANEENAUN A Feesdusznavaziinnuuanansiuauiuladenisnuaia wu aeiug anazlu

n3Ugn wagnszurun1swlsgy a8 esdusznaumialasiudsuulasluidlowdnnunkiunssuIun1sma

A I ~ I ) H o v
A15199 16 WaERIRIRUsENBUNNILATIVLLaANLNAY (TAgTNNTINLIA)

Classes and Components

% (Soluble)

% (Insoluble)

Carbohydrates (53%)

Reducing sugars

1.0-2.0

Caramelized sugars

10.0 - 17.0

7.0-0.0

Hemi-celluloses (hydrolysable)

1.0

14.0

Fiber (not hydrolysable)

22.0

Oil

15.0

Protein (N x 6.25) ; amino acids are

soluble

1.0-20

11.0

Ash (oxide)

3.0

1.0

Acids, non-volatile

Chlorogenic

4.5

Caffeic

0.5

Quinic

0.5
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Oxalic, Malic, Citric, Tartaric 1.0 -

Volatile acids 0.35 -
6 | Trigonelline 1.0 -
7 Caffeine (Arabica 1.0%, Robusta 2.0%) 1.2 -
8 | Phenolics (estimate) 2.0 -
9 | Volatiles

Carbon dioxide Trace 2.0

Essence of aroma and flavor 0.04 -

a1 - Sivetz (1963)
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& humidity ~ P

ff;.\\“ Light sensor
Wireless
Sy Solar panel
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Leaf wetness \- A“\
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[oT Crop Field Monitoring

ANA 97 uansnneEuUsEneUTesdantheueslelofidmsuandlulsnu

Mnnmkansieganiiwugeslolefidmivindiluliniu Tnsanifigneanuuuunly
anusavanuldleeldndsnuanuaseniing Tneldszuulvanvasiifivunmesdsedunsaifiuaseiings
Usinautien Tneanunsaviauseiiiedduiy 1 e1fing shaniinsiaeiniaaunsodndauaziadoudiele

g Weasndidmtniud lineesnsanusanfeudaluindaniugasing o ulslanuaiudenis

'
a

pp ' 9 o L oA A
aonldanununmusiedainaey wazaiusaldaulalunnanimiiuil iesingunsallniiuazieas
a g P a o ' & o 8 | A o P d' & = a |
dudnnseilindsing 9 gnienslilundewndndiuiiedd i lvlufidgvisesnnuiunieuuainavding
NSETNUADATDENNTIUNAY a1

2. NMSASIENIRATIVINFNINLINADU

saseanntwuesloladinazinlufnssluiunlsnunwaslasanis sanLuuLazasslae

[

] a o = a L4 6 1 dy
NuAuzIBvedlATINIg IﬂEJQJi’]EJﬁ%L@Bﬂﬂ?iﬁi’]ﬂ’@qﬂﬂiﬁmw 9 MU



112

Lym lﬁ.

- E S el

i .%r

sl 98 uamsrnaseinanundenTadwiuRasHURRddy s
(1) faanndl eenuuulasldglnounUszasdqmuaing fuasgulunistostuiuasdu 6x
anunsaturu aveesil warannsolfrunarudsld meludanduiidmuiadunnamdnvosanid
szuumuaNn I $aleanead uaruunneddisesvesantd lnounnsamvdnazgnindalilundes
wanafndnvilsdufiedostunruiuiionnezausadiuluganidld gunsaise 1 gndandliidu

= P ] 1 o dy ke 1
38L‘UEJ‘ULW’E]\‘I']EJG]'EJﬂ'ﬁ@LL’dBU']EQH’]LU@QG]UI@EJLﬂUG]ﬁﬂiiUiSEJSEﬂ’JG]@VLﬂ



113

#

¥
£

£
¥

Al 99 uansdan1ilnsininaninuinney
(2) wuwesyliameg danlananuaIteey sgnAnfsuavesanIiusdiu wasiuisin

aAa & Y o ] s a A & o v & A [ a I
nianslituanid lnewuesynrilanldlulassnisiansaviaulannanniiui sesfunisinsdly
g 1% o 3 N = I3 v 2 o g w %
wuilas nareuds anunsadesiuilunsdlficunn uazliaunumuudassluszaunis vilviaunsald
Nulaluszezeny waranunsadsueugeslunsdliinistin deme vsenisenudeyainiuinnain

Tusuan



114

,

AN 100 LanusuEesvliagg 9 NRNRIULANNTNTIVIREN NLINADY
(3) wndmsufasaanntl fawingu 0.8x0.8 WA wazdinuga 2.5 was vanmanianlud
wagmdindeunuaily lassassweaaeenuuuliaunsafnssand uaziwueesag 9 ladie amise

naaUsznau wazadeudolagznin nzdmsunishnaslunuitlsnunuuneenig 9



115

o -
LALATEN A

AN 101 LEAAININIATITINIAINTTUVBILANE NS URARIEDNT

3. mvnaevaniinsaaanuindesluiiuisiaes
anrlnsataanimndeouvdanadraaiaudrazsgnunaeuluiiui sraouf eseifiv
Usransnm Jamlumslidaudeuiluinge wasldauluiiuiiaseilsnunidusseznatogradon 1
Ao Tnswuweinvinaggnians uaznsanaeunmmhausiaieliilai feyam q Awuwese
Alstirnugnieaiisuiuwume suazgunsaiiasgudauandusuduans lunsalinuisuees i
nseudeyadiianannlunnwuwesinnsgiu wiinsAnuavnvesanuiiawain uaynsudly Wy
nsaf1saunTs calibration dwvfuimumesursiiafierualdlinssurugefinsgiu willuualduves

JoyalUluiiamadeiu Wudu



116

] a o ~ o v v v a wa
AN 102 LLﬁﬂ\iﬂqsmﬂmﬂﬁﬂqumijﬂ')@afﬂ‘wLL'J@a@iJIu33WUV'EJQUQ‘UG]ﬂ"I§

4.1.1.2 uamsnagauaniiiluszauvissufjinnis

nNIInaaeuNITviuvesgUnsalluiiufinaaeuvedlasinisdeilownasn 24 Faluady
srewlaan 1o wudn gunsaling q awnsavinuldegnediusedinm nisdeteyavesaniingiaia
ANNLINERUNIULATEYY NB-loT ludaudnliasvadlasamsiianuatiosgs ldwunmmeavinnuesannt

Inganunsaagudoyananisvaaeuidunisiels fadl

M15199 18 wanINaNIINAAaUNITIIUTaninTIvTnan nlIndenluseAuio U uRNS

S18ALDYANITNAGDU NaNISNAERUENLN 1 Nan1sNAdaUEanNN 2

1. myvhauvesgunsalnaen 24 Falus | viausase 24 99l linu | viaeunaen 24 39lue Ly

N51gAvIITLYedEnTl NUNIUYAYINUTBIAATI
2. \A38%18 NB-loT fanuaies linunsvgeds | dawatios linunisven
Toya deloya
3. UL TUUAAE yauldaewies wazeiu | vaulddeides waveu

Toyalagniesuneuiu | Teyalagndeudiguiu

LBULLBTUINTF I LHULLDTUINTFIY

4. STUULUMMBIENT09 wazleawwas | vinaulasesiles Mularoio




117

5. anudulunassanni

AMUTUAT wuaty n1sie

ASDUNIONLNSUTILANIIIDT

AMUTUAN ldnvuady s
ARNTOUNT BALNS UN

bbNN"INT

6. ToyAANINDINIA

1MUY NABIABAAR BINY

LHULEDSUINTF I

1AUYNABIABAAR DY

\BULEDSUINTF I

7. YeyaanInau

1MUY NABIABAAR BINY

LBULLRTUINTF I

1AUYNABIABAAR DY

LBULLBTUINTFIY

8. l¥NLI0IVRIlATINTg

fiauadies a111305095Y
Tayandudusieiiowmasn
24 9'9lus la'wunisnga

YIN9IUVDITEUU

JA11ULE@0 g5 @14150
595Uty AN a9 11
soloinann 24 97lu9 Ly

WUﬂ'ﬁVIQﬂVT']QWU“U@\ﬁZUU

e b

Dashboard

‘‘‘‘‘‘‘‘‘‘‘‘‘‘

102w

Solar Radlation

43 «n

Solar Radiation

Smart Farming - Coffee Farm 01

UM il



118

Soll Soll Temperature Soll Humidity VS Temperature

31 61 %H n'c wc 100 char

Soil, Temp.
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Current Rain Total Rain (. Barometer VS Rain

2.2mm 87.5m
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Narrow Band loT (NB-loT)

Massive volume low power wireless connections

Bibons of connections

100K per cen Low cost

deves

20 08 better link budget
Deep penetration

Ndoors & underground

Low power operaton

10+ year
battery ke

Integrates into celular system

Easy deployment
Source: https://grantecvn.wordpress.com
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4.1.5 NMsmAduUsEANSanaUNUS (Correlation Coefficient) ¥a9RauUsANN
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A1 Pearson Correlation {WWisnsadAnfeninunldiiasiziiienmnuduiusvesdoyauin

a

aa = A 2 ada v ] o 1 1 . P 1
NAMITNU L‘LlEN"J’WﬂLU‘L!’]ﬁ‘VIL“U’]IGN'WEJLLﬁ%ﬁ’WﬂJ’]iOﬂ?U?UI(’ﬂJJEJ’]ﬂ lagAn Pearson Correlation 3giAnag

9 Y

581719 -1.0 B9 +1.0 F9nTAlng -1.0 NU8AINUINAIUTNIFDIAINANUFUNUS N ua 190N TWLT

(% LY
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4.1.6 sunuvasgunsaliwuizeslolad

Tumslinsgidunuuesssuumueeslelofififauntululassnmsituausaagudoyadunu
vosgUnanl sruledatiemssudstona ssuugudeya uazaildiglunmsfndeld dnnseelud

M13197 25 uanadeyalasaiisiunuvesssuuugesielefidmiulinundaaes

518015 FIANAUNU/MUE (UIN)

1. wuwesnIIvinay 9,500
2. LRSI T IANE I ULEeTiIng 5,500
3. WuEEsATIT IAUS I 7,500
4. wuwosnsrangungiuazaudiulueinie 1,200
5. gunsal Ui uiouwesnsiaingungluay 1,500
Auduluene

6. LULLBINTIVINYUNYTVDIFY 500
7. Wwuwesnsaausinannutulupu 1,200
8. luUUBsA 4,500
9. ARIUA 1,500
10. Tuga loT 2,000
11. unslgaeas 850
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12. fAIUANNIT¥IFA Solar Cell 650

13. UUALAD3 550

14. lE@uazgIY 12,000

15. gusnsdusuingadug 1,000
59A1593gUNsal 49,950
ARnRauazANUIIL (10% v2331A19UNIAl) 5,000

ALY Server (Aad) 4,000
saudunuiaun 58,950 Undlu 60,000

*SIULAIIAUTOTUT 15 3TN 2566 IAeTimenadinauma minE oS olUEe YAy
3 1Y L4 a o = = 1l =
INANTNABAUTR UYLV UNSalasnNRnReanasdsimegNiuseua 60,000 Fudu
51P17IgNAWINAINN158 9B lunsdinfensasaunsalieanilaanntl egalsinnu siaduyuseoaniil
ansnanaslaainiadenng o aeill
¥ a o vy ! 3 fa < a 61
e nsafsgunsallutsinannn ilidunusimAteuees waggunsaldidnnsetindsie
FuanawnuUIuIunsd@e lavaruisaanaslauinds 10-15% lunsalAinisdelu
USunauiiun
* siAguLaiangUnsalanunsaanadlalunsaininisdeludiunamin
N 2 1 9¥i A =~ S a v ' v vy =
® A server WueldneNdeiisnsufied wazanunsaldausuiulavaganiil Tu
! ‘Nil‘s ! a 0-2/, a = ¥ 1 o ¥
drwdlfwasimnaunsafansgunsallalulsmnuieezaziianududiiunisldau
Deanntudesiuldsanuuuliaunsasessuaniillagegnaiia 500 anil
o a Yy v v & aNaa 1Y ¢ i X
ndadefnaninudItediu asmuinlunsdindnisawuasisgunsaiuinndt 20 anndvuld ag
aunsaanaliineludiuvesiunuladnyseanns 10-15% Feagvilisimsunuuesaniiazeg iz
51,000 - 54,000 U wsiedadl Fsiinddvedanuiuindusininiiedueessy wu aaniivelasenis
et un e o anisanssussanadunisdesdnsalle wiedunldlunisfnerdade was

anmwngeuivanzadlunismizdgn iesslahlumeunsviuinunsnsidsiely
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TUsTaAvaINITIATIERNAUAIDE 1IN N 3l

1. WieiSeuiflsunduvesudanundiun (Coffee Beans) annfiuiiugnniuniiunnsiiariu
WaLUSEUMEUNAUVBINUNLUURA (Coffee Powder) anniiuitugnniuniiunnsinai

WaLUSEUMEUNAUVBINUNLUUYS (Brewed Coffee) niuiugnaunfiLansinaiu

e

W ofnwiauannsalun1singiuasuunnaurenns esayndiannsetind lnens

Wiguigunaumiagnanniia 3 suuuy

M19197 26 Lanatayaliniuil NHANNEININTEAULIMELS kAL TEAUNITAITILANAITY

lsugnniun szAudmzZia | SERUAINaNe | szAuAdLdy
(bun3)
1 |Jamfagueungunanuazisguniunin 563 - -

a I
e (9.a98dsLNA)

2 | 3EmnAgUYUTISDIRRIUN LN 1126 115°C 123°C

(9.908@2L9)

3 | naudavinaguyunLan U uLine 1148 200-250°C 200-250°C
(0.n08@2LAN) (26 min.) (28 min.)

4 | naugugnniuusinves (e.ulesw) 1232 230-235°C -

5 | nquulssununegsdni ualides 1140 180°C 190°C
(0.uslo0U) (30 min.)

6 |aniidelasanisvaniiviaon 692 Lyifisaeng Lyifisoensg

7 | musiduiwuduaznisviendiendsousng 890 200-250°C 200-250°C

(D.L3L519)

nasdeyalsniun wudtlsniunusasurisneg uuiunidaueaaanseaulmelauaneig

[ '
[

fiu Aaus 563-1232 e 8nvivaniglunsdy @amagll 1ian “1av) vesuinnunAuANLaz LT

'
o w A 1

ANNLAnA1aiu Faduilduladvddyfdimanesnanvalvosnunusazaia Tun1sAnyl dndnwalves

A A

nunl lddezdugesndu savd 1a Fadunimegeuleelduszamdudaveaywd Fspisiinsosiondl

ANuLiuguazaunsaaang 9 wardeenududiauld (Digitization) endaegiatu inaluladayn

s a

Srannsatind Mmeanzideazthunldinszinduveaniunlulasanisy 4
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4.2.2 A5115NNADILATWITINNBSN LT TUNISNAADY

- = !

o

AN 125 memﬁmmsmaaﬁmﬂéuﬁaasméhaLﬂ‘%aw%ﬂalﬁﬂmaﬁﬂﬁ
Usznaulume

(1) w3osayndiannselind
(2) ieansensildlunsiiunauiiedne Inen1sgaeinausiangey o duduay

(3) Zero Grade Air ﬁmsﬁ]agﬂuﬁﬂ d1usuilu Reference Gas wag Carrier Gas

a

(4) w3psneuRinnasd msusudoyadyaruanasesayndiannselind wazn1sulanatoyq

Aeyey1adnau
1) IngAu
NUHAIUANUABANTIZUGANWNTIUIU 6 UNS ANBUNDADYALLAN DINDUUDDU LAZOIND

WAULLAI FINIALTEI LA
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24

ﬁu‘ﬁﬂgnmuﬂ seeutimza (uas) Aanans Aty
1 | Aaufagusungunanuazuusgunium 563 n/a n/a
Ul
2 | Famiagurugesaaimun 1126 115°C 123°C
3 | ngudawigurunurlantiuusiney 1148 200-250°C 200-250°C
(26 min.) (28 min.)
4 | ngugugnniwnlusifnyes 1232 230-235°C n/a
5 | nauudszuniunezs1in wifves 1140 180°C (30 min.) 190°C
6 | annfiidelasenisualaudiviasn 692 laififegn laififnegng
7 | AuuiUnduaznisviond e 890 200-250°C 200-250°C
ausNY
a519t 28 wansseganunfldlunsnageunduy mﬂﬁuﬁﬂgﬂmLLW‘Luﬁwi’m%aﬂmj
Usanaudild (n3w)
15 | szduAanans waan W | Aunke WYY
1 %mﬁwmumjmémLLazLLﬂigﬂmLLWﬂ’nﬁm (9.908 10 g 10 g 50 ml (18 g)
aziin)
2 | Famiagurugauseaiauiniun (e.neudzLia) Lififege
3 | naudanuia gznuantiuminey (9.nsudzin) 10 ¢ 10 g 50 ml (18 g)
4 | naugugnniunusiinyes (e.ulesw) 10 g 10 g 50 ml (18 g)
5 | nguudssununegsndni uifdes (e.usloau) 10 ¢ 10 g 50 ml (18 g)
6 | @n1tIBIATINITNANUUNADA (9.1 laififegn
7 ﬂ’]LLWé}’uﬂf’]ﬂwLL{JLLazﬂﬁﬁaqLﬁaal,%qay%’mé 10 g 10 g 50 ml (18 g)
sERUAdY waan W | aunke WYY
1 3amﬁasqmuﬂejm§mLLazLLUsgﬂmLLWﬂ']Lﬁm (8.098 10g 10g 50 mlL (18 g)
axinn)
2 | Famiagurugauseaiauiniun (e.neudzLia) 10 g 10 g 50 ml (18 g)




158

3 | naudanuia gzenuantiuuiney (9.nsudzin) 10 ¢ 10 g 50 ml (18 g)

4 | ngugugnniusiusifinues (e.usieaw) 10 ¢ 10 ¢ 50 ml (18 g)

5 | nguudssununegsdng uldies (e.usloau) 10 ¢ 10 g 50 ml (18 g)

6 | an1tidelaTinInalivasn (9.uluna) laififegng

7 mLLWéfwfﬁﬂmﬂLLazﬂﬁvimLﬁmv‘?jﬂay%’ﬂﬁ (9.0 10 ¢ 10 g 50 ml (18 g)
NZR))

2NN 126 LanafitegnannAlslunsnadaunay

2) gunsal
- LATDITIRINDA 4 AL
- AN VUM 100 JadANT
=
- LASBIUANILLN
=
- LATBIVINILN
- AseuNdanysetind 8ve E-Nose MU
- faWna Air Zero

- wesluimas (Thermometer)
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3) MSASEUGIEE WA S UNATaUNAY
3.1) NSNAGOULEANILNAIUA
_ Fageghaudnniun 10 ndu Tdviauiavune 100 fadans wazdadliiade
3.2) NMINAABUNINLN
- Faegadaniun 10 n¥u
~ undnnun Tngldiedesundaniun
- ddiegrsldrinuniauin 100 Jadans wasUnalrdinga
3.3) NTNAEDUNWNLUUYS
~ Fagheghaudnniun 18 ndu
~ uadanunlaziBon Tnsldiadesunudanium
_ g NUSINas 50 SadaRs FetA3esan L
- degngldrinuiivuin 100 Jaddes wazUnalvidindn
- Snanmgiivesnunlild 60 ssmwadva neuthlunnasunaulasiedosayndidnnseding

- Jngaumgliveanunrdwinsvageunaulaeesesayndiannselind

3

——

D 220y

Coffee Powder Brewed Coffee

AN 127 WERIe0819nN N ALTIUNISNAADUNAUNT 3 LU

4) n1snagauNduvaINILNAIBIATRIYNBIaNVTaling

WwInkiINussyfegereiuriesunaurenasesayndinnsetind

(%
(Y

AerIN1IAReINIALUSEULTIBU (Reference Air) 3 W19

sFMsaneINIAluYInnagey (Sample) 1 Wi

Qe

1
=3

A9A159UNI5VIN9U (Circle) 1 SoU

AMUAAT Flow Rate 1 ansaaui

399 vInNUlnetuaudnlugusuasiianannaunileglussuuasnldnau

Y
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NUUTLEAADINIAINYIAAIDE1UYITEUY NAUALYNANIINYIANUTIF10E 191U

WULLBSTUNAUNA 8 Fn

= g & v = v a ¢ !
dotasadulusunsuastuiinuateyalunmsimssvinasaly

= [ a 2 & o 1 [ = . z-:l' Yo
WBATIINNAULEAIVAUNINAIDYTILG DALY Analysis M1u1019 Control Center

@onlusunsu PCA wazidonlndnan19iiasizsiiiogig
- lonAn Offset laesaALvindu 0 wanady Start
- lUsunsuadnsesideyauardnngunieds Principle Component Analysis (PCA)

- 1@onlUsinTy Sensing Response Plot uagidanlndnan1siinsizvining s

5) W1518masNITIluN15NAag

v

AT 29 UAAIANIZNITIATIBRATDRYNBIANYIaTind Bve E-Nose MU

401ZNSAATIZH waAnIuNW NaNIN NN Y
USNeus9e9 10 nsu 10 N3y 18 n3u (50 wa.)
R BRRINZPRERN 25°C 25°C 60°C
Reference time 3 Wl 3 Wl 3 W9l
Sample time 1w 1 U 1 U
Flow rate 1 ans/uii 1 ans/unil 1 ans/ud

4.2.3 Han153AS1ZINAUUD9AY

o

wspsaundidnnsetindasnevauewionau wazwlanaveanfutusenundudyqyramidlii

ad o

PTANTONATIZRNANITNABDIILITN NaDAlagltinTosnauRLaasla 2 3569l
(1) §RIIN1TINOUAUDIVOILAALTULIDTTIIWIFONAUVDIANUNUY 9 (Sensor Response)

(2) N3TATIEHAIULANG1IVDIA UANBULVBINGULAAZA1UTIAI8TT Principal Component
Analysis (PCA)

¥
a A v

Tnew3a9 Electronic Nose Mhlun1snnasddl 15198808 AU b a U asnienatl
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A1519% 30 uansdeyailossuveniawuwesusasrinluasesayndidnvsedng

Sensor Target Gas

1 Combustible Gases
Ammonia (Low concentration)
Organic Solvent Vapor
Air Contaminant 2
Iso-Butane, Ammonia, Ethanol
Methyl mercaptan and Trimethyl amine

LP Gas

o ~N o0 A OWN

Solvent Vapor

T8y lULAINITNAFBUDNTINITADUAUDIVD LT UL AL 3¢ THaR19UDIANUAIUNIUTD

e skAagIvnUASefundularAui U LeseUe S TuAN 1T INMAUTEVT Aaunish (1)

(Ro—R)
R%change = x 100 (1)
0
1089 Roschange A OATINITNOUAUDIUDYULDST
Ro Ao ANAUAUNUYD I ULBSVEULIANAY Reference

R Ao AIAUAIUMUTRLTUR UL IANAY Sample
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140kt -70k

e T Sample 60

-20k

Sensor 01
|
Fa
=
Q J0sUag

w
I=]
=

Reference cas

120k -f
100k

75k
£ -40k
50k~

25k~

Sensor 02
9( Josuag

200k =
150k -

100k~
-40k

Sensor 03
10 105U35

50k- -20k
0- -0
12k-r -140k

10k-|
-100k

Sensor 04
80 105U3S

Sk~ =50k

0-, 0

1 1 1 1 1 1 ] 1 1 1 1 1 -
0 20 40 60 8 100 120 140 160 180 200 220 240 0 20 40 60 8 100 120 140 160 180 200 220 240
Time (s) Time (s)

A9 128 wansdyaanlisunadodnnvaasueasilaainnisageusiiag19n i

Principal Component Analysis (PCA)

mﬁmeﬁwamﬁ@ﬂﬁumﬂLﬂ'?laamﬂﬂﬁLﬁﬂmaﬁﬂéé’m?ﬁmaﬁﬁﬁ Principal Component
Analysis (PCA) iunsiUSeuifisudnuazdeyanisnevaussdenauvesniosayndidnnseindlunisin
ndunuluuufnanaaznuluuuAdy 393fanaiunsifeyanismevaussvessuimesienay
ufunLagndensenudunsuuy 2 33 lagvihnswisuiiisumanszanefvesdeyaniusening
Component #13 Ao PC1 vs PC2 (Component 1 vs Component 2), PC2 vs PC3 way PC3 vs PC1

ad v 1

FnsiaTzRyntayamelsdenanausaventaiinduveusiaziiegalianuiliounsenansineiu
wnue vy lnsusiazaaniindulunsvesudasd Aed1uiudeyarean1singd (Cycle) Wagtayavas
meghudgiuazegluninaudifieniu mninauvessazdinsdatunielnalAesiu vianeauiny
Toyaiu 9 wdAuATeAfiY

1) wan1sAAzinauvauannIunAIun (Coffee Beans)

WAANLHAIUARINUMEINIEUgNTIA 6 wuae Tudaninedlnd Tagniumageundumeieses

yndianvsednd uaviUSouiiunslu@elunm (quantitative) wazi@enanin (qualitative) Ineszeu

'
LY a

AL UTUVBINAUN N ANUTTANNTULAINNDNTINITADUAUDIVBINBLTULLDS ABLTINDNAUVDI
A0 19N LI mngﬂéfmd’mzLﬁuléh"1ﬁhé’m5'1mimauauawaaﬁ”wLsziuLsna'i‘LMam?f'Jﬁ'uLLmsiNﬁu 11

AU Winnuiusazsladanssymeusasnguluusunadisne
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Coffee Beans (Medium)

100
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a
[75]
=
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2 60
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o
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=
a
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0
51 52 3 54 55 56 57 8

MFarm1l MWFarm3 MWFarm4 BFarmb5 WFRFarm 7

AT 129 LARITAIINITHDUAUDIVDIA DT ULY DS LAAL IR NAUVDIPBE1LUAANIWNLUUAINAT

Coffee Beans (Dark)

100

80
2
=
o
& 60
o8}
oo
=T}
=
w40
=
L}
vl
20

0

S1 52 S3 54 S5 S6 57 S8

mFarml mFarm2 mFarm3 wmFarm4 mFarm5 mFarm7

AT 130 LARITNIINITHOUAUDIVDIA LU DS WAL A DNAUVDIF8 1 UAAN N LUUALTY
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Coffee Beans

800
]
E 700
2
5 ® Medium
E.,L 600
fg M Dark
£
£ 500
@
v
R

400

1 3 4 5 7
Farm

AT 131 LERIONTINISADUAUBITINVRIMTTUTDIIT 8 TRABNAUVDLUAANUNLUUAINANLAZA?

¥

bUN

'
LY ¥ ¥ a

STAUANUDLTUTDINAUAINITOATUIULAINNATINYDITATINITADUAUDIVBIN DU ULLDITNG 8
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Y

1 INFUMUULLERITISRTINTTMBUANRITINYRI g 8 Wasenduvetudnniunainlsnium
714 5 WS NUTILAANNLUUAINATY (N51ENRY) Hseduanududundugenituanniunuuudady
(nsddu) Wnenunannguianviaguwudifies (Farm 1) o.neeawin 2.8oslml daanududunau
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gegaillaiguiununanumaslgnnungy 9 nunfidiseiuanududunausesaan s NUNAINNgUy
Ugnnunluainides (Farm 4) uagniunainnguiavinagueuniunantnuuiney (Farm 3) wanainilés
wuinunanngulamnagusuliwl (Farm 7) fisgauanudutunaudesiign wazdalnalAgaiunium

PANGaIEURYLvULLAIUBY (Farm 5)
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¥

AAsIzntayandusleds Principal Component Analysis (PCA)

PC1-PC2

Farm1-1047.bxt

-
*

Farm3-1113.0xt
Farm4-1122.txt

Farm5-1129. bt

Farm7-1138.txt

PC 2[5.2%]
|

{ __Farm4/

AT 132 uanIan1sineitoyanausieds PCA vastoyanfuuanniunliuudina1s (Coffee
Beans)
INNTINUERINTIATIZRTaYANEUAIETT PCA 20INAULAANTUNKUUAINGTE NUINATBILN
Siinnselindanunsawusngudlegisniunesnanduliiduegned nsuutesnilu 4 ngu Famuned
ANYALTRINAUNWANAIITL MNAIITANGUT 4 NUITNAUTDRUAANTUNKUUAINANIINNGNTANANA

YuyuwdAUes (Farm 5) wagannnguianiagueuliud (Farm 7) fdnwazvaanduinlndifiesiuuiniign

21UBINNIANN FIBY1INLNINIEDINDIAUTENUVBINAUNABI1EARINU



166

PC1-PC2
- .'.“ Farm1-1145.txt
- b e Famz1153.00
» %! Fam2-1201.nat
- Farm4-1213.txt
» %o Farms-1224.0ct
o MaN 1l pau2  nau 3 naw 4 FarmiT-1230.60
{ \\,‘ ‘(’ "/ \\} e
Farm1§
- | \ Farm7
% Farmd i \ Farm3 "t,.
&' Y % Farm5 Farm2

AN 133 LAAINANITIATIZUTOLANAUMEIS PCA 99970LanAWLAAN LN UUAITY (Coffee Beans)

Y Y

\3esayndidnnsedindanunsautsnguieganunuuudutusenidu 4 ngu ledud ngu 1, 2, 3
uay 4 Tagnuinuannguiaiayueusadesinminiu (Farm 2) fdnvagnauiiuandisainniu
NnuvaLEUgndY q edratiulddndlefinnsananmsinnguuaznisnszanesvesteyaluuuiuny X
(PC1=95.6%) fvehsnunnuuAnduanlsniu 3 uay 7 fnsdanguuesdoyauuudousiuiu Fauand
Tifiudn fogreiaesiisuuvunaullndiAssiuinn erauosnanesdussnauvesansssme Tauda
pamnfiuazanlunisia ImstfhaEJ’NmLLWﬁqaaqmumzmumiﬁ":}LLUUL%’uﬁqmmﬁ 200-250 09711

IS IS (%
bR UNY

2) wamInan1saszinauvasneniui (Coffee Powder)
ﬂ’]imi’gf\]’?@mmLL‘I/\IGlf’JEJLﬂ%’laflf\]@,luﬂﬁLﬁﬂ%iaﬁﬂﬁﬁuu‘i%ﬂﬁ@i%ﬁﬂLLEW"T] WASIERAMADUAUNNT
n319TANAUTe AR HAIUA 10915 SRIINIINDUAUBITEI LI ULTDS UAAZITIAONA UTDINT
nusdesuuy wudriimmueed 3, 4 wag 5 (53, 54, 5) fdmsnnsnouausondureInIuIigs

\Wosnludnniunansusznaungu Ketones, Phenols waz Esters lundn
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Coffee Powder (Medium)

100
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6
A
2
S1 S2 S3 S4 S5 S6 s7 S8

BFarm1l MFarm3 MFarm4 ®MFarm5 MWFRFarm 7

% Sensing Response
o o

o
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AN 134 LERIDATINITNDUAUDIVDINBIULYD S LAAL TINDNAUYDIHINLNWUUAINAN

Coffee Powder (Dark)

100

80
6
4
2
51 S2 S3 sS4 S5 S6 S7 S8

HMFarml ®WFarm2 ®WFarm3 ®mFarm4 ®WFarm5 ®WFarm 7

=]

% Sensing Response
S

=]

=]

AT 135 WARIDASINITADUAUDIYDIAU UL DS ARETIADNAUVDININLN LU UAITY
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INATNLEAIDATINITADUAUDIVDIN VLY ULDSWHAZIRINUIT NWNEINILUUAINANILAZ WUUR 2

1
[

WUANLAALNUNL DR TIN1TNDUAUDIVDIATBUDSNLANANNY TUNL18AUI1 99rUsenauludlagng

NUANEANUUANANAUNLTIRUA WAL USUI

Coffee Powder
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5
o 700
e
a
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S 600
&
=0 W Dark
£
2 500
@
v
=X

400
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Farm

d' U 24 13 gj U 1 Q’ U I
AN 136 LERIDATINITADUAUDITIUVDINYGULDTNG 8 NINBNAUYDINIBYNHINLN (Coffee

Powder)

ANATNLARIDTATINITHDUAUDITINYDIA UL UDING 8 WIRaNAUVDININIW WU ULLER
&, v 'Y v v A ) YR | M v o va
NUNLNUALTURINUNLAD SEAUANITLTUNAUIBININTWLUUAINa1skasAdNlnedulrg L1l

ANULAnA1atuegedaaY Inglanizgniunandamiagusungundaazuussununduiles (Farm 1)

a a

naadamfIYuunanUukinew (Farm 3) waznwiduiniiuduaznisvesiientiseysnyg (Farm 7)

9

[y

NILAUAMUTNTUNAUVDINLNLUUAINA (NFINFUNRY) kazhuUALIY (NS1NFEFL) TanlnawAeanu
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PC1-PC2

Farm1-1301.bxt

-
-

Farm3-1308.txt
Farm4-1315.0xt

Farm5-1321.1xt

o Fam7-1328.04

WA 137 UARINANTIATIERTeaniuig s PCA vastayanauninuiiuuAIna1s (Coffee

Powder)

NNINUAAINITIATIENTOYANAUAETT PCA YBINAUNUNHILUUAINGI WUINATBIYN

a &

didnwsetindanunsanvinduvesiegniniuneendu 2 ngulng eg1slsiniu Wefiarsanainnisiu

Fouiuvengudayalunsin PCA NUINHRGLUUAINGINTA 5 wisdarnsdiaanauwansiney

'
8% a v

NIINIMUANUARINANITAATIENVOLUANGUAILTT PCA VDIUaLANAUNUNHSUUALTY tngnudn

Y

—

B a a 6 1 a LY 1 & v [ 1 | ' '
AsoRLNdLinyIelindanunsawianfuvesieganuniuuAdu oanilu 3 ngulvg Fanurusazngy
AN WarYRINAUNLANAN LY 19 TALAY WBNNTAUINGUN 2 WUIIN AR LUUAUTLIINTAUAIYAUYY
naundnkaziUTsUNHYLTEs (Farm 1) uaganndavnagusuiasesiauiniu (Farm 5) dnsianay

Poyalngd 9 fu Fevnedeinuazvenaunlndifesiy
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PC1-PC2

..." Farm1-1350 txt
® Y  Farm2-1409.txt
Y  Farm3-1418.bct
Farm4-1445 bt

b1
M Farm5-1453.txt
b

Farm7-1508. txt

FC 2[3.1%)]
1

AT 138 UARINANITIATIENTRLANEUAILTT PCA YastayanfuninLnkuuAILy (Coffee Powder)

3) WANISINANISIAATIZVNAUVRINIWLUUYS (Brewed Coffee)

M3nTIaianduiieg INNkUURIIERIoynddnnsedndliuiisnmanmatauaginseiing
= [ [ a < ) a = Y 1 < a
willoutunisinnfuvedudaniurAuauaznuing lagisuannnisinssuiegiaudaniunuiim 18

nsu i llunazdeawazadluUsu 50 1aaans aaunndl 60 s9ALYALTYE NUUTIUINTIVTANAUAIEY

9 U

1A3RYNBIANNTOTNd NI MUanIgnIINITNEUALDIVBIAI T UTDTUAALITIABNAUYBINTLNYY wandli

(%
=

WiudeganuInusaziufivgn Wethinwwiasiidnuvazvesansssmenisesiussnouniindifes

furagaUsinauazaunm (@3ulunihdaly)



Brewed Coffee (Medium)
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AN 139 LANIDRNTINITNOUAUDIVDIN BB UL DS HARLITIHBNAUVBINLNVILUUAINA

Coffee Powder (Dark)

100

80
@
1]
s
Q
@ 60
8]
a4
[=T3]
=
w40
=
@
v
= 20

0

S1 52 S3 sS4 S5 S6 S7 S8

mFarml ®mFarm2 ®wWFarm3 mFarm4 mFarm5 mFarm7

AT 140 LEAAIENTINTSABUAUDIVDINIBBULTDI AL ITIFBNALYDINLNYILUUAILUY
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Brewed Coffee
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Y

AT 141 LEAIDMNIINITADUAUDITINVBIATTULBITN 8 IFWRanAuTBINLNLUUTe (Brewed Coffee)

[ '
s o 0% ! a

NATILAAITATINITADUAUDITINVOIN L ULEDING 8 HINDNAUVTOINTUNLUULY WUIINN
= L2 ¥ &JU 1

WUUZIINTIY 5 NulmgUgnidseauanududunaunlndiaseiu uanannddmuiinunuuuaings

(MINAUISU) AZLUUARTN (NFINEEN) GumLwiazﬁ';aa'wﬁﬁmmL%’mst”mﬂﬁuagﬂuszﬁuﬁiﬂﬁtﬁaqﬁ’u

PC1-PC2

Farm1-1538.tct

-
Ll
. |*

Farm3-1545 txt

o
1
id
*
*
al

Farm4-1800. bt

3
*

Farm5-1612.txt
Farm7-16822. tet

5(8

FC 2 [40.2%]
=]
1
-
i
3
N
o
o
3
w
.
Q
=]
w

1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1
£ 55 5 45 4 35 3 25 2 15 1 05 0 05 1 15 2 25 3 35 4 45 5 £5 @
PC 1[58.0%)

AN 142 LaAHANTIATIEITRLANAUMIETS PCA Yasloyanaun unvaiuuinas
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NNTINUAAINITIATIEVTBLANAUAILTT PCA UBINFUNUNYILUUAINAN NUTUATBIALUN

a

dudnnsefindanusauusngumegranuneandu 3 nqu lnenulusaznauiidnuvazueinauiunneig
i laglamzniunannguduanniuruinides (Farm 4) uagnauudssuniunezsndng wiiides (Farm
==Ky

5) Mudazanniunmnzuanifeiiunazegluseauauasiniimeanlndifesiu windanwaeniy

Muaneeiy e1atissnantadelunismniun Wy gaumgll Lan v1av

PC1-PC2
S
4 L°.] Fam4-1854.0a
»¥e'| FamSi17i1.0a
- QG nau 2 Ny 3 \*e Y FamT-T28.0
1- Farm7
o Farm2 wharml
g Farms =" *Farm5

PC

Farm4d

AN 143 LARINANTITIATIENTBLANAUMIETT PCA YBINAUNUNYILUUAILTY

\seayndiannsedndanunsoutingusegnsnuruuudaduesnidu 3 naulvg) lnenunuwsas

1 v LY

NANTANWULYRINAUNLANA1IN U LU LATR DT FI9819N N 6 Fr98199zilseAuAILTUTY

a
NAWYIN 9 fufny
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Medium Roasted
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300 M Brew
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AN 144 LEAITEAUANUTUTUNEUVDINIWHIUUAING1NS 3 ULUY

Dark Roasted
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:g, 600
@
wv
g =00 W Beans
o
@ 400 B Powder
o
E’ 300 W Brew
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WA 145 LARITEAUANUTUTUNTUVDINWIIUUANTUTA 3 JULUY
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AIULVUVUNAUNFIVY @uLu’&]ﬂll']sﬂ']ﬂ@ﬁﬂﬂigﬂ@‘Uﬂlouaﬂﬂ']LL‘V\I‘V]L‘UaEJuLLUaﬂlUigﬂjqﬁﬂig‘Uj‘Uﬂqiﬂﬂ ey

Y

A5 AREsIEENYMIRARNAUaNYIN W TalnAuvaINazwUsAsUlUANIT 1A atildluy

M3 vilaveatdaniul ANNTWSIAY SnsIn1saewmaNsou Wuduy
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4) wan15USYUBUNAUYINIINY 3 LUU

PC1-PC2
5o
.z 3% o' M-Bean Farmi-1
N »* o' M-Bean Farma-1
4- = s
! wiennwm ! %o MBean Farma-1
5- | i
as i \ i ...‘ M-Bean Farm5-1
3- Farm 5 i
i i 3% e M-Bean Farm7-1
e E \ E M M-Brew Farm1-1
- {Farm 7 i "o M-Brew Farm3-1
1.5- +% o] M-Brew Farms-1
1- ‘\\\ Farm 3 “,/'l +* o' M-Brew Farms-1
0.5- . . e . 3" o' M-Brew Farm7-1
oo {  Fam4 N ram ¢ { 27 o MFouder Farmi
=05 A Faﬂi “ § 2+ o | W-Fouder Famz
g - E Farm 3 \ \Fa 5 E E E 3% e'| M-Powder Farme
e | Farm 1 Farm 7 : ‘ j 2o | W-Powder Farms
2o : : e s o M-Fowder Farm7
| i MmN
-2.5-
a-
s AN
4=
-4.5-
5=
| (] Lo Lo o o S R TR | '
45 4 35 3 25 2 445 41 05 0 05 1 15 2 25 3 35 4 45 5
PC 1[97.7%])
~] a ¢ v a ¥ aa a Y
AN 146 LLﬁﬂ\ﬁNaﬂqiﬁLﬂﬁqgﬁﬂJ@%aﬂaUWQ‘ﬂ'ﬂﬁ PCA 199nauUNILNLUUAINGANS
PC1-PC2
5
s »* o' D-Bean Farmi-1
; +* ¢ | D-Bean Farm2-1
- » %" D-Bean Farm3-1
8- +® o D-Bean Farma-1
= +* o D-Bean Farms-1
25— ) - » o' D-Bean Farm7-1
2- %o | D-Brew Farmi-1
1.5 L, i I3 ‘E * 4 -
| weanwn | »7e D-Brmw Fam-
1- E‘ ‘ 'E E N > -~ H 3% o' D-Brew Farm3-1
0.5- E E E E »* | D-Brew Farm4-1
g 0- E ’ E E - s \ i +*e'| D-Brew Farms-1
% 05— : ‘ i i -~ \ i %+ D-8rew Farm7-1
& o l ; ; »¥ o' D-Powder Farm1
P \ ATWEN 278 | D-Fowder Farm2
o e y * o| D-Powder Farm3
. AU . o| D-Poudsr Farms
A » * o| D-Powder Farm$
s T N .’.' D-Powder Farm7
4-
45-
5 Fafm 2
1 1 1 1 1 J 1 1 1 1 1 1 1 1 1 1 .. 1 i
5 45 4 35 3 25 2 15 -1 05 0 05 1 15 2 25 3 UIETETHE 8

PC 1 [96.7%]

AT 147 LEAAIHANTIATIZVITELANAUAILTS PCA Yaendununliuuaidy
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¥ aa

INAMUANINITIATIZVTBYANAUMIETT PCA VBINAUNUWWLUUAING WAL ANTNIS 3 WUy
wuInAIeRYNddnnseindaunsanunguiegnaniuresnidu 3 ngulvg) Inedeyanduveaniunuuy

B9z iidnwaznsTUNaUILANAINWAAN LKAz N W HRIBE LU LATR

wananukuuAaduaIamfagusugesesimuInIwil (Farm 2) dulidnuaenduniuanmianin

M08719BU 9 989NN TD1AANIINNTLUIUNTAINRUNNA (123 Bemwaidea) Tuvaieidieg1adu «

a |

HIUNSEUIUNNTAINRNNNEINTIT viTeUszana 180-250 DeALALTY

Y Y

4.2.4 ayUnansnsradanduasniundleiniasayndidnnseiing

isesayndidnnsefindfianuaunsalunisneuaues uasduuNSn vz URINAUN I U

v

a v P a ~ a ¢ o a &
agsﬁu@lﬂ WJUDE9A ImEJ‘J,JNami’JLﬂi’]z‘ifiaﬂwmzﬂaumu

1) Lﬂ%ﬁmyjﬂﬁL§ﬂmaﬁﬂﬁmmaaa%ﬁﬂLLmuﬁmaaﬂﬁuﬁi’miﬁmﬂé’ffaaﬁmmumwiamﬁmlﬁ F991N0A

NNTATIENAID Principal Component Analysis (PCA) WU
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- NAUYRILAANILNAIUANLA AN UTITY
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nwauzuane1eiy vitlenatuegiuiadenienu

s

a
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ANINUIAABYN @NINDINTF ENBWUS ammﬁ wazIalun1sAl 18

9 q

- et uiNUfaziden WUIIANUUENAUTUAZLANAINAINNAUYDUUAANTLNAIU AR LAY
Taganiziiadniwnuisaludidou agvilraneuenaunnna19lUannAueg19u1n wag

nuniladanududundungdu enadlewnanesdussnavluwdanuniisuwdasly

'
LY

SEUINNTEUIUNTAINIOU WagNISIARENIsEmevinlilAnndureuvesnum

A o Y a

- IR NURNUNLTLAL AsliauuTundukasanwuenaulianaiuungn dunm

lna1nnsn PCA Miyadayatiudunguusianlndifeeiu

9 Y

2) wIevyndinnsedndaiunsansiainseduanuduturenauniunls Jaiarsanlaainen

'
CY N a

BMNIINITNOUAUDITINVDIN VY UL DS LAAZ IR DNAUVDIFIDE19N TN
< ) ~ ) v v a A ' = YR
- WAANUNAINANREITEAUANUTNTUNAUNFINIUNGAN N ALY

A o = i Y] 1YY a & & A Y a Y]
- LN@U']ﬂ']LLWlTJU@Wi@GU\‘] NWUANTEAUAMUYUVUNGUVDINMNYG 2 LL‘U‘Uuu@Jﬂ'ﬂﬂaLﬂﬁNﬂu
I3 Y] i a a W a Y] I a N
- waenunAuaINNgNIavRaYsvuUdes (Farm 1) Ssgduanududuniuacian Tuvas

[y

a I ) - + ] A a o ¢ ~
nuannwiAIuAINANRUUIULULaE N TRUNEATIaUINY (Farm 7)  ASeAUAIN

Wndundutiesiian
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NHANSANYILAZNAGUNAUYRIIREINLIAIBIATIYNBIaNIalind suiuldinaTosayn

Suannselndduanuaiuisalunisnsiadand wieludsusua (quantitative) wasidInanIn

[
a v v o [

(qualitative) latlupened Snvisdeanunsadiuundnuuzianizvesndunununazyials og1alsiniy
1H19931nA798 19N HAIUAIINUABE N ULANIUNTIUITN5AT wavaamndfisinaiy Failidaly
au150As1eiUadeaudu g Mfertedlunisiinndufiuanaenule Wy @ninwInasu @nineinie

'
v [y a

sEAuANNgIINIveia kaviladeduy Jmisinisfnwiiadiutadadedus) Mngitesiunduniwi lay
N15LASUUAIDENIMUAANINAY WAzt u1AI82835n15Akazan1Izm eIty dnyedaudunisifiy
Uizﬁm‘émwsuaqmi'v]@am‘[,ﬁt,wiushmﬂﬁ‘ﬁuﬁm%’umﬂﬁm%wyjﬂﬁLé”ﬂmaﬁﬂﬁiumiﬁi’lLLumausummLw\l

sl
4.2.5 nsnauayndidnnsadnddmsunisnsaaianiun
4.2.5.1 msnamunnalulagayndidnnsatinddniunsraianium

na wluniund wiAnana1sduns g szinede (Volatile Organic Compounds, VOCs)
wanvaneyiafviilssamdudavesyudaunsasuinaukassandla Fanisusediunmuninniunlog

o
& o

afedoyavinUszamduiasunduvesywdtwilden sgnalsinig sawisalsslununinues

wannulagldiaesdiodinseinassamdulauuuadvianal nsndeusuunisinauresaynuyed

1¢ vseMiundn ayndidnnsetind

ayndiiinnsetind (Electronic Nose %30 E-nose) fnalnnisvinaulagandendnnisnsiain
naufadeiuszuUnuNduTeyed tneiliguwesinanusiudugeniwlIslun1sdiunkasIndinay
Jaguuladinsihaynddnvsedndluuszgndldlununainvals o9y n15AIVANAMNINDIMS N3

Ainsiginunnvendndue danunfiodunilslundndudivenioufifindnisinsieiuazaivay

AMNNLAENITANNGY kAL TUTAYIA

[
[ [

wsosaynddnnseindiiunldlun1sifenssll fanvasdunseiliin (Portable) Nflszuu
niadnniu Feusznaulumeuiawuresiuulansisinimamun 8 13 (Metal oxide semiconductor
gas sensor array) @msunsiaduluiananau gunsaleneg (Hardware) aggnalunsLaaaiuaauiamnes

N9 USB Tnea1die Data Acquisition (DAQ) Aiflanuasidentunisinudeya 12 On uazdidnsinisdu
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18813 (Sampling Rate) 10 KS/s lnadyaaluinlaandunsisenssninduananfuiasiiawuges

[ . a =
HNNUVBLALUY Real Time NN 1 3UMm

daulsenauvasayndidnnsaiing

a ! < a a a 4
AN 148 LLﬁ@\‘iﬁ'ﬂu‘Uigﬂ@‘UﬂJ@QLﬂi@ﬂﬂmﬂﬂ@LﬁﬂWiEJUﬂﬁ

M15°99 31 uansduUszneuvetAIRIIYNddnvseiing

1. Yesdmiuideuansln 220 V 8. IROUIN Reference

2. dindida/Unuedos 9. ¥esdmIugAeINIA (Pump in) ieYessieviansedaInie
3. Yawioany USB fiu mauiiaines 10. YasdmIuane1nIA (Pump out)

4. nluansanuzdn/Aniedes 11. 903789 Air Zero

5. lnuansauzn1snsninnau Reference | 12. 9935¢U1891n1AAIN Sensors Chamber

6. lluansan1ugn1snTIaianausietig 13. WiRauszUIwINA

7. AN Sample
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(1) wSewyidnnseind

(@) WwnsuAAs1zvT9ua

Y

ncs

Ml 149 uansszuvayndidnnsedndiledeusefiuaeuiameshuunnm

(1) wesyndanysefind niouviauiidmsuussyiiedns lnsvzganiuresiieganiuduay
(2) Zero Grade Air ﬁusa@agﬂuﬁq #1u5uidu Reference Gas way Carrier Gas
(3) AUSULSIAU (Pressure Resulator) LBAIUANEAIINT A
S .
(4) L ATBIMBUNILMBDIANVSUSUTDLAR NN WATNISHUANATDLAR NN
U v v QU v v

szuuayndiannsatind

wsesayndLannsednduuy
WA (Portable Electronic

Nose)
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a1l (Main Power Supply)

g8 USB

WM3BIUSUAIUAY (Pressure

Regulator)

. flow selector
relief valve

| i
——outlet 1

outlet 2

Air Zero Grade

%
é Oxygen (0,): 20%

Nitrogen (N,): Balance
“ Moisture (H,0) <5 ppm
. Total Hydrocarbons < 1
! ppPmM

v
a [y ¢ aa &

iwsesayndidnnsednduuunsuidnitdldignuuuliansainnduveswdnsdoue Nllaauzdu

(%
[

Y9IUT9 Vusad haziwls 89lulasin1sITeNaEinI9nTITA0USVOINARANT 3 AU AD LUAR

A N wazlaseeaInnsEUIUNISTAINLN

Tulassnsided 3wumim’m’mﬂ?{mwuL%ﬁﬁlwu‘lé’gﬂﬁwmﬁuﬁm%’umimaﬁmﬂ?{u
nuluseninenszuunIAInunsI81a3 09A7 Coffee Roaster fanandlugusinuana viewmdaou
(Teflon) MniATesayndidnmnsefindlagninlusefuindssinunudnugosiiinisssmevona uniuw
sruumsthnduazthmiluanandudrgesinndu wazddaluananduanesinndulsegradnlusa
Tngendenannisviiauvesledussdinga (Solenoid Valves) dsidudaruguliiluiananduainans

Ma819 (Sample) W3BRINIAUTANSIINNEUBN (Reference) g RITANGY



Sampling Line

Coffee Roaster

Ml 150 uanunsesayndiinnsetindiienseafiuniosdaniui (Coffee Roaster)

Yunaunslduszuuayndiannsaling

N AR LD

Goulanlal 220 V uasinainduoanies

sioay USB mﬂé'hLﬂ%law;gﬂaLﬁﬂwiaﬁﬂﬁl,%’ﬂﬁ'umuﬂama%

Waldsunsu CIMS NOSE

#oviansee1N1A (Activated Carbon Filter) LinfiuYeiagunsainsaseinie
yhmesuaiesayndidnnsedndidunan 30 wfl

hsethsiidesnisnaaeuldadluwin Sample warsovin Sample Whfuges Sample fifia3os
*v‘hmsé’?&mé’m%’ummmmiﬁwmusuaaLﬂ'%'aqmﬂiﬂﬁuﬂsmuuﬂauﬁaLmai‘ (Funeunsldauay
avugludivainislalusunsy) wagnady Start

i@Lﬂ%@ﬂVT’]\‘i’]Uﬁ]ULﬂ%ﬂ
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YUNBUNS LTIIUAIUSULSIAU (Pressure Regulator)

NSRURDAIUSULTIRU (Pressure regulator) Auanalia (Cylinder valve) ddunousnaluil

< H
N YUNDU MwUsznau

4

1 | sswaeuliwiladnfsendnanisivadueug
myudeilevsemideniin (orifice selector) lu

PNANNLLEAWNDUA

2 | ssadaulvkulaingawna

- aglunwane wazlindnad

3 | despsnsldau Massd@auuindltaidssn

4 | duanslesensruanauvesinuTuusaiudaiu
\nagINITIUE
nsdeusenszuenguIrsevyUmLLTLLEN
o ldirdesileduansinsdoilel

(Never use a tool to screw on the hand

wheel!)

[

5 | dnshundsiiuiuussduiieliiinesinnisinasglunuis
aehldiaseslladuansinadeile!

RUABAIUSULTIAU

6 | wuziilddnsinisiue 0.5 - 1.5 Gns/udl dwsuayndidnvseiind




MaNN1SM191UVB9AIB9ANMN (Coffee Roaster)

= = Y 1%
AN 151 LLﬁﬂQLﬂi@ﬂﬂ’Jﬂ’WLLWW?@&Ji%UUﬂ’JUﬂuLLUU

i a « )
M15199 32 LEPNS18aELDEAVDIATDIAINILLN

v

AINa

W53

maalil: 220V / 50 Hz / 1600W
gaumgl 100-250C

voidn: 8 Alansu

YUIR 4371 Wyl X 298 wil. X 225 .

wanaannul

AupnulagEAdaUENIAUAR

USunauudaniuwm:

300 ASY (20-40 WA, 250°C)

AN 152 uanaitaeuarUunisvinnuresasesminwil (Lasantec)

183
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A5n1slYeuLAsaInINIL Lasantec:

a EZJ Y v L a
WEEUUANLUINULALAYU

[EEN

a

2. nadu (3) Walsum sy du (+) uag () awlfeugungd

Y

<

nadu (3) BnAsaiaaiUdeunan (+) wag () lnentiee (2) svuanideyandnlu
3. Tdwdanunluddinamseanis
4. wanuamalilutuneui 3 auanas slagudygausiou nawIntudenaly (1) Wengawae

na (1) nesaiieddesdnniuroan @masisvyullufienimssdiuuaziudnazivasenun)

4.2.5.2 NSNAIUIYINAKISAINSUATIVIANAUNTLN

Tswnsu CIMS NOSE gnitunduiiieldiuiuiniasayndidnnsedndlasianiz daluswnsy
gnesnwuulaunsaldanulade lidudou anunsaguan1snsiniasieiiuy Real-Time taluguuuy
290579 @1xnsaduiindayanisnsiaintuguuuuves Text alaethluldlunmsimseideyane
TUsUNTUAY 9 U Microsoft Excel \Uu@u uananililusunsy E-Nose Machine toedsfiilandulunns
ATITAHNANITNAADIABITNITNIG PCA (Principal Component Analysis) LN OWIAUEUNUSVOINAY
v oA | = = I w ' - o
megreiinaulandanumileunseunndiuegnals lnsuwanwwaluzuwuuresnsmifiaunsaiinig

Wlalede wasfiaunsaAuIuAI U URN1TRDUAU IR LS e az s inlaanse

nqiﬁsﬂsq:ﬁ%’auaé’aa‘lwm%’uqa (Advanced Analysis mode)

K

X £ o ‘
Edit Opente Tools Window Help

N I-:OME @) MEASURE

. %I:I @
: L6 Xl

ADVANCE

3 ' ‘
.l-*l’i ANALYSIS [ anavvsis » ?Q e X

% DATA POINT SELECT \@— PCA FOR ADVANCE MODE @ Machine Learning

& @

Tulnua Advance analysis as1dun1siasigitoyalaglnuntugeainuanisaassils neaiuse

e 3 sUluupe
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1. Data Point Select {u3sn1snseitoyanianunse dengaviseldentoyadnnnsmisfeanisay
TATAlALUUANIZIAEA
2. PCA For Advance Mode
. . & aa a ¢y =~ = a 19 v aa
3. Machine Learning \u3smsiasevideya ieileuiiudeyaaingiudeya (Data base) il lng

a1faInMsasgudeya wazthlandesnsinseiundieuiieu

N15k991u “1aanandaya” (Data Point Select)

1. pdnidenMslasizvivea Advanced Analysis 91n1uARNT Data Point Select

2. nuuaglantnenaikansanlaannsinlaeddunausail

I DataPolntSelection i - B8
Input File "
; = w3
= 80k~ \ ~90K
Data Point : 80k
Use 60k~ a A ?] =)
0 5 fannailaaan g
3 40k~ vl ¢ v Ay -6k §
C o Wadeyandens 8
D a J v -40x
UANTHVdYA -30k
O 50k -90k
O = -80K
k
O 3 %
O g 150K~ et
% @ 100k an &
O 50k~ 20k
] 400k 200k
&3 30k 150k g
g §
O’@ UPDATE DATA § 200 ook 2
100k S0k
50k~ -25
0k - -200%
y 3 150k o
E 3ve ] o0k §
| Fooo -sok ®
L Sy R YR T eIy IO OO R [Tl [RRL JONOY | NS RO G SO O (YN NS WS (DRSO SOy N JORRI Y |[ S JRNNT (ORI SOV (NN OO T,
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 0 S50 100 150 200 250 300 350 400 430 500 S50 600 650 700 750

Time (s) Time (s)
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Open File
T Can coffee » can coffee_cycle measure180264 v ¢ e
= CLOSE | >
Organize New folder v o
[ Desktop ¢r N te mod Sae S g
¥ Downloads

Birdy_Espresso_251021_4 Cycles.txt 211 M

Documents Carabao_Espresso_031121_4 Cycles.txt Text t 1
Carabao ¢ Nescafe_Espresso_111221_4 Cycles.txt AM ext ent

& Pictures a g 1
s 1.ndnmenlwadesyai
Pvp::rep Y a Jd Yy

foamsinnzhidesn
Teaching Shde

Tusdryfuiuese

@ OneDrive
3 This PC
5
File name: |Birdy_Espresso_251021_4 Cycles.txt All Files (*.7)
Ok | | Cancel
—-— \ N
O UPDATE DATA % 200k~ A d
A a a
2.a8n OK mieilalvla
100k -
50k~

80k~

Tk~

B - i

3. elnadayausing Yeyanvzdesimuaifswaluil

WUBLaY 1 Reference data AanLitasiA 1dengnvaewIaIitsfeansiidy Reference

WuI8LaY 2 Data point AGNLNBAIAT HBNIAVBAIANNTINBINITIATIERVBYE 9N

. A A a o | = . N d' @V v
a1 Sample time (1381 B YATLATEIAUNGUAIDETY) 9 Data point A1XTAGBNAANALS
v ! a o d o 1

AUNREINS WilagUnAvialy agidion 1 90/150U04N15ANFAIBEN

NUBLAY 3 AN Update data Liegudunisidenandeya WeadnUuil viiaeasuans

AVDIVBYATLIIADINITIATIZUUNTIN
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DataointSelectionvi - X
Input File ks
s Torthi o offeez\can coffee 180268\
irdy_Espresso_251021 4 Cycles.txt ” (= CLOSE l : I
T 0
20k -60K
S ax =50k
‘g -0k
40 -3¢ &
% 50 022 617 683 5
Data Point 2 -20k
o -10k
Data Point 3 T 100k
Data Point 4 125K 5 13 o)
Data Foint 5 S 100k
60k
Data Point 6 75k g
Data Point 7 50k o
Data Point 8 5k 18 7 iz - i [
Data Point 9 -~ —01
| e o
200k -80k
-60k
@ UPDATE DATA 8 -2k S
s 315 52 20k
05 -0
— 16 o 200k
s 055
3 1 150k
@ Shve ; 10k 1 7 100k g
8- 8
= k-l 313 757 ~50k
R R T T T TR T T N S T A TN T T TR O O T O 19 S R SO R R Ot O O T O N0 0y Y M oW
50 100150 200 250 300 350 400 450 500 550 600 650 700 750 800 850900 950 Tk 0 50 100 150 200 250 300 350 400 450 500 530 600 650 700 750 800 850 900950 Tkt

Time (s)
>

<

4. nn SAVE Wetuiinteya Inesavelnduasadndu OK

Jatatonts 1 o
Choose file to write. » -
4 ||« Cancoffeed » can coffee_cycle measure180264 v & P Searchcan coffee_cycle mes.. (= J CLosE @
Organize v New folder v ™ @ 0k
BEOesttop  # &  Neme X Date modified Tpe Sae ‘:
¥ Downlosds # 3 girgy spresso 251021 4 Cyclesixt 171872021 12:53 AM Text Document 101%8 %
[ Documents #  [2] Carabao_Espresso_031121_4 Cyclestrt 11872021 1221 AM Text Document 100K8 3k 8
| Carsbao & [2] Nescafe_Espresso_111221_4 Cycles.txt 1/18/2021 113 AM Text Document 101 K8 032 683 -20k
1] Pictures. - =10k
I 100k
| can coffee_cycle 13 -80k
| ML_Sample -60k 5
Teaching Shide
| Teaching I o
| uhdlitanarl 74 19 -20k
@ OneDrive -0
120k
8 This PC . -100k
-80k
File name: -60k
-0k
B =
<

5. lWddauannm
ALY A9

Wioalvldduan AzuanidayarIn1snoUALBIvRILALYATILIADINTAL



123 - Motepad

File Edit Format
2.
a4,
32.
3a.
67.
76.
84,
74,

B1.664
86,197
84,442
33.49@
£8.818
78.383
86.252
Ir.e1y

2a1
a2
853
aa4
943
478
651
966

YWiew Help

naaamSensing
Response vainaaz

IFueina 8 i

e — |

naaai Sensing
Response vouidinzga i
- = o
L] “ﬂaﬂu]ﬂﬂ'ﬁw‘}‘ﬁlﬂuﬂ

N151%97u PCA For Advanced Mode

Ln 1, Cal 1

1. AdNAeNNTIATILYeYa Advanced Analysis 31niuAdny PCA Advanced

2. nduaglenthinianunsaniniieidan Folder vaddaya

PCA Analysss

PRINCIPAL COMPONENT ANALYSIS

5

Option

Offset Set Color

Select your target file from your DIRECTORY

Clear Plot

color [

Calculate

(= -

PC1-PC2 PC2-PC3 PC1-PC3

PC1-PC2

WS
nantiedlamen

) \
Inladeyandesns

a ¢ v
ANSHIVDYA

al

N

@
v

Y

FABINTT

ATILT HININ

188

1009



Filq Please select the main folder, s

This PC

Documents
Carabao
& Pictures

can coffee_cycle

sbokder or single file

Desktop » Results Service

Carabao_Espresso 041121

Apoint.txt
Carabao_| _4point.txt

_dpoint.txt

_dpoint.txt

131221_1_dpoint.

Can coffee2

189

o \DVANCE | /| ...

I <

§3 PC1-PC3

0 roast_131221_2_4point o7
ML_Sample A
Teaching Slide
@& OneDrive
3 This PC
File name Text file (*.txt)
Curent Folde Concel
Eﬁ SO—— cmanate "\
= H
inen Folder fideams
a Jd Y
NNV A NA
Current Folder
. >

L2

3. JWeadenlWdvayaseuiosuad 31nunin Calculate 9UTINGUHLAINNANITIATIZYANTIN

MIUYNAD 93U

PCA Analysis _ a

PRINCIPAL COMPONENT ANALYSIS ><

PC1-PC2 PC2-PC3 PC1-PC3

Select your target file from your DIRECTORY PC1-PC2
DA\Resuits E-Nose\20211209 Lion (Detergent)\02 Data Point - 55-
OK 620-625-630-635\Set 01

Options
Offset  Set Color Clear Plot a -
0 g Color | [5 Save i e
a i r - —
| el
-
Calculate

1

Aan “Calculate”

a4 a %%
WAIATISNVBUA
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N151%97U Machine Learning

dmsunislden Machine Learning Wiaw3euiisudeyadugiudeya iunisimszidiedieiie

o v U 1

Tansruaussuisuiusutouanil Inevrteuaveswiog1auvindayalusiudaua wadurlnda
9 Y Y 9 Y

Y

ARIN TS HUMIBUNNTIATIEY Fegrudoyanaiunsnasielaty asarunsanvualaiiies 2 ngu wse

(%
Y [

anansabirneuleiiies Yes 38 No fatumauluniswseudeyauasn1sinsiey deeil

1. nswiselwddoya dwsuasne Data Base

lun1swieulddoyadmuvin Data base U agldlusunsy Microsoft Excel Tunisasns

[

Joya Inunswisadeyadzlidoya Sensing Response vatusazlng Asil

O DR R R asverrs Column il Sensor 1 — Sensor 8
[ 2 0 5 s6 s 8 class PR— waz Class uﬁmnﬁaném’l’aqa

5 5
RS 0y S L S 7 T XV J RT3 W VS )

1
2

3| 38262 88701 59453 38294 13675 65161 78.943 16388
4| 37696 88670 59248 38412 13518 65232 78937 15589
5| 37186 88667 59135 38456 1346 65272 78888 15114
6| 36813 883633 50021 38564 13366 65289 78871 14.535
7| 36472 8862 58973 38575 13367 65386 78.787 13.998
8| 36025 88584 5883 38601 13217 65405 78739 13511
9| 35614 88549 5878 38687 13239 65434 7866 13.027
10| 35246 88528 58600 38725 13160 65455 7858 12597
1| 4135 00083 62220 42066 17317 66804 8113 20329
12| 40755 90073 62194 42209 16694 66958 81069  19.49
13| 40308 90074 62191 42531 16441 67.025 81028 18804
14| 39902 90065 62164 42896 16093 67.113 81008 18.091
15| 39508 90055 62049 43039 15661 67.178 80965  17.69
16| 39153 90036 6198 43172 15552 67251 8092 17.183
17| 38676 90035 61802 43486 15414 67203 80911 1659
18| 38349 90027 61806 43924 15333 67318 20908 16153
19| 38162 90012 61735 44233 15281 67374 80888 15718
20| 37853 90006 61631 44363 15322 67.418 80877 15317
21| 0815 9064 99343 9929 99262 91091 99226 8978
22| 90925 99.095 99362 99307 99263 91420 99249 8984
23| cosse 9121 99377 99322 99262 91629 99257 89.879
24| 9105 99132 99383 99320 99261 91816 99.266 89.898
a5Morose 9041 990388 932 926 91902 9271 89.902

91076 99.142 99.393 99335 99.258 92052 99.272 _ 89.89
TrainDataAlcohol : ]
B @3 O '

wm Sensing Response vis 8 sensor ves
udalila doyasnnaBeaiu

™~ misngadeyaiu2 ndu Tnohmel ity
qUVRY q
Ouazl

FerhrrroooOOOOOOOOOOOCOCO OGO

2. mawsedlnadeyadiegaiiothuniiasgy

A B < o E F G H
fri b2 w3 ws w5 we  wr
$75% s sosss o lws 69 7900l 17833

5’;?';9»‘:’1 tolu?nn nﬂl:u Sensor 1-Sensor 8

~——

1 Sensing Response wesita 8 Sensor

TestData 0

3. M3a$19 Model tonazldlunisiseuiieutoya
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3.1 \llaAandl TrainBuild Model axUsinguihasliindnidendeyasnin

Machine Learning vi

- o X
File Edit Operste Took Window Help 1. simioiladon

Train&Build Model | Test Model | Classification (Optional) ‘ 11]!11’!‘9”!!'7;9“0!!’!‘5 M Con

e Trend Tauiden’lwaii

in Model
T Mdesentenwin
Training data file (CSV) /
4

Model file to save (JSON)

=2 Train

‘\\ \ 3. :lﬁm'f‘ml‘ﬂmann
Moo 2. naniitenie ‘M: %aﬁiﬁﬁ'““‘
SVM Model Fnnziidesa
Training Complete

3.2 \flaAdn Train MYudidied avlinsiwdeuddanin fmneanuinisasialid Model aude

malamualilaasaasvauysal Inelnd Model azaglu Folder isndenly wazdalud Model 7

asnsvuasiiumanalngd (Ju JSON

Train&Build Model | Test Model | Classification (Optional) W cioe
Train & Build Model
Training data file {€5V)
C\Users\ Tenthip Desktop|ML_Sample,
TrainDataticoholsy = |
Model file te save USON) |
Cal " i\
4 Train |
hadel to save
SVM -
Traieung Compiete
v
Machine Lemings - o X
File Edt Operste Tool Window Help
Train&Build Model | Test Model | Classification (Optional) B Cloe

Train & Build Mode!

Training data file (C5V)

C\Users\ Tanthip\ DesktopML_Ssmple,
TranDatadlcoholcsy

Model file to save JSON)
T — " Jom
= Train
Madel to save
Training Complete

SVM -

<
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4. MIBaTeAlilad WeSeuiieudeys
4.1 pdndenlud Model 7ildasralineuntiil
4.2 FenlwldndesnisasilSeuiieudeya

4.3 7978 Class MI1MDINTT bALEAINE

Machine Learning.vi = o x
File Edit Operste Tools Window Help - ;
A A
x — - 1. ndantiedla@enlvla T
Train&Build Model Test Model | Classification (Opti :
Model fldaali
Test Models / (JSON)
Sep,
Model file (JSON) /
=
Test data file (CSV)
= Deploy
Predict 0 Labeling \ \
a =) metrics
2. aan@oen c : :
/ . oy S poacon i
Jy Ay Tl U
Predicted 1 Labeling Tladeyanidoms {fo 1| o
/ "jlﬂ‘i'lzﬁ recall _ flscore ‘
/ o |[o
4 ¢ J
3. e Class # -
v v
Aeamslfinanina g

1€ >

4.4 adn Deploy 13839z Uszanana wagvhweiblateyameganiuniasey lagn

Jangduegludayala danm

Machine Learning.vi

- o x
File Edit Operate Tools Window Help
Train&Build Model Test Model | Classification (Optional) ,. Close ]
4 o o
nan Deploy ez
Test Models -
pr nl3audieudoya
Model file JSON) ‘
Ci\Users\Tanthip\Desktop\ML_Sample\
bellmodeljson = ‘
et dats e (V) naawavoMsinneveyai
C:\Users\Tanthip\Desktop\ML_Sample\ Deol . Y . v \
TestData D.csv = Py #InNAANH NYNINToYadE
Al 4‘ o v
Predict 0 Labeling lungulaniimuall

Predicted 1 Labeling
No
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4.2.5.3 HAN15A529IANAUNTLNVUAU

BNV

TUADUNIINARAY

Sample

.Q ' b Preparation
é iy -—

DIUEINITIASEUR 10 WA WAL T [UA1TIAADY

QOdor Detection
with E-Nose

Data Analysis

AT 153 WERILNUNISNARBINISNAGBUNAY
Junaun1sLHseNaUnsalasasiae1g

(1) gunsnluazinIalie

a

- iedosayndidnnseiind wonszuUeINIAIANS

- gunsaliedesui oun Tninef nszuenme weslufines vieldas (Viah nyionses “as
- NIUaN@NeT VWA 5 mL

- iedestmedon 4 fums

- ipesinANsAna (pH meter)

- gethArmidgs (Ultrasonic Bath) wéewszuuliaudou

- iA%esfnu (Lasantec)

- iABosuAnul (Lasantec)

- ASeevanu (Duchess CM5350)
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(2) frvg19NlTlUN1SNAADY

nuNLAnugers1inT nurasnizlananeg liun Tasin1svaisuinasn (Gnnoudung
Famiadeslmi), nguiamAvguvunesuwifies (Sunsusieeu Sanindodn) MAuAelul wa. 2563
thanldlumsvagoundusieiniosayndidnnseind uenaninayifesslddamuiaiusossndnian
ssUszimmyintsnaeululasinisi o1fitu Yssmadumna Ussinaladinde iofinwdndnual

o L3 a d' o 1
YOINUNWAIEWUTOLIIUM Vlmmil,wwﬂqﬂiul,mazﬂizwm

4 SN E G
SIS
Ve B X "ggag'

LR e % o » H
S0 .

Ml 154 uansnuuaniugessidng aanitui

(% v

Famindealnd Usewnelng

LY
AND FRESHNEs
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(3) NSLAIINA2DE

ANSAIN LN A1SUANILN ASBINTLN

Feg 108N LA

Faudnniuransu3una 100 3 uazwasluesesmniun Awandlugy neldiaanlunism 30-120 wndl

QUUNINITAT 200 DIFTALTYE

=

AR89 LA UR

o I3 d' 1 QIJ v U v d' a

YUUAANNNHIUATEUIUNITAILE 100 NSU UIUAMIULATDIUANTLNLUUALLDEA
(4) FBnsvesaunadufieiasasayndidnnsaiing

WS EUFIDEIAANILNAIUAYSINAL 10 NSU Laz/M5en e USu1es 10 mL wasluiawni

UIA 100 ML azSUUANNTINNUT BT IR UNITTLMEUBINAY VAN TULNFIDENNUNAADUNAUAIE
=~ a & A ¢
\A3BIAYNBLaNNTBINE

'
[ a

nsnaasaianduvesniuil lnevnisinnduvesdilegraduian 3 unil Wudmeyiund
Aaae13 (Sample) waginonanitidnduniussgnieluda Air Zero Grade Wuaan 7 unil ludyayia
Reference laely Flow rate veso1nAdf badngssuunigdnsn 1 dnsdouil wagvinn1snaaaue

fAeg19ay 3 AS9 (n=3)
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N

5 —

Coffee Beans Coffee Powder Brewed Coffee — -

A2819N L

IABNIVUIA 100 mL

2NN 156 LLammsm%uéf'sasmmLw\lLﬁav‘hmsmaamﬁuéfﬁaLﬂ%aqay)ﬂﬁlﬁﬂmaﬁﬂé

-3-

mMuUWaT Fan W 100 g NILLIUNIAI

I R a v
nanliiiungmngivios
WA TIEIHUNNAIND

Il

v A w Pl
ATINANAUAILLATEY E-nose ’

J

-

muwW 10 g wulilumausla

Wuan 24 B,

AN 157 LLammim‘%auﬁaaEmmLmlLLazm'Jfﬁmﬂﬁué”gSLﬂ‘%aaﬁlgﬂéLﬁnmaﬁﬂé




= a 5 v  a 44' a & a ¢
M1919N 33 LLa@\‘IW'ﬁWNLW@?W&LSﬁUﬂqiﬁﬂﬂau%@\‘iLﬂi@\‘i"ﬂ&lﬂﬂ@LaﬂﬂiaUﬂa
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AN128N15IATIZHA A95U"Y

Sample Amount | USunaudieeng 10 N3y
Temperature gauunniiveiiedi QUM iIvied
Reference time is&znaﬁmﬂéummﬂﬁqmé 7 Ui
Sample time Szeza1IANAufDgN 3 Ui
Flow rate dasmsivadililunmsinerniauianssnuszuy E- 1 §ns/ui

nose
M

(1) NAN1FIATIINAUVDIUAANILNENS (Coffee Beans)

WA uWaIIINUrEINIZUgNIe 3 uras Tuusemelne wag 2 uraaninsnsUsene lagniun

nadeundusiieLasosayndiannsednd waziSeuiisundlufeU3uia (quantitative) uasianmnImn

(qualitative) TneseAUAMUTNTUTDINAUNILN BIUNTONIITUNLAINTNTINITNDUAUDIVRIA BT UGS

uwiaziranfiuvefiteg 1N 91ngUAua1zulainAdnIIN1IRe VAL eI T TD S WAL

Huuanenaiu dumneanudn wisnuiwiazyiaiiansssmewsarnauluuiainagy

A15197 34 uansriianiuniazUssnlunisuadeu

4 ‘o IEFRLIPRERE: izﬁumwgamnﬁmzm
] YoR9819 N
(nsy) (tun9)
1| ansnmun (§elaia) Uszmalaaude 10 1,300
2 | ansmul (§9lai) Usemaiaaanan 10 1,200
3 | ansniunl (§5laifn) wiisdes U 2563 10 1,232
4 | ansnun (§slaim) Tasensvanauy 10 692
naon U 2562
5 | arsniunl (§3lid) Tasesnvianau 10 692
naen U 2563
6 | angnul (§slsidn) 15t . 10 500-600
NEYAUY3)
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Sensing Response

B Columbia 2020
B Guatemala 2020
m Kumpong 2020
Maelord 2019
H Maelord 2020
h H Robusta
S1 S2 S3 S4 S5 S6 S7 S8

AINA 158 LAnITNIINITHO VAUV BT U B SWAazTRanALYaIfog 1 wWAnNILNENS (Coffee

90

80

7

o

6

o

5

o

4

o

3

Sensing Response (unit)
o

2

o

1

o

o

Beans)

Total Volatiles

600
510

_ 500 478 475 461
b=
c 418
=
o 400 383
(%)
c
o)
Q
O
o 300
o1
c
‘0
o
& 200
©
-
S}
}_

100

0

Columbia 2020 Guatemala 2020 Kumpong 2020 Maelord 2019  Maelord 2020 Robusta

(%
Y

AN 159 LEAIONTINISADUAUBITINVDIM BT WD 8 WIsonauYaLUaANIUNETT (Coffee Beans)
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»¥e"| crude-Columbia

M crude-Guatemal
M crude-Kumpong 1
o J crude-Lord(52)
TsUamN 2% crudelon(ed)

crude-Robusta

(=]
1

15- ¢ Awuan

wiviaan U 2562

PC 2 [7.2%]
.

- wiviean U 2563 %

T wifves 2563 ¢

* ladude

AT 160 UARINANITIATIEETELaNAUMIEIT PCA vostoyanauuianniunans (Coffee Beans)

° a ¢ v a = a a A ¢y  ad a ¢ ¢ o
V]'Wﬂ'?if]Lﬂﬁqﬂﬁmaﬂqijﬂﬂauf\nﬂLﬁi@\‘i"\]ﬂ;}ﬂ@Laﬂ‘VliEJUﬂﬁ@I’JEJ'Jﬁﬂ'Wﬁ'JLﬂﬁqgwaﬂﬂﬂiﬂﬂ@Uﬁaﬂ (PCA)

¥ s

deiSeuiisudnuusdeyansmeuaussienau Se3siiiunnirdeyanismeuaussosmumesionay
Yosusazieg AWML nasnoeanuluns iy 2 35 yinisuSeuiisunisnszanedivesdeya
NAus¥WINe Component 1 wag Component 2 (PC1 vs PC2) 5aﬂ133Lﬂiwzﬁﬁﬂﬁagaﬁaai'§ N8
annsnduundnunznAutesusaziiogeld TnsusazgaiiAntulunsmvsudasd Aot uiudeyares
n13ing1 (Cycle) wardayanndoradeafuareglunnandifeniu mnaanauvesusasadnsdaiy
velndiAeiu mnganuhgedoyaty  wxlanuadiondiy

'
¥

a ¢ v a ad a =3 o [ <
MNNTMUaAINITIATIERTeYANAUMETS PCA Yaendumdnniunansndaliiunseuiunism
wuinpseyndinnsetindanusawunguiegisniwneenainduldiiueg19d Fmunefiadnyazves

NAUTLANANEAU 21NN WU

" AulasannlATINITNad AR warAoslli1Ues MAuReInandnlul 2563 Hanuuzuad

nauilndiAesiuunian
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! A & a ISP v Y Ao a A ! v ! <
" mulansanlasinsratauivaen Minunandnludisiuiulidnuugniunuanssiuegai
1o
" AuansanUsemaieunan delgnluseduaiugindineia 1,200 wns I8nvaeniu

wanA1saInaan ez sIiAAInuaIRIaduY agraiuladn

(2) NANIFAATITINAUVBUUAANILNAIUA (Roasted Coffee Beans)

lun1snaaesd wannuasaneeeuwliives Smiadesdmi Uszwelne lagnihunaasiie

Y]

\AIDIALUUATaN QN Il 200 BeA@alTed NIAIN1TATUANANTY LagNABUNAUAILATEIRY

Y Y

Siannsetind

ﬂdl G: i Qs
WHANISNAFDUNITAINIUANTZLLIRINANAINT

60 min 90 min 120 min

a

AN 161 LaRINaNISAINWINMR 200°C

U



M15197 35 Lanaviinansiiege dmitln wazan1izn1smnwiigumgil 200°C
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- ASEUIUNIINITAN . P
o B dmdnudem | g | Sesazdmin
PRRAN naum R . 5 5 p
. gauind (°0) | wian (W) (nsw) weld (nsw) | dimnely
(n3w)
wiivaen-naud 100.0 - - 100.0 0.0 0
Lilviann-30 100.0 200 30 83.6 16.4 16
Ui1an-60 100.0 200 60 80.2 19.8 20
Ll1ann-90 100.0 200 90 79.1 20.9 21
Lilviann-120 100.0 200 120 7.4 22.6 23

90

80

7

o

D
o

(93]
o

yit

Sensing Response (unit)
N w
o o o

=
o

0

Sensing Response

S1 S2 S3 S4 S5 S6 S7 S8

H Not Roasted

M Roast 30 min.
® Roast 60 min.
m Roast 90 min.

M Roast 120 min.

AT 162 LAAITAIINITHO VAUV BT UL DS WAz AN AUVDIF08 1 WAANWNAIUA (Roasted

ANLEPINADNTINITROUAUDIVOILAALTULYD

Beans)

3

I

Y s

YN 8 LULBT

1%

AONAUVDIFIDENNT 5 FR9E1d tag

AN5ADUAUBIVBILA ALIULDSUUUIUBNTIUS U1 Ua15BUNS T LT 8MeNABE197 YD UASAS T ULAE
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[

& 1 v v v v a1 1

WULDS 1NN AENUINNITADUAUDIVDLLTULIDSAALAINUAIBLIING 5 $I88191U TALANAIIIY

1ag Sensor 7 (S7) ddnsinnsneuaussiolwutosanan

800
= 700
c
2 600
Q
(%]
c 500
o
>
o 400
o
a0 300
£
2 200
(&)
wv
= 100
L2 0

'
=

9

Total Volatiles

7 576
539 570 575
451 I I I I

Not Roasted Roast 30 min. Roast 60 min. Roast 90 min. Roast 120 min.

[

a LY 6 ¢ v C a < Y]
AN 163 LEARIDATINITADUAUDITINVDINVDULLDING 8 1IFDNAUYDIUAANLNAIUA (Roasted

Coffee)
PC1-PC2
45: »%e' 0OOcrude-Lords
; ,’.' 01roasted30min
- »7 e’ 0O2roastedSOmin
b | 03roastedsomin
= »¥e' 0Odroasted120mi
15- -~ .
1- N diunisa 30 Wil
0.5~ I Y]
_— laiiunism
= os- N /IUAIAT 120 W
g a- N punsi eo wadl
-1.5- ' Y] =
o NIUNISA 90 W]
-
-35-
e
-4 5~
.E_-IE -ll 5 -l4 -3I 5 -I3 -2‘ 5 -IZ -1I 5 -I1 -OI 5 (; OIE- |I 1 I5 2! 2’5— 3I 3 l5 4I 4’5— f!a
PC 1[98.0%]
4 a Y a v oa P a < O a
ANN 164 wARIHANTIATIZITELANAUMILTS PCA Yastoyanduludaniundingaumail 200°C

(Roasted Coffee Beans)
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a & a

NTieTgviRansinnauaneIesIyndiannsetindmedsn1sinseiesduseneundan (PCA)

[
=< aaa o v [

WellSeuiflsudnuazdeyanisnevausssenau Feisiilunsihdeyanisnevausiveaiwugesnonau

Yosusasitgsmwnwazndensanunlunsmiiuy 2 17 vihnsseuiisunsnszaneivesdoya

[ '

naus¥N3ine Component 1 uag Component 2 (PCL vs PC2) §4n1534AT1eNYATRLaAI8TTAINGE

£
a A o

aunsaduunanusnauvesiaziiedtld Ineudazyaiiinvulunsmveudasd Aoduiutoyaves
N151091 (Cycle) wazdayaandregraaeiuazegluinandinediu mnanauveudasdlinisaniu

wselndifigaiu viineanudyadeyaiy q selianuadienfeiuy

'
[y

a ¢ v a Y  aa a I A
GD']ﬂﬂi']WLLﬁ@\‘iﬂ'ﬁ'ﬂLﬂﬁqgﬂmagaﬂaum?ﬁnﬁ PCA 99908 ULHAANILNEITNHNIUNTEUIUNTA

=

a o ! d‘ a & a & | W | v vy g A
Qmﬁ{]ll 200°C ‘W‘U’mLﬂiaﬂﬁ]ﬂﬂﬂaLaﬂVl’i’e)UﬂﬂmmimLUﬂﬂqumaEJNﬂ’lLL‘V\IEJEJﬂ’mﬂﬂuVLG]L‘U‘LJEJEJN@ il

LY

U TITNBULVDINAUNBANAIITU 2INNTIN WU WAANINNRIUNITA TSN BULALANAIIINLUAR

1Y

nunAgliAaguiuleTe dnualznAuYaINISENAIET 60-120 Wi danwazlndlAeeiy
4.2.6 HAN1TANYIALAINAAUN NI INAUNAINUALUARINITINIEUGN

nnsiuteyannishndandiwugesnsiainladeimizugnuas anmuindeulunud
lasansranauiiviaen lasan1sualsieulnng lassnsvannuan wagvytiuiiniles Useneuiudeya
= £ H < S a o a & o 14 = ° v v A
nnsAnwaulagiivesudanwilasmalulagayndiannseind vilvnis@nuludidudaunfe
nsfnymaitintuaindadenisinsUgnlunsazuisiunaren1sAuaanIu azdanadenunInYes
wananundetulunszuaunmsdaliednls aunsefnwuaznageuldnenisiauanignismaassd
W ENINNNSANY TR UL NS TUTZLN SUgONKISTO1ATBIIYNBidnnTalindiiansiaae um

ﬂ’l’mL%@IEJ\?SSWJIN(;]JNTEWLL@BU@']EJ‘IE’]GUENﬂiSU’JUﬂ’]iNa@Lﬂéﬂﬂ’]LL‘V\I
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uKUN1IVAFaUMANFNNUSYasAMn mnaununiudadeTunswzUgn

wxnN1ag UaUNNY wHARA AUAN

Punaan ununANe lAan19y

gounni 200°C {luaan 20 WA

ATRTANALNAAN LN LN 1UA1g
L . L. 4
ARLAZHIUNNIAYAELATANAN

Aannsating

{laqeinng

wmnzilgn

M15°99 36 uanansfwesldlunisinnduveaasesayndidnnseind

d4n172NN5ATIZH ANa5U"Y

Sample Amount USuuieeng 10 nu
Temperature RBPRNZPRERR EIVARHVERN
Reference time szaznaﬁmﬂﬁummﬂﬁqmé 7 W19l
Sample time SzzaIANAUGIBEN 3 Uil

Flow rate

3

L2 dl 1 a a ol
gnsnsivailalunisidieiniauIansaiussuy E-nose

1 ams/u9
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LHVARA HAUNIY

waneg

AR 165 LanBUanNNATINIATINTALLYADA TASINITVNANUDULNE 1ATINITUAALAN LAy

nyjUnuunyes
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wanleg

] [ Y] 1 1 a
AN 166 LEALUEANILNAIIINIATINITNAIMUTADA LATINITUANUDULINE LATINITHAAUAN LAy

nyjUuugnyes

Tsnegamdaniunanniis 4 aondildun annilassnsvaisusinass (Livaem, Mae-lord),
annfdUnuuinUes (Mae-kumpong), annillasiniswaissiunn (Auan, Teentok) tazlasinisualstou
1912 (1BULIY, Montngo) mm’;ﬁ@ﬂ?{uﬁaamﬂiﬂa§m‘§aw%ﬂ§t,§ﬂmaﬁﬂé 1AeANYIAIUTUVD
sefunAudnnuidsifednsunisneuausvatauwes (Total Sensing Response) wagdsiasew
p9AUTZNOUNEAN (Principle Component Analysis :PCA) Lﬁ@li’ﬂumswsﬁwgﬂLLUUﬁuamﬁuLLazﬁwLLuﬂﬂﬁu

1 <3 Y 1 & aa <3 ¢ a = J [y 1 P 1 Y]
UUAANNAIDY19INNG 4 ﬁﬂ']u&ll@ﬂaﬂ'ﬂmﬂaumm@ul,mﬂ91’Nﬂ‘LI’eJEJ’NI?L%JEJN’]UﬂS%U’JUﬂ’ﬁﬂ’J
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wspynddnnseiindaznevausssenau uasuanavesnautusenunludyaamisliii

F99LANUTONATITVNANTVIAADINETI TN EDA L IdATasARUR MRS 3 56l

e

[

(1) FRTINTNBUAUDIVDILA AT WD T8N NAUVDIENIUNTU 9 (Sensor Response)

(2) NMFIATILYIAUUANANIVDIA VAN B VBINAULABLANTUNAAETT Principal Component

Analysis (PCA)

(3) N133LATIENAUMT D UVRIA UANYUENE ULAALAT08190 2875 Hierarchical Cluster

Analysis (HCA)

A13797 37 WanINANSVIAARUIZAUANMIDNTEINAULEAN WHMELATRIRYNBIaNNTetind

AINENIN y T .
o . Loy FLAUANMULIUNAY (MUIY)
fpg1auannILi an1dl JEAUUINZL
(ans) NoUA NRIAD
wilviaan ,
1ASIN1SUAIULNaBR 680 360.90 362.84
(Mae-lord)
wiiUag ..
UULLLNUBY 1,100 386.93 233.93
(Mae-kumpong)
AumN .
1ASINSHAAUAN 770 341.19 341.21
(Teentok)
UL .
1ASIN1TUANLDULINY 1,240 406.99 271.11
(Montngo)
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Sensing Response

Sensorl
100

Sensor8 80 Sensor2

60

Sensor7 Sensor3

Sensor6 Sensor4

Sensor5

=@==Mae-lord (C) ==@=Mae-kumpong (C) Teentok (C) Montngo (C)

AINA 167 LARITNIINITHOUAUDIVDIA BT UL DS WAL AN AUVD IS8 1 UAANWIAY

Sensing Response

Sensorl
100

Sensor8 80 Sensor2

60

Sensor7 Sensor3

Sensor6 Sensor4

Sensor5

==@==Mae-lord (R)  ==@=Mae-kumpong (R) Teentok (R) Montngo (R)

AN 168 LANIDATINITADUAUDIVIIA LT ULY DS UABZIIRDNAUVDIRIDEIUUAAN LA



—

Total Sensing Response (%

800.00

700.00

600.00

500.00

400.00

300.00

200.00

100.00

Total Sensing Response (%)

0.00

Sensing Response

406.99

386.93
360.90

I 341.19

800.00

700.00

600.00

500.00

400.00

300.00

200.00

100.00

0.00

209

Mae-lord Mae-kumpong Teentok Montngo

Sample name
2NN 169 LL?IN5@3']ﬂ’]S@@Uﬁﬂ@xﬁ’m%mﬁ’]‘le‘ljuLGZJEJ%GiEJﬂaumﬁﬂﬂ’]LLwaU

Sensing Response

362.84 34121

271.11
233.93

Mae-lord Mae-kumpong Teentok Montngo

Sample name

AN 170 WAPITATINITADUAUDITINVDIABIBULLDSADNAULLAAN LN A7
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NANISANYINITHUA U BUNA UTENINLUAANTWIA STl 1UNITAIMaZNIUNITAILE9N
FeE1avie 4 aontl wud wserundiannselindaunsaduunnaunuwANAITENI N TN KA L
1 QIJ £ 1 [ dl' a a6 3 a v
H1uN13ALA g9 TALY 1T B99INEITBUNI ITEEANUAANLINAY (crude/ green coffee bean) fiu
WAANLNTANIUN1TA (roasted coffee bean) AzillonanwainAuNLANANNAUDE1ITARY WuNaTULLDY

11 maillard reaction tiuuA3eafiszninsarstrmanedusaziinianigluwdaniuidedinig

[
=

Wasuwlaseudeugeu Janfenszuiunismeaiifiiaduiumdaniwnlusenins

dofiansandnvaznauudazfegiuudaniunaznudn Mogdramdan unanuaisead
wualtunduadefumdaniulaindounny sasfiwdanuranuivasauansdnuugnaundendsty
Tassnsvansiiunn Snwaenauiindnidvnngidunszuiunmsisdliimnsd uazsmunisdaudas
wansluukunm PCA Snsiananinnisiiassauimilouvesnudnumena uuaziog 1981873
Hierarchical Cluster Analysis (HCA) Lite@nwaruadneadetuvesdnwaunauiiviinsifudoyasae
\3osayndidnnsednd Fninsinssideyanisnevuausveslsuresionduresiiogeeisnng
34AT1TRMUU Cluster Analysis F9azanunsauenaLAdIendaiuvesdnvarnaureusasanIuiiooni

1<

Funsmiadendlsl Taenduiisldnuazadiondsiuaziian Similarity fige drunduifidnvazunndnaiuf
2dlen Similarity Ain1ndn Gelvanisiiasgidenndesiu PCA franunsautsnenaudnuayniu
onidu 2 ngu Tnenguusnuszneuseiwdanunanuivesauazunniifinauadiedu dwsunguiiaes
Usgnaudsudiasuazieuns Tasfegenauisaeinguidnumzunndsiuogisdaaudua ady
uuAT HCA anansaasulsindeghasdanuniieglungunenamieniuaslidnunrvesnduiindronds
funsiiunszuunsdauds Fiiiuindtuneuduiidutafendndmalfudaniuniindundiofuud

AUANNIEUIUNM M milauiy
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5
®m  Mae-kumpong
4 ®  Mae-lord
4 H  Montngo
] m  Teentok
3 —
;\O\ p
R 21
o 1
S 14
S
= ) (®
(=% 04 : :
g Mae-kumpong .
8 - @® Teentok Mae-lord
g -1 4 Montngo
S J
=
a 2
-3 -
-4 -
5 T T 1 1 1T T T * T T T
-5 -4 -3 -2 -1 0 1 2 3 4 °

Principal componant 1 (97.42 %)
a a ¢ A Y aa 9] a < a
AN 171 LAPINANITIATIENUBYANAUNILID PCA maﬂ%a%aﬂaumam’nmm

5
B Mae-kumpong
) B  Mae-lord
4 - B Montngo
i B Teentok
3 -
< 1
S 2
(o2}
\F_L -
~ 1 Teentok @ R
= ] @® Montngo
[y
S 04
E -
8 ® Mae-kumpong
R
'S 1 Mae-lord @
=
£ 2
-3
-4 —
s4+~—+—r—7r7F71r71T"—7T"—7
-5 -4 -3 -2 -1 0 1 2 3 4 5

Principal componant 1 (78.15 %)

AN 172 UanIan1sInseidoyanauiieds PCA vastoyanfuuanniunia
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5
B Mae-kumpong (C)
B Mae-lord (C)
4 ®  Montngo (C)
B Teentok (C)
Mae-kumpong (R)
— 3 Mae-lord (R)
X E ®  Montngo (R)
Lo Mae-lord B Teentok(R)
w24
o
& Teentok @
o~ 1
§ i Teentok
S o4 0 @ Montngo
£ @®
s J
L Montngo @ . Mae-kumpong
= -1
o
S Mae-lord
= D
£ 5
o
Mae-kumpong
-3
-4
-5 —T T T T T T IS B e e e
-5 -4 -3 -2 -1 0 1 2 3 4 5

Principal componant 1 (78.65 %)
o a ¢ v a Y  aa Y a & a = a v
AN 173 LLﬁ@ﬂNami’JLﬂi’]%%%@gaﬂau@’smﬁ PCA ‘U@ﬂm@yjaﬂaumaﬂﬂ’]LLW@ULUiEJUWIEJUﬂUﬂ’J

0.4 ~

0.3

Distance

0.2 4

0.1

0.0

Mae-lord Teentok Mae-kumpong  Montngo

NI 174 UanIan1sIneitoyanauiieds HCA vesdoyandumdanium
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4.2.7 wamsnmuganawIssULuuUTuU el

lUsunsu Odora gnitausiegeanunanlusunsa CIMS NOSE #lana1ililuiiemdneiu n13al

umonasiiousuuslivnzaunassUdnuaifivuaiomne funislinuiuiedosayndidnmseindunn
Fu Tnefimsiaunsuuuunmsldauiivannmats Wesiuldesnuuulizeriaiiedenisldaulned 2
Tusunsunsldon Tudruusnlddmsunisnsaianaulasiany Tuvaeilusunsudndulddmsunis
Ainsginalngans mafmuuiulgsiiefiulssavsamlumsldnuedosnynd dnnsednduasyin

nnaaes Wnedldnuaunsednszinadeyailinsiaiauaivaeiinuasiaiatutagtuld dudy

1% '
v =] Y a

adnnalosnuiinululusiunsy CIMS NOSE waznani1stgauluswnss Odora Usinanunsalntgym

e

[

aananld envadindnenmlunsiseiteyanauindegiaudaniun Inelusunsudmsunisinaey

fsUwuum iR zivayaignimu sy

N153LA512YaNaR 8l UUARSIRIANAU (Odora Measurement)

A

3. ﬂaﬂLﬁaﬂmﬁmiwﬁ%’amﬂaﬁé’mmﬁmswﬁ

4. \@enlyua Basic Measurement

5. deniintoyadiltlunisnsiaiandyu 1dun Device name, Cycles, Ref. time, Sample time,
Used Pump, Invert Valve, Sound Notification e ¢ Auto-flush 91 ﬂugu A@ Submit your

configuration tag Submit Measurement MUY

e BASIC MEASUREMENT X

System Configuration

ODORA : Digitalization of SMELL

Device Name Cycles

MEASUREMENT % & 1

Ref. time Sample time
00:00:00  _ 00:00:00

Pump Setting

Used Power

I \
100% nvert Valve

Options

Sound Auto-flush
Notification

Basic Measurement Quality Check

Submit Your Configuration

Start
ystem Check Measurement
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1'%

N153LAS1ZUTBUAR 2L NUANSIDIATIZINAY (Odora Analytics)

')

ODORA ANALYTICS =

ODORA : Digitalization of SMELL

ANALYTICS
Optional Mode
Feature Selection
View Graph Sensing Response
Principal Component Analysis Smell Comparision /‘ o S )
N :;"" J .
i gt —
. h ‘-
Machine Learning Hierarchical Clustering Analysis

Tulvua Analytics axidunisiiaszideyalaelvundugiainuanisnaassiild lneanunsavile 6

sULUUAD

1. View Graph 1Juisnslinsieideyannnisifsunlameseuwesionsnsiaindieg1aiug

Y

2. Sensing Response HuAsmsiinszsideyaniunduveanauiiotis

3. Principal Component Analysis (PCA) 1Uw38n153tAs1evidoya SnumzvenduSeuiisuiu
TnsuananalugUuuuununmnay

4. Smell Comparison UM sAlesgiteyailieuifisuanuunndwosnaulasszydudesas

AUUANAN doAARDINUNTHARINELY Principal Component Analysis
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5. Machine Learning 1u38msinszsideya leiSsuiiivudeyangiudeya (Data base) i
Tngorfeannisaeguteya uazthlndfidesmsinneiniuisuiiiey
6. Hierarchical Clustering Analysis (HCA) L‘f]u?%mﬁmiwﬁ%’ayjauammmmﬁau%aﬂ?{uim
Msdunguadefslsl
¢

lngazuansditag193UuuUNTIRT e RNl Usuld iun1snsiainnduniui laun View Graph,

Sensing Response, Principal Component Analysis tag Hierarchical Clustering Analysis ¢l

N151997U View Graph

1. pdnEeNMTATIEitayaiifen1TInT e

2. antuaglintsiniuansainsifsuwlaseugesvestoyatiu

View Graph

Select File Path
@ VIEW GRAPH Al|C:\Users\CIMS\Downloads\OneDrive-2022-08-26\02 No.3 -2.txt

Sensor No. 1-4 Sensor No. 5-8
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A1519914 Sensing Response

v Y

1. AANEENMTIATIEUeYaNABINTTIATE

[

2. denmsuanstoyannudutuniusiaisuigessnei Aan “Sensing Response Plot” w3alian

nsuansdeyanutudunduiieinludiasiedt Adn “Sensing Response Data” WazldonNNISUaAAY

¥

BYANMTINANUTNTUNTULFAALAIDE19 ATN “Response Level”

SENSING RESPONSE PLOT =

File Type @) Raw File ) Sensing Response

[from data point selection mode] @ T B o X
|
" 4
" 4
(o

Options : I PLOT
Offset 0 5

Value  PLOT NAME
45140 | 00crude-Lord(62)-2.b¢
= [ 753923 olroastedzomin- | [
5141 OlrosstediOmin- | |

SENSING RESPONSE PLOT =~ SENSING RESPONSE DATA ~ RESPONSE LEVEL

RESPONSE LEVEL

560- [
57032 02roasted60min-

g - 559.82| |O2roastedéOmin- |
gszm 57484 D3roasted90min-
1 55425 | 03roastedS0min-

5 57628  Odroasted120min-
8 480~ " 56428 | Odroasted120min-

460-

P

SENSING RESPONSE PLOT =

File Type @ RawFile ) Sensing Response

[from data point selection mode] X
SENSING RESPONSE
IMS\Documents\01 Varan's\07-2022\00 Coffee nmw\03 vary time

=
V= Options :
B
= Offset 0 5
SENSING RESPONSE PLOT ~ SENSING RESPONSE DATA  RESPONSE LEVEL
SENSORS
.75 74.86 49.05 65.52 2330 76.56 81.14 823 |
7049 7449 54.89 66.88 6145 75.10 81.75 5419
71.90 7494 5432 67.69 56.76 75.89 81.74 4817
70.70 7832 62.98 67.99 7029 75.55 an 59.77
g 70.01 7738 60.96 67.16 68.66 74.98 83.78 56.91
< 70.39 79.61 64.83 67.96 71.93 7538 8546 59.28
:‘,i, 67.98 75.64 60.91 65.08 na 73.57 8222 57.58
65.74 76.60 65.75 66.71 79.79 n.m 83.06 66.84
65.22 7478 63.74 65.26 78.29 71.15 8147 6439
Saving file as .csv would compatible to
Hierarchical Cluster Alanysis mode
i
) || Export
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N151%97U Principal Component Analysis (PCA)

(3

1. AdNEeNNTIATIEToYaNRBINTIATIZY
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PRINCIPAL COMPONENT ANALYSIS PC1-PC2 ' pc2-PC3 PC1-PC3
File Type @) Raw File ) Sensing Response PC1-PC2 %o
[from data point selection mode] s— %o
R
Select your target file . ...'é

Note : Select by folder (Max = 30 files) or individual file (Max = 4 files) are

allowed B= ""%
0ads\OneDrive-2022-08-26 =
O =
O = I
[ I~ ) .
Options

Offset  Set Color

0 = Color i
=] Save -
O@ Refresh Plot .

f

N15997U Hierarchical Clustering Analysis (HCA

%% a v

1. AdndenMTIATIEveyanneansiaszlagna Select File 3nnwdantle excel

2. naal HCA Analysis tiauanInataya
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ODORA ANALYTICS

ODORA : Digitalization of SMELL

ANALYTICS
Optional Mode
Feature Selection
View Graph Sensing Response
Principal Component Analysis Smell Comparision
Machine Learning Hierarchical Clustering Analysis

arot Sample The Most Samds hisk Sunphe RS Mt ) Sl The Most Similar
Sample 1 ‘ Bl 35 Min Mae-lord.txt Sample 2 35 min Mee-loni1xt Sample 3 Sl 0 Min Mae-lord.txt
cedered
35 man Mae-lord tt

20 men Mae-lord txt
30 mun Mae-lord tut

35 men Mae-lord tet
20 mn Mae-lord tet

30 mun Mae-lord it
10 min Mae-lord.tet

0 rmen Mae-lord it

10 rrun Mae-lord tat

0 rmin Mae-lord tat

N133ATI29N9a0RA38 Smell Comparison UW3sn1simseideyaUSeuiisuninuwnne
vosndulneszyidusesazanuuaneng (%) aenndednunisuananaty PCA anunsatunusuldidu

wwannhlugnisviideya map dnwaiznduniwi 3u31nN15IYeyan13AINIUNTTEEZIIATAILANGNY
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Development of Smart Coffee Farm Using loT, Sensor
and Artificial Intelligence Technology for Upgrading
Thai Coffee Industry
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Electronic Nose for Analysis of Coffee Beans
Obtained from Different Altitudes and Origin
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Abstract— The coffee industry is facing increasing
challenges due to climate change, pests, diseases, which
leads to the reduced production and negative impact on
coffee qualities. Thus, quality assurance of coffee from
production to roasting and brewing becomes more
important, especially coffee flavor and aroma. This
research aims to study the applicability of electronic nose
(e-nose) and algorithm to detect coffee aroma obtained
from different origins. The coffee beans used in this
experiment were obtained from different areas in
northern Thailand. These coffee beans have different
growing conditions, altitude, processing and roasting
condition. In this study, the three aspects of e-nose were
investigated; (i) e-nose sensitivity to coffee odors, (ii) e-
nose capability of correctly recognizing the detected
odors and (iii) factors that influence coffee odors such as
altitude, processing and roasting conditions. The e-nose
system comprises of eight metal oxide semiconductor
(MOX) gas sensors and in-house developed analysis
software. Principal Component Analysis (PCA) is a
classification algorithm for pattern recognition of
different coffee aroma. Based on experimental results, the
e-nose technology shows a capability to detect and
distinguish the coffee odors caused by different altitude,
processing and roasting process. E-nose is a suitable
method for aroma detection in coffee industry to enhance
the quality.

Keywords-component; electronic nose, coffee, coffee
aroma, arabica

L INTRODUCTION

Coffee is the most popular and consumed brewed
drink prepared from roasted coffee beans, the seed from
certain Coffea species. Coffee is prized for its aroma and
caffeine content. The global coffee market was valued at
USD 102.02 billion in 2020 and it is projected to reach a
CAGR of 4.28% during forecast period of 2021-2026.
Nowadays, coffee is grown in more than 70 tropical
countries. The top coffee-producing countries globally
are Brazil, Vietnam, and Columbia [1].

The world consumption of coffee in 2020, estimated
by the International Coffee Organization (ICO), has been
around 176 million bags of 60 kg. In 2020, coffee
production for Thailand was 500,000 bags of 60 kg. In
Thailand, Arabica beans are commonly grown in
northern Thailand due to relatively cool weather, while
robusta beans mainly in the south.

978-1-6654-0014-5/22/$31.00 ©2022 IEEE 147

Teerakiat Kerdcharoen
Department of Physics, Faculty of Science, and Research
Network of NANOTEC at Mahidol University
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*Corresponding author: teerakiat@yahoo.com

Coffee cultivation and productivity depend on several
factors, such as local weather conditions, soil type,
cultivation type, nutrient management practices, pest and
disease complex, availability of water etc. [2]. Arabica
coffees are cultivated at 500-1,000 m and requires cooler
temperature (15-25°C), while Robusta coffee needs a hot
humid climate (20-30°C) [3]. In Thailand, traditional
arabica coffee regions include Chiangmai and Chiangrai
provinces, which are located in northern Thailand at sea
level more than 900 m having cooler dynamic climates.
Robusta coffee are cultivated mainly in the south of
Thailand.

The global coffee crop is increasingly threatened by
climate change, diseases and pests [4]. Coffee aroma
depends on several factors such as processing method,
drying facility, storage facility, moisture management etc.
Coffee bean is constituted by components, including
caffeine, cellulose, minerals, sugars, lipids, tannin and
polyphenols. Caffeine is most known component in
coffee beans with 0.8-1.4% (w/w) in Arabica and 1.7-
4.0% (w/w) in Robusta [5].

Nowadays, sensory evaluation is used to identify the
taste, odor, texture of coffee. The sensory evaluation
includes the basic coffee characteristics such as
fragrance, aroma, taste, body and acidity. The purposes
of the sensory evaluation involve coffee grading, off-
flavor testing, change due to reformulation, changes in
processing and storage under various conditions, effect of
packaging. However, the problems in coffee evaluation
by human sensory is lack of quantitative data and
common language. Thus, it is necessary to implement an
accurate method with the ability to digitalize the smell,

called electronic nose.
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Fig. 1. Electronic nose technology for coffee industry
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Apart from odor detection, the e-nose will provide
benefits for coffee industry such as sensory control of
raw materials (coffee beans), new recipe development,
benchmarking of competitive products, determination of
storage conditions of coffee, roasting and brewing
process optimization, sensory control of products as
illustrated in Fig. 1.

II. METHODOLOGY

A. Electronic Nose System

An E-nose system used in this study is our in-lab
developed e-nose system, which consists of three main
components; (i) e-nose machine, (ii) gas flow system and
(iii) data acquisition system [6]. The e-nose unit
comprises of gas sensor arrays, sensing chamber,
solenoid valves, data acquisition (DAQ) devices and
pump system as shown in Fig. 2. The clean air carries
odor molecules of samples into sensor chamber with
appropriate flow rate. The solenoid valve prevents the
mixing of gas molecules between reference gas and
sample [7].

Sensor Chamber

R

Measurement

circuit

USB-DAQ

Device

Reference
container

Sample
container !

[y CEmialEr | ————

Pump ™=

Fig. 2. Working principle of electronic nose system

Eight metal oxide semiconductor (MOS) sensors with
some cross-sensitivities to target gases were used for the
sensing unit of the e-nose. These gas sensors are highly
sensitive to various volatile compounds as shown in
Table 1. Their working principle is based on catalytic
reactions of metal oxide surface (i.e. SnO, and WOs3)
with the target gas molecules at high temperature (250-
350°C), resulting in the resistance change between
electrodes. The maximum resistance of reference gas and
minimum of sample gas were extracted for the sensing
response analysis [8].

Table I. LIST OF SEMICONDUCTOR GAS SENSORS

The analysis program used for the e-nose system
includes Principal Component Analysis (PCA), which is
a linear and unsupervised pattern-recognition method.
PCA is a tool to reduce the dimension of high-
dimensional data to lower-dimensional space due to high-
dimensional space and multiple extracted signal
characters of the data obtained from the e-nose. PC1, PC2
and PC3 are principal components with the most three
maximum variances.

B.  Coffee origin

Roasted coffee beans (Arabica) were collected from
different coffee origins in northern Thailand. Table 2
shows the coffee origins with different altitude, roasting
time and temperature of medium- and dark-roasted coffee
beans. The roasting process of coffee beans is particularly
important step, which mostly affects organoleptic
properties (flavors, aromas and color) as a consequence
of coffee quality. During roasting process, the chemical
reactions, moisture loss and property changes (color,
volume, mass, form, pH, density and volatile
components) occur in the bean matrix [9]. Table 2 shows
the roasted coffee beans from six farms located in
different altitudes.

Table II. LIST OF COFFEE USED IN THE EXPERIMENT

Farm Area Altitude Roasting Roasting
No. (m) temperature  temperature
(medium) (dark)
Farm 1 Doi Saket District 563 200-230°C >230°C
Farm 2 Doi Saket District 1,126 115°C 123°C
Farm 3 Doi Saket District 1,148 200-250°C  200-250°C
Farm 4 Mae On District 1,232 230-235°C >235°C
Farm 5 Mae On District 1,140 180°C 190°C
Farm 6  Mae Taeng District 890 200-250°C  200-250°C

Sensor No. Target Gas

1 Combustible Gases
Air pollutants (Hydrogen, Ethanol etc.)
Organic Solvent Vapor
Air pollutants (VOCs, Ammonia, H>S)
Ammonia
Butane, Propane
Alcohol, Solvent vapors

0 N N LW

Ammonia
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Remark: Roasting time about 20-30 min.

C. Sample preparation

Sample preparation is one of major components of
successfully using an e-nose. Sampling techniques such
as sample containment, treatment, conditioning and
storage can impact the experimental results performed
with e-nose.

In this experiment, coffee samples were prepared in
three steps: roasted coffee beans, ground coffee and
brewed coffee. Firstly, the roasted coffee beans obtained
from different sources were ground in a milling machine.
The ground coffee was brewed by solid-liquid extraction
with heated water. The ratio between ground coffee
powder and water was 1:4 w/w. The obtained coffee
brews had a temperature of 60°C. Thereafter, the coffee
samples were placed in 100 mL glass container. The
experiments were setup at room temperature.

R

Fig. 3 Coffee sample preparation
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D. E-Nose Experiment

Before running the sample analysis, the gas sensors in
the e-nose need to be cleaned using clean air (air zero
grade) passing through the chamber for 10 minutes. The
parameters shown in Table 3 have been optimized for
each coffee sample type.

In each experiment, the gas sensors were stabilized
with the reference gas for 3 minutes (reference time) to
prevent cross contamination of samples. The sample time
was | minute for each sample. The flow rate used for
coffee sample analysis was 1.0 L/min.

Table I11. LIST OF PARAMETERS

1.Parameter Coffee Coffee Brewed
beans power coffee

Sample state Solid Solid Liquid

Sample amount 10g 10g 40 ml

Sample Temperature Room Room 60°C

temperature temperature

2.Analysis program

Flow rate 1 Lit/min. 1 Lit/min. 1 Lit/min.

Reference time 3 min. 3 min. 3 min.

Sample time 1 min. 1 min. 1 min.

Number of trial 1 1 1

cycle

III. RESULTS AND DISCUSSION

A. Classification of dark-roasted coffee beans

Fig. 4 shows the sensing response of eight gas sensors
to volatile compounds of the dark-roasted coffee beans.
Sensor No. 4 and 5 show high sensitivity to coffee odor
molecules, while sensor No. 6 shows the lowest
sensitivity.

The total sensing response of each coffee sample in
Fig. 5 was calculated based on summation of the above
sensing responses, as an approximation of the odor
intensity of coffee. The coffee from farm 1 shows highest
total sensing response with 561 unit, while coffee from
farm 2 shows the lowest total sensing response with 444
unit due to its low roasting temperature about 123°C.

EmFarml ®Farm2 ®Farm3 Farm4 ®mFarm5 ®Farm6

100

s1 s2 s3 s4 S5 6 s7 s8

SENSOR NO.

I o %0
S S S

SENSING RESPONSE (%)

)
]

Fig. 4 Average percentage change in resistance of 8 semiconductor gas
sensors used in electronic nose
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Fig. 6 Principal component analysis (PCA) of the e-nose data

Fig. 6 illustrates the PCA results when an e-nose was
used to identify different coffee bean samples. The two-
dimensional scatter plot shows that coffee beans were
classified into four groups. The first principal component
(PC1) expresses 95.9% and the second principal
component (PC2) 2.0% of total variance in data. Coffee
beans from farm 2 shows different odor characteristics
and the odor intensity is lower than other coffee bean
sources. Odor characteristics of farm 3, 5 and 6 are most
similar due to their clustered data group.

In order to study the similarity of odor characteristics
by e-nose machine, the cluster analysis method is used,
which provides the odor similarity data of the coffee.
Basically, the similar odors will have a lower distance
index, while different odors show a higher distance
index. From the experiment, the odor of sample No.5
(Farm 5) was the closest to sample No. 6 (Farm 4), with a
distance index of approximately 0.18 unit. Sample No. 2
(Farm 2) shows a highest distance index compared other
coffee samples, resulting in different odor characteristic.
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Fig. 7 Cluster analysis of coffee bean samples (Farm 1-6)

B.  Comparision of coffee beans, powder and brewed
coffee

Fig. 8 shows the total sensing response related to the
odor intensity of coffee samples; roasted coffee beans,
ground coffee and brewed coffee from six different coffee
sources.

The brewed coffee has higher odor intensity than
coffee beans due to their large surface area, resulting in a
greater concentration of volatiles released into headspace.
The brewed coffee shows the strongest odor with more
than 700 unit.

e o o am— — -
g 700
c
2 600
wvi
[}
o« 500
&
= 400
S
» 300
=
2 200
100
0
1 2 3 4 5 7
W Beans 561 444 518 540 519 516
H Powrer h89 LY 558 609 5480 60?7
Brew 734 715 727 727 735 717

Fig. 8 Total sensing response (%) of dark-roasted coffee beans, ground
coffee and brewed coffee

The PCA plot in Fig. 9 shows the first principal
component (PC1) with 96.7% of total variance and the
second principal component (PC2) with 2.9% of total
variance. The PCA result shows, that odor characteristics
of brewed coffee odor is distinguished from coffee beans
and ground coffee. Furthermore, it indicates that brewed
coffee from all farms has relative similar odors despite
their different altitude and roasting conditions. Compared
to other farms, farm 2 roasted the coffee beans at low
temperature (123°C), which can lead to different odor
characteristic.

150

PC1-PC2

25- Coffee Beans
; R R
go- | & | % i
e T N
" Brewed Coffee
T Ground Coffee

Fig. 9. Classification of coffee beans, ground coffee and brewed coffee
(dark-roasted) by PCA method

IV. CONCLUSION

In this research, arabica coffee from six cultivation
areas with different altitude and roasting process was
tested using an in-lab developed e-nose system. The
experimental results obtained from the e-nose indicate the
investigation of coffee aroma in term of odor
characteristics and odor intensity. Coffee bean from farm
2 show the lowest odor intensity due to its low roasting
temperature (123°C), while coffee beans from other area
were roasted at higher temperature (>190°C). Compared
between different coffee state, the brewed coffee in liquid
state showed highest odor intensity, indicating the
strongest coffee aroma in this experiment.

Sample preparation (amount, temperature) and e-nose
conditions (flow rate, reference time, sample time) are
the important factors to obtain the precise and accurate
measurement data from the e-nose machine.

The application of electronic nose to the classification
and identification of coffee products can provide a large
potential market. The e-nose technology has proven to be
useful at an industrial level in quality control, security
and traceability applications in coffee industry.

Future work will be considered the study of factors
that impact on coffee aroma; from coffee plantation
(climate, altitude, soil, water), coffee processing
condition, roasting process to brewing process.
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1.2 ganuanianaila (Technical Specification)

Model: MUI NOSE 1.0

Jayan1amake

Sensor technology: Metal oxides sensors, working temperature 350°C ... 500°C

Sensor array: 8 different metal oxide sensors, optional adapted to application

Sensor response time: Typical: 1 second

Inlet Sampler: Special fluidic connector

Sample flow: 500 ml/min to 1400 ml/min

Flow system: Internal pumps, internal sample dilution system

Measurement time: Depending on application from 20 seconds to some minutes
Typical: 1 minute (30s sample, 30s zero gas)

Display: Graphical display

Dimension: 47 x 35.7 x 17.6 cm

Weight: 5 kg

Environment Requirements

Temperature: Typical: 0°C to 80°C
Humidity (relative): 0% to 95%, non-condensing

Power Requirements

Main power: Power supply: max. 100 watt

Communications
Computer interface: USB port (Type B)

System Requirements

Windows 10, Windows 11

WinMuster PEN for evaluation and analysis

Operating system

Software:
Algorithm for analysis: Euclid, Correlation, Mahalanobis, DFA,

PCA, LDA and PLS
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Air Zero Grade

e Oxygen (0,): 20%

e Nitrogen (N,): Balance

e Moisture (H,0) <5 ppm

e Total Hydrocarbons < 1 ppm

ODORA : Digitalization of SMELL
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Constant outlet thread M 12x1

Thread (if present) at flow outlet 9/16 UNF

Nipple diameter 6 mm acc. To DIN-EN 13544-2
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[from data point selection mode]

SENSING RESPONSE PLOT = SENSING RESPONSE DATA  RESPONSE LEVEL

RESPONSE LEVEL

800-

o o= =

=)

& 8 o
TR

Odor Level (AU)
E58 88

14

X
SENSING RESPONSE
= > PLOT

Value PLOTNAME
778.35 | 00 STD-Acetone.txt
42140 | 01trueroast blend bt
384.55| |03 Mae Kumpang.txt
382.49| | 04 Sobkhun.txt

Options :

e 1 adnidenlensu Sensing response dmsuilalnddeyaiifenisiasey

nueLa 2 anulug

nu1wLaY 3 Aan Current Folder

wUELaY 4 Aan Plot TUTLATUAZLAASUTINANNANITIATIZILUU Sensing Response

2. awnsaidenglddiavvestoya Sensing Response b InaAiUasidus Sensing Response

hanmuadurugesIndelunn wasesdnutoyavesiidiifanliannuuasans

1pg SENSORS uandflaguiwasannu 1-8 wag SAMPLES uansistoyalndnideniinsien

SENSING RESPONSE PLOT

FileType ) Raw File () Sensing Response

[from data point selection mode]

SENSING RESPONSE PLOT  SENSING RESPONSE DA RESPONSE LEVEL

SENSORS
90.78 99.10 99.16 99.50 99.21 9264 98.98 989 |
43.05 2 3280 7925 78.01 3579 3948 75.80
46.51 40.85 2205 71.70 62.86 41.58 4335 57.66
» 4861 4334 21.14 70.61 58.08 447 4555 50.99
w
o
T
_

X
SENSING RESPONSE
Options

B > PLOT

Saving file as .csv would compatible to
Hierarchical Cluster Alanysis mode

Export
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3. aun3n Export Yaya Sensing response tiveihlUldlunisunauetoyaluzuuuuaug au

(%
[

YUNDUAIT

SENSING RESPONSE PLOT

File Type () Raw File

SENSING RESPONSE PLOT

SENSING RESPONSE DAY 1

Sensing Response
[from data point selection mode]

@ SENSING RESPONSE

4 Options

RESPONSE LEVEL

> PLOT

SENSORS
[ v
90.78 99.10 99.16 99.50 99.21 92.64 98.98 9899 - |
43.05 372 32.80 79.25 78.01 3579 39.48 75.80
46.51 40.85 22.05 .70 62.86 41.58 4335 57.66
. 48.61 4334 21.14 70.61 58.08 4417 45.55 50.99
w
a
3
Saving file as .csv would compatible t
Hierarchical Cluster Alanysis mode
L] J Export 2
Choose file to write. X
S > ThisPC > Desktop > NithiFood > Raw datasample v V] Search Raw data sample x
ESPONSE
Organize v New folder - ™ @
A n - D ifie D iz A
@ Creative Cloud Files Name Date modified Type Size
Test1
@ OneDrive - Personal :
A0001
Attachments ] A0002 Text Document
se Mararia Project | A0003 Text Document
nns ] Aco1 Text Document
srn ] A0012 Text Document :
B This PC ] A0013 75KB
is ] A0O14 75KB
B 3D Objects 1 A0015 75 KB
[ Desktop ] A0023 Text Document 5KB
% Documents || AD024 Text Document
& Downloads | AD025 Text Document 75K8
J‘ Music Text Document 5 KB
Text Document 5KB
& Pictures
N Tex ment KB
File name: 3 v [anFites () N
oK 4 Cancel

wNBLaY 1 150N Sensing response Data

NUBLAY 2 AN Export

NUBLAY 3 LanAwUINazduinlwg

[
Y

19819181 Sensing response data.csv

aatelld wazduiinduana .csv

nueaY 4 Aan OK Wetuiinlld wasdeyavzgnuandludmi Excel dall



,O Search (Alt+Q) l

File Home Insert Page Layout Formulas Data Review View Add-ins Help
Ifl’j E?g Calibri L1 AA = EE LR ?ZWrap Text General v %
IR -
Past ey pe— — Conditional
afe 5 B I U. (O A @ === = == Merge&Center . $ v % bl (_:18 ->08 Formatting ¥
Clipboard & Font K] Alignment [ Number K]
121 = I
A | B | C | D | E | F | G | H | | | J | K | L
1 |Samples Sensorl Sensor2 Sensor3 Sensor4 Sensor5 Sensor6 Sensor7 Sensor8
2 Sample1 90.78 99.1 99,16 99.5 99.21 92.64 98.98 98.99
3 Sample 2 43.05 37.21 32.8 79.25 78.01 35.79 39.48 75.8
4 Sample 3 46.51 40.85 22.05 71.7 62.86 41.58 43.35 57.66
5 Sample 4 48.61 43.34 21.14 70.61 58.08 44,17 45.55 50.99
6 |
7 |
8 —
9 —
a ¢ v Yy  ad . . .
N139LAIIENVBYANIIS Principal component analysis (PCA)

= a L8 4 aa = g.; v dy
ANILABNILATISNUBLARNIYITNTT PCA UUUNBDUAU

ODORA ANALYTICS -

ODORA : Digitalization of SMELL (X

ANALYTICS

Optional Mode
Feature Selection

View Graph

Sensing Response

Smell Companision

4 ; 4 >
P =

Machine Learning Hierarchical Clustering Analysis
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PRINCIPAL COMPONENT ANALYSIS Please select the main folder, subfolder or single file X
« v 4 > ThisPC » Desktop » Test v O ear t
FileType ) RawFile ) Sensing Response
[from data point selection mode] Organize v New folder
Easy rice A Name B
Select your target file
Note : Select by folder (Max = 30 files) or individual file (Max = 4 files) are KL 00 STD-Acetone
allowed >
2 MUI Robotics 01 Sample 1
My Proposal -| 02 Sample 2
= Nithi Food 03 Sample 3
D ODORA 132
E QOdora for customer
D = Preliminary- Kingstella
PTTOR
D h Raw file
Sexy night
Test
Options slata Vi [€ 4
Offset  SetColor File name: v [Textfite () v
0 || Color
Current Folder Cancel
H Save 3
i
‘ ; Refresh Plot
PCA Analysis - o
PRINCIPAL COMPONENT ANALYSIS PC1-PC2 PC2-PC3 PCl-PC3 X
or LR 0 &
File Type ) RewFile | Sensing Response " APCZ :.:
[from data point selection mode] 5 =1 X e
Select t file
Note : Select by folder (Max = 30 files) or individual file (Max = & files) are
allowed
C\Users\Natnaree\Desitop Test =
.
O = 5
D (= .
O e
Options
Offset  Set Color
0 ©  Color
Py = L b b ds A de & de hodeh &) kb Ad Sl ok

1 E Refresh Plot

nueLaY 1 @enlemsu Principal component analysis
NUBLAY 2 AANLaLANINANARINITIATIZY
MnuYLaY 3 Aan Current Folder

MUY 4 Aan Calculate

PUYLAY 5 WLAAIUTIANNANITIATIZNAE PCA %150 WNUNNAU F99zhansduludnuae 2 O/

TR8EIUNSOAANIILATVDIALNE LaUSUALNALULLILAY PC1 way PC2 16
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a ¢ ¢ & ¢ 1 a .
3.2.7 N15AIEVLUDILYUAAIULANAI9UBINAY (Smell comparison)

ODORA ANALYTICS

ODORA : Digitalization of SMELL &

ANALYTICS

Optional Mode
Feature Selection

View Graph Sensing Response

Principal Component Analysis

Machine Learning Hierarchical Clustering Analysis
Please select the main folder, subfolder or single file X
@ SMELL PATTERN COMPARISON
« v <« Desktop > Test » STD v o Search STD
File Type ) Raw File ) Sensing Response Organize v New folder =y 1 @
[from data point selection mode] A
wnas A Name Date modified Type
Import Control File (Rew File) e ) 01 Sample 1 7/14/2022 10:03 AM Text Documen
rﬁ 2 [ This PC
- 3D Obj
Deskto
Import Testing File (Raw File) =
[:' | Docum
B & Downl(

D L ) Music
D = & Picture

B Videos
& 05(C)
¥ Network v < >
Ostion Offset Compare File name: | 01 Sample 1 v‘i Text file (*.txt) v
ti 0

Current Folder | Open 1 Cancel
4




@ SMELL PATTERN COMPARISON

File Type @ RawFile | Sensing Response

[from data point selection mode]

Import Control File (Raw File)

[=)

Import Testing File (Raw File)

LI @ 6
[

L]

Offset

Option 5 Compare

Smell Comparison

@ SMELL PATTERN COMPARISON

File Type ) Raw File ) Sensing Response

[from data point selection mode]

Import Control File (Raw File)

CA\Users\Natnaree\Desktop\Test\STD\01 Sample 1t:«t

[=)

Import Testing File (Raw File)

[E‘ C\Users\Natnaree\Desktop\Test =
L]
]

Offset

Option 2 Compare

Please select the subfolder or single file

« v A « Desktop » Test
Organize v New folder
Standa Name
anudy 0]
o Creative 00 STD-Acetone
02 Sample 2
@ OneDrivi 03 Sample 3
Attach 04 Sample 4
Marariz
NS
sunw
8 This PC
P 30 Obj
I Deskto
%) Docum
& Downlc S R
File name: [|

v] Text file (*xt)

Control Sample
01 Sample1
0 d
Samples Name
04 Sample 4.txt
02Sample 2.txt
03 Sample 3.txt
00 STD-Acetone.txt

nunea 1 lHenlemsi Smell comparison

BUBLaY 2 AdnLaLdantngd Control

wueLaY 3 1aanlia Control

nUELAY 4 AAN Open

PUBLAY 5 AANLBIEYINNNSEaNING

(3

UUBLAY 6 Laantnd

Current Folder
7

he N Similar

el 04 Sample 4.txt

Smell Difference (%)

PA9IN15UIATIZY MsaSeuisuaIUwAnANaiusa Control

19
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wueLaY 7 Aan Current Folder

nU18LaY 8 Aan Compare

3.2.6 NM3UAAlNANINTIINGOUNAY

[

WalNan199m52999 d@1u1savinmuTusnaulanadl

ODORA ANALYTICS -

ODORA : Digitalization of SMELL (X

ANALYTICS

Optional Mode

|\ Feature Selection

View Graph Sensing Response

Smell Comparision

Machine Learning Hierarchical Clustering Analysis

»® .
el e Patt
VIEW GRAPH Al 2
Open
* « Desktop > Test » STD v o Search STD
Organize v New folder « [

Attachi Name . Date modified
Marariz 01 Sample 1 7/14/2022 10:03 AM Text Docume
wnas 3
sunwm

B8 This PC

J 3D Obj
I Deskto
%) Documr
& Downlc o [
File name: |01 Sample 1 v’ All Files (*%)
oK Cancel
4
( 3 6 9 0 00:18 0 0:24 01 3 0:06 9 0 18 2 24
v
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View Graph o m] X

5 X
VIEW GRAPH ,ﬁ,c uzél;riatvaree Desktop\Test\STD\01 Sample 1.txt

Sensor No. 1-4 Sensor No. 5-8

120k -

nunea 1 lenlemsu View Graph

RUELAY 2 Lﬁaﬂlﬂ/\léﬁﬁamﬁaé’ﬂwmz Foyeyed
VN1BLaY 3 AN OK iloidnaglud

nN1eLaY 4 Adn Calculate

RUELaY 5 TUSLNTUAZ AR N WUz FY1adU9ve 8 UL



ANILARINTIITLN BT Az USUTUNNSMAaRINAUVRIRIDEY

4. W1518MATAINSUNITASIAIANAUAQEY E-nose

22

E-Nose condition AN93U"Y e finage 1 fid19 2 | f9d19 n
Flow rate nIINITIna Liter/min.
Pump (ON/OFF) s (ON/OFF) %
Reference time iz&JzL?aﬁﬂﬂ% Second
pIMmAuIans
Sample time szuznainnay Second
foE4

Number of trial IOV Cycle
cycles

Sample condition

Sample state GNP Solid/liquid/gas
Sample Amount E TR PR ERN: gram or ml.
Sample dimension YUIAFIDEN cm.
(LxWxH)

Distance between TLULYWNTLIIN cm.
sample and tube fegaazlatene

end

Temperature of gauniveiiedns °C
Sample

Humidity m’m%u %
NI

a s | S0y o o o o ;A ~ >~ > > o oo v o
ﬁ?5@31/6]1/74/7571/497&75!Wﬁ77j774!7//7f72¢/ﬁ777f52/ﬁ75Mﬁ°7ﬁé7\7°z/é7\7ﬁ7?95/7\774ﬁ79\7ﬁ7ﬂZ/jf/l/éWﬂUlWQZV?WNﬁﬁWﬁWgﬁW@VWﬁW
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5. A15U1395n¥N

5.1 nsnuAsasayndidnsaiing

) v = a g a ¢ & % v & d' v a % ° ] o &
Viaﬂ‘ﬂ']ﬂi%ﬂ']utﬂi@ﬂﬁ]%ﬂ@Laﬂ‘Vﬁ'EJUﬂﬁLﬂisﬂLLa'Jéi?jﬂ'JiLﬂ‘ULﬂi@\ﬂ‘wLi‘t’J‘Ui@EJIﬂEJVl'WnlIGUUG]QUWQU

1. MANUATINTLUUYID LLﬁ%LL‘UJJL‘UE]’i“U@\iLﬂgaﬂf\]‘%ﬂﬁLgﬂw’iaﬁﬂeﬁﬂﬁlﬂ’l’iLﬂﬂiﬁ’m%‘a\iﬁﬂﬂ’luiu
gnAdzeaUszIna 30 Wil Wierdandunndsluszuy

2. Unewe nenanedugnesnanAouiines wazaenagliivlnseuise

3. ﬂfmwLfﬁ'amgn&ﬁﬂmaﬁﬂé‘luumuau lﬂﬂﬁiLﬁUIUU%LUNﬁﬁﬂ’JW@J%U%%@QiUMQﬁQQ WNS1ED19

bisesdidnnsetindnielutadedls vlneseufnanudems wiellongnisldnuduas)

5.2 Msimanuazeaszuulwalisuainid

waamsldanuasesyndidnvseiindnnasedldaisvenuazeinssuulnadsuuianielunios

= o A = = & 19 | a s o a ] °
LW@{]@\TﬂUﬂiﬂJ‘ﬂ'E]']ﬁ]lla']ﬁ/ﬁ@LLﬂﬁG\ﬂQWQlTJig‘U‘U LYUUILIUINRAT {]ll ‘Viiﬂiu‘ﬂa Imﬂmimmmazmﬂ

[

= = a & A s v a wa & &
§3°U‘U1‘V1aL'JEJua']ﬂ']ﬂﬂ']EJIULﬂﬁa\‘l'ﬂi,luﬂaLaﬂVﬁEJUﬂﬁETLGUﬁ’]NWiﬂﬂaﬂmmqﬂmuc‘]@u NU

1. duesesayndidnmseindlundiiluififleniaazoin
2. Welusunsy Electronic Nose Machine uagyinsasamnsfiweddnuieuareinsyuuly
a1y Config ¢sil
e Reference Time: 15 W17
e Sample Time: 15 w1

e Power: 100%

3. &3 Run TUSWNTY BASTRAUATOIVNULASY



