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ABSTRACT

This thesis presents about development of odor classification system for moderate
and low volatile odor. molecules using principal-component analysis. The system consists
of metal oxide sensor array, related electronic circuits, processor, and algorithms for odor
classification. However, identifying low volatile odor molecules.is difficult. Due to the low
concentration of odor in the air. In this thesis, principal component analysis based on
selection of the attributes from the measured data was studied. The method is expected
to improve the identiification of the low volatile odor molecules. The experiments were
conducted to compare the accuracy of the identification of the' moderate and low volatile
odor molecules by using proposed: odor. classification system. The experimental results
revealed that the accuracy of classifying moderate volatile odor molecules which are
acetone, ammonia, ethanol, and hexane are 100%, 100%, 100%,and 80%, respectively,
when principal component. analysis-based on relative .amplitude is utilized and the
accuracy classifying low volatile ‘odor.molecules - which are acetone, ammonia, ethanol,
and hexane are 100%, 100%, 100%, and 80%, respectively, when principal component

analysis based on absolute amplitude is utilized.
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2.4.2 \Fuasnauvianiasnasanalulasuiaius

Gulwasnausiinalasansadalulasuiaiud (Quartz Crystal Microbalance
sensor: QCM sensor) uwassinliusenausmenanaiandwaziibninnvinannlang 1wy naq

w39 WU dnmdnvnatawandusun 2.7
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4 (2.1)
2

v Y 5w

ANULET V UBNARDUIENNUDINANA AT ANNUSTUAI LA £ LasALEIAAUIDIRINANLDY

AIFUNTS

v=f4 (2.2)
naNMSi 2.1 uay 2.2 gl
Y
—— (2.3)
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(f+Af)—m (2.4)
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(2.5)
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[ ¢ & @ o 1 J vy = A a A o [J
ADUAUDNVANT UG BT UL UUFAFIUADANULINIUYDIEITLAL IﬂEJVIUiiJWiUﬁWiLﬂﬁJVIQﬂ(ﬂ(ﬂe?]'UL‘Uu
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2.4.3 \uasnauvsialwaiuasiiluia

fa o

Indwesinlfin (Conducting polymer) lasun1sAndudulagdadgynaudidy
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Y
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VYYBBNUUFIUTDY (Substrate) fiusznaugedalulihiivhainmesda 2 Suiifisverlndiumngs
uamaluguil 2.10
dzanunsaasenedlnslsasionszuaunisindweslsiedulunislainag
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Aassvinaunsluiedlaganssngus (28] n1susuidiuann wveInaL (291 nsidnsiakunay

D195 MDY DHLR9 [30]

A Chemical A = Ammonia
E B'=Butane
ALy 3 E = Eth
E | = anol
$ % T = Trichloroethane
1
: |
B ‘ L
i
A |
A
A I
T T T >
0 0.1 0.2 0.3 Distance

'
I g 1

3UN 2.13 fegramaliassindamesnua1siuy (18]



17

2.5.3 nmsudasuuuagiuulaien
ﬂ’]SLL‘lJadLLUUﬂﬂgLquaL@W (Karhunen-Loeve transformation) nszuaunstitiu
17 aa Y [ ¥ dAaaa o ! A @ [ v aa
n1sUszanauteya n Ifasradudeyaniifisiinit viednagdsvunanduteyalu 2 4@ laody
Fapaiusnulidennuuusuniuveddeyanulilildunign Amlunisdanquaiusssuifves
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[

wUsU39u33u (Covariance matrix : C,,) lanadl

Cy = i(sz _}k)(Xli _Yl) (2.8)

i=1

AUIIEENBUzRNIE (Eisenvalue) 4 tavianinasanuaeiany (Figenvector) ¥, vas

LY

wnsnaNULYsUTIUsIne el
-y O %74 (2.9)
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YostayaNFugeslusumiifisenndasfuivinmesdnvuzianiy Amunsidoniannes
anvzRnIzNidennaedfuiu 2 ANuInfigavesAanvuzanzagyitilasIunuInNgaves
9 < 4 ) [ 1 5 a v
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[y

Uszanailanadl

RV =2 100% (2.10)

A
i=1
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A = Ammonia E = Ethanol

04 B = Butane T = Trichloroethane
A A
A
0.2+
>_rc<s N
. B g
B
-0.24
T P 4 E
T BT ¢
'04 I T I
-0.3 -0.2 -0:1 0 0.1
X2-axis

U 2:14 fegrmsidasiuumgiitaien [18]

nasluslentusuLuuInine sl dmialuy Eigenvector anunsailalaeld
nsruIun13AuN18ly (Inner product) ae19d1e: fiiag 1ununInlnmanslugun 2.14 lagns
wlatuuumaiuulaenazivsnea sl susauludeyasuntuliliunnadn 99% aswulainge

[ [ 1

ayamdunauanansiaiifieddulrgnianauegsiuiu waenguwiasnguiduansaiisnsin

e

fuaggnInnautenaan’niu nskvasikuvagiulatevignilvlglunisuansdeyavesnis

WATIUTEAMS A mveeasEiunau [31] MSAnYIAYINENLSOIUNITWeIUSEaNIUINAY [32]

2.5.4 AN53LAI1ZR9AUTZNBUNAN

a

NNALATIZBIAUSENDUNAN (Principal component analysis: PCA) 1Ju3Sn1s

neafandusylevtdannlunisioangzuazianisunuusesdoys aunsauaniAumilounse

=Y

ANuuanAsvestayalitiuegunuda [HasInMsLenuevLazianssULuuestoyaiiinaty

Y

[

fifvldenn Bnstviliaunsnansiuuifvesdoyaldlasaydeneandeonvosdoyatosn
TnoilinqusvasdreainansAuszneundniifidiutiesiigaiiausaeiuisanuudsusiuaes
Foyalwldundigavinnazdululd nsduamesduszneundnaunsavihld 2 3ldun ans
AurumasalsnaunantagldunIndaiuuUsusIuTIn (Variance-covariance matrix) kay

AMsAUIMMBIRUSENRUANIaelunInganduwus (Correlation matrix)
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A15AUIUMIBIAUTENBUNEN LS LT UNS NTAIULUSUTIUTINILTNTLUIUNST
° A v v W A v oa v v a v %
Aaadetuiunswlatuuagiuulaeniliesureluiiteiiua Joyananauausdain
Wuwestuau n 6 Uszneuluimegnresdoyaiionldvianun m a winwesaedevesioyad

1 1% < 1 1 U ~ [ Y v PN Y a v &
gulAandulresLaaya) X, a150AUIlARIENNIS (2.7) LLaSIEUW]LQaEJEU’ENSUSQJUaVNﬂNW

[

I3 1 - cal 1 ° a ¢ ] v &
‘U']ﬂL@'WW‘V!W’U@QLLWa%L%uL%@iwaqu\lmUﬂqiﬂquqm WUNINYANULYTUTIUTW S VL@WN‘H

S—%Z":(Xi—f)(xi—?)' (2.11)
n—1y

PAINNTUTINNTANUIUAIS NYULIRNY. WAL INMDTAN YL LANILYBUNI NTANULUTUTIUTIN

yooaA a

LAZLABNNINLADSANYULRNILNADAAADINUNUAININAZAYDIAIE NWAILLANILAIUTIUIUY D

q

13 v o ° ¥ o = = 1% < s
29AUTENIUUANTIABINTT VI IATUIuTNANgRveInLLYs U uludoyaaniduiges

(%

ANUNI0AN U UNNDIAUTEABUNAN LI AIT
PC, = WXy +w X+ 4w X (2.12)

1510 w A9 NADIANYAULLRINZUDIUUNIATANMUSUSIUS I

[

1A INMIBYRUsENaUnanlaglgLMS A ANAU T US UUILADIATUIUN

n3ndanuwysUsIUsImBWeyasInidumesiagldaunisn (2.11) weldlunigAiuiamien

o

WNIFINUBIUBYaAY (Standardized raw data) Z lanail

Zi=—t— (2.13)

[

wé’amﬂﬁfuﬁﬂmiﬁﬂmmmw?m%awé’mﬁuﬁ‘ﬁuaﬁagamﬂL%ulﬁzja%ﬁwmlé’mﬁ

D (Xy= X)X~ Xx)
r. o= i=1 (2.14)

\/i@, “X)) \/Z (X, —X1)?

i=1 i=1
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PAINNUUYIINITATUIUAIGNBULLANIE LALLINADITANWULLANILYDIUNI NTANAUNUS LAY

1A a ! v

GO LINLADSANYAELANIENEBAAADINUAUAINININTNAATBIAIANHUELANITAINTIUIUVO

9

93AUsENaUNENIfeIN1s azvilildsuiuiuinfigavesanuwlsusiuludeyanduges

[y

ANUNSOANUIUNIBIAUTENDUNANDUAUN m LAsadl

PC =w

ml

ZoAw,, 2, +tw, 2 (2.15)

1519 w AD NMDSENHULLRNILUBWNNS NTAVAUNUS

1n80IAUTENDUNANSUAUTN, 1 #5 /PC, 93UT2NauamsauLUsUsuvesiiuys
Wunniign asrUsenaunandusuil 2 wsa. PC, 92U5enaunisanuiusUsiuyaefiiiusiiud
widsfaunavdalildesunsluetdussnauransunun 1 kagatAUsenaunanduAUIaIaINIgg

Usgnoufiuninuwlsusauasiikysiintdegadiiizoy 4 asesfdsznoundnyndiaslall

o

ANNFURUSAUeIAUsENRUNANDY 7 W3ananlndinesdusensunanfmangaiuwaz iy

v

fetInInGionnsmMIINeIAUTENaUnRANY. 1 kazedrussnaunanil 2 uwanddsgud 2.15 1unis
andnnuliivosloyaihuasnde 2 47 Fadtauivsnmenusdstsanvedeyanuliliunnign
waginliaunsaue NieazEazIAnIFULUUTBaLagonNIla JoyaamnasialiheInuaggniangy

9g57Mu karansialrneiiniuazgndanguienaananiy

) * Ammonia « Butane 4+ Ethanol
*
E I 3
LV % ¥
~ 04
O
(o
1 4 +
1 + + +
+
-2 T T T
-3 -2 -1 0 1
PC1

5UN 2.15 MegramamsliasziesAusenaunananiinvestoyaimae 2 i
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n153AsIgviesnUsenaundngnilulalusiudig q 1wy n1sussliusiafignanis
NsinRIMensionay [11] nsiauisesiiieguainauyinnisluntsiiuwas Uayminduwin
[12] ms@nwinsuenueziyanasi1unIanaunig [33] n1sfnyifgifuguuuunediiniives

aaduszneundululaanzvesielsaussanszsmnzUaany [34]

2.6 FPGA

FPGA (Field Programmable Gate Array) Lﬂuqﬂﬂicﬁaaﬁﬂﬁiﬂﬂmsulﬁ%ﬁwﬁq ok
UsgnaudsuientesaeinfianumsalUswnsaliinitbuaadninafiugiusing 1 uaziilaseie
nMadeusenielusuuuie3ng aunsalusunsunisidennesenatsudensng q Wadefudy

o v 1

N TuLBIIAny (Combinational function) NFudeunILfNgesniuURBINITLA lAen151T8u

=e

Y

Yamuua (Configuration) YUNIDTUIYMITYINNUVBINITARBIAITOBALUY TagTaluausallou
asurwsasNazasnlalagldniw HDL (Hardware Description LangUage) Wi VHDL, Verilog,

AHDL, JHDL 1¥wsiu @3rneiunelu HOL azgndainstentdniiasniadasiniosiio EDA

= Y a

(Electronic:Design Automation)  #sendnlatiauslvinuifoanuiuy wu lUsunssQuartus Il ved

Y

USEN Intel NUsENUA2ELAT 04Tl UN1S9BNLUUIIASAINAUNNUTY waLUSENBUAIY IP

(Intellectual property) luttaanldsTustWuraInuwang 19U DSP, Processors, Interface protocols,

!
[

Memory interfaces, Memory controllers 101Au 9iala 135000 WUUEIIALISAVIIULNE

i [ I

N19N181H AN NEINE DUNIFOONLUUNE AV E UL T UDEI9UIN TaRUDI FPGA Nd18 1 ADaIN15D

q >

TUsunsulelunraguiussenvineu 39 duiineesdian "Field programmable! Liiagasuouau

@

wanfgETaRAlu2995LAlagd18 AINUANTHAILIIAT S oran A uailaely FPGA axldinanlu

nsWautee eg1elsfany FPEALTuaUnsalitiudeyalatins1a (Volatile) na1ifiedeasi

[
v =

WannAuzie lundsnueedialvibdes Jadedlgniienaudinnas (Nenvolatile memory) ¥

a2 o v [ 1

wihiiusnwdeyaninaldbd eanansaeenuuuli FPGA srudeyatiulagdnluliindsainlasu

Y

IWids99nATa
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A5N15AUUNTFIVY

'
o Y a

untaznaindeszuususnau tazrsasaunsuldauduses nulsUssuianakuueau

Y

v =2 1

lUsunsuinsiedully danesiudmsudsrmnuandinaulasananuanisnaaes wagisnis

Y

ApzsipInUsenounanINmunTUluwIdel

1
a

3.1 s¥uuiuinay

Y

sruuiudndumimnduluaidedivaeninevunsudananslugui 3.1

Measurement .
Sensor To display
Odor —= circuit and Processor ——
array or PC
ADC

JUN 3.1 UfienlnasinInuesseuusUSnaY

easurement
circuit

Flow cell with
built-in sensor array

5UN 3.2 nwdiaTedvesszuuiuinau [1]
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I 1

Tuszuusananaglddumwasnauvinuiasanles Av1uTutudubuasonsd

[
=

11U 4 fqlewn TGS2600, TGS2602, TGS2611 way TGS2620 %QLﬂUL%uL%aﬁgﬂﬁwuwu

[y

dmsuinansusutousnles wonlutluiulngdu Tmudulelednfiu wagieniuea muddu Jad

¥
a Y I

auhilunismauausssionausig 9 wansaiy Wugesne 4 dgninasegaisluduresivad

Y

v

(Sensor cell) tiievinlignsinisivaiiiadosnmdeuandluguil 3.2 Wuwesiwaddind1ignasng

AI8ian ABS (Acrylonitrile butadiene styrene) Ingldiasosfius 3 15 didurraudnaranigly

71983 8.4 mm LariAINUe1I 68 mm

3.2 29asdmsuldonuguives
2asBidansotnddldftuonsdusndussiviaanasenlsflunuideiuanidguil 3.3
Fuwesnauuintuviasanlad§auin 4 i grldmanuduriunasiidnuniy R, 1deenns
wssiulwifes 5 aark inasdrsssiuliiinsziansy 5 Tad Jegnlifuundsdanundnues
2995 fdnumurtiy R, filuddmuniutiuldgmiaidssynsimveassfufuiduises
feiuslioduwesiasundu sy usunure uiuged R avasnuvasly uswinliiinnasox

[

R, vio ¥, Invdsuntaiaialime deanasemunnlagiad

ng 14

out

.
R, =anusmumiulian

R = anusumulniveaduiwes

s

V, = usswuluihfnnnsen R,
TngAranusunu R, gnusulimnzan iudissaluil
R,, = 9.87 Alalowy

R,, = 19.83 Alalavy

R,, = 12.55 flaleviu

R,, = 5.58 Alaloviu
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milflesainai ¥, avgnasdeluulandudygramdviaiianisussinananaly wag

>

v

lugawdasdyanueusdenlundvianieguuuesia FPGA MlY (azasursluiite 3.3 saly)
anunsnsunssusouzdendunvlaggn 3.3 Taad 29935usnwsEAuLsil LM1117 Sagnldiiie

Snwnseaunssnulin 3.3 1ian

Sensor 1 Sensor 2 Sensor 3 Sensor 4
TGS2600 TGS2602 TGS2611 TGS2620
LM1117 33y
* V\’n Vout * * A d *
GND
Rh é Rsl Rh % RsZ Rh % Rs3 Rh Rsll
sv(”
10uF 10uF

Ra %’ R Res ;%’ Rus %’

ADC1 ADC2 ADC3 ADC4
FPGA

GND

sUN 3.3 washiihiwensdeduiugesnduriinuiaaentyd (1]

Tagludruvanduiensansd IWuwesiwasd tazwsdmsuldnudugesnasunalurde
3.1 WA 3.2 4 ¥1U199091UT8NaUNET A “AISANEINANDUAUDITD LT UL DS UTALUYIA

panten’” [1]

3.3 NUPUTEUIANARUUIDUNNRIUITY

¥
[

Tunud aﬁwu";EJUﬁzmamaQﬂﬁwm%uLﬁa%’usﬁamuamamauaumLeﬁuma%ﬁimiﬁdlgﬂLLan
TeglusudnyanamdfaudauazuadvioglusUiivy UART ilodsdeluvinisuszinanaifiuifa
vunswRmes Tlmisyszutanaildluinuided fumiasyssuaauaiuusoufiendn Nios |
fignitmunduniely FPGA (GycloneIV.EPACE22F17CEN, Altera) UuUD$n FPGA (DEO Nano,
Terasic) Litemudangu Tagldlusunsy Quartus Il 14.1, Qsys 14.1 uaglsunsa Nios Il 14.1
Software Build Tools for Eclipse Tun1580ntuugsaiistoimiigUssuianaluuoou gondwas
fvanlumieussinanagnitaundeniw C Tusunsusismmarhamiuy Windows 10 64 9

p9fUszNoUTDIBTIALISTasTrU UM Ussanauvudeuiiiaun Ty wandluzuil 3.4
sruUnuedy auniniaiud 50 MHz a1neTanassadalainasuuuesa dvuae

Usvananawuugaugnieusianuesdusenaudulussuuniu System interconnect fabric 1194

Weosnuideaudinieludy (On-chip memory) faualdifieanodiuiuiiveeniasniw C
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1 1Al

dmfuutadlsiogluzuuuy UART ifledsrofiléimuntu Fafasldu SDRAM (1542516160, 1SS)

Wumheanuswdndmsuiiugeniasninan 719833U SDRAM Aenanifaensdaauinifg

€

wlaideuluandyananniinives Nios Il -54 e adoagy (Phase Lock Loop : PLL) Tagnild
vnthfiadedyyraunfinidinaniandyyraufnindn uonanil Fuaviulus (Flash
memory chip) (FLO64PIF, Spansion) Qﬂwmmﬂu%ﬂ’mmmaﬁmﬁ (Non-volatile memory)
dmsuifufogasiauiissuazszuuiomn elissiiasduldvnsludedalmes T
SDRAM Interface Wag Flash memory interface grldifudenanslunisdeansszwing Nios Il fu
U SDRAM uazuvaviilu3auaisiu ITAG debug module was JTAG UART interface viutidi

Wulduniadousalun1samulnani194asnN15919 1 U NUATRISL UUAINADUNILADS LU

e _

a Y] Y

WIIBAUTIHIUNIG USB-Blaster wsssiulnihannidugesazgnuuandudyayiafdviacnied
wUaadryeaiausdondundva (ADC1285022, Texas Instruments) Toyavzgnaslunaninady
AouImeSHuNIsAnsABEsLUUDURTLTY Y UART interface 399519745180 15319m (Reset
synchronization) Qﬂa%ﬂa%{mﬁmamﬁwmm VHDL vhviiitasasdayaiaddnfimzaudmsu
eRUsnausne 4 aeluszuuietediudam Metastability szuuvidiedssananasiouai
arauldaeindaunt 2,639 i aniun 26,320 61 1953mmnes 167961 Tambeaaus

AeludUavua 76,800 0% 21n194a 59,400 R wagly PLL 1 62 3n919mus 4 60

Host
computer
|
Clock USB-Blaster
l interface
Cyclone V- FPGA chip
Reset JITAG JTAG
PLL synchronization Nios Il processor - [=+  “Debug | UART
circuit module interface
System interconnect fabric
. Flash
On-chip SDRAM ADC SPI Parallel I/O UART
. memory . . .
memory interface : interface interface interface
interface
Flash TXD RXD
SDRAM merillsory ADC Reset
chip chip chip switch

3UN 3.4 09AUsENoUVRITTUUUTEINANS
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14
ya o =

3.4 Wsunsudwmsudnsafugldnimunyu

I o Y

TawaulUshnsuausanudlddnsuldauuuasufinmes Nazvivtnfindennsivway

Y

1 v

\Futiufindeyanansuaussweaduwes figndadiuianmieUszananauuuseu Tuguuuuves
g .csv imsiaulusunsufenainmeniw Visual C# Iagldlusunsy Visual Studio 2017
U Windows 10 64 Tn niisnaduiasegldnuvesiusunsuuansluguil 3.5 Usznaudiet
AIUANNITTIIUTRIlUTuNSY dunansnadtusarulnindudiay wazdiunaninsivnig

[

Wasuwlaavadwsaaulwiln Hentunisinauesauswnsuiine

o
&

3UN 3.5 TsuasuTunnauwsssludanniguige s

- Connect Asrifunisiiiawsie Seriat-port Wadmsavesilaiduliansisgn 3.6 simihi
BudunisifeudessyiiseniinmesTuszutuinau s uEuuseansimun COM port
waimuaniilunsieansioya (Baud rate) mieyiniulusunsuesyhnms Sousenunisita
APNEAT7

.
v Y v Y a

- Start HeAduisuaunssudeyaanseuusuInau Iadusnveslesidunanadegun 3.7

Y Y

SUAUMIENIIATIVAOUN ST aNsBI UNEINBYNTY (Serial port) I1N15IT0NABLIEUTBEUAT TY

1 [

nsauteyaniglunaesdaninu Processed data textbox Liteilunisinieunassdoninuly
wiausudayaainszuuiuinau waentuazviinisavdeyanielududsivhudniudeyails

v
Y a o Yy A &

FUN1INTPUUTUINAUNIMUANTD RxStringAll Uagvinnisaudeyanigludiudsiviminiiy

Y

TyandeannsusEUIaNanIe RxDataBuff ndsantuiitnistufinnaluvaeisuaunisiu

Toya uasMuuAlARILUT StartRX 1AW True WeisudunsTudeya



Connect

v

Determining the
COM port

v

Determining the

baud rate

Open serial port
N

e
ng:4y

DN T LT
es

aBu . v r\Q\“

tart tim

StartRX = true

End

U 3.7 Wadvdmesileddu Start

dy [ dl Y o L v dl = ! 5 1 Y o ¥ &Y 14
wnanstiluenansianulidmsunisidauienistnwintu leugwslmiluldusslowisunisi

lidnsallagnsau Snvivhuiilvidauwlasilon uavdesgedadadivedenarsynasaninisiluly

27
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v Y o Y a

- Serial port received sifusudayaanszuuiuinaus1un1e Serial port dayadign

Y

a a o

denanszuuiuinaulianuaesall “Datal*Data2*Data3*Datad*d\n\r” Ing Datal £l Data 4

Aodayaussrulnihndueesig 1 fuwihn 4 wiazdeyarumedydnual * ddnus ‘d u

v v
& = tY i

luddugavestoya \n” 1un1sTuUsTTalug wag \r Ao Carriage retumn Mgnldszyanduan

Y

e

o £

v & a 9 s o o PN v a Yo
vosyntayauy 9 Turuiddel Jeyavzgnussuianamefanduiiuanidsguin 3.8 Jeyailasuun

(%
Y

manunazgniiulinieludiuys RxStringAll ndsanntudayavzgnasiaaasuinusznaunie

fdnws ‘d’ viell dndusseinstuiinnarlusaeilasudoyaiulinnglu Time st

Serial port

received

v

Add received data
to RxStringAll

Received data

contains “‘d’

Add ‘current time — start time

to time list
¢

<

End

gﬂﬁ 3.8 Tnlan1snveeilentu Serial port received

- Timert tick Iady1$nuasflandunansesgun 3.9 flanduagyinanugnlud@nn 9 100

N o

faddunil inii3enlelendy Data-processing 1o Usesnanadeyanileidu Serial port

'
% Y

received lasusn uenanlifuimihiinsiaaeunisiiainistuiindeyadnlul@ wasnisveasy

UHGREING
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Timer1 tick

No

Yes

Data processing

v

Auto save

Save data and

graph

Y

Auto stop

Stop and save

4

End

sUT 3.9 Trladwsavesilandi Timer1. tick

- Data processing Tafmsauasiladduuansdestil 3:10 doyailésuutmmniiiuly
Aeludiuds RxStringAll gniuuenveyauiazussyineananiy 1nen1suuatoyaniey
\3eaminy “\n’ Teyausazussvinzgnimnauiaismsneilifosnisesnldun \r uaz \n
p¥rndurhmansaeuideyaUszneudeidnus ‘o vielal dufurieasluvssinanaded

#3A7u Update data and graph
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Data processing

v

Split RxStringAll by

Length of No
'} End
RxStringAl

Delete ‘\r’ and ‘\n’

from string

String

No

contains ‘d’

Update data
and graph

= 9/ 4

gﬂﬁ 3.10 Iwadusauesiendy Data-processing

- Update data and graph Tnaiuiavesilsidusannezuil 3.11 doyangndaunds

al

lafduilazgnuuedaiasavuny | * degangnuuiudasdoyaszgnualuinuliludiuys

RxDataBuff waggnasindunsin wiousenaifteyatugndaudiuigilaidu Serial port

received Mivagaialu Time Ust azgniluiiulilusiuds RxDataBuff wasnsvsieiguriu

- Timer2 tick Iladysnvasilandulanatazun 3.2 fladduagiianugalud@yn 9 500
a aa S o v A 9] 9] o Yy A & o
fad3und v fuansdoyaial wazuansdalanaianUssutanawad Muliludiuys

RxDataBuff Tunasstamnyu Processed data textbox



Update data
and graph

v

Split string by “*’

Length of

string

Add time list data
to RxDataBuff

v

Add string data to
RxDataBuff

v

Add time list data
to graph

v

Add string data to

graph
& AN

31]17; 3.11 Wadunsnuesilendu Update data and-graph

Timer2 tick
v

Display time

v

Update processed

data textbox from
RxDataBuff

End

3UN 3.12 Wlaivsavaeilendu Timer2 tick

31
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v
[

- Stop and save Hlanduduannissudeyaanssuuiuinau wasduiindeyanlasu
vianue Tladysnvesilandunanasiagui 3.13 Suaumenssenldilendu Save data and graph

VRINUUYINNTAMUALYRILUS StartRX Teiiu false dieduannisiudeya

Stop and save

v

Save data and

graph

v

StartRX = false

End

31]‘17; 3.13 IWadwsnuesilangy Stop and save

- Save data and graph Wsitutuiindesa wagns v luadvisnuesileitulanssiagi 3.14 vih
mstuindayamelufiuds ReStrineall Wuldduvana txt vasanduvinistufinteganielu

naoslBAIIL Processed data textbox ilulwduinana .csv uaztuiinnsvhdulidnamuivana

-Png

Save data and
graph
v

Save RxStringAll to
xt file

v

Save text of

processed data

textbox to .csv file

v

Save graph to .png
file

End

gll‘ﬁ 3.14 Ilai¥150ve9ilendu Save data and graph
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- Clear Wenfuaudoya waznsi Wadvinvesilandunansiagud 3.15 Sudumenis
Y Y ) A o oA Y Y ° v Pt ' ) .
gudunisaudeya ndnduduieuseguaazinnisauteyaiminuagnieluiiuls RxStringAll
waINUwINIsauteyanegnelunasstoniny Processed data textbox dINtuYiINITay

N3 wagmivrualisauls StartRX A false Wiedugnnissutoya

Clear

Confirmation

Clear RxStringAll

v

Clear processed
data textbox

!

Clear graph

v

StartRX = false

End

Ui 3.05 Wadmiavesiladdu Clear

[
2

- Setting MeritudsAlusunsy Tadysnvesilanduianragun 3.16 Usenaumenisng
Arvuransduiindeya waznsvl msasAIalunstuiindeyadnlul@ uazn1snsAnaanly

nsvigasuteyadnluls
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Setting

v

Determine save

location

v

Determine auto

save time

v

Determine auto

stop time

End

U 3.16 Tuainsnvesilsddu Setting

a

- Disconnect- #lanfugniinmsdeudaiunesneunsy Iadvasnvesilandunanssisgy

3.17 YNPTNENENNASIYNAO S¥ VT WAL AN AUTIUUTUINAY

Disconnect

Serial-port

open

Serial port close

End

5UN 3.17 Wladvsnvasilaridu Disconnect

' [ £
ya o = a

3:! dy ¥ 3:! = ! (% i 4 J
aillaniauavedusunsuieusefuglinimuvutgnldlilunanuinyeay

Y
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3.5 danasnudmufuauTanaulasanaNNanIsNAa NI

¥
=]

nasanvhnsiananevauewasduwes lumdetavidumsinansvaussanduiges

Tialauusvaanaiiomanaudand AgleglddanesiunimunTumnd mivmuamauauda

a

A1e 9 boun weundgadeduysal (Absolute amplitude) weuNFALFIFUWNT (Relative

o o s

amplitude) A1AIILIAN (Time constant) AUTU (Slope) Wazdane3nindmsunisussialawdu

(Normalization) Kanauauesanduwesiinlaanmsnaasuaziidnvuzduandlugui 3.18

=

| A g ¢ . a i ) & s
%:Jmima‘uauaﬂumuwL‘Uuwalau (Base line) ABNT1IADUAUBIABDINIA LATRAIANNLTULYDT

duladiundunanevauesazivieutUasiyaanainnansuauaslnsiuasunladgeliy auns

v
a 1

Wasuudasdernaanaanaananavauetrsy o AunaugAtualaugnase Aasantisendiueund
ANy Il LagaauduiussevIwAualaliuAatanSunIwoundansuivg diumai
1IAABYINIAINNANDUAUBADE ) AANEUAINNVINU 37% VasAIwoUNAIALTFITmE way

AutupeAIAutulu A INanauaYRIADY ) annaudalualall

NN
A 00 W

nse (V)
N N
NS

Relative amﬁlitude
\ £y |-
: | \Time constantji i \
/ \ N v | | i i v,

Sensor respo

[ SRS

) ' B¢ - x

._ . Base ine7= A

ST e I - N

P T T T T N T T T T T O T T A A1 1
I I I I I T 1

0 20 40 60 80 ~ 100 <120 140 160 180
Time (s)

JUN 3.18 Fi9ee1INaN B UdLeIR N IuLItasNEY

o o/ a 4

3.5.1 danasiudmiumuaanaynisduysal

v
TanesfiudmiuAuInLeNnAITENyYsal fdaandlugun 3.19 Tuneui 1 Ae
[ LYY

nsimansvaussn@ugesinulludiuys signal[] dhundiuineyiusoudunis (First

[
tY

derivative) 50 div[i] Aanisurteyaludiuys signal[] Tuduanduu signalli] u1audle

Toyatuduandnounin signalli-1] Avaunis
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div[i] = signal[i] - signal[i-1] (3.2)

signal[ ]

countTH

i < length of

Yes? divli] = signal[i] - signal[i-1] > i++

signal[ ]

countFall++

no

v

countFall = 0
\

€
€

countFall ==
countTH

e T SSHO

yes

v

indexOfPeak = j - countTH

|

peakValue = signal[j — countTH]

End

JUN 3.19 dana3iudmSuAUINMILONNAYRLTd Y Tol

[ (YY)

NI YNUS S URUNIsReinlia 150 SRl lduN 1T LT UYS o8R8 9Y04

Fouanadle ardaraduuliudintuafsiualaludiuds divii] agfianduvin wadmin
Y] a v I Ao v a1 & s A& & PN I

doyrativuiliuanasaridualiasiiandugudvioiduay Tunoui 2 Wun1niiaaey
wualdnvesdIumenIsnsIvaeuAludwls div[i] Ideunimsewindugudnsely 1

WeululuaSwansindygrumddinianas Jeinsifiualiiudinls countFall wilaan wag

a1 o 1

Mnsesvaeunsluisey o auatluduls countFall SawvinduAimsaleanse countTH wang

[ [ A

Indygruiinisanategideiiios Joinlilaarnidugnasgavesdygyrufenludiunis j-
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countTH waawslaannszuIuNISYINaUlAe duling indexOfPeak Wazau1n peakValue VoS

doyquaueuniegegn Jsvunnvesdyaaisiumisasannfensundynideduysol

9

o o/ a o -4

3.5.2 dana3Nud M UNILBNNEALTITURNS

(% (% o (% &

anesudmMIUAIANLBUNAIATEUING dawandlugui 3.20 Tuneuil 1 As

=l

o I s & Y . o v v @ = . .
nmsimanevaussngumesiinulaludiuls signall ] UIANUIBYNUTIUAUNUY K30 div(i]

(%
v 6 1 1%

= -] v % . a [ 6 . . ¥ ¥ a [
ﬂamim%aﬂalumwi signal[ ] TuduLfnguu signalli] maumasuayjaiuaumﬂ%ﬂauwm

o

signal[i-1] Aeauns (3.2) Feasnileufiudunauil.1 0IN1TAUIMLeNNEARdIYTal

signal[ ]

countTH

i < length of

Yes> div(i] = signalli] - signalli-11 =2~ i++
signal[ ]

:
£

> divj] >=.0 yes> countRise++

no
A\ 4

countRise =0

) b countRise ==
1+ no

countTH

yes

v

indexOfBase = j - countTH

]

baseValue = signal[j — countTH]

o

5U# 3.20 danasfiudmiumuinmuaunayaidedning
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> divlk] <=0 es» countFall++

no
h 4

countFall =0

L

countFall ==

countTH

— k++ [*no

yes

v

indexOfPeak = k- countTH

}

peakValue =signallk = countTH]

|

relative = peakValue - baseValue

End

JUN 3.20 dana3TuAMIUATIMILOUNEALTIENIVS (910)

a A

Tuneudl 2 Wunsevdeutuildivesdynianduwildudasiinduniel

Weinsmmualadmenisasiaauatlumuys divi] 1dannimvsepinnuaudviely o

'
I a

Reuluduaswantadygufidsllatiuay Ieinisitaliiufiuls countRise nilan uay
Mn1sns9aoudeluiTos 9 auATluAILYS countRise dAvinAuATNTalaanse countTH
wansindyaruinistinduesismeiies Jsililaawvaladvesdyarunealudiunus j-
countTH NadnsNlAaInNnsZuILUAISINULAD DULAnG indexOfBase Lazau1n baseValue U4
dyaaunauvusvalad
Junaud 3 1Wun1sesiageunullinvesdyaruindivuiliniisvanaswsell e
MAIMIAggavesdy I Aren1TnTIvasuA1lufIkys divli] I1deenimseinduaug
=1 1Y dl [~4 a 1 [ o w A | = o q' 1 Yo Y cf!
vield aReuluduaswansindyrumasdaanasdewinnisiiuailiiudands countFall nils
1 o 1 d‘ 1 Y] a 1 Y] 1 3 =l
A1 LazyiIN1III9daURelULTes 9 auAludILUS countFall danvnduansalaannse
countTH wanaindgyaradinisanatedadeiiios Jvlilarnidugngegavesdyarafeaity

FINU k-countTH NadnsNLAa1nNNTLUIUNITNULAD BULANG indexOfPeak kazyuln
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v v

peakValue @&y 104 MATIULMUIEIAA NFIRINTUTINITANUIUNIATLDUNTIALTIFUHNSH

GEVUAME]

relative = peakValue - baseValue (3.3)

o s 1

3.5.3 AN NUFIMSUNIAIAITILIAN

[ o

anesfiudmsudiunaaiafival duanslugud 3.21 Jsdndudesdddeyanoy

[

nAYALTadUYsal uavdeyua indexOfPeak anansaduinlalaelddanesiiuluriiten 3.5.1 uas

Y

Toyauaunayadieduing annsamuinddlaglidanesiiuluive 3.5.2 Tuneuil 1 A1wIm
AN 37% vosloyakaunagadaduing. iulilushuls p wdintuindeyaseundyadeduysal
aumeAluduls p tiunaansilabilududs p value

] A o < sl o . = = [

Tupeud 2 Unaneuanan@ugasiiaulludiauds-signal[ ] Wisuiieuiiu
! v - o " oA < s < o 1 Y
Aludalys p_value liteydusiusisanaUauesNiduesanas 37% wagiiusduvuslilud
wUs p_index

dupeuil 3 ihveyaannubiludauds time[ ] Tusumiaf p-index ausae

Toyaluswnueil indexOfPeak LiVBATLIMAIAITINIAY

peakValue, relative,
indexOfPeak-, signal[ 1, time[ ]

v

p =relative *0.37

v

p value = peakValue - p

3UN 3.21 danesudmiumuinmAamiIm
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i < length of
signal[ ]

signallindexOfPeak + il >—no—>  ij++ — 2

p-index = indexOfPeak + i

tc = timelp index] - timelindexOfPeak ] 3

End

5U#°3.21 Sanainiudmsumuninina1niaai(se)

3.5.4 AN SNUFMSUNIAIUIY

9 o ¥

dane3findmivAuinniudu dwanilugda 3.22 3 uduseddddoya

Y

indexOfPeak anunsamuanilalaelidanesfialumdeon 3.5.1 FUABUN 1 ABNISATUIUNIAINTT
wWasuwladduwnu X viownuaat menisdideyanatinuliludiuys time[] Tuduwniah
indexOfPeak + 5 ausedayalusumisi indexOfPeak nadwsnlaiuliluduls deltaX

gj d‘ A o 1 d‘ o

Tunoul 2 AonrsAulumaInIsidsuulasiulny Y Ingnsiinanauaues
e sIAulluiiuys signal[] Tusumiaf indexOfPeak + 5 ausedeoyalusiunii

[y

indexOfPeak magnsdlaLAulslusuys deltay

a

TURBUN 3 ANUINIALTUAIENITINTAINITIUABULURSlULAY Y %5 deltaY

sgANsiUAsULUaIlULAY X %38 deltaX
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indexOfPeak , signal[ 1,

time[ ] 1

deltaX = time[indexOfPeak + 5] -
time[indexOfPeak ]

v

deltaY = signallindexOfPeak + 5]

2
- signal[indexOfPeak ]
slope =-deltaY/deltaX

3

End

5U#13.22 daneTnddmsuATinme N

3.5.5 danasnuaInsuN e lasu

VRII1NIINITAIUIUMIAUANTRVRIHAR DU AUBIIINLTULYDS Ae- LaUNAALTS

L) e Qx'

LY L4 a a o o @ A a o 1% & ' [ o
UYIU LOUNAIALYIFUNNT AAINIAT BaEANUYULTUNLIYUTDELA? ‘UUWBUG]’EJI‘UL‘UUﬂ73UW

Y Y

AaLURe1Tq uviimsueidalad (Normalization) Ineiinsguiumsvaviae-2 Junoufonis

MAGER WAz sIATggalUmsAIaY 4 7mue danesiiudmsunisuesdalamdudandluy

Y 9

Uit 3.23

€aN

I '
i 1 a v

v A [J Aa A & Y
YUADUN 1 ﬂiSU’JUﬂ’ﬁW‘IQ’T‘U’J‘UVﬁJﬂ?ﬁ\‘iﬁﬂﬁ]’]ﬂﬂ’WILﬂUl’ﬂ‘léW]LLUS amp[] bIURAU

Y 9

meunsinualiniuys largest Siaawiniudeyalusuys amplo] Aetlunsivuadudeyand

Y

v

ANgeNgn wazinisiSeumeudaauiaualuiiiys ampl] futoyaludiuys largest dvoya

Y

Tuguus ampli] AN largest agmuualsLUs largest AAvindudesaludiuys ampli]

Y

'
=

wasvihmsiUSeuiieusielyauasuyndnuaulududs ampl ] ssvibildsuundaadgaives

Tuduus largest

£

& PN K% v A o Aa N A & Y
VUHBUN 2 ﬂi%U’]UﬂTﬁU@'ﬁMﬁlaLsﬁsﬁu ﬂamiuwayjawumqwqwLﬂulﬂum

w5 largest lUmsdruiudunavualusiuys ampl 1 waginunaansnismsnlatilududs

o [

norml[ ] @3ARanadnsannIsuasTalawduiiuLes
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ampl ]

!

largest = amp(0]

“2\\

R

&" yes
Sorl=amell 2bgekt

J++
|
JUN 3.23 dane3fiudmsunisuesiialawdu

dy [ dl Y o L 14 dl = ! 5 1 Y o ¥ &Y 14
wnanstiluenansianulidmsunisidauienistnwintu leugwslmiluldusslowisunisi

lidnsallagnsau Snvivhuiilvidauwlasilon uavdesgedadadivedenarsynasaninisiluly
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3.6 N153AsIEasAUsEnaunaninglyluswnsy MATLAB

[

NsAIINIANELTRTIA Ay NanauaueIaINdugesluitei 3.5 Mlismsu

o

v o & 1 A

AnandR ¢ ognsldun Lounagaideduysal ueandgaiBsduing Ansinan wazmnudu Fady
AnavTRTianansnthaldlunszuaunsuenusznauls ndsanthamaudfog o shunszuiuns
ueitalawdu lufupouiifumahnednsildundignszuiumsdiuunsinsgiosdusznay
van enadnslunisuenuezndu Tngazidunsiesziosdusznaundnanuansuauaiain
Fuwesndulaglilusunsy MATLAB msdnasvhauduseunisadnmansiildesunslily
shde 2.5.4 TasaveSursmsliaseisidussneundniivaedisldun nisleseiesdusznaumndn

TngltunsngmnuwlsUTINTIN warn15kATIEveInUsEnaunantagle wnsndandunus

3.6.1 A159AsIZMBIAUsENaUVanIng THunsndauLUSUSAUT I
Tusunsa MATLAB ﬁﬁqﬁ%’uﬁﬂL%ﬁ]gﬂﬁm%"unWﬁﬁ’lmmmmfﬁmmam% LD

5995UMINABINTTVR LTI ULNNIE. tlenadn N naeIms Al ukiasdun oway oAty

U

=

d1595Us9 9 udazinisdn@astoyauivdiulng Weliimsadungeivednatans Juneunis

InsgiesdUseneunanlaldinsndanuudysiusinduandusun 3.24

Input data

set

;

Find variance-covariance

matrix

I

Find eigenvalues &

eigenvectors

!

Find principal

components

End

3UN 3.24 nslnneiesausenaunanlaglduvsndauuususiusu
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Tunauusnlun1siiasizresdlsenauranaanIsutteyadunm (X) I1ANINNILININEAIY

' ¥
v v A

BUSUTINTIW (S) AEANFIRY

S = cov (X, 'omitrows');

"omitrows' ARAIAITENAUNITATUIMLAINTATY NaN y19nua §19871999uNIngAI11

WUsUTINSI (S) MFnalanuandlugun 3.25

0.0307 0.0158 -0.0132 "™0.0312
0.0158- 00674 | /-0:0204° _0.0410
-0:0132.-0.0204 | Q0174 (<0.0232
0.0312-,.0.0410 »-010232 | 0.0508

3UN 3.25 A0 1verTnIATINNMYTUTIUTIU (5)

NI INTUNINIIATUIUAAITNE UL LANE (Eigenvalues) haglantnosanwiuelanig

(Eigenvectors) ¥99Luns ngA21uUTU2UTU (S) Haansulauszneunie v ApLaniaes

[

nuaglanIzilag D ARANANYvlanIy fasgsRsnnlaRsianslugun 3.26 Mensldds

il

e

[V, D] = eig(S);

0.4986 047277 0.6343 0.3545 0.00365 0 0 0
0.1975 0.2426. -0.6968 1 0.6455 0 0.00739 0 0
-0.4419 0.8385 -0.1104., -0.2991 0 0 0.03115 0
-0.7192 -0.120%9 0.3162 0.6068 0 0 0 0.12399

(n) (%)

3UN 3.26 fog1avet (n) nNwesanuuziamny (1) AdnvazRNIe

P o 1 A

RN UUAEYIINTIRSBetaYalunwesanvaandslnl lneredudnaenndasiuiumd

1A

WINNanvasANN Bz NIzzgnINLs el INeinudeveInisne wavaeduliaennaesiuaii



a5

% I

PJosninazanimssndunaduddnul 31uiuredudaznsatuius1UILYDI9IRUSENDUNAN

Y

v Y] | o A Yo a ¢ N o 9 A
[2RNINP) Gn@EJ'Nﬂqi"ﬂﬂLiUQVIl@@QLLa@QIUE‘U‘W 3.27 L?ﬂLW@iﬂﬂﬂm%LQquwgﬂﬂﬂLiﬂﬂi%ﬂiu"ﬁa'}q

[

coeff MyAFInail

for i=1: size (X, 2) % number of column
coeff(:,1) = V(:,size(X,2)-(i-1));

end
035450063432, 007266, 0.49856
064551 -06968, 024258 0.19%51
02594 20:1104/ /083853 04419
0.6068, 031621 -0.4205, -0.7192
JUN 3.27 snagrwasiininesaneazianizigninsedlv
TUNIUAANNEADNITAUINMIBIAYTENOUNEN dIunsavilalagnisaaiteuaduns (X) fae

nnnesanvuzlamsignInBesluitufe coeft wyhlildnadnsaoesrysznaunani 1, 2, 3

'
v @

way 4 lawa PC1, PC2, PC3 way PCE mudInu @13150ANUIaa3enIs kieéan sl

for j=l:size(coeff,?2) % numper-—ofl column

for 1=1l:size(X,1) number-"of | rows

0

PC(i,]J) = sum(X (i,:).* (coeff (:;3)"));
end
end
PCl = PC(:,1);
PC2 = PC(:,2);
PC3 = PC(:,3);
PC4 = PC(:,4);

v

3.6.2 N15IASITAYSERBUnanine NS ndandaunus

(%
o

NFIATIEeAUsENaUNaNMEIT IR TUnauLNINlaesueTuiden
3.6.1 Tunaulun1siiaseesRusenaunantagldunsndanduiusiuanduuin 3.28 Tunau
wsnlun1siasieesdusznaunanaensiideyadunn (X) 1AnamInIngaIuwUsusIu

521 (s) Inedinszurumsiuiennuilaesuigluiide 3.6.1 awnsaldAdewng o Ananuiuad

o

19 ndsntuthdeyaduns (X) widwiaminmesveriaie aunsaninmesvesaaie

v

vy o ﬂ:’ dgl
mu eUANAIRatl
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Input data

set

I

Find variance-covariance

matrix

l

Find mean vector

|

Find standardized raw
data

!

Find correlation matrix

|

Find eigenvalues &

eigenvectors

.

Find principal

components

End

JU# 3.28 MATviesAuseneunantasltuvs ndavdnug

for i=l:size (X, 2) % number ofcoltumn
mu (i) = mean(X(:,1)4 'omitnan');
end

NAIINTUTIINTAUINOM AN TFIUVBITBLAAU (Standardized raw data) (z) 31nUaya

1Y

Bunm (X) InnesueeAade mu wazuvisndauuususiusu (s) semdwnadl

for i=l:size (X, 2) % number of column
Z(:,1) = (X(:,1)-mu(i))/sqrt(S(i,i));
End

'
o v w

Tunausiallidunstiteyadunn (X) uhmsamnanasndanduiug () medadisil
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[R] = corrcoef (X, 'Rows', 'complete')

& aa <

A9 'Rows', 'complete' ABANEIMABNLIUAITAIWINLAINAANLTY NaN N91un 28819

vouuvIndanduiug (R) fwuandlugui 3.29

1 034786  -05717 0.79045
0.34786 1 -0.5943, 0.7006
05717  -0.5949 1 -0.7804

0Fe0as. 090006 |/ /~04804 1

SUT 3.29 fednvaauysndanduius (r)

PAINUUIINITATUIUAIAI S NBULLANNE hALLI NADSANEULLANIZ VU NI ATEANEUNUS (R)

v

NAANSALAUTENBUMIY V ADLINADSANEMULENIE LAY D ABAIANBAZIANIZH 198199 e wIle

[

Aaudnslugun 3.30 sagnisldrAswl

[V,D] = eig(R)

-0.4581 03239 ~0esaln., DA6TZ 008735 o 0 0
03171, Odzed 07177 ) D.4500 a 0.33839 0 0
0.2001 08323150, 0.0865 W.-D5037 Q 0 065864 0
DB082 | 0.1433 %, 00824 + 05652 Q 0 0 2591492

(n) (@)

JUT 3.30 fog19v8 (N) RNWasaNwMzane (V) Aanyuzane

a o 1A

waINuAgYIINsInsestayalunnmesanvaiansds i lnenedudnaenndesiuiumi

UINNFAVBIANGNBULLANIZILYNIATIL NN IUG 180901519 UazraduliiaenadeeiupIf

D

D

[ o

tesninszgnineaiuneduddaui Suursdudezasatuiudiuiuresssfussnaunan

v Y] | v A Yo a I a v a 9 A
[2RNINP) @]'38EJ'Nﬂ'WiQ@LiENVII@@QLLa@QIUE‘UVI 3.31 L?ﬂLﬁ@iaﬂUmgLﬂwqgﬂgﬂﬂﬂLiENI‘VilIIuGUE]'J']

v o w w
coeff MYAIFINIU
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for i=l:size(X,2) % number of column
coeff(:,1) = V(:,size(X,2)-(i-1));
end

04672 | D6860 03239  -04541
04500  -0.7177 04264 -0D3171
-0.5097 00865 08323 | 0.2001
05652  DO0B24 01433  DB08Z

JUT 3.31dpgvedinmesanuisanzngninsedlnl

TUADUAATINEABNNTAUIUMBIAYIEARUNAN @ savinlilaenisauAm N sT U TaLa Ry

v A

(z) Mgnnmaianvuzlarnzgniniesliiiufe costt Avyilanadnsfoeifusznaundni

1Y

1,2, 3 uay 4 lawn PC1, PC2, PC3 Way PCA mua1fu @nsnsamuasa 8n1s bindenail

for j=l:size (coeff,?2) % number ofl column

forni=1l:size(Z,1) . number of \rows
PC(i,3)y=sum(Z (1, :) .S(coeftf(:73) ")):

end

end

PCl = PC(:,1);

PC2 = PC(:,2);

PC3 = PC(:,3);

PC4 = PC(:,4);

N15AAT1ZY89P UTE NBURENLe el lYswasI MATLAB Dvinlvianuisamuinatuinvdnvse

- I

coeff UarasAuTEneUvAnveILUFAe dunn (X) FanAevayakanaUaLeINIduLesNil

9

sonduthmnedilavnnisneaes wasnsivandazgnid dugndeualunssuiunisueniesnay

' [
a A L% (%

NanBUALeBNdUesINnonauTigninasslutasinlilideradunn (X) yalul wazanme
uminiuidugiudeya asiiianunsoasisesdusenaundnvestoyavadld uazviinis
Wisuilsuasdusenaundnludivesdussneundnifuiiugiudeyavendusing q Ailadnvi

wisaild agvibianunsaslaindundusuviely
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N1SNABDILAZAATIZINE

= ~

unilagnanfiinmeasaiieUssdiunassuuienuoznaunlavinisimndy wsesniy
nmaneaesianduniidnsimssemewanssiuleeldseuuiuinau nsinanevausvatuges
Alaunsgvimedanasiiuieniauaudiisng 9 uagA1uIunTiATIeReIdUsenounean e

LUNLEEZNAUIINNITNARD

L

4.1 N15NNARIANAUNUINTINATILLRBLANAIINU

'
Y a

Tuidasrulavinnsneasinnaunigszuususnduniaidussasuteluuni 3 lnavin

Y

nsnaasdluszuulamatasiuransgnuiliinainanudulue1nid LayAulusUsIuTe Al

v a A Y] P ag v s £ ° v a A =~
‘ViEN‘Vlma@\‘illLﬂi@QUi‘U@qﬂqﬂ‘WﬂﬁUﬂmqmﬁﬂ“ﬂiﬁa‘giﬂﬂigmqm 25°C I@IEJ‘VHﬂ']ﬁ'J@ﬂﬂ‘U‘VlIlILaQalI

'
v o

FNIINITILITUIUNANT WAL danI 1NN #99805U e IURIT 4.1.1 kAL 4.1.2 MuUaIfU

ee

STUUNISAaeIanTluzUT 4.1

The odor sensing system

Pressure Val(e :r Flow ce]lv —E
regulator [ | g\/elﬁgegrgmdc gas |
Mass _flow : Y N — | To exhaust
controller H':: B ' — e
= I Measurement circuit

] Bottle filled with
Tube liquid odorant

I
[
|
|
Sensor responses |l
|
ll

|

ADC s| Processor &PC
v [|
Dry air FPGA board l|
cylinder Empty bottle S g )

U 4.1 szuunismeaetinnau

lun1sUdegndu 81n1AKNAY (Zero ambient air) 31ndsaIniAgnInglviiuleduseinig
(LHDB0352115H, Lee) M@pusioagiuvinussyasninauildlunisnaasiwazvina 605

nslravesannieluszuugnauanmeulallatnsulnsaaesiagld (RO7020, Tylan) lwdusydn

(3 o IS

wazihanuludnyugvesdindnidendemidlnasenveseiniaandseinia lUgwinussgansind

'
a

naunseviawaregialaegimils lnsnisduainduadlefuesing asgnaruaulaeglddyyio

[

fiadinviuagradu (Pulse Width Modulation : PWM) fiudeseenain FPGA (laflduandlugy) 7

Y



50

Wawseriugenwisiweuseiuglduuneuiiames (llauandusy) lnensuSueidleida (Duty
cycle) vasdgyayras PWM agvilianunsaaiunuauidutuvasniulanignisnaueinaign
Uarganviaariunaungnuaesainviniussyansniinaumednsidiuniunseylugenuls

Foustofuld Tnsledussdndililunsvasesilfissoznalunmsainddigaiidululsde
4 ms

Tumsinnau naufignudssarlnasinuludaduesiwadiivssyduesvinuiaoenled
4 &1 Ao TGS2600, TGS2602, T6S2611 wag T652620 FaifuiiueeifignitauituiiioTa
msuauuauantys wowlulleiulngdu dunuduleledaiiu uasieniuea muawiu fesuigly
vhied 3.1 Wuwesazgnieetfiulsasinfiesuiglusdedl 3.2 nanouaussaniduiwesazgn
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Discrimination rate

Intensity (%) Bergamot (%) | Eucalyptus (%) | Peppermint (%) | Ylang ylang (%)
70 100 0 22.22 11.11
80 100 100 55.56 22.22
90 100 100 44.44 44.44
100 100 100 55.56 55.56
Average 100.00 75.00 44.44 33.33
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using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Diagnostics;

using System.|G;

using System.|O.Ports;

using System.Ling;

using System.Text;

using System.Threading;

using System.Windows.Forms;
using System.Windows.Forms.DataVisualization.Charting;

namespace W1 Odor_Sensing-System Plot
{
public partial class Form1 : Form
{
int uartDelay =40;
int savedCount = 1;
int processEnable = 0,
string RxString;
string RxStringAll;

double timeCount;

DateTime startTime;
DateTime lastSave;

bool createChartDone = false;

byte[l commandForCalibrate = new Byte[] { OxFB }; //for nios
byte[].<commandForMeansure = new Byte(l { 0x00 3; //for arm

int rxDatalineCount;
int rxCount;

string rxTimeS;
string rxDataBuff;
List<double> rxTimeList =-new List<double>();

bool prepareData;
public static string labProgressText;

public Form1()
{

InitializeComponent();

}

private void Form1 Load(object sender, EventArgs e)

{



cmbBaudRate.ltems.Add("9600");
cmbBaudRate.ltems.Add("14400");
cmbBaudRate.ltems.Add("19200");
cmbBaudRate.ltems.Add("28800");
cmbBaudRate.ltems.Add("38400");
cmbBaudRate.ltems.Add("57600");
cmbBaudRate.ltems.Add("76800");
cmbBaudRate.ltems.Add("115200");
cmbBaudRate.ltems.Add("230400");
cmbBaudRate.ltems.Add("250000");
cmbBaudRate.SelectedIndex = 7;

btnStartRX.Enabled = false;
btnStopRX.Enabled = false;
btnReset.Enabled = false:

btnSaveDataAndGraph.Enabled = false;

prepareData = false;

111111H77777//1/ \oad setting data //////1/11{1711/1/]/

try
{

string[] settingData' = File.ReadAllLines("setting.ini");
globalVariable:autoSaveEnable = Convert.Tolnt16(settingDatal0]);
globalVariable.savedTime = Convert.Tolnt16(settingDatal1]);
globalVariable.saveDirectory = settingData[2];

for(int i=0;i<8; i++)

{

slobalVariable.referecneli] = Convert.Tolnt16(settingDatali-+ 3]);

}

for(inti=0;i<8;i++)

{

globalVariable.divider[i]-=: Convert.Tolnt16(settingDatali + 11]);

}

globalVariable.systemData =

globalVariable.divider[7] + "*";

+ ¢lobalVariable.referecne[0] + "*" +
globalVariable.referecne[1] + "*" + ¢lobalVariable.referecne[2] + "*" +
globalVariable.referecne[3] + "*" + globalVariable.referecne[4] + "*" +
globalVariable.referecnel5] + "*" + ¢lobalVariable.referecne[6] + "™*" +
globalVariable.referecne[7] + "*" + globalVariable.divider[0] + "™*" +
globalVariable.divider[1] + "*" + globalVariable.divider[2] + "*" +
globalVariable.divider[3] + "*" + ¢lobalVariable.divider[d4] + "*" +
globalVariable.divider[5] + "*" + globalVariable.divider[6] + "*" +
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}
catch (Exception) { }

}

private void Form1 FormClosing(object sender, FormClosingEventArgs e)
{
var result = MessageBox.Show("Do you want to exit?", "Confirmation”,
MessageBoxButtons.YesNo,
MessageBoxIcon.Question);

e.Cancel = (result == DialogResult.No);

if (result == DialogResult.Yes)

{
if (serialPort1.IsOpen) serialPort1.Close();

}
}

private void Form1 FormClosed(object sender, FormClosedEventArgs e)

{
if (serialPort1.IsOpen) serialPort1.Close();

}

int intlen = 0;

private void timerl Tick(object sender, EventArgs e)
{

if (startRX) processData2();

// check setting status
check_status();

// check conected com port
stringl] ports = SerialPort.GetPortNames();
if (intlenl="ports.Length)
{
(sbComPort.Iltems.Clear();
intlen = ports.Length;
for (int j = 0; j < intlen; j++)
{
lsbComPort.Items.Add(ports[j]);
[sbComPort.Selectedindex = 0;

// resize tool
chartl.Width = this.Width - 294;
chartl.Height = this.Height - 52;
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txbData.Height = this.Height - 325;

// auto save data
if (slobalVariable.autoSaveEnable == 1 && startRX == true)
{
if ((Math.Round(timeCount, 0) > ((slobalVariable.savedTime * savedCount) +

{
saveData();
savedCount++;

}

// auto stop
if (globalVariable.stopTimeEnable == 1 && startRX == true)

{
if (Math.Round(timeCount, 0) > ((slobalVariable.stopTime) + 1))
{
//// stop and save ////
startRX = false;
timeCount = 0;
savedCount = 1;
saveData();
btnStartRX.Enabled = true;
btnStopRX.Enabled = false;
btnReset.Enabled = true;
return;
}
}
}
private void buttonStart. Click(object sender, EventArgs e)
{
try
{

serialPortl.PortName = (sbComPort.Text;
serialPort1.BaudRate = Convert.Tolnt32(cmbBaudRate. Text);

serialPort1.0pen();

if (serialPort1.IsOpen)

{
buttonStart.Enabled = false;
buttonStop.Enabled = true;
btnStartRX.Enabled = true;
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}
catch (SystemException ex)
{
MessageBox.Show(string.Format("Error Connection: {0}", ex.Message))
}
}
private void buttonStop_Click(object sender, EventArgs e)
{
if (serialPort1.IsOpen)
{
serialPort1.Close();
buttonStart.Enabled = true;
buttonStop.Enabled = false;
btnStartRX.Enabled =false;
btnStopRX.Enabled =-false;
btnReset.Enabled = false;
startRX = false;
savedCount = 1,
}
else
{
buttonStart.Enabled = true;
buttonStop.Enabled = false;
}
backgroundWarker1.CancelAsync();
}

private void serialPortl DataReceived(object sender,
System.|O.Ports.SerialDataReceivedEventArgs €)

{
RxString = serialPort1.ReadExisting();

RxStringAll += RxString;

if (RxString.Contains("d"))
{
rxTimeList.Add(timeCount);

}

private void processData2()
{
try
{
string[] splitLine = RxStringAll.Split(new Char[] { \n' });



int lineCount = splitLine.Length;

for (int i = rxDataLineCount; i < lineCount; i++)

{

}
}

nonn

splitLine[i] = splitLinelil.Replace("\r", "");
splitLine[i] = splitLine[il.Replace("\n", "),

if ((splitLine[i].Contains("d")) //splitLine[i] I= " &&

{
if (IcreateChartDone) createChart2(splitLine[i);
rxDataBuff += rxTimelList[rxCount] + ",";
addChartData(splitLine[i], r<TimeList[rxCount]);
rxCount++;

}

else

{
rxDataLineCount-,

}

rxDataLineCount++;

catch (Exception)

{
}
}

private void createChart2(string rxData)

{

string seriesName;
string seriesLabel;

stringl] split = rxData.Splittnew Char[] { *'});
int datakensth = ((split.Length) --1);

chart1.ChartAreas[0]. AxisX . Minimum-=-0;

for (int i = 0; i < dataLength;.i++)

{

try

{

seriesName = "Series" + (i + 1);

seriesLabel = "Sensor" + (i + 1);
chart1.Series.Add(seriesName);
chartl.Series[seriesName].ChartType = SeriesChartType.Line;
chartl.Series[seriesName].Name = seriesLabel;
chartl.Series[i].BorderWidth = 2;
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rxDataBuff += "0,";
}
catch (Exception) { }
}
rxDataBuff += "0,";
rxDataBuff += System.Environment.NewLine;
createChartDone = true;

}

int dataCount2;
private void addChartData(string rxData, double rxTime)
{

string[] split = rxData.Splittnew Char[l { *' });

foreach (string s in split)
{
111177111 T LT 117111 1T 1T
if (s.TrimQO-=="end" || s.TrAimM0 =="d") // && s.Trim().Contains("\r"))//s.Trim() !=
"\n" && 5. Trim() = "\r")
{
Array:Clear(split, O, split.Length);
rxDataBuff += System.Environment.NewLine;
dataCount2 = 0;
return;
}
else if (s.Trim() = " &&/s.Trim{) = "end" || s.Trim() = "d")
{
String sBuff = s.Replace("\n", ")
sBuff = sBuff.Replace("\r", "");
rxDataBuff += (sBuff);
rxDataBuff +=(",");
if(lorepareData) this.chart?.Series[dataCount2].Points.AddXY(rxTime, sBuff);
dataCount2++;

}

private void DisplayText(object sender, EventArgs e)
{ if (RxString.Contains("*end") || RxString.Contains("*d"))
{ processEnable = 1;
i}f (processEnable == 1 && startRX == true)
{ txbRX.AppendText(RxString);
try



}

if (createChartDone == false)
createChart();
processData();
}
catch (Exception) { }

int dataCount;
private void createChart()

{

}

string seriesName;
string seriesLabel;
string[] split'= txbRX.Text.Splittnew Char[l {*'});
int datallength-=((split.Length) - 1);
chartl.ChartAreas[0].AxisX:Minimum = 0;
if (chart1.Series.Count() >-0) return;
for (int i=0; i<datal.ength; i++)
{
try
{
seriesName = "Series" + (i+1);
seriesLabel = "Sensor" + (i+1);
chart1.Series.Add(seriesName);

chart?l.Series[seriesNamel.ChartType = SeriesChartType.Line;

chartl.Series[seriesName].Name = seriesl.abel;
chartl.Seriesli].BorderWidth = 2;

txbData:Text+="0,";
}
catch (Exception) { }
}
txbData. Text +="0,"
txbData.AppendText(System.Environment.NewLine);
createChartDone = true;

private void processData()

{

txbData.AppendText(Math.Round(timeCount, 2) + "");
string words = txbRX.Text; //words is RxString
string[] split = words.Splittnew Char[] { *' });
foreach (string s in split)
{
I1171717171177777771777777771777777777771/777/7/
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if (s.Trim() == "end" || s.Trim() == "d") // && s.Trim().Contains("\r"))//s.Trim() !=
"\n" && s.Trim() != "\r")
{
Array.Clear(split, 0, split.Length);
txbRX.Clear();
txbData.AppendText(System.Environment.NewLine);
dataCount = 0;

//secondCount++;

return;
}
else if (s.Trim() I= " && s.Trim() = "end" || s.Trim() = "d")
{

String sBuff = s.Replace("\n", ")

sBuff = sBuff.Replace("\r", ");

txbData.AppendText(sBuff);

txbData.AppendText(",");

this.chart1.Series[dataCount].Points. AddXY(timeCount, sBuff);
dataCount++;

}

private void-btnSplit Click(object sender, EventArgs €)

{
createChart();

txbData.AppendText(timeCount + ",");
string words = txbRX.Text; //words is RxString
string[1'split = words.Split(new Charfl { ' });

foreach (string's.in split)
{
L1111 T TET T A 1T T LA T
if (s.Trim() =="d")
{
Array.Clear(split, 0, split.Length);
txbRX.Clear();
txbData.AppendText(System.Environment.NewLine);
dataCount = 0;

return;
}
else if (s.Trim() 1= " && s.Trim() |= "d")
{

txbData.AppendText(s);

txbData.AppendText(",");



this.chart1.Series[dataCount].Points.AddXY(timeCount, s);
dataCount++;

}

I111171717771771777771777177177717771/771777177/77/

}

int clickCount;
private void btnTestPlot Click(object sender, EventArgs e)
{

chartl.ChartAreas[0].AxisX.Minimum = 0;

chartl.Series. Add("Series1");
chartl.Series["Series1"].ChartType = SeriesChartType.Line;
chart1.Series["Series1"]:Name = "Sensor 1"

chartl.Series.Add("Series2");
chartl.Series["Series2"].ChartType = SeriesChartType.Line;
chartl.Series["Series2"].Name = "Sensor 2",

chart1.Series. Add("Series3");
chartl.Series["Series3"].ChartType = SeriesChartType.Line;
chartl.Series["Series3"].Name = "Sensor 3";

chartl.Series. Add("Seriesd");
chartl.Series["Seriesd"].ChartType = SeriesChartType.Line;
chartl.Series['Series4"].Name = "Sensor 4"

try

{
string[] testDatal ={ "1", "2", "3", "a'};
string[]-testData2 = {:"3"%,'5", "7, "9"};
if (clickCount.== 0)

{
for (inti =0; i < testDatal.Length;i++)
{
this.chart1.Series[il.Points.AddXY(elickCount, testDatal[i]);
}
}
else if (clickCount == 1)
{
for (int i = 0; i < testDatal.Length; i++)
{
this.chartl.Series[i].Points. AddXY(clickCount, testData2[i]);
}
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clickCount++;

}

catch (Exception)

{

MessageBox.Show("something is wrong");

}

private void clearData()
{
foreach (var series in chartl.Series)
{
series.Points.Clear();

}

int chartSeries = chartl.Series.Count();
labell.Text = chartSeries. ToString();

for (int'i = 0; i < chartSeries; i++)
{

chartl.Series.RemoveAt(0);
}

txbData.Clear();
txbRX.Clear();

timeCount = 0;
rxDataLineCount = 0;
rxTimelList.Clear();
RxString = string.Empty;
RxStringAll = string.Empty;
rxTimeS = string.Empty;
rxCount = O;

rxDataBuff = string.Empty;
labRecordTime. Text = "Time:";

}

private void clearChart()
{
foreach (var series in chartl.Series)
{
series.Points.Clear();
}
rxDataBuff = string.Empty;
txbData.Clear();
rxDataLineCount = 0;



}

rxCount = 0;

private void clearRxProgress()

{

}

rxDatalLineCount = 0;
rxCount = 0;

private void btnReset Click(object sender, EventArgs e)

{

¥

DialogResult result = MessageBox.Show("Do-you want to clear all data?",
"Confirmation", MessageBoxButtons.YesNo);
if (result == DialogResult.Yes)

{

clearData();
startRX = false;
timeCount = 0;
savedCount = 1;

btnStartRX.Enabled = true;
btnStopRX.Enabled = false;
btnReset.Enabled = true;
btnSaveDataAndGraph.Enabled = false;
createChartDone = false;
txbAllRxData. Text = "
backgroundWorkerl.CancelAsync();

private void btnSaveCSV Click(object sender, EventArgs e)

{

string filename = "Result"+ DateTime:.Now.ToString("yyyyMMdd HHmmss");

// pass in true to cause writes to be appended
StreamWriter sw = new-StreamWriter("D:\\" + filename + ".csv", true);

// use writeline so we get-a-newline character written

sw.WriteLine(txbData.Text);

// Ensure data is written to disk

sw.Close();

this.chart1.Savelmage("D:\\" + filename + ".png", ChartimageFormat.Png);

bool startRX = false;

private void btnStartRX_Click(object sender, EventArgs e)
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if (IserialPort1.IsOpen) return;
if (backgroundWorker1.IsBusy != true) //&& startRX == true
{
// Start the asynchronous operation.
backgroundWorker1.RunWorkerAsync();

}

clearData();

btnStartRX.Enabled = false;
btnStopRX.Enabled = true;
btnReset.Enabled = true;
btnSaveDataAndGraph.Enabled = true;

//update start time
startTime = DateTime.Now;
startRX = true;

}

private void-btnStopRX_Click(object sender, EventArgs €)
{
if (IserialPort1.1sOpen) retumn;
startRX = false;
timeCount = 0;
savedCount =1;
saveData();
btnStartRX.Enabled = true;
btnStopRX.Enabled = false;
btnReset.Enabled = true;
createChartDone = false;
txbAllRxData. Text = "
// disable background worker
// Cancel the asynchronous operation.
backeroundWorker1.CancelAsyna();
}

private void saveData()
{
try
{
string filename = "Result" + DateTime.Now.ToString("yyyyMMdd HHmmss");

// pass in true to cause writes to be appended

StreamWriter sw2 = new StreamWriter(globalVariable.saveDirectory + filename
+ "data.txt", true);

// use writeline so we get a newline character written

sw2.WriteLine(RxStringAll);
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// Ensure data is written to disk
sw2.Close();

if (IDirectory.Exists(globalVariable.saveDirectory))
{
Directory.CreateDirectory(globalVariable.saveDirectory);

// pass in true to cause writes to be appended
StreamWriter sw = new StreamWriter(globalVariable.saveDirectory + filename

+ ".csv', true);

// use writeline so we-get a newline character written
sw.WriteLine(rxDataBuff);

// Ensure data is written to disk

sw.Close();

this.chartl.Savelmage(elobalVariable.saveDirectory +filename + ".png",

ChartimageFormat.Png);

lastSave = DateTime.Now;
(bSaveStatus. Text = "last save: " + lastSave + \n@ " +

globalVariable.saveDirectory;

}

catch (Exception ex)

MessageBox.Show(string.Format("Error- Connection: {0}", ex.Message));

private void btnSaveDataAndGraph Click(object sender, EventArgs.e)

{
saveData();

}

private void.btnSetting Click(object sender, EventArgs €)

{
Form2 frm2 = new. Form2(serialPort1);
frm2.ShowDialog();

}

private void btnCalibrate Click(object sender, EventArgs e)

{

this.Cursor = Cursors.WaitCursor;
serialPort1.Write(coommandForCalibrate, 0, 1);
serialPort1.Write("\n\r");

Thread.Sleep(3000);

serialPort1.Write("c"); //for de0 soc
serialPort1.Write("\n\r");



Thread.Sleep(1000);

clearData();
startRX = false;
timeCount = 0;

btnStartRX.Enabled = true;
btnStopRX.Enabled = false;
btnReset.Enabled = true;
btnSaveDataAndGraph.Enabled = false;
this.Cursor = Cursors.Default;

}

private void btnSentOxFD_Click(object sender, EventArgs.e)
{
byte[] commandForMixOut:=new Byte[]{ OxFD };
serialPort1.Write(commandForMixQut, 0, 1);
Thread.Sleep(uartDelay);

}
private void buttonl Click(object sender, EventArgs e)
{
serialPort1.Write("root\n");
}
private void button2_Click(object sender, EventArgs e)
{
serialPort1. Write(*./fcountsoc\n");
¥
private void check_status()
{
if(clobalVariable.autoSaveEnable ==-1)
{
labAutoSaveStatus.BackColor = System.Drawing.Color.Green;
labAutoSaveStatus.Text = "Auto save : " + globalVariable.savedTime + "
second";
}
else
{
labAutoSaveStatus.BackColor = System.Drawing.Color.Red;
labAutoSaveStatus.Text = "Auto save : " + globalVariable.savedTime + "
second";
}

if(globalVariable.stopTimeEnable == 1)
{
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labAutoStopStatus.BackColor = System.Drawing.Color.Green;
labAutoStopStatus.Text = "Auto stop : " + globalVariable.stopTime + "

second";
}
else
{
labAutoStopStatus.BackColor = System.Drawing.Color.Red;
labAutoStopStatus.Text = "Auto stop : " + globalVariable.stopTime + "
second";
}
}
private void (bSaveStatus DoubleClick(object sender, EventArgs e)
{
Process.Start("explorer.exe’, @"" + globalVariable.saveDirectory);
}
private void btnStartbackgroundWorkerl - Click(object sender, EventArgs e)
{
if (backgroundWorkerl.IsBusy = 'true)
{
// Start the asynchronous operation.
backgroundWorkerl.RunWorkerAsync();
}
}

private void backgroundWorkerl DoWork(object sender,
System.ComponentModel.DoWorkEventArgs e)

{
while (true)
{
TimeSpan elapsed = DateTime.Now - startTime;
timeCount = Math.Round(elapsed.TotalSeconds, 4);
Thread.Sleep(10);
}
}

private void backgroundWorkerl RunWorkerCompleted(object sender,
System.ComponentModel.RunWorkerCompletedEventArgs e)

{

}

static string MinifyB(string p)

{
StringBuilder b = new StringBuilder(p);
b.Replace("*", u,n);
b.Replace("end", string.Empty);
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b.Replace('d", string.Empty);
return b.ToString();
}

private void btnCanceltbackgroundWorkerl Click(object sender, EventArgs e)
{

if (backgroundWorker1.WorkerSupportsCancellation == true)

{

// Cancel the asynchronous operation.
backgroundWorker1.CancelAsync();

}

private void btnLoop Click(object sender, EventArgs e)
{
for(inti.= 0; i <-20;.i++)
{
Thread.Sleep(1000);
}
}

private void btnPlot2test Click(object sender, EventArgs e)

{
processData2();

}

private void timer2_Tick(object sender, EventAres e)
{
if (startRX)//startRX
{
try
{
uint timelndex = Convert. ToUInt32(rxTimeList.Count());
labRecordTime. Text = "Time: " + rxTimeList[Convert.ToInt32(timelndex - 1)]

}

catch (Exception) { }

txbData.Text = rxDataBuff;
txbData.SelectionStart = txbData.Text.Length;
txbData.ScrollToCaret();

}

private void btnShowRxTimelList Click(object sender, EventArgs e)

{
textBox2.Clear();
foreach (double time in rxTimeList)



textBox2.Text += time + System.Environment.NewLine;

}

private void btnShowRxStringlList Click(object sender, EventArgs e)
{

textBox2.Clear();

clearChart();
}

private void btnShowRxDataClick(object sender, EventArgs e)
{

txbAllRxData. Text = RxStringAll
}

private void btnPrepareData Click(object sender, EventArgs-e)
{

prepareData = true;

clearRxProgress();

processData2();

prepareData = false;

}

private void btnProgresskrm Click(object sender, EventArgs e)
{
labProgressText ="In progress";
using (progress_ frm progressFrm = new progress frm(Finalprogress))
{
progressFrm.ShowDialog(this);

}

void Finalprogress()

{
prepareData = true;
clearRxProgress();
processData2();
prepareData = false;

}

private void button3_Click(object sender, EventArgs e)

{
textBox1.Text = rxDataBuff;
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using System;

using System.|G;
using System.|O.Ports;
using System.Windows.Forms;

namespace W1 Odor_Sensing System Plot

{

public partial class Form2 : Form

{

SerialPort serialPort1;

int uartDelay = 40;

byte[] commandForDeltaF = new Byte[] { OxFC };
byte[] stopByte =new Byte[] { OXFF };

int[] sensorindex = new.intf] {0,.0,0, 0,0, 0,0, 01}

public Form2(SerialPort port)
{
InitializeComponent();
serialPortl = port;
}

private void Form2 Load(object sender, EventArgs e)
{
1111171711171/ \oad sensor index ////1///1/1/1//11///
try
{
string[] readSensarindex = File.ReadAllLines("sensorindex.ini);
for(int i=0; i<8; i+4+)
{
sensorindex(i] = Convert.Tolnt16(readSensorindex[il);
}

}
catch (Exception){ }

/1111111111111771\oad setting data//////1///1///////1/

try

{
string[] settingData = File.ReadAllLines("setting.ini");
globalVariable.autoSaveEnable = Convert.Tolnt16(settingData[0]);
globalVariable.savedTime = Convert. Tolnt16(settingData[1]);
globalVariable.saveDirectory = settingData[2];
txbSaveDirectory.Text = globalVariable.saveDirectory;

if (gslobalVariable.autoSaveEnable == 1) chbAutoSave.Checked = true;
else chbAutoSave.Checked = false;

if (globalVariable.stopTimeEnable == 1)
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chbStopTimeEnable.Checked = true;
numericUpDown1.Value = globalVariable.stopTime;
}
else chbStopTimeEnable.Checked = false;
}
catch (Exception) { }

cmbAutoSaveTime.ltems. Add("1 minuts");
cmbAutoSaveTime.ltems.Add("5 minuts");
cmbAutoSaveTime.ltems. Add("10 minuts");
cmbAutoSaveTime.ltems.Add("30 minuts");
cmbAutoSaveTime.ltems.Add("60 minuts");
switch (globalVariable.savedTime)
{
case 60: cmbAutoSaveTime.Selectedindex = 0; break;
case 300: cmbAutoSaveTime.Selectedindex =1; break;
case 600: cmbAutoSaveTime.SelectedIindex = 2; break;
case 1800: cmbAutoSaveTime.Selectedindex = 3; break;
case 3600: cmbAutoSaveTime.Selectedindex = 4; break;

}

private void Form2 FormClosed(object sender, FormClosedEventArgs e)
{
}

private void saveSetting()
{
[11//17//Save \istbox1 to ini file///1//////
using (System.lQ.StreamWriter file = new
System.lO.StreamWriter("sensorlndex.ini"))
{
foreach (var item in sensorindex)
{
file.WriteLine(item.ToString());
}
}

//1111///Save setting//////////
using (System.lO.StreamWriter file = new System.lO.StreamWriter("setting.ini"))
{
if (chbAutoSave.Checked)
file. WriteLine("1");
else
file.WriteLine("0");
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file.WriteLine(globalVariable.savedTime);
file.WriteLine(globalVariable.saveDirectory);

foreach (var item in globalVariable.referecne)
{ file.WriteLine(item.ToString());

ioreach (var item in globalVariable.divider)

{ file.WriteLine(item.ToString());

}

}

private void btnCancel_Click(object sender, EventArgs.e)
{

this.Close();
}

private void btnOK. Click(object sender, EventArgs e)
{
try
:
switch (cmbAutoSaveTime Selectedindex)
{
case 0:
globalVariable.savedTime = 60; - //60 seconds
break;
case 1:
globalVariable.savedTime = 300; //300 seconds
break;
case 2:
globalVariable.savedTime = 600;  //600 seconds
break;
case 3:
globalVariable.savedTime = 1800; //1800 seconds
break;
case 4.
globalVariable.savedTime = 3600; //3600 seconds
break;
}

iftchbAutoSave.Checked)
{

globalVariable.autoSaveEnable = 1;



94

else

{

globalVariable.autoSaveEnable = 0;

}

if(chbStopTimeEnable.Checked)

{
globalVariable.stopTimeEnable = 1;
globalVariable.stopTime = (Int16) numericUpDown1.Value;

else

{
globalVariable.stopTimeEnable = 0;
globalVariable.stopTime = 0;

}

saveSetting();
this.Close();
}
catch(Exception) { MessageBox.Show('Something Wrong"); };
}

private void-btnFolderBrowserDialog Click(object sender, EventArgs e)
{
var fbd = new FolderBrowserDialog();
DialogResult result = fbd.ShowDialog();
globalVariable.saveDirectory = fbd.SelectedPath + A\
txbSaveDirectory.Text = globalVariable.saveDirectory;

using System;
using System.Threading.Tasks;
using System.Windows.Forms;

namespace W1 Odor Sensing System Plot

{

public partial class progress frm : Form

{
public Action Worker { get; set; }
public progress_frm(Action worker)

{

InitializeComponent();

this.progressBarl.Name = "progressBarl";



this.progressBarl.Tabindex = 0;
this.Controls.Add(this.progressBar1);

this.labProgress.Name = "labProgress";
this.progressBarl.Tabindex = 1;
this.Controls.Add(this.labProgress);

if (worker == null)
throw new ArgumentNullException();
Worker = worker;

}

protected override void OnLoad(EventArgs e)
{
base.OnlLoad(e);
Task.Factory.StartNew(Worker).ContinueWith(t => { this.Close(); },
TaskScheduler.FromCurrentSynchronizationContext());

}

private void progress frm Load(object sender, EventArgs &)

{

labProgress. Text = Form1.labProgressText;

}

private void progress frm_Shown(object sender, EventArgs )

{
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