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ABSTRACT

This thesis presents the design of portable colorimeter for chemical quantitative
analysis based on image processing. It comprises of two main parts which are test box and
software. The test box consists of a web camera and LED lamp plate which is used to
illuminate a micro wells. The software is the graphic user interface and image processing.
The image processing process is splitting RGB channel of each pit in microwells then
calculates calibration curves for finding and unknown concentric solution and shows the
result on a screen. The experiment results can be calculated the concentric of the
solution. The results of the experiment have a correlation of reaction between Fe () and
Phenanthroline (Red product) 0.985, the reaction between Ethanol and Methyl orange
(Yellow product) 0.933 and reaction between Uric acid and Phosphotungstic acid (Blue
product) 0.986. The relative standard deviation result shows the measurement variation
in range 1.5 -3.2 % and the relative error when compare with the standard method shows
error 3.728%. Moreover, it takes a shorter processing time and lower cost compared with
the spectrophotometer. The developed device can be appropriately proven to applied to

chemical laboratory.
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1A384 Spectrophotometer slUTamguin1sUszananan wiliisadeaiuauide seuudd
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wannNIsLaznguntneItag

2.1 Unin

mMsiamemnuduturesasaratemaaituivensis nmsiesvia dvesansavaned
Judsnsnidlunistaianududuresansazans wWieniseanuuuLaiasiaaududure
aazatsLuunnmdendesiuuey diduiwenieuinquinnsgandusamiungvendes
(Beer's Law) wavautfnieasmuiunduasmiueninds daulsznaunasn1sinmuaes
\n3e9 Spectrophotometer MsAnwnguid sauldumadianisuszanananinsngg dduuse

NNT88NLUY

2.2 asnasuvamaen1? (Colors of Visible Light)

AauLAsTInveNysdausauaiuldeglugislszuna 400-800 nm dtailnIgn

v v & 4 o < g 5
NILAUAILUAINADATIYIIAIMETIAGY (400-800 nm) HANABALHBUTLLAIHULTULAINNT uait
AAULAIgNaANAukaslUuIsdIy uasfinuetiiusludnay (Complementary) visodiiogns

uvasAngngAnFuiaIieunNed AeguRt 2.1

430 nm

UM 2.1 YrPduvedLsayd
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AudTuS T NNEIAAULAsTignAnAuUAYe sensTna LT Uslevtidmiuld
Tumsvhuneiansuseneviiiezgandunasiiiauenadulutisle sndetatdu amsUsznou
iron(illthiocyanate ¥3e Fe(SCN)2+ \uansavanedifiduns e1aviunegléin Fe(SCN)2+ gandu
waslugauasithidu-Ben (470-500 nm) fetlunmsliesgyivianu Fe(SCN)2+TngBmsain

nsaled Jsspsdantaninueniaaulugle 470-500 nm

M15719% 2.1 AudNTUsSERIeRLE AR UREITIgNeANnauiuAveasTIueY

AUEIAAL (hm) ﬁﬁgngﬂnﬁu Fuaaiu
380-420 3179 LWYI-LRD
420-440 312991 YREN
440-470 i du
470-500 Fen-thity N
500-550 EiTeEVERN 1
550-580 Wides she-thiy
580-620 &u e
620-780 N, Ten-1iu

lowwa Tafu (A./.1642-1726) ¥NN15NAa0BNENUAUNA UYWAY WUINE1TNUSTY
lUSuuasonfing aglaaiunasurasnasdnnes luneassiudiy arlvaunasuisnunaruli
waadTIrunazsaufunans JukaIrgnase sustfgltuaitiainlusuaunasuieuUs Ty

ganu1 eniulikasdlAgudLAIW1WYUTINENT duningaudnasddugnganiunun

anAuALAY satuinpuYsTuGNansfazlani Ana ity aguin 2.2



white light

white lght

white Hght

JU# 2.2 MIneagvesiian

WauaawinIungg nguie Inguuefaganiuuaivdiunseganiuianuanioly

v v
< Y &Y

anndulas fansgeanduuasianunasrilfueadiuingiuiuds uddingdulipaniuuanae
wseadu T tududnn witigenduuasundiuandudiiduingdunnsgedildnd il
uéludosas Colors of Visible Light fifu 9andetednsunagiitudringdiduasganduuas
ddu fndrunswanafunisgandusas TnedounswszninennusnadulayAinisgandy

(Absorbance) L IUINUIIUYIARUVDIMAFILILAATYNTSETANIAANTUTY Fe3UT 2.3

blue object blue object

w = W O

= S,

Abs

1 23 4 506
wave lkength
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2.3 nuaslysuazuauilsn (Beer-Lambert Law)

nnuesnautdn (Lambert’s Law) nd1291“iloduasfiiaaiueiaduiiien
(Monochromatic Light) knusianansiiiewdien ﬁmdauﬁuaammvﬁmaaLLmﬁgﬂﬁaﬂmaﬁ?u@,mﬂﬁuﬁ
lifuagtunnuduvesuasinsenuiinansiu wareuduveauaszgnudasdurasianans
ganduliludadiuiivindu” 91nguaziiuingng anadnvnafiuasdumasiiu azgalananaluus

[
1Y

avtuarganduLatly 301osidud e fgun 2.4

Tuneaziiu ugeazgnganduly 30% wnaussiisn | | Wwuaazdu useszgnganauty 30% 2asuseftnu
- pe—— [,¢- —-) p—— ]}_,-‘
P~ N i e NG e
l\‘ ) H| C J» ¥
L R 2 \ —~ Y
% 0.000 e 1000 - 0.155 e 70.0

ahsorbance transmittance ahsorbance transmittance

twunazdu ugvzgnaanduly 30% wnsudetew | | quensdin na dnbanmaniuTl30% aaausofln

ahsorbance transmittance ahsorbance transmittance

cL’_\

SUN 2.4 dnwaizn1IRANauLAIINN YBLatLTse

nnvauldes (Beer's Law) Na1731“1llauasiindnug1InauAe M 1UAINAGLLBLAEY

LY 1 v

dndiuvasnnuduvatasfigniinansiuganiuliasuysiulaenseiuusuiuvesdinai i

AANAULANI”

in1 |ouu lin2

o [ S

5UN 2.5 ansarany C1 uay C2



MngUT 2.5 deadiudu c2 > C1 dduuasiikiuansazats C2 panunaswdetiosndn
wasfiriiusenunnansazane C1 lasnniiaandudugeninazdluanadianansoganduuad
IInaAulaseginnniiieiansganduuasesansazans Vnamiuiduvesuasiignganduy
wluagfuieuduiuresmsazaisuararumuassaraefiduasiowriu Feududes
Tungrendeiuaznguasaudsn Sendu nguesdes-waudia (Beer-Lambert Law) N30
AN1SRANTULAIVRIANSHREe annsavilalaglviduasiutnluludieg1e (Incident Light:

Ip) e inUSunanasiwdonusenin (1) Tnaflsuiuasiniueenuifiolifiansdingig

sUN 2.6 MIYANTULEAIVDIENS

NFUN 2.6 AIN15dBINY (Transmittance;T) Wudadiuuiunnuasiiiiueonin () se

Usunauasiiriutnluluseeng (I,) Asdunsd (2.1)

T (2.1)
Iy

duAINSRANGULES (Absorbance; A) ienulefaaunisi (2.2)

A =logqg (i) = ecl (2.2)

e AR AINTANAULE

€ Ao AMITVDINITRANEULAINTOR1 Molar Absorptivity LuALanIzdmiuasnilas



wasfitannueIndumnile

¢ fio ANUILLTUYRIANTAYANY

| fip ALEMvBIszEEMSTLashuasaraneTidossia

IofD ANULTNUBILENNBUNIUENTaZa Y

179 AIULTUYDILENVR LA T AN

maswmMIganduLas srduwnildannssisaumsd (2.1) fuaunisi (2.2) day
wldnadnsfannisdl (23) wag (2.0) ndsnnaeuiiiulagliyavesansazasumsgulasns
s € 1nty nsiarinsganduuas (A) ssaansadeiniandudy (0 vosmsaedlsl

N5vale (Unknown)

L — Isample - 4 Vsample_Vzero (2 3>
Iy Isotvent Vsotvent=Vzero '
Vsample—Vzero
7 g epmE g o (2.4)

Vsowent—Vzero

Wl Vyoro AO Aus9s (V) oliifiuasnnnssnudainlansudawes
Veampie 18 AT (Vyye) Lﬁaﬁm'ﬁ@mﬂﬁummLﬁiT:uLLmImsJaﬁéhasmﬁasma
agludwinazany
Vsoment A8 AU (V) Guaqﬁaﬁwazmﬂwﬂwﬁiﬁﬁmiﬁaasmasmaaeui
ety ananuduiusluannisi (2.4) ssnuinieanssedafiaulatinnududud
Wasuly szdanasiornuduuasiiiiuansiognamnannsznusa Inlansulawes azdmaliien
Ve WA uuUaslY %ammmﬁmmmm'ﬁ@mﬂﬁuuaﬂﬁmmauﬂﬁsﬁnqﬁu%mmma%mﬂmw
ANNALNUSTENINNAINTPANAURALL AL AN TUYBIANTAZANE A2 lans W unsITonI v

ANUTNTUIRSEIU (Calibration Curve) 65Ul 2.7
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2.5
2.0

Absorbance 1.5

(arb. units)

0.5

T 1

0 10 20 30

Concentration (uLM: Micro Molar)

3'1]17; 2.7 Mwg19n35 9 Calibration Curve

2.4 nswAduduansgIu (Calibration Curve)

Fmaganduuasuesasiimudiniustudaudidunesavietinameaiem iy
manguendeuazuandin duuihenuduiustnadnsnuasldeuditusidadunse
wFennsanidn namanududuinasgiu (Calibration Curve) nimaududusnnsg i
Uselovinnludsimnaies st mrzansnsalifisuiemeanduduvesen sl uaild
Tnefiarsdlinsuaianududuiuagdeseglugismmdudumasguiinauauds wae
dunsamanudaduinssgivesdosdudunstaus Bnsaianswaudituinsgu fe 1
#1388A18119551U (Standard Solution) AnsIuAIAMAITNdUTiLLLeueEITes 3-4 A2M
duduanipanisganduuas antdufienuduiusildainsm dusmduduiilingu
AU inrmsgandutuiea iy wdahinsganduduludeutunsmanududunasgiu
viornannaunsdedurenimanududuinnsgu Wedeundusnidurduduazns
Aauidduesanstuld

Faguit 2.8 \usegnwasmsaiisnsmamidudunnsgiu sUA 2.8 (1) uansAinis
gandunasfiaandudy 0 mM 5UR 2.8 (@) wansrnsgandunasiiannandudu 1 mm Ul 2.8
(A) AMsganduLasiauddy 2 mM U7 2.8 (9) uansinsgandusasiinrandudu 3 mm
wazgUl 2.8 (3) wansAmsgandunasiirududu 4 mM wazidothuwdonaylsingmidunss

wanaANANTLSTEnINANUITURAL AN SRAN AU
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detector

0.000]

ol Ahbsorbance

Calibration plot

Abs.
N
1.00

0.80
0.60
0.40
0.20

conc.(\mM)

Cd

0 1 2 3 4

(M) AN1TRANALLEITIAYNLENTIW 0 mM

lamp

__L_ detector
o000,
R Absorbance

Calibration plot

Abs.

1.00

0.80

0.60

0.40

0204 ° cone.(mM)
N

a1 ) s \ \

(1) AINTAANAULANTNANHNENEY 1 mM

lamp

% detector
SR

)
RS Absorbance

Calibration plot
Abs.

1.00
0.80
0.60
0.40 -

0201 * conc.(mM)

rd

U 1" ¥V

(A) ANNsgANALLAIIA MW 2 mM

lamp

A detector
i
A 0,600
el Absorbance

Calibration plot

Abs.
N
1.00

0.80
0.60 .
0.40 .
0201 *

cnnc.({nM)

rd

0 1 2 3 4

(1) ANsgANALLAIANENTL 3 mM
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Calibration plot

Abs.
N

1.00

lamp
0.80

detector 0.60

Q 0.40
, 0,800 0.20 cone.(mM)
- h o N
rd
e Absorbance 0 1 2 3 4

(a) AMNTAANALLANTIANENTW 4 mM

JUT 2.8 MyinAn1sgAnauLALNBNINATeNIINANUTUTUIATIIY

2.5 w3psaunlnsinlnfinas (Spectrophotometer)

'
(%

iwsesaiunlnslnlnfinesf fe infesdenindnmigandulamesanslusisameniady
Fanslleian wagtpduuasiveuiiuld ondr 33800 awnlaslulafines (UV-Visible
Spectrophotometer) dauﬂizﬂawaqwﬁ'aﬁgﬁ—iﬁuﬁaamﬂiwﬂw‘lmﬁma%ﬂizﬂauﬁaa

1 wndsdridauas dnsuiniosyi-1adaaalnslilafiimofdu dudndauag
danshiletaniJunasalalasiau (Hydrogen Lamp) NI avasnRINaLsuy (Deuterium Lamp)
Tuaseglugisaiueniadu 185 s 375 nm Fainannnsanondasuvedlelasiaunie
Aumeidouszneniiegluaniugnszdu d1unasnifsainu (Tungsten Filament Lamp)

Usznaumisalavisanusglunaanagyin1aglnsdnianinue1indunauddaegd Judegae

DUNTILIA

2. lilulasiimed Wuludwddnlumstmuanunmassaalystnlnfives shwlid
wenan3edfisimmemadusieiiseeniiusidmmeneduion Tuhwaiiiulioeldituuih
duludregidndudedduituiiidemonddmivaalnslnlnfino fAds 1A unsinld
Tululasumesuuy Diffraction Grating daiduguasalfifiseaiiudnnumnnuazanunitewesies
TndiAssiunuenaduressed

3. \adUTIIRIBE1 (Cuvette) adusIaTIF0813 VI9ASaFandn Ayt (Cuvettes)
fidnefumansuuy 1wy lwadivhieumsssumagldldamslursiaueaiuliannsaliluts
g3l Hesndautsssunigandunadlugaeedle wadiivhéaedana (Siica) uay mesad
(Quartz) Wlsidlugisyuaziaida

4. 1A393915730 (Detector) ugunsaldwiuamaiauasiiniualsimedisoanuniinany
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wia lown

1) Photomultiplier Tube uedosmsnindilirouasislusseiuasiada lng
a1115095193A ki 0g1939E waznsTRansiiusunasiig T6E Tugnaninueiady 190-900
nm

2) Photodiode Array Detector iihuatesnsainfiannsonsatalunnnrmen

ARUTRILAILA LIRS BaATIDIALARILAYIS 190-1100 Nnm

Mirror
D, lamp § Tungstenlamp Reference
Mirrc% oz @ ___&== Photo diode
; Data readout
. ’ 3
S Filtcr 4
Data 81
| Processing 2
< "
| = ‘ Wavelength (nm)
I Vs 'ﬂ — ]
| 4 11 - Photo diode
Beam A
litter Adyiple
Monochromator P

3‘1]1’7; 2.9 miﬁwmﬁuaalﬂ%aﬂgﬁ—ﬁﬁtﬁa anlnslnladines (UV-Visible Spectrophotometer)

Tumnnaiarmauidaduresansazaiagilslagefonsrinmsganduuasiinnue
Adusineg ngaginaidenaueiundu (Wavelength) fiflinisgandunas (Absorbance) 11
fanlunslinsest dadenmueneduildenududaduuniaands duseudeluasine
Msgandusasiinnudidusingg mahadunsvnesguieldlumananudidureweans

fagiideinsnageudslufisgufl 2.10
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Working Curve
N | oA MethOd

Absorbanc
0
4

A Wavelength Concentration

]

JUT 2.10 MIMIATINTINUINTFIUANAMN TAANAULETIANEIATUTLTAN M IgANAULER

=
ign

2.6 lulAsLIaLg

Lulpsiaawman (Microwell Plate) w3e lulaslnimasiwan (Microtiter Plate) anweaue

Juwindmdeunddosmtenauiany dnseseginduszlou Ilunsuzdmsuldsmodrming
1% <@ Y v 1 = Y 1 o

pdavaannaaesruInkan Laevlusdlulaswanvzidonsenaulddeodng $1uau 6, 24,

96,384 %30 1536 109 W IAvesvaiwanieiuly Ivweslanawuardndsy a3150U559a13

'
v

iedldseiunnludnstiaiaddng Jaaildnaslulasinanifvaneyiln mnldwarafinslaneda
lndu agldnumsimunisasaaiadaas llaswanunwiafndadudvnlaenmsuaulnmiden

v v 1 =

sonlyd TidmiuTar1n1sgandiuuas (Absorbance) Wagn133ANISIUAILAS (Luminescence)
mnsoansannznaumsuauadly Tnsvnlulglunumaaaun1enudiinen wsldwanainyde

a a

weAneiaufaunsovusen mdui -80 asriwadeald uanandutanifldnasllasmands
Tumvteumend ionsldmludnuariddnvaziownzdnde lulasmaniadugunsali
Uszgnaldlunulavainvanenu wu nMsiasen 39 n1sneaeulueslfufnismeiuadin
18 Inelfidugunsaidmiumsnsesans mauenans maiiuans mswanannieyufiten ms

N AsuTad harnswizisutods Wuduy
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Ui 2.1 lalesvauian

2.7 s3UUd

luiitlagesueisszuvdnuuasgnisulglununisuszanananinhdnea Jeusznausie

5¥UUA Grayscale SeUUA RGB wagsguud HSV

2.7.1 S2UUA Grayscale

= == U o

Judrsvesandun Fauanansiuaineia-m Alies 2 & fews fus d@lu Grayscale 4

WERSEIALNURE (Intensity) TusegAusne laedauaiuninnuiduvesdios wazdunay

I

fiaanduvesdun Siuruseiuresdiuegivruavesiniildiuad Inevmluudisiiudeyad

g

Usznviimeteayavun 8 U wie 1 bud dsaglvimnuaziBunveddn 265 wed fagun 2.12

Bit Depth and Gray Levels in Digital Images
2Bit 4Bt 6 Bit 7Bt 8Bit  10Bit

4 16 64 128 256 1,024

e (G AY LEVEIS g
Figure 4 (Bit Depth)

JUN 2.12 seeudves Grayscale auswindayaiiuand
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2.7.2 52UUd RGB
Wuszuuanusenaumewidnananudse wad (Red), 1887 (Green) waz 113y (Blue)

RGB dutduszuvanas wazidukuu Additive Ao anlufidlaasazuaadiududs wazlunig

LYY

naufiu mndlasuyndazuenludun swsafiuszuudnuy Subtractive vioszuuduy CMYK 7

v =< 1

Judfidnnnnsagiieuniaseniumluinging Jaliauuandedaguil 2.13 uazguil 2.14

1

RGB CMYK

gﬂﬁ 2.13 AUUANGN9YRY Fely (RGB) Uagding (CMYK)

g'ﬂﬁ 2.14 1989awUU RGB

2.7.3 S2UUd HSV
¥UUR HSV (Hue, Saturation, Value) %58 HSB (Hue, Saturation, Brightness) Wusezuu
andenlgiulungdnudenin Faflesrusznaudaguil 2.15 1esainiluszuudilndifssiv

ANNARYEIYBElARNI1SYULE RGB Ine Hue Fladvuadniw, Saturation Ao UsunuAmdusa
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v09d BeflAflunnnmasiidan Balldesnimazdldteras uluiignasnaneluguiidnuasuuy
Grayscale wag Value %38 Brightness WJUAMLEAIDIUSIIIANMUFTIVBININ WALAILINATN

ralianuadnaunn JUN 2.16 aslaninuuansinasgululddy ssuud

3UN 2.15 luwad HSV Tuguiuulau (Cone)

U 2.16 JUiAuluLsay channel luszuud RGB way HSV

2.8 M3UTENNANTNLTIALAY ( Digital Image Processing)

AMsUSZINANANINLT LAY Ao nslaeTasmauinastislun sulasn i dudiiay

lnpfismiavazwnuegludnuuzvesiavluuninddmvausaziafiniga (Pixel) 1990 1MALQN

oA

wnnluguvasilandu f(x,y) (Gray-Level Value) fidatiasluszuiu 2 Talaga1vas f(x, y) ue

AzYAULYUBEY TUAINATNVTEANUTNVBIN AN (x, y) TuTenT1 Gray Level Aeguil

1 Y

2.17
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0 Tlumination (energy) / |
-~ source pe H e
’ / N

/
o < Output (digitized) image
Imaging system\
(Internal) image plane
Scene element
a

de

b c
SUN 2.17 nszuaumslasndann

2.8.1 MmsununnaledayaluufInea

m'iu:UmmwLﬂuﬁﬁayjamuﬁ%maamw (Digital Image) Lﬁum‘wLLUmmmﬂamaaﬂag”lu
sUrewiaLa Tnenmeutsenazgnuaduiiuiidvdouning #5ondn fina (Pixel) n1suen
fuvisveAasinwagly (x, y) LﬂuéfﬁzqﬁwLmﬂwaqﬂﬂmaﬁaﬁu 2 9@ (2-Dimension) 1y
7 fx,y) andusuondeavessiudimasdasinga vldauisoutainmvdedayaio
sunaenidutoyauvuddnealdnszuiunsthadiuBendn Alawed (Digitizer) Fevihviiilunns
Wasudyaineunaenlmiudygiuiinea ntuFihareulaiedu (Quantization) é’fﬁ'gﬂﬁ?‘i
2.19 iaflaziseananasessuunsufineed Hedturesnm F(x, y) yggnvinlin dudyaall
foLieIsTUUTeIN NG9S N15§UAW (Image Sampling) flaruiildidonin nisemeuls

wwduszauding (Gray Level Quantization) Tegathudinoaaiioudyaiuninsailos f(x, y)

fgnAdladluseunu x uae y 1Wutiaing fu

JU# 2.18 Amnauwaznaens¥i Sampling uae Quantization
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A B

wrey

A 8 A 8
Mq OEee T aboao cooo ~
| - -
| i 3 o=

=
? - E copoo o
Jo g E oo o -
- 2 =S
1l =) oe oo

! v a o L |
ﬂ' - oo =

CLLERL LTS LA I L0 1 b Chli ML ERL R L Il LT

Sampling

3‘1]17; 2.19 N38UIUNIT Sampling wag Quantization

au15030 £ (x, y) Wegluguvaaunindaun NxN ledaaunsi (2.5)

£(0,0)  f(0,0) o’ 66,0
flx,y) = f((?,O) f((z,O) f((:)’())

£(00) £(0.0) £(0,0) f(0,0)

(2.5)

FINNYNVBIANNTT SN NMATADA kALINY AUNTNVBAUAINTILSUNIINNLLA
INVVIUNTAS N MR 0T UILLIULATIENTONTIVIUIATRIAIUAZBERATBININ N X N
finwa wazdWIUTEAUVRY Grayscale TunsufiRnisvimsulawdulussuunmidnea azien

Seaunsi (2.6)

B=NxNxMds (2.6)
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dlo B = wueveadeyanmiiluidnes
G = $1UUPe3 Grayscale Pidpenslglunsiudoyanin
M = Swudeildlunisunutoyanin 1 finwa

Tag M @13nsaulaann
G=2M 2.7

2.9 n1sasrenwluuns

gunsaindauaEnusatunIswanskalane 2 szau vie 2 & fie Avndudmdalinislaiu
YNNI VAYLYY LASDINUN (Printer) LAT04IN5@15 (Fax) 9osdndnawuulululasy

<

(Monochrome) tudu ifosangunsalind difiugunsaififisnaign dufunisuansuande
msfuigUnmdiTim e nvanessuddiinaiimisainsalunsianmavesgunsal
WUl fesde sy
wiuldimsnanmaresnmdidanudunateszduuugunsaiiiinnsuanimaldue 2
'izﬁuﬁuazé’iamﬂmsﬁa;gamwiﬁﬂumwLLU‘UI‘U‘uﬁ (Binary Image) 33n3ad19n mwuuluniinig
wlasn ndifiennudamanesedu (Multilevel Image) TBunmdiiinnadudfios 2 s vie 1
T (bit) e T 0 unu Fegaiifiamdrn uay 1 wnudegedfinnddudiowedadunouly
msvhlun3dahnmildluuanssafigunaimadu andiulddinisuastoganmmanssed
Hunmluind Fadenudndusasiisglovdinnlunisuansuanmiidszfummiduvesnm
vengszfuULgUnIaifilaNamnsalunsuansaald 2 sedudniuusslenidnuszmmialy
mawdasdeyanmdudummlunifensanidefimaiudoyanmasddidesinmiv 8 Tn vie
256 sefuidiearadunmluuiideatiadunmluuiudasnsaanasaniulifa 8 i dude
1 yagldiefiluniafuimueda 1 9n Snvsdsannsmiluldaulddnunsvateidu ns
Uszananadusy (Preprocessing)
Tunisasreninluunsatusamilalaenisldmatanisyinmselaan (Threshold
Technique) iunsiiasangainwalunmigalansazdugavnddiasingu 0 wieqalams
%Li“]uf\mﬁﬁmmﬁu 1 Tngrzvinsssufiouavesusasinea £(x,y) fuatadifiionine
wistlead (Threshold Value) mafiafildfusnnlunsdiifiauuanmaszninteing (Object) uag

a o

& Y = & o = o o N A &
Auna9 (Background) duiluanweugiieanudvnvesiasainueadatardaiiduvevveslulas
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o

walpgAvesinalunwidadesnitdaunsvleadazgnimmundy 1 (A1) war d1A1ves

Y

finalag Tupmdifinunnivsesinduawsvlsanazgnitvualidu 0 (3n12)

0, g(x,y) <Thr

by) =1y O S T ©8)

Toed b(x,y) Joyanmuadnsidunmwuuluund
b(x,y) %agamw@uwmﬁﬁazﬁummLﬁﬁmsﬁu 0 819 1 sEhu
Thr AunstleadiJumsifiogsewing 0@ L
0 39 1 9a Tnedt L uszdueuiduvesgnningan
Tunrsadrnmluudlagldmedamnsoloasiielildnadniinuasauda szfouinen
msdenmsvlsadiigndeasivanzay didendunivleasbivanzay wWu Amsyleadiiunn
Aulundetioniiuly amdildazvnanueudnuianazylisnessdoavesnmuamelietas
fanuluneahuiuludunwilidssuniu Noise) aturiliaimwadnslalidmauwiiings
Fofuilymlunmsasenmuuuluuniae fedislssasmunennsloanimangauiun e
avamiiazanaadunmuuuluu’ Fsannsaleasaninsarwinldnansisusasisasimng
msieuiuanastuly wu nmsmawsalgadlaenssmungmi (Pre-assigned Threshold

Value) msmanustlaanainainats (Midrange Threshold Value) uaazidazedunelansi

2.9.1 msmansslaanlagn1sniiunalsniin (Pre-assigned Threshold Value)
mamannsylaanlaensinueamdnduidsidefiandunsaunailaenisimun

aly Mimvualagduegiuusrsaumsnivewlilaensifenmaiisenitdunsylaan

Y

[
£y

1 U
AdenuntiuaslurilogseninsAadniasarsgnueddoyadunmuias inwavenIn iy
ATayadunnnIaianIa (Gray Level ) 256 sesuagdamanun 0 84 255 WatdanAlnsvlaan

wanfansaamstlaasdusiiinualunisasanwluuisle

2.9.2 msmAnsslaanainAnans (Mid-Range Threshold Value)
ATUAINITLFAALASRANTUIINAINAINTUNITNIANNTY ] BAR TLANAI9INNTITUIAN

walgadlagnisimuaaimin dmsuislasilunisiwinlaednludflaelidediglddug



22

vue 1Aen15IANNIYLeanIs LA NANNITAUIUNUIUN9ETRA LIS 099DINTUIAINATY

s o

W3oALade (Mean) ussyndldrnnstlaadfiduiulaaindfianaiafiogseninemifanudy
g9ga (Maximum Level) uagszauauidudiga (Minimum Level) ¥aetayagunm Weaviinig

1

AMunAsElaasnlawalfazauisataunsylaasidudidruslunisasrannluusie

2.10 NM5K19UNN (Edge Detection)

n1smveun I lunisniduseuingieglunin Wensiuiduseuingazaiuise

Fwmiug (vua) wieiinvlavesinguulaseialsinmm nmesmveunmiigndesauysallaly

Y 9

Judesiidy T,ﬂmawwaéwqéamwwawaqmwﬁﬁqmﬂm&‘i’w flAuunnenssEwinaiunti Ay
Hundaies wieflauaiidldasitaueiinim IngveuniminanAuuAn A8 aLLTY
wasanqanildlugadnganis defudminanuiduasdidnnauanssanagilivaunnd
audaay Tumesnsstnuindainuwana siossauninay iidaay FsnsmveunnuUs
paniu 2 Uszinnde

2.4.1m3vveunnlaeldentussusunils (Gradient Method)

2.4.2 mymvauamlagldoyiiusdusiuass (Laplacan Method)

L . L d
2.10.1 nsAumvaunnlneglaynusauaunile

1Y) =

Bsaumveunmlagldayiussuiunils (Gradient Operator: V ) inann1sfausiio

a1 d

YUY INQLlUAIN (18, P(x,y) MeAduveanIn) asdA1LNsA8UANFINITAHIITUIVUIAYES
ASLREUR (Gradient Magnitude (JVPDUSautiiaufiua1a198e (Threshold (7)) finnuundiutiie

A1994 |VP| HAuINN11A191989 kanadngainanfievauvesingiunngluniniyn P(x, y)

v =1 [ 1

nsrumvevresinglasldeyiusdudundaduisuendiudsenavvesninuasiiiendnuly

v
v A v 1

sl fingauiunsedesenieingiuiiunawazAteyiusdosiilusoiloswmiuiianig

1

VOUNSAYUATBILUILAY X WATUAY Y MUUAAT AR ILENNNT

V.P(x,y) =P(x,y) —P(x—1,y) (2.9)

bbele

V,P(x,y) = P(x,y) —P(x,y — 1) (2.11)
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YWIAVBUNSLAEUATBT P(x, y) MuuaAlaain

IV.PCx,y)| = \/ (VP )" = (v,P(x, y))2 (2.12)

Wi ldNefaN AU USLUIUAITUIATDLATERBUA LA

VP ()| = [(VP(x, )| = | (V) P (x, )] (2.12)

nsmveunnlagldinsifeunlunisujoRaslidnvaeiuansraiuly uwiveadeanlasu

anudeulann n1surveunmlaeiswaudl (Canny Edge Detection)

2.10.2 nsfiumvaunnlagldaynusdunuseg
msaumveulaglgoyiiussuduass lisulaiunsmeyiussuduassvesniniivelvla
YOUIBININ Iagn N UM Teyiussudiuas (Laplacian Operator(V2P)) usaufivludiu

YDUILHUTATU A15USEUNUAI89 V2P Taely Mask s9auni1si (2.13) wasaunisi (2.14)

le ZxZ Zx3 -1 0 1

Mask(Ey) = |Zxa Zxs Zxe|=Ex=|-2 0 2] (2.13)
Zx7 ZxS Zx9 -1 0 1
Zyr Zys Zys —1a—20 71

Mask(E,) = |Zys Zys Zye =Ey=[0 0 o] (2.14)
Zy7; Zyg Zyg 1 2 1

WelisumiavesusiuvauvasinglunnporIgaNIuaug (Zero Crossing) ¥4 V2P
MIMBURUEIUAUADY ausamlaanaunisn (2.15)
d%p

2p _ 9%P , 0%P
PP =n o (2.15)
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MsAUMYBUANBYITLSIUAUaDY Wavih V2P sy uSaeulgiiduniafedtuye
HIUAUEYDIA1AIN V2P fsaunleandwmiainnaldsuwlasannaniiduuinidua Ay

auvsonnafiduauluilumfduuindsgun 2.20

1.2
1
EIRSRET N
0.8 \ /mﬂU
0.6 R
0.4
0.2
D
02,15 1 0 0 05 1 15 2 25 3 3.5
%10 -3
-
4 N\
3 ‘ I ‘ AELINRI 81§l \
- VAZLA NI AARALAL"]
- /J b i J\
1 L
. s
l -, -
3 ') \
3 V
-4
35 1 05 0 0s i LS 2 2.5 3 3.5

5UN 2.20 auiuSeuRUARIYaIN I

%

nsveulaelvouiusounuans laulafirni@wesninlunuInnu x Laguny y A1nue

"]

' 1 '
= & aal Al L% =2

afian y Wugaeuegud 3dldnalunismuaminninisdunveulagldeyiussudund

3

nafeaunsansaITuALhisallawasinwalulawugunmlalegldoyiusvesniniuies

2.11 MSAUNIVBUAMNAIY Canny

BusuanNNsUSun IS eu (Smoothing) Aedanseunddeu (Gaussian Filter) Live
AIAFYYIUTUNIU NAINTU ATUIUAIYUIN (Magnitude) kaziianig (Orientation) VD3
wnsshsudlasldnisnisyiusdudunilsdauiFainaAlauifA1uInA1999 Non-maxima

Suppression AUAIYUINYBILNTLABUA (Gradient Magnitude) Liiavinlrlavouiunsasuaylu
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v '
v v

Tunauanelin1simungn198eaesseiu (Double Thresholding Algorithm) tilaseya1v8s
Anwanduvauwaztieounavau Tnslulsaztunauilsneazdunsawalul

TUABUMITAUNVBUNMILALTEVDS Canny Usenaumie 4 Tunaunagui 2.21

Smoothing with Gaussian

!

Gradient Calculation

0

Non-maxima Suppression

4L

Thresholding

5UM 2.21 JunsumMIAUMmIveuN mlngIsves Canny

2.11.1 MIVINSYYINTUNIY (Smoothing with Gaussian Filter)

Fupsuusnnsdunizeulnedanessuvos Canny avfiosdadayainsuniy (Noise)
paNNIUMLITNTIYFINTRLMAFBUNIRUANTU (Mask) MIMAUANTIUTUIATDIIINTONIE
Weumniauinndnaunnagiinayinliandaiasuniulauindivuianseundnsunniuluiingsh
Tueudon Miduduneasdoamely wisemazlduinamouilingsiusunm navesnmd

puNsUSUN LA sUsesnsaRndAds U laanaunsi (2.16)

Saj = Gijo  Lip (2.16)
AMNUA LA
S j) A® MNAENAININTOY

G jo f® Gaussian Smoothing Filter
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I j) Ao AWiideINTMveU

o Al AIUANTEAUYBINTT Smoothing

2.11.2 NSAIUINUAIYBANTLABUA (Gradient Calculation)
TuuINUTUAM I ;) Willanueunadnsalafervesnmluileidu S ;) Tuneuiiass
NISMAVBUNIAEUATUTIANIIVBIUAU X LAZKNY Y UaZVUATUIATDIDYRUSTUAUNTIYDS

Pxjy WY Qy (i, MAEWURIENnTT (2.17) wavaumsdl (2.18)

S(ii+1)=S(i iV FS(it1 i41)=Stit1 i
o~ 20 J+) 7o) O3+, j+1) O (+1,))

Pxq,j ~ . (2.17)
S, ) =S+1,N S G+ TS +1j+1)

Qv ~ 5 (2.18)

(% =2

A1 Px( ;) wag Qyg j) Munsmeyiusdusuniiafiomuinnisulasgiuuuain
SYUNUVBITTUUNNARA (Rectangular Form) Tuidussunufinmdeda (Polar Form) wienivuia
LAEANI9UD NI LFBUARNUAININANNITN (2.19) wae aun1shl (2.20) laf1vunnsifaua

[

AR

M@, j) = PG ) + Q5 ) (2.19)
LaEfiANIRLNSHEUA (Gradient Orientation) Winfiu

0(,)) = tan"H(PA()) + Qy (L. ) (2.20)
wazenunsamA 0 sanilsiilaunuandausluileddy

6 = tan~(x,y) (2.21)

2.11.3 n15v3InAflaianniign (Non-maxima Suppression)
MIAUMTBUNINEIEIZN15V09 Canny aTidaiduiduveuvesnmldtudondugaiili

Agaanamziuazduiamadedunsdeud msfumvsunmlagldoyiussutuniayilila

YouUuLiies 1 fina Awmiilandanisyii Non-maxima Suppression azlviAndugudlunnga
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ey Tugafilu Local Maxima Point #sazdamsanidull

2.11.4 N1SNUUARITALUS (Thresholding)

witnamazdiunsyIady g nsunIvlutunoussnudainia (Smoothing with
Gaussian Filter) mwﬁlﬁmaé’aﬁLﬁuﬁuauﬁlﬂﬁémauﬁuﬁﬁmmﬂgaeui Suileanndyaasuniu
viodnumzvosinglunmduiiuiififinnaeniedneazdonnelumn Feduiteandam
fanandsldfimasimunsnseleadium 2 Mo isdleadas (T1) uaz wseleads (12) Tng
finwadifienannndn T1 azgnuiudu 1 (Huinwaftduvey ) uiddesnin T2 ssgnusuiiu
‘0’ dauenflegsennsumssleadiaaaamsuiuiliue <0’ vie 1’ Tutuegfufineaiiogsay
f1s manuhfinaiiogseuiwesfinwaiidureu @ave > T1) fidnannnin T2 uds Uiy
finigasanaliiandu 1 uerflafuamndnvidunwseuseduiu Fafumshmselead

L ANV aUN LA DUNT UL

2.12 OpenCV (Open Source Computer Vision Library)

OpenCV (Open Source Computer Vision Library) 1fulaun3dinsuldsiuidosnas
YszaananIn (Image Processing) Fmufiselusunsunie C, C++ uazdl Data structure
way Function miﬁwmugmﬁﬁaﬂ%ﬁmﬁu Image Processing @saunsalnanunldanulgng
512909 Intel AdudiimuazUaliaunsaluldaunia License WUy BSD Lisense oy

OpenCV Lilaidulusunsuudilugavasidurindu naldnuddeadeulysunsuluisaneds

(%
=

NN Fanldanunsaluswnsulunainsaela

k)



uni 3

N1592NKUUNERAUANLEILAZIUIINTY

3.1 UNuI

TumseenuuuAiesinmududuresmsararsuuunnmdendoaiuuautuazutans
ponuvuLduansdnliun diuvesndssmuauuaiazdruvedlusunsuililuniseuand g
dnuUsznouvdnvasnassmuntiasazdsznausiie naedlii uendwan wazdwilidmiu
Jululasaman a'*miumaaamLLUUIUiLLﬂimfuazgﬂﬁmuﬁaEJ Visual C# ynanuuuszuuUun

AU

3.2 ﬂ’]SQBﬂLLUUﬂdQQﬂ’JUQ&ILLﬂQ

JruuMTInAIANUILLTUYeEsaratefeweTane A Alaenisldndesiuua gn
oonuuviulfanunsannmld lunsesniuuiuindesazlsznavaglundesaunuuasiiionn
auAana1alun1sinatauduuas Ssqunsaifanunluniseanuuundesnunuuas
Usgnausmie

1. napsdlifihaunm 15 x 35 x 25 cm Famelugnysendsdsuitedesfunasanaeuen

wazannInsEeveaslunde fagun 3.1

31]1'7; 3.1 ndeslyihiildlunisesnuuy
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2. ndandunanBnie Logitech c525 fagufl 3.2 muaziden 8 aufinea Weousaiu

AOLTILABINIL USB 2.0 gnAnastinielundas wialdlumsaenmuagdslugmauiiamasnnm

€

Logitech

JUT 3.2 naosIuuauiIly

3. uWu LED vw1m 5 w ssgud 3.3 Telunishiuasadnddsiwsiululasiiaman

=

UM 3.3 nmuweadiimaniildluniseanuuuy

4. unudwmsudululasiiaman fsgun 3.4 vimhilunmstaduudulilasiaien
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JUN 3.4 wivdululashauman

5. 1A38IAANUTNTUYDIEITALTANBUUUNINITIRBN WU VAR NBaEAIgUN 3.5 T

Uszneuserauiuwasiundsamueuuas Tnendeiuunuideusaiuneniiumasaie USB

5U#1 3.5 M3eenuuy DIC Systems

3.3 N1509NKUULUSHASY

lUsunsuiiiaunTudmiumsinrianudutuvesasaraemienatianseuedgn

¥ v
6V

Wadudmsunisldnuiseauinwmesnnniuazasufinnasaddy Tsunsudnailagn
W1 TUA8 Visual Studio C# Aeluluswnsuusenaunie diunvinaulunisywi Standard
Curve @uNyinnIsAuINANPNNLTUANNaNSazaneRlins1uAMAsUAU Standard Curve kag

ATUVDINTHANINAFG)
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3.3.1 TunaumsvhauvasTusunsa

Fupoulumamamududuresansazats Fusunglénusiouasazasasuungy
winlulasiamwanuazsadlunaemegeukazUandasniuauuas §lunsendayaninududued
ansazaneinsuAndietnluaiisnsmuinggiu Mé’af\nﬂﬁuv‘hmiﬂmﬂmwammﬁavﬁma
denwilulasaman uagnauvianuielsunsuiFuyhnsuszinanaannnseuaaluusdas
viay InoazldnmaAdouvune 10 x 10 finwa Tunsdmnumaluusidzay

Tusunsuiteenuuutuldldseuud HSV uas RGB luntsmarudutuvesdudszuud
Paneaihluszuansualuszuy RGB datumsiesgiluszuu Hsv Suduseddauntsd (3.1)
(3.2) wa (3.3) lunisudasann RGB U HSV uagldaunisit 4 lunisuvasann rReB 1y

Grayscale

V = max(R,G,B) (3.1)

V—-min(R,G,B)
0, Otherwise
60(G — B)/(V —min(R,G,B)), V=R
H =:120+60(B —R)/(V —min(R,G,B)), V=G (3.3)
240 + 60(R — G)/(V — min(R,G,B)), V=B
Gr =R X 0.299 + G X 0.587 + B x 0.114 (3.4)

A (3 A

1519 R(Red) Ao09AUseNaUALAY G (Green) AoaInUsznauUALT82 B (Blue) A
p9AUTENaUALNRU H (Hue) Apdva9n1n S (Saturation) AaUsunauminudusiueed V (Value) Ao

USHNUANUEINBININ tag Gr (Grayscale) Aaluundniinislaseaudvesdin

AINATIHATIEIAIANULVUVDIF LULAFLVAL WUIIAUATINVDILEIUULNY LED A3

q

anslawinduyihldmdiavinnsiaendeanunazlaedssnufmaiieuld kasinatANITaNENINLNY
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1
1

LED tnelsifiusiulalasiiaumantagninunldiiiervinnmsvaseaiannuaineildviiulunsas nud

UUHY LED
Pixel intensity = 255 — MPIT — MPB (3.5)

Aeuduvesdnlatuldagrquanileannseruastiluldmunnsmanasulagly
aun159 (3.5) Tunisvaweanuluwinduresrnuainsuululasnawan 3ntuaglgisnig LSM
TumsmenuduLazA1AIivRIe 7 99AUsENaUa R G B H S V Gr 91naunssaunsiile luwmay

)

Frzgniundasgat Wislglunismdnanaalunismeanuiduturasasasaneflinsuad

Y

aemm h wonlulasalmaneenaniiuvdafiorivue

L 2

81uA1 RGB wagAuanA Gray uaz HSV Tu

weiay Pixel

¥

. = ) g
mARasveIiIeuldluiazvauuuliles

iwanun 10x10 pixel

e 2

YALBHATNURR

Pixel intensity = 255 — MPIT = MPB

winavadaduinnsguStandard

curve)INMaNTR A TaYaaATNTY

UINIFIY

L 2

MEANNITUAY y=ax+b 1NN maLITLTY

AU

T

PMnaunsilmhumam L tuvesans

WEMINaDDN

NNLI90

5U# 3.6 Tumsumrinnuvedlusunsufioanuuy

Tutussugarnelsunsuasiiuaadugiuteyauazuaninaoanynediufnsegldny 1

Usgnaumediuianigl dautoudays wagdiunanatasiiag aeguel 3.7
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o Tusunsuiasemaduduvasansazany - OIEE

Result
MainResult | Result | graph | ResultRGB | ResultGray

9900

090000000000,
990000000000
000000000000

Load Picture Tray size adjust Process reset

.
-

@,

.

save csv
5 Cralibration  Value
AlXpoint 784 wtictt By 7

LoadFromFiles A1Ypoint |57 v 10

R

5 5
Interval 159 PointSize

CameraCapture AutoAdjust | | AdjustTray Processing

<< | £ <
o

57
] B
|| Use camera

[] Use blank

[a1 b B4
o AddJ || gs
(A3 B6
A5 remaove B7 |

a6 v |l ceay ||B8 e

Save Blank

C:\Users\KPhon7181866\Pictures\Logitech Webcam\Picture 131 jpg

sUN 3.7 mihvensvieuvesiusingy

3.3.2 Msuenn W lulAsINaanINNUNEY
o990 luawdTe i ufeen s iU LS NINUBISEUUNTIAAIANUILTUYD S
a1sazatememaiinniseiuad matian1suszaananunlagniunlglunsivungainans

‘VTaiLILLG\@”WﬁMUULLNUI@JIﬂiL’J@L‘W’d‘V] ﬂ\‘i'iih/l 3.8 ﬂi‘”U’JUﬂWﬂUﬂTﬁ‘Ui”N’JaNaL'iiJGWWJEJﬂﬁLLEJﬂ

[

awdulilasaman sananfiunds Fwildlagnsasunmiieeldidu Grayscale Fasui

Y

3.9 wihldneafia Smooth Gaussian Tun1sandayIusunIuTaININTidIe Mnildmaiame

=) v

leawiodauninann Grayscale Wuluuns Asgufl 3.10 nasaniilanmluguaesluundudald

g

wadan1smvaunmiionvauvadlulasiiaman Sable-Mask gnlalumadinnisuivounings

SUN

g

3.11 andesuazliveuretlulasnamaniiludmvden yilianunsadvunnuazsiuries
wingvauuulilasaman Jeihnsivuadiurisedusiasrauaagui 3.12 udatdilldluns

MeAAIILTUYD AR ausBly



Original Picture

A 4

Gray scale

\ 4

Reduce noise by Smooth Gaussian.

\ 4

Threshold to binary.

L 4

Edge detection by sable mask

\ 4

Find max rectansular

\ 4

Apply micro well plate position.

JUN 3.8 TuseunsunlulasInaneoNAIN WU

UM 3.9 nsutanmddu Grayscale
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JUT 3.10 nmwdsannmsideululumni

sUM 3.11 AMYEaINHLNSEUIUNNT Edge Detection



JUN 3.12 nnvdsanmunavesiilasiiainay
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uni 4

N1INAFADULLASNANTIINAFDU

4.1 UNun

v
ar

funauNIMAGeLLASe TRt UY B sEN SaTAN LU U EndB LT uLeY Bui
ANTUAAUN LTI ANENNLAT HAIANNTLTN A9 AN N AT LA AL
FudadiureusdzesAle=naulus=und RGB kaz HSV aMntfuazidenAasmlsznaand]
mmLﬂuﬁqL%ﬁumﬁﬁmﬁmﬁ:ﬁmmLmiuﬂﬂumﬁmﬁumm:mﬂﬁmmLfﬁmzﬁuﬁmj AN
Fdiuaz 30 AN LaTINIAIAI AR ALARDLANNAIDLNIETAZAN L3I 10 Fagng

o Beilemlsz@ninwieiowi-iada anniluledines
4.2 MSANEIHVDINUNAS

NAMINAaINUI AanialadialifinnsfaniavesnaasmuauadinuRnL e uved
717ale wlosannudadanulusddasaziludeia mlvliuassuniuvainaisusnuaziinnis

Ya v [

3291890989910 LED fMaluiidenaassininasiundeainaonluddl ioannisis

N32AYVDILLAALUDINULAIIINAIBUDA INNITNAADINUIINADIIULANANITRE e lLlAS

namaniiliesrusznaudesnuiag 19gneviie LN iisdm

4.3 NNSANEI5LEENI9SENINaasnazlulassaaman

nNNIneaesnUdTezIndatanudAglunsvilvinmiiaredanudatau 1esand

[ [

Fonoelndviselnandesawiuluagyilfinunmussnniimeiius:avsnmantosadly dafuded
awdnduiitemszevinsdiaignszrinendosdulalasnaman nmmeaesmuiiszes 1 f
15 cm amdidneldasdinimuae esnnaudndeseglndiagauiuly Snviaaudlaildgn
panUUUINE UM muUUTzelng ssesfimngdunsmeluniseenuuudazedd 15 fs
30 cm wifiszee 30 cm aglidindsiign shlfiesensUszanana nranTmaassideds

WBaNsEey 30 cm ANMSUNNTERNLUUL
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4.4 N1SHSYUFITAZANYAINSUNISNAABY

4.4.1 mswseuaazangdmsUnIsNaaasUisensewinandn (1) dusslniuuulns

4.4.1.1 sseiinlddmiuufisenssvinaman (1) fussiniluuulnsay

aseflddmivuitenseriavdn (1) fuselyiuuulnsauusznouse

1. ansazanaunsgIwman (1) Wudu 100.0 me/L

2. ansaraeooliluulnsay [Wwudusseay 0.5 ¢

3. gnsazanelonsenlyanfiulalasaaslse Wutusoway 10

4.4.1.2 mswsguasialidmsuufiseassuinaman (1) Aveelniiwuulnsau

1. mswisasazagadontinsguman (1) udu 100.0 me/L Bususens
Feasworludomedadaina [FeSOMNHA2504 . 6H20] 311 0.0351 ¢ avansaetindu
Bnlen waadunsadailasnidatiy 0.05 mlL Mnduududsmsturniauiuansauia 50.00 mL
WNWAUDNUTUING

2. sazageslviluuulnsay WutuSevas 0.5 ¢ Bususenistsaseslnd
wuulnsdulalulomse (orthophenanthroline monohydrate) 110.2500 ¢ azatefetnauy
wazUSuUsanadu 50 mL Tuluvietausuanseuin 50.00 mL

3. ansavanslensenlvaniiulelaseaslss Wududosasz 10.0 Bududenisds
arslonsenleaniiuivlslnsaaslsd (NH20HHCY 11 2.5000 ¢ avanegdaeiindy wazusu
Usuwsilu 25 mL TuluraiauSuinsauin 25.00 mL

4. arsagaganasgrundn () Wudu 1.0, 2.0, 3.0 uar 4.0 my/L 1Fudude
nsUeansazansafionuinggiuanyn 0.25 mi laluviadausunasuua 25.00 mL wdd
a1savanelansonlearfiulalaseaslsd 0.25 mL wavaisazatveolniuuulnsdy 0.50 mL
Mnuutinasieinduauielavenuiiing wwldasaraeunsgumdnidudy 1.0 me/L
duansazansaspIumaniinududu 2.0, 3.0, 4.0 uag 5.0 me/L Withun asazansadion

WINTFIUMANIN 0.50, 0.75, 100 uaz 1.25 mL sudeiy

4.4.2 MawsEuaTaratgdmiunIsnaasufisenseninaeniueaiuuiaaaisul

4.4.2.1 srsedntddmsuuisenseninsemueanuiiaaaisud
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asedflddmivuitenseriaenueaiuuiiaseisuduszneuse

1. lemusaltutuiovas 99.9 lnaUsuing

2. asavansiiiaewsus Wadudovas 0.1 netmin

3, @sazangladwnUwines pH 3.4 1UTW 0.1 M

4.4.2.2 nM3WsBUENSIANEMSUUG ATz IENILEANT ULaRBLTUY

1. swiRpnansaraneiaaisus Wutudesay 0.1 et Yuufiaeaisus
0.05 ¢ avanedIptnay anduaeldvntausunsauwa 50 mL wazuuTinasaudedaven
Vanseaethndu

2. MFesEuaIsaratekeTenTes pH 3.4 Falwifeunedian 0.2192 ¢
azaneidntion uartiunnsauoBin 99.99 wWosidud 3.4259 mi ldluwininusansuuin 25
mL udUsulsinasdehndy

3. MISwSENaTaraIEInIg e Uead mIUnTIa TR YwWemsazanseniuea
Wutusgag 99.9 lnuUiuans 11 2,50, 6.25, 12,50 wag 18.75 mL snuaau lduininusunns
25 mL Yupmyiaeaisudsovas 0.1 lagUsuns 9113 0.5 mL wastilaueaninimes pH 3.4
Fudu 0.1 Tuand $auau 5.0 mL ldnniausinsusazern USudSansdetinduusiaain
lopauauasu 25.00 mL 9zldansaza1euInsgIueNIuead s UATININ AruLTusouas 10,

25, 50 uag 75 laguung
4.4.3 n1siaseuaIsazargdiunamaaasunzersenitensaginiunsanaalnia

4.4.3.1 ssaiinlidwsuufizenszvinansagsniunsalaalnsieasin

arsialflddwiuufAtenszuinansagdndunsanealslsisainUsznause

1. @5REaNERINTFIUNINGSN LWLTY 100 me/dL

2. arsazanensevoalavaaRn WatuSesay 40 Tatwiin

3. msazaneladeuaivon dududosas 2 Taetwin

4.4.3.2 Mmawspaasialidmiuuisensenitansaginiunsaveslnvisann

1. MawFeumsazateiwfiaeaisud Wududosar 0.1 lnethnin vilesazany
n3agIn 0.1000 ¢ Tialeifeulansenledarududu 1 M UTns 3 mL udaldinduus
Usumasilu 100.00 mL
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2. ansazabansgunsaealaivieain Wutudesas 40 Tnethuidn shilee
avanensaviealiaa@n 4.000 ¢ udldihnduluusinasidu 10.00 mL

3. grsarvanslaioumsvaiun Wududesay 2 Tastmin ilasazaneledion
AsuBLLA 0.500 g Setnduidntios daldvaiausinasauwin 25 mL wdusuUsinaseaei

NAUAUDIVAUDAUSLIAT

4.5 wsasdianlylunisiSauisunussuuNaankuU

TuiAdetlaeaniuunasinisnaasalasly Web Camera-based DIC wawUSeusiiauiv

UV-Visible Spectrophotometer 'a;'u Jasco V-630 %ﬁL“fﬁJuLﬂ%a\‘iﬁammgmmﬂaﬁ\‘igﬂﬁ 4.1

31]17; 4.1 1A399 UV-Visible Spectrophotometer

4.6 YUNDUNISNAADI

4.6.1 tunsulunmsmageuananludady
Tunsvageueuifudadutuasinimeaedy 3 U§isendsd
4.6.1.1 msnaassufisensewirandn (1) Aveslvluuulnsduy
1. vimsaunuaUnafuvesasagan s mspumaniianuidudiusingg feieies
g3-3m0a annslnlaiinas (UV-Visible Spectrophotometer, Jasco V-630) Tugaaa1uen?

& 400 nm f1 800 nm Tagldunnduluansazaneinauaganiusadlmdugud

oo

2. ¥NITNAAOUANTATANLNINTF NBIANTIAULTUTURIE) FILATITARIN
WduresEnsazaNauUNNNIAIEN&DLIuLAY

3. inswseuiisunanianesesyd-1ada awnlnsinladimesuasiesoadn
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muiduresasaransLu U sende iUt usar i uresansazane
Wievnanafiananuainszsianeaudunse

4.6.1.2 N1MAAIURNSE1ENINNMUBANUITIABBISUY

1. ¥hnmsaunuane fuvesansazaneiovueaiinududusiieg feiiesei-a
Hda avunlnstuladmad (UV-Visible Spectrophotometer, Jasco V-630) Tutgaeanue1indu
400 nm £19 800 nm

2. ¥imsvadeualsazasieueaiinududusieg fenieaiannududy
YBIENTALAYUUUNANIIENADAIULAY

3. imsweuiisunanlaanesesyd-1ade awnlnsinledimesuasiesosdn

e

anududurasasaranssuunndhondasueR Tt Tl uusas AL idueasazany
devnenafiangauaziinsigsaududunss

4.6.1.3 nMvnassufisenseninnsaginiunsanaalnisain

1. WgnsazaneuInsgIunsngsnidudu 100 me/dL U3uns 0.25, 0.5, 1.5, 2.5
way 3.5 mL aua1u lavaeannass 5 naen

2. Ysminduisanns 4.75, 4.5, 3.5, 2.5 uazl.5 mL ldvaaanaasidasiasn
ARG

3. Dulnarsazanslaioumsusiunduduiosas 2 Tnedandn 0.3 mL ldly
MADANARDIN VLA

8, unarsavanensarealniiaann Wadutesas 40 Taethmdn 0.3 mL ldly
vaeAveaadaLe 9ldasaraieInsgIunIaginfitaandutu 4.46, 8.92, 26.76, 44.6 uaz
62.44 me/dL

5. yhmsaunuaUnAILTea saranena s uMAnTiadudusiieg deledes
g3-3m0a annslnlafinas (UV-Visible Spectrophotometer, Jasco V-630) Tugaaa13e17

a1 400 nm 39 1000 nm

oo

6. ¥nmsvageUaIATABINAIFIUNIALEnAInIdNdusingg Meledesinnm
duduredansasaiguunnmmendeiuLay

7. msiSeudisunaiildanneiesyi-3ida anlnsliladwesuaziaiesin
anuidudurasansazaneiuunnmdendeaiuneuiitau il uuteseudiduresansazans

WemnadnagauasInziiinududunss
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4.6.2 TupsunIasaUAIIiLE luNsTadaudiduvennIesiieanuuy

IuﬂWiwmaaaﬁazﬁwm’mﬂaaumﬂ'wmm,l,ajus]’ﬂuﬂﬁﬁ%mﬂﬁﬁ%m'izmwmé"ﬂ () uee
Influuulngdu Foinismeaeufisefuaududuaisazarewdn 1 ppm, 2 ppm, 3 ppm,
4 ppm way 5 ppm AuduTuay 30 fheths Tnelituneusied

1. idsuansarateuinsgumaniiaaiududu 1 ppm, 2 ppm, 3 ppm, 4 ppm uax
5 ppm

2. Inansazanoannsgumdnusazaanduduasuulalasnamanlushundmgud
a5ansmlinmsgu

3. Ynansavanennsgrumanusaeanududuasuulilasnamanlugudmsvriong
TAMUANULTLTUVDIENTAZAEY

4. YnrsnedevasazatedisaIsainAududuvetasazatsuuunAn Azl dn v
UIRTFILURZUIAIAN AL A BUSIR ALY

5, nsvinas s 30 asadlenadeusnuusiugilunisTa
6. ¥nsinseieuduglaeidonlfosdusznaudnianuudaduildanns

G0N P U GA e

4.6.3 YumaumsuasauSeuiisunsiadinnudutuasasazateaie

1. 38BN M UNSUNSIAdEURIWIL 10 FegehasinIouansasateman
dmivasnamunnggiu

2. Ymansavaneansgumdnusidzanuidutuasunlulasnamanluduvtagud
asansmlinmsgu

3. Ywasetetndmsunisnadeusiwan 10 fegisasuulalasiamaniusumis
dusuinAauLTUTNEITazae

4. vimsfamanuduturesansasatsseiaiosy-i0a awnlnslnlafimes (UV-
Visible Spectrophotometer, Jasco V-630) wagindiaiasasinmududuresaisazaisuuy
wnwlagldansavaneyaiieniu

5. vhnsil3eudisuaniialanneied-3adatasiniaeinAinsganiusasiioaniuy

Y
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4.7 wan1SNAFaUALTULT LAY

4.7.1 wansnasauaududaduluufiserszudinaman (1) Auesiniluuulnsiu
NANINARBINADIVAADULAL LU TN TUUTZUIANAAIUDU TUYDIEN TAZaNEUATTIULNAAN
(1 TuuAsenszninugizenseninaman (1) ﬁ’uaaiwﬁlLLqumﬁu%”LﬁmwmaﬂmImL’Jaﬁmsﬂﬁ

[

mgﬂﬁ 4.2 uarnan15UsEananaNtun sz lin iy m'iﬂ‘v] 4.3 wunliranduiusi

)

ﬂlﬂLLﬂ aumu WU 0.9994 LLa‘”LiLIE]L‘VlUUﬂUﬂWﬁ%ﬁNWHﬁVﬂﬂﬁﬂﬂﬂTi‘Vlﬂ’ﬁE]‘UGYJEJLﬂ'iENEJe‘J %)

Y

v
a o

Ja awnlnsinlafimesazlainiu 0.9975 uamniiarsanainaauly (Sensitivity) awwuIndun

L

Rulienuhiuniian Adervea97 wagduasazianuhinuugiseivesunn Weliasevly

5euud HSV lugufl 4.4 ssnuindiiiesesdusenay Audusaveed (Saturation) Windundian

a%amwuﬁwam WU 0.9876 dmsunisvndaudieLaIese 9333108 aninsliladmesiven

avduiusiniiiy 0.9975 mgﬂw 4.5

JUN 4.2 maredmsunsneaeuanududaduluuiteseninanin (1) fueslnfiuuulng

Ay



a4

Fe + Orthophenanthroline

240
y = -1.3x + 217.2
220§ R? = 0.5788
@ - .;n,-.._....Q ................ [URTTPP R e....
g R o
200 \N."'-‘---..- y =-11.8x + 223.4
... T
@ G R? = 0.9954
Q& 180 il
S S ®
e . ®
:? .".
2 160 Y= -13.6x + 226.4
0]
E R?'=.0.9983
g 140
& . 8
¥ o Gray
120
y = 291X + 220.8:. ® Red
100 R2=0.9994 2 e Green
e Blue
80
0 1 2 3 4 5

Measured Concentration (mg/L)

JUN 4.3 nswldunsssenininudutuvedansagaleunsgiuman (1) fupmauduvednled

PnAssTioantuulusyuu RGB Way Grayscale



Fe + Orthophenanthroline

160
y = -1.3x + 87.52
140 $oo I — 3o 0moes
....... é ................................
120
3
<
2\
2 100
= y = 11.89x + 1.86
5
S w0 R2=0.9876 - ®
C ; .
3 '-._. .'.'.
£ 60 o
_q)l 'n.. .."
X ?
0- ..-. .o.
40 T %3 3
y = -22:1x + 1066
20 -...5 '--.
R? = 0.5825
o
"
0 1 f § -

Measured Concentration (mg/L)

100

90

80

70

60

50

40

30

20

10

0

Pixel Intensity of S and V (0-100)

L
T
c
0]

@ Saturation

e Value
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JUN 4.4 nswldunsssenininudutuvedansagaleunsgiuman (1) fupmauduvesdnle

PNA3eTaanwuUlusEUy HSV
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Fe + Orthophenanthroline

0.90

0.80 y = 0.1912x + 0.0154

R = 09975 .

0.70
0.60 o

0.50

Absorbance

040 .. o
0.30
0.20 0
0.10 -
0.00 .
0 1 2 3 4 5

Concentration (mg/L)

JUN 4.5 nsmldunseseninmududuwesansazatensgiuman (1) fuAIn1sganiuuasd

lpannLesosnsgu

< a ¥ aaa 1 [ a -4

4.7.2 wan1svedauaulndaduluuiiserseninsemusanuiiiaaaisud
NANISVNADINADINAFDULAL I UTHATUUSEUIANAAIULINVUYDIFITALANULDNUDA Y
Ufisensenitneniueaiuiuiiassisudsglinmuedlulasiaiiaeladsgui 4.6 waznans

Uszananadntusunsuaeldnsmhdadu dsgui 4.7 nudngennududuyedansazaleiinnnd

salaal

50 %v/v fanuluidudadudavinnisnansanamizdie 0 89 50 %v/v lamanduiusnavign

TawA LNSuaLNaLinay 0.9852 karA1andunusvoIdeyinnu 0.981 wagiilawiguniual

a a

anduiusiilaannnisneaeumieinsedgd-ITda annsinladwas windu 0.9993 winn

fi91sanainauly (Sensitivity) asnuiddeazlinnulunniigauazdunadudinludauls

¥
aaa =

Aauisend Welinseilussuud HSV faguil 4.8 ssnuindiiiesasausenaudvaanin (Hue)

v '
sl 1

whilufidldanduiusanan wiriu 0.9812 dmiummeaeunleiaseyd-Inda anlnsinle

fmaslirnanduiusivintu 0.9993 faguil 4.9



JUN 4.6 nmdiedmsunsvaaeuanuidudadulud]itesenisemueafiviuiiaosisud

Ethanol + Methyl Orange

250
@ oreereee r 29 e b TR Y B P P P P PR P P ) Y
y = 0.0009x + 234,27y = 1.4652%-+15811
200 Re =-01000Zg i 10 R2 = 0.981@
ey S G.8T6TX + 159.62
g .-;.'.‘:::: ------- L i e R? =0.9852
é 150 &
2
(%]
C
g
£ 100
()
X
[a
o Gray
5
0 e Red
yi=0.0229x+ 0.0132
G
RZ = 0.7445 © breen
0 @--srssseeas @ nssnssrssrsnssare @oeeaadioirniacnrasondionsnnenenes P e Blue
0 10 20 30 40 50 60

Measured Concentration (%v/v)

JUN 4.7 n51duRIesEnIaNUIdLduYeIaN AL e UATUAIAUTNYRET LA N

sesfivanuuuluseuy RGB Way Grayscale

a7



70

60

50

40

30

Pixel Intensity of H (0-240)

20

Ethanol + Methyl Orange
y =-0.0092x + 99.995

Q........... R2.=.0.74.45
@ T, [ )
...... L
ot
............... y = 0.37x + 39.137
® Rz = 0.9812

y-=0.0004x .+ 91.866
° R? =0.0004

10 20 30 40 50

Measured Concentration (%v/v)

60

101

100

99

98

97

96

95

94

93

92

91

90

Pixel Intensity of S and V (0-100)

e Hue
o Saturation

e Value
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JUN 4.8 N9 1ldURsITEIANLIdLTUYR AN TAEANBLN LA UAIAUTNY B ETILARINIAS B

Toonwuulussuy HSV



49

Ethanol + Methyl Orange

2.50

2.00 y = 0.015x + 1.1653

R? = 0.9993""

v 150 e L
O e
S e
_9 ......... L J
< 1.00

0.50

0.00

0 10 20 30 40 50 60

Concentration (%v/v)

JUN 4.9 nsvlidunsssEnieeuIdutuYeIEIsAza s RUeATUAIA U INYRNET LA N

LATBANTFIY

4.7.3 wamsvasauanandudaduluuiseseninnsagsnfiunsanaalnvieaiin

HANISNARBING B AR ULAELUTUATUUTEINANAAUTNTUYBsaN TaEa18NTAYSN Tu

(% I

Ufiseseninnsngsniunsanealnisainaglvinnvaslulasianideladagui 4.10 uasnanis

g

sl

Uszananadnlusunsuaglins vlady fsguil 4.11 nudtlvehanduiusiafgalauwnduntu

WinAU 0.9859 saasunduAtanduiusvesdunaindu 0.9741 aranduiusvansuanaminiu

v s =

0.9729 AnanduiusveIE eI 0.9711 sud1su kazkilawisuiuaanduiusilaannnis

nageuMeLA3eeyI-I8i0a alnlnslnlafimes wiadu 0.9912 uininiiarsunainaula

¥
aaa =

(Sensitivity) 9znuindunaglvinnuliuniiandeuizentl Wednsneiluseuud HSV fagud

4.12 ¥nUIN0AUTENBUANLATIINURINN (Value) HAnanduiusafign wiriu 0.9853 58903

ISP (% v 6 1 v

Juesdusznoudvesnin (Hue) daanduiudivindu 0.9698 dwsunisvaaeusiewniadg3-IT

(% I

Wa awnnsluladiwastraandunusyiniu 0.9912 a95UN 4.13

Y



JUN 4.10 nnaedmsunisnegsumududaduluujiserseninnsaginiunsaoalni

amn

260

240

220

200

Pixel Intensity (0-255)

180

160

140

Uric Acid + Phosphotungstic Acid

R? = 0,9859

0 0 .'
S es@e
23

.'-:"'.-':, ()
' y =+-1.0891x + 247.06
3| &, 20,9711
y = -1.1339x + 243.98 .. :
R? = 0.9729 S OO
y-= -1.3853x 4241
R? = 0.9741 o
20 40 60

Measured Concentration (mg/dL)

y = -0.8848x + 237.85

80

o Gray
e Red
o Green

e Blue

50

JUN 4.11 nywldunsaserinemnududurasensaranensgunsagsniuAnmiuvesdnlea

MnAsesTivenuuulusEuu RGB Way Grayscale
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Uric Acid + Phosphotungstic Acid

250 100
é-e..
.......... y = -0.3936x + 96.365 90
...... °
.......... R2 = 0.9853
200 e ® 80
............ ) 8
~ """.-: ::: 8
e e ] 70 4
= . e
L S
T150 . 60 T
Y= o .. ©
°O e y = 1.1226x + 121.36 50 2
2 ° ‘©
a R? = 0.9698 >
2100 40 ‘@
C cC
- [V]
T <
X B0y, —
& f>]_<) e Hue
50 y = 0.2047x + 1.2758 20 &
RZ<0.8812 1! o e Saturation
........................ . 10
; @. @t o 0 o Value
0.00 20.00 40.00 60.00 80.00

Measured Concentration (mg/dL)

FUN 4.12 n3mldunsaseminem N ilTuYasEn saEane s IUN SRS NUAA ML R SN LA

PMNAITERNwUUIUSEUU HSV
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Uric Acid + Phosphotungstic Acid

1.00

0.90 y = 0.0134x + 0.0118 o
0.80 Re= 09912 .

0.70
0.60

0.50

Absorbance

0.40
0.30

0.20

0.10 o

0.00
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00

Measured Concentration (mg/dL)
U 4.13 nswlidunssszmiteanadisduresansazansmnasgiunngindumanandie s@ile
NLATERNATFIL
4.8 wan1snagauAuLiugn lunsInAIAudnduTa BAIaIaanwuY

Tun153esnziausiug 1AM UTUYaEIsaraeN Inla N asioanwuy
AU150NSANAITELUULIATTIUEUNUS (%RSD) FalaInnsAuInmINaunisn 4.1

AAuRaNA1AduYsal (Absolute Error) Aaaniiinlaaunier1as
SD
%RSD = ?x100 (4.1)
%RSD Podudsauuinnsgruduius

SD Aodu et uuinTgIuYeIeyanIviun

X ADALRRLUYDIUBYAYIINLA



53

A5199 4.1 PITIUEAIAIAIINLIUEIVBINITNAFDUTUTZAUANULTNTUTDIAITAZ AR

. . FLAUVIAUIUEN(%RSD)
STAUAULTNTY :
G Urunang A1
52U ppm
0.1-1 1-10 10-35
(Trace analysis)
5¢6U ppb kaY ppt
1-10 10-35 >35
(Ultra-Trace analysis)
11NN ppm 0.01-0.1 0.1-1 1-10

siuveInULug Tuag furududuresansiiaesiaumaed 4.1 Tunismeaaes
fgnsmegeumeaudus iRt AR e T amEn (1) Aueelviiuuuingdu Fui
nMsnaaeuiseiueudduatsazatendn 1 ppm, 2 ppm, 3 ppm, 4 ppm Wag 5 ppm A
Wutuay 30 fregne eslunislnsisiasidonlyesalsenevailaandunusvesansazaie
mwmmumlmmﬂmimaaqmmL‘UmmLau 9InN1sNAaeInUITtuUARzesErineman () fues
TyfuunlvsAuesiusenaudiiaanduiusedlunasifsausuldud #i3u7 Green), Fhity

(Blue), thstana (Grayscale) LaveRUsEnoUAINBLTYaIE (Saturation)

M15197 4.2 ANTIIMERIAIA LI LABsTIDankuUlUN T InaNTar AT AT IUMANA Y

\nseaLna (Grayscale)

ANt uYRIEIsATAEWaN ArTi3ali(ppm) AMULIIUET Y%RSD
(ppm) n=30
1 1.1762+0.0950 8.0810
2 1.9287+0.0906 4.6975
3 3.2764+0.1028 3.1387
4 3.957+0.0921 2.3215
5 5.2412+0.0950 1.8134
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M15°99 4.3 ITNnEnsAIANLLLuE A asToankUUlUNMT IR TaTa 8RS IUMANAE

paAUsEnaudllen (Green)

AMUatuYaIEIsaTaEwan ATi3ald(ppm) AU Y%RSD
(ppm) n=30
1 1.1568+0.0775 6.6955
2 2.1248+0.113 5.3181
3 3.2943+0.1186 3.6014
4 4.1785+0.0942 2.2544
5 5.2922+0.0775 1.4636

M15°99 4.4 gnTNnansAAuLug1veAtosioankuUluNMITnasaraIBLnTIUmMANAe

9rUsznaudutu (Blue)

AU vasaIsazaevian ATiTald(ppm) AT %RSD
(ppm) n=30
1 1.1622+0.0425 3.6543
2 2.1791+0.0434 1.9916
3 3.2728+0.0549 1.6786
4 4.1473+0.0742 1.7891
5 5.0532+0.0800 1.5837

M15°99 4.5 T NwansAIALLLug1 RS asTioankUUlUNM IR TazA 8RS IUMANAE

IAUTENBUAINUDLGIVBSE (Saturation)

AMatuYaIEITazaEWaN ATiSali(ppm) AU Y%RSD
(ppm) n=30
1 1.1251+0.0531 4.7186
2 2.1282+0.0631 2.9649
3 3.2472+0.0763 2.3487
4 4.1433+0.0742 1.7908
5 5.0458+0.0962 1.9059
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PNnuaTldnnIsageumAALuE1veai asTioanuuulunsTnAAududuTes
wisnlugasiagwuhesduszneudtidulummed 4.4 Saanusiugifigeedlutag 15 f1 3.6
WeslwuddeiTeuiisufuased 4.1 aenuieuusiugieglurisiunandunisinaiig
dudulusedu ppm luvasiiesdusenoudug Tusmsadl 4.2, 4.3 waz 4.5 fmanuuduguend
efUsynavdtnity wigemsaglurisdrunarslumsinanuudusedu ppm yanntagnut
Tumnududusimmiuisiusazugnitsenuduiuiiadudemindfirsunemiuduesd
enuind anuddusazinsdsunlamesddesnitarududuinndwiliteauusdug

anasluane

4.9 NANISNAFULUSIUBUNISIAAIANULTNTUVDIANSAZANY

TunsiUSsuiisuAIAMUTUTUYBIA TaZaE IR LAINLATEINIASTIULAZLAT DT
29NLUU AU15ONINTUIAIANUAAIALATDUYDILATAINBBNLUUEARIN NITAIUIUAIAIY
RANAINAINAITIA

AeuRaNAIRdNYsal (Absolute Error) Aarnfidnldausier1as

X,, Aerriialaaniasesilefivaniuu

i P =

A oA A
Xt ﬂ@ﬂq'ﬂqﬂiﬂ@qﬂlﬂ?ﬂ\‘]ﬂ@lﬂmﬁﬁqu

A 1 I d‘u ¥
& F’]@Nﬁ@ﬂﬂﬂ?%’)ﬂlﬂ

AANURANAIAELYNS (Relative Error) %138 Percent Error fiatUasidusanuianainls
NnAANURANAAFLY Sl S UBUUA1S

Xm—Xt

X x100 (4.1)

%Error = |

Tunmageuaauaaiandsuinluufizenseninaman (1) fueslviluuulnsdu lae
TunisneasslavinnisnaasainfuansazansaswineyusuIumanlug13 uIu 10 Fregradieu

MUSENINATOINBONWUUAULATEIIATFIU



M19197 4.6 MTNLEAIANANNAAIALATBUYBIATRITIBRNLUUIUNTIRENSAaBLNTE I

1< ] U d‘ ¥ (3 LS
wianiieufiuiesewnsgulagliesauszneuinsd (Grayscale)

56

Anisaldann Anfisnl&ann
. . 4 Absolute Relative
A208197 | TBeNNRSgIY | bAIDINBRNLUY %Error
E error (mg/L) arror
(me/L) (mg/L)

1 3.48 3.618 0.138 0.040 3.962
2 3.47 3.618 0.148 0.043 a4.262
3 3.45 3.618 0.168 0.049 4.866
q 3.44 3.602 0.162 0.047 4.698
5 3.42 3.602 0.182 0.053 5.311
6 3.41 3.602 0.192 0.056 5.620
y/ .k 3.602 0.202 0.059 5.930
8 Ao 3.585 0.215 0.064 6.391
9 ik 3.569 0.199 0.059 5.908
10 3.32 3.553 0.233 0.070 7.013

Anaae 0.184 0.054 5.396

M19197 4.7 MTNUEAIAIANNARIALAGBLYBNATBITIBRNLUUIUNMTInATATa8LM T

e W Y 5 v 3 N
wianifleuiun3esnasgiulaeldesdusznaudilis (Green)

ANeNeg Anfisaldann
. . 4 A Absolute Relative
A98199 | wIasunsgay | tAIDNVIBBNLUY %Error
E error (mg/L) arror
(mg/L) (mg/L)
1 3.48 3.556 0.076 0.022 2.195
2 3.47 3.541 0.071 0.021 2.056
3 3.45 3.571 0.121 0.035 3.520
q 3.44 3.602 0.162 0.047 4.695
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Afisaldann Afisaldann
o . 4 a 4 4 Absolute Relative
A08197 | 1ATBWINTFIY | LATDMIBDNKUY %Error
error (mg/L) error
(mg/L) (mg/L)
5 3.42 3.586 0.166 0.049 4.867
6 3.41 3.617 0.207 0.061 6.057
7 3.4 3.617 0.217 0.064 6.369
8 3.37 3.632 0.262 0.078 1.762
9 3.37 3.617 0.247 0.073 7.316
10 3.32 3.647 0.327 0.098 9.838
Anade 0.185 0.055 5.467

M19199 4.8 FNTNERIAIANNAMNALATBUYBNATTIRRNLUUIUNMTIRA TR BIA T

& = ) a 9 3 a o a
wdnfisuduesesnasgiulasldesduszneudiiniu (Blue)

hoe LA A Afialaann
. . YA Absolute Relative
A10819N | WToNInSse | tAIENVIBaNLUY %Error
% error (mg/L) 2l
(mg/L) (mg/L)
1 3.48 3.312 0.168 0.048 4.819
2 3.47 3.312 0.158 0.045 4.544
3 3.45 3.264 0.186 0.054 5.384
4 3.44 3.300 0.140 0.041 4.061
5 3.42 3.264 0.156 0.046 4.554
6 3.41 3.276 0.134 0.039 3.922
7 3.4 3.306 0.094 0.028 2.756
8 3.37 3.246 0.124 0.037 3.672
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M19197 4.8 ANTNLEAIAIANLAIALIATBUYBAATTIBRNLULUTUNTIRESATaN 8NN SEY

wianieuiuezosnasgiulagldesdusznavduntu (Blue) (sio)

Afivaldann Afivaldann

o . a a 4 4 Absolute Relative
FADYIIN Lﬂi@\‘l&ﬂﬁliﬁﬁ‘u LADINDDNLLUU %Error

error (mg/L) error

(mg/L) (mg/L)

9 3.31 3.300 0.070 0.021 2.068
10 3.32 3.270 0.050 0.015 1.498
Aady 0.128 0.037 3,728

M19197 4.9 MMINLERIAIANNAIIALARBUYBIATRITIRRNLUUlUNM T InasATa BN T

wianifsuiueImesgulagldesdusznaunnudusiivasuas (Value)

A ldann Atialdann
. : & W Absolute Relative
A98199 | wseeuInsgay | tAINVIBBNLUY %Error
& error (mg/L) BI1ET
(me/L) (mg/L)

1 3.48 3.229 0.251 0.072 7.209
2 3.47 3.218 0.252 0.073 1.273
3 3.45 3.166 0.284 0.082 8.220
q 3.44 3.209 0.231 0.067 6.717
5 3.42 3.163 0.257 0.075 1.526
6 3.41 3.175 0.235 0.069 6.889
7 3.4 3.215 0.185 0.054 5.443
8 3.37 3.143 0.227 0.067 6.727
9 3.37 3.197 0.173 0.051 5.123
10 3.32 3177 0.143 0.043 4.321

Aade 0.224 0.065 6.545




59

AINNANITNAFDUNUINUDIAUTENDUNTAIAMURANAIAFUNUSUINAIT 5 iasidua

& &

ToA wnseana 5.396 Wasidud Tumsen 4.6 20 5.467 Woasidusd Tums1en 4.7 wazaAliu

v
o a

JUAIVDINEL 6.545 1Wasidus Tun19199 4.9 dnsuasrusznauduiEtu Blue) Tussiai 4.8 1

AANLRANAIRFLTUSIBLTsuAUAm AN TuR IalaneSe g3 3T s anlnsinlatnes

=

sufianfiAadewiniu 3.728 Weiundseglunasinuausulaliiu 5 Wesdud Jsaenndos

e

v [

AandunusNlaann1smaasn U U LEUTINUINDIAUTE N UALIR W ANA LT WL L EUR

de

=)

40



uni 5

NN3ILATIBNNANITNAGDILETETUNA

5.1 Unin

ndraniasaaudunsunismadauieasamudiufurasmsazansuuunnw dendes
Juwaudhomanaaeuanandudaduluuiiterdiieg msmaaeuaausiuglunisia e
wdusinsdudiuay 30 deehs wagmanageutarmududuiialdtuasararssuiu 10
fhegadisutuiriosgi-ada awnlnslwlafined Tuuniesiiauonisliesginanisvaaoy
nazasUNaAIALRANA AR A sInAduTe s sazatsu LU dendeaiunay

wiouvadaiauanuzdudidiuaniine

5.2 MSIASITNNE

'
oA

nsnageuaNuludsduszninarududuresarsazatowazafiinled wuinlu
UiiSensswiaman (1) fuselvilwuulnsdumansoldnsmnasguiiitulunsmnenudady
yosensaraewianld ilasandmanduiusuazanulilunsasuuaunniiga uandiduin
TuufAtedandniimsidsusiasioasdusznaunsganduiasasdiiduniniign UAse)
sEnInenIueanUAaealsudaiusalin e nrudmn lun1smia T u e
asavangenueald Wosnndlefiansanasmanduiusvosuiizendimdanumanzauiian
wansliifiuiAzefinandnnsdsundasisasdusnounisgandulainaietied uag
UfiSenszmrinnsngEnfunsanealavivainannsoldaidulunsmarududuresasazas
inuealdidesnniflefinnsaniemavduiusvesufitendiduiiniumnzaniian wandls
FuiiRedindniinaUisullasieasduszneumaganiunasadintiunniias

Tudhuvesnansmaaeum g lunsindamududureaniesfioanuuy dlsvh
nsnageuluufAsersevitandn () Auselviluuulnsduiiseduaiududusieg wuis
paAUsznauARulifAmLiug (%RSD) Afigalutas 1.5 81 3.6 Wodiusd FsduuTeuidioy
fusnsnadi 4.1 sgnunaNuwingaglutsunadlumsinanududulusedu ppm yana Nt
sxnuInluadududi 1 ppm mmmLL:u'ue]’nﬁamdn&u’aamwm%m%mﬁqﬁu iesandn

AANFAUNANUUYDIFIENUINTANULTUTUNN LA NTIUA B URUBUDIEL D8 NINANUIUTULINT



61

visieAuwiuganadluse
uannikansvageuiasmududuresasazanelunsiasegsansazane el
UiAzerszwinaman () Aueelniwuulnsdudiuau 10 e ieIouifisudiinléan
wiasfleanuuuiuedosnaspuniowndosyi-iaida adninslilafmeinuiesdusznaud
Fufimueainedouiitosfigaiidadowinfu 3.728 Wesidud dewswmuauyigiulunis
senuuuAdasinAudutuasarareemaiianisinAdfifesnisesnuuulfiadesiinng

pa1awAdeuliiy 5 Wosdud wazauwiugoglugasiunang

5.3 aguna

ANNANITITEINUIINITDDALUULATDIIAANUTUT UV DA TAZANBUUNN NI A8NAD AU
Wy taeltnasanadeukazlusensuinauTy JUszansnwieswanaziunlslunisnsiaia

maundls Inefinsanmanduiusuinnd 0.9 Wudeglunamineausuld

A1519% 5.1 M3 9ETURaNITVIAAR U

LATDININTFIY LATB9TIDBNLUY
Ufjisen Anandunus | 8wWdsznou | L ,
f ANANEUNUS (R?)
(R%) dnangn
widn (1) fuselyiluulngdy 0.9975 Blue 0.9994
leMueanUILAaesLsul 0.9993 Grayscale 0.9852
nngSniunsaneaalniisafn 0.9912 Blue 0.9859

Tudruvasanuusiugilunisianudndidininuudugr (%RSD) agludisszaulunandly
nsiausnamadnludisenssuitanan (1) Auveslniluuulnsdulugae 1 ppm fia 5 ppm e
sewing 15 84 3.2 Wedidud Musansomasmadeiluldenuass lunstndanududy
vosasaraeluUfiseineg Snfedhedunuiduasanafivngdmiuniswam vilfadoad

sanwuuanIaldisuRssiuesownsgIula



62

5.4 Y9LAUDLUY

NnMseenuuUiniu ddidedlsifunsuiulsaialiun druveindesmununasinns
fsauneudLTeETioonuIaNwead ATz nTENURENSEuAE Wesnnuaediaudy
snsurinlesdusznaudueansavarouanseiuly Tudiuvesslusunsy 1wy msandunou
n1saiensmuinsgiuaiensidlasetieyszaimiiisy (ANNs) lunisandnAtaududves

UAsefianuntuveansara1s U TNTUA WINANTATIN TINLIRS Y



63

1DNE15919D4

[1] M. Kompany-Zareh, M. Mansourian, F. Ravaee, “Simple method for colorimetric spot-
test quantitative analysis of Fe(lll) using a computer controlled hand-scanner,”
Analytica Chimica Acta, vol.471, pp. 97 — 104, 2002.

[2] D. Filippini*a and I. Lundstréma, “Measurement strategy and instrumental performance
of a computer screen photo-assisted technique for the evaluation of a multi-
parameter colorimetric test strip,” Analyst, pp. 111 — 117, 2006.

[3] M. Vaher, M. Borissova, A. Seiman, T. Aid, H. Kolde, J. Kazarjan, M. Kaljurand, “Automatic
spot preparation and image processing of paper Micro zone-based assays for analysis
of bioactive Compounds in plant extract,” Food Chemistry, vol.143, pp. 465-471, 2014.

[4] C. L. M. Morais,K. M. G. Lima, “A colorimetric microwell method using a desk top

scanner for bio chemical assays,”, Talanta, vol.126, pp. 145-150, 2014.



64

tdy 3 dl Y o U ¥ dl = 1 gj 1 Y o ¥ 6 v 1%
wnanstiluenansnanulidmiunisidnumenisfnwivinu ldeyaslmiluldusslewisnunisen

Lidnsallag vy BnnsudlidauUaniion uasdesdnsdadaivesenarsynassninisunluly



65

N§§§§§
)

ABER

g = )7}//1"

159LA

dyd dl Y o U ¥ dl = 1 3 1 Y o 14 6 v 1%
wnanstiluenansnanulidmiunisidnumenisfnwivinu ldeyaslmiluldusslewisnunisen

Lidnsallag vy BnnsudlidauUaniion uasdesdnsdadaivesenarsynassninisunluly



66

@e:

Logitech

HD Webcam C525

FOR PORTABLE HD VIDEO CALLING AND
RECORDING - WITH AUTOFOCUS

+* HD 720p video callingrandrecording plus autofocus - on
most major.iM applications.and Logitech Vid™ HD

¢ 1iclick Facebook ™, dwitter™ and You Tube™ HD uploading

* Fold<and-g@o plus swivel design

» 8-megapixel photos (software enhanced)

* Logitech® Fluid Crystal™ Technology

The | ogitech® HD Webcam C525. IFor portable HD video calling and
recording - with autofocus. Stay ¢ o the people you care about in
smooth HD#20p wilh aulofocus ~ on your favourite IMor Logitech Vid™
HD - thanks to togitech More MD. Upload youratest clip to Facebook™
Twitter™ of YouTube™ wath just ene click L ogitech Videa Efects™ and
the included MAGIX™ photo and video editor help you look good. The
fold-and-go plus swivel design makes it easy to take it with you. You
can send your friends and family a dazzling 8MP pic. And it includes
Logitech Fluid Crystal™ Technology - delivering smoother video, sharper
pictures, richer colours and clearer sound in reat world conditions
(requires installation of included software)

Logitech More HD works with computers running on an intel Core™2 Dua

Logitech Vid™ HD, Logitech Video Lifects, wideo caplure, photo enhancements, RightLight 2,
RightSound and other listed features require software installation

Software featuras and offerngs subject to changa

Additional services require Intamet 3ccass and May require registration

Some photographs are srmutated




ogitech

Logitech® HD Webcam C525

PACKAGE SPECIFICATIONS

Primary pack Master shipper carton
Part # WER 960-00072) ! n/a
Bar Code 5099206027121 (EAN-IZY 5099206027124 (SCC4),
Part # Central 960.000/22 na N
Bar Code | 475099206027138 (EAN-13), 1\ | 5099206027)313 (SEC-14)
Part # EER | 960-00072% n/a
Bar Code 7 7 5099206027145 AN . 5099206021412 (SEC14)
Waeight 22689 247 kg
Lenght 20.95 cmy 3150 con
Width 762°cm 3160 cm
Hoight / depth ' 1524-¢ro 1 2240 ¢y
Volume 2455 dms 002280 mé
1 primary pack 1 n/a
1 intermediate pack o a
1 masler shippes carton 8 1
1 pallet EURO 432 54
1 container 20ft 10080 1260
1 container 40ft 21280 7660
1 container 40ft HQ 23408

TECHNICAL SPECIFICATIONS

= HD video ealling (1280 x 720 pixelsy
with recommended system

« HD video capture: up to 1280 x 720

pixals

Logitech Huld Crystal™ Technelogy

Logitech More HD technology

Autorocus

Photos: up ta 8 magapixels (software

enhanced)

« Built-in microphone with Logitech

RightSound™ technology

Hi Speed USRB 20 ceartified

(recommended)

= Universal clip fits laptops, LED or
CRT monitors

Logitech webcam software
= Logitech Vid™ HD

—~

‘Windows?

2926

+ Logitech RightLight™ 2 technology

« Vidoo and photo capture

« MAGIX™ photo and video editing
software”

= 1-chick Facobook™, Twilter'® and
YouTube™ HD upload (regisiration
requirad)

« L ogitech Video Fffects™: ruam filters,
avalars, face accessories, Video masks
and mask maker**

Works with most instant messaging
applications

*60-day tnal offer. Additional tergs aod
congitions apply.

** Intel® Penbium® 4 (28 GHz)
recommended

©2010 Logitech Logitach, the Logitech logo and other Logitech marks are owned by Logitech and may be
registarad. All other trademaris are the proparty of thair respactive ownars.

@e:

Logitech

PACKAGE CONTENTS

« Webcam with 1.5-m (5-foot) cable
» Logitech webcam software with

L ogitech Vid™ HD
= User documentation

2-year manufacturer’s guarantee with
fulmroduct support

SYSTEM REQUIREMENTS

= Windows*XP (SP2 or higher),
Windows Vista® ar Windows*® 7
(32-bit or 64 bit)

Basic.requirements

«1GHz

» 512 MB RAM

» 200 MB hard drive space

= inlernet connection

= USR 11 port (2.0 recommended)

For HD 720p video calling on
Logilech Vid™HD and HD vided
sharing on Facebook™/ Iwitter™/
YouTube™

= 2.4 GHz Inte® Core™2 Duo

« 2GB RAM

» 200 MD hard drive space

» USB 2.0 part

» 1 Mbps upioad speedor higher
» 1280 x /20 screen resofution

Forother video calling clients,
please eheck the recommended
requirements

67



AMANUIN U

NAITUN LASUNISLNELNS

68



69

L4

-1 UNANUNIIVINSALASUNTANUN

[ 1] Komsun Phongern, Noppadol Maneerat, Arjnarong Mathaweesansurn, Nathawut
Chengchan “A design of colorimeter for chemical quantitative analysis based on a
web-camera” 5" International Electrical Engineering Congress, Pattaya, Thailand, 8-

10 March 2017, Holiday Inn Pattaya, Thailand.



70

. EECON 2017

The 2017 International Electrical Engineering Congress
i 8-10 MARCH 2017, PATTAYA THAILAND
0 i)

*’??- @ U@
= L\J =
=3 UFT'“'r

‘$

IM_F@BII_I

VOLUME 1II

COMMUNICATIONS
ELECTRONICS & CONTROL

Technical Co-spaonsored by DIGITAL SIGNAL PROCESSING

: T
QIEEE §-Gn {11

COMPUTER & IT
Sponsored by

=L @ Pt iikcr-




5™ International Electrical Engineering Congress, Pattava, Thailand, 8-10 March 2017

EC036

EC038

EC039

EC040

EC042

EC044

EC045

EC046

EC047

EC050

EC051

EC052

EC054

EC055

CONTENTS

Test chip Desing and Parameter Extraction of Parasitic Capacitance of MOSFET of VLSI

A. Ruangphanit, R. Peolub, R. Muanghlua
National Science and Technology Develop Agency Patumthani, Thailand

A Temperature-insensitive Instrumentation Amplifier Using CCTA-based Voltage to Current
Converter

Montree Siripruchyanun, Kangwal Payakkakul

King Mongkut’s University of Technology North Bangkok, Thailand

Door Lock System via Web Application

Charoen Vongchumyen, Pakorn Watanachaturaporn, Chompoonuch Jinjakam, Akkradach Watcharapupong,
Watjanapong  Kasemsiri,  Kiatnarong Tongprasert, Aranya Walairacht, Thaweesak Penpokai,
Thongchai Jenweerawat, Aunnisa Hami

King Mongkut's Institute of Technology Ladkrabang, Thailand

Inverting Amplifier Based Ultra Low Power Low Offset Current Comparator

Pusit Suriyavejwongs, Ekachai Leelarasmee, Wanchalerm Pora, Sitt Tontisirin

Chulalongkorn University, Thailand

Half Bridge Voltage Source Inverter using Frequency and Temperature Control for Induction
Distilling Applications

Vichian Hathairatsiri, Jirapong Jittakort, Prasert Pinpathomrat, Suwat Kitcharoenwat, Buncha Sansoda,
Boontan Sriboonrueng, and Saichol Chudjuarjeen

Rajamangala University of Technology Krungthep, Thailand

Design and Implementation of Class E Power Amplifier with Parallel Circuit for Wireless
Power Transfer Systems

Ekkaphol Khansalee, Kittipong Nuanyai, Yan Zhao

Rajamangala University of Technology Isan Khon Kaen Campus, Thailand

Third-Order Current-Mode Quadrature Oscillator Using MO-CCTAs and Grounded
Capacitors

Chai Wankan, Saweth Hongprasit

Rajamangala University of Technology IsanKhonKaen Campus, Thailand

Formation and electrical properties of lead zirconate titanate films on platinum substrate by
electrophoretic deposition

Nestchanok Yongpraderm, Sorapong Pavasupree and Chalermchai Jeerapan

RMUTT, Thailand

Phase-Shift Phase-Lock Loop (PLL) Control for Wireless Power Transmission System using
Primary-Side Information

Chan Anyapo, Nithiphat Teerakawanich, Chowarit Mitsantisuk

Kasetsart University, Thailand

A design of colorimeter for chemical quantitative analysis based on a web-camera.

Komsun Phongern, Noppadol Maneerat, Arjnarong Mathaweesansurn and Nathawut Chengchan

King Mongkut's Institute of Technology Ladkrabang, Thailand

Current-mode Universal Biquadratic Filter Using Single MO-CCTA

Pukanit Thuibuengchim, Saweth TTongprasit

Rajamangala University of Technology Isan Khon Kaen Campus, Thailand

Test and On-Line Monitoring of Real-Time Ethernet with Mixed Physical Layer for
Industry 4.0

Alexander Gercikow, Hans-Peter Schmidt

OTH East Bavarian Technical University of App. Sciences, Germany

Implementation of Chaos Control in Chua’s Circuit via Sliding Mode Control

Suphaphorn Panikhom

Rajamangala University of Technology Isan, Khonkaen Campus, Thailand

Impact of Sensor Mobility on UAV-based Smart Farm Communications

Prusayon Nintanavongsa and Itarun Pitimon
Rajamangala University of Technology Thanyaburi, Thailand

XV

783

787

791

799

803

807

811

815

819

823

827

831

71



72

5% International Electrical Engineering Congress, Pattaya, Thailand, 8-10 March 2017

A design of colorimeter for chemical quantitative
analysis based on a web-camera.

Komsun Phongern
Faculty of Engineering
King Mongkut's Institute of Technology Ladkrabang
Bangkok, Thailand
kphongern@gmai.com

Noppadol Maneerat
Faculty of Engineering
King Mongkut's Institute of Technology Ladkrabang
Bangkok, Thailand
kmnoppad @kmitl.ac.th

Abstract—This paper presents the design of colorimeter for
chemical quantitative analysis based on image processing. It
comprises of two main parts which are test box and software. The
test box consists of a web camera and LED lamp plat which is
used to illuminate a micro wells. The software is graphic user
interface and image processing. The main of image processing
are split RGB channel of each pit in micro wells so calculate
calibration curves for finding and unknown conecentric solution
then show result on screen. The experiment shows the design in
this paper can calculate concentric of the solution. The result of
the experiment have a correlation of reaction between Fe (IT) and
Phenanthroline (Red product) 0.985, the reaction between
Ethanol and Methyl orange (Yellow product) 0.985 and reaction
between Uric acid and Phosphotungstic acid ( Blue product)
0.986. Moreover it takes a less time and lower cast compared
with the spectrophotometer. The device can be applied to
chemical laboratory by possibility

Keywords— Quantitative analysis, Web camera, Colorimeter,
Image processing.

1. INTRODUCTION

At present, the biochemical analysis method have been
widely used for quantitative determinations in analytical
chemistry. The spectrophotometer was a classical method for
determining concentration, a disadvantage is high price and
hard to use as potable. Therefor the digital image-based
colorimeter (DIC) was fabricated as a portable tool for
quantitative analytical.

The DIC based on measurement of the red, green, and blue
(RGB) values of different color intensities will be replaced
spectrophotometry. The value is provided to the user ranges
from 0 to 255 for each color giving more than 16 million
different colors. Moreover, in various DIC applications, some
of technique uses digital images captured by hand-scanner [1]
and [4], digital cameras, web camera [3], and mobile device
cameras [2]. Several researchers developed the camera based
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digital image colorimeter into two systems, opened system and
closed system. The opened system uses only camera for
analysis. The external factors such as high brightness of
ambient light, position of the sample and focusing distance will
affect the images. The closed system is better than the opened
system because it uses a camera coupled with the fabricated
photography lightbox which the external factors could be
controlled.

The purpose of this research is to study the possibility of
web camera for the biochemical analysis and the application of
DIC as a detector for the detection of concentration in various
reaction colorimetric assays. Morcover present the design of
the lightbox. The difference point of this paper are reduce cost
and improve the work process for the user easily to use.

IT. MATERIALS AND METHODS

A. Sample preparation procedures

There are three model assays to determine the performance
of DIC systems; Fe(Il) and Phenanthroline assays (Red
product), Ethanol and Methyl orange assays (Yellow product),
Uric acid and Phosphotungstic acid ( Blue product).

The ferrozine and ortho-phenanthroline colorimetric assays
are commonly applied for the determination of ferrous and
total iron concentrations. It is red product. The working reagent
was prepared by using the working solution of Iron (100.0 mg
L-1), the ortho-phenanthroline solution 0.5% and the
hydroxylamine hydrochloride solution 10%, then prepare
solutions for plot the standard curve by varying concentrations
of the working solution of iron from 1.0 mg/L, 1.0 mg/L, 2.0
mg/L, 3.0 mg/L and 4.0 mg/L, respectively. Initially, 0.25 ml
of the working solution of Iron was taken in another volumetric
flask and then 0.5 ml of the ortho-phenanthroline solution and
0.25 ml of the hydroxylamine hydrochloride solution was
added then adjust volume by using distilled water until 25 ml.
therefore get the working solution of iron 1.0 mg/L. Another
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concentrations 2.0 mg/L, 3.0 mg/L and 4.0 mg/L change
volume of the working solution of Iron to 0.5 ml, 0.75 ml and
1.25 ml successively.

The Ethanol and Methyl orange colorimetric assays are
commonly applied for the determination total ethanol
concentrations. It is yellow product. The working reagent were
prepared by using the Methyl orange solution 0.1% (w/v) and
the acetate buffer pH 3.4 solution then prepare solutions for
plot the standard curve by varying concentrations of the
Ethanol solution from 10% (v/v), 25% (v/v), 50% (v/v) and
75% (v/v) respectively. Initially, 2.5 ml of the Ethanol solution
was taken in another volumetric flask and then 0.5 ml of the
Methyl orange solution and 5 ml of the acetate buffer pH 3.4
solution was added then adjust volume by using distilled water
until 25 ml therefore get the Ethanol solution 10% (v/v).
Another concentrations ) 25% (v/v), 50% (v/v) and 75% (v/v)
change volume of the Ethanol solution to 6.25 mi, 12.50 ml
and 18.75 ml successively.

The uric acid-phosphotungstate reaction colorimetric
assays are commonly applied for the determination total uric
concentrations. It is blue product. The working reagent were
prepared by using the Uric Acid Standard Stock Solution 100
mg/dl. the phosphotungstate solution 40% (v/v) and the sodium
carbonate solution 2% (w/v) then prepare solutions for plot the
standard curve by varying concentrations of the Uric Acid
Standard Stock solution from 4.46 mg/dl, 8.92 mg/dl, 26.76
mg/dl, 44.6 mg/dl and 62.44 mg/dl respectively. Initially, 0.25
ml of the Uric Acid Standard Stock solution was taken in
another volumetric flask and then 0.3 ml of the sodium
carbonate solution and 0.3ml of the phosphotungstate solution
was added then adjust volume by using the distilled water 4.75
ml therefore get the uric acid standard stock solution 4.46
mg/dl. Another concentrations ) 8.92 mg/dl, 26.76 mg/dl, 44.6
mg/dl and 62.44 mg/dl change volume of the uric acid standard
stock solution to 0.5 ml, 1.5 ml , 2.5 ml and 3.5 ml and also
change volume of the distilled water to 4.5 ml, 3.5 ml, 2.5 ml
and 1.5 ml successively.

B. Apparatus

UV-Vis  Spectrophotometer was used for the results
comparison with the web camera-based DIC measurement.

Fig. 1. Design of DIC systems.

C. DIC system design
The web camera-based digital image colorimeter as
detection instrument and portable accessory as illumination

820

provider Fig. 1. The portable accessory contains an electrical
enclosure box (15 x 35 x 25 ¢m) with the internal walls black
color has been used for protecting the system from outside
lightt. A web camera (Photo capture resolution up to 8
megapixels, connect computer via Hi-speed USB 2.0 certified,
Logitech HD model C525, China) is utilized for capture digital
image from inside the light box and connected the personal
computer via USB2.0. An LED Light Plate (SW, China) is
used for lighting under the 96-well MTP and MTP holder plate
is used hold the 96-well MTP. The focusing distance was fixed
at 30 cm.

D. DIC application

A desktop application named as “Web-camera
Colorimeter” is developed for laptop or desktop computer in
the windows operating system. A Visual studio C# it developed
tool this in application. The application consists of a calibration
module for finding the standard curve and a testing module for
identify concentration value of unknown samples base on the
standard curve. The user interface contain result tested and all
analysis information

E. DIC analysis

In order to identify unknown samples correctly, a blank
photo was taken by user before insert MTP well for
compensate in the desired pixel intensity correction, to avoid
light intensity is not the same in each zone on the LED plate.
That will make the pixel intensity of MTP hold error from true
value. First step for the software processing, the user will
prepare the chemical solution and place it within the
photography lightbox then close the photography lightbox.
After that the user enter the concentration value corresponding
to the concentration of the chemical solution of MTP hold that
determine for find the standard cure in the input interface. Then
the user will manually press a capture button in the application
to take the photo. Then manually press the processing button to
processing. The image processing algorithm initially determine
the center of each MTP well. Then square image (10 x 10
pixels) around the center is cropped from colorimetric image to
calculate the mean pixel intensity.

The application has been used HSV and RGB color model
for pixel intensity calculation. The images captured by web
camera usually use the color space of RGB color model.
Therefore, the equations (1), (2) and (3) are employed to
convert the values of RGB model to the values of HSV model
and (4) are employed to convert the values of RGB model to
the values of gray scale.

V =max(R,G,B) (1)
V-min(R.G.5)
> {—V , V=0 @
0, Otherwise

60(G — B)/(V —min(R,G,B)), V=R
H={120 + 60(B —R)/(V —min(R,G,B)), V=G (3)

240 + 60(R — G)/(V —min(R,G,B)), V=B
Gr=Rx0.299 4+ G x 0.587 + B x 0.114 4)
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Where H, S, V, R, G, B, Gr stand for hue channel,
saturation channel, value channel, red color channel, green
color channel, and blue color channel, gray channel
respectively.

Pixel intensity = 255 - MPIT — MPB (5)

Where MPIT and MPB stand for the mean pixel intensity
of test and the mean pixel intensity blank.

All the pixel intensity of MTP hold from (5) that determine
for find the standard cure was plotted the standard curve then
finding the coefficients by the least square method (LSM).The
application provide the standard curve of 7 components (R, G,
B, H, S, V and Gr) to find the closest match of concentration
value of unknown samples. Finally, the application stored
information to data base and display all in the user interface.

C.

Fig. 2. Image extraction of MTP area .

F. Image extraction of MTP area

In order to increase performance of DIC systems, the
automatic determine the center of each MTP well should be
applied. The image processing to determine the center of each
MTP well procedure by extracted the MTP image from the
background. Initially used the Smooth Gaussian to reduce
noise from the photograph then take threshold to convert the
image from gray to binary show in Fig 2 (b). After that uses the
edge detection algorithms to find edge of MTP well. The sable
masks was used for obtain the guardian component in the
horizontal and vertical directions at every pixel location and the
result show in Fig 2(c). The edge of MTP well substation by
the rectangles, from that point can know position and size of
MTP wells. So can applied the MTP wells configured that
included center of each MTP hold to image same as Fig 2(d)
for get colorimetric of each MTP hold in calibration module.

III. RESULTS AND DISCUSSIONS

A. Study background

The optimum internal walls of the lightbox were studied for
get the correct color of the solutions. The image of solutions
are not the real color of solutions was founded when the
internal walls were cover with white paper and white paint. For
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solve this problem the black paint was chosen and applied to
obtain the real color of solutions. The black paper provided the
similar images and more robust and stand for strong chemicals.

B. Study distance between a web-camera and MTP

The focusing distance is important for the quality of an
image. Even when the object was close to the camera lens so
found lower quality of image. Therefore, the optimum focus
distance was determined by testing the automatic focus of the
web camera at the lengths of 1 to 40 cm. The test result found
that focusing distances at 1-15 cm are blurred because the web
camera lens is not designed for macro photography. The
focusing distances of 30-35 cm were too far from the camera
lens and gave a low resolution image. The best results were
obtained at 15-30 cm of focusing distances. The focusing
distance of 30 cm shows a bigger sample cell size than other
lengths, and it also shows the entire image which is easy to

crop for RGB processing. Therefore, the focusing distance of

30 ¢cm was chosen for photography.

C. Analytical performance of the spectrophotometric

reference procedure

UV-Vis spectrophotometry was used as reference method
in this study. In the ferrozine and ortho-phenanthroline
colorimetric assays, the calibration graphs were linear over the
range 1.0-4.0 mg/L. with a correlation coefficient (R2) >
0.9975. The Ethanol and Methyl orange colorimetric assays
found the calibration graphs were linear over the range 10% —
75% (v/v) with a correlation coefficient (R2) > 0.9993 and The
uric acid-phosphotungstate reaction colorimetric assays found
the calibration graphs were linear over the range 4.46 —44.5
mg/dl with a correlation coefficient (R2) > 0.9912.

D. Analytical performance of the proposed web camera-based
DIC system

After all condition was optimize, the series of solution
concentrations were prepared for capturing and recording the
color value by the application. Moreover the color were
collected in the database and all value use for predicting the
concentration of the unknown solutions. About the experiment
result, In the ferrozine and ortho-phenanthroline colorimetric
assays, the best calibration graphs as Fig. 3 is Gr were linear
over the range 1.0-4.0 mg/L with a correlation coefficient (R2)
> 0.985, the calibration graphs of red color found haven’t
linear relationship due to this reaction provide blue and green
change. The uric acid-phosphotungstate reaction colorimetric
assays found the best calibration graphs as Fig. 4 is B were
linear over the range 4.46 -44.5 mg/dl with a correlation
coefficient (R2) > 0.986. The Ethanol and Methyl orange
colorimetric assays found the best calibration graphs as Fig. 5
is Gr were linear over the range 10% -75% (v/v) with a
correlation coefficient (R2) > 0.933, also found the calibration
graphs of red color haven’t linear relation. From the
experiment result of each assays show performance of the DIC
systems and possibility to use for quantitative determinations in
analytical chemistry.

74



5% International Electrical Engineering Congress, Pattaya, Thailand, 8-10 March 2017

Fe + Orthophenanthroline

. Gray

RY=0.6376

* Green
™
Linear (Gray)
------ -~ Linear (Red)
wocves Limear (Green)

s Limear (Blue)

Measured concentration (mg/L)

Fig. 3. The test result of Fe(Il) and Phenanthroline assays (Red product).
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Fig. 4. The test result of Uric acid and Phosphotungstic acid ( Blue product).
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Fig. 5. The test result of Ethanol and Methyl orange assays (Yellow product).
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IV. CONCLUSION

we demonstrate the capability of the web camera-based
digital image colorimeter with significantly reduced cost,
compactness, lightweight and rapid response exhibits the same
bioanalytical performance and sensitivity as the commercial
MTPR device for three model assays: Fe(Il) and
Phenanthroline assays (Red product), Ethanol and Methyl
orange assays (Yellow product), Uric acid and Phosphotungstic
acid ( Blue product). The disadvantage of this method is it uses
5-6 MTP hold for finding the standard cure and must to
specific  MTP hold number every time. Future work
improvement is apply ANNs for reduce procedure of user case
it need to measure only one time for many testing. Moreover
reduce in the price and the size of the device.
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