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ABSTRACT

At present, diabetes is considered a very common disease in Thailand. Patients
with diabetes are often followed by other diseases such as kidney failure, etc. While
blood glucose testing process takes a long time to detect. This project has developed
a process to detect blood sugar levels using the principle of bio-sensors called Glucose
Sensor that generally use, the principle of Electrochemical to convert the amount of
glucose into a readable signal. The electrical values are then displayed as values that
allow the user to read the blood sugar, Typically, glucose sensors have a measurement
method by dropping blood on a strip. Glucose in the blood is converted by glucose
oxidase then become hydrogen peroxide. It gives an electron and generates electrical.
Finally we can read electrical signal from the electrons. This project has focused on
the concentration of hydrogen peroxide that has a negative effect on methylene blue,
which is blue. At different concentrations of hydrogen peroxide, the color of methylene
blue can be bleached or faded out. We can detect the remaining methylene blue
intensity in a way called spectrophotometry. We designed the measurement method
by using a glass slide; which was coated with methylene blue and used a conductive
polymer as a methylene blue embed, and-a detecting device use a mobile phone
camera. Detector detects the intensity of methylene blue after reacting with hydrogen
peroxide. In addition, this project offers ways to improve the signal from the
spectrophotometer. By the quantum relationship of light and electrons, electrodes are
inserted into the solutions, which containing hydrogen peroxide and methylene blue
to measure absorbance and cyclic voltammetry to measure the electrical properties
of the solution (Resistance of Solution) and then release the electricity to improve the

optical measurement signal from the use of less swing period as well.
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gaydeveuiiwaduazyiligaydedugduluse fuiuamgiiinussuna 10% vesithe
T,'mmmmiumﬂamemuauavahﬂ wwlmuwaﬂsmumu’lwmﬂammEJL‘LJmma“umwm
LLavuu’muﬂmmmwmLuameuumms’uaﬂm mml:zu,a ¥nInevaUDIiedugAulines
Unilagamizatredsluduidudu Isaumudsannd 1Lnﬂ1®ﬂummnmaﬂ’ﬂwm usign
138177 1SALUIMIUANRAZLE1 %Y wsgdngveithelsauanny Iuﬂsumwum 1138
lAnAINEAUNRALAY mmLmlm‘lma@amavmma'LuLaamaq mumsmﬂﬂimu’lut,aaml,av
Uaany %umamqawmnvmma’tumaﬂaaamﬁuu,'sa MignEunINdeua LY mmqms
ma‘uauaaLwamamummlm,l,uuau'umnnvmma’lmaamawnwma Asiade suwin
NzANe (Gastro-Paresis) ezNu'ﬂ.Uammmwmmﬂnmmmmsﬂ'i“mwmﬂulamm LAz
Hauniveaszuudexlive (Endocrinopathies) wiu Tsalonnay U'ﬁﬂﬂgmmmmuwmwv
Aatulivesdniiies 1% 8 2% vt elsumaulssanit 1 Geazdunealdursdiugae
gunanem smmauﬁﬂuwwuanﬁu HLA B89 wsaﬂﬂmmwamammmawaanmﬂu
1sALumINY Iuﬂuwlmamawuﬁmsu m'ﬁL'stmmwaﬂmmemmmmmnnavmuha
‘L“J'wsmaLL'maawmamqmamnm'l NSRRI SauSaa s v ﬂmummm’mmu
AINFNNUSTEnIlsAUINITUUT=AN T T U Coxsackie B4 Virus 9usnsn991n
Tsauamnuu sz 2 99n7515uduveslsaumanudssnnd 1 Tl nReadestunts
AR
2.00% EI'TL%WU’BNI?F]LU’]"W‘)’IUU?“’LJ‘M‘VI 2 mmﬁmmimumaauwau Feo19520
ﬂumiaﬂawauwuﬁﬂummmwaqawau nsmevatBsivAnIaseaiiofevessnniede
au@auwamLﬂaamaaﬂumasuauﬁau Uuﬂiumwgﬂwumanm TugaausnauAnUnATILTIY
193’58’@%ammlaﬁaﬁwﬁuavamaa Tursinmeihnaluidenay N Feannsosnwdieany
wmﬂwmwaammsm'iu,aummwummlmaawaumaaﬂmiwamﬂaiﬂalwmu WY
Uszunmii 2 mu’i,wmLUumevi‘J%wmiml,uumml,l,awwmﬂﬁu Uadumsadudiavane
aamLﬂumﬂmmmmmﬂfumamiwmuwaﬂsﬂmenuﬂsumwﬂ 2 Samialsaduivun
lagdvduranteuinniawdu n1senianssuesniidane emmsiills aruedes uay
anuazaInautsluiles lusulusanisdruiuasiiondaatu 30% waanimmmuwauwa
mamm}uuavmﬂu 60 - 80% maqﬂiﬁﬁ'lumimwaumamsmnaiiﬂLLavLmWsnu wag 100%
YDIVNIDULABLALYINIZWUTHA wwlulmﬂu‘[iﬂmu:unfavuamswmutamaaviwnaqﬁwa

‘UENE]’]‘]/’i'ﬁENiJE]V]ﬁWﬁG]@ﬂ’l’]lltﬁﬂd‘ﬂ@@ﬂ?imuiiﬂL‘U']WTI‘U‘UT’LWVI 2 ﬂ’]‘i‘UiIﬂﬂLﬂ‘iadﬁﬂﬁﬂN



muvIUMeEAaduiussAndestum i dseiifiniy sinvedlutiuluensfiiuds
dty sgluiuduiuaznsalutunnudesiiuaudsuasluiubidufidaivuasmansy
FesanauLEes m'iU'%Inm%’nmﬁwmumm@mﬁau%é’aﬁwmﬂunmﬁummLﬁ'm
mMsmanIseanmAnIedoinasyliiin 7% veansdl

2.1.5.3 mmm*uaﬂ'ﬁﬂmewuﬂ'saﬁmwf’f 3 M%@‘hmmmm’umvﬁgﬁmiﬁ (GDM)
aangfulsAUImIUUTEAY 2 TunaneUsens Lﬂa’maanumﬁamwmmwaaawauuav
nsmeuauasiAeutieldifeme Sufedululseana 2 - 10% waamﬁmﬂisnmwmuav

=

213UFulgansanmelundnaen atdlsfinundsfenssaussuin 5-10% waqwmgwu
Iﬁﬂtmmwu’umvmﬂsﬁmvnﬂwmwLUuwﬂwhmmmmﬂsvmwwumnwamﬂaﬂsvmw 2
1uﬂ5~mmummmiﬂwﬂwwmmlﬂ wAnslinIsguanIsnIsunndatnsselnseTimaonnis
fanssd Msuimstaniseesaniimadsuuatenns nmsamedeusyiuthmalugen
wagluunansdonndndudeddBusdiu wihasBumesdingm wiumnusuednssaailails
fumssnwannsaadeudemesaguninewianisnlunssiuar iism lasfinnudss
UINNIYADLANDH ﬁwwﬁnusmﬁmm (Macrosomia) n13tAuaasialavngiinuagseuy
Uﬁwamnmmmmmmﬂﬂm LLa“ﬂa’IQJLUEJIﬂSGTNNmiU mnwmau«nau’tmumsﬂiuﬂﬁnmfo
Uummﬁwammsammemmaamsnuama’lmnmkmwumdLﬂuma’i'ﬂ 973L1AANTIEAY
maawumnm‘smmawaammaamma Tunsdiiguuse enafinsaevamisnneunasnuie
wsnifineaiinty suidunannaisnsEanevessn (Placental perfusion) Allfilosainnis
UNNsaRvewaRALfian TWRINTINTEAUNISARDANU LS AYS (Labor induction) wansfianis
yhaugeesniianas R n13AaeaLUURIesn (Cagsarean section) anadasiadiuntsdudiu
AuNInTIIaYe insnluassduienanidssifiuduresnisuraliuiiiAsade ety
macrosomia LUy N1sAaaneInwsIzAniua (Shoulder Dystocia) +Jumu

22r5.4 LU’]M’JWUU‘iSLﬂ‘V]SU‘]

4NLABUUIMNY (Prediabetes) uangiiiaduilossfuihnaludonves
ﬂuﬁ'qaﬂfiwﬂﬂﬁ wililganad wivazAdaderndulsammulsanm 2 ﬁwmaﬂuﬁgnﬁﬁmdﬂ
e dulsarumudssinn 2 wsldnamarstuaneieuuinany

I‘immm’mﬂﬁtmdmaﬁb’flmﬂ (Latent Autoimmune Diabetes of Adults; LADA)
uangiiumaulssomi 1 ”messuuﬂuir’lmy muuﬁl‘wmwmms LADA sinaglasunis
auaammmwmﬂuaaﬂsﬂumauLLinmUuiimmmmﬂﬁwLmnw 2 lagfia13ai131ne8uINNT
awmguazaunilavalsa ’Lumaﬂsmwaa‘hﬂmewummmﬂmimuama‘uaqswmalm
nouausddadugiu ullsvdudugiuanduund Jududeiluondusenanlsaummulssan
7l 2 Yuvuiifuiedldsssuaiuin N1SNA18WUTN 1R UGNTTU (Autosomal %3 o
Mitochondrial) @nansatlugdeunwseslunisviauvesswadiui msmsﬁwaa%uz}auﬁ
Aaundfionaldsunisiuuanisiugnssuluuransd ISﬂ'lmqﬁﬁﬂﬁﬁmmwwﬁamuaﬂw
nisrnseuinadugsuenhluglsauivau wy muaauamamsasqLgavwwm'[ummm
Iiﬂmﬂmfuaaﬂunﬁswawmﬂmulwaqa@ﬂuuau%uﬂgﬂnw (Insulin-Antagonistic

Hormone) (Tusy



o p= P 2, | o o
M15197 2.1 LLamﬂ”liL‘Ll‘i&lUL%EJU‘UENQ‘U’JHIW]LU’IW?W‘HSSWJ’N Usginvi 1 wazusenng 2

s d ]
ANWALDINTG Tsawanudseani 1 | lsawannudsannd 2
q' v o = 1 3
N13L3UAU Nun ABY LU
o o ' | '
21gMisuiaInIg drulvgfluidin ddlngiludlvgy
YUINTIINY NOLUTDUNR Unvzdvniuy
NIAAULDIINEITA LAY . B
o Wuyialu wuldienn
(Ketoacidosis)
aliunusailialionuias ¥ ,
U L ]
o 1inagusIng Laiusing
(Autoantibodies)
N 4 £ ¥ 4 A Und, anad
dugduintuneluiiaibe AvIslaiusing b\
PIaALUUY
Wulsamiouiulugueawiiou
Y Somog, 50% 90%
(Concordance in identical twins)
AUYNYalsA ~10% ~90%
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maamawarﬁuLaam%saaaﬂm wazildilA Macula van GeagyilsiAn Blurred vision
vasAIEanATaN NI A B vaDnIdealmino N AN TILATINANNSENUS
Retina vilvin1suaaiivvosiaeieas
2.111.2 amzunsndounila (Diabetic Nephropathy)
WeSanmvasvasAdenidn 7 Glomeruli azyiale Nephron goulu albumin
$reenlUf Filtrate 16 Prosimal tubule Jefasiunrsslunisganduarsinnty dedniu
un Ageyilitiin Renal failure 1 Feduerinezifedinaelu 2 3 U duidhgniaglane
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130/90 maammﬂ‘sam uagseauluuluidenlieglussduuniniie Tasgainsedulusiu
ATIVIIULIUGN fistosnd 100 fadnfi/edans
muumﬁﬂwﬂiﬂmemvmaemﬂamsmummmi NRaNMAINIE WaznI3lde
snamumaqmsmaﬂwaamaamauavmmmuuamﬂmmwummammua msldornuasEu
LuawﬂwmawlummmmuﬂmvmummalmaaﬂimﬁaLﬂmmamamsmmmmmmav
mM3peniin Iﬁamlﬂuwmw’lwmwmevamaaaﬂqmﬁluLmLLavwmqmam 153970
YUINEIAN oy 138nslderilineuasifnnadradesios fian fUhefldonazdosniuny
DIMNIUATENMIIAINILTILAILLALD
fuandeddenaeniiniemunussiuthmatazeotnisvadsaumiunuthvined
nunayulnsinevatgvia Avaganimialuden Iéud fids vszdun Tumaassd
nzows Tumsiou vy Yengla @eagwany diumn

2.2 wialulaglulowuwasd

miuvedadmiuasieinitedtlse MFundn lulawmuimes @iosenson) lutiogiiy
AdslasuauaulenininiSouasdnuseaugiluetnis Wesmnnidefvarsusenis vausd
BUvURIY Wwaila GC, HPLC, Microsphere-based arrays, Radioimmunoassay (RIA) Wag
ELISA gelltadinlundunissringd msmwi’m AlvaY ‘?J’:umauﬁeiamﬂ wazifeadaaiy
n'ﬁ%aﬁmuaumwmumu uanmnuumvum‘swmuwmwmaauaemaw (Test kit) 1y Y@
ATIINSHAATSH Feanansaldliie uararaan LLm'L‘t'flmaw*]u ANTIATIATIAUNIN Ty
nsasaninuiiendadelsanieasiafiunsetin luuismisduiasdomnatndeSnaie
Uwaﬂmwmmnmwmsmumslmuﬂuﬂsmmmuaﬂ wsaawmiﬂwﬂsﬂlﬁ‘lusuavﬂﬁuﬂu
U @3 Fetoprotein ’lwmuuw muwu”mmuﬂ%mmmu Carcinoembryonic f#auUsd
ugiSedld Hudu Lwamumimuﬂqwaunwsadmﬂfm i iTsuasimuiaudu
lulawugeivieynnsinrunadnfiiiaailaguagiereiiles 1un nisussiuginiediouvana
LUUNANLRBNTIA e RSN ud MU Test strip NMIRAILILBUIRDSAULATIIWHY n1g
a5 1aionauIuudu Weswauivunseany maamaummmﬁﬂmﬂiu‘[aﬁnﬁmimﬁ’wﬁﬁaﬁa
ltlunsiiadelse m’luamﬂm:1ﬁLLUUmuawavnnmLmummﬁlwmﬂulﬂ Wiaedhe
suyulunsudniianas mumauluaqmn ‘Lmammmlunmwnmwwa uananiadesiielu
ﬂ']‘SLL‘lJaNaEN&J‘UU’IYF]LaﬂL‘mﬂ‘“ﬂUﬂ’]‘iLUU?ﬁG\i’J%VI’NWENUQUG\m3  9aguaLUly (Point-of-
Care) uay ’L‘zjwuw‘umman (Point-of-Site) LLJTL‘LJ‘U%QUNENQ’]LUUW%vﬂaﬂ1%36ﬂ15m51%?ﬁ
Lmummaauu meal‘uiawuw@imnwwuﬂwaﬁmiﬂmfammmuwmummwlmumma
vangviiawihiisuuuiRuaeilin L:uauuﬂfﬂuLﬂuﬂiﬂaﬂnumawwﬂu‘[anamﬂmamaaa
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2.2.1 lWlawuwes
lulawwuiwedidugunsallunisnsiatanaziinsesiansaneg eg1981m1z197299
15 1 = 1 L L7 . L2 s d'd
Usgnoume 2 d1u Av @uresi Tudy un1aTanm (Bioreceptor) wasiindyayos i
o s < ! o W w =l 1 €
ATNTIUNIZLIEURINTATITALTwNAINd VRIS UA Y IUNsTn N 1 Laules]
= =l < ] o A ot =l o aaa s s o v e v
wouAveA edIuRISuAYy W mYU A eduivansiidesnisesatalidu
a w ¢ o q w1 Y ° v o s o aa € =g v
KanAuN szvilidiuresirindygravihmini wasdygrumaai #8nd wieTuad 1o
[ ar < o 2 o < < a & a o o 1w
Wudyaamaliih et luuansmadeyaiuinsesdlondidnvseindidousafuszuy
a4 o v ¢ ¢ a v Yy a
Wohundsegndlduselovimainumsuwnd eaamnssy uazdwndoy tneazdosiinany
2 - o v = v
naslumsanain Snvisdvwadnanunsanamlulslunpauuld egdlsfnuldiingg
wannlulelwuiwesluguuuudu 4 uenmilonniinandheiu iy wdesdloudana walulad

Insdiwnitletie msasraiesl fiRnsuunseany faeldnanseasdesludsudaly

2.3 aunlasinlawimni (Spectrophotometry)

in3asilanivingtmansiiualdysslsnflunmsimsenasiailudenedy et
WnInevaguiln uariindnmsiiassdniuaneeiily sgalsiany wdnnasnsaasiasieii
TtannAfa aluninsinlawpivesnisganaulias (Absorption spectrophotometry) wagaiun
InsunSoeantsaendulas (Emission spectrophotometry)

boe

aLUﬂIVﬁIWImmeiﬂaﬂﬂﬁiﬂﬂﬂﬁuLLﬁﬂLUUﬂ’I‘SLU'iEIUWIEJUﬁ%Lﬂﬂ’uu‘ﬂ’lﬂﬁl’mmﬂadﬂﬂi}ﬂu
a‘uaqmmmmﬁm Fvseuitouienadudueseddinsiaes maammm‘uumﬂﬂgﬂsm
mandlAld Tnganuduvesdniaduiy wfulimaduuiunnesaisiy w:uasf[,u
RRERNAAZRlE)

m‘sLUsemmaumummwmaqﬁuu mﬂwaﬂwmmsﬂﬂﬂauum (absorption) JOTEN
AAUUNTIIA 91T N1sTs1lasara et R sAisa awuummﬂamm
LLﬁWl&.Iﬂ’J’]ﬁJEJTJﬂﬁ‘LﬂU‘UfJEJ‘UENLLﬁQE’iL‘WaB\% 3 o IULLﬁvHE}QJ‘L‘HLL?IWI&JﬁU’]N‘lJa@ﬂN’l‘UlUlﬂLi"l
mmum‘sawmauuuaumu aamsavawuummﬂauuaaamaaaumumlﬂmmm’lﬂ BRhET
mumiavawuuuamLauvuuawu ﬂsmmmsmmnauu,aqmﬂanuwﬁuunummwmaaem
Usingluasaganeiiug nanfe Salasifidiin fazganduuadluundinduldinndie
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AISNT 2.3 WEASAIMIUEMPAUNONAANALYBILA AL E

U U

Complementary Color
Wavelength (nm) Color Absorbed Color Observed
400 violet yellow - green
435 blue yellow
485 green purple
560 yellow blue
650 orange greenish blue
800 red bluish green

o o P Vo | o dada o o a

fanu Waliatwassudivluansavarenid mmmmmnmmﬂaulﬂa“uammﬂimm
yosansniialuasazareiy Ingianizeg 98 Lua'lwmLmammmm'aﬂauLLENMS&N%&'\SM
fuganduldunniten

Lﬂ%'aaﬁamﬁmmmam%ﬁmﬁfwé’mnvnﬂ?auﬁauﬁﬂaf;lmﬁfﬂm'iq;mnﬁul,l,ﬁdﬁl‘é’fﬂaa’[,u

a € =i [ - - fnf 8 .
n3iasIgnasalilusianie-de Wladinesnldnsyannseuas (Filter photometer),
awnlastvledipnes (Spectrophotometer) LLaszaaEﬁLma% (Flourometer)
o 2 A \ ~ N 7 R A oA o & w a ¢

wananiATesliaNnaninni guliasastady q Mngatediunisimsigiansiaily
SIAEBNUINNIBRAIUFTA LAaZITATNENNITAIATIEAURAARISTUNINUY 1P
oxmeinuauvainduaiuninsinladines (Atomics absorption spectrophotometer),
sunsuInanInslwlafiinas (R spectrophotometer), .uillafimes (Nephelometer), a5

1lans79 (Chromatography), a1

2.3.1 watlanwadnlasiwleafiwes
o = v o ¥ ) =l R - = 9
WumsAnemun1snszyvingin (Interaction) sewineaauidwanlui wioaduunasiu
@ans(atom),(molecule) Interaction S¥MI19AAULATUEETS
| . { o 1 ¢=f
23.1.1 MigARAUAANLAY (Absorption) @dnsanusagandunaunaslutiandu
WY

i
=

23.1.2 ﬂ’]‘iﬂqﬁlﬂaULLﬂ\'ﬁ (emission) ﬂ']‘iV]E‘l'lU‘HUQ‘U@QWﬁ\‘]x‘l’]Uﬂ’]&lU‘U@\?ﬁﬂ?iﬂﬂ

wWasudundsuuas
2.3.1.3 n13n5¥27 (Scatter) ¥San1saznaunau (Reflection)

232 ﬂgmauﬁy%uawamﬁ%m (Beer and Lambert’s Law)

ngmmwas wazuandsn RefuNsgAnay maeuaanumqwuwmmmwua N&11"
mmavﬂuumaqmmwmmLmnuamnauuawmu'lumwmuwwnnu e mamuawamaa
Tululasan@in (monochromatic light) angsufnansigandu (medium) dfideansavansil
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i qummuwasLLaWUaﬂaa’LusﬂmmﬁqﬂwLaﬂﬁu‘lwuuuwaa Tuwgfinuenvesiinas
sy Imamwammwnnmmnauh rfuwUsidudadrulnenssiuaududy was
seprmafinasiudesin delailansas anpidddulunungi ﬂmammulﬂmuﬂg‘uamam
{05 ddomsdunn Ao ansazaneilingdeilld douduasaranefiiiioferiunaon AT
f':ﬁtlﬂemumrﬂ,unﬂﬂw'iumwwuwawum@ﬂauuaa iBRUMILYB IR Teag
lumaoauriale Soninead (Cel) wiaRund (Cuvette) ioandliiseiulutasiianansald
WENDYNINTEIESAEANENIATE I LeliviIANmss U (Standard Curve) si3eutefiasld

Auawnlnsinladinaslea

2.3.3 awnlnslwlndimes (Spectrophotometer)

wdnn1s 1A3esrdadsl photoelectric cell 1¥u sensing element nszuaiiinlng
Photoelectric cell azgnuuasuluiliutasigusmsuaiiviu vierusuasuuuud Tnoedos
na1ueilines (Galvanometer) unasriinuandunaonlnsssunt Aovasavisainy
(tungsten lamp) wazkaslululasunin (Monochromatic Light) filsainnis Tk uasdes
NuuiU3T WieRwunsndunsafs (Diffraction grating) oeslnaeaniaitelily wadluly
lasufin (Monochromatic Light) iiaanaigaadulutaeuasiivoadiula uenaniiniesde
viniidannseliuadlutidansilaloan(Uitaviolet) uastdaslndsumise (near infrared)
lednse

2.3.4_Spectrophotometry

WA Inm sduduressiguieasussney Wy cation anion T3aMIsIRE MY
lnonsibugeveansiadaalumsazangarin ey lsifinddany Siduin - pnuddy
UDIAITUIN LLé’ﬁmFi’m'mwﬁ’wﬁ’ulﬁﬁwm%'m Spectrophotometer Tnefidunaunisiinsies
Ay Spectrophotometer FUNASBNEsaYaETI0E1 WA¥AI3AYaI8NINIoIU ududen
mmmmawmmms memmmmnauuawadmiavmammmu wazATAZANYAI9E19 979
uua'mﬂﬂwywmﬂﬁﬂuﬁvw’mmmmﬂauﬂauuaaﬂummmmummaﬁayawmmmmu
M uAmILTUTeIasar a8 199N IR U

2.4 naladlulaiwues

fetrsvesluletswwnsiAndulud ad 1962 Suaud Aain (Leland C. Clark)
ﬁn%msﬂmam%‘maw%’ﬁ lafRuinalunsussandldlulowuwesmouiuGoneules
wuied) ensiate Uiinanglaaluifanuyudldifunadiiandousn uuLUummmmw
umwmmamﬁaﬂmaﬂu‘[awuwasmumamn TunsAnwweawiy wiaulslunsnsata
Yinaufaeendaunowdususuusn wildesuiedn amnsefnniunisvinauveseuled
lnsnisnsaafaseiveandiauiieulediuldlulneldsidninsaunaivy (platinum
electrode) oulwlusiaswinvziinnusimnzianzasiuaseiisasuniaduansy (substrate)
olaegrmilavingu lunswasuansduluduasuinfueluddiisn suiudeiends
vlwdlifiemnanndsnunsziuas mavhauvesevlediifuseals Tuneuusnioulwilislong
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Tuanmeiinzdmduihnuudfesduiuduansy wdniieulsiuiuduamsvudaiin
mMswdeu duansluiunEn e LLazlﬁmul%ﬁ%'aaq’luﬁﬂamawﬁﬁﬂajmmsﬁas%’uﬂ”'u
duainsn ezdesdinisdisloundsnuunedaliieuledifielioulednduunganiogi
wngandmiumaieulng 3nnsegrwmidsionisansTousidnnseu waunsot aules]
uwhujiseriuduamsndalnmdldlaenisdneleudidnasouiiintulussuuiiu oweulwsleg
Tunzmunzauiiasnsy muauaLmwaulmuunawmsawmulmmalﬂ iuﬂ'ﬁmmumaa
uladfuduamsvdedldufaurseiianie orforn denslduiamantosrd uiuusunm
fuainsnilleulvdifAsendae arnudnnisil Srusfiwuweiiannsatnuiuuuiad
Laule?jﬁ’lfﬂﬂmﬁmmsﬂﬁ’%is’U‘%mmmimﬁﬁmﬁmmii’mlﬁ
lumsinusununglaadludenves nuisvesnain wnldldieulsivianiasonia
wulwdnglaaeanding (slucose oxidase) 3aldmata GOD Luaammaulﬁzmﬂaiﬂaaaﬂsma
zdAUTUNIELANIE ﬂunaiﬂmmuu W3 EaY uuﬂgnsmwanumﬂuwammn
Laul‘ﬁuﬂQIﬂﬂ@ﬂﬂ‘dLﬂﬁ“ﬂ’lﬂUﬂQIﬂﬁ Sidnnsnilddanuuefusgy

hlgueiimes

a2 o
w @13otan s lad
!

‘ & ACA"

w
/ ¥9ue Tua (Silver anode)

b
YU N A(Platinum cathode)

S ) WnWan(Teflon membrane)

“....-n'

o wa law U(Cellophane membrane)

bl L T Ty

o = = = o
L'é]'ulltﬁ‘llﬂg Iﬂﬁﬁ)@ﬂ WATATIUNWBELUDIIR

4 [l g L3 =l
JUN 2.1 uassdulseneuuastivesngladlulewumesuuulniiad

o

ﬂ?U?ﬂW?ﬂ?ﬂIa‘V] UNaNnly ‘U’DﬁUﬂ"l'ﬂ’lﬂIﬁ‘M AL mﬁamuwammﬁmm} U999

<
1%

LaulwﬂaIﬂaaaﬂsmmawmwuwaaLuas Iﬂwnhmmaa 2 Praguinafutalniniude
wivlaew uAFWTIRAfUANSTIFRINIS AT (Analyte) andudewalawmuy



16

wwlaning lnwaondiam

alanlnin

NG N7l ety O ey
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F1dnTnylad
M, = &3 lam u
M, =mvlaau

1J 2.2 UANINIY UUUﬂ’ﬁW{I’JIWﬁ’]ﬂﬁIﬂaL%uL‘Ua‘i

ﬁﬁﬂmﬂun’l'im'i’;ﬁﬁ'ﬂﬂQiﬂammmmﬂﬁé’ﬂwmsﬁamw

g A niang lain

nq lAdanding
ganaIu . . lalayaualaioon lod
dianinim

Bamiau

UM 2.3 uamandnnislumsnsiatanglaa

i
a

Susunndenglea unsndnubawalamuidun viugisefueuleinglaseendina

lugunddianasousgunn nglaavznaneilu nsanglaiin dwievleinglraeandinaiiiogn
sandladienglea avlvi 2 Bldnnseuunas 2 lelaswulossuvie 2 Tusnau LLa’mmEJLUuaEJ
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way 2 Wsmeu naneludunfdlelasimuileseenludiidruiniindudyyalnisely dw
ar V& a - e 1 = w o 4 o a s

nglaadilvdianansaiansivasudaslidnuiertuseslu Wetdidninsalusnans

s 1 d - =3 - ¢=E s s s - fd'o.l o

megraiteninunglaa Ysunaeendiaudldlazduiusfuusuuveseuleifidusu
L2 5 = d 1 s L¥ -y & = QII

nglaa dsiuiinunglaaifedfawnsatnlilasnsinudinaufasendinuiieulsildly

Uules URnsensniindunvunms

GOD
Glucose + Oy + HyO — - Gluconic acid + HyOy (2.1)
= s 1 aaa < & a <l 3 = aaa - dv
Ineildsejisenfeioulningladeaniaa waziitauan aifaufAzeonluiiuadised
: -
+ 2+ 2 —_—
Mgk et 2 00, (2.2)

INANNITNUI D0NTLAUIAVDNTTULURBUAIN 0 1T -1 TuwansI1fadninsail

= . a Y @ a Po
nsiasuuwdamelwihaiifiniu annsiasuudasdisfanunsasnusunanseual wia
.- < a @ P P v V@ S a ¢ £ o
WndunsoUsunaudndlwihAtvdouwdadld ddunsianszua nsufeesvesaureseia
AU Amperometric transducer wsidudun1sinausnsindiandu potentiometric

transducer
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o/

ST U8UASIY

Tumsdavilassnuil finhlassnuiisauiuemilasny aadunoudestelud

3.1 Yumeunsiniuay

3.1.1 AnhdelAssnulazuiaueannsenusnulasenu

3.1.2 AnvuardunidoyaiiAsadestulasson Tdun 3eq NIATIAANTOIE U
Iiﬂmewmwmumaum'ﬁmwmmaaaEm“h N3RTIVNATIZIRIBINATARINY BT N5
5939 HbALC NzUIUNTT ELLISA Anwinszuaunisviauresulamumesildnsiainsesiu
thenaludon (Glucose senson) ﬁﬁaq’ﬁﬁlﬂ'{uﬁaammm Anwinislaansiaivieeuledlunis
LUﬁEJUﬂqIﬂalﬁLﬂulﬂmmuLUa‘%aaﬂlwi wagIsnmsnsiainmududuvedlalasiaules
panludiiAnty nazuIUNISYesgaaLsalwus nsledden nasmaudnwimuuInienasly
tﬁm‘s‘wlwuLwa’LmUumsama’l,un'ﬁmswwawmﬂ"uuaummmmnmmwmwamaiﬂa VD
lalasiauiasoanted nmwammaumswvwmnwuwmumamwa’iﬂjaﬂﬂmw W zANAY
1A997U

3,13 dadennizuuntafiseinnldimevenmamdudy

3.1.4-vimseanwuuma Sensor lagldununseandlas ssldifonsaanseduusunu
lolasiauesoanlyn

3.1.5 Tndygnamntasvesufnisvaslalasiauoesesnluininasod veuiiduug

3.1.6 ivAHavesdg M s eI fnievatlalasaneieanledssninaniy
Wutu 1 dadluans fa 5 Jadluand ﬁﬁwaeiaﬁmmmﬁﬁuuq

3.1.7 VAszvina A1vedygiamiudeufnsevedelasauesoanlenszming
ALY 1 Hadluand B 5 Jadluans

3.1.8 YFuustama nvesdygrunicnasiioinaidalaslunoudlsiund
(Chronoamperometry)

3.1.9 vidianinsm Ag/Agcl Lﬁaﬁﬂﬂ%‘lunﬁﬁw'gaﬂmmwﬁmjgm WATAIIVADU
Useangnmuedidninsalnenisia gl £ LﬁUUﬁU%aAg/Agc( 1IN

3.1.10 wiAnszuaduwaiivinsaudoatsaras & Arududusiie fmedsnmslendn
a3

3.1.11 YSudsequanvesdgyiunisuas drematalasluweufilsiuns
(Chronoamperometry) Tagliinszuadunaiimngaumdsannisitlendnlraniunys uay
Auandayayeuiile

3.1.12 Answvirarvesdygin vdsnmsuiuusinanwdaynna

3.1.13 senuwuugunialnsiadauuulduadineldlusunsy wag 3D Printer

3.1.14 vemeandisunszandlanmewiiduug legld Conductive Polymer
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3.1.15 waasdldgunsaliniwiunssandladiadeusawiituug
o e " o v

3.1.16 UuinuaAdgyiauasneule

3.1.17 Apseving aguua uazinsaing

i [

Ay IuneuaIrasUfnsevedlalasiueieanludiinadedva i

2
Uua

u

3.2.1 wisuaisazanwlalasiaueseanled aududu 1, 2, 3, 4 uay 5 fadluans
uwagasararsiauugadudy 1 Sadluaninudnsu

SUil 3.1 ‘wansasiadiild

3.2.2 Warsazavlolasiauiloseenlendauty 1,2,3,4 way S5mM MUasy waziufia
uvguwanuashludulidulaeldiesos vortex

3.2.3 tharsavangfinauudldaslumiing (cuvette) Lwamlmmmmimmnau‘[ﬂa
wndesanlnsinlndined (spectrophotometer) Aaly

U
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=
Un 3.3 LY spectrophotometer

o s |} = EH‘ 2/ A 1 =
3.2.4 ynmsiamn1iganaunasiagniay spectrophotometer Tngldnaugedundg
600 - 660 UIULUAS

Absorption(A)

Ui 3.4 uamamhmwedlusinsuiléduiindntsgenduiiasniugiu spectrophotometer

3.2.5 WuAHavadyaIMmLamesfnievaslelasiauesoenladssninaniy
Wuty 1 fadluans fe 5 dadluans ﬁﬁwasiaﬁ‘ummﬁﬁuuq Tuaas 0 - 1200 Fud
3.2.6 Uufinwarvesdnmild aziunasiensiw
3.2.7 Aeneinavosdunaiildlaeldlusunsueasiu unsdugarnnududady
yaanTlilauansaaduiuslddaaud
3.2.7.1 WalUsunsueasiu
3272 ﬂﬂlﬂéﬁa;ﬁlaﬁlﬁﬁwnﬁﬁuﬁnﬁqwaa’iumsw’lu‘[ﬂmnsu
3.27.3 Mddaensmiiieadransm
3.2.7.4 @90 Analysis ->Fitting->Fitlinear



21

Fle Bt Vew Plet (olme Wokihed  Ansbas Matates  image Tooh Fomat Windew  Help

CRRABDREER FSEEUD w5E & BS |4 AEPae 16 | @8 | u

T Defautt A D B I U sapA & FrAd-|la-&-— o VI3 b o Benw

2| BE|LCUOLE|ERE ow|do e )

CYETE ) =i (3 kanetic 3 mM D4 mV clectrode new - Hotepad

L Folden Fie Et Format View Help

+

H Undo

- cut

7 o T S
Paste

T | Hame Delete

2| e Swiect 4B

7,

o Right to eft Reading ordes
Show Unicode control characters
Insert Unicode control charactes >
Open IME
Reconvertion

ATl | i-M-R-9 (RS L Sl i TR

P w Ao e aa
3R 3.5 uansnsainnsnaindeyantuiintilagllusunsuesiiu

@ OriginPro § - C:\Users\DAVIDZ\Decuments: Origin User Files\UNTITLED - /Folder1/
Fie Edt View Plot Cchimn Viersheet Anabss Stotitics Image Tools Format Windcw Felp

DPRRDRGOR FRGHE G 8 BE & yBDG 1¢ |48 | i
[xodwma]s dnfrw - - on gmem-ad ol 2L Ml g T\
EEEIEF J iImarr s S el P T A s i

CinTmep
‘3 Folder!

=
+

g

Name

ANy

PR R - Rl i
Absorbance

I i 0 | 30T | v | 4
AU: ON 1:|Bock1|Sheet] Radun

o 2/ W aa \
UM 3.5 uansmsasensanandeyafivunnlilagldlusunsuessiu (de)



@ OriginPrc & - C:\Users\DAVIDZ Documents\Origin User Files\ UNTITLED - /Fokderl/ - 8 x
File Edt View Piot Column  Worksheet  Anshysis  Statistics Image  Took  Format  Window  Help

DPRRDRRDD FEANE cEk & PS4 JERG 16 ko |

[ oeta S CBIU~N e A SE-MeA~ @Ay

22 = A LR
= == i
[} | &2 unTmLED
| 3 Foldert ’
. - -
b Unts ¥ | Horizontal Step
3; D-nlmi: B3 Copy | Line~ Symbel b Yestical Step
$ 7 Copy (full precision) Colmoni/lin i
Y 3 B Paste Molt-Curve v
Y 3 oY '
: : ol i :
T|= = e | 30 Sudace
) il 3 | statitics »
/. = Seths M ke »
-' Fill Celumns With »|  Contour k
: 2 Sort Columns y|  Spetisiced k
i Lo W + & Template Library...
:: ZH Statistics on Columns... Lline
7 &, Statistics on Rows... g
- 3V Emor
5 Column Width.. 4 Double-¥
o Set Sampling Jterval... SAm
g ove Cohimns | §StackLines by Y Offsets
-] Show X Columa.. 78ubble
<[>\ sheet1 § __vop Colurmnt.. .y &XVZContour
Add Sparklines... . Espine
/el eli-B-5- M0~ Mk Lo R, [ g aY
Piot selected data as a Line Gragh | SaSyle g AUION  [BockiSheet1!1[1}:2(3306) 1:{Bock1]Sheet]  Radian

< % o ) aa '
JUN 3.5 uamsnisasnswaindeyantuninbileeldlusunsuessiu (e)

@ riginPro 8 - C:\Users\DAVIDE Dcuments' Origin User Fies\UNTITLED - /Folder1/ * [Graph1] - o x
B File Edt View Graph Dsts Ansyss Tools Format | Window Help - &x
(DPRRERBDR FEERNB SR S B A 4MTa ¢ | Ln [}

|| % Defoue & 0 W I U@ ], N oA -.1-|‘2-'_’,~—— oA W g

XY ICV-F ENS e - T e

= =Sy
|J UNTITLED &
ol
: 010+
+
B‘
s 009
E
.
i 0.08
i &
T | Mame ﬁ
2| s.. £ 007
/Z,| Blor.. 2
o 2

006 -

005

0'34 L T T L T T T T T T .

-500 (] 500 1000 15007 2000 2500 "~ 3000 3500
Time

[Z=e sl --B-F-M-00 [T oy - - - R || O |8 [ gl

1:(Graph1]1  Radian

AU: ON _ Cclor Publication _ 1:{Book1)Sheet1!Col{Abzorbance){1:3306]

U 3.5 wamensasnsmanteyafivuiinlilesldlusunsueeiidu (se)



@ OrignPro & - C:\Users\DAVIOR Documents) Origin User Files\UNTITLED - /Folder!/ - [Graphl]
B Fie Edt View Graph Data Amilyis | Took Format Window Help

DERRERRBERE Mmws

B Default & ) 14
ARME K El“’u‘::‘

R | O uwtmLeD
% '3 Folder!

Hame

Hle.
BlG.

&
g,
3

B
b3
T
2
<

AR AT T~ P R <

FitLe

SER Cil

inear regression on XY date

Data Manspulation

Signal Procesting
Spectroscepy ¥
JFit Linear: <Last used>

2 Nonfinear Curve Fit..

3Fit Exponential.,

4Difesentinte..

5 Differentiate: <Last used>

£ Tace Interpolation...
IInterpolate/Bxtrapolate. ]
B Fit Linear.

007

Absorbance

0.06 4

0.05 4

:la FE & aB@e
| cutuess |

Fit Palynomisl..
Norhnesr Curve Fit..  CtrleY
Nenlinear Surface Fit..
Simulate Curve...

Fit Single Pesk..

Fit Multi-peaks...

Fit Exponential..

Fit Sigmaidal..

Compare Datasets...
Compare Models...

-

[——Absorbance]

0.04 4——
500 0

d o % Y - | 1 s
3UY 3.6 udmen139i Linear Fitting tiomAa gy

T T
500 1000 1500
Time

T T T
2000 2500 3000

v s I s o~
wlafauduvansmiagan R-square Aguv 3.7

& OnginPro B - C:\Users\ DAVIDZ Decuments' Origin User Files\UNTITLED - fFolder 1/ - [Graph1)
B Fie Edt View Graph Dats Analysis  Toeh Format Window Help

UbrBERBRR sE5EE g ﬁ"’""‘&ﬁ:

T Dcfoutt & |0

ARE W IRE.LCuDLE ‘E!]I(DHE LE

A .

A AB@De @

oJlan sy — =

L 4

—
3500

AU: ON__ Color Publicstion

~ix
Fe | L unTiTLED
Q| Ofoldet

| Name
le..
L[

.

BNNA R e @+

1
&

AT AT M- BT ST

3.2.8 ajUna

010
008 f ——jAbsorbance
{ - Linear Fit of Absorbance)

008
o
8
o 007
g
2
<

0086 -

& -,

004 T T T T T T T x . n T

500 0 5000 1000 1500 2000 2500 3000 = 3500
Time
S ar =g T
AU: ON  Coler Publication

‘lJ‘ﬁ 3.7 W@AN15¥N Linear Fitting

Fyayreuitle




24

3.3 YSuusequanvesdygyraniudidledrsmaialasiuwaunlsiuni

(Chronoamperometry)
33.1 Anwislastunuilsums
3.3.2 35via8innse Ag/AgCl
3.3.2.1 faannlane@uAgunusean 2.5 Wuins S1uIudesdy
3.3.2.2 dldudlunsalalasaanin (HCL) Anududy 2 Tuans
3.3.2.3 delanfuniladivn working wazdntuniladriuan reference uay
1 counter Yp44A30N Poteniostat

- I AR NN 4 :
EU‘H 3.8 uanan15nalansRuidIiy A1vetATed Potentiostat

3.3.2.4 dAuansdngssmndlaneisansUssann 0.9 1aas viseliiiu 1
Than

2]
Commii: Wago

A5 el RE s .

e AN VO - A Ao P F olere]

channet:[* 3 [T [Cormert | wjuk
i

xjav

G

B
]
?
R
<
Lo
g
e

=
+
=

!

Lo
B
3

-

zl

L
5
2
!9

I
!i
g
[N

L
H
H
<

ve Ll [
!

g
i
!
i
le
Ii
%

Lo
i
g

s

* falinie el
d
{

il

114708

-

" oLl 1 A

A v 1 s 1 ql 1 et a
3UN 3.9 uanenslipuinedndlaeldlusunsy E-chart duvniidedulavedu



25

o a a A:I a :’t’ 5 ny a = 14 qu 2/
3325 dunguinieniintuvedlangisaesdu Jufinua wdifsliauns
< a a da & £ o & a Va < da o
Waguulaswgnseniiadugeias dilavgiuannialelasaasdn azladianinsafivus

< o a o & & a a _a
SUN 3.10 Uanansvindianingn Ag/Aecl wnugntalanensanainuinien

3.3.3 9nA1 E° WinuAy Ag/AgCl
3.3.3.1 W9281AnInIAuInssIu Ag/AcCl dafiun working uag Bianinga
Ag/AgCl 7ilét Wseita reference Uagan counter UYBILATD Potentiostat

 §

B\ %

;5
LS

JUN 3.11 wamensmodidnngn Ag/AgClL Wleufiu Ag/AgCl WnsgIULienen E° ves
Sidnlnsaiiasneduy



26

3.3.3.2 14lUsunsu E-chem Tun1sinen E° vaslaneiile

R, EChem Appheation 2 - [T
Fde E& wa D ’ “ Y
= | o
B, Input 3: Potentestat x i
a i }
oA Dy [ e
13
# 014 v Rangs L
= P
- [} Moe
O unty O Patersons LiChannad [T
. 5 4 oy |Gz o —
(®) Paal |
— [ Fototoda ]
4 High Rabiley | —————
| Mode Linea
Dbt bput bl E -1000mV
L ] . | FrealE OV
= 8 —— “a Aun  0mV
= o J SepW.  2ms
=30 @ i oo A SwpH 2wV
Focled Polertal [0 ide Potertial [ M Fater
5 _] et
. e il s
s
2 1 ] BT ]
T £ ! ®
e ) | v & — SIS LN N Y ey - - b 2 =

AJ W = o
JUN 3.12 wansnimvaslusinssiaznisidanldaiu Potentiostat

al < o s = ol .
3.3.3.3 AN Poteniostat \dan Tuaaduy cell 1don Real wagMode dan High
i s | a o] v o ek
z Aafnane A1 ES UeeBlaninsava 1 ItuLA
3.3.3.4 Tuinua ayuna

3.4 WANsTUEDUNATIMINZaNRaFTAzateT ATt 982838003
lemanlamuun3

3.4.1 wisuasazanglelasiauwesoonledmnududy 1,2,3,4 way 5mM audsu

3.4.2 seviBdntnsadiiuinios Poteniostat Tnelian counter wag reference Ao
futhdiEnlngn Ag/Agcl uagw working WhudaBEnTnse Ag

3.4.3 19lUsunsu E-Chem 1iian Technigue -> Cyclic Voltammetry



[ EChem Application - o x h
File Edit Technique Displey Windows Macro Hi
ile echnique splay indows acro  Help
R unitiel B Linear Sweep.. CrrleE T
Square Wave... _
2 Normal Puse...
Differential Pulze... | s adwa e <)
Linear Sweep Stripping...
Square Wave Stripping...
Normal Pulse Stripping...
Differential Pulze Stripping...
A P [iChamel
Multi Pulse Voltammety.. ] 1 ¥
Multi Pulse Amperometry... o Ampifier
oo ME m:unmu
Final E: OmV
Rele  100mV/e
= SiepW:  20ms
SleoH  ZnV
o
8
iSole .
il E = [7 -
101 vsE - St

d t7 el 8 & b
JUN 3.13 udnsminnvesldsunsuiasnisdenlysuitaidu Cyelic Voltammetry

1 - A v v 1 1 :‘j as 1
3.4.4 fudaninimasiuasazatofienidudusiieg whnaty Start weiaen
3.4.5 Yufinmuanisnaaeile
- o ¥ v v = = v a
3.4.6 \Wssuigunamvsaldazmudadu emaaivnzay Tunnslinszuadunn
£y 1 = o 5 2 A
3.4.7 @51 iieusnsenanuivay wasvisluluug Reduction way Oxidation
1 :J ) . .
183A1 Voltage Midan laeldlusiunsuesssiu (Origin)

@ OriginPro & - C\Usess\DAVID Desktop'graphih ¥ redox graph - /Faider - [Booki] - o
i Fie Edt View Piot Colmn Worsheel Anasn Sttt Image Took Format - Window Helg U - & x
DCEORRDRERD FEEGER el & IS &4 ARG 46 e |
T Defsut & 10 i+ STl v afap A F Ve Vel ) Nad
Q. 3 [ =R e
=-ln ~
“umwdm‘wh A0 e | e ]
| Foldarl |_Long Mame | Concentrat Reduction Owdaticn |
L | ol e micro ampare
i 1 2075 2945
2 392 495
3, El 114 115
. 4 027 034
‘ £ 04 037
-
2 ]
]
T | Mame
2, | #ece
7. | Blon
| Bon.
*| B,
Bco.
1< Achvale ywmuon >
vt AR -0 O (Rl R R TR R S o | Ta "
For Helo. press F1 AUION oG 151 Radian

SUN 3.14 uamanisldau wasuinnvedlusunsueeiiu



28

3.5 Yiuupsauntnvasdygramiadigamaidalasiunauilsiuni Tneli
nszuEdWAINZaN NasINNsiLazAuANEyaTle

3.5.1 wiguansazarelalasiauileseanlesmiuidudy 1,234 uaz 5 Jadluans
ANERU LagNaNTuEuUg
1 clj = ¥ e r-'; = U
3.5.2 fetadlaninsadniuiATas Potentiostat Taelsan counter wag reference o
v U oa 3 Y o o oa d = -
Nud2BLanInse Ag/Agcl waran working Wifuda8i8ninse Ag panuUNINTUALATDY
Spectrophotometer felusunsy Inventor 2017 wag Print

|| { = ¢ a 1a @ 1
U 3.15 wandiinseursesaUnlasinlediimes neenuuuldldadidninsnasliluanssedi
lavaugyinnsIneuLas

3.5.3 ldarsiegnaslumiieg ﬁajuﬁtﬁﬂimiw’ifwiaﬁ’ULﬂ?m Potentiostat adlu
asazasfiaadudusingg

3.5.4 14lUsunsu E-chart lunsudesnssuadumn

3.55 1donl chanel 3 seundon Potentiostat waziden Real ntuiloud Voltage
finzauadly

3.5.6 msindouas lneldiasesadnlasinlniine s

3.5.7 Tufinuaiilé



29

- D e o
UM 3.16 wamenalounesianinsauaznsinlag spectrophotometer

Y

3.6 AATRAR1vaedyy I NATINIINIUSUUSIRn WSy ol

3.6.1 fit linear lnaldlusunsy origin wiArAUEUYBINTIN

@) Orignbre 8 - CWrerf\DANDZDocuments Diigin Uer FiedUNTITLED | /Feiderls | [Grapht] - 0 x
Bl rie tdn View Goph Osla Ansra Tooh Faemet  Wandew Help
LPRRDRARER #4dUE WSl 8 PE A yADw. (€ '8
T Ocfaut L ] g ~A- e B == %P 5] -8 -
ARE ¥ ORELTUNDLC DI O 8% L®
s ), A Y
R | G unrmep EE
o 4 Folder!
021+
P, 0204 l"—"—*—--—-__...__._.__,__,,
) 016 4
:‘ 018
- 0174 T
| 016 4 -'*"‘--».‘.,___-h-mm-
:.‘ < 0154
by NSRS, ¥ = 0144
T | Mame 4 1
» 013 &
| o 012 4
/., Hoa
a | EHw 0114 \
y 0164 —l
009 ’--v_ e
008 KL i .
0074 . e e
006 e
005 Q51 =Sr-0 4
004 T | T v T T T T T 3
500 0 500 1000 1500 2000 2500 3000 3500
Time (Sec)
Sl RN R RICEY- | SE RN RN BN s %
For Help, press 1 AU:ON  Cobor Publication 1 {Bock15hent1'ColiAbsorbanc el 1:3306] 1Graphl]l  Radhan

UM 3.17 uamenislalusunsuoasiuiie fit linear



30

3.7 sanuuugunsalnsiaiawuulduds
3.7.1 eanuuugUnsal
o A QJ s € 1 v 1
imseenuuugunsaiinzauiudinszanalas lnauusliiludiuvedians uay
[l = s s 5 < v =5 P Ya |
duves LED Fausnaanainiulaenideny iielvils LED faunfign uazesnuuuldildes
0o w | 4 9 v ' o v oA
dmsuldadion (Slot) iitebiiedensinonsvanaladidmiesonangunsal Tnsesnuuy
Wadenfivoshuvowasldiitvadnioniviniu

(M)
A o { ¥ o el
U 3.18 amuansgunsalnsaviauasiisenuuuiu laedunm 3 47 (n), nmdnvans (@)
= ¢ v o w
wazgUnsaliaSeauysaluds (A) mudisiu



31

3.7.2 Battery & LED

P o \ ¢ o Y | v o a
wusmnesldduaiu 9 Thad warldeestutnelunsdrelnwlsiu LED wiasann
LED fifdsroudnasusliidudunsie

guﬁ 3.19 awaesnmeluaunsalanain
3.8 vaasiARsuNIEANdlaRdBiauUg lagld Conductive Polymer
3.8.1 lSsuiiiuugruudy 0.1 Sadluans laluvanalsd

3.8.2. Insgnanswadluaddnh (Conductive Polymer) uanhyiuguadiuluaisazany
wadleAN tinnsausafifen)snenanwii ..




32

° ¢ a ¢ o X - % v % . : .
3.8.3 Wmsasduitduug asuunszandlas Welududiudalwldin Deionization
faendniilifesnsoon antuiislsivuss

< 3 =5 o
JUM 321 uamsdiumeuntsindauluiiduuguunszandlas

3N 3.22 mwuananszandladiinfoudeniduug waSeduysaidn

3.9 AIINAHEUAUNTINTIAIA

3.9.1 andouUIdein1sgunsaliins v inddesuaseaninluguvesiinuindens

5okl

- '

o Y - & ¢ a
3.9.2 TNﬂaENT,VI'iﬂW‘ﬁ&JE]ﬂE]ﬁx‘l‘UL!‘Uas‘]‘Vl‘UaE]EJLLﬁx‘ia@ﬂiJ’l‘i]'}ﬂQUﬂiﬂJﬁl‘i’Ji]’Jﬂ
01NN

3.9.3 danludalusunsu CellPhoneSpec
3.9.4 deniuninaulalunisfisensivaeuanuduvesd

3.9.5 anduiwiuinaulalaglvivarsanaiuduriuegnisiiudie wazuae
GRUALEHE RGN LI PRITD

3.9.6 Uuiinuamdygrauawseaunniu Meulaanlusunsy CellPhoneSpec
3.9.7 AATeiNa asuna uasiasaina



33

3.10 wasesligunsaliasauiunszanaladillndaudisiwiiduug
3.10.1 fhegunszanideudeuiiduug deuhmsvealelasaueiaenlys
3.10.2 wealslasauileseanlys asvunseanalan lnelalasiaueseenlusning
WU 1, 2, 3, 4 wag 5 dadluand mudidu

4:[ e 1 s L3 s
U 3.23 LLammﬂwaﬁaimnuqﬂﬂswﬂmm

3.10.3 dhenaladiowihufniuunelfidunnssds

3.10.4 nspsvbghawhuresann 20 il anduthdledluldlugunsalnsanie
3.13,5-@ennilel

3.13.6 iamiildlvimseinalnglalusing CellPhoneSpec

AN —ugE @A .
H

Red Wrrelength ()« (pinele) ¥ fveis)
Spectrum Width (Powls)
-
Referente Spectrum Parameters
.0 7 7
B Wavelergth () » (reels) ¥ e}
0 0 ™

a P v
JUM 3.24 wanansly CellPhoneSpec lunsamaasunmsiuasuwlasmuituvesd



34

=l

3137 deniuifiaulalunisiasmsreaeumnuiduvesd

3.13.8 a'mLﬁuﬂwuﬁuﬁﬁﬁuhiﬂBiﬁﬂmaamnm%’uﬁifﬂﬁuaémqﬁm%’m wazUany
awWnpudunsegneinuyanile

3.13.9 Guiinwardyaauamisainasu fieldanlusunsy CellPhoneSpec

3.13.10 AAging aguna wagiansaing

3.11 WHUNISANEUIIU

o 0 = = P
A1919% 3.1 Lqumsmmumu’iumamsmmw 1

Uw.A. 2559

YUADUNTANTIUIIU

a.m. | n.e. #.A WL [ D

1. ANRTDIATIY

= = s v ‘?‘4 v
2. AnwisnisanafnnsoUagiu v udesdu
78N19M999HLALC, Immunoeassy, Ellisa wagfng

nmsviureinglagsuwasiveiy

v 1% v & Y a _a aa
3. AumLagveyaneaiul jnseatiiauisa
o v A 1 =¢ @ v v
Ywnld iatfiunasusenilesysiuanududunes
seaungladludan

4. Fnwinszurunisudasnatealiiiulelnsiaues
ganled (H202) Taeldloulwsd Glucose Oxidase
(GOD)

5. ANWINTEUIUNISIRATIUL LT U9 lalauLa Y
Waseanlas (H202)

- \ ¢ o
6. finfBUDAIINOUYIATIYNLAT O N nAME
INeEEns

d ﬁwiawamwaumswﬁaﬁmﬁ 290
UMINLIRYUNARNA

8. AnrpveNadNairi (Conductive Polymer)

9. BANKUUNIINAADILAYNAABUAMAN TRV DY

=
dqtad




> o a = &
M191491 3.2 LLN‘L!ﬂ’]‘iﬂ’lLUUQ’]U‘LUﬂWﬂﬂ'ﬁﬂﬂ‘E}’M 2

35

URBUNITANLTLITUY

Uw.é. 2560

o as

1 ndyyrunuasvesdjniviveslelasiau

wWaianududu 1 fadludn$ fe 5 fadluans
¢ =] aal v

ponluAniinanedvesiuiiduug lnoldinTos

aunlaslwlafiipas

2. AnseinamvasdygiuniaassUfnien
voslalasiaulaseanledseniteminududy
1 fadluans 4 5 Jadluang

3. AnwAsUTUU IR INae s I TTILEY
munewmailalaslukadlsums

4.A.

..

=
aa. | kL.

W.A.

o = dl o 24
4. v18Laninsn Ag/Aecl thiatdaluldlunas
USuusanaunImdry qe

5. aTdaulsEavsnwuesdidninsalaunisia
fin E° Wiguiute Ag/Ascl 3nnigy

6. Mlyadnliavuumiveslalasiaudasaing
WuTY 1 Saatuais 8 5 gaaluans

7. Jiulgsnmunimueasdyaiamisuds fasmaiia
PN = I a =
TAsluwaunlslun Inalvinszuadnafiuigas
nasannasalemaniaaniuiuns wazifivan

[

a
Fouonauiild

L2 hev

= '3

8. UATILNNG ANYBIA YT MAI91AYINIS
USuusanmunwaryay e

9. sanuuugUnIinsIaiauuulduaineld
TUsunsy uaz 3D Printer

2/ o 1 ar ‘ﬂ‘
10. waaesldgunsalinsaununseanalani
\mADUMBIITIFUY]

11. Yuiinuamdyuuaaneula

12. Amswding aguna uariansalua

13. davihguiauuagTIEuNe




36
uni 4

NaN1INAaBY

4.1 m‘mﬂaaﬁﬂﬂ":msmmnﬁwaauaqﬁ'um'iﬁqasha
mmncﬂmmﬁ%aﬁmamaLLaummﬂmmmmﬂnauuaﬂﬂamiaq Spectrophotometer Tu
Tvwn kinetic \ofnaudinden wldinswlrnseanduiisudunadsi

0.08 b P o
0.07
0.06 ]
0.05 -}
— 004
< . A e T = T T ———
o 003
8 |
S 002
ks y
2 Lt ——H202 1mM
= 'y —— H202 2mM
¥ i — H202 3mM
-0.02 - — H202 4mM
-0.03 - ——— H202 5mM
@} U £l WAy okl |
T o T o I v T X T & T X
0 500 1000 1500 2000 2500

Time (Sec)

’

P | | [YR R [ )
EUVI 4.1 LLﬁ@\?ﬂ'ﬁqwLLaﬂQﬂ’]ﬂqiﬂﬂﬂauLLﬂdﬁﬂaﬁLL(ﬂﬁgf"’nqﬂJh‘UﬂﬂULﬁJaWlEiUﬂUL'Jﬁ']

e lolUsuns5U083IURINT fit linear aldns il

0.08 == V ' 2
0.07
]
0.06 —
0.05
—~  0.04-
< 7 A T = x T —
o 003
8 -
& 0.02
g 0.01 P —— )
o ] —— H202 1mM
< 997 —— H202 2mM
-0.01 + ——H202 3mMm
i ——H202 4mM
oy ——H202 5mM
-0.03 i ——— Linear Fit of Absorbance
-0.04 .
T T T T T T T T T T T N
0 500 1000 1500 2000 2500

Time (Sec)
U 4.2 uansnsmuansinsganduuas (A) vewwsasamdududiafisuiunanieri
N3 fitting linear



M19199 4.1 uanAIANtuTaIns W wagAn R-square

37

Equation y = a + b*x
Adj. R-Square 0.28437 0.24769 0.73363 | 0.85832 | 0.82755
Value Standard Error
Intercept 0.03461 1.55E-05
Absorbance
2 -3.44E-07
i o 1.11E-08
-0.000000343699
Intercept 0.07897 3.42E-05
Absorbance
Ho -6.90E-07
E o , 2.04E-08
-0.000000689815
Intercept 0.03732 1.60E-05
Absorbance
H202 -9.32E-07
FI'S) (slofe 1.10E-08
-0.000000931741
Intercept 0.0134 1.84E-05
Absorbance
H2 ~1,74E-06
SERNTNE LT 1.58E-08
-0.00000174343
Intercept -0.04045 2.09E-05
Absorbance
-2.24E-06
B et \ 2.88E-08
-0.00000223601

o ¥ o = v a a I3 a a '

dunni1a R voslalasolruiveseantesneuiduty 1 dadluais uay 2 dadluand o
A1 r’= 0.2 Baflpuludadu (near) Yoo Tnefinnududuvedlalasaussanladiiien
AginonsInswasuulamsamnuduseanswiadssas




38

4.2 msindeulanzRudlgaaslsaietrluingdianlnsaiveldlunisuiudse
AN WYY IUNITIAN TS
aa da & a4  a & I | v
Uinseniiiiedu fio ievesennaduiilangsuiiBeudadu Reference uas Counter

ni d‘ U u , 1 =ia o < =if/
electrode vnuzilansilidousoiy Working electrode agifiuinildniintuvuainlany
- 7 & & -
Waunanmpaslsalossu (CL) N neusinatilans Rutu

~

o VR P ¥ X
JUN 4.3 wansufinduniinumgyinsiedaudianivsn

4.3 ANSNAandInAl E° 9a9dianlnsa

dl a oA = eJ © :‘l’ o ) v a © s I

WenszanininvedBianinsanviiiu Waisuiudidniniauiasgiu vinisinad
o a o 0 a a oo & =l v Y oa g
ndlniminsgiuBianinn €) vasdidninsaiivhiuin (eududdidnlnsauinsgu

Ef, s d ' s ﬂlj 20 1 E 74 14
Ag/Agel 191 E° = -0.0748 Thad deiimAnauiiiasaineradaadut wazavidulaiandlng
| a a - v Yo

Audtionilsgdnsnmdedivuiutadidninsauinsgiu

4.4 MMAARITUUTIAHYLIUNINANAUTDILEINUHITATDES

eliluanavesarsarareniodidnaseuluaisasansiinnisiusiedadusadou
1 v s 1 o = v s U 14 2 !y) o !
denalinisinAdyumatiadivnliudnauuagarunisinieiidesas antuinisiy
dilninsmadluansiegraazyimsTamauas udruiinaadayaadils Iensmsail



39

|
0.066 -
0.064
£ 0062
@
5
0.060 ~
]
3
0.058 |
0.056
T 1 L T * T i 1
0 500 1000 1500 2000

Time (Sec)
g‘uﬁ 4.4 nwuanadygnvdsledianivsnduasluansazane
4.5 n1eaadleadnlianiam’

= U a = ] oo [] Ya o
tamAnszlasunanINgaNRamIavatsluamduduni e 1ioidnlnga Ag/Agel
way Ag AnIsALAUAILE -200 §5 1000 lansanesdl

1.0x10*7 ——1mM
——2mM
5] ——3mM
8.0x10 gy
™ |=———5mM
£ 6.0x10"-
(=%
z
o 4.0x10°A
s
E -5
x 2.0x107 1
g
E 0.0
L&)
-2.0x10° 1
-4.0X10.5 T ¥ T T T T T T T T T T T
-0.2 0.0 0.2 0.4 0.6 0.8 1.0

Voltage vs Ag/AgCl (V)

;iﬂﬁ 4.5 LLamwaﬁiﬁmﬂmiﬁ'} Cyclic Voltammetry

4 o 1 a ¢ a o v W o« '
diaihaduwalasdmanaulanansm Wunswanuduiusvenseuasening
Wuty agleinsmdnuaesadl



Current at 0.6 Ev (micro Ampare)

Curreny at 0.5 Ev (micro Ampare)

22 -
20 -
18 4
16
14 4
12 4
10
8]
6
4]
2 4
04

40

Reduction
|— Oxidation

T ¥ T T T T T
1 2 3 4 5
Concentration

P ' v | ' IV s ¢
SUNA.6 wansrnszuanlaannisnislaninusnedng 0.5 1oad

45 -
40 -
25 |
30
25
20 -
15

10

_ Reduction
[— Oxidation

T T T T T T T

2 3 4 5
Concentration (mM)

ld 1 }2 1 1 o L3
JUT 4.7 uanauansmnszuaildninnisnsldausiedng 0.6 Taad



41

4.6 n1sUsuUTIANINEYYIaUNIsInAMIsLEsiaensladanTnsauazdau
dunamNnaN nasannsinleadnlaaniuuni

-] s 1 @’ =) A s
nsusudgsanmumsundwesdygmlaemsteunszuaduneimnganiuniy
[WuTuvesasavaneluwrazAIuTLTuaElanI A9l

——H202 1mM

- - H202 2mM
0.20 1 e —— H202 3mM
0.19 —H202 4mM

0.18 ——H202 5mM
0.17 4
0.16—:

0.15
0.14
0.13
0.12
0.11
0.10 3

0.09-} :
0.08
0.07 -

0.06 4

0.05 -

0.04 - I e A FE . AL AN N 72 BT

-500 0 500 1000 1500 2000 2500 = 3000 3500
Time (Sec)

Absorbance (A)

o a a < v L 4
JUN 4.8 wananaWyfnTy AU IUAI9Y

Ve

AaUInIIULATEIINNNTUTEINMALTALE (Linear fitting) Tonail

0.21
0.20
0.19

0.18 3

0.17 4 e

016 ] ' H202 1mM
R H202 2mM

3-1 i . H202 3mM

e H202 4mM
0.13 4 H202 5mM
0.12 4 —— Linear Fit of Absorbance
0.11 -

0.10 4
0.09
0.08
0.07
0.06
0.05 3
w77+
-500 0 500 1000 1500 2000 2500 3000 3500
Time (Sec)

Absorbance (A)

JUN 4.9 uansnsmunsenfirnududunieg waznnsi linear fitting



42

M1519% 4.2 wamaAIALTUYeINS W WarAY R-square

Equation y =a+ b*
Adj R- Square 0.96219 0.90003 0.87695 | 0.91294 | 0.72775
Value Standard Error
Intercept 0.2054 1.99E-05
Absorbance
-3.25E-06
H202 1mM Slope 1.21E-08
-0.00000325152
Intercept 2 x71520 7.68E-05
Absorbance
-7.90E-06
H202 2mM Slope 5.21E-08
-0.00000790072
Intercept 0.07098 1.00E-04
Absorbance
-8.04E-06
H202 3mM Slope 5.24E-08
-0.00000804297
Intercept 0.08804 8.16E-05
Absorbance
-8.05E-06
H2Qp el Slope 4.37E-08
-0.00000805211
Intercept 0.11121 1.65E-04
Absorhance
-8.46E-06
H202 5mM Slope 9.37E-08
-0.00000845962

4.7 mwﬂamaanLL‘U'Uqﬂnim"lumﬁmm']m%waﬂLmﬁﬁu‘ug

nMsndsvasuiauugiiasuunszandlad nsldwediwessn wilunisiadeu
nszanalasiy Iivhnasneaeset 3 3Bsedumuin deldieniueanausunediweisih
annsoldldudmduremedimefiinunnisnssanlaldindlaisutuldneswedany
uduguiissiieavseldnedueinaun Smedweifhinaunatildnstaiatuuiy
a’Laﬂ"Lé’ﬁLLasLﬁ'aﬁﬂmiamﬁéﬁmﬁﬁuugawmwiualaﬁﬁlﬁﬁﬁaﬁwLauauazmmmmﬂﬁ
tluldnauas winudbianunsanevunsigazeld szasiiludiSinui himaeen
wnn1siluldvaass ’Lu%m"’ﬁﬁ%amﬁwﬁa wodiasihildnauanssu wuiildmsdainie
mawuwaamaﬂm fauasiauouay dewalinfiduuganansansyanemlaogned feg Uei
4.10 mumwmﬂ deduidunamileiu amaqLwauuawmwuawumvanalamﬂyumm
FaLauanniu LLa"lm.lmiL‘LJaEJULLUﬁd‘UE]GaE)ﬂLﬂJE]LQﬁWNWUIU



43

af aa v a fa o 1
UM 4.10 nmuansnsiadeudiuiiduug Tnsuaursiudng Wuwauiliwediwesddilsl
A P  — o o a [ 1
nauasou v uauneTTldnedivesdnhinaunuazienuea ludnsidiu
ikl

4 o = aa ! aa el
U7 4.12 mmnansnsyhuitenseuineduiduugiulelasiaudeseanlas

= ) ' a cov o v o aa v aa
NNgUTl 4.12 Funadr welweidihansaliansdunduugnildd uazwifuug
deemsainlfitendulelasiauveieenled Fadunmswendld Tnevasiiinnsyufisen
fu Awhdugniienlvansas winedwesinhdunieiualadey vililiausavgalilaede



44

4.8 n1sAsIERULAlRgaUNTAlNgID1A

wuilAiinegludasseunu 608 unluwns

ColorDetector

JUN 413 wamniwdrgandesinsAmviaunsniny

CellPhone Spectrum

1000 |

Sample Red I

Intensity

Intensity

J

3N 4.14 " eraUnasunazfintensity Aldainnisiiasgi

T RSN - S TWSEes - WA
443 512 576 640 704
Wavelength (nm)




45

4.9 wavnnisldgunsalnsiaiawaznisidlusunsy CellPhoneSpec Lo
nsdnaUnasumUasuly

naaewvenlelasiaulesoonledasuuuivaladudaienmrugunsaingante

CellPhone Spectrum

Sample Red I
Sample Green I
Sample Blue i
== Sample Total Intensity
m= Reference Red [
Reference Green I
Reference Blue i
== Reference Total Intensity

oy
2]
S
E

500 600
Wavelength (nm)

= a ¢ o ¢
UM 4.15 wdnmaainnslalusunsy CellPhoneSpec Tinsiei wilasenlalasiouies
eanlyd 1 fiafiluats aswunszandlas
d

Sample Green I
Sample Blue i
== Sample Total Intensity
== Reference Red [
Reference Green I
Reference Blue i

Intensity

== Reference Total Intensity

500 600
Wavelength (nm)

U 4.16 uansraanmslelusunsy CellPhoneSpec Aiasent Wovealalnsaued
Nty 2 Jadluas asuunszanalan



CellPhone Spectrum

[ I ¥ T ¥ T ¥ ]
Q Qi

[v1]

mple Total Intensity
rence Red I
rence Green [

~ =
2000

)

m M
a' o

e T M R

Reference Blue i

A H"i
B - A,
,4{4( ‘.‘\ lkl,_ == Reference Total Intensity
_"—:;._,_

1000 ."?‘::: i
{

&
w0
=
[
b
=

~
1t
(s

500 600
Wavelength (nm)

= 9 -l ¢
JUN 4.17 uapwaannislulusinsy CellPhoneSpec Stasiwni wilevenlelasiauios
ponles 3 fadluans aswunszanalan

Sample Red I

Sample Green I
Sample Bluge i

Sample Total Intensity
Reference Red I
Reference Green I

Reference Blue i
Reference Total Intensity

Intensity

500 600
Wavelength (nm)

U 4.18 uansmaannsllusunsu CellPhoneSpec Tnsnent wiovenlalasiaues
sonles 4 Tadluans asvunszandlas

46



47

Sample Red I
Sample Green I
ample Blue i
2000 ample Total Intensity
teference Red I
Reference Green I
Reference Blue i
Reference Total Intensity

oy
0
=
D
-
=

500 600
Wavelength (nm)

| = ¢ v ¢
JUT 4.19 wamnaanmslalusunsa CellPhoneSpec Aasags Lileviealelnsiaues
apnlen 5 dadluans asuunsyandlad

FufudeRrsanlugae 200 uiluiuns 84 500 Tuisns Feiduraedtaiy wuiie
L aNRAE RIS TaE A Do NI AR B9A5 8195 wan Tl
A duiinswasuasmuidaly ﬁaafmzmmiﬂﬂ%’i‘smwmﬁmﬁmmmm%u 608 U
Tuims ushsswutilusiuasdissdgnidessualadooninii wuiamuduuasadsves
150 19ilANNINNINRIAITN KA A ETB9A1I8198 wansliuideTinsansveedii
[\iwaamﬁ%ugaaalﬂéauaxﬁﬂﬁuaaﬁumaalmmmmmmﬁu 600 uluns WIunsEandlan
il deinlkeramnudiulamesansiaielugae 600 wluwas Wytuainaaa
\iuaaEseNds winisvnaduRusvesmnsganauLas A 91naxn1s -loglo/!)



48
UNA 5

A5UNANITNAADY UASUBLAUDLUY

s

nMsnaapsinAdyyrumuaesnNisuugiinanelslasiauesosnlesiiaim
Vindusnegnudwnliwesinnsganiulidianas uwdllmunisundsvesdygymetnnosn
fagamsaduailfflosufunaidiuly Tnedlslaswuesoonladfisian 1ududy
mﬂﬂ'iw::ﬁLLu’;’Iﬁmé’@i'}msLUEiEJULLanam'wmi@mﬂﬁumrm’j’] dlaisuivlglnsiaues
sonladiiinududutioondn fuandlumsiedmutulazeniauns

nMsindeudianinindanes-danesnaslsd Ag/AcCl uarnisinan E° 90didnTnsaivi
Juileifisutuiadidninsasnsgru Tarihinisedeudidninsanuiniinesemaiaiud
%Zwaa reference electrode uag counter electrode Vs working electrode iy
ot ATt ufewesuesuRalalnsiou dIudsives working electrode HuRanaslsed
(CL) g vuamalang 3y

ngimen E° maa*ﬂxﬁLﬁﬂimﬂﬁﬁ']ﬁuLfiaLﬁﬂuﬁuﬂzﬁtﬁﬂimmmmgm wu3ndlan
E° winiu - 0.0748 Vaan @ailanfnaviileswinatadedaduin uaraziulaanAndlndqudie
'jwﬁﬂ‘isﬁw%mmﬁmﬁﬂuﬁuﬁ%&ﬁﬂiﬂnmmmgm

nsvinaswdiulTsaan Wiy ouae3snslastuluAlsumd Welddidninsnasly
Anadnogluiniosadninslulafimasnsonsislinusmesdndriud8Ennsnvasad
0.2 1aas wmfﬁﬂmwm@ﬂﬂﬁuumﬁi’ﬂlﬁﬁLamiﬁuLﬁu%uﬂ?}ané’umnmﬁﬂim%LL':m

nvaaeslepdnliantms Wemddunafiminyasluasavansusazanududu
Lﬁaﬁqmﬁﬂlﬁﬂﬁnhammw‘%‘mmmia::malﬁimL'«aunJa%aaﬂlﬂﬁmmﬁuﬁumaqwudw'aa
*?ifahmm%’umaani’lwmaﬂﬂm3LauLUaéaaﬂhﬁLmazmmLﬁu%’m"%mzLﬂﬁauLLanagiﬁlfiw
mmAadndUssunn 0.5 Taad i 0.6 Taad Favhinismansvuaindieuiuludas 0.5 Toas
uaz 0.6 Ladnud #t 0.5 hadardauiwasnszuadnaild #rawnnndt 0.6 Taad 39
Geniiaetoudunadu 0.5 Taad tefasmsvimsusulgsresiynamuasiel

nsvaapUiul N mdyg e nslasTuuilsunilas douausedndd
wmangan wuluulduvesAnsganauuasiivuilduanacasinisundwesdyginiosas
\dlovi linear fitting wulirorsaundiagiidfisensuld wazlelasiaueseenlesis
anL%’uﬂumﬂﬂdwsﬁu,uﬂﬁué’mﬂn’ﬁLUé‘lauLLanawhmi@ﬂﬂﬁumﬂﬂ'ﬁ’nﬁmﬁwﬁu
lelesiauesoonlednfiraundudulioondn fuandumsemauduiarimensaund s
AydeULAtiBanuINIINgUsalnsI9Tn wuduasiieenmneglurisauemedutsyana
608 WluLums

KaINNsIdUnsalngIadn uaznsldlusunsu CellPhoneSpec Tunisnsiainannsy
fdeuly wuinileneaansazanelalasiouedeanledawunsranaladdauduuas



49

dl 1 «d‘ =l g =Y L3 ﬂl = 7] 1 L3
wae Turnernuemedudiidureansyandlan Waflsuiuneunsnaisazanelalasiauos
fal 1 = P a8 m ad & ¢
enlysidAranas Jsaansoasuldhdintuvesnfduyatugnzesnly lnglalasiaues
¢ v v @  fA A W v A a '
panlealazaiunsaldndednsdwridenelunisnsiaduls WeRasanlutae 400 uiluwes
= <4 Il - o [ | ar ' - Y P
4 500 wilwiums Faduded@uiitu wuiraiauduuasadsvesasiieteilatesninan
v = Y a 2 ) @l 8 = a P -~
AULVLLENRAYYBIA15914DY wansliiuI AR uTN1sWasuLlasrudull viea199y
a ~ = o ' | a = 1
ANI0RAITUIINGANANEIAAY 608 ululunT uiaenuTludisuasdunsdgnuass
1 a 1 o s ' a0 i ' 2 5
iudlanesnundal wulnaudunasaisvesasfmegieliauinninai Total intensity
v ¥ d = =l ,é) =Y = e 1 o v =
494 reference LLam’lmﬁummaumimwaﬂamLqu‘uaaLwauyaaalﬂaamwﬂﬁu,adau,m
| 2 ' ¢ v & b B v
Tugemngedu 600 uluwms dunszandlasunlduindy FeviliaiamudLaswedans
f19819TU999 600 WlUlUAT LALTUIINAIAINULTULEAIVDIE181989 Taiiladiuivn
ANEUTUS YB3AINTgANGULAY A 91naunIs -log(lo/h) Besanunsaaguilium sl

:ll i q' i o 1 "
A15°9% 5.1 wanaa Absorbance Alsiannsiiaiusening Intensity at 608 nm a4

Reference (lo) Lag Sample (1)

H202 Concentrations Intensity at 608 nm Absorbance
(mM) Reference(i0) | Sample(l) -log(10 /1)
s 1400 1600 0.05799
2 1400 1450 0.01524
< 1200 1600 0.12494
a4 1150 1600 0.14342
5 1250 1600 0.10721
0.5
= 0.4
g _ 63
S
© 0.1 GUS755" 001524, #tEN. o+ -
E .........
o 0
8 2
< -01

H202 Concentrations (mM)

U9 5.1 nevuansunliunisganduuasvedlelnsiauneseenlasiaududusious 1
fadluans e 5 Dadluans

3
(v

2 v ! a & | & Yoow v &
wiuldimavesrnsganiunasiulddulumuunliuiuaimnudutuisiidesanly

Vi
nInaaes N19219gUnTalnTIaTReavilvlinassnatsuenidunlussuu viliatena
a & a aa - v = 9 v q v a a
Aavigueenluannauiuate Bnsierafanseusudsessuunmsialidussansamann

v ow
= o ¥ar o

Puiuganviledewisinudnliludeiausuus



50

lﬂ'
5.1 Usywaniwu
v aav v a = | a d ¥ oa w =

N13n59TVEN A DasiAANURaIARADUlLnTITUETWIRS 9 le991nN 1SS UNIURIN

LENDINNIZWINGBN LT1FDIAIUANUANIINATIZIIT AN Fat1lugn1sase Black Box
=~ aal Y 1w o Y aa o - v} | a

5.2.1 nawndeuwiisuuguunszandladlagldyiwibiluifuyangniedeutiuliiFou
- o & o ' | ° & ¢ v & v a A
LuﬁjwWLUuﬁ]smaamagﬂﬂaummsmmla‘{mmumasaaﬂlwLwa’Lm‘ngUmaaqmamqaaau

= o o ¢ ¢ v
naasulUasnevasivenlalasiaueseanlamuan

s Au v 1 1 =l n‘ 1 dAd nlj

5.2.2 aLUﬂmummlmmﬂmiaaamumaaLLmagmmwumwamauﬂmnguummmmq
= u] 1 1 1 v € s o Vel =l 2/ o
dU10199zINIINTRINTERiNdaazgUnsaln T Ivinladiuasdvdnansuniuenavi

| v a = Iy

TA1veinsininnuaatamdsusanlutig

5.2.3 Waannsldgunsaingiada waznslelusunsu CellPhoneSpec Tunisnsiadn

as dl A 5 -l | ] 1 o A 2 v s £ = (7
aLUﬂmmLUaaulﬂuuawm%umlmLLaJumwaLuaamn’lﬁnﬂaaqiwmwwﬁaaa’magﬁmuaﬂaw
lvdluasiudnlusumunisinle

5.3.4 Unilunglaalulewuises nglaaausagnudaslululalasiouedoanlaudlag
lieuluingleaeandiea nswdasdranududuvedlalasauesoanlonnsuluiludray
Wiuturenglaaisagiansanan Activity vaaieulsyd Inenauledamnsaudanalaa 1 wihe
Julelasiauesoanlesldnviuae

5.3.5 n1smA1AuTNTuYedlalasiauasaanlene1aaEne15an8mns 199N
dyeraumnsnas Tugnaaaladeinainils %'aLLGiazm’lmﬂtTwﬁ'wmﬁmé‘mﬂmaaﬂ;‘jﬂ‘%ﬁnm‘swan
iy unduualitdasnisnfaufnsenfindununnududureslalasiauesoenles
wu Tugaaian 0 U - 20 wat leleuiauleseanloraududy 1 Sadluans dsnsinns
a a a a v I ¢ € v a o a -
WinufnIeniueendt lalauauileseanlanainuduty 2 Taaluans iWusu

5.2 Yaiduauuy
Tssondlifuiiisedrunilsrasnnsfinnunieeivasmslindoalnsdnisiode
nsvdunsednmiavesfiniofitiniu nsiisazasiadunglaaessludenldiueraesd
ms’l‘t’ﬁ.aulfdﬂﬁﬁm'mﬁﬂwam::w,%'mwwi"mv‘l’wﬁn'%mLﬁ'aLLUamqiﬂaﬁaeﬂmﬁ'aﬂ‘lu
nanedulelasiauasesnladuasasadulnenseriunslulassonifls
wenanilisdeannsavsgndldiinimsialalasiouedoanles tensre¥aly
SaamevesfiaaiielUinseianing oxidative stress vasiiasldEndae
mxdﬁﬁgqﬁ?ugﬂLLUU‘U@N‘EMNW%&’@mmsa:uu,axLé’yaﬁﬂuaam'am‘sﬂ‘ssqnﬁﬁmmmﬂiﬂaﬁ
loT snUszgndldsuiumsnaaeut ussiilasnguuuumsldudiualadvaaeuazansiafios
dunmnzanlunmsidirfeleyaguainvesdieniedfumsmaaeulusedudnladndne il
ariviuaiouazausasesendumaluladidngnansls



(11]

51

LNEI5919D4

Antonio et al. (2013): “Discoloration on Methylene Blue Solutions by Direct and
Catalytic Ozonation”, Journal of Materials Science and Chemical Engineering,
2013, 1, pp. 33-38.

lbrahim, A. S., & Mohamed, S. E. (2000): “Kinetics and mechanism of color
removal of methylene blue with hydrogen peroxide catalyzed by some
supported alumina surfaces”, Chemosphere, 2000, 41, pp. 1173 - 1180.

Anna, K, Monika, L., & Karol, S. (2010): “Alkaline hydrogen peroxide as a
degradation agent of methylene blue—kinetic and mechanistic studies”, Reac
Kinet Mech Cat, 2010,-101, pp.-251-266.

Thomas, S. K, & Erik, C. J. (2016); “Teaching.Beer’s Law and Absorption
Spectrophotometry with a Smart Phone: A-Substantially Simplified Protocol”,
J. Chem. Educ., 2016,-93(7), pp. 1249-1252,

Urawadee, R., & Taweetham, L. (2016): “The blue bottle Experiment”, Thai
Science and Technology Journal, 2016, 24, 1.

Rafia et al. (2006): “Aerobic Oxidation of D-Glucose by Methylene Green in
Alkaline Aqueous Solution by Visible Spectrophotometry”, J. of Applied Sci,,
2006, 6 (13), pp. 2784-2788.

Sarah, J. H.(2009): “Dynamics of Methylene Blue-Glucose-O2 System”, Dynamics
at the Horsetooth, 2009, 1.

Siriwan, T., Supavadee, |, & Thanita, N. (2015): “Development of Biosensor for
Detection of Hydrogen  Peroxide Concentration by Immobilization of
Horseradish. Peroxidase ‘on Polypyrole ‘and. Gold Nanoparticles”, Burapha
Science Journal, 2015, 20, 1, pp. 145-159.

Panatna, A, & Rina, P. (2013): “Advances in Biosensor Technology: Innovation to
the Future” KKU.Sci.J., 2013, 41(2), pp.262-280.

'Lﬂmw"?i'as:}r'uﬁia. (2015).

15A NCDs finagls ilsnoglstng 3nssnwilsa NCDs. dufuain
www.m%ﬂm”mi.net/ncds

Chinthusa, P. (2016, March 3). Number of Adults with Diagnosed vs Undiagnosed
Diabetes Map of Number of People Diagnosed with Diabetes Top 25 Countries
with the Highest Mortality Rates.

Retrieved from

Retrieved from www.diabetesatlas.org



[24]

52

Warren , & Mathew (2014, March 19). Smartphone spectrometer. [Web blog]
Retrieved from https://publiclab.org/wiki/smartphone-spectrometer
Voltammetry, (2016)
Retrieved from https://en.wikipedia.org/wiki/Voltammetr
Saksri et al. (2012). Biosensor. [Electronic medial.

Retrieved from www.il.Lmahidol.ac.th/e-

media/electrochemistry/web/Eanal/anal_biosensor_2.htm
Norman, C. (2012, August 16). Tested: Macro Smartphone Photography with a $2

Laser Pointer.

Retrieved from www.tested.com/tech/photography/207233-tested-

macro-smartphone-photography-with-a-2-laser-pointer
Pavan, B. (2009). Creating a-Nafion thin-film with-a surface water layer in order to

increase the accuracy of Neutron Reflectometry studies of lipid bilayers.
[Presentation].
Retrieved. from
www.nenr.nist.gov/programs/CHRNS/pdf/HSI09 _Bhargava.pdf
Gorman, E.-S., & Shnider, M. R. (1988). “Effect of methylene blue on the
absorbance of solutions of haemoglobin”, Br J Anaesth. 1988, 60 (4), pp. 439-
q44,
Methylene blue, (2017)
Retrieved from https://en.wikipedia.org/wiki/Methylene blue
Potentiostat, (2017)
Retrieved from https://en.wikipedia.org/wiki/Potentiostat
Amperometry, (2016)
Retrieved from https://en.wikipedia.org/wiki/Amperometry
Mohankumar, D. (2016, August 5). Low cost LED Driver. Start Up Project 22 [Web
blog].

Retrieved from https://dmohankumar.wordpress.com/2016/08/05/low-

-led-driver-start-up- =27

Brian, S., Vinodgopal, K., & Prashant, V. K. (2007): “Proton Activity in Nafion Films:
Probing Exchangeable Protons with Methylene Blue”, Langmuir, 2007, 23, pp.
5471-5476.

Ziling, L., & Shaojun, D. (1988): “Preparation and electrochemical behaviour of
a methylene blue-modified electrode based on a Nafion polymer film”, J.
Chem. Soc., Faraday Trans. 1, 1988, 9.

Nafion, (2016)

Retrieve from https://en.wikipedia.org/wiki/Nafion



53

[26] Hong et al. (2007): “Nafion -Methylene Blue Functional Membrane and Its
Application in Chemical and Biosensing”, Analytical Letters, 2007, 40(3), pp.
483-496.

[27] Mika, M. A, Lorenz, K., & Szczurek, A. (1989): “Photoreduction of methylene blue

in nafion® membrane”, Journal of Membrane Science, 1989, 41, pp. 163-176.



54

ANARNUIN AN,
Method, Technique and Application

1. Amperometry

Amperometry in chemistry is detection of ions in a solution based on electric
current or changes in electric current.

Amperometry is used in electrophysiology to study vesicle release events using a
carbon fiber electrode. Unlike patch clamp techniques, the electrode used for
amperometry is not inserted into or attached to the cell, but brought in close proximity
of the cell. The measurements from the electrode originate from an oxidizing reaction
of a vesicle cargo released into the medium. Another technique used to measure
vesicle release is capacitive measurements.

Electrochemical - or amperometric detection as it. was first used in ion
chromatography -~ was -single-potential or DC amperometry, useful for certain
electrochemically active ions such as cyanide, sulfite, and iodide. The development of
pulsed amperometric detection (PAD) for analytes that fouled electrode surfaces when
detected eventually helped create a new category of ion chromatography for the
determination ©of carbohydrates. Another advancement, “known as integrated
amperometry, has increased the sensitivity for other electrochemically active species,
such as amines and many compounds that contain reduced sulfur groups that are

sometimes weakly detected by PAD.

1.1. History

It was established that neurotransmitters could be electrochemically detected by
placing a carbon electrode into  tissue and recording the current from oxidizing
neurotransmitters. © One of the first measurements was made using an implanted
carbon fiber electrode in the neostriatum of rats. Further work was done in chromaffin

cells to investigate catecholamine release from large dense core vesicles.

1.2 Detection Method

1.2.1 Single-Potential Amperometry

Any analyte that can be oxidized or reduced is a candidate for amperometric
detection. The simplest form of amperometric detection is single-potential, or direct
current (DC), amperometry. A voltage (potential) is applied between two electrodes
positioned in the column effluent. The measured current changes as an electroactive
analyte is oxidized at the anode or reduced at the cathode. Single-potential
amperometry has been used to detect weak acid anions, such as cyanide and sulfide,

which are problematic by conductometric methods. Another, possibly more important
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advantage of amperometry over other detection methods for these and other ions,
such as iodide, sulfite, and hydrazine, is specificity. The applied potential can be
adjusted to maximize the response for the analyte of interest while minimizing the

response for interfering analytes.

1.2.2. Pulsed Amperometry (pulsed amperometric detection, PAD)

An extension of single-potential amperometry is pulsed amperometry, most
commonly used for analytes that tend to foul electrodes. Analytes that foul electrodes
reduce the signal with each analysis and necessitate cleaning of the electrode. In
pulsed amperometric detection (PAD), a working potential is applied for a short time
(usually a few hundred milliseconds), followed by higher or lower potentials that are
used for cleaning the electrode. The current.is measured only while the working
potential is applied, then sequential current measurements are processed by the
detector to produce a smooth output. PAD is most often used for detection of
carbohydrates after an anion exchange separation, but further development of related
techniques show promise for amines, reduced sulfur species, and other electroactive

compounds.

1.3 Principle

In order to record vesicle fusion, a carbon fiber electrode is brought close to the
cell. The electrode is held at a positive potential, and when the careo from a fused
vesicle is ‘near the electrode, oxidation of the cargo transfers electrons to the
electrode. This causes a spike, the size of which can be used to estimate the number

of vesicles, and the frequency gives information about the release probability.

2. Potentiostat

2.1 introduction

A potentiostat is the electronic hardware required to control a three electrode
cell and run most electroanalytical experiments. A Bipotentiostat and polypotentiostat
are potentiostats capable of controlling two working electrodes and more than two
working electrodes, respectively.

The system functions by maintaining the potential of the working electrode at a
constant level with respect to the reference electrode by adjusting the current at an
auxiliary electrode. It consists of an electric circuit which is usually described in terms

of simple op amps.

2.2 Primary use
This equipment is fundamental to modern electrochemical studies using three

electrode systems for investigations of reaction mechanisms related to redox chemistry
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and other chemical phenomena. The dimensions of the resulting data depend on the
experiment. In voltammetry, electric current in amps is plotted against electric
potential in voltage. In a bulk electrolysis total coulombs passed (total electric charge)
is plotted against time in seconds even though the experiment measures electric
current (amperes) over time. This is done to show that the experiment is approaching
an expected number of coulombs.

Most early potentiostats could function independently, providing data output
through a physical data trace. Modern potentiostats are designed to interface with a
personal computer and operate through a dedicated software package. The
automated software allows the user rapidly to shift between experiments and
experimental conditions. The computer allows data to be stored and analyzed more

effectively, rapidly, and accurately than historic-methods.

3. Voltammetry
Voltammetry is a category of electroanalytical methods used in analytical
chemistry and various /industrial processes. In voltammetry, information about an

analyte is obtained by measuring the current as the potential is varied.

¥

Potential

Time ——»p

Fig 1. Linear potential sweep

3.1 Three electrode system

Voltammetry  experiments investigate the half-cell reactivity of an analyte.
Voltammetry is the study of current asa function of applied potential. These curves
| = f(E) are called voltammograms..The potential is varied arbitrarily either step by
step or continuously, or the actual current value is measured as the dependent
variable. The opposite, i.e., amperometry, is also possible but not common. The shape
of the curves depends on the speed of potential variation (nature of driving force) and
on whether the solution is stirred or quiescent (mass transfer). Most experiments
control the potential (volts) of an electrode in contact with the analyte while
measuring the resulting current (amperes).

To conduct such an experiment one requires at least two electrodes. The

working electrode, which makes contact with the analyte, must apply the desired
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potential in a controlled way and facilitate the transfer of charge to and from the
analyte. A second electrode acts as the other half of the cell. This second electrode
must have a known potential with which to gauge the potential of the working
electrode, furthermore it must balance the charge added or removed by the working
electrode. While this is a viable setup, it has a number of shortcomings. Most
significantly, it is extremely difficult for an electrode to maintain a constant potential
while passing current to counter redox events at the working electrode.

To solve this problem, the roles of supplying electrons and providing a reference
potential are divided between two separate electrodes. The reference electrode is a
half cell with a known reduction potential. Its only role is to act as reference in
measuring and controlling the working electrode's potential and at no point does it
pass any current. The auxiliary electrode passesall the current needed to balance the
current observed at the working electrode. To achieve this current, the auxiliary will
often swing to extreme potentials at the edges of the solvent window, where it oxidizes
or reduces the solvent or supporting electrolyte. These electrodes, the working,
reference, and auxiliary make up the modern three electrode system.

There are many systems which have more electrodes, but their design principles
are generally the same as the three electrode system. For example, the rotating ring-
disk electrode has two distinct and separate working electrodes, a disk and a ring,
which can be used to scan or hold potentials independently of each other. Both of
these electrodes are balanced by a single reference and auxiliary combination for an
overall four electrode design. More complicated experiments may add working
electrodes as required and at times reference or auxiliary electrodes.

In practice it can be important-to have a working electrode with known
dimensions and surface characteristics. As-a result, it'is common to clean and polish
working electrodes regularly. The auxiliary electrode can be almost anything as long
as it doesn't react with the bulk of the analyte solution and conducts well. It is (or
was?) common to use mercury as working electrode e.g: DME and HMDE, and also as
auxiliary, and the voltammetry. method is then known as polarography. The reference
is the most complex of the three electrodes; there are a variety of standards used and
it is worth investigating elsewhere. For non-agqueous work, IUPAC recommends the use
of the ferrocene/ferrocenium couple as an internal standard. In most voltammetry
experiments, a bulk electrolyte (also known as a supporting electrolyte) is used to
minimize solution resistance. It is possible to run an experiment without a bulk
electrolyte, but the added resistance greatly reduces the accuracy of the results. With
room temperature ionic liquids, the solvent can act as the electrolyte.
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Fig 2.Three-electrode setup: (1) working electrode; (2) counter electrode; (3)

reference electrode

3.2 Theory

Data analysis requires the consideration of kinetics in addition to thermodynamics,
due to the temporal component of wvoltammetry.  Idealized theoretical
electrochemical thermodynamic  relationships such as the Nernst equation are
modeled without a time component. While these models are insufficient alone to
describe the dynamic aspects of voltammetry, models like the Tafel equation and
Butler-Volmer equation lay the groundwork for the modified voltammetry relationships

that relate theory to observed results.

3.3 History

The beginning of voltammetry was facilitated by the discovery of polarography in
1922 by the Nobel Prize-winning chemist Jaroslav Heyrovsky. Early voltammetric
techniques had many problems, limiting their viability for everyday use in analytical
chemistry. In polarography, these problems included the fact that Mercury is oxidized
at a potential that is more positive than +0.2, which makes it harder to analyze that
results for the analytes in the positive region of the potential. Another problem
included the residual current obtained from the charging of the large capacitance of
the electrode surface. When Heyrovsky first recorded the first dependence on the
current flowing through the dropping mercury electrode on the applied potential in
1922, he took point-by-point measurements and he plotted a current-voltage curve.
This was considered to be the first polarogram. In order to facilitate this process, he
constructed what is now known as a polarograph with M. Shikata and, with enabled
him to record photographically the same curve in a matter of hours. He gave
recognition to the importance of potential and its control and also recognized the
opportunities of measuring the limiting currents. He was also an important part of the
introduction of dropping mercury electrode as a modern-day tool.

In 1942 Archie Hickling built the first three electrodes potentiostat, which was an
advancement for the field of electrochemistry. He used this potentiostat to control
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the voltage of an electrode. In the meantime, the late 1940s, Kenneth Cole invented
an electronic circuit which he called a voltage clamp. The voltage clamp was used to
analyze the ionic conduction in nerves.

The 1960s and 1970s saw many advances in the theory, instrumentation, and the
introduction of computer added and controlled systems. Modern polarographic and
voltammetric methods on mercury electrodes came about in three sections.

The first section includes the development of the mercury electrodes. The
following electrodes were produced: dropping mercury electrode, mercury steaming
electrode, hanging mercury drop electrode, static mercury drop electrode, mercury
film electrode, mercury amalgam electrodes, mercury microelectrodes, chemically
modified mercury electrodes, controlled growth mercury electrodes, and contractible
mercury drop electrodes.

There was also” an advancement of the measuring techniques used. These
measuring technigues include:  classical DC polarography, - oscillopolarography,
Kaloussek’s switcher, AC polarography, tast polarography, normal pulse polarography,
differential pulse polarography, square-wave voltammetry, cyclic voltammetry, anodic
stripping voltammetry, convolution techniques, and elimination. methods.

Lastly, there was also an advancement of preconcentration fechniques that
produced an increased the sensitivity of the mercury electrodes. This came about
through  the development of anodic stripping voltammetry, cathodic stripping
voltammetry ‘and adsorptive stripping voltammetry. These advancements improved
sensitivity and created new analytical methods, which prompted the industry to
respond with the production of cheaper potentiostat, electrodes, and cells that could

be effectively used in routine analytical work.

3.4 Application
3.4.1 Voltammetric sensors
A number of voltammetric systems are produced commercially for the
determination of specific species that are of interest in industry and research. These
devices are sometimes called electrodes but are, in fact, complete voltammetric cells
and are better referred to as sensors. These sensors can be employed for the analysis

of various organic and inorganic analytes in various matrices

3.4.2 The oxygen electrode

The determination of dissolved oxygen in a variety of aqueous environments,
such as sea water, blood, sewage, effluents from chemical plants, and soils is of
tremendous importance to industry, biomedical and environmental research, and
clinical medicine. One of the most common and convenient methods for making such

measurements is with the Clark oxygen sensor, which was patented by L.C. Clark, Jr.
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red, = red —min( red, green, biue)

(2.4.1)
green, = green — min( red, graen, biue)

(2.4.2)

blue, = blue — min( red, green, blue)

(2.4.3)
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Inef 6 = cos (zJ(R—G)2+(R—B)-(G—B)) (2.4.8)
_ . MinRGB)
S=-3 — (2.4.9)
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157199 2.4 LARAIASZUU RGB uaysyuu HSV

Color Color name  Hex (R,G,B) (H,S,V)

B - #000000 | (0,0,0) (0°,0%,0%)



White
Red
Lime
Blue
Yellow
Cyan
Magenta
Silver
Gray
Maroon
Olive
Green
Purple
Teal
Navy

HFFFFFF
#FFO000
HOOFF00
#O00OFF
#FFFFOO
HOOFFFF
#FFOOFF
#C0C0CO
#808080
#800000
#808000
#008000
#800080

#008080

#000080

{255,255,255)
(255,0,0)
(0,255,0)
(0,0,255)
(255,255,0)
(0,255,255)
(255,0,255)
(192,192,192)
(128,128,128)
(128,0,0)
(128,128,0)

01280

(128,0,128)
(0,128,128)
(0,0,128)

(0°,0%,100%)
(0°,100%,100%)
(120°,100%,100%)
(240°,100%,100%)
(60°,100%,100%)
(180°,100%,100%)
(300°,100%,100%)
(0°,09%,75%)
(0°,09%,50%)
(0°,100%,50%)
(60°,100%,50%)
(120°,100%,50%)
(300°,100%,50%)
(180°,100%,50%)
(240°,100%,50%)
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AMARNUIN V.

5zuuﬂﬁﬁ'amicﬁuaumaﬂﬁ (Android Operating System)
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msimelutiuansiuinitnga, Feswandeldnun (codename) wag APl level TaauaUATOEA
neiTu19 (API level Apiaviiesduiilderadaiulunguuasiniaun maufidluienansves
WOUATOHA)

A1519% 2.3 Ms1eTTUTEILaURTELATIgNWANALAT A.f. 2008 fia A.A. 2016

Version Initial release API
Code name Support status
number date level

1.0 23/09/2008 1 Discontinued
N/A

1.1 09/02/2009 2 Discontinued
Cupcake 15 217/04/2009 o Discontinued
Donut 1.6 15/09/2009 a4 Discontinued
Eclair 20-21 26/10/2009 5-7 Discontinued
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Device Messaging Framework (C2DM)
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Build e Android a¢ldiadasile adpt dwmsunisaoulng warndennnisneulndudias
adunanaited R Jadusuiiseyisdoyamenilddredadmiunenndinduiignifanniu
1. Notification Manager Lﬁudaummmﬁnuﬁ (Event) A149) fuaneuy
g01uy (Status bar) 1y lunsaiflésudennuuasnmsudaieuse
2. Activity Manager Wugdaumiunu Life Cycle vosuanwiiat

4.4 Fuwewwaladu (Application)
g Aa & v R = a & o & v
Tuilllutuuugaueslasai’e Android Fududrundsvasuonwaladunwaunuuld

=

W 19U wannAlatuiuuazds E-mail, wowndtedulnsémyt (Phone Dial) vidauawndipdu
Auusees (Web Browser) 1udiu muiﬂmmmiwuuawmam‘uuuumagﬂmﬂnw‘uaq
T .apk %ﬂmamIULLa'mvaEﬂulmiﬂmi data/app 83lsAnTAdauf
d1ulTENaUYDILBNNALATY (Application Component) ﬂmanwmaaﬁwﬁwaq

Android fifie rf]uLLawwﬁwﬁ'uﬁmm'sdHfLﬂuﬁauﬂ’svﬂawaaLLawwﬁtﬂﬁi?uguq 19 fegraeiu
mwmumaamiaswuawwaqu’tmammﬂaawaamﬁmiwmw‘[mawwmumw
LLawwamwmuaumlmwwuwumaa oA WAYRINNAY i’JGlL‘i'ﬂuﬂ’l‘JWWU’iLLEJWWE%LF]‘HU‘U\‘I
L'aaml,awwamwmmumn Application Component R Application Component 484
Android #iauasatuseanilu 4 daufe Activity, Service, Content Provider, Broadcast
Receiver

1. Activity Ao nieefiaaserugld iduudazwonndiatiensazihinnnia
1 11199 wie 1 Activity Tausaz Activity sgvimiiiuaniuniseilduludausiaeg
fegniu lunisuansienisuy dnimuannsadentisgnsuyianteanindnimuas
Aussoreldnnls dmiuuenndindudidoaruenaassl Activity wilsiuanssonsvesdi
Aasiolunnsdsdoning Bn Activity nisaziiudruvesnisidennishinsauay Activity due 2z
vi’wﬁ'lﬁmﬁaﬂwumﬁgndamL.Lé"s sy

2.7 Service fie aﬂw%au%mwhaﬂﬁv‘fwmagjﬁlﬁawé’a Wy Service Ml
uneguudldnuinnudueldionnandiuduglude

3. Broadcast and Intent Receiver fig mimauauad%ﬂﬂﬂﬂﬂﬁ Lan
Broadcast Receiver azifun1saauaussrenIsiindiiuavasseutluiening wunisusznme
ieuduuaneilindaguua (Judu wensanil intent Receiver  (Huduvinliuenwdindy
Budfenisviieuees Activity wag Service %’ia’l,unﬁﬂﬁu”ﬁmml.ﬁiaxaEJ'NLﬂumwauauad
nsseswenndeyavieudnsues Activity due

4. Content Provider fie dhuveanislvuimsteyadmiuusazuennaindy
mu*uamammmmuaa’tuiﬂLLUU‘uaaivUUIWa w3ngudayaile Wy Google anunsaidnldy

\'nwagmmnuoﬂmwu‘tﬁluuawwaLﬂwuwmaamwagaw NAGERYY

5. 159U INVBBNWALATY (Application Life Cycle)
IngunAuaiuennaiaduaryiauneniuluidasinsea wavluurazinswaniaay
Activity/ Service M91UBEUINNI1 1 Activity/ Service satju Tuusazuenndinduenans

*p £



69

1NN 1 Activity GelunisiSauviheuwes Activity aui3udng start Activity () @13U Activity
wuudslasia (Synchronous) kazazi3umay start Sub Activity () @115V Activity Wuuee
@alasia (Asynchronous) Tasluuwsas Activity aviineseudin (Life Cycle) Aweananniu
Tnedaou Faflanunisaliaundndsd

5.1 onCreate (Bundle savedlnstanceState)

ahuﬁaxgm‘%an’LﬁmuLﬁaﬁuﬁ’mu Tunsdffinns3enldauusen (Method) 4
Android Framework %211 bundle object Tutuiinlilu Activity Aeufi Activity 9z
Fenniuszaudeilaidu onstart ( )

5.2 onStart ()

dauififunise Y Act|V|ty uuﬂ]awammmwum MniudaIuzay nﬂmalmﬂu

@01UY onResume WAGN Activity uulmmmmmmulﬂmammmamw'ﬁvms anuzILgN
geluiluaniug onStop

5.3 onRestart ()

ﬁauﬁamﬁumwwqh Activity u?uwgﬂu,amfﬂ'/umé'nﬂ%‘sawﬁafz'}wsmmﬁwamus
onStart()

54 onResume ( )

a'guuavﬂmsamua Activity 1hiq umsmmaﬂgauwuanubﬂmm LU UWRILIADINTS
Bon Activity tlsunviausnseuwids ndsani Activity uuafﬂ,u an1ug onPause ()

5.5 onPause ()

ahuﬁ’wgm%fﬂﬂ’[,’z?l,ﬁa Activity ﬁu%QmUﬁ‘aulULﬂuﬂﬁﬁﬂmuwwLﬁaq‘wé’a
(Background

5.6 onstop )

muummm‘sm’[mmacﬁ’bﬂumaﬂmw Activity uu‘] Iuﬂaﬁva Liaamilandeazany
an1uy onRestart () Lwammmﬁﬂaummmuw Activity Judnasemils wianudie anuz
onDestroy () \dieseenisde Activity ‘uu"]

5.7 onDestroy () ﬁauf’?ﬁlsgﬂﬁﬂﬂLﬁaﬁmﬁjﬂmsﬁmuwaaLLc-n'as Activity
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Your activily is no longer visibie |

—~

gilﬁ 2.3.1 wiun el Activity Life Cycle

6. WeNWALATUULSZUULDUSTELS (Android Application)

LLawwﬁLﬂ%"uawﬁ'uqﬂﬂinimﬁauﬁ (Mobile Application) #1131 “Mobile
Application” Us¢nautusae 2 #1 fle Mobile Ay Application #afiAntamunedsi Mobile
fegunsaldeansililuntswnm uenainmstfiuldmaiuguessdmind Sovihauld
ﬁ'mamﬁ'ama‘iﬁmmnLﬂuaﬂﬂifﬁﬁwnwﬂéf Seflnmau TRy Ao duweidn dhainin 14
WaUtaEamsuU Application wmaﬂwawme'l,mwa‘mtflumimmummﬁ’lm (User) Tng
LLE]WWEiLﬂ’UUﬂuﬂaﬂuﬁ?umﬂﬂﬂﬂUmﬂ User Interface (UN) titerdusanandlunisldaiusieg
muu Mobile Application naigiis LLawwamwmna'lumwwﬂumaw’ﬂwuaﬂﬂmuw
Lﬂa@UWLLﬂvWﬂW’] WY PDA Smartphone wag Tablet Wury @ ‘lNLLE]WWﬁLﬂ‘HuLVIﬁ’mﬁ}”VIN’Iu
VusEUUURURN15 (0S) Tuangnariu

luﬁ%ﬁ’uﬁmﬁﬁ@uumawwﬁLm‘j"umauaummms’faam'ﬁ‘umnﬁusﬂ%’ﬁumﬂm"mu
wn iflesanglddaudesnaslfuenndinduilunnaieiy LLavluﬂﬂaﬁuamsmﬁ’me
aﬂﬂmmaaumqumﬂ‘uuLUuwamﬂmﬂw'sﬂml,awwamﬂuumaq fAfinswau RNty
A Lwamauauaamﬂmwumaqﬁl‘ﬂmwuLUu nauAinay Tandndny dngsia wiengu
LL&JU’lﬂuﬂﬁJﬂUulﬂWWU’lLLEJWWﬂLﬂ‘UuW]\‘l‘} mumﬂmmwamauauaammmmmswaqsﬂ"rj lng
KL NNANTITeUOIUITI Gartner fardmuuwm%muﬁiﬂsaLLavLmTuIaa naIu
amﬂmmmmmmLgawwamﬂu‘umLmqmmmumammﬂuqﬂmmwunqumnmu T
wovmaiaduiifinislimilutlogiuiasSuigldnntunuaiiu Ixetelui

6.1 m3louliudulnsdnsiiadoudi (Money Transfer) [udasmnsitazain Usenda
WazTIAL57
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6.2. nsAvAurugUnsaldeas (Mobile Search) Tnegausvasindnuesumsini
duadunsnouulnsdmitadoud uazlinisiinseiignirduaefuuinmsdumaudm
vimsveagliuinisvesliuinisselaudrfdnasnauanldusniseely

6.3. n5lduinisivledniulnsdwiiindeudl (Mobile Browsing) LT unisiinis
Sumefuindsfioluilsrduiiugruvestnsdnigelml

6.4. MIAAMNFUNNNTENTIIFUAMNEING (Mobile Health Monitoring) 1uu3nns
doreeiihgitae TnelamedUaeiidulsadosstlinndudomeulsmeua flaserlisy
nsguangrsraiiias Brelimisnumsiugunmussniaaildaneld msizanunsafany
omsfitheldnasanamiulnsdwindoud

6.5 mstrszidusiulnsdwiindouil (Mobile Payment) Tnsfiinguszasandreqsu
Money Transfer wiuSmsildnwagiau 3 Usenis Aetdunadeonlunistrssdudiedemis
F15vdu duq liazaan iumngasmnuazsamialiungliving uavteiuiadelums
Buifufnuvasgndn dialisyiuvesmulaeniovostayaldBnmmanils

6.6 Ms\ieusedyyIatazmsleuiiofogassordudumalulad NFC Fulunas
doanslimesyoydu fesdinsdmrldfumssssdulugaifesnisausiniuaziionns
trsglisnnin viedrsglaganseineg wisldilunistudumineias 0 vesgnfneudh szuy

i
£

e Dusy

67 n1slawaidiuinsdwsitadoudl (Mobile Advertising) aatalawaiuu
Insdwiipdeuiiuetiedinusaulatasiulatulsteaeies WA TR 9gNAN
InuEnla

6.8 N1TFU-AIT8AIUAITNYINTaNIN (Mobile Instant Messaging) Wun15UsAg
au‘vm”|N'mimﬁ'wﬁmﬁauﬁ%atﬂuﬁﬁauﬁ’umn’(u{]ﬁ]ipj’u

6.9 UINITNAIYIELONFNNY (Mobile Musie) 1TuuInsienamselnaninasin vy
Insfny

6.10 Banking Services \iuu3msitldFunuienlunaugsis lnousmsiigldiunn
Bu liun nslewiurdnsiniiindoui asaniialddiodn flangazanuazsings
woNI N Mobile Banking fadunguuonmaladuiisleniaiulndeudrann eseaiums
TiusmsmensBuguiuulval Wy Online Banking 18ufy

6.11 Location Based Senvices (L8S) iflunowwainduilldsuanudoufiugeduly
Yaqiu lesnnanunsanevaussnudeansldvainnats fudwusfinyssansanluds
g3n3 @duayu Social Networking 5ufemauaussrnusmamsuasauaulaludinusedriu
I Tueded Tnsuunlduneluusemalnedu nsliuinig LBS finevaussninudoanis
3 Social Networking aznaneidunaulvajfigalunisliuinig LB Tusunan dagdug
'Lﬁu‘%mwhwwmmlm”lﬁmmﬁﬂﬁwﬂums’lﬁu“snﬁﬂsxanﬁaéﬂqqa wu nslfusmsiniingn
wiuadniildu3nis Facebook (Hudu

6.12 Cloud Based Services (CBS) ifunanndinduiilasumuiomiuagrminiies

3l

v 1o & w 2 v ¢ o Aad 4 ° | ) ]
ﬂqaélmyﬂ']E,Uum@\‘]LﬂU’Ua%alﬂUQUﬂimLﬂaﬂummaqmuw WUNHEUIEATITUITIDYIIITINGA LLF
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aunsaiFenldanunienniluandeyadieg Ideindliusnisiudumesidn (3u) loees
avan uenandudildFumaneusuluuivesnmsutstiudoyasewindlivewsazauldods
sndwmdndulindngunsaiindeuiidesiinissesiunislinudumesiindunenndindui
ﬁqﬁ’gyfiauaﬂmnﬁ?ué'a*th&ﬂﬁl,ﬁmm‘aﬁwmLLawwﬁmﬂbuam%'uqﬂﬂsfﬂmﬁauﬁ’[mf] DDA
athesialiles 1wu nslivimansisanimerasiugUnsalindouiivuy Real-time {Hudu

7. OpenCV (Open Source computer Vision Library)

OpenCV VED! Open Source Computer Vision Library Talun1suszanananinuaz
M1961U N15UBAIUVBIABNALADS (Computer Vision) Library ﬁ’gnﬁmmﬁuﬁmmm C
way C++ wavdadl interface 7113 \¥ousafy tool Busieidy Python, Ruby, Matlab 1Judu
wona1il OpenCV 1y library fias1efuitelst 414 wiednvimunanansaldilaiduly torary
uanAuUREr LS UTulegld anfieliuy OpenCV Usgnaunie Data Structure
wae Algorithm

7.1 Data Structure THifivdayade q 917 1Wu-gUnIm wvsng fAns

7.2 Algorithm tienisUseiananig InegianznTUsHnanangunIm

To31fnvaa Opency Ao dansaldnuld lawiadasnsuiuno i ilimhoUsviana
(CPU) 971 Intel Corporation #i%93 1fiall n 1liAagaduiduiy na1ade n1suszuia
nanne 9 rldmnuannsnvesiisyszananassasuivi il usun sufivaunlaonisld
OpenCV ﬁﬁﬂ‘sz'ﬁw%mﬂumiﬂssmamaﬁqdmn

8.4unauIsNIsas1elUsan

3.2 Android Studio a2 OpenCV

3.2.1 JUABUNISATINIUSLA

3.2.1.1 @@an Start-a new Android Studio project ioaghalusianlmdlu
lUsunsu Android Studio 2.2.2
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# Welcome to Andreid Studio - X

ColorDetector

D:\Finalllproject' ColorDetector
ColorDetection Q
s

Myth

Android Studio

ION £.2.2

FE Start a new Android Studio project

23 Open an existing Android Studio project
¥ Check out project from Version Control ~
¥ Import project (Eclipse ADT, Gradle, etc.)

g Import an Android code sample

#¥ Configure v  Get Help ~

o W
JUN 3.2.1 uananisadulusian

3.2.1.2 TUffa Application Name wazsnismsta Application 2n1uAdn Next

# Creste New Project x

New Project
A Andioid Swdio

Configure your new project

Application name: | ColorDetectianspp 3 ]

Lompany Domain: | cvich.com
Package name: aom cvichg ohardetertionapp

) include C+ +-Support

Projectiocation: . DrvFinalliproject\ ColorDetectionApp?

5UN 3.2.2 uanenisnstelusian

° - 5 < cal 0 A
3.2.1.3 {d9n Phone and Tablet LaEYINNIIRENIBTYUYBILDUATDUANAYVIEN
Vivgannsaanaslusunsuils Tnsiluwowndieduiiidon Android 4.4 (Kit Kat): API 1

INTUUAAN Next
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® Creste New Project X

M Target Android Devices

Select the form factors your app will run on

Different platforms may require separate SOKs

I Phone and Tablet

Minimum SOK | API 15: Android 4.4 (Xitkat) n

Lower APY levels target more devices, but have fewes features available.
By targeting AP1 19 and lates, your app will run on approximately 73.9% of the devices

that are active on the Google Play Store.
Help me choose
O wear
Minimum SOK | AP121: Android 5.0 (Lofipop) B
Dw
Minimum SOK. | AP121: Andvoid 5.0 (Lofbpop] B
] Android Aute
[ Gtass
Minimum SDK | Glast Development it Preview (4P119) B

= -
DT S e N T N e T T e N R e e

P=| - £ Qs v w a P [ I
JUN 3.2.3 uanan1siaentiafturedtounsed MnseiulA3ed smart phone Mis19aen 5Ly
LANNALAYU

3.2.1.4 yinsiaan Empty Activity udne@n Next

M Create New Preject

Add No Activity

Google AdMob Ads Actiity |

Basic Activity

AN A &8R-l
@

»

Google Maps Activity Legin Activity Master/Detail Flow Nevigation Drawer Activity Serolfing Activity

| s | N | oo | )

sUN 3.2.4 uanansasnalusian

Y

3.2.1.5 fide Activity Name 91 MainActivity 9101w A3n Finish iead1dusian



® Creste New Project

H Customize the Activity

Empty Activity

Creates 2 new empty activity

Actiity Hame: [ Mainactivay|

Generate Layout File

Liyout Neme: | activity main

I Backowards Compatibifity (AppCompet)

The name of the activity class to creste

!bml

— - X

G|

gﬂﬁ 3.2.5 ULARIN15RITD Activity Name 1 MainActivity
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3.2.1.6 fumpuMsiiia OpenCV Module Woldlulusian Tnegluit Uil File ->

New -> Import Module...

Edit

3 Open...
Open Recent
Close Project
Link C+ + Project with Gradie

- Settings...

CJ% Project Structure..,
Other Settings
Import Settings...
Export Settings...
Settings Repository...

b Save Al

@5 synchronize
Invalidate Caches / Restart...
Exportte HTML...

' Prints,

Add to Favorites

File Encoding

Line Separators

Make File Read-only

Power Save Mode

Exit

*

o BukdVararks

[ Terminal

|
4 & Android Monitor
L] Gradie build finished in 12s 896ms (2 mint. [ Resource Bundie

New Project...
Import Project...

New Module...

® ColorDetectionApp2 - [D:\Finalliproject\ColorDetectionApp2] - [app] - . \epp\sre\mainyjavatcomievich\colordetecti...
Yiew Navigate Code Analyze Refactor Build Run Iools VCS Window Help

LN r O e

b

Crts Alte S Tmport Sample..

Ctrls Alt+ Shift+5 &2 Java Class

» = Android resource file

3 Android resource directory

& Fite

Ll Package

131 €+ Class

fs C/C+ + Source File

[@ ©/C++ Header File

# Image Asset

@ Vector Asser
» [{] Singleton

Edit File Templates...

® s AIDL

W@ Activity

‘#' Android Auto

& Folder

 Fragment

@ Google

' Other

W Service

i+ Ul Component

W Wear

W Widget

e xmL

CtrlsS
Curl+ Bl 4V

u

YYYTYTYTYTYT®Y®P®RWw™w”

=nds AppCompatActivicy |

andle savedInztanceState) {
nacenceState];
at.activity main);

Event Log

14:1 CRLF: UTF-8: Hext: <n

b/ Pioject from Version Control » YN *EX colordetectionapp , € Mainsctivity }| |

[¥] Gradie Console

RO plopuy 4

» 8

3.2.1.7 andwihmaiulugamenisieng laeadnyu Browse

U 3.2.6 uansmsnsiiia OpenCV Module itel#lulusian
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studio
NEW Source directory: || \%I?:Er_\ter
MODULE
| Cancel | | Help

$UM 3.2.7 uamansnasiiia Opency Module titel#lulusion

s

3.2.1.8_fuminidinasnldannsunning OpenCv-3.1.0-android-sdk.zip fai
OpenCV-3.1.0-android-sdk -> OpenCV-android-sdk -> sdk -> java ﬂmﬂu OK

® Select Source Location .0

Select mstmg ADT or Gradle project to import as a new subproject

ﬁ "’DL"XGNH Hide path

JE“\EpenCV 3.1.0+ and(md sdk\OpenCV andwrd sdk\dewa @ i

[ Y@
Y/ By
* [ 1KING
» 3 BME KMITL
» [ DESIGN
» W3 00C
» [ Dragon Nest
b [ DragonNestDownload
» [ Finalllproject
v [ OpenCV-3.1.0-android-sdk
¥ [ OpenCV-android-sdk
» -C0.apk
» [1'samples
¥ 3 sdk
w0 etc

-
Drag and drop a fike into the space above to quicidy locate &t in the tree

Co [T

SUT 3.2.8 Aumindinesitldannisunnlng Opencv-3.1.0-android-sdk. zip

3.2.1.9 \flld Module ‘openCVLibrary310’ wiine Next Wag Finish aaanau



# New Module

AKDROID

studio

NEW Source directory: | D:\OpenCV-3.1.0-2ndroid-5dK\OpenCV-android-sdk\sdKjava )=

MODULE e e e

[ e MIEEERERCT

a v -
3UN 3.2.9 uassiumounisideniugg

® New Module

ith However, it

mmrpqedmnnuzn-duuiym Jar files and even whole source copies cf libranes,
out which ﬂmIlluvywuu,su!wi‘lunthemI)oupm,ednudnnbemmlacmpﬁmhumhbmy

4 g © :onmmpmmanmammhhmopﬂummbmmmmm
StUdIO ﬂwmmmmm

3 Replace library b

NEW rasen) N
MODULE Create Gradie-style (camelCase) mogule names

iwllc-n«dw"wj

STl 3.2.10 uanadumeunsidoniuga
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 ColorDetectionApp2 - [D:\FinalliprojectiColorDetectionApp2] - import-summary.tet - Andreid Studio 2.2.2 - =] =
Eile Edit Yiew MNavigste Code Analyze Befactor Build Run Jools VCS Window Help ; =
DHQV»Nﬂlniamﬁwb'\\m-fp-ibﬂ OGm| L & oL 7 Q

pp2z | [5] import

e Andex [ © 4 | - 1 [ @
app ECLIPSE ANDROID PROJECT IMPORT SUMMARY ) W
I manifests
3 jave
+ [E1 com.cvich.colordetectic Iemored Files:
i' . The l:v:ll.wl.nu files were *noTe copled 1nTo The new Gradle project: you
| » [3 com.cvich.colordetectic ahould evaluate whether these are still needed in your projecc and if
{;‘ » [E1 com.cvich.colordetectic s0 manually move them:
P Cres
"3 openCVLibrary310 ¥ Javadosy
g“’ Gradiie Scripts * javadoc\allclasses-frame.html
* javadoc\allclasses-noframe.html
- * javadoc\constant-values.html
* javadocihelp-deoc.heml
* javadoc\index-all.html
| * javadoc\index.html
* javadoccloxrgh
* javadoc\orgl\opencvy
+ javadoc\org\cpencviandroidy
| + javadoc\org\cpencviandroidiBaseLoaderCallback.heml
| + javadoci\org \android\c. dgeViews, LEveCy ewFrame.html
‘ 3 \org \android\Ci idgeViewBase.CvCameraViewListener.html
! = \org ‘\android\ dgeViewBase.CvCameraViewlistener2.homl
= * Javadoc\org\cpencviendroid\CameraBridgeViewBase.ListItemAccessor.html
o * Javadoc\org\cpencviandroid\CameraBridgeViewBase.html
* javadoc\org\cpencviandroid\FpsMecer,html
| * Javadec\org\cpencviandroidilnstallCallbackInterface.html -
| * Javadoc\org\opencviandroia\Ja: meravView.JavaCameraSizeAccessor.homl
§: * javadec\org\opencviandroidiJa: meraView.html |
! | * Javadoec\org\cpencviandroidiloaderCallbackInterrace.html |
i * javadoec\org\cpencwviandroid\OpenCVLoader.html |§:
- adocherghepencyiandroidilcils. el
[ Yerminal 4 & Android Monitor y "% Eventiog  [F) Graae Console
L) Exe. (moments ago) © Gradie Build # W W 4 TNLCRLF: UTF-82 Context: «no contes a B o]

= v od o a °
3UM 3.2.11 uansn il davhmatialugad s

3.21.10 Wi build.gradle(Module:openCVLibrary310) wavhnsunlusaia
ven839U SDK fustoludl
- CompileSdkVersion

buildToolsVersion

minSdkVersion

targetSdkVersion
Tasga1n build.gradle(Module:app) 37n1UAR Sync Now

#® ColorDetechonApp? - [D:\FinalliprejectiColarDetectionApp?] - openCVLibrary 31 - Android Studie 2.7 = =] x
HWIHWE&mMmMMMKEM_Hﬂg" oy XN o e o Y
nug)«avxﬁwﬁlﬁ.iﬁﬁ‘\up-bﬂ u.-r.zna.? Q
[w1? & (& e 4

R T A S

@
app T apply plogin: cow. androfd. ltbrary — N N >
» [ mandests |
|

=T andretd |
v B2 com.cvich colordetectionapp

© & MainActiity %2
» B com.cvich.colordetectionapp (o fTiest | defaultConfig |
- » B3 com.cvich.colordetectionapp [1cit EinSdk¥erato
- =1 Targetsdiverpica 21
.E‘ buildlypes'| I
@ releass |
minifyfnsbled false
| preguardfiles gecDefaultProguardfile('proguard-android.txt'), proguard-rules.txt
[ gradie-weapper properties 1
I: proguard-rules.pro 7 Py | }
[ gredie.properties 1
@ settings.gradie (7
[ local.properties 101 ¢
n
* |
&
H i
HE Teminal  § & AndroidMonitor [ & Messages B TODO W tventlog [ Gradle Console
] Gradie build finished in 145 386ms (3 minutes ago) 11 CRLF: UTF-B: tot ted "G ®

31Jﬁl 3.2.12 uananti1sing build.gradle(Module:openCVLibrary310) #gslaildvinsenias
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® C i - [0 +pp - Android Studio 22.2 - 8 X
m;«pmmmumwmm-vcsm-sa . . &
bmm«»xmuo.n¢¢’\@m.4>ln.nalltnj.? Q i
i o  Ciwe @ buidgade . T s TR
' Anaroia 4 © k| B 1 | B sty mansml x| © Cmendienderecing % | @ openCVibean10 X | (S app x | Mamkctviyjne x| B) import-summanyot | @
v Caiwpp apply plugin: ‘com.android.application’ s
» £ manifests
v Cljva android |
¥ [ comeevich.colordetectionspp compllebcriersion 3%
buildTeslaVersion "25.0.0%
i @ s Murkeuy defeuliContiy |
” » 1 com.cvich.colordetectionapp (sndeod T ext) siptica T o cvi. colovaskhctiomigh’
{; * [ com.cvich.colordetectionspp (141 minSdiVersion 1%
BT TargecsdiVersion 15
» i openCVibrary3 10 versiozCode 1
¥ @ Gradle Sripts versiocNaze *1.0%
P o testlnstrusentaticnRunner "android. support. test.rusner. AndroldJUni tRunner”
lorDetectionAppZ) ,
d © buddgradie 14cdute arp) | PuildTypes |
(& build.gradle (Module cpend Viitean 110} Telease |

minifyEnabled false
proguardFiles gecDefsultbroguardFile  proguard-android. txt'), 'proguard-rules.pra
]

depengescies |
compile fileTree(dir: 'liba’, include: ['e.jar'])
ezdroidTeatCompile | com. android. SUpport . test . espresso:eapreaso-core:2.2.2', |
exclude group: ‘com.android.support’, module: 'support-annotations

3 2 Favorkes

n
compile ‘com.android.SUppOTE:AppEoRPAt-vT:25.0,0"
zestCompile JUNLL:JuRAti4.12°

o

gﬂﬁ 3.2.13 wananieing build.gradle(Module:app)

» C 2 - [0 Finaipre) ionApp2] - epenCiLibrary3 10 - Android Studio 22.2 - 8 X
“‘“WM&-%%H'"TM“MH& ¥ f1309c 1\ o |
OHG #a X ARG D ;_ngg_httﬂalr.lm&
3 CoDeteclentgg? 3 epencVibranys Sases 9
- £
S ansinall e W | 4 o "'b‘."“ upmcmumy;lo N
fi.gmwuu ps o Betgson ope
i i | Spoly plugiht \cow andeold L ibrary | |
Cipv |
¥ [ ¢em ewxch colardetectionapp ! andreid |
® o Manactvity corplleSaiersien 7%
¥ [E1 com.cvich.colordetectionapp (andtondlest ‘ batldlocisbersion *24.0.3"
hsf * [2] com.cvich.colorgetectonapp fed)
Y e detecteoaris f
\ mirSaKTersicd 19
* FaopenCVLibraey 110 | ¥ otarpeusavvessinas,
i- @ Gradle Scripts i
> & buitd.gradieT cjet: <ol Duufonkp
* Peudgudelibolian O g =\ Rusine |
@ build.gradle Mzt gpen \Lgrn 30 : ““l‘::i‘ o
g;ﬂ::'x::?:*m"‘ rd | o e e /progiard assresd. e’ ), ‘prard.slles fat
)
[a gradie properties T
(@ settingr.gradie ¢ 3
[ toeat.properties (' L2t
t
| ,
& '
* |
l *
i ' i
: a
- H
[E Terminal o & Android Monitor [ 0 Messages B TODO. ™ Eventlog  [F] Gradie Console :
[T Not #ll execution paths retun 2 value 106 CRLF: UTF-8: Contet <nocontet> & @ @

gﬂ a rq'.r
gﬂ'n 3.2.14 Lanannnswilusilavuediasdu SDK
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v 4 o o <
3.2.1.11 m3&s Emulator Wiednassn1svinauuuiaunses LU AVD Manager
5 a N a -l o -] L4 fﬂ'{ A
MNUUAGaNY + Create Virtual Device... IWaNIN17318999UNINUBUATRUATULLNEVAFDY
nstduvesenndiadu

. c - (DA olorD pp2) - openCVLibraryd10 - Andresd Studio 202 o a X
Ele [dt Yiew Novigste Code Anshze RBefactor fuid Rgn Tooks VCS Window Help AVD Manager
OHO #4 X000 AR ¢ AGp-Poobanzai:? Q
=t (2 build.gradie
- O | % 1| actwty.manaml % | cpenCVLEny 310 * | @ app x | ) Ma x | [ impor 3| @
o . ' T '.V;V-;Q:?,n plogin: 'com.android. Iibrary e S Ig
sndrosd |

i » [3 open(Viibrary3 10

tom 19
targecSdkVersion i5

balldTypes (
releass |

[34 gradie.properties (#:cpet fro e nifyEnabled false
D settings.gradle (oyect et praguardfiles gecDefaultProguardfile( proguard-asdredd,txbh), 'proguard-rules.txt
[ local.properties ' >

% 3 Farorktes

 buldVivarss
Do

[ Terminal @ g AnoroidMenkor M 0 Messages  TT000 . hiray $ ol / W tventlog [ Gravie Console
[ Gradie build finished in 15 292ms (s minite sgo) 91 CRLF: UTF-8: Cootit v B @

= v
JUW 3.2.14 Udeeninn1snisasd Emulator

® Android Virtual Device Manager - a X

: Your Virtual Devices

Android Studio

Type Nome o o | o 4 Resotion | ABL Lo Taget ww CPU/ABI | . .- Sizeion Disk Actions
[E] Nexussapi2s 1440 = 2560: 560dpi A Android 7.0 (Google APIs) @664 1GB | R 4
| Create Virtual Device... o)Lz

JUT 3.2.15 uanan wn1sn1sade Emulator (sie)
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4 dw ' ca o o & =
3.2.1.12 dendvieuayiuvesguninlueunseannazldlunisdransnied laviden
Nexus 6 uagiioniiastuvesszuvdfjiinmsusunsesd (Ju APl 24 w3a Nougat mud sy

NUUNA Next

® Virtual Device Configuration

Select Hardware

’ : ( Android Studio

Choose a device definition
- \F
& S / [F] Nexus6
Category Name * Sze Resolution Densty
™ Nexus § 40 4804800 hdpi
Wear Nexus One R 4804800 hdpi —
Size  large
Nexus 60 57 14402560 560dpi i e
y
Tablet P
Nexus 5% 5.2 10801520 “20dp
590 2500px
MNexus 5 495" 1080x1920 wchdpt.
Hexus 4 AT 7621280 shdpi
Galaxy Nexus 465° 7201260 <hdpi
54" FWVGA 54 4804854 mdpi
517 WVGA 51 480800 mdpi
| | NewHardwareProfile | | lmport Hardware Profies | <O Clone Device...
Liod | IS [ sl | L e

M Virtual Device Configuration

System Image

Andread Studio

Lollipop Download

Select a system image
Ihnuu 286 Images | Other Images |
- i ey - - Nougat
Release Name L. APiLevel * ABlL o s e, Torget - !
Nougat Dewnload 2 6. 64 A frith Ghog c A !
Nougat Dewnload y 17 1.9 fwit ;e A ¢ “ '
Mowpat TGN T g T e i e | =
Naougat Download 24 ’ ARsr8o 7T gh Goagle APl 1) r andreid
Marshmollow Download 4 | “}Q. - 7.0
- =t o wraK]
M, low Download o Anarag soogle AP ] it Google inc.
» Download 2 Androg 51 with Google AP

Sysemn Image

xB6_64

These images are recommended because they run the
fastest and include suppart for Google APl

Questions on AP! levell
Secthe APl level distnbution chart

o]

Feln

oo | [ [Sod | [

14 1

JU# 3.2.17 uamsnmnisidendvieuazsuvesgUnsaiueunsosanagldlunisdnass (ve)
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3.2.1.13 nafl Advance Setting -> Camera -> Back -> Webcam() iielvindas

viwesgunialiilanunsalindes webcam vasneufiamesld antu adn Finish

® Vitual Device Configuration

X

Verify Configuration
AVD Name | Nexus 6 AP| 24 2 |
L L I Back Camera
AVDId  Mexus 6 APL242
= F None - no camera instalied for AVD
Nesuz 6 .96 1440:2560 schdp Change...
i e : | Emulated - use 3 simulated camera
Device - use host computer webcam or built-in camers

B tougat Android 7.0 x86_64 | Change.. |
Startup onientation = l

‘H

Portrait Landzeape

Comera frone Emulawdn

(retons ) | i ] | coneel) L

= - % o & ) 2 ]
UM 3.2.18 nmnisidenndemasuaagunsaliilittasdarunsdld webcam vas

3

AoUfmasle

Android Emulator - Nexus §_API_24:5554

U# 3.2.19 uamanmgunsalueunsesiusingluieldlunissiass (Emulator)
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3.2.1.14  douvimsiiy OpenCV Library \@an Project -> ColorDetector ->

A&NY3I1 -> New -> Directory

@ ColorDetector - [D:\Finalllproject\ColorDetector] - [app] - .Aapp\src\main\java\com\cvich\col... — o X‘l
1_-"|I5 Edit View Navigate Code Analyze l_lff!_gt_o[ ; Build Run Ioulsivc,s Window Help 3 i
ODHOG #4 X000 QR ¢ A(Ep- /P GaE L &8
[ ColorDetector ' [ app mm} [ main ) Ejava ) E1 com ) E evich | [ colordetector | (€ MainActivity ©
17 Project - | © s+ | #- I+ | © MainActivityjava x =
v I3 ColorDetector D:\Finsliiproject\ ColorDetector | — — @l
", e ¥% cut Ctrisx [l File _
‘w0 e o
) Copy tri+ = Mat mRgba;:
é » [ build Copy Path Ctrl+Shift+C 8] C++ Class : Scalar mBlo
2 3 libs Copy.as Pl Tt &% C/C++ SourceFile 2 Scalar mBlo|
; v D | Copy Reference Ctrl+ Alts Shift+€_[# .C/C++ Header File =
» [T android 51 : " =w touch_coon
r o~ A [i¥ Paste Ctri+V [} Resource Bundle 2w touch_colol
g i i::?f;i: Ctmsri:z double x = -1; |
v EjniL N double y = -1;
® = Replace in Path... Ctrl+Shift+R -
|
» O Analyze 4 private BaseLloader(
¥ O Refactor » Qoverride
¥ 9 4 of public void cmM
Add to Favorites 4 switch (sta
t S Show Image Thumbnails Ctri=Shift+T case Lo|
> : wOp
- Reformat Code Ctrl+ Alt+ L o
TG Optimize Imports Ctrl+ Alt+0O 1
{ & Anc . Local History ’ break;
. 5 [test & Synchronize ‘ColorDetector d““‘:i;-
Y E -95‘“?”0”0 Show in Explorer }
[_‘":'PP""" File Path Chrl-AltéF12 bipak: |
(&> build,gradle } =
E E proguard-r Compllewrth... e b 5
& Cobuid Open Module Settings F4 )] 2
#l . » [ gradie @ Create Gist... foverEide E
w2 Bhearies . ) | .. _ S W N
P 4 Run @.:."LIODO i« & Android Monitor i D Messages f % Event Log ___l_ELGradle Console,
[L] Create new directory or package 71 JCRLF: WTF-8sContext: fiocontétdt’ o & @
P 1 Y
3UN 3.2.20 Lu@nIn13@319 Directory
& Al . = 3 a
3.2.1.15 #1398 Directory -> Libraries -> Aan OK
™ New Directory X

-
?

Enter new directory name:

=N

libraries

o R

2
s

JUN

3.2.21 WAPINIIRATE Directory
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3.2.1.16 MnvulUi File Explorer -> D:\OpenCV-3.1.0-android-sdk\OpenCV-
android-sdk\sdk ¥inmsAnaaninames java

i m T sl - a )CJ
Hame Shaif v

R W £

- v pH» » ThisPC » Local Disk (D) + OpenCV-3.1.0-andrevd-sdk » OpenCV-android-sdk » sdk » v U Yearch ue -l

& Downloads # A Kame i Date modiied Type i
& Documents # b 212559 1836 File faide
& Prctures * Jova 5 1836 Fite fokder
androd | natwe bl R R T Fuietoider
coupon
fiash drive
o
& OneDiive
W ThisPC
I Deskicp
& Documents
& Downloads
b Muse
& Pictures
B videos
‘i Locel Dk (C) ’
= Local DekD)_ ¥
b Network

3tems 1 item selected =

gﬂﬁ 3.2.22 Udn 3L OpenCV Module femsdnasnuila sdk/java

3.2.1.17 \danil Directory Library => Paste

-  openCibibnarl 10 27 - o x
y_-_lufwu-y-:-gyry-a-umzmnmm [ e Ju
SUB'*J\CLJ!“’* ‘\‘ﬁqu‘ﬂ'\f\.‘iﬂ{? Q
A NN | 0 - B | W EE
s ol @mmm-lg-. g e 2 >
wEPL) mlstin “coe.sndraid Library 5 E
Angzaid ¢
frinsergriice iv
selsteraion 2
FEOTUATAT{1N JATINTNALLLRMATIT e ( proguantandroid txt ),  Prodera ruiedtat
i
W ) L
+*
ot
pert S84 i
BBjy emlator-888d i
DEL ® tntlog B Goe Contole
W CAFs TR . @

gﬂﬁ 3.2.23 M3319uily java aslu Directory Libraries



o 4 d‘ F v -
3.2.1.18 vinmswasudeunuain java 1u opencv hainan OK

g Copy

Copy directory D:\OpenCV-3.1.0-android-sdk\OpenCV-android-sdk\sdk\native\libs

New name: [ opencv

To directory: | D:\Finalllproject\ColorDetectionApp2\libraries nl:]
Use Ctrl+Space for path completion

Open copy in editor

m[c:anceljl Help |

= = -l 3 ;
JUN 3.2.24 uaninsaeuiaaan Directory java (Ju opency

85

o [ @ L < " b .
3.2.1.19 iavintsAnasniddanallui wil Library -> Aan¥31 -> New -> File

v b4 :
LaRITD AT

’ - % PR
1 build.gradle \Wa#574 gradle LWLRIUNN

) ColeDetectar (DA malliproyest.Colodleipctod ppercy  Andrsad ‘a2 L

- a x
rtmx-w:mﬁy#wu:ﬂﬁmm - ram N i
nuu.-«.nrjnr_ 4.0‘\;.-.. PE 4G 1'. a A7 Q
e 2 ‘.C_-""""~”"—""" b3 R R
| l’m’ia ﬂ# 7 openy = 8 aputanpgh i = | Wiy oo = | @ Bariontenins |
) ..( aopiy-phogios andsoid-Likrary- ;
>‘.w-l-
o oes
Ciapp
bt
.
-
i
i

W tentieg B Gonste Comisie
W ouFs uTe » 80

gﬂﬁ 3.2.25 UAMIN13a319 build.gradle (n)
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™ New File X

Enter a new file name:

build.gradld

o =R

gﬂﬁ 3.2.25 uaMINM3A319 build.gradle ()
3.2.1.20 Wilovinsiiin build.gradle Sunud Weuldnganm

® ColorDetector - [D:\Finaliproject: CelorDetector] - apency - Andreid Studic 2.2.2 = (m] X
Eile Edt Yiew Navigate Code Anshge Refactor Buitd Run Tocks VCS Window Help S

DGO #4 XM AR ¢2 ARap- b LGaE L Z oL 7 Q
_C-hvlkuﬂu [ Bbrarles [ opency M”Huprm]ﬂ‘ Fm{‘lpmxec!C:thtl‘lh \hbtanef\apencyibuild.gradie | o .

67 Project O ¥ T MoinActivity java Ry, (& Bpence. x ?,zmc.m.w.r.m- X 47 acity manuml % | 5 Androidhlialistaml X >
} £ o InstaliCalibackinterface WWM* o
bl € o JvaCamesaView §
3 b LosderCallbackimedace bulldscripey

® « OudlOyLadle Tepositeries|
E © . StatcHeper | , g
€ a Uil dependencical
o B3 calib3d claaspach (com amdrord. toals, butln.gradles2.2. 2
= B3 core
[ engine !
B features2d
g i andrataf
i - o= | compalesakVezsicn 2%
. Edimgproc * buildTeelsVezaion ©24.0. ¥
» Eml ! deTaultConsig |
» [ cbjdetect |
B phate H = munSdiVersion 48
ol | o targecSdiverazen 29
== 1 ¥eraionCode 2480
i vidsa veraionifane -2.4/n°
* [ videoa
Bl closspath i
E [ project |
B AndroidManifestxml J
! {2 buid gradie =
# =
{ *
g | =i
& [id openC¥Library 310 | ; z |
w [ gitignere |
®1000 # G Andieid Moniter 8 @ Messages ¥ Terminal T a I L ¥/ T - . !nmkoo ¥ Gradie Console
1828 CRIF: UTF-88 " 50

2] Geadie buid finkched in 125 B61ms (3 minutes age)

Uﬁ 3.2.26 uandlandideulumieng opencv/build.gradle

3.2.1.21 U84 setting.gradle udafial "include “libraries:opency” asluiftayh
n158unyIR W OpenCV Library @unzavienld laeadnfl Sync Now
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» ColorDetector - [D:\Finalliproject\CelorDetector] - [ColorDetector] - ..\settings.gradle - Androi... == [m] x
Eile Edit View Navigaste Code Analygze Befoctor Build Run Tools VCS Window Help 7y
nHﬁ«»%ﬂiﬁ‘Qﬂdl-b‘\ ﬂ)ﬁst»ﬂt‘-.ﬂ.i“l‘l
[ ColorDetector | (3 settings.gradle -
37 Project IQ < | #- 1= | (€ MainActivityjava X ] npen:v * ] s:ttlngs gradle x | bl [
v [ ColorDetector D:\Finallipro " include ':app’ v|g
> [3.gradle ii@lude ':openCVLibrary3io’ 2
» [.idea include ':libraries:opencv’
> CZapp
» [J build
i » [ gradle
S v 3 Rbraries |
v v [l opency |
» [ settings
i » [ build
[ gen
‘\ » [ javadoc
> Ciires
v Casrc
¥ [ org.opency
v [ android
® - AsyncSer
[ Baseloac
3 © & Camera2
E © & Camerall
3 ® o CameraC
& @6 CameraG
| & o CameraR -+
| @8 FpsMetq‘ E
§| @ & InstaliCa H
| € & JavaC ;
| s
* @v Ln-dm’:? g
J L da 6 _OnenCy = A N - 4 = —— 50 -
# QTODO g Iﬁ:mroldMorﬁbnr | &Muugu @& Terminal- ™ Evéntlog (¥ GradleConsole
ﬂ Gradlebuuldﬁcuhedm‘l!sﬂﬁlm(}i 11 ago) !2! M' UTF-8¢ Cometienaccntet> e e

sUl 3.2.27 wihsns setting.gradle
3.2.1.22 afauny jniLibs Aanslugs app -> Src -> main => ARNYI -> New

-> Directory -> ﬁ’:ﬁa jniLibs

 Colprliomecrcn [BAritigmie 1 ssodlM4<] - oprn s Aiond St 2. = O X

mncv-;uu N e

=1}

-

CoborDetector | i 4
- Pl -\
PR S
. . repeniLetienl
. saveecentani ()
i L _9"""‘""‘" depradencion
&N . sibRopath com madtoba vesis WAL gradie 1 3
v 5 - S
& W Gat-¢
!’i ot 0 Coe e T
5 B e e compiiasaveraion 13
R :m---n- e o Ny
ot B gt =
P ] nEsratoe 1
e iner e R ® :“:"‘“““’;‘:"
gri-tn-1 | Aty B retricotane 3 44
8 Ardreid At ¥,
3 ot .
l | Fibpment ’
& Beage *
gt T4 '
* -t g o, > "
e 1™ ¥
! ite_ & woer . i
.
A o " i
-
(ot Ressuace Bundie ~
T o verting B Gonte Comste
e : W MR TR vEe

SUl 3.2.28 uansnsiftaudla jniLibs (n)
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™ New Directory X

Y

Enter new directory name:

jniLib] |
o ]

gﬂﬁ 3.2.28 uanan sifiuuily jniLibs (%)

ol %
ey

3.2.1.23 9 ndulud File Explorer -> OpenCV-3.1.0-android-sdk -> OpenCV-
android-sdk -> sdk -> native -> libs LLE’!”Jﬁﬂaaﬂiwﬁma%ﬁ.ﬁwmﬁagﬂu libs

“ St 4 TR PO Local Dk (D) » OpenCVed,).0-antirend-bgh & OpenCViondro-sdh /3t 4 natve + s » .o

rd
2 Onelrve 2 Hame Doty modd oy Tone sC
R ThisfC L s ~ AN
W Desiacp W,y. P R S
& Cocuments W = i
& Downloads ,..,,“ G
D Music T - f o
& Pictures LT
B videos
ha Locat Disk (Ci)of |
= Local Dik (0
NG
ol A
| Doc
Dragen Mest
DragontientDa
Finalfgroject
CpentV-310
o R
Titems. T demaseifcted E=
< y o )
JUN 3.2.29 uansniidnaenlausnafioglu Folder tibs
L L~ o 2 o
3.2.1.24 %1115 Paste asluluuily jniLibs siTlvldmansnin
' ColorDetector - (D Finallproject ColoDetecter] - opency - Andiod o 132 - a x
Fie T Yiew Moogoie Gode Anshre Belocon B0 Run Yool V5 wndewl Help <8 o\ y &
cuovn.‘noﬂao-t'\gbioﬂ&ll!hk? a
B - LA S FN
2‘”‘& ’.- "u‘ e 4k e, 90 okl kﬁﬁf 2 opency & | B sty gravie 5, fp.bcc\-nf-n!_- jmw B Andoutlondestard = | o
[ gpadte """“““““‘ ‘nfonfded ibnnry i
2 . ow

# bt
fag

|

i

! -’,- rwum s pro
3 r,...
H v ke

BI000 B § Android Monter 8§ Mesiages T Teominal
0 Geushe bostd frishad i 11 B8 o 4 et age] W (AT UTHe

PPor ey 4o

W iventing (W Goase Comiaie
LI

5U 3.2.30 uans Direction jniLibs
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3.2.1.25 ¥n3Aads OpenCV Manager A18n13lUalUsWASN command prompt

i 8/
s

Jusniuiniaaudenuduaiaed

>cd CNAndroid\sdk\platform-tools

>adb.exe //3ulUsunsy adb.exe

>adb install D:\OpenCV-3.1.0-android-sdk\OpenCV-android-
sdk\apk\OpenCV_3.1.0_Manager 3.10 x86.apk

B Command Prompt - a X

5UA 3.2.31 Uanen15inms adb.exe

B Command Prompt - ] x

§‘IJ“71I 3.2.32 LAANINI5AAAY OpenCV manager



Android Emulator - Nexus_6_API_24:5554

'
= =

3U# 3.2.33 uansloasu OpenCV Manager ignAinasluaUnsaidnaas

u

90

32.1.26 arnmonnulindedlunionig MainActivity java kagadia Interface

Tunih Activity Main.xml

# ColorDetector - [D: FrallprojectiCeicetectcr] - [sppl 'app. yavacomicvichi, it 308 - Androd Studie 222
Ele [dt Vew Meigme Code Anshte Befactor fudd Run' Iook. VCS Window. Lelp A S

DHO «## X0MaR ¢ AlEmy b B oo L ¥ L 7
 CaColorDetector | Ciapp Cime Cimam B javn | ] com . i evich . B colordetector | £ MamAcinaty,|
S ¥Rt G Menadivyye x| T openoe 3

e Colnoete At 51
ol poblic void crPazee() |
nFaase ()
ameraliew ' milly

\ sOpenCvCamaraview. disarlelaew (17

|

i

o public void coResume() (
i
| Opencileader. ¥n8(CpenCViceder  OFERCY VERSION 1 1 0, this, mloaerCallback):

¢ } j else |
R, WLosderCA)Inack . oHanage rCinnected| LonderCal lba sk Inter face s SUCTTSS)
B androwd 7

&« tsymcServiceHelpes
® o BaselcaderCallback

& & CameralRenderer ol
£ 6 CamensBndgeviewBase

£ & CamenGlLRendereriate
é
=

= _null)

View.dissbleView():
& CameraGLSurfaceView

A Buid Vararts

o CameraRenderer

g o 'TaTTed (int wideh, int height) |
1 new 5c
=BlobColorHav = new Sc
= £ o OpenCVicader K i
BdRun  WIODO & & Androkd Monitor & Messages [ Terminal Event Log
[ Gradie buikd finished in 75 33ms (today 18:40) 497 CRLF: UTF-8:

gﬂﬁ 3.2.34 LAMIMIENN MainActivity java

I settng: gadie X <4 danaC mu;-mea_! i lﬁ\-!pﬂwﬂ * 1 A Andromhamtertmi x

E] Gracie Conseie

» B

WP 5

PROV PIOIDUY 4o

L]



® ColerDetecter - [D:\Finalprojecti ColoDetector] - [app] - . \apphsicimain res\ layeut! activity_main.ami - Android Studio 2.2.2 - o x
Eile [Edit Yiew Novigste Code Anshge Befactor Buid Ryn Jooh VCS Window Help

DHO #4+ X003 QR ¢ A([GEwp- /P B R GE E & d ? o
 CaColorDetector  Ciapp  Ciwe Clmein Cives B layout | & actvity_mainaml

bty jevs % | (B opence % | (& settmgugndie x | (&) loveCamenthewsiva ¥ | B octrrty_ mamml X | <3 | Pressew e
| CHigi, E B O Ohewer mzne Qapmoeme Guunpusser O
- <Pral versiome"l 0" encoding-"utf-i-is R Qu=@HS

&

©  ERENAEIVSEAFOE xmlns:android=-http://schesas android,com/apk

T e

android: layout
android: lagout

androidiorientation="horizontal >

I

<org.opency. android. Javacameraview
android: layout_width="{ill_par
android:1ayout_height="111 parent

android: id=" 8+ 1d/ope uterial_activity surface view'/>

 Captres

<TextView
ilayout_width="wrap content
Lagout_beight="wrap_content
text=*X: 0, Y: 0°

d: textColor="4FFFroo”
tid=ta1d

touch_coardinates’

<TextView
android:

& Busavanats

= ¥
f Lagout_belows coordinates g
- Llajout_alignPare true® /3 )
* | Degn  Text ;

2TODO 4 f Android Moniter & Messages [ Terminal Eventlog (¥l Gradie Console

[1] Gradie build finished in 125 361ms (33 mi 5

2g0)

gﬂﬁ 3.2.35 WaARIMTR ActivityMain.xml

3.2.1.27 aslgaulusunsy

Android Emulator - Nexus_6_API_24:5554

ColorDetector
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NANISNAABY
wdansveanseoniludesdidlugq fe  nmeaeadaukenndndudmiunsiaTuadn
ety warmmnasaiiensiesuthmaluden Toslumanisinwdl 1 Hléveaeadoy
wonnalAdudmiunas1asud (Color detection) warmmanslduondiadulunisasadus &
Tgnanad

4.1 MMAaRIUTVaIINgNiiHseY

davilivihnisvasedduendinduilidoutuietuivesin Tnedlendniimiesinsdmi
weunias Tneillaszndasdudvesingasynmauvaniiu code luszuudadauuy Hsv Fanm
fuanssioluil

4.1.1 n1svneaadlu Emulator

Android Emulator - Nexus_6_AP|_24:5554

JUN 4.1 nmaesdudlu Emulator (Android Studio) Tagldndes Webcam w83 notebook
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