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# # 5976754337 : MAJOR MOLECULAR SCIENCE OF MEDICAL MICROBIOLOGY AND IMMUNOLOGY
KEYWORD: Treponema pallidum particle agglutination (TPPA), Digital image processing, syphilis
Treponema pallidum particle agglutination Test (TPPA), C# language, recording
device prototype and software, syphilis
Parkphum Dejhutsadin : A NOVEL COMPUTER READING FOR Treponema pallidum PARTICLE
AGGLIUTINATION TEST (TPPA). Advisor: Asst. Prof. PANAN RATTHAWONGJIRAKUL, Ph.D.

Syphilis is an infectious disease caused by the bacteria, Treponema pallidum, through
bloodstream and body secretions that can be transmitted from mother to the fetus and also via
sexual intercourse. The infection impacts a pathology of several body systems. Besides, syphilis can
be passed by the transfusion of blood and blood components donated by donors harbouring the
disease. Thus, an immunological screening test for syphilis infection is required to perform in blood
banking routine. This study aimed to establish a recording device prototype and C# software, which
could record, read and interpret the results of an immunological examination by Treponema
pallidum particle agglutination (TPPA), and compare with the results obtained from reading and
interpreting performed by the routine laboratorians. Total of 65 samples, previously screened by
chemiluminescent microparticle immunoassay (CMIA), were collected from the anonymous clinic, the
Thai red cross AIDS research centre and the national blood centre, Thai red cross society. The results
revealed that 60 samples, read and interpreted by the developed recording device prototype and
software, were consistent in individual grading level with results performed by the routine
laboratorians. Data analysis of the kappa coefficient was 0.88, which was an excellent level. However,
by considering only the reactive results without individual grading level, 64 samples were consistent
with results performed by the routine laboratorians (kappa coefficient was 0.98, which was an
excellent level). Therefore, the recording device prototype and software could read and interpret the
results of TPPA efficiently. A turnaround time was shorter than a conventional reading and
interpretation performed by the routine laboratorians. Furthermore, there was no inaccuracy in the
reading and interpreting that may be caused by operator factors. The recording device prototype and
software was cost-effective and could be further developed and applied to use in general

laboratories.

Field of Study: Molecular Science of Medical Student's Signature .......cccveereerennes
Microbiology and Immunology

Academic Year: 2020 Advisor's Signature .......cccceeeeieinnne
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feqpusvasivisheifionuntlsafinsomamaduiusisu lsadiaalivhe vimndulsad
flausnglufnilneinegisdeies uazinisszuinguusaduning? venanidsding

AunUNERgABInulsAT TR Aesiolull

Tud A.¢.1905 Schaudinn wag Hoffmann Aumnuinige Treponemal pallidum
Juanmguadlsndiiaa ™

Tudl @./.1906 Wassermann, Neisser kag Bruck ﬁ‘u‘wuﬂﬁﬁ%m Wassermann
Tnenfun1smsaam Lipoidal Antibodies nanfeiieftsldsuidionsslmanninudsuutas
vonwadiioiforuldosansiifiduysenoutesiuiy Sanautfiduteufiaunssdulidenie
4514 Lipoidal Antibodies w3ai3endnteniliin Reagin®®

1ud A./1.1949 Nelson Lag Mayer AUNWU Specific Serological Test @11SUTN A4
1387191 Treponema pallidum Immobilization*”
Tul A./.1964 Hunter, Deacon wag Mayer l@AUNUIENTI3 Absorbed Florescent

Treponemal Antibody (FTA-ABS)!¢



Aaal a.a. 1964-Ua90u ladifauinisnsialvidadiula (Sensitivity) uag
AT (Specificity) THUNTUW WU Enzyme-linked Immunosorbent Assay (ELISA)",
Fluorescent Treponemal Antibody Absorption Test (FTA-ABS) ¥ @ m IgMm18 1?),

Immunochromatography Test (ICT)”

2. Wanalsa

lsadWdaiinann1sAnowuANS87N¥911 Treponema pallidum (T. pallidum)
) ma&ﬂu Order Spirochaetales Family Treponemataceae Genus Treponema Species

Pallidum Taeideusenaunie 4 Sub-species nallsafiuanateiuly fsmisien 127

M15199 1 1Wa T. pallidum aewug Sup-species #99) uagnisnelsaidfsy®”

Sub-species
pallidum Pertenue endemicum carateum

15A L5 aa l5ARANZIIA [SGRIER LsAfiumn

(Syphilis) (Yaws) (Bejel) (Pinta)
nMseade  shsneme AL PPN PPN
MIfAme  INAFUNUS laifnnenia Lifiamene  Lifesenis

HRRLREVIRED LNAFURUS WEdLUS  vAduRuS
oginy  SolaTeyiius YNYIDE NNUIDY NV
s0ul3A Syphiloma Papilloma on Dermal, Dermal on dorsum

exposed skin perioral of the foot

o T pallidum Svuraduringudnatsuszaa 0.2 luaseu 817 6-20 luasey
Tnsdnvazlassadasdunuudaduinien (Spirochete) Usznaudeidouisad 2 $u
g Fuen (Outer Membrane) wazduly (Cytoplasmic Membrane or Inner Membrane)
Tnssadrfimdedegaeluilovuaddulufimundonlusianatain laduinos
(Protoplasmic Cylinder) wwjﬂa@'aﬁmsﬁaéﬁh 2 fuBsniuneInanainaie (Periplamic
Space) FaaziiUuiilalnawaud (Peptidoglycans) Ue9 wsneg ylvkuaTiseaunsans

= A

sUsazinuBanduegls uazduluieguotunaniaaan (Flagella) Fadanzeagiiuiim

Y v

3
P o . Na A % P % o
ANUNRILATNI8UBILUANLTY (Terminal end) M%ﬁﬁulﬂ‘wwmuﬂa’]EJWUGIN‘U’]%J“UENGD

LUATISE N15AABUNENNATDILNANLAaaRINaNYIN TR ARNSAADUNLUUAI9AIY (Cork-
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screw Movement) lutant usnanilunanwaaiiiegneluderiuwadiduniulaseasng

]
o w a1

nIEindfynvelinuaisedaiuisawasulullantudinarenuinnaioaa J9in
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TAvi19n1siAieuNvesluAniseylanlunaniaaainegniguendus (Jun Liu, 2010)
woNNIULIRADINIENADI9aNT3AY Dark field (DF) w30 Phase-contrast microscopy 9%
anunsaupTiuLaniaaal waziilodousiy Gram’s stain axAnduaaualadniau (Atypical

Gram Negative)??

& . )~ i a v 6 ada |
e T. pallidum fianunusien1siuasuluasuesanimuinaeusi 133negneusn
F1Mefguungiiviotld 2-3 43lua wieUszuna 72 93l 91 4 esmwaldea waimniulii
QoY -78 aammiaL%m%mmmﬁ%ﬁmasﬂJlé’wma'ﬂ YONAINTULYDLUATILSHTUANEILNS
WUIRILUUTT 9 Tngaguusmnuesldnaiysyann 30-33 dalus egnelsnaiusseziingn

d’j gj £ = U IQQJQJ 1 d’l a Idgl 1 a a
YoPoUNATIDNRlEaIuIuae 90 Tu usnaldwnuitesiailluaunsansyivlalalu
2191588938 (Artificial media) #3aluadiiaidamiziass (Tissue culture) wAEINNSA
wglaeslaludaumyanansgae (Intratesticular inoculation of rabbits, rabbit infectivity

testing; RIT)®?

3. N15ANFD

[
a 1 1 =l

FogTidaanunsafnneruanAudgauliva1eis dulngasindenunisiiwaduiug

I
v a 1

Audueunmasagend lneweausoniudidsianielalaeneainduniunisgeiien
(mucous membrane) %3N IUMNN LA aBNUS MR wanantin1sinawiada
anunsainularunsduialaensaiuunadiiaa Faunallavegusnaeivigduiusaieuen

¥99Aa0A NINUN Urnna1suin sruludaeraiausiiasutuinwazlutdasuain@?

a O sda & ana ~ = | v a A aaa v
myﬂmﬂﬁm/lm@l,%aw\laa @']‘UNﬂ']iLLWﬁLGanvniﬂ aﬂNﬁIWWWiﬂLLﬁﬂﬂa@ﬂﬁ@L% %Waﬁi@

¥
Ao o A =

(Congenital Syphilis)® n15lAsULAaAwaLdIUUSENBUVBLEDANLNNISIRATBNENNNTE
S YP A

nolmAnn1sAcT lAwuiu@®

wane T. pallidum wWigsramelaussann 10-14 Tu $19neazadaneuived

o & a X Y a o a a a a aa
PBNILVDYUR |gM PUUT LAIDNUTEUIU 4-8 U ALATIANULBUAUBDATUA |gG LLaURuUBnnNan

Y

A519TUALAUTILIUGTURE1ITINGT VR TUTe WU LT ININ UaTUNINTZANY

' (%
faa =)

lugeputmassuinalndifes wadnindowazgninateazUasganskouilnuiisenin

Phospholipid (Lipoidal substance) il uansfilinulusianie udauisaadaliain



n&uilelatadondt Cardiolipin ansfignszdulisnsnieaiaueufived dufuEsndn
Regain %139 Anti-lipoidal ki3 Uuileuiienin Anti-cardiolipin Tun1sadianeusived
Temeazasiewin lsM fou ndeniuludiaardy o wwadedn 166 Tuan naalagasy
1§41 s1aneiinsadruouivediinevausssensindediladls 2 Ussan Ao 1Buada
LouRuaRTsIIEAafTe (Specific treponemal Antibody) Aoy Tnsaziluia lsM uay
A 166 ndsantuliiuig s1aneazadrneuivenilisumeseiude (Non-specific

treponemal Antibody) %in IgM Laza1ueae 1gG uLRe i

4. szuzvalsATNAE

dielie T. pallidum \igs1ene {lasuiieazuantainisiavale Jukuuiuiunis
novaussasazyana e luansawiidnvasniadtnoenilu 4 szes agnlsinny
91nsveaieonslinaninuainuvessseylsn udaalinsasunelissesiviudeuriu

£%
a

4.1 INAd528zN 1 (Primary syphilis) 817115009528 HITNILUAAIIEAITHLNALAN
a a d' dy % 1 1 (9] a A Qy = q” v £ I3
9 Ingagiinusiuweltngsenig wu adedzna SurUn dadle Au un naswiln Wu
¥ I | < ! = I \ 1 & o
pu lussezusnseslsmaviluduidn q Aeandawaniduuns wazeee 9 veevuInty iluin
Tupatfen snvaznay iy Auunadzene Juivueady wualildy mammawuﬁa 39N
BSendnTonilein wuasukds (Chancre) YUNAVDILRATANUMAINAATILAILE 1 89 2
WURLUASY UBNIINLNALAIDIANUADUUIAADIUIIUVINTULR SLELIBAILARALIAULNA
91M15L83a1 10 88 90 Ju wafieUssana 21 U UHAIEagUIY 3-6 AU uavaunsanigla
wadneilidedlasunissnele g egndlsinumngiaslilasunissnw vieldsunissnwm
wisnwliignesasednulinsulganunsadningseesiaosla?”

v
a A 1

4.2 IWAaszELN 2 (Secondary syphilis) syeziidussezMdaunsnszaneliny

- o Y a 14 1 o a [ & aaa =
nszuadeavilviineinisuanslavaiseegne Ingdinasiiandiniiluwnadidasseei 1
Uszanal 6 84 8 dami udlugUieunessigennldnatuuvangifiou uavdnazuanionisiy

) P~ Y] a a & o aa o | d' a oA .
alggnateszuunigly 2 U ndenisudiaie dnvuenisndtninuueeiigase lu (Skin
rash) dnegYIHUNNUTYAI8LUY WU AUIIU (Macule) Huyy (Papule) ANMUBY
(Pustule) W3aRuyuiiazing (Papulosquamous) NS¥A18TI3NNNTEY - AULEIATUINTIETIINTY

NI901UAMNEIUINUTIUALS WU USuen wazdiilan i JaziAindu1iasnadiunay

£
P

A1a1u 138011 Roseola Syphilitica Fsfiadndudnwaznardidnvedlsaddassesn 2



pgnslsimudnwazvesiueandrsiuniinanlsndu q useuranseenauiieaiiuaig o
ladvuladanaile o1n1smieedlindu q Neransranuusenaulismie Condyloma Lata ¥l
) & ! A A aa a ANaN o & & ~
anwaziluduvseRuyuiuy Tnefiliuuiseu (Flat top papule) Hagaunvaotdulazeiad
S9U0aDNLIBIIINNTSUDEVDIRNINIT LAgLNILANTUUSIURINTINOUTU LYW USLIEUS DU
afwisinavsevnnin Wusu 8nilse1n1s e Mucous patch Feaenuuinandeylutes
Uinnseusnaeieisng lnevsiidnvasiluunadiy 9 Sideduuviequed wenanildena
NUDINIWNT (Alopecia) Insavsradundau § (Moth-eaten alopecia) #13991aNULUU
DU 9 U T2 VUNTAE (Diffuse alopecia) ¢ 910158 9 Noranuldluszezil laua 19
Wuee Undsee dmtinan daananuiile Taifiunse enadiseuvvassusnauuviulavsess
Heumidsdu 9 InTiwmy onsvessyesiannsamelaewdlalasunisinwnazeinisena
ndun Ty 9 we o laludae 1 e 2 YV

4.3 53824 (Latent syphilis) ¥39 i:ﬂzlajﬂiﬂngaﬁnﬂi (Asymptomatic stage)
SEusllSUAUNAINDINTHALDINITHANIBITEEEN 2 MelUaunsenalasun1ssnu s oo
a' o o Ud‘ (28) Y dl I o u.;dy val o
SULARIDINTHATDINTHARIYRITEET 3% Jiheneglusrezilagliuaniennisuaze1ns

! a a1 _aaa 2 v P & . Y]
LARSLANAN1INTIIN LB UAUBARBTNAaluAaAlYNaUIN 1WA T. pallidum A283A9

I 1 v 1 aaa 1 Y < = [

aglusaneudaglinantoniy seesudsesdasvoguuliliul azaunsandunuans
91n15keanusiazeulUnad 10 9 20 Yndsaniilesuidie sveziiuuseanladu 2 svuy Ao

Tz uzuNIEuTn (Early latent syphilis) AsfaaA1ulu 2 U uasdWaassusunanamnds

v 17 [l
a S A I

(Late latent syphilis) Ae@atdoliu 2 U uinldnsiusseziaifadainiueu 98138091
Fdaszozuelslinsuszagdu (Latent syphilis of unknow duration) Aefndeniely 2 ¥
Tuun9nsadiaaszezulstamds wasdidaszozwlslivauszaznaidulagndalieglungy

[

Fdaszuna (Late syphilis) Wiaduuselovilunislinissnw

4.4 3WAaszed 3 (Tertiary syphilis) wiaszasnas (Late syphilis) svoriidu
svezfidnfluseidlosnainssozusls Uszana 1 Tu 3 vesilildfunisinuazuansennis
vaslsnluszesiing ensfivsnglussesiusenauludie dWaanguiumn (Benign late
syphilis/ Gummatous syphilis) W aavesszvvilanasasnlaan (Cardiovascular
syphilis) haz@WaassuuUszam (Neurosyphilis) 1w§ﬂwmm&Jafmwummiménﬁi’mﬁ’u

19 egnalsinueinisvesdiilaavesszuulszamanunsonulaludUlediaassesn 2



a

4.4.1 FWaanquAnu (Benign late syphilis/ Gummatous syphilis) Lina1n

(%
= Y a

wadfdafifiifonsudaiteseslsn Fuseni1 Gumma msdhiauiiansainfloTeaglails
uAnUUesfinszgnuaz i

4.4.2 Faaszuuilauasviaenidon (Cardiovascular syphilis) [Aaann1s9
e T. pallidum vanewilauaznasnidennasmdonunsngieaasen (Aorta) agedn 9
omsinutes Usznaude nasmdenlnaltanes auilath Feezsilinisiauesitla
Fouasuazdiman

4.4.3 FWaaszuUUIEaIn (Neurosyphilis) An91NNISTEe T, pallidum
Wvihaneszuulszamlvluszeznainil HUeazilon1sUinmuwuY Wulaund v1ain
foriden anossniay ausaden wisilo1n1smadnld egrslsAmugtisuiseenady
wiinliifio1nns (Asymptomatic neurosyphilis) winsaanuauAaUnfvesiludunds wu

A5 ANTUVBITIUIULLARUIONIT AL USUNavealusAuTl Ut lvdunas ©5an15Ms9nLLe

Faaluin lvdundlvinauin

5. STUININYVITNAE

asAn1soudelan® s1euanuynuare UinisaldnuiudUlelsadildanilan

Tud a.a. 2016 NenAvewasinangRaludosay 0.5% lulssmaansgawsnilisisa

a =

Sruaugthefinadelull a.a 2016 fuaefifonsiiaaszesil 1 uararesdl 2 nuluwesy
(15.6 518 #UTTAINTIULAUAL) UINATUNARDS (1.9 518 AoUIzUInTUe duauau)?
waglusenud . 2018 wuswaugRndioviommn 35,063 18 Andudadiusng 10.8 919 s
Uszrnnsuauey Tnsdnilvawilungueny 15 - 44 U fe¥esay 80.6 WlanSsuifisudiuagin
delud a.a. 2014 wuih Ffwudindeiutulesar 714 Gaidu 6.3 18 devssrnsuay
A1) uaziiowisuidious waudRndolud ae 2017 wud SRndeiutudosas 14.9 Eady
9031 9.4 578 sauszrINIuwauAw) aua1au? dmsunenuaniunisallsaaiaalunivelsy
wusIBNLATIYNYss I RndermelunguUssmaglsy S1uau 29 Ussa lumands
anas (WU A.A. 2008 wu 2.3 Tesauseynsiauay waglud A.A. 2013 WU 1.6 1860UTEYINT
wauau) Tuvuzfinunmsaidelumamedissnntu (ul ae. 2008 wu 65 MeroUszIINILAY
A waglul A.A. 2013 WU 8.4 18R UTEYINIUAUAL) mso‘?mL%@%ﬁ?\léamqLWﬁﬁuﬁuéﬁzij@'
evgaululssmaliuea Ussnalian uazUssimausesuaudunniian uayosay 58 wu

”Luﬂajmwﬁﬁmﬁé’mﬁuéﬁww (Men Who Have Sex with Men, MSM)®Y Tud a.@. 2017 wu



ﬁi’wmu;ﬁam%aﬁgmm 33,189 318 Anidudndusng 7.1 918 dedszensuauny uonaniss
wui ineefaedflaauinilanludiseny 25-30 U @Aaudu 28 318 devszinsuaua)
SnitedaRnitannniuwandeis 9 i uag 2 u 3 vesurudAnideutainngy MSM
Tnsuwltudnsnsindelundy MM Suultufiusndunnd©?
dufvaniunisallunivuening Tl a.a 2005 WHO senugifnidelnssluniv

wensnfduIunin 14 aruau lnsAndunandgSovay 3.5 uasinAviaiovay 4.5%

a _a

Mnmsdmadindeluiufivuunesusmaumusiis nuanugndihefndediaaiine
1301579 TPHA waz RPR Wuuan wuluwawe 7.5 waz wulumendgs 9.1 uasnwugUfnisal
Suruddadeuiniianlumands naveng 15-19 U dedadudosay 3.4 da¥C dudy
anunsaflunivseawsides Ainn1sTIeUNUSnIINAndedTiAalu snAseawmsiAs Tu
9 2012 wudhaugRnde 6.7 ausouszrinsuauau uasnuanlungy MSM lassuau
Fananafiuannduand e 2008 fe¥esaz 20 Tulsznainams® dmsuaniunisally
yAveds nnsTenuvesesdntseusiolan 1ud 2005 wuarmnsuaugndoluede
nziueanieddadnuiu 11.77 a1usie waznuauinisaivedlsa@ilaa 2.9 a1usie (Chan,

2011) wazannsdsRIuugiawediaaluUssinau At a.e. 2005-2014 WU
AAnLeT LW A 2005 Wity 135,210 118 dalul a.a. 2014 wudwiudAnediaa

'
a0

Wity 441,818 518 T99z1iulai1turag 10 nURRULN T8R51n15wnsse uInualseT A

11A3uNN 3 wih®Y

seuaaun1sailsagildalulssmelng wui Insszuianasivudldudfoee
lspfndenianaduiusgeegsioillowaual w.a. 2548 Tul w.e. 2555 WUTI8UTIUIY

Aanelsafndemanaduiussglnldndl 39 aruau uaglul wa. 2556 Tuginide

Y

a

Aoty 3.67 sauszuinsuwauay @’ 3% 35 36

) ASENITTUINYRINISAML BTN A AT WU Y
WNNINTUAINI18UlugI9szeian 10 U Tul w.e. 2553 nUsnsInIsanLee 2.16 AU

faUsEnshauau @1t w.A. 2563 NUNISAALED 11.51 AU AUSEANTwaUAY F=TUledn

[y

Jonsnstheveslsatiaainudu 5 11"

¥
IS QWQ a

NNSAATBTNAAUDNAIINNITAARDNIBNAZUNUS hazn15AnLalAe A LTATlUY29

AIRTIALE Salinsinweniuninissudentazdiulsenauvenden aeiuludagiuluns

a = A

U391Ala#in38N1IATIAANTRIM TR BFANNATY 1INAITNUMUITIUNTTUAYINUNITAR

nsoededndalunusaaladinvesuszmeanis g wudn Tunivwensninisfinwlunane

Y

Useina 1wy Usemaneana Usemaganu wazuseimaniun In1sAnnseduianalainnuiie



& Qa{jy

nAnweTNaafaluTouay 2.9 - 20.0°% TunIuglsy 1wy Usemalusesiaua dn15An

ey

[ [%

nyeudednadluguInalafinawdl a.a. 1995 - 2014 Inedn1swusszesiianenidudes
PrielUSeugudn TR A wudnluszezusn U A.A. 1995 — 2002 WUAIIUYNVDS
N13ARLYe 22.3 518 adseansuauny wazlussesass U A.A. 2003 - 2014 WUAIUYN

VYBINTAAYD 32.8 918 foUTEYINTUAUAU FeNITENTINRNTUVRIRIUIULRAY TN AE

31,41

Fewar 50°" Y lunIveiusng wu Ysemaus@a wuauynveansiawelul A.a. 2014,

¥

2015 way 2016 Asludosaz 0.30, 0.57 way 0.70 Aud1eU azwiulalulseimausda

[y =1 ) [y @ a a & a < 1%
WU@G]i']V”I'J']ﬂJGQﬂLWlIGUUVIﬂ‘U dusulseinaningln W‘Uﬂ’&’]ﬂfgﬂ“ﬂ@ﬁﬂ'ﬁﬁ]ﬂL‘U@ﬂﬁLUu5@EJag

q

1.50“% ® TuniUvolTe 19U UsemAduLiy 91051891UNNSASIANNTIN5LTadNad Tul

A.A. 2012~ 2016 nugAnweRnluiaway 0.75% Useinaiu 2nnnsdrsianishnnsesdilas

a b4 o J

nENuUIIaladaludiendsn ¥ 2005 - 2017 wugAnedildasesay 0.88 dws

(Y]

Uszinalng nsenunmsdisefainisAnansesiusaalainlul wa. 2549 - 2551 wun1s

a

AnedTdaseuay 0.44°Y uagnunisAnwrdounasangusanalainiven 1o daly

TsanenuUIam AU 52119190 W.A. 2558 — 2559 NUSRNSINISAALIDSauay 0.60"

6. N13n3533UAEN19iR U UANS

o

nInsIanesUfURnsdmiunisnsiideelsndiaa anunsawusenlilu 2
UszLam Lo n13ns1aniediadlaenss (Direct Examination for 7. pallidum) wazn1s

ATITIadeneaiuaes (Serological tests)®®

6.1 N15A52INYoTNAdIA8A5S (Direct Examination for T. pallidum) fanns
AN UTDLALNTINNAIEINTI @nunsantseantaidu 4 35 sail

1) Rabbit Infectivity test (RIT) flon15t1dI881933d4059991051908

Y

Anasdainie T. pallidum dadnluludumeveinseane mn 3 dUav Wuiaan 3 Weu

' '
a 1 =

o . . ! < 14 ! 1
wagnaaauni Syphilis antibodies Tunszatailuszey 01U @vdsnsianasdoilidie

i a

T. pallidum 233 nsgAwazassueuivefnovaueslua nwuzingnuinuluay wagayl

uanI91n15904lsATWAE wadmsaalinuleufved wlanalaanldiilge T. pallidum

& aad v Y

INFIAINTIV NNIATIIAYIUTUITNE 981N FUd

9

U LHesandealdnanlunisidesnseane
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=

Feldmunzdmiuldlunisasiaidademilule witstisduuasgrudmiunisussidiua

Al (Sensitivity) 903n1sMadeUIsaU 9% %
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2) Darkfield Microscopy Agn13ns1an A8 ANzl ngaznnansan
MasURIRne vian1sthvuliennuTnseslsnInUInungniaztesnaen livuidau

a ada A

f @ P = dy A [ Y 1 ! dy £% [
wadllaaenauny #TInou Wisiavidots undudlregnlun1sdinaniae lneaeeyii
ANNazenlaglduIeundeuT N sEnTanuais Lazldlulsunatey Wesan

y%;’ A 90’ A a 3 [ va 1 A [~ d’lj aaa [
nslguurseundsluliuiauintueiaazinlndsdenadeatasldiug e dilaala
NAI9INYIIALAZDINUTNAAINE1ILAT TraeTealsAtaznalul o auninaziiveunadla
ponU1 WrasAanasiumenasuukiudalan wazUamoununnitadalan uahlunsadeu
iunaesanssailuvaeniwedinsdinmsiedeuley dmsuide T. pallidum JAnuwans1g
NN Dundetviindu (Spiral organism) lnenainANuLLLYDNGIRAZENYULYRY
nsiAdeun egelsinu T. pallidum subsp. Pallidum ldi@115018n88n971n organism
viadula wu T. pallidum subsp. pertenue, T. pallidum subsp. Enemicum Wag T.
carateum \og T. Pallidum finuazidenseu fjusiadundeiuuu fuuine1d 6-20 mm
1379 0.1-0.18 mm ANMUBNVRLNAYY YUIA 1.0-1.5 mm Hazauanyszuia 0.5-0.7 mm
[ al . @ % i 1% ¥ (Y]
anwuzn1sedeulmves 7. pallidum JukuusiuluauniilasAMuUnaInIuaAIue 19

'
o w =

anvaza Woduld organism 92dn w50 A uazides aunywduindes usazaiunse

[y | a

nduAugdsusule 7. pallidum T. refringens wag T. denticola 9¢digusnenangadaiuun

Fanan3299UuuInain Dark-field examination 3xaunsasyydedaalaegesing lned

Anulifsesay 8018 *

aeslsfnu Wnuanlaann1sndesganssaiviin Dark Filed Wunaautiuay
ganslidgndneanainnisidadeveslsadnaa Woane1vazdurieszaznievoalsa @9
o X Adaaa v & 1Y = a A 1 a . v
et nivinavungiuegies viawuafisengualulsiin (Spirochete) {1339
AsANIDlIARA T LNAFLRLSAUY WU 15ASY wazlsawkasuaauY Wusuwarenazilnig
Wasuwlasannissnwle wenaniifegiedinsiatiuenvrzinisvuiauvawadisinben
WAITILIUIN WesenTA viieFudruilewde Aeuinyivaeudndudedlasuniseusulunis

Tondesriineenamungay WaanuwuuglunsItalse
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3) Direct Fluorescent Antibody test for T. pallidum (DFA-TP) ABn"s
n319i8e Tnsldueufivafide T pallidum fiinaainatsdesawinufasenfudie
T .pallidum Tudegsdsdansralaenss udnirlugiendesgaanssatviaiFoauas
(Fluorescent Microscope) 33n15ifiudadsnsiaasldndnnisiisasufunisnsiadaeds Dark
Filed Befosldfamaiifiarmduig Ussneufundosganssadudadisiaums uasnadey

wfReansegalafiazste Felumunziunisasadulsyanialyco?

4) Polymerase Chain Reaction Detection of T. pallidum f® n13

MTIIMT @15HUFNIIUVRUTD T. pallidum 30 Whole blood %138 Serum ve5Uqe713in1s

Anlge Wgdmsunsaininisnanegiauiulinaay eiladedidalussesusnvenis

Ao late latent syphilis, neurosyphilis Lag congenital syphilis lotlueg19d ag1elsn
Qda’ljd I ! dy 1 o 1%

MIsEITIANe daugientunssuiummegeuainnisuuileu wazlimunzandmiy

N159M579AANTBIlaRMEl o UNUT Ao TSN ka3 > >

6.2 Serological tests Aon13INTIILBUTUBAVBNTS dnunsautsesnliiy 2 nay
ot
1) Non-Treponemal Antibody test Ju35n15n513mweuivanviinly
FUNZL IR EUOURIUVEITE T, pallidum wiazlEnN1905I1N IO URAUDARDANT
Phospholipid Tneld Cardiolipin #iafmainnamnilevlafuduseufitausauiu Cholesterol
waz Lecithin 3enuaufiueiiin Anti-Cardiolipin Antibody® 0 Fefi3afinenld 2 33 THun

1.1) Venereal Disease Research Laboratory (VDRL) n1511

'
o

wiU (Serum) vesRUlgNIMUBURYBARBLYB T. pallidum lagi3191n1N1T Inactivated

w3y Neanndl 56 ssrnwa@ea 1Wuan 30 wrdl Lienidn non-specific inhibitors L

9 Y

Complement Aauirlunagauduiisnaniz waze1unaljizefiinanisuuiunznau

(Flocculation) Mmenaasqansseu®”

a

1.2) Rapid Plasma Reagin (RPR) d1415U N15n52981838 1
Tgndnn15tun15AI19ULABIAUNIIMSI9A287D Venereal Disease Research Laboratory
(VDRL) siteausilaifasyinnis Inactivated wiu (Serum) wilesannihenameildlunisasiad
daunauves Choline Chloride flanunsadudamsinauwes Complement WagUsznausig

EDTA (Ethylene Diamine Tetraacetic Acid) fiesnuanInyes Cardiolipincholesterol-
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lecithin TasaninlisonnIouuas 9 Larau50o1uKau]AseMAnNIsLUIUNENY

(Flocculation) lemaen1iuan Jadunsnegeuiiane azmin wagiilanssaznaiy § s18%°®

AM5UNNINTIN 2 35 aannanundenltlunisesiaiieransaalsa

(Screening test) tensitadelsallesdiy uaviiion1sfinaunissne (Follow Up)™?

2) Treponemal Antibody test 1un1snsianiweuveffduniziuie

T. pallidum Tww$a (Serum) way thludumds (Cerebrospinal Fluid:CSF) Tnganunsansaa

[
v

lataueufivedviln leM wag 1gG wagluudulunisnsialsadiaa? > Feiisndeuld aedl

2.1) Enzyme Linked Immunosorbent Assay (ELISA) % 3 ®
Enzyme Immunoassay (EIA) Junisasraniueudvedlulesy (Serum) w3e watawu
(Plasma) fivaniesioide T pallidium 1agltrecombinant TP antigen (ToN15, ToN17 wag

TpNa7) uazldlagldoulasl (Enzyme) ieraevhlidaunaiudnifavudioviujisensenuy e

2.2) Chemiluminescent Immunoassay (CMIA) tJ1n1553391
wauAvaluwdy (Serum) w3e waaun (Plasma) Mawizsawde T, pallidium lnswaday
recombinant TP antigen (TpN15, TpN17 ae TpN47) UU paramagnetic particle 013l

a a r-glj . A a A a é’ LY LY a
LaUAUBAMBLYD T. palladium LATDIAEATIVNUUITUIULAINLNAVULASFUNUSTAUUIUEY

woumvesvaUe®®

2.3) Treponema pallidum hemgglutination test (TPHA) WJu
FZsasramueuivefisumeude T, pallidum tneld weuRauvende T. pallidum
idevuusinaniidudindenuns Sriinsdunguuosdinidenunsiitinanufisersening
weuRveiluwia (Serum) wazidle T. pallidum MAReUULRINA1IINGTT LARIIHANTS
nagaulluuan (Reactive) Tunmnsnseiudiu dlafnisdunguusadinidentnitaniin nanis

naaautuau (Non-reactive)®” ©®

2.4) Treponema pallidum particle agglutination assay (TPPA)
NINTILTUINENNTAG18AUNTATIIRIETT TPHA Weauadsudnaradudaiaaifiu
warANANIINAARUIINUATesEnInanauRven tululesy (Serum) uwazlie T. pallidum
A A & a v I3 . | & a a 1Y) !
meadauuudaaIfiu fran sneaeulduuIn (Reactive) 3enuln ialariuinisiungu

i we dlifinsdunguinvvesaaniiu uwanvimanisnageuiuau (Non-reactive)® ¥
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7. nsAndugUunsaluUanansdungs (Agglutination)

ynednaudslagiulatinnunereulunisnAugunsalsneg vigsunaufizen
ANAENaUNiUNauNIeEg1ewiaLllad Inge1Aun15IHUNANLANAIIFULUUYBINITANAENBY

1ud w.a. 2535 Tdnsiauneseslswdanalasldvasn LE.D. wWunnasnidanas hadsanan

aaa [ 1

g eiuaunulUswas dununauinduiisendungueinanuey 1NANINTLIVe LAY

9

JUBUUANATY HULEUATINLEY AUNTENIANNTENUINATATIIIUNB T UNTEAUTDIUATEN

16t (U7 1)

la : REACTION VESSEL
1 : MICROPLATE
8 2A : LIGHT EMITTING DIODE

\

LED DRIVING
CIRCUIT

! fa |/IMAGE
2R N ( FORMING)
LENS

;A s
2

—10

VT

ATLITL L L TL AL AL CLIL SR AL S SR LN §

|
|_ CIRCUIT
3A 9

ONE - DIMEN SIONAL )
CCD SENSOR

|

UM 2 inTeshisulanannaznauinuvauignanaulud w.a. 253570

Y

Tud w.e. 2536 latinsuseRvginiedioutanannaznauiiiumay LasnsIadukuy 2
52UUA3Y photoelectric lngldinatian1suszuiananin ieliasgrikazieniessuwuy

YoIMainUfizen (Uil 2)7?
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5UN 3 inesllenUanannagnauinungyl LagnsIaduluL 2 SeUnumiy photoelectric

18 16
9 (10 7 r‘T
Memory 3
5 i 3
L7 | E H —¥
Timning Signal T
Generafor g |
t
Motor
Driver
g

(72)

saunlaiinisumedalasetieleusyain (Neural Network) dnlglun1swaunesas

wlanan1sanazneuniuvay davisvuuudygiuanuduvesuasinsadulanuansdieiu

JuiunuwsazdnvazveinsiinUiiseniieduuiuiunay wasinistuiinandiusas

gULL‘UUéﬁ‘&J Neural Network Mode wag Classification Mode (';;‘Uﬁ 3)™

7~

\J

EXTRACTION

0.03 mm
a——— 4.5 mm
IMAGE 45
SIGNAL CHARACTERISTICS
ouUTt
IMAGE RING NEUTRAL |—=
SIGNAL DECCMPOSITION NETWORK] QUT2

UM 4 weialassgloUssamdmiuilanannanagnaunnumgu™
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Un.a.2545 ladimsisudssendldinasaunuiues Inewauseiunauialmes iadae

Tumsfiunmeanisanazneu Teyadsgniiuluguuuuninddnes wiethnmuiussuiansa

(%
[ 1 v Y

pragandwIsdsutiswlananaly wIoelianinaidaiunsavinladiednadayanin

Y

FaanusaeusiadndseuuguteyagUlelalaense 31n3UN 4 Wedwwan (maneaw 107)

a aaa

Wrguiiaudisen (muneiae 105) iWrlareamluiaTesaunuiues (vuneia 101)

S8

PNTuNMUGIseINsTunguargniningaeuiawesiusunuureanmadnes vinlvaiunse

UszanananmuaziUanaujisela

105

- P sl
M—=o 0

‘:\, l/]l]g

UM 5 nsweusdensoaunuuasidifuaeuiiames Waliunaimnan1sanaznaukay

Uszananameganaksainsuniskuana’™

(%
[ Ly

Tusgninadn.e. 2551-2559 Ffinswaumandusududulades (gua 57

waglaii Telecentrict lens (3U#1 6) Fdinaandfivonaudlunisaienmyuniliiudam

(75

nvauuJizen’ Jsgniranldlunisaienmuiseinisdunguis 96 nau luasiufen

o val < o o 1 v
MIALANNEZAIN TIALST LLaszﬂummmmuﬂUﬂismamamwmﬂm
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(A)  Specimen Reagent (B)

Agglutination

2
.

o

©)

Nonagglutination

JUN 6 maimuwandugududuladesieldluniseuljisen™

801
800

803

=il
-~

T

3U# 7 N3 Telecentrict lens dwmsuangnmdisenisiungy vuneiay 801 Ag
4‘
1l

=3

Unsaltufinnn vuneLa

-0

802 fig Telecentrict lens ilAaauUAlun1sarenmyunitely
Iennvauufisen-veswan Muneway 803)"™
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agalsfinuTanaunsalfindnundssudsnsfismunsuazdiulngamnsaldsung
aaa A < a 1 ¥ o aaa a a ¥
wrnzimanufiseigneenwuuilufivay ldawnsaldiuwanuiisenvia U-plate Nieouly

fuegaunsvangluviosu)innis

8. wanAnIsazn1eNItdeulan’®

Aforge.net 1w library ﬁgm%uimamm C# ioldluanu Computer Vision wag
Artificial Intelligence gnitantuludl a.a. 2006 Tay Andrew Kirillov Hn3manssugomduas
ynans1veming uazgnuandtelildauldviluiuy Opensource anelédaysy1 GNU
General Public License 4 library Aforce.net %Qﬂamﬁgﬂ Wuenusenely Visual Studio
2017 fefunsdoulusunsudaeniv C# Swaunsadouldauazudlateinnarnldinety

pulUsN5Y Visual Studi™

9. lalasmaulnsataas (Microcontroller)

lulasaeulnsaiaes AogunsalniuAuauIadn Faussgaruansanadieaieiv
a I3 ¥ aa 1 o 1 = I3
szuUPURILmes tnelululaspraulnsalaasinsiue1@iy NueAIUIT wasnase Faudy

Y

diulsznounanaAnuessEuUABNR IR In ey

lassasslneiiluvedlulasaoulnsaiaes amisanvseonulailu 5 daulvg 9
Aarelull

1) mheUszanananawsedity (CPU : Central Processing Unit)

2) 18ANNTY (Memory) aunsauuseanidu 2 @ Ae miieanudAslidmsy
I3 Y] = = s a ¢ = a c O S
v TUsuAsunan (Program Memory) W38 ULaNaUa1TARANU9LATOIADUNILADTAILAY
nafedeyaln figninuliluilaslyiagymeldudludlubes

a | = & 1 o

dndiunilsfenulsainudidoya (Data Memory) i Jumiiounsyarunalunis

AwIYedily wasiduiindeyatinsnivaeyineu winnldiilides deyafagmeluade

aunthgaudwsy (RAM) Tuipsosasuiiamesim o W dusululasroulnsaaesadeln

1 o v = gj a g 1 [J & v P 1y -d” I aa
miganudeyassinandumheanuisy felayavsmelilleludlndes wasiludd
504 (EEPROM : Erasable Electrically Read-Only Memory) &saunsasivtayalauiilaid

ARPIGIN]
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3) druinseiugunsalnieuen sewasn (Port) I 2 dnuaizhe Wasndunm (Input
Port) LagnasnasdyurumnIonasneiang (Output Port) lglunisieusadugunsal
= 1 @ 1 d' o (v v (v 1 & a d' [y [ d' )
aeuen fedndudiundrdguin ldsmduseninmeindunaiiiaSudyyin wWeiily
Uszananauazddlunesnoiding enanmaity nsfinainaveamasnli Wudu =a«

[

4) YoanAuvesdyyad n3ada (BUS) Astdunitanisianifsudyqiudaya
F¥WI19 iy wiheauTarnese Wudnwazvesaedygindiuiuninag aeluds
lulasnaulnsaaes lnswdaduvateya (Data Bus) Uaueninsa (Address Bus) wazya

AuAL (Control Bus)

5) wasidindgyarauniing duldudiulszneuidAyuindndiunds Wesainns

v
=

inuiaduludilulasreulnsamesssiuegdunisimundmie Mndygiauiinid

o

£%
(% IS

d' [ o < ) ﬁ-hd'd 1 6 o <
ANUDge Jmemsihanufagannsavilandudwalvlulasreulvsaiaea ity danusily

nsUsEananagewulume

agalsfinu lulasreulnsalaeingnuanuiiinszganieqilasuanudeuuazd

Waunsunautadagiu ey

= a

7-80 \Juanwagues CPU a9 10090718 10 /199 iLANTIUIUNIN UBSAT e

VUnADUTNS LAY

MCS-51 Waunsea1n Z-80 lneazilunisi@eulusunsuludnuazass Assembly

Code uinlwanasuasaiialdiu lulasroulnsamesiulidaivangunsaisautiems

PIC (Peripheral Interface Controller) lulaspeulnsaaesaiing dnswanuunniy
lnsfigunsaldenisios Tniieaud EEPROM luda Fevilbiinedenisdufinuazdnnu
Toya wag PORT #ie 9 1adin1s latch Tuda IC ag udd Isanunsasesenunldaunisuenta
Tagass Snvisanansarilsunsa Boot Loader Wnluluslilasaeulnsaaesld Swiliine

TunslviaslusunsuaneeuinamesinenIune Serial Port kasnadi Reset tieqa819LAe?
AVR Wululpspeulnsaaesquiiaiunsa Interface w1 USB llnanss

Arduino Arduino Wululasreulnsaaesuesauuudnsagulugatagiu egnadi
11310 Controller nsgNa ARM 83 ATMEL Yofveslulasnoulnsaiassuasinfioisones
Open Source fiaunsaiily Wawradugunsalsisgldwazannuauisalunisiiia Boot

Loader nlu#1d2 ARM 34%111%in15 Upload Code 11@auasaaiunsavinladnadu wayddl
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n13WaIuT Software Aildluni1sAiuAuAIvasa 989 Arduino Fdnwaziluniuwn Cr+ 7
lsunsumasiianuauaglunisldau dmuesaaiuisadl lgauisieia #am1e Arduino

San3du Shield WioLANAMNAILITOLRLTY

10. Arduino Uno

Ao vosalulasnoulnsaaesingld AVR auimdn (3U7 8) WudiUssuianauas
dsnumngdmiuihluldluns@nuissuissuululaseeulnsameiuavinluussendld au

a

\Aeafunisauaugungal Input/ Output #ing 4 Innanestsluwuuifunsiausuien
Saszvdoifeudodinudmiugunsnidy q Wumeufinmes PC fadfidowmnan Arduino
aﬂuauuﬂﬁﬁam@iaﬁ’uqﬂﬂszﬁ Input/ Output #13 I¥unnunemauuy Digital waz Analog
N155UA19INETINInTeaUNsAlNSIATU (Senson) kuusne 9 saulufanisaruaugunsal
Output 14 9 daust LED, naenalyl, uewas, $1ad va Arduino SsasiBennmautifuay

AUUTZNOUANY 9 FIRN9199 1

Arduino UNO

ATMEGA328P

NI DOTYNY
(Wmd~) TvLioia

5U# 8 lassaieveduesa Arduino Uno™
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M13199 2 AuauUR Arduino Uno™®

Microcontroller ATmega328

Operating Voltage 5V

Input Voltage

(recommended) 12y

Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

32 KB (ATmega328) of which 0.5 KB

Flash Memory used by bootloader
SRAM 2 KB (ATmega328)
EEPROM 1 KB (ATmega328)
Clock Speed 16 MHz

11. siulnawnas (Stepping motor)

aidUqnenesiduagUnsaliondnn (Output) og19andedsarusayn
lulaspeulnsamesuimsaiuauliazain wasidunawesnuunzaudmsuldlunuauay

nsnLuIfeInsRuAtas ety Mvihuvssaillaemesazduniouiiaz

[ [
v =

U 9 (Step 0.9, 1.8, 5, 7.5, 15 %39 50 99#1) %wuagﬁ’Uﬂmamﬁ’ﬁLLﬁiamﬁmmaLﬁﬂ"ﬁa
vawesiu 9 aiiulwemesinuuandisainuemesnszuanseialu (DC motor) Tnenns
haureswemeinsskanssluuuusaios liannsavsuduadiuld fedulunniily
srundumisianueuldenndt adiudwewedgninuldiierniseuaugunsainans

YinlusEUURINDA WU Printer, Plotter, Hard drive tJudu™
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unii 3
AU
1. @153 W FEANIINYIAEAS

[

a o Y} a s g v av a = &
GREIFURPRLN 'Jaﬂﬂ/l']\nﬂﬁ]']ﬂ']ﬁ(ﬂi V]IGZJ\‘]']U’JQEJ HINYagtagmn AU

a5l W1en Jagniaineraians 1ldlun1snsiadilda Usznounig Architect
Syphilis TP §831nU5EW Abbott laboratories @1135014301 Wae Serodia TP-PA #8310

UM Fujirebio Usenegdu

2. 1A30449
LASDINIIVTAAa Architect ¥891nUSEN Abbott laboratories @115gaLu3nN1
g Nua3s Visual Sttudio 2017 a12ulvaalawSainuSEn Microsoft & 9a

https://www.visualstudio.com/ @usgauiani w3edlilnsnoulnsatass Arduino UNO o

99UV ARDUINO® an3gois3n Liuuan 5 auiiniea 399100390 Oker Uszivedu

3. 35N15NAABY
3.1 Aeg19nldlun1sAnE

Tuln.a. 2548 Auduinisladinuniagnd ann1vialneg ngannuviuas Lad
n13AnyUSEULTEUAMLIILAEAIINTUNIEIENTINYANTIT ELISA 313U 3 YARTIAN
wanaeiu Ineld3s TPHA WuiBuinsgiu wazifiosarnilunisfinwimiainulivas
ANNIzvengnddldieg1wuiun tngldimedgdlainvesiuinaladinunaiiuiy
1,250 518 waznumegtlafinvosuinailinauinaedilaa 41uau 206 $18 agalsinny

A av vy a = | _aaa & o A
ANuYnUadladiniilasuusnaLasinanisaaeuieddaduuin ddmiuanadluudasl
= =~ v v a a v a s o o & = & g
Wewniisruudnguinalaineendigssuuasuiinesiviuaiouiniuy n1sdnwiidilu
n1sAnwlSeuliisuataenndesvesisniserunakuulniieuiisuivyana 119
nsAnwUTeUsuANlIkasAUTLINEIENINNYARTIA F9ldTuudegslun1sAnwi
Wosnin widspsaunsaAIwIunIEiflalasaseunaulseeInIvatengy Aiegeludne

& N v .
ASIUIIUTENDUAIY NANFUIIN 3 LIRS
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7 7
v A o v

dwsushegramaauniianldlunisiassassilinanann nanamvesiiefid
funsineiinddniisuny AugIdelsalend aninivialng fimdevnnisnagauluauy
Usz313u Fai1un1305998Maada8 Chemiluminescent Microparticle Immunoassay
(CMIA) warlraduuiInd 1wy 5 feg1e wiazfiag1eiiusuinsegiasy 1,000 lulasans
wa fegramanauvesiuinalaiin AlFsuanuoyasziain quduinislafinuvisni
annalng AkuN15nT198NEa6835 Chemiluminescent Microparticle Immunoassay

Y

(CMIA) Felatduuan 37U 30 F9eg1e wazaalduau 31uU 30 §29879 weaz@iagnall

v v
v a

USumseg1eties 1,000 lulasdns Aetudelaanuiusag 1 antelun1sAne) IAUIUNIEY 65
LY} 1 < Y] 1 AV va a 1 > < I a [y 1 o
Mag1e lufegananaunnlanaumiisendng 2-8 °c Wussuzialiiiu 5 Ju feuin

Judt 3,500 rpm. WHuan 15 wift newiluneaeulutuneussly

wenanil Megramaraunidlunisaiuaunismeaes Laldaieg19u193551990

NTUAINYIFERSNISLNNENTATULIINNITATIA External quality control Usyanl Ailvinanas
aaa < o Y 1 [ o Y 1 o Y & Y '

n35293RFaduuInduiu 3 10619 waskalluaudnuiu 3 dreg1e dranldiduiiedng

AIUANHAUINLAYNAAU ANLEIAY

3.2 A1SVINANTUIDIESITUIUNISIAY

(%

n1sfnwIAsItlasuN15eYRNITNI15UIFEIINNITITY 21NAMLNIIUNITIIN

D,

NSUTEYUANENTIUNITITUEIINNITITY AUSUSNISlalinuennd aninwinlng launsuses

1AS9NNS 8/2563

3.3 nmamssudlegenruaugmiuldlunisuSuudedrnmuizanlunisaruna

TPPA Tngasanwg

tf1081911m 551U TEINE AIER f TN AnanisnTadfldaduuan
§1uu 3 foghs uihnsEenddiilsesulamesiaanauiuam Tneisuanlanes 1:1,
1:2, 1:4, 1:16, 1:32, 1:64 way 1:128 Lﬁ@lﬁlﬁﬁsé’ummLLiaﬁumﬂﬁﬁ%mmﬁumjumamqu
AsungUuUY wazgnlfifusauguuindmiunisuiuussangeniug luvaeiidietns
LMSFILNATLAMEIMERT Nsunmdfinanisasedidaduay Siuau 3 fedra laignii
madonualfilummuauavdmiunisuiuudsoniuag fegsmunuisuinuazay

¥

AINENINUINATIINTRNFAMLTS TPPA Ineilsiwasidunsiail w3ey Microtiter plate vun
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96 nau Arunguugus U feflvunvosmauuiSonsindu 9 x 11.25 fadwns (3U# 9)
nea diluent buffer Usuas 100 pL aﬂquuﬁ' 1 uamen diluent buffer USu1ns 25 pL
Tunqudl 2 aufanguil 4 veadegemuaNUINYIeay Usuns 25 ul asluviauil 1 wasl
dnfudetiun gadeuung 25 L lumaud 2 aufanquil 4 wdigaiisu3uns 25 L
neun Unsensitized particle aﬂu‘wqmﬁl 3 agnyn Sensitized particle aﬂwquﬁ 4 gl
datuduszezinan 30 3undl i Microplate shaker wéastsiisly 2 $2luafigaumgiies

dunanisdunguiuvendamaaiiu navesufjnsergnuualu dydnvel () nuneds

Y

Nonreactive iaiaaaifudunquiuwiuuinauiuquiiveussudaau viodamaaifudu
S @ 1%

nauAULUNUIDUAUTQY T3NENNINNBIYATI8IUNIUYBULTEY deyanual (+/-) Munena

9

2 6

Inconclusive Linaaaifudunguiniuuusnuiuquilsveusey dydnwal (+) nuneds

=

Reactive Winvaanfudunguiuusnauiuvquiiznausuinlve) vaulinszaty wazdydnvel

9 U

(++) 11884 reactive WawaaIAUTUNaUAULHTIAUgUOE @I LEND WINAN1TTUNGUT
Watuluwnaznguliludegsdmsuduiinamuazulanalutunounisadiuniag
JuinA nLazeankUUAEwaslUsNsNTaNyiKg Wevin1suTuusisnasidmsunisulana

Wuunuseauvoswoniwsiuaisussly

9.00 mm

ww 0s'0

ww Gz'L i

UM 9 vwmvemauuizensud U nldlunislunisfinuinaaes
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3.4 nsadaeTasiuiinnwdunuy
afaaTesfuiinnmwsuwuudmiulflunstuiinuaufiten TPPA Tagusznouly
dregunsnindn dull adiulwewes wnieadouunuassiia lulasroulnsaaes Arduino
Uno ndesiuuns §1us89 Adapter 12V DC uazene USB

[

Pndeadunaudeanuisaiouseduasufinaasiadis u1vinnisusuwssdnsu

1
=

fuiinamufAzeiiiine1nis TPPA Tngdendeaiunaudifuiaisadeunnuasads 4
annsamdeuiluluuug X uaz Y iiledrenmuFAserluudazay ndesuuanilign
muauselilasaeulnsaiaes Arduino Uno sanansadanmlsildianzuinausasngui
THhaseet dnmuFaseis 96 nqusndudunimdendeiinmluieseidely
uaziBenunuiinidousogunsalfignosnuuudmiuiaiestiuiinnm feazidend

LLamﬂugﬂﬁ 10

Adapter 12V DC

. Ol anutananad

H

nasd Webcam

BIbeLY

NI DOTYNY
=4
4

SESEEEEEEEEEEN
[ T = T A
' .

¢ nuine

afuduonay

we

#18 USB
FUTD9

5UN 10 urulanisesnuuuiasasiuinamuinsen TPPA
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3.5 N1592NLUUANEIUDIUTHNTUYINTLIS

77
= v

N1380NKUUAIAIAIUANNITVINNUTDIENTLISIUNIANIATT TdA1dan1w

O

C# galunmwilsunsudeing Avianuuy Net Framework Inefifdsignideuduaesdiu
= < =~ o o A ¢ . A g v
Fedhuwsnilunisesnwuulisumdiiomuaulilasaeulnsaaesiag Arduino Uno el
a1unsagrennlafiazuqu lususidrunaesdunisfeussnuuulsudiduiioninis
Uszararan1n lun15eeniuuAdIniuauni1sinnuvewenyivisuiaziunay 19fogs
A v J =i a Y aa o v =
AUANUINKATAUTIWSELLAINTURBUN 3.3 MHIUNIIATIVNETT TPPA thanduiinamuas
wlanaiothamujiseunvsuaselasgensduas antduimueailidunasidmiunis
wlanailuuinvseaunuadiu lngeenwuudidsliulanaiegsniuauuinilawes 1:1,
1:2, 1:4, 1:16, 1:32, 1:64 uaz 1:128 4ara1UNTOLENNANITNAGBUITNINAIAIVANUINTUYN

lowwes eananuanIsvageuvesitmuaNaulig1 sty

dsumaulanaaldvuneiuiisuuiineadunug nanfomauanaauidia
waniuazanasluTmtuiitunasleglifnistungy dliiaweiuidnnimnanisasei
Huvanfuinnisdundy Wethsegismuauauienumunmiiui agldvassiaufineai
T dunasiuvanaausiely Wuiieidufunisuanauin thiegsauauuinilawes 1:1,
1:2, 1:4, 1:16, 1:32, 1:64 uag 1:128 smfuiifinisa %qﬂﬁﬁ%mﬁﬁmmmeﬂ%’yu%wiﬁu

AsanuTIAfinIga vNUASuSWUNURRnwadzaTUANEAU
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Adalusazarulsenoulumenandurndagos fadl
3.5.1 WeNFUN155UAIRINNADY

HerFudidun1s@eusduinevinn1silanaselinanasuyinau Laziiouss

Wy luleseeulnsaans wsaudanswan wluluswnsy
3.5.2 WHandunsidausanu Arduino

Hetunniseusetidunisileumduiewaudelulasaoulnsaass dai

nihfruANN15NuregUnTalneg iieud iy Arduino Uno @sininiiussaianaiay

' ¥
o w a =

deu Netlielviddngnilisudulaen1vr C# a1u15aden15ili Arduino Uno wandra

A
a o
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3.5.3 Hanguanenn

dlondeindeivuauiioguunni X uaz Y indeuiiludgagudnaivedusas

nauufisen Wsknsuagvinistuiinaimiiounldimsginadely nenainisvinauves
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[

ANdINITUR 1IN N
3.5.4 WeAYU Crop AW

wawihnstuiinam ibildnmluguniwaslidunlilagnihudmsesidn

% =% v o o § o - ~ - ] ] a
Wy Fedpainislifleidulumsifenamzusnuiauls viesuniumailans Crop am
3.5.5 Wendunisifenadndeenisiusinsgiud HSL

Tunsfinulaulaemzamduiduliisendudaeafusinty uson
d‘ dl 1 dl ¥ b 1 =l ! dl " 1 aaa d‘
auquasnnililifetesasgndneen Wi man visewrwinagnlilgufisen Weswin
< a Ao o - o =~ o o aaa A
diaaafudidsun wninisidenyidamedsunagyililanmujisenisaula

WinthlUAwsnzvisiale

nMadsufdsuadtefianudidglunisdiuusanmnagidentdaedi
wanzanlunsfine detaadisadlafieorumn middeilildtalunnsgud Hue
Saturation Lightness (HSL) 1nldlunsinszst Geusznaulusenisusuan Hue fie
Anlnud daus 0 89 300 A7 Saturation Ao AIANABLA daust 0.2 Fe 1 wazAn Light

AB AIANETIG Ag 0.1 e 1
3.5.6 Weriduntsulanaguawliidunwiden

\Heannnisanannufisenisdungursaliaeaaiiu aziunisaienini

agviau inlAdnmianae 96 a1 mudwunaueswan faiduliudunissiunimane

1Y

Wnanun isduninien eliinesanisianuanisveasy nedlsieazidenuadlan

[

&
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Do
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g
3.6 N15A523TNAAA2875 TPPA

narad1vesUieanadinisuiy 91w 5 679819 Laznaau1veeuIaig
Tadin 910 60 Mog1e sl 65 Aeg1e 1IN1IRTI9ITeaTEaM 835 TPPA Tnedl
swaztBendell Wwisy Microtiter plate w11 96 nau fifuvquifusud U ven diluent
buffer U31105 100 pL aslungudl 1 udmen diluent buffer Uuns 25 pL lungudl 2

URmAuN 4 neanarad1veie Usuns 25 pL addungui 1 wanliiiiiumeTile go
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818U3unT 25 pL ldavqui 2 auimauil 4 wdigaiiauSuing 25 ul mem Unsensitized
particle aslunauil 3 uaznen Sensitized particle adlunaui 4 welidrmudussezia
30 37 U Microplate shaker ud@amsiiald 2 Falusiigaungilvios funanisiniznguiuves
< a o o = a (3 1% 3 ¢ 3

diaaaniu Inednluduiinnnuagivsgiwlanamegunsaliasgeniuisnsussuians
ANAIRRaNMWITY A1ua1aU Ineddunaunstuinnmlag e uRamewAsoaduinam
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[

AULUU A9l

e USB vadgunsalifeuidniudessu USB veenauiinnes antuingonviugs
& a A a 3 v ¢ ed w v a a
Puyn AdNTWY Start gnasFle’ nUuIzUITINgUTAwenikITAnseuldnu adnAidy
Connect NMNAINNFBIILUTINGTUNT MNUWTARLATBILG I NNANNFBINITEUNE LY
o Ao vt [ & a = a a a d' a !
vudwvdanmvualigaduiuseuduns Uedn adnfidy Auto 1309381308 UNALUY

anluglfnTuns 96 viau lngldiaafeyssaa 116 Junil

InUuTIINIsEUNadnATIIEA YA eI ARU URNUN s 1uNan15¢ 99

[
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v

Y
INLONALITUINDUY NUNIUNAVINUANIYANATNNAUNEDS NIRNITBIUNANIEAWUAINIUA

UfA3e19nn1serusiegeniwisuarsteduiiiau gnuualu dydnwal () nuneds
nonreactive WinlaaafuiniznguiukuuuInaiurauiiveussutaau wsolaaaaifiu

a A

NINqUALKLLUTIMAURAN TG NUINNBINAEIEWIINTOULTEY dydnwal (+/-)
wed inconclusive inwaaiAuiniznauiuwiuunauiuguiizveusey dydnval (+)
wnefis reactive Winaafuniznguiuuinaiuquiisnauvunivng TeuwNngzany uae

doyanwal (++) muneds reactive WAwaaIALNZNAUAULKTIA AN NAILELD
3.7 M3AATIdaYaN1SEnA

nsudanarainseuuisen TPPA filsannaunsaluaseenyiuisnisuseuians

AMAIRaNmNTY gniuUTeuisunsulanafiliannniseunadnaseaUdnlay
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a wa a

WU URNY namaaaesilagniiundiesgimainnugenndeiagldaia kappa

5

€0 Faduadanliinszaunnudenndas (Agreement) sewinangudaya 2 ngu iosewin 35
ARl Uinis 2 35 lnedeyanldliszaunisiauuvuiudydd (Nominal) #3e
Seediu (Ordinal) Auwlnlaanedadiuniuaenndesvestoyandunala (p,) waze
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[

dnahunnuaenndesaslayaiiintulaedudey (o.) HansnisAuIeiail
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Po - pe
k -
1- pe
Po = LN NANTIN LD
Puunlinansaiulaasn
o d' 1 v %
FUIWNANNINL IANER TN
Pe =

uunbinansaiulagean

~ ~ P | aaa aa A A o v &
31NN15USEUEUTRYANANTITNTIVTENINNTTN 1 waedsN 2 Wedmual a WJu
FrununlnavInmsaiueaas b usruuilinaauludsi 1 welinauinludsn 2 c 1u
Frurunlrnaunludsi 1 wilvinaauludsn 2 d Wusuunliiaaunsaiuiandls wag N

I o d‘d :j
WUIUIUNANNIUA
UM ANANTINUY = a+d

Srnuiinnainaglsiansaty (@+ba+c)+(c+db+d)

N N

uuibinansaiulaasan

AEDR Kappa NA1uiadle dA1921319 0 89 1 Feuansdndiundudenndosuazil

AUNLNY F9T

%4ANE0R Kappa AANUNLNY

<0.00 i uasnadodtoyuIn (Poor)
0.00-0.20 fmuaenndoduey (Slight)
0.21-0.40 fmuaenndosneld (Fair)
0.41-0.60 fmuaenndoilunals (Moderate)
0.61-0.80 fmuaenAdedn (Substantial)

0.81-1.00 i uaenndodnuIn (Almost perfect)
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Ui 4
NANISNAADY
1. Wn3estuiinnnduuLuy

AendinseantuukazUsznougunsalingg laun afivlewanes insosdouwnu
aoslin lulasaulvsalass Arduino Uno ndesulau §1uses Adapter 12V DC naen LED

wazany USB wWmenu anunsaasiunsestuiinnmauwuud msuduinnmeeanaufizen

| 1%
¢ ala U 1

TPPA daftwanslusui 11 Fauansdanaunsalidnnegareluasesduiinaimaunuy

Y

v

Usznaumeaiulaawmesininfiaruaunisuyuiisesnismuniuas irnieiudueu n1s

=

uvesafiulawemesazdundouiiazdu welindestufinamadsunluaiuvagy

UfAsenlansudiunnmay \WIBRaaULNUASEATIEINNTOAGRUN IAAULAY X Wagwnu Y

a

iielvindestiuiinnmindeusaluauvauuiiseridesnisidedauiug lngldnaadeu
detuinnwiananiadeussann 116 Jundl vilildnmildauasdeneudnoglunnsiii
7 farmmnzailunisinwldinnesideluldlulasneulnsaaefdedinnuansnd
AdoadeiusTUUABNimed Inthilaiuaugunsaliien THuanmanuldnfideoul’ Tu
nsfinuadsiidentdlulasaeulnsaesiu Arduino Uno dudulslnsaeulnsamesuein
wuudiFagulugaiiagiu ndoaduua Suihfiduiinnmuiie1ves TPPA wazans USB @
fvihideusedoyaszvinmenfiamesiulilasaoulnsaiass wazndosuuny waznaen
LED aunaidn $1uu 4 vaea Seliuasadnannualdnszualniintey Tngldiuluii

nsvwanss 12 1aad 10 nd Adslidin 900 fafueud fd1anuadng 800 - 900 guuu yu

AFLANYWEIEIN 140 B9AN

iwsestufinamsuLuuTignaiwy flassadneueniilunaemanainvlinlngie

fidu (Polyethylene, PE) (§UT1 12) Saunanins 28 wwufiums 817 28 Leufiluns gauviiy 26

o

WURLLAS Tundnwindu 0.5 Alansu Tonszualvil 50 fadueud Anusnedngnsewalnii

o [

winilu 220 Taad wasdisuyuvesa Tangunsalvivan windu 3,150 vmeeLrzed
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UM 11 TangunsalnnglunIasduiinamsuiuy (i) Mmyuuunenaulacinseuiuuy
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d' o 2 2 X s a dl' P
YDIUATDIVUNNNNWAULUY NU18LaY 1 ABAWUUINDLADST VUIELAY 2 ADLATDILADULNUEABS
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UM 12 lassaanngueninsesiuiinamaunuy (uu) insesduiinanduluunseuriasey

YULUAUIUNUAUDNG (B19) 1ATDITUNNATNAULUUNS DUNNIATBUV UL UAUIUNUAIUTN
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2. PuABUNTINULAANAYRslUTWNTUTENYILLS
AYNFINTBONLUUAEIAIUANNITYINIUTawevikITlagldidintw C# Tuns

FoulAnmds LLaﬂ‘ﬁﬁ’J’e}Ej’Nﬂ’]UQQJU’JﬂﬁVLG]LG]’e)% 1:1, 1:2, 1:4, 1:16, 1:32, 1:64 way 1:128

o
Y

wazdegmuanay Wusedaiiethuaenniazilanaiiodin mufiseunusunsen

Tasgananas anntusvusaliduinasdnsunsulanatduuinuseau a1uaisu 910013

§1uUfAse TPPA v83fa9819AIUAN NUISATIvRIINaNinaINNSiNENqUUeRlnLIaaT

Auanugnsennlinauin darue1indrvessaiinanauiiinujisennlinaau (5UN 13)

(%
L3

Tnudsesnwuuliwenduisgaanfindludiavedvuylinseunquiridvedinivaaifiui

NIEAYAT LAIVINITIATIEAVUIAVDINUNNLANAAUYDINAUINWAZAU LS

Circle area from B
greater than A

(Pixel B > Pixel A)

JUM 13 Anuuana1esEninanunueuisen TPPA Nlvinaudaziuy (B) nauin wuirsad
YoeRNaNinINNsINIZNguUeLdnaaIAuanUfAsefiaue1init luraei (A) naau

wusadvernnaufitinannisiniznguveadinmaafiuainufisendiauenduniy

nan1sUTULG LA UAA1IATEIUE Hue Lightness Saturation Litelildn1m
wanzanfignd miunsUssnananmidnea fneandendall Uurnnuaing (Light) 1y
SR Imammadwﬁmmsamﬁqm lawn @1 Light S winu 0.1 wazan Light F iy 1
(Ul 14A) MnduimunAiaTmainufiusuls wasvhnisusualnug (Hue) Tuddudn
1 Taoalnuaanzaniian @A @1 Hue S iy 300 uazAn Hue F wihdu 0 (U7 14B)
aavhefmuameaIaz A nudniutnegi uazuiuaaudnd (Sat) Ineranuduan
wanzauiiga len A1 Sat S Wiy 0.2 wagen Sat F iy 1 (Ul 140) iileldidnannsgiu

A HLS snufusuanusieazident1amunal intrlaninilaannnisduin diunasadng Ludid

dusUNIU Unaiiiaufisendiddaauuagsunalade (5UN14D)
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C D

Ul 14 namsUSulssAmmsgIud HSL (A) UfAsenitudinldainnisufuuseaianuaing
@ Light S wirfu 0.1 uagen Light F wirfu 1 (B) UiAzenfiduinléainnisuiuaiinud an
Hue S Wiy 300 wazAn Hue F iy 0 (O) YFAGoniitudinlfannnsusuanudud e
Sat S Winfu 0.2 wawA Sat F wiriu 1 (D) URseniidudinlsnnndnnnsgiud HLS memnds
ﬂ%’uLme«)uﬁmmmmzauﬁqmLﬁ@iﬁi’ﬂumﬁmwﬁ Failan HSL iU 0 - 300, 0.2 — 1 uay
0.1 - 1 MuasY

19 pixel TunsuUanafivanzan aNI0ATEUARNSILANAAY (-) TIWAUIN (++)
fiAnwindu 300 f9 4000 pixel ewerdulunaaeuiuiogsmuntuInLazay WU
anunsouUanaufisendunqulsegsgndemnlawes uaganusaeuujisenvemauiniay

avwanasiulsegrsdaiau Jdldaanarduussinguieldlusonsduisdmiunsulana

nseuUisen TPPA Tunisaiadildatunanaiivesieuazguinalainludidusely

SUT 15 (UW) wansUFA3e1 TPPA Uu microtiter plate fimaasufushamuguuaniila
Wos 11, 1:2, 1:4, 1:16, 1:32, 1:64 uae 1:128 (NF0UFLA) uazsBuAIUANAY (NFBU
(3w Tuuaa9ild unsensitized particle ananuiaaaaiAuininguiuwiuuinauiuvgudl
youdsudaau dsuvanaliidu () 3o nonreactive lunnlamesvaswinmunuuinuarluyn
vauueafimuauay Tuunitld sensitized particle dunmnuidalaaanuniznguiuuiina

=

Aunauilsnanvuinlng veulansyane Falanalailu (+) uSe reactive Nlamas 1:128

9 Y

luruzAinuidaaniznguiniuuuinuiuauiveuissudaaudwdanalaidu () 9167
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] [
a a a =

AIUANAUNNNAN UJATe7tAinTuuu microtiter plate gniufinainiiesunauas
Uszananalaegeninasfignuiuusimnusigazideniiuuy (3UN 15 619) Jegnussananadu

'
aaa d

dydnwel () (+/4) (+) wae (++) Muansdasyivuisenniavuluudazay

Unsensitized particle

Sensitized particle 4t 3t @ 5 i
N U ANl N

T B 2 y e .

ROTORENDLSHHO A )

7\ D\ DD\ NI
Unsensitized particle

7N ANININININ I\ NININ

-

IS A NAASANANN DD

Sensitized particle

Tlil] TTPA Reader — 5 »
1 2 3 4 5 6 1 8 9 0 11
A
B
N [N N N N [N [N N N N N
C - - - . - . . - . - v
D +‘4;+0 +‘+;+. o Yo [N [ Mo [N
E
[ | s <]
Capture Cear | | Connect || Discomnect | F
x[O¥ ¥ [Cas )
[ Cop [ Mask | G NN [N, NN NN N
o] 1
© e | [® e w|v]*l*]"
o .o Hes:30 | HeF: [0 sas 02 | saF 1] uows 01 | bk |1

aaa

UM 15 Ui5en TPPA finaaeuiudimiunuuinuazaulusenitansesnuuumdalusinsy

fauyiLa3 (VL) microtiter plate ﬁl%ﬁwﬂﬁﬁ%awﬁuﬁammumﬂﬁlmma% 1:1, 1:2, 1:4, 1:16,

1:32, 1:64 way 1:128 UazfIg19AIuANAY (819)
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'
aaa ) v =

Ufnsengniuiinnmuazuiananuinausinusuussuowanyivis uad C uashan G

Y

ﬁawqmmﬂLﬁ@ﬂﬁﬁ%mlﬁaﬁﬁ]’miﬁ unsensitized particle Tnaidu () n3e0 nonreactive
dm¥uuna D wazund H AevauuiAtenildlunisuvanaiilosanld sensitized particle Tu
ARANY 2, 4, 5, 7 waz 8 (+) %38 reactive tunadu 3 waz 6 Winawdy (++) %30 reactive Tu
Aeau 9 Tinaldu (+/-) w3 inconclusive Tuaoautl 10-12 Tinallu (-) 139 nonreactive

3. NM58IUKATHUANANTIINTIVTNAFAEIT TPPA A28LATa9UUNNATNAURUUKAZTONNWIS

AENFWWIENNAFUITIUINTINEY 65 foe Feiiegauraziaggnyaaey

U aaa 14

SuuaTaameomain CMIA waziinauansiuay 35 deths Tnedlen S/Co wnnndn 1 3uly
Tuyefifiog19s1uau 30 fetsiinaay A1 S/Co tounin 1 wailAn S/Co Aodndlu
FENINFYYIUINFDE (ratio of the sample rate; S) 1UAT cutoff (cutoff rate; Co) N5
wlana S/CO < 1.00 A non reactive uag S/ CO > 1.00 Ao reactive tfogewanunI
VPAIUNTINTNAAREIE TPPA wazthluTufinnmsneidesiufinamiunuuiios unanay
uwanadegenviusiiauniu wWisuisuiuniseumademalaedmiihag fifa

d03AU NUIUAAE ARl TEAUURNSENWANANTY AIkanITI8azBuAlUATS19 3

M1319% 3 TEazdeanaUfATe1ved35 TPPA NlElunsns1adilaa degneuasiuanane
LASBIVUNNATINAULUUBAZTON VIS WSHUEUNUBIUNAAIEANUAILAYLINUNLNN

AU R JUH RN (N=65)

o4 TPPA 81uka | TPPA 81una o
amun | S/Co o ., | awdgnsen
TnggUfjunnu | Tnawanduas
1 20.95 ++ ++
2 16.46 ++ ++
3 22.02 ++ +
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=
c
29D
=)
b
I
) o 5

o 4 TPPA 81uWa | TPPA 81uka
aaun | S/Co
Tnggujjineu | Tnasandwas
4 21.12 ++ +
5 21.22 ot i
6 17.76 + +
7 20.49 ++ ++
8 14.17 + "
9 12.14 i +
10 | 18.86 ++ tt
11 11.22 + +
12 21.66 + +
13| 1212 ot N
14 | 15.11 + N
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o 4 TPPA 81uWa | TPPA 81uka
amun | S/Co
Tnggujjineu | Tnasandwas
15 12.84 ++ ++
16 | 18.27 ++ +
17 | 1334 ++ T+
18 17.28 ++ ++
19 14.16 + "
20 20.84 ++ ++
21 | 2292 ++ +
22 16.03 + +
23 | 14.96 + .
24 12.61 + +/-
25 13.09 + +

| . - - — 3
=

(el

£9)

)

and
o«
4 ~ . i )

37



o 4 TPPA 81uWa | TPPA 81uka
aaun | S/Co
Tnggujjineu | Tnasandwas
26 | 12.24 + .
27 | 15.11 + .
28 | 13.09 +t i
29 10.31 + +
30 | 1654 ++ -
31 21.42 ++ i+
32 | 14.89 + +
33 8.36 + N
34 7.76 ot iy
35 | 20.55 ot +
36 <1.00 - -
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£9)
o))
and
e
o D
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o 4 TPPA 91uUNa | TPPA a1uwna
anun | S/Co
Tnggujjineu | Tnasandwas
37 <1.00 - -
38 <1.00 - -
39 <1.00 . -
40 <1.00 - q
41 <1.00 - _
42 <1.00 5 _
43 <1.00 - _
44 <1.00 - _
45 <1.00 - _
46 <1.00 - _
47 <1.00 - -
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o 4 TPPA 91uUNa | TPPA a1uwna
anun | S/Co
Tnggujjineu | Tnasandwas
48 <1.00 - -
49 <1.00 - -
50 <1.00 . -
51 <1.00 - 9
52 <1.00 - _
53 <1.00 - _
54 <1.00 - _
55 <1.00 - _
56 <1.00 - _
57 <1.00 - _
58 <1.00 - -
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\ . | 299D
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anb
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o 4 TPPA 81una | TPPA 81uUKA
aul | S/Co Y .| awugizen
TnggUfunnu | lnewanduas
59 <1.00 i _ '
- 4
4
63 <1.00 2 _ '
4
64 <1.00 a ] '
4
65 <1.00 . J '
\ 4
niewme : S/Co nUNY dndusziedygIuan@Iee (S) AuAl Cutoff (Co)

() w9 nonreactive
(+/-) ¥ueDd inconclusive

(+) kA% (++) VUNYDY reactive
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f7961979UUA 65 FID819 IaVIIN1TIUNALAZLUANALALLATDITUNNATWAULUU
LAZYANYILIS WUINNE reactive WiNAU 34 §19879 wuddusEaU (+) 311U 19 Fvena

LAYSEAU (++) 91U 15 A28879 19iNa inconclusive (+/-) t111U 1 #29819 wazlixa

| [y

nonreactive (-) W1AU 30 $19819 Tuvz N9y 1n158 1 UNan18A U a1 lAgLA 1R LT

a

AU URIL wuddaegeiiling reactive Wiy 35 deg1e wualuszdu (+) 9w 16

Y
U U o

f798719 WATILAU (++) 37U 19 79819 T9Na nonreactive (-) WU 30 o819 wazl

WURA inconclusive (+/-) A15197 3 LAAINAVBINITEIUUATE1V0TT TPPA AeLATEY
v = v L3 sl o -dy =) = (% ! 2/ J 1% v o
TUANAMAULU VLA NS TRRILNTY WisuWiguiunseuRamiegaUalagidmig
AUSURMU 1A 1sUSeuisunseurau§Ase1v0are@e it nudtlinanseaiu 60 51g

(92.31%) wazlingatu 5 518 (7.69%) Gad1uunlaidusiuiu 1 18 MATaauinAINAULUY

va

wazgaNwIs81uNala inconclusive (+/-) Turaengujufaueiunals reactive (+) uae

Y

¢ & 1 a

U 4 518 MATDITUNNAINAULUULAEDDNNLISB1UNALA reactive (+) Tuatush

wva ad v

UfuRnuaunala reactive (++) WellAs1eidayasEAUAINABAATDIYBIIADIITAY
@

ey

adifl Kappa Wu311A1 Kappa = 0.88 k@n3i1n1581uU{A58198935 TPPA A281A384
JUANANAULUUBAZTONTIS TAUdAAARIlUSEAURNINAUNITEIUNAR8ALUEN

a

ag19lsAnunINfinsalanIznIseIuRa reactive InefilaAdadaszauujasen

Maaaisaglvinaufize sty 64 518 (98.46%) WDIATIXVT0YaTEAUAINABAATDIVDN

a v

M9a0335018a0 A Kappa Wu3laA1 Kappa = 0.98 wan131n1581uU)A38199935 TPPA

Qe

PULASDITUNNA WA UL UULAZTONWIS TANNADAARDINULUTEAUANINAUNITBIURANIE

ALUan

= 1

gavdeanauise1vesis TPPA Nldlun1snsiadilaa Fgneuuazulananie

Y

WASDITUTNNAINAULUULAZTBNNWIS LUSsUiauiUe1UNan 1891 Ua1lngLa1utN7

AU R (N=65)
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M13199 4 HaagUn1InTIEHAaluAeg 1 aNaaN1AIT TPPA Fuiniseunauazsuuana

MmeAIRItunANALLUULarYaNYILIS LWSeuiguiunisenuramenUalneuidinu

wieliafilddunanis
i HUUR
NAEDUIS TPPA 374
32AU - |+~ |+ | 4+ | (F29819)
ECE Ug)naen
YUNNAIN - 30 | 0 0 0 30
AULUULAE +/- 0 0 1 0 1
YONYIWIT + 0| 0|15 4 19
++ 0 0 0 15 15
334 30 0 16 19 65
NUEWe : () 18 nonreactive

(+/-) ueDd inconclusive

(+) haY (++) MUY reactive
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AatiuusuIAiendslanuInlundesiininsiadansesdiaaluladinvesuianaladin
N3 lngordanisasianisimassive Taduniseasramglduiuressnneiineuaues
Aon1sAnLte AuduINIslafinuieyd ann1yaltng dnsnsaadansedsadidalulainves
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TAnvesinsoswuuuutufinnnuaz e nsiuas
using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Ling;
using System.Text;
using System.Windows.Forms;
using Touchless.Vision.Camera;
using System.Drawing.Imaging;
using System.|O.Ports;
using System.Threading;
using System.Drawing.Drawing2D;
using AForge.Imaging.Filters;
using AForge;
namespace Demo
{
public partial class MainForm : Form
{
double stepx = 2.49;
double stepy = 2.49;
public MainForm()
{
InitializeComponent();
}
private void MainForm_Load(object sender, EventArgs e)
{
inti=0;
intj=0;

if (IDesigcnMode)
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comboBoxCameras.ltems.Clear();
foreach (Camera cam in CameraService.AvailableCameras)
comboBoxCameras.ltems.Add(cam);
ifl comboBoxCameras.ltems.Count > 0 )
comboBoxCameras.Selectedindex = 0;
}

for(j=0;j<8;j++)

{
for(i=0;i<12; i++)
{
var picture = new PictureBox
{
Name ="P" + i.ToString() + j.ToString(),
Size = new Size(48, 48),
Location = new System.Drawing.Point(390 + 49 * i, 395 - 49 * j),
Tag = "P" + i.ToString() + "," + j.ToString(),
BackColor = Color.White,
BorderStyle = System.Windows.Forms.BorderStyle.FixedSingle,
Backgroundimasgelayout = ImagelLayout.Stretch
¥
this.Controls.Add(picture);
}
}
i=0j=0;

for(j=0;j <8 j++)

{
Char aaa = 'A}
var bl = new Label
{

Name = "LL" + i.ToString() + j.ToString(),
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Location = new System.Drawing.Point(370 , 400 - 49 * j + 10),
Font = new Font("Times New Roman", 12.0f),

Tag = "LL" + i.ToString() + "," + j.ToString(),

Text = ((Char)aaa+7 -j)).ToString(),

ForeColor = Color.Black,

BackColor = Color.Transparent,

AutoSize = true,

Visible = true

this.Controls.Add(lbl);

(bL.BringToFront();

for(i=0;i<12;i++)

{

}

var bl = new Label

{

%

Name = "LL" + i.ToString() + j.ToString(),

Location = new System.Drawing.Point(395 + 49 * i + 10, 29),
Font = new Font("Times New Roman", 12.0f),

Tag = "LL" + i.ToString() + "," + j.ToString(),

Text = (i+1).ToString(),

ForeColor = Color.Black,

BackColor = Color.Transparent,

AutoSize = true,

Visible = true

this.Controls.Add(lbl);

(bL.BringToFront();

for(j=0;j<8;j++)
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for (i=0;i<12; i++)
{
var bl = new Label
{
Name = "L" + i.ToString() + j.ToString(),
Location = new System.Drawing.Point(385 + 49 * i + 10, 390 - 49 * j + 10),
Font = new Font("Times New Roman", 12.0f),
Tag = "L" + i.ToString() + "," + j.ToString(),
Text = "+/-,
ForeColor = Color.Red,
BackColor = Color.Transparent,
AutoSize = true,
Visible = false
7
this.Controls.Add(lbV);

(bl.BringToFront();

}
string[] ArrayComPortsNames = null;
int index = -1;
string ComPortName = null;
try
{
ArrayComPortsNames = SerialPort.GetPortNames();
do
{
index += 1;
cboPorts.Items.Add(ArrayComPortsNames[index]);
}

while (I((ArrayComPortsNames[index] == ComPortName)
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|| (index == ArrayComPortsNames.GetUpperBound(0))));
Array.Sort(ArrayComPortsNames);
if (index == ArrayComPortsNames.GetUpperBound(0))
{

ComPortName = ArrayComPortsNames[0];

}
cboPorts.Text = ArrayComPortsNames[0];
serialPortl.DataReceived +=

new System.lO.Ports.SerialDataReceivedEventHandler(port_DataReceived 1);
this.comboBox1.SelectedIndex = 0;

this.comboBox2.Selectedindex = 0;

catch

{

}

string folderName = @"c:\Result";
System.lO.Directory.CreateDirectory(folderName);
System.lO.Directory.CreateDirectory(folderName + @"\Origin");
System.lO.Directory.CreateDirectory(folderName + @"\Crop");
System.lO.Directory.CreateDirectory(folderName + @"\Mask™);
System.lO.Directory.CreateDirectory(folderName + @"\Analyze");

System.lO.Directory.CreateDirectory(folderName + @"\Total");

private void MainForm_FormClosing(object sender, FormClosingEventArgs e)

{

}

userControl11.Stop();

private void btnStop Click(object sender, EventArgs e)

{

userControl11.Stop();



private CameraFrameSource frameSource;

private static Bitmap _latestFrame;

private Camera CurrentCamera

{

}

get
{

return comboBoxCameras.Selecteditem as Camera;

private void btnStart_Click(object sender, EventArgs e)

{

}

userControl11.Start();

private void startCapturing()

{

try

Camera ¢ = (Camera)comboBoxCameras.Selectedltem;
setFrameSource(new CameraFrameSource(c));
_frameSource.Camera.CaptureWidth = 640;
_frameSource.Camera.CaptureHeight = 480;
_frameSource.Camera.Fps = 50;
_frameSource.NewFrame += OnlmageCaptured;
cameraPropertyValue.Enabled = frameSource.StartFrameCapture();

}

catch (Exception ex)

{
comboBoxCameras.Text = "Select A Camera";

MessageBox.Show(ex.Message);
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private void drawlLatestimage(object sender, PaintEventArgs e)
{
if (_latestFrame != null)
{
e.Graphics.Drawlmage(_latestFrame, 0, 0, _latestFrame.Width,
_latestFrame.Height);
}
}
public void OnlmageCaptured(Touchless.Vision.Contracts.IFrameSource
frameSource, Touchless.Vision.Contracts.Frame frame, double fps)
{
_latestFrame = frame.Image;
pictureBoxDisplay.Image = frame.Image;
}
private void setFrameSource(CameraFrameSource cameraFrameSource)
{
if (_frameSource == cameraFrameSource)
return;
_frameSource = cameraFrameSource;
}
private void thrashOldCamera()
{
if (_frameSource != null)
{
_frameSource.NewFrame -= OnlmageCaptured;
_frameSource.Camera.Dispose();
setFrameSource(null);

pictureBoxDisplay.Paint -= new PaintEventHandler(drawlLatestimage);

}

private void btnSave_Click(object sender, EventArgs e)
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var pictureBoxes = Controls.Of Type<PictureBox>();
foreach (PictureBox c in pictureBoxes)
{
if (c.Tag != null)
{
if (c.Tag.ToString() == "P"+ (Int32.Parse(comboBox1.Text)-1).ToString() +","+
(Int32.Parse(comboBox2.Text) - 1).ToString() + ")
{

c.Backgroundimage = userControl11.Capp();

}
public static Bitmap Resizelmage(lmage image, int width, int height)
{
var destRect = new Rectangle(0, 0, width, height);
var destimage = new Bitmap(width, height);
destlmage.SetResolution(image.HorizontalResolution, image.VerticalResolution);
using (var graphics = Graphics.Fromimage(destimage))
{
graphics.CompositingMode = CompositingMode.SourceCopy;
graphics.CompositingQuality = CompositingQuality.HighQuality;
graphics.InterpolationMode = InterpolationMode.HighQualityBicubic;
graphics.SmoothingMode = SmoothingMode.HighQuality;
graphics.PixelOffsetMode = PixelOffsetMode.HighQuality;
using (var wrapMode = new ImageAttributes())
{

wrapMode.SetWrapMode(WrapMode. TileFlipXY);



graphics.Drawlmage(image, destRect, 0, 0, image.Width, image.Height,
GraphicsUnit.Pixel, wrapMode);
}
}
return destimage;
}
private void btnConfig_Click(object sender, EventArgs e)
{
}
#region Camera Property Controls
private IDictionary<String, CameraProperty> displayPropertyValues;
private IDictionary<String, CameraProperty> DisplayPropertyValues
{
get
{
if( displayPropertyValues == null )
displayPropertyValues = new Dictionary<String, CameraProperty>()
{
{ "Pan (Degrees)", CameraProperty.Pan_degrees },
{ "Tilt (Degrees)", CameraProperty.Tilt degrees },
{ "Roll (Degrees)", CameraProperty.Roll_degrees },
{ "Zoom (mm)", CameraProperty.Zoom_mm },
{ "Exposure (log2(seconds))", CameraProperty.Exposure_lgSec },
{ "Iris (10f)", CameraProperty.Iris_10f },
{ "Focal Length (mm)", CameraProperty.FocalLength_mm },
{ "Flash", CameraProperty.Flash },
{ "Brightness", CameraProperty.Brightness },
{ "Contrast", CameraProperty.Contrast },
{ "Hue", CameraProperty.Hue },
{ "Saturation", CameraProperty.Saturation },

{ "Sharpness", CameraProperty.Sharpness },
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{ "Gamma", CameraProperty.Gamma },
{ "Color Enable", CameraProperty.ColorEnable },
{ "White Balance", CameraProperty.WhiteBalance },
{ "Backlight Compensation", CameraProperty.BacklightCompensation },
{ "Gain", CameraProperty.Gain },
L

return displayPropertyValues;

}
private IDictionary<CameraProperty, CameraPropertyCapabilities>
CurrentCameraPropertyCapabilities
{
get;
set;
}
private IDictionary<CameraProperty,CameraPropertyRange>
CurrentCameraPropertyRanges
{
get;
set;
}
private CameraProperty SelectedCameraProperty
{
get
{
Int32 selectedindex = cameraPropertyValue.Selectedindex;
String selectedltem = cameraPropertyValue.ltems[ selectedindex ] as String;
CameraProperty result = DisplayPropertyValues| selecteditem J;

return result;
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private Boolean IsSelectedCameraPropertySupported
{
get;
set;
}
private Boolean IsCameraPropertyValueTypeValue
{
get
{

return ( ( String ) cameraPropertyValueTypeSelection.Selectedltem ) == "Value";

}
private Boolean IsCameraPropertyValueTypePercentage
{
get
{
return ( ( String ) cameraPropertyValueTypeSelection.Selecteditem ) ==

"Percentage”;

}
private Int32 CameraPropertyValue
{
get
{
Decimal value = cameraPropertyValueValue.Value;
INt32 result;
if( IsCameraPropertyValueTypeValue || IsCameraPropertyValueTypePercentage )
{
value = Math.Round( value );

result = Convert.ToInt32( value );
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else
throw new NotSupportedException( String.Format( "Camera property value
type '{0} is not supported.”, ( String ) cameraPropertyValueTypeSelection.Selecteditem ) );

return result;

}
private Boolean IsCameraPropertyAuto
{

get

{

return cameraPropertyValueAuto.Checked;

}
private Boolean SuppressCameraPropertyValueValueChangedEvent
{
get;
set;
}
private Boolean CameraPropertyControlinitializationComplete
{
get;
set;
}
private void InitializeCameraPropertyControls()
{
CameraPropertyControlinitializationComplete = false;
CurrentCameraPropertyCapabilities = CurrentCamera.CameraPropertyCapabilities;
CurrentCameraPropertyRanges = new Dictionary<CameraProperty,
CameraPropertyRange>();
cameraPropertyValueTypeSelection.Selectedindex = 0;

cameraPropertyValue.ltems.Clear();



cameraPropertyValue.ltems.AddRange( DisplayPropertyValues.Keys. ToArray() );
CameraPropertyControlinitializationComplete = true;
cameraPropertyValue.Selectedindex = 0;
}
private void UpdateCameraPropertyRange( CameraPropertyCapabilities
propertyCapabilities )
{
String text;
if( IsSelectedCameraPropertySupported &&
propertyCapabilities.IsGetRangeSupported && propertyCapabilities.lsGetSupported )
{
CameraPropertyRange range = CurrentCamera.GetCameraPropertyRange(
SelectedCameraProperty );
text = String.Format( "[ {0}, {1} 1, step: {2}", range.Minimum, range.Maximum,
range.Step );
INt32 decimalPlaces;
Decimal minimum, maximum, increment;
if( IsCameraPropertyValueTypeValue )
{
minimum = range.Minimum;
maximum = range.Maximum;
increment = range.Step;
decimalPlaces = 0;
}
else if( IsCameraPropertyValueTypePercentage )
{
minimum = 0;
maximum = 100;
increment = 0.01M,;

decimalPlaces = 2;
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else
throw new NotSupportedException( String.Format( "Camera property value
type '{0} is not supported.”, ( String ) cameraPropertyValueTypeSelection.Selecteditem ) );
cameraPropertyValueValue.Minimum = minimum;
cameraPropertyValueValue.Maximum = maximum;
cameraPropertyValueValue.Increment = increment;
cameraPropertyValueValue.DecimalPlaces = decimalPlaces;
if( CurrentCameraPropertyRanges.ContainsKey( SelectedCameraProperty ) )
CurrentCameraPropertyRanges| SelectedCameraProperty ] = range;
else
CurrentCameraPropertyRanges.Add( SelectedCameraProperty, range );
CameraPropertyValue value = CurrentCamera.GetCameraProperty(
SelectedCameraProperty, IsCameraPropertyValueTypeValue );
SuppressCameraPropertyValueValueChangedEvent = true;
cameraPropertyValueValue.Value = value.Value;
cameraPropertyValueAuto.Checked = value.lsAuto;
SuppressCameraPropertyValueValueChangedEvent = false;
}
else
text = "N/A"
cameraPropertyRangeValue. Text = text;
}
private void cameraPropertyValueTypeSelection SelectedindexChanged( Object
sender, EventArgs e )
{
ift CameraPropertyControlinitializationComplete )
{
CameraPropertyCapabilities propertyCapabilities =
CurrentCameraPropertyCapabilities[ SelectedCameraProperty ],
CameraPropertyRange range = CurrentCameraPropertyRanges|

SelectedCameraProperty 1;
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Decimal previousValue = cameraPropertyValueValue.Value;
UpdateCameraPropertyRange( propertyCapabilities );
Decimal newValue;
if( IsCameraPropertyValueTypeValue

newValue = range.DomainSize * previousValue / 100 + range.Minimum;
else if( IsCameraPropertyValueTypePercentage )

newValue = ( previousValue - range.Minimum ) * 100 / range.DomainSize;
else

throw new NotSupportedException( String.Format( "Camera property value

type {0} is not supported.”, ( String ) cameraPropertyValueTypeSelection.Selecteditem ) );

newValue = Math.Round( newValue );
if( newValue > range.Maximum )

newValue = range.Maximum;
else if( newValue < range.Minimum )

newValue = range.Minimum;
SuppressCameraPropertyValueValueChangedEvent = true;
cameraPropertyValueValue.Value = newValue;

SuppressCameraPropertyValueValueChangedEvent = false;

}

private void cameraPropertyValueValue ValueChanged( Object sender, EventArgs e

ift CameraPropertyControlinitializationComplete &&
ISuppressCameraPropertyValueValueChangedEvent )
{
CameraPropertyValue value = new CameraPropertyValue(
IsCameraPropertyValueTypePercentage, CameraPropertyValue, IsCameraPropertyAuto );

CurrentCamera.SetCameraProperty( SelectedCameraProperty, value )
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private void cameraPropertyValueAuto CheckedChanged( Object sender, EventArgs

ift CameraPropertyControlinitializationComplete )
{
CameraPropertyValue value = new CameraPropertyValue(
IsCameraPropertyValueTypePercentage, CameraPropertyValue, IsCameraPropertyAuto );

CurrentCamera.SetCameraProperty( SelectedCameraProperty, value );

}
private void cameraPropertyValue SelectedindexChanged( Object sender,

EventArgs e )

if( CameraPropertyControlinitializationComplete )
{
IsSelectedCameraPropertySupported =
CurrentCamera.lsCameraPropertySupported( SelectedCameraProperty );
CameraPropertyCapabilities propertyCapabilities =
CurrentCameraPropertyCapabilities] SelectedCameraProperty J;
UpdateCameraPropertyRange( propertyCapabilities );
cameraPropertyValueAuto.Enabled = cameraPropertyValueValue.Enabled =
cameraPropertyValueTypeSelection.Enabled = IsSelectedCameraPropertySupported &&
propertyCapabilities.IsFullySupported;
}
}

private void cameraPropertyValueValue EnabledChanged( Object sender, EventArgs

ift CameraPropertyControlinitializationComplete &&
ISuppressCameraPropertyValueValueChangedEvent && cameraPropertyValueValue.Enabled )

{



CameraPropertyValue value = CurrentCamera.GetCameraProperty(
SelectedCameraProperty, IsCameraPropertyValueTypeValue );
cameraPropertyValueValue.Value = value.Value;

cameraPropertyValueAuto.Checked = value.lsAuto;

}
private void cameraPropertyValue EnabledChanged( Object sender, EventArgs e )
{
if( cameraPropertyValue.Enabled )
InitializeCameraPropertyControls();
}
#endregion
private void button2_Click(object sender, EventArgs €)
{
serialPort1.PortName = Convert. ToString(cboPorts.Text);
serialPort1.0pen();
while (serialPort1.IsOpen = true)
{
}
if (serialPort1.IsOpen == true)
{
currentposition _x = 0;
currentposition_y = 0;
serialPort1.Write("G1\OX" + (currentposition x).ToString() + "\OF200\r");
serialPort1.Write("GI\OY" + (currentposition_y).ToString() + "\OF200\r");
label8.Text = (currentposition_x).ToString();

label10.Text = (currentposition_y).ToString();

}
delegate void SetTextCallback(string text),

string InputData = String.Empty;
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private void port_DataReceived 1(object sender, SerialDataReceivedEventArgs e)
{

InputData = serialPort1.ReadExisting();

if (InputData != String.Empty)

{

this.Begininvoke(new SetTextCallback(SetText), new object(] { InputData });

}
private void SetText(string text)
{
this.label3.Text += text;
}
private void buttonl Click(object sender, EventArgs e)
{
serialPort1.Close();
}
double currentposition x = 0;
double currentposition_y = 0;
double lastposition_y = 0;
private void button11 Click(object sender, EventArgs e)
{
if (serialPortl.IsOpen == true)
{
currentposition_x = currentposition_x + stepx;
serialPort1.Write("GI\OX" + (currentposition_x).ToString() + "\OF200\r");

label8.Text = (currentposition_x).ToString();

}

private void button10_Click(object sender, EventArgs e)

{

if (serialPort1.IsOpen == true)
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if (currentposition_x > 0)

{
currentposition_x = currentposition_x - stepx;
serialPort1.Write("GI\OX" + (currentposition x).ToString() + "\OF200\r");

label8.Text = (currentposition_x).ToString();

}

private void button7_Click(object sender, EventArgs e)

{

if (serialPort1.IsOpen == true)

{

currentposition_y = currentposition_y + stepy;
serialPort1.Write("GI\OY" + (currentposition_y).ToString() + "\OF200\r");

label10.Text = (currentposition y).ToString();

}

private void button9 Click(object sender, EventArgs e)

{
if (serialPort1.IsOpen == true)
{
if (currentposition_y > 0)
{
currentposition_y = currentposition_y - stepy;
serialPort1.Write("GI\OY" + (currentposition_y).ToString() + "\OF200\r");

label10.Text = (currentposition_y).ToString();

}

private void button8 Click(object sender, EventArgs e)
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if (serialPort1.IsOpen == true)

{
currentposition_x = 0;
currentposition_y = 0;
serialPort1.Write("G1\OX" + (currentposition x).ToString() + "\OF200\r");
serialPort1.Write("G1\OY" + (currentposition_y).ToString() + "\OF200\r");
label8.Text = (currentposition_x).ToString();

label10.Text = (currentposition_y).ToString();

}
private void button5_Click(object sender, EventArgs e)
{
if (serialPort1.IsOpen == true)
{
currentposition x = 0 ;
currentposition y = 0;
serialPort1.Write("GI\OX" + (currentposition x).ToString() + "\OF200\r");
serialPort1.Write("GI\OY" + (currentposition_y).ToString() + "\OF200\r");
}
timerl.Enabled = true;
}
bool invert = false;
private void timerl Tick(object sender, EventArgs e)
{
if (serialPort1.IsOpen == true)
{
serialPort1.Write("G1\OX" + (currentposition x).ToString() + "\OF1000\r");
serialPort1.Write("GI\OY" + (currentposition_y).ToString() + "\OF200\r");
if (lastposition_y != currentposition_y)

{



lastposition_y = currentposition vy;
timer3.Enabled = true;

timerl.Enabled = false;

else

timer2.Enabled = true;
}
label8.Text = (currentposition x).ToString();

label10.Text = (currentposition y).ToString();

}
private void button3 Click(object sender, EventArgs e)
{
String jpgl = @"C:\Users\blab_\Desktop\csharpWebCam-
master\Result_Image\1.png";
String jpg2 = @"C:\Users\blab \Desktop\csharpWebCam-
master\Result_Image\2.png";
String jpg3 = @"C:\Users\blab_\Desktop\csharpWebCam-
master\Result_Image\Result.png";
Image img1 = Image.FromFile(jpgl);
Image img2 = Image.FromFile(jpg2);
int width = imgl.Width + img2.Width;
int height = Math.Max(img1.Height, img2.Height);
Bitmap img3 = new Bitmap(width, height);
Graphics g = Graphics.Fromimage(img3);
g.Clear(Color.Black);
g.Drawlmage(img1, 0,0,256,256);
g.Drawlmage(img2, 256, 0, 256, 256);
g.Dispose();

img1.Dispose();
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img2.Dispose();

img3.Save(jpg3, System.Drawing.Imaging.ImageFormat.Jpeg);

img3.Dispose();
}
private void buttond Click(object sender, EventArgs e)
{
}
private void button3_Click_1(object sender, EventArgs e)
{
}
private void button12 Click(object sender, EventArgs e)
{

var pictureBoxes = Controls.Of Type<PictureBox>();

foreach (PictureBox c in pictureBoxes)

{

if (c.Tag != null)
{
if (c.Tag.ToString() == "P" + (Int32.Parse(comboBox1.Text) - 1).ToString() + "
+ (Int32.Parse(comboBox2.Text) - 1).ToString() + ")
{

c.Backgroundimage = null;

}
private void button3 Click 2(object sender, EventArgs e)
{
timerl.Enabled = false;
}
private void timer2_Tick(object sender, EventArgs e)

{
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timer2.Enabled = false;
var pictureBoxes = Controls.OfType<PictureBox>();
foreach (PictureBox c in pictureBoxes)
{
if (c.Tag != null)
{
if (c.Tag.ToString() == "P" + (currentposition_x / stepx).ToString() + "," +
(currentposition_y / stepy).ToString() + ")
{
c.Backgroundimage = userControl11.Capp();

c.Backgroundimage.Save(@"c:\Result\Origin\" + c.Tag.ToString)+".png",

ImageFormat.Png);

}
if (Math.Round(currentposition x, 2) == 0 && Math.Round(currentposition y, 2)

== Math.Round(7*stepy, 2))

{
currentposition_x = 0;
currentposition_y = 0;
label8.Text = (currentposition x).ToString();
label10.Text = (currentposition_y).ToString();
serialPort1.Write("G1\OX" + (currentposition x).ToString() + "\OF200\r");
serialPort1.Write("G1\OY" + (currentposition_y).ToString() + "\OF200\r");
timerl.Enabled = false;
invert = false;

}

else

{

if (Math.Round(currentposition_x, 2) == Math.Round(stepx*11, 2) && invert ==

false)



invert = true;
currentposition_y += stepy;
timerl.Enabled = true;

}

else if (Math.Round(currentposition x, 2) == 0 & invert == true)

{
invert = false;
currentposition_y += stepy;
currentposition_y = Math.Round(currentposition vy, 2);
timer1.Enabled = true;
}
else
{
if (invert == false)
{
currentposition x += stepx;
currentposition_x = Math.Round(currentposition_x, 2);
}
else
{
currentposition_x -= stepx;
currentposition x = Math.Round(currentposition x, 2);
}
}

}
private void buttond _Click_1(object sender, EventArgs e)
{

inti=0;

intj = 0;
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for(j=0;j<8;j++)
{
for (i=0;i< 12; i++)
{
Image mylmage = Image.FromFile(@"C:\Result\Origin\P" + i.ToString() + "," +
j.ToString() + ".png");
Bitmap croppedBitmap = new Bitmap(mylmage);
croppedBitmap = croppedBitmap.Clone(
new Rectangle(
205, 115,
250,
250),
System.Drawing.Imaging.PixelFormat.DontCare);
var pictureBoxes = Controls.Of Type<PictureBox>();
foreach (PictureBox c in pictureBoxes)
{
if (c.Tag = null)
{
if (c.Tag.ToString() == "P" + i.ToString() + "," +j.ToString() + ")
{
c.Backgroundimage = croppedBitmap;
croppedBitmap.Save(@"c:\Result\Crop\" + c.Tag.ToString() + ".png",

ImageFormat.Png);

}

private void button6_Click(object sender, EventArgs e)

{
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inti=0;
intj=0;
intx =0;
inty =0;
Color newColor = Color.White;
Color actualColor;
for(j=0;j<8;j++)
{
for(i=0;i< 12; i++)
{
try
{
HSLFiltering filter = new HSLFiltering();
try
{
int hs = int.Parse(this.textBox8.Text);
int hf = int.Parse(this.textBox9.Text);
float ss = float.Parse(this.textBox11.Text);
float sf = float.Parse(this.textBox10.Text);
float ls = float.Parse(this.textBox13.Text);
float f = float.Parse(this.textBox12.Text);
filter.Hue = new IntRange(hs, hf);
filtter.Saturation = new Range(ss, sf);
filter.Luminance = new Range(ls, lf);
}
catch (Exception)
{

throw new ApplicationException("Color Fail");

}

Bitmap finallmage = new Bitmap(@"C:\Result\Crop\P" + i.ToString() + ",

+ j.ToString() + ".png");



System.Drawing.Bitmap newlmage = filter.Apply(finalimage);
newlmage = ChangeColor(newlimage);
var pictureBoxes = Controls.Of Type<PictureBox>();

foreach (PictureBox c in pictureBoxes)

{
if (c.Tag != null)
{
if (c.Tag.ToString() == "P" + i.ToString() + "," + j.ToString() + ")
{
c.Backgroundimage = newlmage;
newlmage.Save(@"'c:\Result\Mask\" + c.Tag.ToString() + ".png",
ImageFormat.Png);
}
}
}

}
catch (Exception)
{

throw new ApplicationException("Failed loading image");

}
public static Bitmap ChangeColor(Bitmap scrBitmap)
{
Color newColor = Color.White;
Color actualColor;
Bitmap newBitmap = new Bitmap(scrBitmap.Width, scrBitmap.Height);
for (inti = 0; i < scrBitmap.Width; i++)
{

for (int j = 0; j < scrBitmap.Height; j++)
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actualColor = scrBitmap.GetPixel(, j);
if (actualColor.R == 0)

newBitmap.SetPixel(j, j, newColor);
else

newBitmap.SetPixel(j, j, Color.Black);

}
return newBitmap;
}
private void button13 Click(object sender, EventArgs e)
{
inti=0;
intj=0;
var nonblackPixels = 0;
String resultl = "0%
for (j=0;j < 8 j++)
{
for (i=0;1<12; i++)
{

try

Bitmap bmp = new Bitmap(@"C:\Result\Mask\P" + i.ToString() + "," +
j-ToString() + ".png");

nonblackPixels = 0;
for (int x = 0; x < bmp.Width; x++)
{

for (inty = 0; y < bmp.Height; y++)

{

if (bmp.GetPixel(x, y).ToArgb().Equals(Color.White. ToArgb()))

{



nonblackPixels++;

}
if (i == 10 && j == 6)
{
nonblackPixels = nonblackPixels +1 - 1;
}
if (nonblackPixels < Int16.Parse(this.textBox1.Text))
{
resultl ="
}
else if (nonblackPixels < Int16.Parse(this.textBox2.Text))
{
resultl = "N";
}
else if (nonblackPixels < Int16.Parse(this.textBox3.Text))
{
resultl = "N
}
else if (nonblackPixels < Int16.Parse(this.textBox4.Text))
{
resultl = "+/-";
}
else if (nonblackPixels < Int16.Parse(this.textBox5.Text))
{

resultl = "+"
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else if (nonblackPixels < Int16.Parse(this.textBox6.Text))

{

resultl = "++"

}

else if (nonblackPixels < Int16.Parse(this.textBox7.Text))

{

resultl = "++"

else

resultl = "+"

}

var labels = Controls.Of Type<Label>();

foreach (Label ¢ in labels)

{

if (c.Tag != null)

{

if (c.Tag.ToString() == "L" + i.ToString() +

{

c.Text = resultl;
c.Visible = true;
if (resultl == "N")
{

c.ForeColor = Color.Blue;

else

c.ForeColor = Color.Red;

}

string AddText = resultl;

no
’

+ . ToString() + ™)

PointF firstLocation = new PointF(10f, 10f);
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string imageFilePath = @"c:\Result\Crop\" +
c.Tag.ToString().Replace("L","P") + ".png";
Bitmap newBitmap;
using (var bitmap = (Bitmap)image.FromFile(imageFilePath))
{
using (Graphics graphics = Graphics.Fromimage(bitmap))
{
using (Font arialFont = new Font("Arial", 48))
{
if (AddText == "N")
{
graphics.DrawString(AddText, arialFont, Brushes.Blue,

firstLocation);

else

graphics.DrawString(AddText, arialFont, Brushes.Red,

firstLocation);

}
newBitmap = new Bitmap(bitmap);
}
newBitmap.Save(@"c:\Result\Analyze\" +
c.Tag.ToString().Replace("L", "P") + ".png");

newBitmap.Dispose();

}

catch (Exception)



throw new ApplicationException("Failed loading image");

}
private void button14_Click(object sender, EventArgs e)
{

inti=0;

intj=0;

int width = 3600;

int height = 2400;

Bitmap img3 = new Bitmap(width, height);

Graphics ¢ = Graphics.Fromlmage(img3);

g.Clear(Color.Black);

for (j=0;j < 8 j++)
{
for (i =0;i< 12; i++)
{
try
{

Image img = Image.FromFile(@"C:\Result\Analyze\P" + i.ToString() + "," +

j-ToString() + ".png");
g.Drawlimage(img, 300%i, 300%j, 300, 300);
img.Dispose();
var labels = Controls.Of Type<Label>();
foreach (Label c in labels)
{
if (c.Tag != null)

{
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if (c.Tag.ToString() == "L" + i.ToString() + "," + j.ToString() + ")
{
c.Text ="0"

c.Visible = false;

}
var pictureBoxes = Controls.Of Type<PictureBox>();

foreach (PictureBox c in pictureBoxes)

{
if (c.Tag != null)
{
if (c.Tag.ToString() == "P" + i.ToString() + "," + j.ToString() + ")
{
c.Backgroundimage = null;
}
}
}

}
catch (Exception)
{

throw new ApplicationException('Failed loading image");

}

g.Dispose();

SaveFileDialog saveFileDialogl = new SaveFileDialog();

saveFileDialogl.Filter = "JPeg Image|*.jpg|Bitmap Image[*.omp|Gif Image|*.gif";
saveFileDialogl.Title = "Save an Image File";

saveFileDialog1.ShowDialog();

if (saveFileDialogl.FileName = ")

91



saveFileDialog1.InitialDirectory = @"C:\Result\Total\Total\";
img3.Save(saveFileDialogl.FileName,

System.Drawing.Imaging.ImageFormat.Jpeg);

}
img3.Dispose();
MessageBox.Show("Combine Donel");
}
private void cboPorts SelectedindexChanged(object sender, EventArgs e)
{
}
private void comboBoxCameras_SelectedindexChanged(object sender, EventArgs e)
{
}
private void timer3_Tick(object sender, EventArgs e)
{
var pictureBoxes = Controls.Of Type<PictureBox>();
foreach (PictureBox c in pictureBoxes)
{
if (c.Tag != null)
{
if (c.Tag.ToString() == "P" + (currentposition x / stepx).ToString() + "," +
(currentposition y / stepy).ToString() + ")
{
c.Backgroundimage = userControl11.Capp();
c.Backgroundimage.Save(@"c:\Result\Origin\" + c.Tag.ToString() + ".png",

ImageFormat.Png);
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if (Math.Round(currentposition_x, 2) == 0 && Math.Round(currentposition_y, 2)
== Math.Round(7 * stepy, 2))
{
currentposition_x = 0;
currentposition_y = 0;
label8.Text = (currentposition_x).ToString();
label10.Text = (currentposition_y).ToString();
serialPort1.Write("GI\OX" + (currentposition_x).ToString() + "\OF200\r");
serialPort1.Write("G1\OY" + (currentposition_y).ToString() + "\OF200\r");
timerl.Enabled = false;
invert = false;

MessageBox.Show("Done!");

if (Math.Round(currentposition x, 2) == Math.Round(stepx * 11, 2) && invert

== false)

invert = true;

currentposition_y += stepy;
}
else if (Math.Round(currentposition_x, 2) == 0 && invert == true)
{

invert = false;

currentposition_y += stepy;

currentposition_y = Math.Round(currentposition vy, 2);

else

if (invert == false)

{



currentposition x += stepx;

currentposition x = Math.Round(currentposition_x, 2);

currentposition_x -= stepx;

currentposition_x = Math.Round(currentposition_x, 2);

}
timerl.Enabled = true;

}

timer3.Enabled = false;
}
private void button15_Click(object sender, EventArgs e)
{

button5.PerformClick();

timerd.Enabled = true;
}
private void timerd_Tick(object sender, EventArgs e)
{

timerd.Enabled = false;

buttond.PerformClick();

timer5.Enabled = true;
}
private void timer5_Tick(object sender, EventArgs e)
{

timer5.Enabled = false;

button6.PerformClick();

timer6.Enabled = true;
}

private void timer6_Tick(object sender, EventArgs e)
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timeré6.Enabled = false;
button13.PerformClick();
}
private void textBox3 TextChanged(object sender, EventArgs e)
{
}
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