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ABSTRACT

Nowadays the conventional colony counting method has to use an expert for
manual counting which is difficult to get the results quickly and accurately when
there are a lot of experimental samples. Although the automatic quantity colonies
detector has been developed, it is still expensive and necessary to install and use
in the microbiological laboratory. This thesis presentsa developed Airborne
Bacteria Analyzer consisting of a small incubator, temperature controller using ON-
OFF control, a webcam installed in incubator and automatic quantity colonies
detection software using Image Processing technology. The developed semi-
continuous-airborne bacteria analyzer based on image processing can count the
number of colonies and calculate the colonies quantity in CFU/m’ (Colony
Forming Units per Cubic Meter) unit. The experimental colonies counting results
are similar to the ones of the expert. The semi-continuous airborne bacteria

analyzer based on Image Processing is small, portable and low cost.



AnGNssuUsZNeA

Inendinusativivsraunaduiagaluliied Wesmnnsiitmdliumunsan
PNeEEIUTNM B AT uwAs udEnl ﬁlﬁﬁ'}ﬂ?ﬂwﬁyuumhHLLﬁﬂﬂJuwmaamﬂﬁmmg
JszaunsalwazanuAniBulumsfnuuagiideiaundmidunlnenaen

YoUOUNSEAN  MAASEIsSAl essegu Al mnduasdUSnuiluntsing
{WeqAuvEduastilusuuvninsesnuuukasynasuU sEaURad IS

yerBUNIEAN N.nau Brng TldlERuusiwasTanandonluinednusatuil
TrdSagansiulashed

YDUBUAUNEALANT S1unesa uagiiasy 9 luvssufiRnsmnauiildliauee
wiEenAneninusatuiiduiauazsiulvlg

YovauNsEAN AMEIEIEIAans anwiuTiinet Alfrueyesieilumsvaasinis
Lﬁvﬁ’aaém‘f@LwﬂﬁLS?FJLLasmmﬁ‘iuﬂ'ﬁmzﬁaqauﬁé

vovsUNIEAAl UTIM aveuuAu $1in AlWmnwueyeeilumsdnluAnuganly
Fumsifuidegaunisuasmaiiuiegnudsuuaiifeluainia

dmvaurumuRsulafifnnnieiwsedul  Fadeeveuliiudaunsm
Fuduiishuazimangs - aaeasuazenasdilimswynviilldussansussanivnudiay
fhevenUssaunmsainawwndanEn

anhetl voveuam@numalulaBwszrandudiaamIaanaedt uasrevey
AntuTivedy  uaztuiindnsianedmnssumanitennemazainlunsivines
waznsTAmsAuenasaeg o Temaisag

&

AauAnwazUsElyrdduiaiannine dnusi g

=

gUYBUDULAREINSEAMNNYINY

Ysede 2saudy



W

UTARHDATH VNI .o e eee e eeeeseee e e e i
UM RBDATETBIN W, rrrreems s esssessssees st e l
DN TTHUTEN VB oo I
BVTUR s vesesesess e sses et s sss s e sssssss ettt IV
T s e I B R e vi
1Y VT EUBITTS T a5 i 5658055 A3 V|
TR T  — SO 1
1.1 AU A A AU I e 1

1.2 AUIVNE LAY INGUITAIATDINITANT oot |

1.3 AU RGAUYDINTTANY L srereviresbet s erersssss sssssseesee s b b eenneeeesssneesr e 1

1.4 VO AvTouLIANEAAT A AT i 2

LR T o BPOC (el aWh o AWa 2a ) B~ b SVURRI, \ W 2

1.6 AURBULDIOTTANUL /oo bt b b e e 2

Uil 2 nEnaTuATNUATIRTE 3
AL YUTTRIIIST 3 AL ABANRARIANN. 2. ST ok P B 3

2.2 M3mURNLUYAA-UR (On-Off CoNtrolii. . i breemeneneecesieneenn 8

2.3 MSAUFIOE N TATWUYIUADUTUBIN I e ettt e 3

231 MANMSNUF0E19aTNHUIUABELUOIN AL . L. 4

232  mIsninumamaniiuiiegiaimpactor method) ...o......... 4

233 gunsaluazipsesllaifiusodisgainunivassluame. ......... 4

234 58s0a U SAULAE S IUIUF IO 19 s 5

23,5 8e7iserndalumsAuFIDE TN e 6

2.3.6 Manual Counting Method for airborne microorganisms........ 7

R LT T T S ————— 7

2481 Feature Extractionummsmsimrmsneamam s smmaesa sy 8

R I i o o YN 8

243 MO ANTRARIAMRIENMN oo 9

244  Image Segmentation......... o .9

245 Edge DeteCtion....ciceeeceese s sssss s 10

286  Thresholding. ... 10



2.4.7 Blob Detection AlGOrthm. ..o, 11
an3ugy(sa)

2.5 UNMATU. ot sss s 12

Unil 3 ANseBnLLUULATeIRTIatudBuuatielusnAlagefumalian1sussuana

b Ty Ny o T e B SR WS 13
B L, UIPILITY . vasnmiomssnsmssssssosssnsqss s GRS S A S S P 13
3.2 furpUASTNUTLASBIRTITT U BLUAT IS o UM 13
3.3 m‘;aammué’ﬂm%@ ....................................................................................... 14

3.0 ANFOBALU U AT oot ieens st 15
3.4.1 AsaenNLUUMTNIedumesWad S U auABLAYAaNTEUIUANS

3.4.2  AsEpnwuunszuINnInIsUTsinananmalugenaunls.. .16

Gl VT AN ST G 1 pY o e 7 EC. W VR 16

et N A5 to] o) DT ST Ta) SN B . S YRS, 0. "R 17

343 mMzvensuuMsfannaldsuveiiiensgaiiiven. .17

G ()7~ — ML A2t A @A) A ———— i IO 1 I 17

UM B DTN HTURAZRATTTIIOTOU oo ettt e 18
4.1 wniiiley 0\ QESEERORREED 1 <" AUN A S A 18

i 1575 /T S TITNNONT R O A1 < N, | S Y & [ 21

oA NG COS NEL| CAUED B | T 0 SO /Y 4 S 22

und 5 NS UATIE AN TNARBIMATATURNR. .okttt 23
o X NP 7 et SRR - N0 1 A 23

5.2 AT UAT SN AN TIVIARD et bt eesatheeattlomeersereeseereeeseeeeseoeesseeeneseessss 73

L ] e Ny, S 23

5.0 UDLAUBIUY ... oo eeeeseee e eeses s e oo seeeeseseeeeesseesseeeereeeeee s 24
LD NTO MBI, eesee s esesese e ee e e eeeesese s seeee s 25
DV TRIBIT AN, ettt st a bbb e en a2t an e s en e s A st es e as et e s be s asare e s rnb s 27
AARUIN N HATUITIT T SUNTIFRER oo 28
AVABUIN U HANTVIARDITITIL oo 30
AANWIN A TUSUNTUATUANATIIVIALUER 6.0 seeenire e 34

Vv



A130A1T9

P157971 i
2.1 Blob detection algorithm.. .. 12
4.1 UsAvS AR Uil stue AU E U UA USRI, 21
0.2 Wad TN AT AT IITURTIUO M e 22

4.3 Wisuiisudnuugnmenimeesnsiumediensguaziasemsaduidenuaiiisely

Vi



sUN

Y

2.1 On/Cff Control with Dead-Band

2.2 gunsaliudreddasnisdniiiusgmaniiviiegis
2.3 ATNTOLTOUAN M oo

2.4 awiiléannds edge detection

2.5 HANNTTUDT TATESNOIG oo 11

2.6 wann13u8s Blob Detection
3.1 WNUAWANTVINNUYRIYRR TR BLUATIS e
3.2 ANYMLTDIRUNTD

BALUU

3.3 YUNAUDIGULLYD. ..o eeaesssmnsssirersserreseresseros s e b ssessss s s s e 14

CX: R TR R LE 1 e R A A U T V0 R, .

3.5 A UL VDI TU S U TN YT IV oo eemmE e e e, 16

3.6 TUADUNNTVINITUVDY EAGE DELECHION. ..o ..o i vt eeeeseasesessesee
3.7 ATV VEUDIHAENI e el i

4.1 PIUD N UUORU AT oottt

4.2 msiiudesgnsermelagld Single-Stage Impactor

4.3 QUGN 37 BIIUDAUE. ... oo seiobe oo b 5 s

0.0 FDWAIT A AR e e

4.5 RGB §d inverSsclmeB div. .0 NOXOTATATOMN €97 Nl by v~ §§ .

4.6 inverse RGB to Gray Scale

4.7 Gray Sqa\e T@\B/W Mg n. b ... 5. S Lo A i 0 it
4.8 Blob deteiidhp........ S DA BNE-@...- /AT € T oo SNl ovosiinaisiniiiniin 21

AAELIN 9 JUT 1 Han1TRaBIen threshold 195
MARUIN 9 JUN 2 HAN1SNARBNAT threshold 196

AARUIN U U 3 HANTNARBINAT threshold 197, ciovwsiomssimssereesssssesssssssesssssessnsones

AANUIN U ;31}17'1 4 NanN1SNARBINAT threshold 198
MANWIN U U 5 wan13vaaaeAn threshold 199
MANWIN ¥ JUT 6 Han1TnAResNAN threshold 200

VI



1.1 anuduniuazainudrfgyvesdymn
Tutlagtugnamnssusiuaulaauilaaaigiulaluediann Jeiinsudadiile
deeenuandnrludwinssme  Fwdeiiddduesthunnlunsdieansdnsasinenny
azoIn FsmsmuauamamesteMAiududuviliwesnisinivauazein sauinunw
vosenaidadushidaunmesminnuldinde dafunseneseudewuaiiteluonie
Futnddnlunsinanunimveseime
Inenilnusatuijadunsinnnieiesieefiudnenwlunsiesegiazasaiy
Wouuaiielusnelidan. nafenismmatudeuunaiiedu Tneunfudmansieiude
tmﬂﬁﬁ:‘Eflumﬂ’]ﬁﬁi"}é\’aaﬁﬁﬂwﬂgﬂﬁaﬁuLﬁ@iﬁaqﬁtuqmmﬁﬁmmzaaﬂumiLﬁ]‘%zylﬁuim B
vudetleglutosisevainingdiaualuaFsiliedouiiedinn wikeedomsatude
wuaiissluenedazteliminaatudewuaiiSeuenitufivinliieinnty

1.2 AULMUIBUAZINGUISEHIAYRINITANE

Tunsviivednusiifiunsdnw weeianuueiesle Wadudnanwlunmsiiaszs
wazmsratudenuaiideluomAuuanumnsdiowaiie Tadldudnnisnsussanananin
Tnevdnmisiidiauelineniinusi ingussashas

1. WethamauidfinuesnisUsanaranmanUszgndldoumaumumsiuidowuaiiGe
Tunune@edemiduuuias

2. ieuudgslimansaiuliiivsgdnsnm wasazanauislumasdulfessdu

3. ilpeanuuugunsnilsiiisimgnuazindeuihelilinuusnniionnviediduls

1.3 d@uyAgIuvaInIsanel

nmstuideuuaiidelusmemniideuuaiidelutbmasmnn msthudeuuaiise
Fromaziiauendiuining tiesaindesdinantiuuiy faumseenuuueienulle
wuadiSeluemelagendeudnasmsUssinananmi  sdaelinsiudowuaiSelahe
wazsaditu muiaedeswmmatudeimmgniselunsandunulunistegunsaifiiian
une  wagianunsadndglusuninedeuinegunsallumanaaes Geundldananse
\wasudneldazain

o ey P a o

1.4 vgufviseuuinudanldluniside
WslvinnsasvtudenuaiiseluannialaedSmsimngi@suuanumnziianudnyg  dean
Tunasnzy waziavnaununistusnuaSenuUdY JadanldiSnisnisussananann



FeldldlusunaAnandn 60  lunimulisunsumupuviinvedumesivaietiuay
Auudinaeuuaiiseluene

1.5 YaulwAn1sIdLY

Tuaneniwudatvl  Sumsimungunsallumsuide sedslunsiutasduon
Uhnudeuueiideluenme ieldmsiusasinuuinadeuueiiGeluanmeaiimude
uazezAINTY Tneshugersduiflivannisnsuszinananm Faldtanniy
felUsunsuneiinandn 6.0 uaveanuuuguudoliinundn Weldazanlumsnnm
WHuenmilonnierisuld Tneldszuumunugunai Feldldudnns ON-OFF control il
muaugomgiiliitigumnliegil 37 eswniailes \esnidouuaiiGeinnasaiulalés
fanitgamadl 37 ssmiwadoa

1.6 TuUABUVDINISANE

Lfiaamﬂ{]wﬁ’uﬂiamumﬂumﬁLﬂ'ﬁzﬁﬂ%mmfg@LLUﬂﬁL‘%a‘Lummﬁ&u famsly
Fnsnedouuaidelumuinis falunssuaunsigeennlunsufud Juadsmsaiiy
Weuuaiiseluanmedl ﬂsﬂiqﬂﬁmiﬂ{jﬁ’ﬁﬁmmazmnuazamﬁmwﬂﬁu

Taeluunit 2 ndndmdnnsuasnguiiiiisadestuaudfed Feldndndsmaiann
gunsaluazgeiuaslumsiuuasfunUina@euuaiielusmauuusalufilayende
wmadansUsznanan eldiauntudielusuniuaeivaiuin 6.0 s2uluis dnnis
mstivuastdudiagrgadinuviuaeslueinid wdnnis Edge Detection Waw vienns Blob
detection suilufiniseenuuuduudioliivnadn Welvagannluniswnmnlulduenves
2ol# Taeldshauauenmgiisldidanlinmsauguuuy on-Off

Uit 3 namisweAl ST lumITUtRs A aUS AT auUaTiSe iilelilaanude
fen1snaasendniuiinasnistuiisonda Ingldieassuumunugumalinnldlunis
auaugamgineluguudelifisngivssunn 37 ssrnwaded ewnngamgiidnan:
wnzanigalunisiaigiviavendenuaiiiFe wagliiumatanisussuananimanld
AnszikastudnudowuafiGudlenauninistusauideuuaiiGedeaaild
nanunlistu 1??\1é’aﬁwmmﬂ%mm%mmﬂﬁﬁaiﬁaq"l,wma; CFU/m’ 188nlusia

Nl 4 namiansnaseULazNANIAdeY 9nMsTildRauIgenduiTaelunsiu
L%"E]LmﬂﬁL%HLLﬁilﬁﬁﬂﬂWSWﬂaaﬁiﬂﬂﬂ’l‘i’é‘jiﬁ’;@?j’mmﬂﬁﬂluﬁﬂ’mﬁLaEJ’JﬁULLaxLLFIﬂGi’]ﬁﬁﬁ'}u'm
9IMANELATID Faldmsmaaeurismmatiudewuaiielusmeuasiuiouiivussning
ﬂﬁﬁ‘ULLUUgﬂ@mﬁﬂ%ﬁﬁm’tﬂ{yﬁ‘uﬁ’]EJG!'ILU@"]LLaxﬂ’]‘iﬁUﬁ’)EJLﬂE‘é‘aQﬁ]i’Bﬁ}ﬂaU FDTONALIT
Filgmuasunilaladosnunfumize CFU/m’° (@ 25 ssread@ea , 1 Us581MA) uas
AMIATWIBIBINTA 81989370 : Singapore Indoor Air Standard Idnadnsennindauansluum
flail

Uil 5 namiamsieneginanmsmeasazunaTlauide

AARLIN N kasssgasideavedllsunsumuaunEIvIaluEn 6.0

AANLAN U WdReranUITERldTun AT



Uni 2

o o A o
NANNIILLASNLNNNYIVBY

2.1 uni

TunsiugunaaiuageerdvlunstiunesuuuBnadouuaiidelusinmuuy
Snlusfalpsendumadianisusssnaranin feldiauniudelusunsuntedeadn 6.0 5
NA1ID vzafmﬁmimuuaywmamwmwwaaaaiumm%ﬂmwmuwuﬁawu
LiﬂmﬂmiuummmﬂwLiﬂ“lua'm'lmwumLﬂu WANNI3 Edge Detection #ann13 Threshold
waz wann1s Blob detection s2ulude aammus‘;}um‘zja‘mmmman welwazaanlunis
wnllfuaniiedideld Tnelddmunuenmglisldlinismueuuuy on-Off

2.2 mInuauLuula-Ua (On-Off Controt)

szuumuaNLuuLUala (On-Off Controi) Wussuuidauwes Correction elerment
ma'zu‘[.uaﬂ"e}mv 2 anug A WUa uag Ua muuafgmmmwwmmmimumu wiitiey 2
gauziingy tuedlugdresdynynfineess Judnvagvadunid 0 vie 1 TaudrAy
RANAIAYRINILUIUNITADEIUATNTBL set point

mwﬁ 2.1 On/Off Control with Dead-Band

2.3 msfudteggadnuuiuaeslusinie

Sunssludandaunisvhounedanim mneis aumqammmmmmnﬁ%ama
Fan Iﬂmnalﬂwmamaﬁmaawqmmnaamnm L ‘W?j nI0dn maaaﬁwmwma
aumﬂmmmamﬂammmmammmuaaamamﬂa amuwumﬂnmniamfamuauma
wioluvreadaldmin YNARYINGBHTININ (B|oaerosots) Farudagatnuaza iy
(Toxins) maaﬁwﬂmﬂﬂgﬂﬁa (Allergens) mmww‘;aﬂmcﬁuqa



Tuunil namdssfuinegwernefiotinss mafzjwm nwvuasglusiniely
wardhnansduvilusasuonenans ImamlﬂuaqLL’;maa:ﬂummiwawamaﬂmaumsma
Fleuninluduindsuusnerms mafufiegradieyss Lmumiammaﬁw’iumLmaau
ﬂ’li‘v‘l’lﬁ'luluaﬂﬁ'limuﬁ’mﬂu&“uaﬂr“’]'iﬁiuL&JUﬂmﬂﬂ‘iﬂm’lﬂ’lﬁﬂ’lB;Lua?ﬂﬁmaﬁuﬂﬁ%ﬂﬁaﬁl‘i
gAEUNTIU sml@ammsuuwmﬁmumasm£umnm&m\m Wy 81net 1 wagiiu e
AnsIERLUATiSauazidoT

2.3.1 vanniaiiudiagsgainuyiuaseluaime
nsUssflunsdudagadwuandnlvanasialivieansatunidaneg e
AsvaaNELavuand LT sgalinuuasmEtd  ndnAesadniineliAslsaeraidiy
é’umw@faifm?imﬂé’uﬁﬂuﬂ%mmLﬁmﬁﬂﬁaa sumvmawmﬁEzmml,ﬂuauni'mam}mw
seledufafiradudugen whitu - geiwurselammauseanminadenlda 1wy aasvss
mdwlng  vedamevieasunlamnmivossiemelulianedeuiiuisusy - 3

TUAENMIEYBINTEUTUN A UR DL 95

gunsalifiudedregadwendeminnistuieaiumsifiufoiweunia ndnfe uen
ayMAgadneenaINnszuaE N Anay AUl Tuumssludinanefiiuve wvan VDI
nszaTenTet viesmnmapada - wanmadedldaluRe nstnifudasmandiuiiedng
(Impaction) A19nses  (Filtration) uazAsdnenevewiasluduiaass (mpinecement)
ﬁmumqmmamalmLﬂsnviﬁmﬂimaﬂ,l@wwmaﬂﬂaﬁuwmalU Funedafllfifusiesiega

Inludnendwusaduiiognanafis nssindudhsmaniuiaets

2.3.2 msﬁmﬁuﬁwmamﬁué"saﬂw (impactor method)
m'a'mﬂmummwammmamwﬂaw emmuaaazuam'lﬁaﬂmﬁmwuauaﬂ6]

way ﬂnumﬂuawm:Lwnmammﬁaasflum‘umwuma‘maﬁuwuummmmmwuim Wiy
Tusaratdlalad  weuumsiunsEanE RN LartlUmnste wodesntasiuuay
gunaanwuzalas m'mmafzﬂmaauiums’;Lmwwamﬂmulmmﬂaaamwaa‘mﬂuvu

oWssde wag aiﬂﬂfrﬂamummmﬂuuulﬂaﬂuwuﬂﬂiau mwmmmmaauumﬂmumm
msvwiedlaladuuemIswIzLYe mauummama'dﬂm‘uumummawmmmmnmﬁu
mlmmwsaaaﬂnmma im&;mlﬂmﬂwmmgﬂmaqumm’l “Positive hole correction
factor”
2.3.3 aﬂnsaiua:m‘%iaaﬁaLﬁuﬁ"m&hwa%wmnuaaa’luaﬂmﬁ

gunsnidwmsunsAnifiufedwmamwanifiusiagng (impactor Method) gn
aaﬂu,wmmEﬂ,‘wmmmﬂ@u,aﬂﬁummaummgawumwmuaamwwummlmfga'u,m&nnu‘Lﬂ Y
nanwadia laun aﬂﬂimuwnwu (Six Stage Impactor) aﬂﬂim‘uumamw (Two Stage
Impactor) aﬂﬂsmummmm (Smgte Stage Impactor) (i 2.2) mammaaaﬂﬂﬁmmumu
ﬂaaﬂmmﬁﬂmmmmuuammwuLﬁualcﬂﬂamq lmaqLzaammiamqaﬂﬂmmumauﬂu
Wzideste srtlgmudndoaunsaiivenzgaindiitiavin lawsaiased

9
& k3
=F

mamdmmﬂa;awwlmmwsalmmﬁﬂL‘W'lzLﬁuaﬁuummaLﬂuaumws{a@mmwlﬁvéuﬁ’u



ynmelanly Liﬁ“"ﬂ@l@@ﬁ@ﬂﬂi“ﬂﬁﬁﬁﬂ@ 7D mﬂmaszmmmumﬂiumﬂmm%maw
Nﬂﬂﬂ?ﬂiﬂﬂﬁﬁlﬂﬁ\‘mﬁEJ"IWTiLaENL‘ﬁE}aLUQQLﬂEJ?ﬂH mawa‘iwmi’;mﬁ %Gl'lﬂlﬂﬂ’ﬂlll,ﬂ‘u"\]ﬂ

Six stage viable impactor Single stage viable impactor

= ¢ @ dR 1 LY ) % w i
HINN 2.2 Qﬂﬂ'ﬁ'ml:ﬂ‘um?ﬂEJ"I\ﬂ:ﬂﬂﬂQiﬂﬂLﬂUﬂ?ULWﬁm%ﬂUﬁ?ﬂﬂ']ﬁ

2.3.4 szazanlumaiunassnuiufiegng

IﬂamlﬂiwavL’.Ja“flumiLﬂumamdmmﬂL‘waﬂivLuun'riauwamaaﬂumﬁm 9
Ty mia“wauswavL'amﬂ'rzﬁn'mumamaaﬁuuﬂ ot ulsfina dmsunmafivinediga
Fwiy  Dudsvildenuasiudor  ilawansy erunamﬂumiﬂmmmmamawmuaﬂ"lu
mmmnmvamna”xmamu 'Luﬁumwwﬂ'ﬁLnumama%mjwmmmLm’.ma@aiummmaumm
nzUuEWNRREIRe | Tpawiznisulnemsf i udeaus s oty ufay
mamsawmaﬂmmam WealyAtuni Luaammawmamﬂaammmmnumaaﬂﬁiﬂaﬂu
wnniwmiiaymea Luai:w'1“%;3.1Leuaiﬂiawm%aﬁawmmuwmLﬁu‘lmaﬁ@unumaimmu‘lﬂiau
We1  mafugadnieainiadeuld waznsdusmegalunauendmaligainuis
yhapnewTzldaunsanunudeaniwiIndanuudiasals Tglangiag 1 iiiude
nTEATENTeY ey msumethdlagmIsniussmaI A Ueth e e s Annde
Fldnauszanm 1 - 5 wilt vdseredufies 15 - 90 3T vuefinsfudhethiormage
nszAynIedarduRLIssefiuuuie 30 Wi Banedili vabszernaniusiegie
mmﬁé’m%’uqﬂﬂmiu,cs%avmﬁ@%uﬁué’m'ﬁﬂ'ﬁiwa%a@mmﬁu,a::ﬂ’;'zm'fu%'uﬁumaua%wﬁﬂmh
willuenie  pande mnamihmduiuresgalinlusimaginsiiufetsenielu
Yumsiivni Iﬂs}awmwumlmvavnmmumamaaumﬂ Wesnrnslvasiniedinga
sy

wenandadefind i nseUstuvesiiaduwindey W gaunil gana
waziionaliovinaseuiinauazeingainlueinie ‘numﬂaﬂs'ﬁmmwﬂmmﬂﬁﬂq
nizdouazmisaivaedvesadn  nistfiudeguenidlunadu quane qfhedhad
azviouthdefnanuaruSinasadnaenszeznamsynnuviensdudalaang - wazwn
Lﬁ'aamﬂﬂﬁizaznm’tunmﬁu@haehcsa"zﬂWﬂguﬁ?am&;maﬁnéﬂmﬁ”’mmﬁ N15UsEIiuNIg



fufanidnguaanignamnssuiiuladngniedndidssmmniussderndeinsdiats
AU ﬁ’jﬁ%ﬂﬁ’umﬁmmiﬂnwaﬂﬂﬁmnﬂﬁamﬂuﬁﬂé’m fufle mnanmuandoud!
mMsuUsfuSauanauiuinnluganamiig sndosmsieesausnnndianmadoy
AlmauansasauUsiufesnia

2.3.5 Adidseiilslunsiiudtegngain

1. grumpfigauazan e sgiinavilvimaaigivlavegadns 0l
wupfiSsunsiindldnanimsenluiinrududining 80% aﬂﬂ'ﬂuwm’mﬁuauwmﬁ 30% i
35 - 65 Wi ‘aqumwgmwm’lwgi}ﬂwmgmwu}a&m (Morphological Change) 1o 1afu
Histoplasma capsulatum L?Juaga%wﬁﬁﬂﬁ;ﬁﬁiiﬂﬂﬁﬁmﬁﬁﬂuﬁﬁm‘sﬂﬂﬁcﬁ;wﬂﬂ’w 25 8
walgea  zaglugUvesludiBevioaUes meaam‘wmawum seAuldl  Histoplasma
capsulatum wasulegluguvesBad oy Tumimumama%awamawquumﬂammm
IR W PO

2. audaendy - lswnqadudegialuynmauiinuusamenes
auswne  Welastunsiuiouresiiedluradansfiviedrione gunsalynyile
Fafashutursunssiide wazdhihmhilAusedwiasdiioliarenauassyiasy il
fufaruiegnaviesvnaduntelnenss wmummnuaawiuaumaammaam'iﬂfswmu
uuma}muauﬂ3’1amammw*uaquﬂmlmamama’mmﬁwmwmﬁlﬂma fad nsdlosiu
nuadlngnisldguosaidestusuamediuyaraivinsautastunsunsufoiauiinsadu
g unazsosiiisduaie

3. mseusuRmaIn . maiushedienniaiiedneigatinuiuasyly
amadnlusernupmanmguReiunsiuiegweneiug 0 uassifinaiuud
m-rduL‘Tjaumaaéﬁaa'na'mLﬁm%’u‘té’@iau‘t’hadwuaﬂwﬂ%’umau fai wuadk (Fe qunsal
Husheddlingumensanamnssuadertudieldluninfvinethonna uasléddums
UjURiudefvihegimntszns  endulsigaeinieio) Tgniddmiunismununanm
luwumaumafq wasnswiR MRULAENITIRETot Tl wumsdluvnsien
gwnsEpte (Laboratory Media Blank) WaguuasAluvsifudiogtassuanduings
HoswftRnsieTiasesi (Field Blank)

- wuasdluvarorewnadsnte routhensdsadeuldasiula
mm‘sﬁﬁlﬂigﬂﬁunﬁaumﬂ'aﬁﬂmﬂmm%w@ms}waéwﬁaEjmuéﬁasiwLgazﬂmmsﬁamu
Humeuiifesuftidwmiusats vnlaifinsuutiou (aifiawasydvlavueaides
Wo)  Jusdmuemsdwiufivietny  dufivomnsiuieulitesaiosinieg e
auiivesUfuRnisimun) doduwaddafenitdwunedentoufuiegafiium

- uvasdluvaziuitens (Field Blank) feswnmdssdedmiuiu
fegihludiruiiiFesnmiviediede uazUfuRfuuasdmadiduieatushoge
nnvszmsenviubildlumaifudieduweinia ndmfe thumwuugnssifiudetns Wad
waslashviudl  uasiiuussqududietnduanummsiorufufogs GERNVERE PG



NukUadassiieswdmsusieswenaauiiegs waldfudunuasrdmsunisiiy
fhedeniandade

2.3.6 Manual Counting Method for airborne microorganisms
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2.4.5 Edge Detection
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2.4.7 Blob Detection Algorithm
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A1574f 2.1 Blob detection algorithm
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3.4.2.2 Blob Detection
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Abstract— Nowadays the Conventional colonies counting
method has to use an experts for manual counting which is dif-
ficult to get the results quickly and accurately when there are a
lot of experimental samples. Although the automatic quantity
colonies detector has been developed, it is still expensive and
necessary to install and use in microbiological laboratory. This
paper presents a developed Semi-Continuous Airborne Bacte-
ria Analyzer that consists of 2 small incubatoer, a temperature
controller using PID (Proportional Integral Derivative), a web-
cam installed in incubator and automatic quantity colonies de-
tection software using Image Processing technology. The de-
veloped Semi-Continuous Airborne Bacteria Analyzer based on
Image Processing can count the number of colonies and calcu-
late the colonies quantity in CFU/m® (Colony Forming Units
per cubic meter) unit. The experimental colonies counting re-
sults are similar to the results of the experts. The Semi-
Continuous Airborne Bacteria Analyzer based on Image Proc-
essing is small, portable and cheap.

Index Terms— colonies counting method, image processing,
PID, manual counting, incubator

I. INTRODUCTION

At present cleanness is important in many industries
such as food, medicine, cosmetic and so on. The air quality
control is a part of the cleanliness. Air quality is also a health
indicator of employees in industries. Therefore, the colonies
counting in the air takes part in the air quality measurement.

The manual counting method known as an ordinary nu-
trient agar pour method is commonly used to count inocula-
tion colony number [1]. This method is complex, time-
consuming, and low efficiency. Therefore, there were many
researchers study on the use of computer image processing
technology to develop a set of detection system and find an
approach of colony identification and rapid counting [2-8].

In this study, the sofiware of automatically colonies
counting equipment is developed with Visual Basic 6.0 and
use two main algorithms: Edge Detection [9] and Blob De-
tection algorithms [10] to calculate and count the volume of
bacteria in a CFU/m’ (colony forming unit) unit including a
small incubator and a webcam connected with developed
image processing software. This method can be applied in
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field work without taking sampling plates back to the micro-
biological laboratory.

This paper is structured as follows: section 2 presents the
related works. The system structure is presented in section
3. Section 4 describes the experimental results, while section
5 presents conclusion.

I1. RELATED WORKS

A.  Manual Counting Method for airborne microorganisms

Colonies counting method is a basic method to quantify
the amount of microorganisms. The conventional method is
counting the number of bacteria on agar plates [11, 12] as
following steps.
1. Sampling air onto the agar plate.
2. After an appropriate incubation period, examine the
plates for colonial growth.
Colonies will form on the top of agar as well as in the
agar. Those on the top of agar will be larger but all co-
lonies must be counted.
Select plates that appear to have between 30 - 300 co-
lonies in and on agar which is the best statistical repre-
sentation of the number of bacteria in the undiluted
sample.
Using a light box or a colony counter (if one is availa-
ble) and marker pen (put a dot above each colony as
you count it), count the number of colonies which is
having 30 - 300 colonies. This will become easier with
practice.
Write the numbers of colonies in a note.
Assumptions: There are two assumptions that are used:

6.1 All viable cells form colonies.
6.2 Each colony counted is formed from one bac-
terial cell,

The above assumptions do not allow the use of term
bacteria/m’ as a unit. Instead the unit Colony Forming
Units/m® or CFU/m?’ is used.

B. Image Processing

1b. Edge Detection Algorithm

Edge detection is an algorithm used in most image
processing applications to obtain information from the
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frames as a precursor step to feature extraction and object _
segmentation, This process detects outlines of an object and *
boundaries between objects and the background in the im-
age.
%
¥

Figure. 3 Blob Detection Mcthod

In Fig. 3, we define touching pixels as adjacent pixels
along the vertical or horizontal axis as touching and include
diagonally adjacent pixels to detect the same pixels color and
analyze a number of colonies. The procedure is concluded in
Table. 1.

Figure. 1 Colony image

In Fig.1, the format of image captured by webcam is the
real color bitmap. In order to describe the characteristics of
each pixel in the image, we should use three values of it: R,
G, B. However, it is relatively a time consuming task. While
grey level image is a data matrix, which represents the inten-
sity value within a certain range. Therefore, RGB color was
converted into a Grayscale first and then changed Grayscale
into B/W image. The working steps are shown in Fig.2,

Inversed RGB color converts into Grayscale

C. Temperature Control

PID controller is a part in the development of Semi-
Continuous Airborne Bacteria Analyzer to control the tem-
perature at 37°c while incubating an agar plate because bac-
teria grow well at this temperature. Ryckaert and his assis-
tants proposed the temperature control of an oven cavity is
found to be successful. The application also illustrated the
use of advanced measurement and control hardware [13].
Block diagram of the PID controller is shown as Fig. 4.

RGB color converts into Inversed RGB color
10[00 A\/€] OIUL HOALIOD PUE 9]eISALID) A1) POYSIIL,

Figure. 2 Steps working of Edge Detection

2b. Blob Detection Algorithm

In typical applications, Blob analysis is widely used. The
Blob features usually calculated area and perimeter, Blob
shape, and location. This algorithm has been successful used
in automated detector.
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Setpoint &~ Error 1Onpit

Plant

Figure. 4 Block diagram of the PID controller

The PID controller consists of 3 actions:
le. Proportional Control Action (P-Action)
The output of P-Action is proportional to the error or a
change of data. The output and error can be obtained by (1)
and (2).
Qutput = (Error X 100) / (Time Delay)
Error = (Set Point) - (Measured Value)

(1)
2

2c. Integral Control Action (I-Action)

The I-Action is used to eliminate an offset value so that
the temperature goes to the Set Point. The output depends
on the initial integral time. If the integral time is set to a low
value, the system will reach to the Set Point rapidly with
high overshoot. If the integral time is set to a high value, the
system will reach to the Set Point slowly with low over-
shoot.

3c. Derivative Control Action (D-Action)

When the system has a disturbance, D-Action caus-
es the system reach to the Set Point rapidly.

IIL. SYSTEM STRUCTURE OF SEMI-CONTINUOUS
AIRBORNE BACTERIA ANALYZER

Fig. 5 explains the principle of work and overview of the
system. The system is divided into two main sections of the
incubator and the computer.

Incubator Computer
—#| DI comreiior 1 Wabcan o Ulcer Tmeofine |
3
Blower T .
l | Developed software lq
L RID thermo conple s
e e Requ

Figure. 5 Overview of the Semi-Continuous Airborne Bacteria Analyzer
system

Fig. 6 shows the incubator section, due the PID control-
ler was used to control a Temperature to its stability. Data
feedback was sent to input of PID controller by RTD (Resis-
tor Temperature Detector).
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Figure. 6 Semi-Continuous Airborne Bacteria Analyzer

The process of Semi-Continuous Airborne Bacteria

Analyzer has procedure as follows:

1. Prepare the agar plate.

Sampling air onto the agar plate using Single-Stage Im-

pactor [14] for required time at air flow rate 100V/min.

Close plate and put it in the developed incubator for in-

cubation at 37°c.

. Open the developed software and click start. The webcam

will capture every 60 minutes.

. First step the software analyses the captured which is
RGB color with Edge Detection. The software changes
RGB color into Inverse RGB color for obviousness.

The software changes Inverse RGB color into Grayscale
for the same fundamental color.

The software is thresholding Grayscale to average color
of touching pixels.

The software changes threshold of Grayscale into B/W
color.

The software uses Blob detection for colonies counting.

. The last step the software uses the number of colonies to
calculate the CFU/m® unit (at 25°C, 1 atm.) as shown in
Fig.7.

B

Figure. 7 The user interface of developed software

When the process is proceeding, the bacteria is on the
agar plate is incubated. So the colonies counting using the
analyzer is easier than the manual counting method because
the manual counting has to take the plate outside the incuba-
tor for colonies counting but the analyzer is needless to take
the plate out.
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IV. RESULTS

We developed software to help colonies counting of
bacteria then sampling the air in the same location and dif-
ference time samples. Therefore, we tested the Semi-
Continuous Airborne Bacteria Analyzer and compared the
manual counting by the experts to measure the efficiency of
error. The experimental results are shown in Table 2.

Table 2. Efficiency of Semi-Continuous Airborne Bacteria Analyzer
compare with The Experts

Manual .
4§ Semi-
colonies g
counting .Contmuous Error
Sample Airborne Bacte- 2
by the ! (%)
ria Analyzer

experts (edlaty)

{colony)
Sample 1* (1 minute) 27 25 7.4%
Sample 2™ (2 minutes) 39 38 2.5%
Sample 3" (3 minutes) 39 37 5.1%
Sample 4" (5 minutes) 47 44 6.3%
Result of average crror 5.3%

The software of Semi-Continuous Airborne Bacteria
Analyzer also calculated the number of colonies into Indoor
Air Quality refer: Singapore Indoor Air Standard (Excel-
lence class is <500 CFU/ m’ and Good class is < 1000
CFU/m’)[15] as shown in Table 3.

Table 3. Results of the Semi-Continuous Airborne Bacteria Analyzer

Sample (colony) (CFU/m’ at Singapore
25%; 1 atm.) Indoor Air
y ’ Standard

Sample 1¥ (1 minute) 25 250 Excellence
class

Sample 2" (2 minutes) 38 190 Excellence
class

Sample 3™ (3 minutes) 37 111 Excellence
class

Sample 4" (5 minutes) 44 88 Excellence
class

From the experiment indicated the results of manual
counting by the experts were consistent with those of Semi-
Continuous Airborne Bacteria Analyzer with no different
significance. Comparison between colonies counting by the
experts and Semi-Continuous Airborne Bacteria Analyzers is
shown in Table 4.

Table 4. Comparison between colonies counting by the experts and
Semi-Continuous Airborne Bacteria Analyzer

Manual colonics Semi-Continuous
Variable counting by the Airborne Bacteria
cxperts Analyzer
Portable Difficulty Easily
Price High Low
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Convenience Difficulty Easily
Materials quality Good Fair
Bacteria scarching experts calculation software
Efficiency Very good Good

V. CONCLUSIONS

From the results and the differences of the bacteria’
counted, the Semi-Continuous Airborne Bacteria Analyzer
can use for colonies counting. An efficiency of this equip-
ment compared with the manual counting by the experts
were similar with average error of 5.3%. And the analyzer
can count the number of colonies and calculate the Colony
Forming Units/m’. The analyzer is portable and cheap.
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Const ws_visible = &H10000000

Const ws_child = &H440000000

Const WM_USER = 1024

Const WM_CAP_EDIT_COPY = WM_USER + 30

Const wmn_cap_driver_connect = WM_USER + 10

Const wm_cap_set_preview = WM_USER + 50

Const wm_cap_set_overlay = WM_USER + 51

Const WM_CAP_SET_PREVIEWRATE = WM_USER + 52
Const WM_CAP_SEQUENCE = WM_USER + 62

Const WM_CAP_SINGLE FRAME_OPEN = WM_USER + 70
Const WM_CAP_SINGLE_FRAME CLOSE = WM _USER + 71
Const WM_CAP SINGLE FRAME = WM USER + 72

Const DRV_USER = &H4000

Const DVM_DIALOG = DRV_USER + 100

Const PREVIEWRATE = 30

Private Declare Function GetPixel Lib "edi32" (ByVal hdc As Long, ByVal x As Long,
ByVal y As Long) As Long

Private Declare Function SetPixel Lib "gdi32" _
(ByVal hdc As Long, ByVal x As Long,
ByVal y As Long, ByVal crColor As Long) As Long
Private tmpPic As Picture

Private Type longcolor
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Value As Long
End Type
Private Type RGBcolors
Red As Byte
Green As Byte
Blue As Byte
Dummy As Byte
End Type
Dim time As Integer
Dim P As Integer
Private Declare Function SendMessage Lib "user32"
Alias "SendMessageA" (ByVal hWnd As Long,
ByVal wMsg As Long,
ByVal wParam As Long,

ByVal (Param As Long) As Long

Private Declare Function capCreateCaptureWindow Lib "avicap32.dll"

Alias "capCreateCaptureWindowA" (ByVal a As String, _
ByVal b As Long, _
ByVal c As Integer, _
ByVal d As Integer,
ByVal e As Integer, _
ByVal f As Integer, _

ByVal ¢ As Long,
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ByVal h As Integer) As Long

Dim hwndc As Long
Dim pictureindex As Integer
Dim temp As String
Private Sub Command1_Click()

Unload Me
End Sub
Private Sub Command2 Click()
Timerl.Enabled = True
Picture5.BackColor = vbWhite
Pictured.BackColor = vbWhite
End Sub
Private Sub Form_Load()
On Error GoTo handler:

hwndc = capCreateCaptureWindow("CaptureWindow",

ws_child Or ws visible, _

0, _

1024,

1024,
Picturel.hwnd, 0)

If (hwndc <> 0) Then

temp = SendMessage(hwndc, wm_cap_driver connect, 0, 0)



temp = SendMessage(hwndc, wm_cap_set_preview, 1, 0)
temp = SendMessage(hwndc, WM_CAP_SET PREVIEWRATE, PREVIEWRATE, 0)
temp = SendMessage(Me.hWnd, WM_CAP_EDIT COPY, 1, 0)
Picturel.Picture = Clipboard.GetData
Else
MsgBox “Unable to capture video.", vbCritical
End If
Exit Sub
handler:
End
End Sub
Private Sub Capture()
Dim bRet As Boolean
Dim szTest As String
szTest = App.Path & "\scCapture.bmp” & Chr$(0)

bRet = SendMessage(hwndc, WM _CAP_EDIT_COPY, 0&, 0&)

If bRet Then
DoEvents
If Clipboard.GetFormat(vbCFBitmap) Then
Picturel.Picture = Clipboard.GetData(vbCFBitmap)
SavePicture Picturel.Image, szTest

DoEvents
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Clipboard.Clear
End If
Picture5.Refresh
Picture2.Picture = LoadPicture(App.Path & "\scCapture.omp")
Picture2.ScaleMode = 3
Picture2.AutoRedraw = True
Picture2.PaintPicture PictureZ.Picture,
0, 0, 250, 220,
0, 0, Picture2.Picture.Width / 26.46, Picture2.Picture.Height / 26.46
Picture2 = Picture2.lImage
End If
End Sub
Private Sub Capturel()
Dim rgb5 As Long, hdc5 As Long, hdcé As Long, rgb6 As Long

Dim i As Long, j As Long, x As Long, y As Long, tx As Long, ty As Long, b As Long, c As
Long

Dim startX As Long, startY As Long, endX As Long, endY As Long, sizeX As Long, sizeY
As Long

Dim countColor As Integer
Dim bBlue As Long, bRed As Long, bGreen As Long

Dim a As Long

Fori = 0 To Picture2.ScaleWidth - 1



For j = 0 To Picture2.5caleHeight - 1
hdc5 = Picture2.hdc
rgb5 = GetPixel(hdch5, i, j)
bBlue = Blue(rgb5)
bRed = Red(rgh5)
bGreen = Green(rgh5)
bBlue = 255 - bBlue
bRed = 255 - bRed
bGreen = 255 - bGreen
SetPixel Picture5.hdc, i, j, RGB(bRed / 3, bGreen / 3, bBlue / 3)
a = (0.299 * bRed + 0.587 * bGreen + 0.114 * bBlue)
rgh5 = RGB(g, a, a)
SetPixel Picture3.hdc, i, j, RGB(a, a, a)
If a > 100 Then
a =255
End If
If a <= 100 Then
a=0
End If
SetPixel Pictured.hdc, i, j, RGB(a, a, a)
Next |
Next i

End Sub
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Private Sub Capture3()
Dim reb5 As Long
Dim hdc5 As Long, i As Long, j As Long, x As Long, y As Long, tx As Long, ty As Long

Dim startX As Long, startY As Long, endX As Long, endY As Long, sizeX As Long, sizeY
As Long

Dim countColor As Integer

Dim a As Integer, b As Integer, ¢ As Integer, Result As Integer
Dim e As Integer

hdc5 = Pictured.hdc

Dim masks(1 To 1024, 1 To 1024) As Boolean

Dim queueTravellingX(10000) As Integer

Dim queueTravellingY(10000) As Integer

Dim indexQueue As Integer

sizeX = 200
sizeY = 200
Fori=1To 200

Forj=1To 200
If masks(, j) = False Then
masks(i, j) = True
rgb5 = GetPixel(hdcs, i, j)
If reb5 = vbBlack Then
countColor = countColor + 1

indexQueue = indexQueue + 1



queueTravellingX(indexQueue) = i
queueTravellingY(indexQueue) = j

End If

Do While indexQueue > 0
tx = queueTravellingX(indexQueue)
ty = queueTravellingY(indexQueue)

indexQueue = indexQueue - 1

startX = tx - 1
startY =ty - 1
endX =t+1
endY =ty + 1
Iftx = 1 Then

startX = 1
End If

If tx = sizeX Then

endX = sizeX

End If

If ty = 1 Then
startY = 1

End If

If tx = size¥Y Then

endY = sizeY
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End If
For x = startX To endX
For vy = startY To endY
If x = tx And y = ty Then
Else
If masks(x, y) = False Then
masks(x, y) = True
rgb5 = GetPixel(hdc5, x, y)
If rgb5 = vbBlack Then
indexQueue = indexQueue + 1
gueueTravellingX(indexQueue) = x
queueTravellingY(indexQueue) = y
End If
End If
End If
Next y
Next x
Loop
End If
Next |
Next i
Text1.Text = countColor

a = Text3.Text

43



b = Textd.Text
a=a*2892
b=>b+273.15
Ifa >0 Then
e=b/a
End If
Result = countColor * e
Text2.Text = Result
End Sub
Private Sub Timerl Timer()
time = time + 1
If time >= 3 Then
time =1
Call Capture
tiMA= 4
Call Capturel
time =0
Call Capture3
End If
End Sub
Private Function Red(ByVal mlColor As Long) As Long
Red = mlColor And &HFF

End Function
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Private Function Green(ByVal mlColor As Long) As Long
Green = (mlColor \ &H100) And &HFF

End Function

Private Function Blue(ByVal mlColor As Long) As Long
Blue = (mlColor \ &H10000) And &HFF

End Function
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