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ABSTRACT

Blood flow velocity and diameter of microvessel are important
parameters to researchers who use this information to study and analyze the
cardiovascular experiments. The researchers usually record blood flow velocity as digital
video files from laboratory animals. However, the software to determine blood flow
velocity and vascular diameter is expensive which cannot be affordable in a small
laboratory. Therefore, the purpose of this study was to use a video and image processing
technique to develop a computer program to estimate the velocity of blood flow in the
microvessel and diameter of blood vessels. There were 3 parts in this developed
computer program which consists of 1) a part to determine blood flow velocity in small
arteries or veins, 2) a part to determine blood flow velocity in capillary and 3) a part to
measure the diameter of blood vessels. Moreover, to make the software more useful
and efficient, the graphic user interface (GUI) was developed and tested. The results of
blood flow velocity from this developed computer program showed that blood flow in
small arteries or veins could be noticed and indicated as similar to that noticed by eye.
Blood flow velocity in capillary provided results that were in a good agreement with the
actual velocity value. Finally, the results of measuring diameter of the blood vessels
provided results not much different from the results of available software with the
determination coefficient (R") linear relationship 0.999. Therefore, the developed
computer program can be used to estimate the blood flow velocity in microvessel and
the diameter of blood vessel in which are related to cardiovascular engineering research.
However, the developed computer program also needs to be further developed to

provide more efficient and accurate results.

Key word: blood flow velocity, image and video processing, vascular diameter,

microvasculature
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vaonidennniu Tngldineluladidhuninuaznsnsnaounmsasuudassineiiat
lussuunaemdengania (Huang et al. 2012) luvaziReiulasiniswauissuy
gandusuarasanitaslunsiinssinnuiiinisivareadensiutdnvasves
waemdenros Tnon1stufinnmisleluusnasiguessnsne egrady duay
(Lingual surface) ﬂmﬁqﬁﬂﬂﬁqmﬁuﬁal,l,amﬁw (Finger/foot nail fold) uaz LHeom
(Conjunctiva) (Marion et al. 2010 and Shih et al. 2011) yonanidaimadans
Aunamanusnsiraveadon sgratu msiaanusuuuiaesneUinass (Laser
Doppler Velocimetry; LDV) Huud1aesn1siuia (Computational Fluid Dynamics;
cFD)  avUnasulnanlsduuusieanniu (Orthogonal Polarization Spectral; OPS)
(Genzel-Boroviczény et al. 2002) N15NT¢LIIVDILES (Sidestream Dark Field; SDF)
LaznITUISENIANaNN (Image processing) (Goedhart et al. 2007) Faunedaiifiinng
thaldannigadie wadanndsananaiulnatlsduvudiainfuwazimaianis
nszidsveuas uiAdsignunnseduFesesmmeadidiadonunsuayiasnidoniidsil
ANANNLANANSUBIETDY (Low contrast) NSz IAIANNLANANTBIETDITaAdLinLAeN
unsuagraeaidentuagfunisudsunlasenuduesd (ntensity JuazAranuaing
(Iluminance) vasnwhuwsiazfinwaiionaidiuly sausennslindivesndediilolu
vaeditdsduiinamdndae udegndlsfimutgmmaridansnsoudlalélaenisimgu]
wazndnnisuszanananminUszenaldlailueegnd (You et al. 2012)

Chih-Chieh Wu wazanzlaiin1sitasiziinisinanusinisivaveawas
dinrdeawadluduidaawazluduidondos lagldmatianislravenas way made
andunusiuuled 118n15IATIZRANNLSINT AT BYaALIALADALAY FINIAD



wAdAtgiTainvaAasnALA 1He991NwAaLiNATALTAIANURANAINIINNT

[ '
a =

Aoty Jemaaeldiinisiigaimedaivenzauiigaifiosndielunsiiaszsinng
Somnudnsinavesadifindenuns Ingldmumisusnadudendestateialunns
T¥iamnusvevwadidinidenuns wagldnane capillaroscopy Iumsaw%famzq
Juiinnminlenislvaveswadiinldonuna mmi’uﬁL%ﬂgjﬂizmumiﬂizmamamw
wazgavingldimafianisluavesuamazinadaandunusuuuled undnsnzinnnusily
nslavesgadidadonwns Fansinzutadu 4 9aa981 Ao Tliresting(0 mmHe),
T2:inflation(0-180 mmHg), T3:occlusion(180 mmHg) way Td:release(180-0 mmHg)
NafldnmsinTwiasanadianui a Usnaiinnusinisivaveswadilinden
WASHBsN31 300 lulAsiunsaelundl a1 Error distribution veainaliannuduiusues
doyarauuuled aggandmaiianisivavesuas Lwiashﬂiﬁmm%mewm%amﬂm
mmaammaammmmm 300 lulAsiunsaedui mﬂmmuﬂmﬂmmamm 9315
mmmmmwmmawu \fosanseiuauduvesuasfiunnaesfuiiinanngss
capillaroscopy uummammimmmslmﬁmﬂmmmLLm (Wu et al. 2009)

nvatnuateuide ludagdulsdmannisussuiananinidiunldly
nsAwILnIANEINIT IaveLdenuarvuadurgudnalveivasaianyania
i Taedulngsiaueenulugiuuureddusunsudifagy iissuaiflndiflonns
Inaveadeniildannaaadludnivaaes (in vivo experiment) fianansafiaeniannusa
mslnavendenls Tnendnnsussaranmitdunldlunsdunamanudinisiva
veudeniulsznoudie 3 Juneu fie 1) Jumeunisfuam (Image acquisition) 1Ju
fumeuiisulndiflomnanndesqansae lngazfiasandaninmadouiluniamae
U (Frame rate) ANNAZLEIATDINIW (Resolution)  LAZAIIUAINUDININ
(Brightness) 2) FupounsUszanananm (Image processmg) LUumumauwmﬂmmnw
szvavendernuennirelutununisuiannga Imalmumauu%mumuaaaq 7
ﬁ]z‘wmm1/|1Js°uquammwmmmwwmwu 981U N15AANITEUTBINNVZENE
AAle (Video stabilization) N15USUU§3110 (Image enhancement) NSANYRF QY0
7UNIU (Noise  removal) muwﬂ"imqﬁmﬁauﬁaammﬁ’uwﬁq (Background
subtraction) (Langeder and Zagar 2009) 3) FumpunsUszanamganislvawad
Jiadanuns (Red blood cell velocity estimation) Tuduneuiaginguiiivhunlily
NMIALIUANLST BE19LTU nATiAN1TIavesuas (Optical Flow Method; OFM)
wadaandunuswuuly) (Cross Correlation; CO) kag MATANISANLYUNTDUAVBLTAR
Wnldeaung (Centroid of red blood cells)  uavgslsnam wealiadinanidsiiden
Fodeiiunnsnetu faandlunmsned 1.1



A1 1.1 ToRTaLASURILARZIMATANITNIANLSINS laYedaen

WMATANTIIANMLST Y v -
slvavaeion Joh Uoide 91989
nslnaveduas A 9udsildsuaana | - innw$imannin 300 | (Wu et al
DEIORRN Tl lulAstunsneiuni ag | 2009)
~gruisauanedia | TratAuAanana
n13nsLAdeuTive s ADUTN9E
Inqlvanefianis | - I8aneifuiidoudig
gagnndudou
- ADIDIAYAIIULTUVD
e duman
anduniusuuule) - Sanesiuroutnly | - nadwsAlmdudiosms | Wu et al
gagndudou dullvguiimauisa | 2009)
SWMEEEINSUNISHY | nastuavedidenlu
Anutsnsivaves | sruunslvadiswien
\Honluvaeoniden | seduganialinlny
wAdLanusevaen | aenndsiiuagsls
\FondLan - fiamu$adesndn 300
lulAsiunsAeiud 9y
THAIAITUAANANA
ADUUN9EY
ladiutgAunisun
AUL5n15 ey
\denluraandentay
WUNTRUAVDIUDAS | - LNUEE1USUNITI |- Aesldinalianis | (Reyes-
inldenuag ANUL5INS IaveT ﬂssmawamw%uqq Aldasoro,
\Heonluvaoniden | - WawisaUszandldly | Akerman, and
Hoe NaoALdaALALANU3e | Tozer 2008)

A °o =
nagntaanmItan




1.4 YBULIANITIY

1.4.1) ﬁwmdam%auGiaéfwﬂiﬂﬂmawﬁ%ﬁuLﬂ%mauﬂ’sma% (Graphic  User
Interface)

1.4.2) TWsunsufiimuntudunuuissnlusa Imﬁiﬁﬁzﬂﬁi’ﬁﬁaﬂmwﬁaﬂﬁiﬂwﬂ'ﬁmﬁw
AATIELAILAULDY

1.4.3) TUsunsuiwauntuanldmdnnng centroid TneidasrinAoldmuiuniiug
nslnavewadifindenundlunasaneswiiy

14.4) TWsunsufiwaurduniaiuisaldniainumiinisivavesdennazauin
durnAudnansueaendeaneslasiaondenauinin

1.5 wanaIninazlasu

1.5.1) iesianuslunisussgndldvannisnisussanananimanduiaminnmsinig
Inaveswadidindonunsasrnaduniaudnaiveamasnideniania

1.52) talsunsudruiamininusinisivareseadidaifenuniuazauin
durraudnalsvevasaionyania WldluiesufiAnisiainssussuy
Inadewden

o

1.5.3) anAlganglun1svinide Tun1soeluswnsuuniasie



UNN 2

VOB UATNANNIS

21 msﬂszmawamwﬁug'm (Basic image processing)

2.1.1

U (Image)

wdimheidngfiFoniudaduioganm (Pixel) Teaziduiiud
Enmqanilslunm nsluusaggeiuazdafiausiiu Ssfiaumaniazan
91NA1VBIRIFANE R (Fwna) G EWen) B @) Tduansziuanuduvausag
\nd mndiganmvanenganinuisiedssfuaznaredunmiifivuinaiiy
A31euarAUETINTY DTy figunmun 320x240 duvsneaNin
awililvuaaun e mie 320 pixels LAZAMNLIIVOININAD 240
pixels tHuau

lnggunminuaelagiluil 4 suuuy fe
a a . A d‘ a U v e =]

® N MEI33 (True color image) A AMNTLAAIINAITTINAINUVDILNFAUE
o A & al o a ¥ a & Ao A & Y
JUAD LINABSTNLEAIAALAY LT haru1kdu Fadarurunnidulule
ylanun 16,777,216 &

® nnszaudn (Gray scale image) fio nwiddeglussiulnuding d1du
a8 Un aziisnuuandululevianun 256 & faus o1 (0) 89917 (255)

o ¢ . & a Yy a =
® nnanualgIuaes (Binary Image) Ao nmiiusenaumisdlanizduniuasd
o = ' ° a Yo I A Ao a

A1 B luusaEIANINTBININYIARllees 2 A1 A d61 (0) uagdv1d
(1 158 255)
] P . = ~ ° o a
® n1nuvieAd1ud (Histogram) Aa NS INNKAAITILITANINTIVIUALUAINT

AULTUANE V09NN TneAknuUe UL LERITEAUANLTNALUSTEAULTY

o <3 =2

256 5E¥AU FILAIRILA 0 D19 255 LaTEAUEITAS NUNYDIANULTUN]
(=4 =3 < a o [ [y} [y 1 v a =2 a
ANALR8ATUDWAULTUAA LA M UNINAUNUNINATTEAUANININ RUN8TIT
ANUTNLINIZUO AL TUAYY LaTENUAIVDINT I UANITILIUANINT]

HAlunsazs9seauAuLN (Bovik 2010)



2.1.2

N15UasnIn (Image Transformation)

nswUasnin Ineiugiuiliasdl 3 dnysho

o nsudasnmaidunnsedudm

dosmnamaidussduseneuiiadrsduielidunmiud
TAfiuannty uilumenisuszananann smndnmEtusly azyinlid
Augsandudouiiniu faduissndudesuvasnwdlfibunn
syfudnn ilefiazlinnsUssananadnonarsansty Lﬁamwﬁgmwm
<

Junmsgaudnua avilreglumag 0 fa 255 lngndnnisulasenluus

AZAANINVDININA LT UAN I ULAAZ AN N NUDIN NS ZAUFNYI LALla NS

9 9

1 =

AeANYDIALAY A8 hazAukY U 100% a819LYu Aung 27% &

Fe7 32% uay AuSu 41% wdnhanduallasaunisa (2.1)
| = (0.27xR) + (0.32xG) + (0.41xB) (2.1)

Tng R unNU AAUDIELAS

=

G VU ANEUDIELTED
B U ANEUBIEUNNEY
1 = U a A 1 v a
LAY | WU ANEYDITEAUENT MIBAIAINULINVDIE (Stewart
et al. 1994)

v < [ 4
nsulasnmssaudmndunmanualgiuass

L9991NANUNAINNABVBINUAVDININTLAUANT Y9910
TnnsUszaranIniueInaIuInTuLdveIn1sAIUIA Aatul e udeq

o v ) ¢ Ao Y N a )

wlasnmszavdmmdunndnualgiuass NN TuENe@aITEaU
Ao @A wazdv1? FILlEnannIUALUY (Threshold) wwnungnelunng
wiada(Kang, Park, and Won 2008)

AsUaInmE@ensau (RGB) Wunwaievieals (HSI)
Wunszurunsulasenainsesualmduainiaed (Hue)

= a o a . P v a . v &

ANuduAIvesd (Saturation) waglANuIINYBYE (Intensity) LABHNAANS

gavneazlaAdvasinguinineuazainual anunsadiwinlacal
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A1 H aunsanlaain

f(x) = {6,360 — 6} 2.2)

i O = cos‘l{ 0.5X[R—G]+[R—B] }

J(@R-G)(R-G)+(R—B)(G—B)

A1 S @usamlean

S=1- (R = B[mln(R G,B))) (2.3)
warAl | @unsavlaann
R+G+B

I = % (2.0)

(Li, Wang, and Zhang 2002)

2.1.3 lwWa3nlefdvia (Digital File Video)

I aa v

lnemlulnginlenTviavedl 2 JULuU Ao

o lidiAleRdvia (Digital file video) tJugUnuunmstuiinidle Fvineulng

T&anunava siliinanuasansentsyiawduegsunn alugny

NIANKD ﬂ'ﬁ‘\]ﬂLﬂ‘U LAZNITLHELNT

aa v aa v <

A lndIdleddvia (Frame) luguuuuveslnainleddviaazilu
A = a a a a
Amadeulm Fanimedeulmaziinannnisilasunuasuesninds
| < a | fa aa v
naw A Neg1951a57 Taeamiaisazninanlidinlefdialsonin
WisH (Frame) wagsdns1IN1shkansnInaaIunfivalnainlanivia (Frame
rate) TusiazszuumMsunsnMnAiaNnuwana1anuly Tasiinuredumlsy

#93u % (Frame Per Second:; FPS)
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2.2 mMsUszuananIN (Image processing)

. & P
N15UTEUIaNAaNIN (Image  processing) bUUIULUUNUIVDINTT

Y

aa o

Uszananadygy i Selldyaravniniufe dsuamnielidinleddvia lngnadnsy

=

ponintiueTlnnauRvIe Nl iNduTuSIUTUN LYY Fadeyaiioanannng
Usznananmiiuareglusuiuuvestayadieiiay (Gonzales and Woods 1992) lngil
aunsathtoyama Ui IATIE RN TEUILNTUTENIaNANINITALATY (Digital image

processing) laauandlunmisznaui 2.1

l Image

Image acquisition

Color image

Image storage

v Gray scale image

Image enhancement

v Binary image

Image analysis

l Binary image

Image recognition

MMNUTLNBUN 2.1 TUNBUVBIAIAUNITUTLUIBNANINLTILAY



2.3

Image

12

M35UNM (Image acquisition) tJunszuiunshilaundsdoyanin g

I [

[ I3 aa % a
nsudasdygraeudenluiludygiafinea asanslunwusznaud
2.2

Analog signal

Digital signal Computer

v

Convert

AMUTENOUT 2.2 TURBUNITIUNIN (Image acquisition process)

e nsiiudayanin (Image storage) LJunszuiunisiivdoyanin deae

I3 o aa ! o

wnulusuwuudyarandnealilumeanud,

M3U5UUI0 0 (Image enhancement) tunszulunsiivszneumeg

wallaivainvatglunisastdiundaninniinnudaauias autnde
- A v °o o a ¢ ¢

wsaldsunUasnmivdianumngaudmsun1singeinnla guywe
A a 6 1

wsonouiunesiall

NSATIEEAM  (Image analysis) 1Ju3Tn15eSUlanaznisandn

Joyanmadneaddunnvesszuutoyan nidnaauazioninnazidu

\wsemneldunudayannAInea a1y

MM39A91019 (Image recognition) {Wunisiivdeyaniwasmuienud

a s o ! o d‘
YaamauImesatnsainlalaen1ssemiienudvetnseslilugy
U 6 I ! 1 6 =3 wa
VeIiInUTezsd (Array) laganlulsasdoivetasisduaninenuauyd
293900 (Pixel) waziunuivastosazisdidudimmvunfiuniives

NN

waian1sln1suszatananIn (Image processing techniques)

[ a a

AMBRaY (Image digital) 1 Junaniannisquarlussuuiinusgl

Y

(Spatial coordinate) fslunmusznaudl 2.3 uagn1svhaeulnd (Quantization) aq

A1TEAUAIINATIN (Brightness value) ¥50AULUY (Intensity) seUURRUTYHITagly

N1SLAAININLTILAY %ﬂﬂ%ﬁﬂuqﬂﬂ’ﬂuﬂ%’]ﬂLL@%ﬂ’NN’sﬂQSUENﬂ’]WLLH@QI‘NLLﬂ‘U X wag Y

muay daugalagianeuuszuiu XY asduilandu fixy) wazisaninganinmse

Anta (Pixel) AaAIIAITEAUAMUTY FaaztTudruwruniulasnda (Finite number)



13

wuulaineliios #3eL58n31 Discrete quantity Adildunasnainnsyimeulng lngaglsd

nswlasainewden (Analog) 1udlnea (Digital)

Y

Y

00 N-1

Y ATHENUBINTN

I

W iliFaninann

X mmnﬁ'ﬁaﬁuaamw

AmUsenaun 2.3 ssuuuigl

Tneynlumadanlglun1sussunanan WUl naInna1els waian

[%
o

Avmunauiuasldlunuyssianlyu Fadesiiarsananamduniiinindinuninees

< ' 1 1 =3 a [ Pt = 1 a
ﬂ’]‘WL‘U‘L!E]EJ'NIi LLG]E)FJ’]QI?ﬂG]’]ﬂJW]ﬂUﬁ‘VIﬁﬂ“]VIFLGﬂUﬂ"Ii‘UiSQJ’JaNaﬂTW oY 4 1NAUA

Tnewmazmalaaziisieasidansanaluil

231

wATANSUTUUTIRUAINUBININ (Image improvement)

& g & o & Y o

Juppuililuduneunsniidnluazdesilununsussinanann
2 @ & % Y A A 1% v = =i
Fedutunouveinisulasteyaninmilaviiionzasanmiiusigazigend
Aen13 nen1sUTulnulasiswdanfesnIsvesnIn Wevinn1susuninasdl
nsiudayavesnnuedIn daunisuSunmiliiduusiunaeanis gldazees
Andulanazlditnsusulsanmuane quuulunisiauasmiles (Tao and Ke-
qin 2008)

wiatialglunsusulsannlaenaldlaun nsusudgenimas

v a

$48 (Radiometric enhancement) waznN1UTUUTININLTINUA (Spatial

=3 = ' A av g
enhancement) PIFNYALLDYALLRN AL LNAUANAIU
® N5USUUTINMBI9E (Radiometric enhancement)
MIUTUUTINIMTE59E gnaenuuuniieLiiu

ANtRkavaunavesdvasnmiiasaula Fausenausme n1s
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USUsEAUdT03nIW (Contrast stretching) n1sUsuLvingalaun
U (Histogram equalization) N1SATUIMLUUA WAZANS
Anrgvosdussnoundnueann  nsUFulsaamBeddd
ﬁmzhiﬁmil,ﬂ?{au%wuamwa&J"mm';i wazazldlunsdd
éfaamﬂﬁmwﬁmmm%’m%w‘%aéfaqmsiﬁﬂwww%uﬁu
Aog1nATiANTTUSUUTINMBISAE Taun

N13U5UTEAUAYDININ (Contrast stretching)

Lﬂuﬂ’ﬁsumwmmLsé’fmaﬂmﬁiﬁaeﬂuﬁé’sﬁéfaqmi walla
wuuAldiauuann1sdunse (Linear) wuuldiduaunis
1&unss (Non-linear) W3ouuuunndau (Piecewise) #9n15U3U
ALY NISVYIEAIUTUVBI N ULE LU ULEURS LAz uuly
Wudunss Lf]uﬂWii%aumiLamﬁ’U%yamwﬁy’qmw GRIIRE
USunmuuuwanaluagldaunisrateidulunisvengaanuy
yoslnunas TuAn3fumnasiulutefiunnaneiu

- arsUTuatnuuutdurdunse QUnear
enhancement) W1iAs M4 efigatumsUsuiieyaduiidentilnms

THaunsdunss Inerlmiay

= A + B x AN o0 <(A+BxANA) <M (25)
-0 dlo (A + B x AuAn) < 0
=M dlo (A + Bx anA) > M

lag? A Lﬁumﬁgméfmmu y, B 1luanuaindurasnsin uag M
Jurasgaindoyaanunsoudasls (wu 255)

- msUsunnswuuliidudunse (Non-linear

[
= A

enhancement) Tun1sUsuNWISHaziverds Anlunsiinan
< a a 1 1 a' a d'
Juwvviligudeunangen Inganzegedliyngeganlaiey
P9@9019909n 5BV YInlAn15tEN15USUN WU ULE UM T
llnadn wieg1elsinufasiiSuddanidenans dureld
IDATVLUVULANEIY Wazn1sUUInT Wi (Histogram
equalization)
1 . . Qddy )
- ANSVYBLUULANEIU (Piecewise) A8ULUU

nslaunmsidunsangduluntsulastayaluvangq i lag
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agldnsadansslanudazan udrimungaiusniigaiasu
arwaraduluns andufigiinaunisnsulasudasidy
dwduusiazdin Geazdamalitinisverslnuuasuunandiu
Antu waraaiionmiignuiundansdidnuuensnuvises
Foyafivenoudn

n1swudinsaIuliiviadu (Histogram

equalization) Inefinguszasdde 1unisadisnnifidiuay
nnlnalAssiu viedeyanulacidiazinisnizangeeny
adaue Wnsildnisimuaduiugenmimangasliiuwe

azen logh
FIUIUIANNTLAL = TUIUIANNTIVILA / Iuduatudeya

NSAUIUILITUIINANUDETIAN TaBtTuUIn
FIUIUANINAINIL U IUNTENAAUTIWIUIAN WAL AL
PazAnnald Alganmmaituduawsn wagldrmdaluilu

1 nd' al'al o a z-:l' o v o a ¥

Almifigesganmnddnunuiuisialanazasd syl
g AuINAg 1w Adiesaauld uidiuauganIneesen
ANULTUVBILEIA1alUaLlUd (Altas, Louis, and Belward
1995)

° ﬂﬁﬂ%JUUq\‘imWL%dﬁuﬁ (Spatial enhancement)
Tuvauzfinsusudsnmmidedsdiunisuasnn
P ' ) a &4 4 & v g v
MR Win1sUSugan el dunisidunniilgen
ﬁnﬂﬁ;mmwﬁagjiauG]Rmmwﬁumﬁwmm N5USUUTININTS
g A a P ) A a & A = e '
NUNVLLNYIVDINU ANUDLTINUN FIVUIEDT ANULANATS
FENINAAIEARALAIGAVBINFUINN NN 0ERATUNT DY
TnaAgInU 13991UUNS AL URUAIAIAINUEIIADUUNY
SN UAIUNTUDIN N
nsUsuUgEnnasiiundnagldmatianinses
. . 14 1 = -] o A
2 (Filtering) 1111978 Fen1snsesnnatdunisiiean

darusuniu wiseUTudnwuruegslunIn 1nen1sLuunge
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ANANUDVDITBYALTINUT PunineanuIdunisaindnuuy

Y @ o

WULAUTAEITU NaanSaINNIThALATINALLUABUAN

Qe

a

Joyantifuduegran1is asunisnsesninazldlunsdin

(% '
v A o v d o

deyanadulilydedrdgnazinenluldlunisuiasely

o

(%
Y

JunaUDA LU

Ass5uAsTun1sns eI AL IgnanNN1SNI4

58n31 Convolution filtering Fa.unszuiunns

s

AAANENT
La?{aﬁwmﬁ;mmmaiummﬁwﬁq6‘] LaznsEYmanaiaig
29 35 convolution # 2 8sAUsENBU AB

1) utheaedeudl (Moving window) azvimindiadneidu

ra

LURUN (Matrix) Feleanardudseans (Coefficient) %139

o o o

Jadeimedn (Weighting factors) Mdidusnaasimiin v
v a a Ao | v a &
NN UAZLNTINTVOIVUINAT9) NTUIR1LARUN T
ANUNWIANAAIARNS L58n71 kernel NLNANLAABUNDY
[~ d‘ Ql' o z.:l' 1 &
Jun1519@maeu v AN NI IUIUA LU 3 x 3 138 5 x

5 %30 7 x 7 300N

=

2)  wthdnazefouiulUNaz g MIIisn A LAY wag
AAILAYTIDEIANINATINANTVBINTIR1LARBUN 22N
o dll I ' o ! a ada
Anauietoluldlunmlvansesiundadu lng3snis

AduUsEANSUsazmlunisiuadoungaA1iavves

(%
v a

AMAUFUNNUIAENTAIUATOUN UAIBINARMTIINUA
1NUINAU NASNSTLALDIUNIITAEHNAUINYBIATMUNTINANG
d' cl' I~ U @ Qy o dl’ 1 g.J/
waoui Wudwasaaunsawaluniganin deaintiu

v A a A ~ YR °
winaAdeun asdeulufiasaoautl LasAuIUANIN
c{' ] v 1 d' cl' o ] ] d' (v LR
Megnsenarmthaafiaufidumislui Weaumeduin
ALLADUAINSUAUNLA LY V19819 UIUNUANINIAIN

v 2 ° % A a ¥ ¥
gavnefagyililanmlumiviniunisnsesnniseusosudn
(Gunturk, Altunbasak, and Mersereau 2003)
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WANANIINTBININ (Image filtering)

Tun1519919959 ANALANNEIUNINALTFUUIUSUNIU UTD

e

'
o A

g ailifiaUszasizdueglunm dudu dududesiinsesfielunisiida

grausumumaiuesnainnm lagldnaianisnsesnin dadunisihnim

2°

ewe

tulukuinseafieTildnwilinuaudAniadeans Tnen1snsesnindudl
’mqﬂizmmwa n134u (Enhance) “3aaanau (Attenuate) AmaNTRUNS
Usgnsvesnm dedsulsdlinmiuiiauaudfidddy waziunzudnis
Ussnanalutusioly

23AUsENRUAAYYDINITNTBITBYAN N fufe finses Fady
SPUU 9 wia Audaandn (nput) WUszinanadygin wavdsdygineen
(Output) Ineinludansesazgnadisliifussuuidady (Linear system)

v A

= P I~ a a = a a
Lu@\‘i"i]r]ﬂ@@ﬂLL‘U‘UvL@QqU LasUUSZEANTAING {]QQUUNWQUQ LaZENAUANINUNY

q

LAEAUNTORNLUUAINTOIA Y QYIULUULTILE

®  UTLNNVDININTDY
o | v & o dl a o«
fanTesuwanladu 4 Uszanaudneazn1sienaud Ao
1) fnseannuArIi (Low-pass Filter)
2) fhinsesiigesny (High-pass Filter)
3) FAINTBILOUAINDNIU (Band-pass Filter)

4) ﬁaﬂi@wqmmummﬁ (Band-stop Filter)

Tunshauvesiinsesiuazaedinisiunnuautives
Y O A [ 1 a = 1 Y
AINTDY UUABNITNIUUAAIAINNEVBULYA (Cut-off frequency) WaagtUum

I3YN maaé’mmﬂmawwiwaﬁummuumumahmu DEHIULTU AINTOI

o

a0 A a
AITUORNTNTIU VliJﬂ'J’]llﬂsUa'ULﬂJWVl 100 Laim"?] uu%ll']ﬂﬂ'ﬂ']ln"l Qb4 EJ@NI‘VI

grafifiannudsing 100 Bsadnuld wiegldeaulidygrafifianud

0 1B5atiu dmiusinsesnnuiganiulzyineuasim iU
N599ANUARINIY d1a995NT0aUALARY dzsenldyaaAud
Tugafidmualiion uimndygadanuieguontaisidmuniazgn
annouviolisoulidygadudiuly  gavesasvgawouaed

MUl wUEATIIUTNAUAINTDIMAUANUDNIY NAIAD dyeyIadiet

Y
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lugraudniualisglivenliing widygyruiegusnniaaudi

a

MuualigaulinIule  IUNNSIADNAINTDIILANIZEN ALADINTIUAINY

D

n309219A1NDVRIA Y Y ABIN1TNTO LiRBINTT LaNzAdndy )

foN1suselifAeinisesn (He, Sun, and Tang 2010)

e msnsedlasnsiedsnnvansnm
nsnsesisialflunsdidyavesnmmansnmiidannin
i Tgmsairsnnlvdifganingeniiameaiiu nanfe snanud
wasvesyaniaiidyyinsuniuinty fawnsofiazihdeyanudy
uasrpagatuInamEuLwLAULY FusaraslunmAaziinainnisiade
Mnqafimsaturesnwealugnniniiug Tnsvhlunisnseslnenisadsas

~ o &
UaY 3 LUU MU

Y

1) Minseadeyanmlagliriaiouuuntineans (Mean filtering)

aa & v q' a s & )~
’Jﬁﬂqiu"ﬂgisﬁﬂ%@aﬂLL‘U‘Uﬂmﬁ]ﬂWﬁ@iﬂJ@ﬂﬁm‘WﬂVﬂJﬂ nInNU

ANYUIA N x M 19940 K AW 151@10150Avnnwlnadlanadl

A 1&
I (X, y) = RZ I j (X, y) (2.6)
-1

[(x,y) fomnuiduueasuogn o siwms (xy) Tunmnadns

I; (x, y) femuduuasuesqn i fiums (xy) Tunwd |
aad o Ay Ao

Wilunsaanaudyaiasuniy annlaosddygyin

JUMUANAY (Restrepo and Bovik 1988)

2) Minsestoyannlagldirdsegiu (Median filtering)
WewanA1dlsegIu AeAfagnTinats Wieiayaun
a o W 474 = 4 v :5 aa 14
Sesdivandesluinn vieanunlutey fauisnsnsesdeyann
Ingldagisagiu ARon1suteImulLaIveIgafinsaiulunIwsngeun

= o w ] = v S oA oA
LﬁEJQa'WTU‘U']ﬂlnﬂlﬂuaﬂ%ﬁaﬂqﬂuaﬂlﬂﬂqﬂ QWﬂUUﬂLa@ﬂﬂqﬂagmﬁﬂﬂaqﬂ



N O©O B~

a

3)

N O B

a

19

(% '
Y a

Tl4 LLG]'Wlﬂﬁ’lu’Juﬂ’lWﬁ’j\‘imJﬂLfluﬁ’lwmfj flagihAnaesiognsenany
fusmeiaie Ensnseuuiseguiidediidilivivlinnwadns
fioenuigademiuauda wiegrslsAnuiesninnssuisidunns
Soadiudeyadsuagyinlidauadrlunisssinananieldinatly
Msfageiues fegminsesteyanimlaeldadsegiu fuans

TunwUsenoud 2.4 (Youlian and Cheng 2011)

N

AN 1 MWD 2 AN 3 AINHA

ang
2 1 3 2 3 4 3 3 21 4 2 2 1 3
2 21 5 3 41 21 40 4 2 4 1
1 1 3 '3 2 4 2 1 4 2 0 B 1 2 2 2
2 11 1 312 2 4 0 2 2 31 2

-dl ¥ v o1 CY v
WUsenaun 2.4 miﬂiawazﬂamwimUslﬁzjﬂ’msag’lwuawaagamw 3 AN

nnsnsesteyanmlagldrngiuiien (Modal filtering)

! a & a o aay =~ 3 o

Argulleuitumnanidunldlunsdindeyainisgniu
wngaeuagudenfdudiunuvesdeyaiaunsoesuiednuus i
a X v & = o & & Y v &
nurasdayanivun Falun1siiudssendiduiinsesdayaniny

& = Y 1% o v - = = v aa s

zidunisidenseiuanutuLasildiesNganazgnifenluly 35y
wzAuNIsandyIusuNIUAaTuldUosuunn #e8194n15nTes

Foyanmlagldmguien fuandunmusznoud 2.5 (Nitzberg and
Shiota 1992)

ﬂ']‘W‘ﬂl 1 ﬂ']‘W‘ﬁ 2 ﬂ']‘W‘ﬁl 3 ANNAGNG
2 1 3 2 3 4 3 321 4 2 21 3
2 21 5 3 41 2140 4 2 41
113 " 3242 ' 1420 - 1 2 2 2
2 11 1 31 2 2 4 0 2 2 31 2

dl ¥ ¥ a ¥
NUTENOUN 2.5 ﬂ’]iﬂi@ﬂsﬂ@%aﬂ’ﬁ/ﬂﬂEJIGU?’Y].E’]UUEJLI VDVBHANN 3 AN
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233 wadansvindunmdnwalgiuass (Image binarization)

Jumedadilflunsdidunsludmvesnmsuszanananmiou
(Preprocessing) 6'?}@@]ﬂﬁi’fﬂ3818%u‘1uL'%iaaﬁzJaQﬂf1'ﬁmwmmLLmﬂGmsuaﬁmqﬁ’Uﬁu
& Jamedanmsuasnmsedudimiunmanualsuaesazerfendnnisen
n137auUs (Threshold) Tdiiloluasunmsgduding AdA1anuduvesd
(Intensity) 9¢5¥ming 0-255 Idunmifidanududifiosasssedu Ao di
(0) wagdyn (1) melidoulviii mnanutudvesganmladddinimie
WA Baus Trgaaiudandude withimganimdauddiganmdu

[

Andudv lnvanunsadeulioglugUvesilandulaaad

_(0if fx,y) =T
90 ={; i flemy o 7

(2.7)

g g fie Avesgunnildainnisudasmnlvideniios 1 w38 0

flxy) P8 AITEAUANIVRIANINANNR (xy)
T AD AINISTALU
= U = 1 1 v [~4 = 1
ASLABNMIANNISTALUIEILN AU RN TY 2 kUL AB AINNS
IALUIAIUNANT (Global threshold) way AINISTALUILRNIENA (Local
threshold %38 Adaptive threshold)
ANN15IALUIAINNATS LTuNSTEANNISTALUIANLABTUTINT W

[

= = o i & @
Fadunszuiunmsnlalunisuen FIE] NUAIULANFTAINNTWNUADIVBINTW AT

[ a [

Juunusaznguvesganininduingiisatuniedndunmiundsaiunse

Auuaalrdun ARt uld wazAINISTALUITITIUEI T uALAEIA URININ

Tngldnnuvismnudlunismainistauiglaanefntesianiiegsenintewen

Y

o 1

5 a [ A 1 c{' 1 v 1 al 1 < =
Weges Anannislunisuusfe AMegnegIeveeAIN1sTaLUIRgIdudn diu
| a ' P | P ! &
AMBEN1INLDURIAINTUARU IR TN
1 = ] c{' < 1 [ [~3 ] cl' 1
ANSTALULRNIEN WU sLUsnmuaneentdunIwegaee) Num
LAY ELATUALTAINITTALU T UVDIEILDY NENNADNITUIAINITTALUA
ML UMLNIZEMSUN AT AN lATELD AITUIININISTARUINANE AN
WIS1EAazUS AL ITAINTSIAkUlwINAY 35N151AIN15TakUinlalaeng
519U TR (Window size)  Funnvuia NxN 1asdl N dueisiduavd

& o v A va a = Y o 1 Y]
ntudmtaeilundinusnanisesnnudliiiseauinn (Gray level)
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V9NN MNBY UV ULAYBINTANUIUINTULT I TR TIUIUTDINIILA
vowitee aglemnsiaudanielumineneady wagyinismAINsTanUagul
Tiseeqfuusnnlddriuaunsenslaiinisimvuarnistaidnsulunnann
ANSEAUNITBIIANEAINNNTIIAINTTARUVBIANNTL Az ivua b Uy
A917 WANINAEAULIRI9AN NI UTRENTIAINITTALUIVBIFANTNAYE
° Y o o 1 & I vy o g °

sl dudan vidullauasunnyanmiaslanadnsidunineiasn(Sy, Ly,

and Tan 2011)

WAlANTRENINYEBNINNUMAY (Image segmentation)
Wunszuiunisvesnisuisninidnealalunaleqdiu
TrgUszasdvaansueningeenainiiuvas Aen1sananududeulaziuiouns
A § v ' a ¢ a Y @
wanveInLitalideRen1Tie e Ingunfveldiieauninguasvouiunly
A n3giilagnsivuadnuynganmlunmiiug Feersaglddunuves
gansaiuiieliiudnvuzuegswesnn namaldanisueningeanain

X o & aaa | -1
NUNBIUASNITNIBY VAU IEANU

® Amplitude segmentation
aq dy a aq ! ] L7
BN13HENTUITNITUUIEIUAIMaIE AN Lagldan
NTALUL VBIANNADIATNNNTDBIAUTENBUVDIAVRININ TellognareTd
¥ U =
paefiu Ao
1) Bilevel Luminance Thresholding dngisraulaluninuianintuae
fenududnamiuiumds Fanisueningeenainiiundsaiuisoiile

lpgnsinnuaAIN1sTaLUs lWaekenngiaulasenainiumaals

a

2) Multilevel Luminance Thresholding Iumﬁﬁﬁfﬁmmﬂaul%gﬂu

q

APNUUTILIULNN AIUUILABILGAINITUALUIVABAT DENTULIRG

9

ISP 14

aglunn N Jng Feluwdazingazditnininevesniuduindu R;

(Amualamen1sTauue 2 a1 e T;_q, Tj) @a1115091n15uen3ng

v
P=1

29NINNUNAILAR

g(x,y) =R,
if (T, <=f(x,y)<=T), i=1..,N (2.8)
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AINITALUS @runsaml@annnIuanIA VoA RAINAdYENYD S
A wiluvane 9 nsdiinisdsunlainsnuansAivesadiniud
azauvesnminldaiisnuennisiusuudassenineingléedis
Fonau farAsnsulefivinlianunsanainisiauvsldieiuienis

WIBUTBINTN taTsaNANNENevaanIwInduveureing

Region segmentation
d1msuisn1stiilunis Segmentation lasnisfiansaniu
nauveslayan LAz rTURgiuAMANTRYIIAN I BellagnangTsnieiy
S
Gk
1) Region Growing {udnuils3i57iinefiganldlunisueningeanainiiu
1849 lageinN153nNquvaInn mlnalfgsiuniiansanauLy
YBIYANN
2) Split and Merge
. < 1
Merge region tJun1sawnuannwe1e 4 Aeluamainganinwsnly
gaganinaniinevasnnliauuniwasranauaau luseninmnis

auwnufaziinisnusganmduludengusng g daunisvi Split

=3

region ABLIUAUITINTAUYAIMIN NN vTang Uity lagan

a

' (= a &9 ¥ o & & o { '
MWﬂ’J']VLlILUUﬂ’JﬁiJﬂlix‘]ﬂIﬁ/iVl']ﬂ'ﬁLLEJﬂﬂEjiJu%]E]ﬂLUUﬁﬂq%JEJE)EJLLﬁ%ﬁ]%ﬂJﬂWi

a o & UV Y Aa a a
WANTUNRNPEUSULIDY 9 "UUﬂigwifL@ﬂqgfﬂ@\‘]ﬂqWWNﬁm']Gljﬂsﬂaﬂﬂa‘ll‘vml

1 Y a U U d‘ U ¥
AlnatAssiuluszauiainsasensuls (homogeneous)

Boundary detection
aradululdfiagvinisuonamesnluidungusngg
(Region) 1A&N1371519@0UTBUVDLINGUBIUGALNAY @1nsnIilalagn1sm
YOULBINN WidmTuuansdifiteyanmildssuniunieauuandisves
arundusgwinguiitosnnililianmsomveuesiagld defuisns
WvauiEn1seNvey (Edge linking techniques) tHu3sfianunsavinle
Tnensmveviagildlaenisdmuawninduldlumsfisnsamuoudad
ey 2 x 2 é’aﬂa5%%@&3’%ﬂﬁﬁﬁﬁ@%ﬁﬂﬂﬁﬂLmulﬂmmmmwsuaﬂ
amdausgumluFhenmlunuusnuazuumdnaugisy nely

! [ Y o ¥ o a = v
53‘1/‘1’3’]\‘1ﬂ’?iﬁLLﬂUﬂIMU’]‘Q@ﬂ’W‘Wi@U%’N a4 ‘Uq\'ﬂﬂ’?WlUVl’]ﬂ’]iLﬂiEJUWIEJUﬂU



235

23

Toyatunindiinmuald ilifinssiuusindlameiliawnuluganndaly

widnesatue3ndgla q Alwinisdeuduwniadagiuluaufianianla

A o« a

fatuald wagdeufinedinindeusumisilsimafuadumisdagtuily
domndumisiffosundsvesveuvasingiuies uaglivinedaidluly
5eu 9 Tnsazvgafitlonuldisundumdaianud 9aduduvesuey
Furaafifinisudsundasiienanunisidourenusinadusn n1sdeu
ndusndiiduuansimeudazldvevvesinguiaflinnstihdoyadiuily
Auliganieanuddiudu 9 LLazﬁ’m’ﬁau%aﬂa%ﬁmqﬁaaﬂmﬂ
miheanusnn sailiieldlviinsideyavesingiivimuudaunsuniy

nsyringusielunglunmdn (Fu and Mui 1981)

WALANITNIVOUVBININ (Edge detection)
N ) | & A
YOUNMN ABYAVDIIANNTFBY Feazagunvauvesiuilunaw
lAgvauNINILdILTUIERITUIIE FNYUE IUIN LATAUT VBN AITU
vaunmdunszuiunsusnaasnishenamiuaiug (Image Segmentation)
lneddanaifiusineg YuunldiiofinnuanvaelasauieuasvaunIneana NN
[} = LY 1 <) aa
sEAUWN (Gray scale Images) Fslutagiunisasianiveunmazuuady 3 35
AB NINOYNUSTUAUNTL N1INYNUTTUFUADY WATNITNIBYW UGN
PFIALALANGAVDIVBYA

®  NIIATIINIVOUNMNAIBNITMIBYAUSTUAUNT (First Order Derivation)

[
aa a IS

1ngATULLNITUVBUNNIUNANIIWUIUDY (Horizontal)

=4

wazlUIAY (Vertical) Fazi3anindunism Gradient ¥0301n lagazuaARS

1
P=1

lugdvaaninmesianal

flxy) = AIAVULTLLAIVDIIANTNE I (x,y)

(2.9)

9
Hy(e,y)] _ o/ Y
VFf = =

f [Hv(x, y)] l;_yf(x’ ¥)
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4 0 -
[GI af(x, y) azilunmsmveunnlufianisiuiueu
i) - Y -
(X) way g,f(x, y) azfunismaeunwlufiAn1awuins (y) daudienig

YDINIIATINNIVOUNATNALUAASAIANNTN (2.10)

— -1 Hv(x'Y)
0 = tan [—Hh(x'y) (2.10)

1o 0 = AFENI9VDINITATIVAIVBUNIN

Y =2

Tun1395M VB UNNAIEITN B YR USSUF UNila 8

v [y <

fofunanstteaziariFazuandsfuluaudduyszaninioandag
duin (Mask Coefficient) 7itanldlunisnszsi (Convolution) 59U°)
AN MAElun I 19U

N13119aUsIE Sobel (Sobel 1978) agldganinluusiiu
Tn&iAesflagluntinin convolution 1uIn 3x3 lukuIuou X LAgWUIR y

W1 gradient magnitude ¥4 x lay y axldA1 Mask Coefficient ¢4l

~1 0 +1 +1 42 +1
H,=|-2 0o +2| H,=l0 o0 o0 (2.11)
~1 0 +1 -1 -2 -1

N1SMYBUME Prewitt (Gao et al. 2010) T¥gannlu
a v a v . = as
UshadlndiAesiiaglumiiinin convolution ¥u1a 3x3 mileuisn1svas

Sobel uALANAITUTIAT Mask Coefficient Tngaglden Mask Coefficient

2o
-1 0 +1 +1 +1 +1
Hy,=[-1 0 +1 Hy=l0o 0o o @
-1 0 +1 -1 -1 -1

N191198UMY Robert (Wang and Liu 2012) lgutiinin

convolution YUA 2x2 kazdlANduUsEaNsTIaAInLINLN 2 SEAU 9l



25

m="" 2] m=[2, ] em

N1SATIANIVOUNINAIENITNIBYRUSTUFUABS (Second  Order
Derivation)

insinaun SN seuRuss udunilsn Ao yus

AnATI Feazleaunisaadl

F) 2
o fy)
, (2.14)

Vif =1
— f(x
2 fy)
TugannminsdsundasAinnudy s miayiug
o o A 14 v § ¢ A acda ! . =
gusiuaevzlanaansilumud v3e35738n31 Zero-crossing 1 Marr way
Hildreth ladhanasadudidniunismaeuamlungui 2 Taanisld
UNUTTUAUADIMTNTINTWABURUAIAMUTNYBITEAUNIN Laplacian
VIUTNILUUTDUNIN N1591190UNNLALTS Laplacian of Gaussian AW
Fuatuaraerin convolution AU Gaussian Filter §svinninyandyeyie
SUNIU (Smooting)  WoININNLNIINIEABLUUUNR 91nHuTsdlumn
auNusduAuans 1nen1s convolution AudAiiunis Laplacian waamn
o 1 A a . = ax .
AUl uTeUNMILAA  Zero-crossing @9I5N1IWIVOUNINUDY Haralick
Method TlnatAesAuds Laplacian of Gaussian  lagdiA21us19AUT
smoothing data (Zhang et al. 2010)
dMTUAIBENVBINITNIVOUANAILBYIUTIURUADS AD

Laplacian 33141 Mask Coefficient il

0 -1 O -1 -1 -1
-1 4 —1|ve|-1 8 -1 (2.15)
0 -1 O -1 -1 -1
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° msmauﬁuﬁlﬁamqmqqqmLLazﬁwqmﬁuaﬁayja (Optimal edge detector)

AN91UBUAIY Canny (Canny 1986) sinlaglaguniinnin
convolution Thiusysiussusiunisvesinseunidideu (Gaussian filter)
13 convolution #ilsdA Taei3uan convolution sEwinenmEuaduiv
Gaussian filter wdsansy convolution ﬁ’uaqﬁuéé’uﬁwﬁwaa Gaussian
fitter 8nads Tnowenvinluuny x uay y AUa1eU It x uay y U
AN Gradient AI8AT2UIUNTT Nonmaximun Suppression diem
M NTiTIAves Gradient aufianslusuvisiuanniian aunisildly

NISWIVBUMIY Canny LEAIFIL

%2

G'(x)=(— %)e_(zaz) (2.16)

e G (x) = suiusdusuanIves Gaussian

0 = @ulyuuunInggIured Gaussian

2.4 VANNISWUNTBEA (Centroid)

 a 4 & A a o = a
WUNTBYA A IAAUINANLIAVDINUTNTING LAY Falin1sieuunain
L UNTUALUTNANNMARS SO TIN1EN M wasdnud 1Ay lunsinssesvasingdadng

Tunn Inganunsafuameunseenuaegusewne duandunindsenaui 2.6

+ Centroid

AMUTENDUN 2.6 LYuUNToenuasiunguaie
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TUNIAIUNUN LD UNTDEALLSUAUIINAITULULLUS (Moment) By

NNTAATIENFUTIMUUBIATIN anansadailaanaunisi (2.17)

mp,q = ZRelevant pixels(f(x: y) - fbackground)xpyq (2.17)

Tnen my q Ao TULIUR

DRelevant pixels xPy9 o Binary bitmaps
do p,q =012 .

LazAAAUINa1NIaYeYIngaLTaAILIMAINANN1SH (2.18)  (Centroid. 2013)

= — _ Mo
X = 2.18
( y my, 0) ( )

WU (Area) o 91UIUATIV0I9ANNTUFUSIS (Shape) vBIUTHINUUY

a

Tnevllagiinrsanduiuiigns (Net area) duandlunmdsznoun 2.7

- & A a W
MWUTZNDUN 2.7 WUNVBIUILININU 9 ANIN

\HusaUgU (Perimeter) e 91UIUATIVDIIANNNVWIDUVBIUTLIALAY

AILAAIlUaNN1N (2.19) waznwusenaun 2.8

perimeter = YN td; = YN x — xi4q (2.19)
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R S S
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e
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|
|
i
|
|

AMUTENBUN 2.8 LHUTOUNVBIUTIMYINU 8 AN

wAUNEN (Major axis) v MAUABIYA (End point) Na1U150ALEUT

g17gAluUS I BNEINNTaAIWINTEEERATYY AsandluaunIsh (2.20) way (2.21)

major — axis length = \/(xz —x1)% + (¥, — y1)? (2.20)
major — axis angle = tan_l(%) (2.21)
2741

=

w589 (Minor axis) fiw 3AUaABIEA (End point) Ndunsanalduien?

Wﬁﬂuﬁzﬂﬂ@ﬂﬂﬂUuﬂu%ﬁf1@Q%ﬁ@ﬂ?&ﬂ?WUi%ﬂ@UVIZ9

minor — axis length = \/(x4 —x3)% + (Y4 — y3)? (2.22)

(X3,Y3)
(x1,y1)

Major axis

(X2,y2)

Minor axis

(X4,¥a)

a Y
AMWUTLNBUN 2.9 NUNANLAZLNUTDY

[ 1
= =

n135mAULUL (Compactness) fn 9RTIEILTDINLIRDNUNVDIIINAL

MAUTDUINAYI PaAAIUFUNTSN (2.23) wazn1nusenaud 2.10

compactness = _ tmarea (2.23)
p "~ (perimeter)? '
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AMNUTENBUN 2.10 NISTINAUBUUYDIUSHIY

NaeIvaULYn (Bounding box) ABEMAELNANNTAUTIRUIIUU LA B9
Tngiluazlould dvdsuiauisaussquianivuindaiignisondn Minimal

bounding box fauanslunwussneud 2.11

AViZdh

AMUIZNBUN 2.11 naesvauLYsLay Minimal bounding box w83UsLIed

2.5 wannsanaunusiuuled (Cross correlation)

¥ IS

TunsANADINITNINIUAMULNLOUNTOAIINUANAIITENI1T e Y18
A0 1 ALRAIUUNINIAMUFURUSAUNI DITINTINITVT @NFUAUS N15IAT

andunusues x; (1) waz x,(3)
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50,

3

AMUSENOUN 2.12 A1 x4(n) L3871 n AaAu

nanUsenaudl 2.12 Wun1smianuadiendaves x (1) wag xq(3)
Feanursalsunanduiusilane r,(1,3) = E{x;(1)x;(3)} "39ANdUNUS

dananlalusumlude
T (M, m) = E{x;(n)x,(m)} (2.24)
Fadeueduneldiu
rec(nm) = [ [7 x ()%, (M)py,x, (%1 (0), X, (m)) dx; (n)dxy () (2.25)

waztilosanAranduius r, (n, m) Wunismeanudusiussewing
[ [ 13.’1 3 v YY) gj =% a 1 < 1
il x;(n) AU x;(m) uavisaldu x; Meiuneiulnsen r,(n,m) 1dum

aAnduNUSAILee (Auto-Correlation) 09 x;
Ty (M, M) = limy_ o0 %Z’i"zl x;(n)x;(m) (2.26)
el n=m 131165
Iy (n,m) = ry (n,n) = E{x?(n)} (2.27)

A a = i Y A c{' o
NI0ANAMUNUIYNTIABNITNIAINGY (Energy) ¥58ARRLUBIAINIU (Average
power) ¥a4daIa x (1) WaEMINABINITMANAURUTVRIRAILUTdY U anduius

294 X4 (n) wag y; (M) awrsamlaain

Iy (0, m) = Efiy (n)y; (m)} (2.28)

¥
e 1

a 1 [ 1y I [ [V v .
LSENA@NRANNUSUINTY amuwummulm (Cross-correlation)

(Cross-Correlation. 2012)
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o

AUANaNLINLaTURaNann1sYesandunushuuluANTE U e

T o

msliidudlng uazannsathuldfudyanuguamlsivuiu lnsfiuesdeyanm
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Abstract— This study focused on the step of preprocessing in
the part of edge detection techniques to detect red blood cells
(RBCs) boundaries. The objectives of the study were to make a
comparison between gradient based edge detection and zero-
crossing based edge detection and to find out the appropriate
operator to use for edge detection of RBCs in capillary. Sobel,
Robert, Prewitt and Canny were used as gradient based edge
detectors whereas Laplacian of Gaussian was used as zero-
crossing based egde detector. OQur study used two criteria to
consider the quality of edge detector by eye judgment: the
probability of a false positive and the probability of a false
negative. It was found that Canny and LOG are suitable to use as
edge detectors for RBCs in microvasculature.

Keywords-edge detection; red blood cell; video image
processing; gradient based edge detection; zero-crossing based edge
detection

1. INTRODUCTION

Microcirculation study can assist researchers who are
interested in cardiovascular system as well as for physicians in
diagnosis of diseases such as hypertension, sepsis, diabetes,
and cancer. Microvascular blood flow velocity is important in
physiological health monitoring and it is essential in oxygen
supply, nutrient transportation, and waste removal. Blood flow
velocity in an in vivo experiment can be determined by using
video image processing. There are four steps to calculate
blood flow velocity from video images: preprocessing, video
stabilization, background subtraction, and blood flow velocity
calculation. Several studies on the calculation of RBC velocity
in micro-vessel using video microscopy face a problem in the
step of preprocessing for maximum efficiency with the issue
of choosing the appropriate edge detection operators [1].

Therefore, in this study we focused on the step of
preprocessing in the part of edge detection techniques to detect
RBC boundary. Edge detection is very important in the field
of computer vision. Edges define the boundaries between
regions in an image, which helps with segmentation and object
recognition. Many operators have been introduced to perform
edge detection in different fields of images. However, not
every operator give a good performance, it depends on images
quality such as lighting conditions, the presence of objects of
similar intensities, density of edges in the scene, and noise.
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Furthermore, choosing the appropriate edge detection
techniques, it is important to improve the efficiency of image
preprocessing [2]. Therefore, the main objective of this work
was to compare among several edge detection operators and to
find out the appropriate operator to detect RBC in
microcirculation.

II. METHODS

In this study, a video of capillary blood flow was
obtained from the functional cardiovascular engineering
laboratory at University of California, San Diego to use as a
sample video file for the edge detection of RBCs. We
performed 2 categories of edge detection: gradient based edge
detection and zero-crossing based edge detection. For
gradient-based edge detector, we applied 4 techniques: Sobel,
Robert, Prewitt, and Canny. Furthermore, we performed a
Laplacian of Gaussian method as a zero-crossing-based edge
detector.

A. Gradient Based Edge Detection

Gradient based method for image edge detection assumes
that there is a high gradient at the pixels of the edges. This
method is based on a first order directional derivative. It also
varies according to the method or the weighted coefficients.
There were 4 operators applied in this study.

e Sobel is an operator of a pair of 3x3 convolution
kernels [3]. One kernel is for horizontal changes and
the other rotated by 90° for vertical changes as

follows:
-1 0 +1 +1 +2 +1

G, =|-2 0 +2| G,=[0 0 0 O
-1 0 +1 -1 -2 -1

The Sobel masks are designed to maximally
respond to edges running vertically and horizontally
relative to the pixel grid and these directional edges
are finally combined to determine the absolute
magnitude and direction of the gradient. Sobel
operator uses only integer values for the coefficients
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to weight and determine the gradient approximation
of images.

Robert is an operator which performs a simple and
quick approach to determine 2-D spatial gradient
measurement on an image [4]. The operator consists
of a pair of 2x2 convolution kernels as follows:

G = +1 0 G = 0 +1 @
o -1 Y-l 0
The Robert operator is assigned to maximally
respond to edges running at 45° relative to the pixel
grid. The absolute magnitude and direction of the

gradient are determined by combining these kernels
as similar to Sobel.

Prewitt is an operator which produces an image
where higher grayscale value indicated the presence
of an edge between two objects [5]. This operator is
similar to the Sobel operator and is used to detect the
vertical and horizontal edges in images. The operator
consists of a pair of 3x3 convolution kernels as
follows:

-1 0 +1 +1 41 +1
G,=|-1 0 +1| G,=/0 0 0 ®)
-1 0 +1 -1 -1 -1

Canny is an operator which is generally known as the
optimal edge detector [6]. It has a low error rate and
is robust. Canny operator converts an input image
into a grayscale image and then performs a noise
reduction by smoothing with Gaussian filter as
follows:
X —(’%)

" — -
G (X)—(-?)e * ©)

A simple 2-D first derivative operator was
applied to the smoothed image of highlight regions of
the image with high first spatial derivative. The
algorithm then tracks along the top of these ridges
and sets to zero all pixels that are not actually on the
ridge top so as to give a thin line in the output

L Xy
Cx[x,y]=—(§)e ®)
j =
C,luyl=~( e (©)

The gradient magnitude and gradient direction of
each pixel is determined using (5) and (6). After that
a non-maximum suppression process is performed to
identify the pixels of the edges and hysteresis
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threshold process is then applied to remove noise or
weak edges.

B. Zero-Crossing Based Edge Detection

This technique uses the Laplacian of Gaussian (LOG) filter
to operate on images to find the place that the value of
Laplacian passes through zero [7, 8]. Zero crossings are
usually found in the regions of very low gradient. Isotropic
digital LOG kernels are used to convolve with an image to
compute the Laplacian value at each pixel. LOG operator
kernel is described as in (7).

ST
20°

LOG(x,y)= - [1-
o

C. Comparison of Edge Detection Techniques

From each edge detection operator, we focused on the
quality and clarity of the edge detection in the video image,
especially RBCs boundary. We further compared the result of
each operator to find out the effective operator that is suitable
for edge detection of RBCs flow in a capillary. In our study,
there are 4 steps to compare the edge detection among
operators as show in Fig. /.

Input video file

.

Converting video to frame binary image

.

Performing the edge detection
Comparing the edge detection results

Fig. 1. Work flow diagram for edge detection using video file

Following the work flow diagram, using a developed
computer-assisted program, the input video file was converted
into frame still images and used thresholding method to
change into grayscale images with a resolution of 320x240
pixels. Then we choosed frame still images that had low noise,
high sharpness, and clear RBCs boundary, as shown in Fig. 2.
We applied each edge detection technique mentioned above
followed by a comparison of the results.

Our study used two criteria to consider the quality of edge
detector by eye judgment. First criteria is the probability of a
false positive that detected something on image, but it was not
the edge of RBCs. The other criteria was the probability of a
false negative that could not detect edges of RBCs but it was
actually an edge of RBCs [9].
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Fig. 2. Original image

III.  RESULTS AND DISCUSSIONS

The results after performing the edge detection with each
operator are shown in Fig.3 to Fig.7. Sobel showed less
information of object edges than other operators. Robert gave
the edges of object not smooth enough compared with other
operators. Prewitt operator gave better information than Sobel
and Robert. In addition, we found that Canny had highly
smooth edges of object which was similar results reported by
Sharifi et al [10]. LOG showed information which was quite
similar to Canny but edges were not smooth as Canny. We
further considered at the bottom of image where RBCs were
identified clearly and then cropped this area to compare about
the quality of edge detector as demonstrated in Fig.8.

Fig.7. Result image from Laplacian of Gaussian

As shown in Fig.8, among gradient based edge techniques,
Canny gave the probability of a false positive lower than other
operators. Furthermore, Canny gave a better edge detection
than other gradient based edge detectors because it was able to
create the right size filter and had Hysteresis threshold method
to solve the discontinued line and edge thick or over thin.
Although there are many advantages of Canny, but it takes
more time consuming to implement than other techniques
[10]. On the other hand, Sobel gave a probability of a false
negative higher than other methods because it cloud not solved
a problem with high spatial frequencies which fail to detect
fine edges.

Fig. 4. Result image from Robert
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capillary using video images. In our study, we found that
Canny and LOG were suitable to use as edge detectors for
RBCs in microvasculature. Furthermore, LOG provided faster
processing time compared with Canny. However, LOG
affected high level of noise signal and consequently decreased
efficiency for RBCs detection. One thing that can solve these
problems is to select the appropriate threshold in order to get
maximum performance of edge detection. From this study, we
extend the concept of RBCs edge detection to determine RBCs
velocity and blood flow velocity in a capillary from the digital
video file.

Sobel
NOMENCLATURE

Coordinate in longitudinal direction
Coordinate in transversal direction

The gradient in the x direction

The gradient in the y direction

The gradient in the x direction of canny
The gradient in the y direction of canny
The second derivative of a Gaussian
The gradient standard deviation

=

TQANNA D« ®
g
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