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Malaria is a serious global health problem. It requires fast and effective
diagnosis for detecting and classifying the type of infection. Microscopic examination
of thick blood films is one of the current standards for malaria diagnosis. However,
inspecting a thick blood film is time-consuming and requires experienced technicians.
In this research, an automated image processing algorithm to aid the diagnosis of
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Inswmaziaiugl Mnsenuvesssdnseuislant 2014 szynauldluviduensnidiuau

nlulasunsitanelsaunanselnediie kA 62% GUEN;:Iéfmmﬁ'aﬂﬂﬂwL“fjummﬁaié’iu

N3I0TI9INARE waz 90% vosideTinannunansefinlunivuening Tned il dedn

=

[ a

ilan 78% Wudnfiongsnndi 5 9u lnedSesaidadeunanselaelindesganssahduls

WnsgungnldiugienInndt 197 druauimlan
2.2 N15R5290INYLTANIANTY
N15M529I0RBUA WS eATaVINlAa1eAT LYY

2.2.1 mInsaneunaFeluinanlagldndaanssal

&

N399I s UAIUNS e NLAADIITRAE

1) mslgunuianlaianun

nralaumavendonvesUasasuulsudlas 1 voa udindidenlvivig 1 vu. o 1 2.
Houuruildudaei® Giemsa wdausaudennasesesiundindontn 200 1a doi
vosmansralasliindasqansmide asrlnefBuavy SanulgdlneiBiadlfnasean
30 w1l annsarT R LEeldideUsateaios 40 fasewden 1 lulrsAns uavanse
Juunlainduaeiugosls dodiinvesnisnsnlaslindesganssaufe n1snsiadesld
nanmilagewizlunsalifsnoudenadeludeatios

2) Msltunuaulaiaung

psalagnvemdenvefisasuuusiualas udundodufiduunsg uddoudeds
Giemnsa udusuudindesunsiinndomanis anduiovazveadindenuaiilifiode
3o Tefvesisineannsousnyinaetuginandoldienivisuiuiidulafinnu wad

JoidumaliIanlunsms s lankaEASIUIUAIN

2.2.2 NSATIAVILIUALAUVDWTIUIAS 8 TULRaN

n13a57alaeN1TMLaURLIUYe L TaN A S sluLden LauRuAT TR Ul ULIURUDAT

a

frnudmgsouauiiauveterasennulaluynaleiug I8n1sesianiueuiaulagn

Y

v A LY

NauImangIsinga1@endnn1sNa1AyABNITNIULNTEI5EN I UALIUNABINITNTIANY

weuAvaAT I AlmnssuTuin lnedsngnldidvaledtiu BnsiauinTerveuoumiau



wazwouiveflaeldarsindunssd wseisn1sinufn3envestaudnulaztauivenlngly

uladidudu

2.2.3 N1SASIVLBURUDRRBLYaNNaN S e TuTSY
Mevanlasunsiaiiennaliesneveielrai e uAuefraltoua1Le

a a

Feanunsansianulaneluiaiussann 3 Tu seAuYeILaURUaRIL INTUIUTIINGER ey
anasIumdaLaURUBRTEAUMY widiarunsansianule FetgnldiieUssunauiiuiuglae
waziihszlainsAnennanse wazdldlunisnsvfnnseddenfignuian nann1snsiaf

AANEAUITNITATIDVILOURLAY LANAALTIDUNITATINLDURUD ALY

2.2.4 M3nsIEITRUgNTINvaaTeINASe

HuasildsuuniFomnanseinduaeiug p. falciparum vie P. vivax Ssas1alng
T4 (ONA) Wieendiduie (RNA) Ssanunsawienldanarefduonionisiduedisime
fudemnant3e P. falciparum wie P. vivax Ingnisilaauds (Cloning) waznsynedsuiua

(Sequencing) wanihasugnssuROuensostduennanuluiim (Probe)

2.2.5 Msasranndaunanselaglyls Quantitative buffy coat analysis

nsvalaen1seideanaeldlunasn microhematocrit anielunaangniadouse
= I B = < a o ol ° y
@ acridine orange kaza1IiuioALds ongnrauiudlaen s unaonluuwazinluly
Wielddiuusenavvedenuneneanainiu WenialseazAnduazueaiiulaeldndos

AN IALYUALE

TnenisprnitaduaeiugnanFesenslindasganssaitunduitiasgulunis
adelse (JudsTdewazysenda mmgﬂéfamazLL;JuE]’wmmﬁﬁﬁﬁmeﬂJﬁ’UU%mmaa
Fo ailduazinefianisdey ImaLawwmmLﬂ?immzyfumﬁmﬁﬂﬁ;ﬁmw Toelugaafiinisuns
STUINVOINTANI 8DE 19N 01V LIANAVDINITNTIIRANAIATILAL N1 THRUITTUURTID

AAduuNa LTy N15USELIRNANNERLLIR L AneInusl
2.3 m’:ﬁLﬂiﬂzﬁma’lL%ﬂﬁ%ﬂ%%ﬂﬂiﬂsw’aawamw

MsfAUsEUUNSUTEINaRa N NLAZ ST UUARLENA R ug AT e alulTA Tiie
NATefdenlduduidulafinurcuarusuiidulafinnun ;;Uﬁ 2.1 LAMIAIDE19UDININ
g Tafinuswazun Tnsluwsiuiidulafinuisivazaiunsonendudadonunsldogng
FaLau mmiaé’qLﬂmiéﬁfﬂLezjaésuaqL%ammL%ﬁ?um’hiﬂmﬁ'aasﬂuwaétﬁmLﬁamma
lu P, falciparum sepgraumnuuasoanuIaduasousswalygiendt Maurer’s dots

wazlu P vivax dnagnugadvunyuuiadndiuiuninisendt Schuffer’s dots usilu



wiudulafinnuntuayliamnsovssiuwaddauauseanuirye udadonuntegsous)
Wweounanse T P falciparum anwuzveslglunaladuoianuinsuniudanuuzuial
auysel anreTadaLsewazigadiladenuvzdvinadnniuiuiidulainug

Ingamgnaidedulngidenildnmwiviianlaiauidlunuidediswinaneini
anunsauetiugadfindenwas Wenaniy sUsvedlelnnanaduliegedaau Favinli

ansaldnuandfmarilunisuenwelaitendi wilun1sitadelunienisunndasiionly

a v Y

wividulafinvdanunilosandaldirengnuazldnarlunisitadedesnituin deliuly

Inerdnusidddnmdsanuiuiiduladasionuiluniside Tasdenldamainide
P. falciparum uag P. vivax a8y 2 meiusiinuirdnisszuinmnludsemelne log
\zasiiszeyFudureatefoszeyaauiu (ring form) lunside Tasluszesiizuseves
lolnwanafusening 2 meusagsianuuaniiaiu Inefiarewus 2. falciparum agUsing
sUsnvoslalvmanatadudnumeiauniu viedsnsumu uwiaeius £ vivax el
lelnmanaduddnuaglisuieiiniven e mthilviinisfauenaiesiusunanselagld

¥ 4

naeaganssauagldnuuansessuTlelnnatadudinarilunisseyaneiugunaie

] s

SUT 2.2 UanaiI9g19ueiiainansuaniia 2 aneiug

9

Q) (¥)
JUN 2.1 nwdneg (n) wiuldulaneue (v) wiuildalafinnun



(n) (¥)
Ul 2.2 nmdhegradie (n) P. falciparum () P. vivax vulsiuiiduTafinmin

ASuEunarldiuiidalaevurlunisasiasunisindennanie (detection)
whifuuaglfukuiidalafiauslunssuunasiusveate luanuideilduiuildulafinuee
Tifeliusaufiamisonsuimeadidadonwadunisise wu (1] asesulasundulagld
8n15981807 (Dilation)  — waznastE1gn N (Erosion) Iagldvulelassasng
(Element Structure) flvwinduwusiuaninvougadidaidenuns delddaifiaaseiian
Tnsnfvazardvegluadidndeaunsviiu vis [2] sadulesnfulaglinismsalyad
waneszsu (Multiple thresholding) iesannnuiimelusadidadenunsiinnded
Nufifdauduadisiuandin Tunisfauendsmansotuuuilsalainuisaunsa
Bonldnudnwnuzvosnmidannmannuildlunisdausnitu (3] ssuwadinnitelneld
AN YULIDINNLYY INAVBININ ALY (Skewness) AI1AlAY (Kustosis) wagnaaau
(Energy) saunun slalassinausyain (Neural network) wazdnwne3alInLmosuusTU
(Support Vector Machine: SYM) Tngnadnéilath dwnesmanmesuastuiiuiinuusdugn
unninsidlassaneUsyam 20 % [4] suunszezvesdesnanislusiuiisuladinedaue
Togld dvosUsdn YUIN8IUTER LaYAININERATINAUTNNDIALINADTULTTU 1ABLANE D
awzanaFefissaneiug P vivax whily [5] Suunaeiuginaneluuiuiidalafiaung
laeldnudnwaen1ausuIndndunIunNauvedinedea wasanautainisainany

(texture features) unasnu gnidemibunndnvuzlagldnisinsziesdusenounsn

vy
= % A

(Principal Component Analysis: PCA) lngnadnslunisanuenateiusiuiiuegiunisiden

3

AN YULYDIYANN

1

yonanddalnuddenldukuilaulaianunlun1sidewu [6] ns1d3uUsanunanselaelonns

wenUsaneanainiunasnnlaelgesrusenaud Hue way Saturation 91NSEUUA HSV way

s

seyUsdnlagldian Euler Ineewddetiiansasanisaneiiug P, vivax Wintu [7] wenangnug

3

wanselaglinnusinsvesnalasiiuseningedaneiug lngdlanugnaeerean1sdwun

Wal 90% d15U P. falciparum wag 75% s P. vivax [8] wenagiuguianselagld



<

AMERAY ALede dudenuuuinggiu Al Aules wazieulnsd (entropy) Wu

[

Auanyuzuazlin1TIUTUNINAUSNTIN (Genetic programming) Tun1S3IMUNEIENUS

9 9 9

A13NN 2.1 LAAHAaNSN1INTIITUlATINAULaE T LA UEIEITAINNWITEse

M19197 2.1 AnugnaetlunisnsiadulasunAukagMsTLLnaeiuga1 TN AT

76kl ila AUTTAAUITY wWesidudnugnsiag
UN LTS
S. Kareem [1] wiaun | asedulasundiu N/A
D. Anggraini [2] wilaue | asedulaTunfu N/A
A. Shruti [3] AU | 915799UlATUIAY 98.25% d1sU SVM
78.53% @5U Neural
Network
S.S. Savakare [4] AU Smunszende | 96.42% dwsu P falciparum
M.I. Razzak [5] AU FIWUNAENUS | 94.6% @ 1w P. falciparum
way 92.3 % dm3U P. vivax
K. Chakraborty wilavun | #93ulaTNIRY 94.5% @MU P. vivax
(6]
S. Kaewkamnerd | asiianin FINUNAYNUG 90% d@1%5u P. falciparum
[7] WAy 75 % @3 P. vivax
|. Ketut [8] g | duunanewug | 87.5% @wsU P falciparum

LAy 78.33 % @11sU P. vivax
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A a a ¢
e ldluingniinus

3.1 Wugusunmw
U
3.1.1 AINV1AN

suamaunsaanslugULuuvesilendu 2 Gf fixy) loghl x waz y fefinn way f e

la o

LaUNagaves ARiin (xy) FafAerududvesninigativ amansvsenimluung (binary
. <, aa a a1 Y ad & v 1 ! | a A a

image) LJunwadmeaniansadannududnduldlsiiewnaesenlunsaziingg Aatn 0
dwsudiuazdn 1 dmsudund eawluwtdngnldlunisuszuianannidneadadngnly
Jusndansonadngvainssuiun1snige WunsHUEIunm (Segmentation) U 3.1 uand

megevesgulunigadundingnldunuingiuminuasdninuiumgs

JUN 3.1 amluun3

3.1.2 AMNEW

AMEWN (Grayscale image) 1 unmdsUszneudisiandminansseiusLs
Asfienseduanudusifignauisdunddseduanudugean amdumdudisainam
Tuudidesnnnmluudawsaiiifiedldurassdaesniusudnmdmiduaiuisoiinay
WULRAE MansEaU Iﬂamwﬁt,mﬁa&ﬂuﬂma%mga double 9zdenAnuitudegluyis 0-1

WAEAATA uint8 Wag uintle IzdaArAududedlutig 0-255 uag 0-65355 AudIRy
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[ Y 1

JUN 3.2 Wudegavesnmamdsnglunmuseneumedimvaleseay

3U% 3.2 nndEnn

3.1.3 sguUd RGB

o
a o a

AMEUUANINNITIINAUYBINNELN 2 TAna1gIaUsenousIdiuau a 1wl
svuud RGB 1inaInN155nRuYetasAsEneudunt 1Wen uasialiu (Red Green Blue)
ﬁﬁuaumaqﬁmﬁgﬂiﬁi’j‘lumimemﬂm%aﬁ’u%ﬁmumm bit depth ¥9907W RGB LYu Wsiay
psrUsznevdvesnndu 8 Jn fufunmiuesifuwuu 24 bits depth @clneiialundy
SrunudnlundazesdUseneudavwiiy) lunsalinnilazanunsodials 2% wiewiniu
Ui

Gl

ol

16,777,216 & g‘uﬁl 3.3 wandlalnad RGB GsUsznaumeeirUsenoud Red Green Blue

Qe €

3.4 LEMIRIDE19UDINWILSEUUE RGB Ganilaiinigavesninina1nn1ssidiuueInIl

9 3 a3AUsENeU JUT 3.5 uansnwluszuud RGB Fagnuenidu 3 asduszneu
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Blue
}0.0.1)

Magenta Cyan

(0,1,0)

— (Green

(1,0,0) B T
Red Yellow

U 3.3 Tuinad RGB (9]

f(x,y)=[R,G,B]

U 3.4 fegremnlussuud RGB

(n) () (A) (9)

3UN 3.5 (1) mwansyuud RGB siuatu (v) mwlussdusznauduag
(n) mluesiuszneudden (1) nwlussAuseneuiintu
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3.1.4 s3UUA HSV

spuud HsV LuspuudnlndiAsadunisfiuysdussengensualuesd Usenousie
23aAUS¥NBU 3 819D Hue Saturation wag Value Inelussuudves@alu Hue Saturation
Value 9=1nalAgsiu Tint Shade waz Tone muddU Gsn1sulasainssuud RGB 1Husyuy
& HSV awnsaviléssaunisi (3.1) - (3.8) E‘Uﬁl 3.6 wanslulpadszuu HSV JeesAUszneu
Hue fReyNTOUNALALITUTIHAZIBuAYRIE WU Tiyu 0 Bamaziduding ssdUsznoy
saturation AL AUAINLBNFIYEE uar Value azifuAUTuT BTy T V=0 95unuA91Y
Aufidle wardl V=1 asunuanududiains Imagﬂﬁ 3.7 wanannlussuud HSV naeangn

wUasaNsEuUd RGB

C max =max(R,G,B) (3.1)
C min =min(R,G,B) (3.2)
Ho[o— 8 16 Cmax =R 53)

C max- C min

H:[L+2]/6 ; Cmax =G (3.4)
C max-C min

H:[R;G+4]/6 5 Cmax =B (35)
C max-Cmin
S=0 ; Cmax =0 (3.6)

C max

V = Cmax (3.8)



increasing hue

blue magenta
(H=2/3) (H=5/6)

ocyan ST SN s red
(H=1/2) (H=0)
increasing ) )
saturation increasing
moves away value moves
from the axis toward
lighter

colors

black
(V=0)

SUT 3.6 Taiaad HSV [10]

(9)
JUN 3.7 (1) nmansyuud RGB siuaty (v) nawluesdAusznau Hue
(A) AwluearUsenaU Saturation (9) MulussAuszneu Value

3.1.5 52UUA HSI

14

= I3 ot Y o ¢
Jguvd HSI Lﬂu33UUﬁ%ﬂIﬂaLﬂENﬂUngUﬂqiﬂJ@QGU@ﬂNHUE’JLLangmqgaﬂJIUﬂqﬁ

Us£U1anauINNIN5EUUE RGB Taaseuud HSI Usenaume 3 a3aUsenaume Hue S9AuU

= 13 a a £ . I3 I3 A I A a )
3188L8ADIAYTZNDUAUIENTVOININ Saturation LUUBIAUIZNOUNLAAIIAUTANDUUYN

1

1TDMIULENYINNTLOULALAY Wag Intensity ADANULTNTDININUIDIEAUEINT Aalansly

a

U 3.8 Fan1sudasninszuud RGB 1usyuud HSI anunsavinlddsaunisd (3.9) - (3.12)

JUN 3.9 wanenmluseuud HSI vasangnuuasanseuud RGB
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 IR-G)+(R-B)
H =cos™ |

] - B<G (3.9)
[(R-G)+(R-B)+(G-B)]"”
1
~[(R-G)+(R-B)]
H =360—cos ™ [——2— ] .B>G (3.10)
[(R—G)* +(R-B)+(G-B)]
3 .
S=1——(R+G+B)[m1n(R+G+B)] (3.11)
=R GxB) (3.12)

3

W hite

35U 3.8 Tuiead HSI [11]

( &)

(@)
JUN 3.9 (n) Mmanszuud RGB duatu (v) mwlussdusznau Hue
() mwlussAusenau Saturation (1) nMwluesAusznay Intensity
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3.2 ®annN15UsEUaNaN LU DIAY

3.2.1 mswsalyanaieaasii (Thresholding)

v
(% ]

aswsalvamdunilsluisnisueningeenanniiundesvesnin @199y

q

5UN 3.10(0) Inglunnilfinenay 3 29UIN40gBausnnraIdazdanuduuinniTnumas

voannegedanuluninluesdusznavdidenvesnnduadulugun 3.90n) amlu
9eAUsENaUAWeIluTYUU RGB diBalnunsy eguil 3.10(0) lunsdlilfalnunsuvesninay
wuadu 2 du 1efInITheNNNaND9NINNUNEIVININaNITa TSNS salyan

FAlNWNTUVDININ TAYNITAINUARWNTALBRATLAUE AN Tnen1SSalvanazsUasunnLea

{ | §f < a A A 1 ° 1 1

YBINNALAININAIINIBINNUAINTA LA U UAVIINTBTM 1 WATNNYANLAIAINIIAN
wsalvanazgniudswdudivsedn 0 JUN 3.11 wansiiegiavesninluuizdslaainnis
wsalsanmeal 0.4 waz 0.8 auainu Inenisitpnnsalvan duaasnaA e i uianIngy

136171 Global thresholding

x 10°

0.8
0.6
0.4

021 n

0 0.1 0.2 03 04 05 06 07 08 09 1

(n) ()

5UN 3.10 (n) nmiluesAusznaudiden (1) salnunsulussAusznevdilen
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(n) (¥)
UL 3.1 (M) awluunFandnsalvadd 04 (1) awluudandnsalvadd 0.8

3.2.1.1 MsAuuALvsalraniuy Global thresholding Tngldisves
Gonzalez and Woods [12]

1. iwuamsalvadisuau T Wvihduanmnansseninanududganiu
ANULNEIER

2. siautsnnlaglden T Inanadwsduazutsiufioanilu 2 nqu As nguidl

q

a0 14 |

ANANUINENINNINYS BT VAN FLUAR: G, LLaz%nﬂﬁju%wmmmme?w‘i’mfjwm
wsaldan: G2

3. ﬁmammmmL%’M%La?{aﬁumﬁy’aaamém lagngy G, eleanudud y,
nqu G, glanuand

4.munAnsalvana s Tnew = (g +1,)/2
WINTUADY 240 AUNTIANUUANANISENING T FU Thew 28@In31ATMS im0

AMuualy

TngAunsalaaniuu Global thresholding 7§13 ve9 Gonzalez and Woods ‘ﬁ?‘u
wnzanAun AT BalnunsuLUvaesngu (bi-mode) Wulusud 3.12 FaAnsalvas (Hud
uns) azutsadesnguoanaNAusg1ednay Tno3uit 3.13 uansgulussduszneu Intensity
nszutliaad HSl Aeusasndsmamsaluad fvualvifingafiundswesamiidianud

= 1 1 e | [ A Ao
gunninannsalyaniallu 0 wsedm
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12000

10000 [~

8000 [~

6000 [~

IUNAED

4000 [~

2000 [~

03 0.4 0.5

0.1 0.2
AT

Gonzalez and Woods (t@udLag)

0.6

JUN 3.12 Falnunsuvesesrvseney Intensity kagansalyannIsves

(%)

JUN 3.13 (n) Mwieunamsalyad (1) MMvaInsmsalyanmelsves

Gonzalez and Woods




19

3.2.1.2 MsmuuAImnIElranLUU Global thresholding Inaldiduas Otsu

FBwes Otsu [13] 1WA Lnsalvandslauyfgiuinnmuulsznausie

2 Aanaeduvesingitunt (foreground) wazdndiuneiumnds (background) lagAn

wisalvanilianIslaziduanmsalyaniinbimanuunnaeseniaesnaiaianuiniign
sl TS uAUlae

1. ﬁmamﬂﬁ%’umwmmLm,immmmm%Lﬂmwuaaﬂ‘%mm%ﬂwLm'iumﬂaumi
7 (3.13)

n 3.13
Pr)==% q=0,1,..,L-I (3.13)

n
gl n ABIUIUNNWATBINTY Ny ABIUIUNNWATRANUINEVA 1y way L

Aoduanududvianuafidululdvessy

gj = 1 s -dl Yo 1 1 2 dl 2 o v
Pnduagidendwmsalvad k AliA1AUAIEnINEenaIa Qs d991gn 1ag Q'p A1uInle

AU (3.14)

Qs = aty=) +a(—)’ (3.14)
W 0, o, 1y 1wy AWIIOAIIUAAINANNTTN (3.15)4(3.19)

k-1
(3.15)
@y = Z Pq(rq)
q=0
s 3.16
o, =Y P,(r,) (3.16)
q=k
= (3.17)
Hy = ZC]Pq(I”q)/a)O
q=0
& (3.18)
lul = ZqPq(rq)/a)l
q=k
(3.19)

L-1
:uT = Z qPq (rq)
q=0

TaA Global threshold 7il§anniswes Otsu taumnzaufunmisamunsulsilgudadu
aosnguogednin 1wiluguil 3.1 Gernsalvad (FudunY szuisansnaavesnoon
NAU Imagﬂﬁ 3.15 uansnmlussauseneu Hue 3nszuululmad HSI noulaznad
wsalvas  Insduneuiimualdfinwaiundwenmidaanudidunnirmsalvasil

Ay 0 viSedaialrausaneniunasIn Wlaazaln
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3.5+

251

FIWIUNNLLA
N
T

1.5 I

0 1 [ 1 | [ 1 [ J_// f‘\k

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ANUITY

JUN 3.14 FalnunsuvesesAUszney Hue wavAnnsalyanannizved Otsu

(n)
JUN 3.15 (n) MaeAUsENaU Hue NRuUNTNTalyanmelsn15ves Otsu
() MNBIRUTENBU Hue naan1snsalvannieisnisvae Otsu

JUN 3.16(n) wansnmluesAusenaud Intensity Feligalnunsuwuuasingy (bi-mode) Ing

'
a0

JUN 3.16 (v-A) AenmdiunszuIuNIsnsalyanuuy Global thresholding me3sues

Gonzalez and woods wazisuad Otsu AUAGU %ﬁNaﬁwﬁﬁlﬁaaﬂmﬁlﬂéjlﬁmﬁuﬁaﬁ’mqgﬂ
weneanIINNUradlaeluidwialu

20
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(n) (V) (m)
SUT 3.16 nmmiidBalnunsuLuuaesngy (bi-mode) (n) Aounsmsalvad (v) ndsnis
wsalvanseion15989 Gonzalez and woods (A) #aINISINSALvana873en13
299 Otsu

JUT 3.17(n) uansnmluesausznaud Intensity efigalnunsuuuuliiluaoingu lag

&

JUN 3.16 (v-A) PRA NN TEUIUMTWMTALYaRAIT8veY Gonzalez and woods kayls
Y83 Otsu MUAIAU Fanaansilaoanuiunnaeiu Inen1ninlaannisves Gonzalez and
woods HEwIeUuINNNININALIAINTEe Otsu Fanunwibilad Falnunsuuuuasingy

F9AskEN1smsalrann 873598 Otsu

(n)
JUT 3.17 andifalnunsawuuliduaesnau (n) neuntswsalvad (v) vaaniswsalvad
MEIEN15V89 Gonzalez and woods (A) 1aINSsalYAReILTEN150¢ Otsu

3.2.2 M5v81890q (Dilation)

AouazesuIenszUIUNITVLIeIngITearesurAUnIIgveIA1uesinlag

(Morphology) [14] tielvieuiianuinlafegriunisussinaranmiieitesiugusiaves

Y

Tglunn veslWladuugnesurelaglivguivesen Fuwalunmesulagfousavesing

o

° ad a aa 2 A a &
I‘Uﬂ’]w a’]ﬁiUﬂ’]WiUu’]iuuwﬂmc\]gLﬁuaﬂiqmﬂﬂ@\ial’ﬂsﬁ 246 (Z )IWEJV]LLGIaBmJWﬂ“ZJENLGUW]EJ

a a [ a

nnwed 2 Tadadufidn (xy) vesinwadvndaudude 1 lunw lnanszuiunisnneg ves

v ¥
sl o o w v

wesllagngnldluiverinusiifidndndnauall
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2

Avuali A wag B 1 wasluails 2 05 (2°) Falleasusenau (agLay) waz (by,b,) AuaIsu

A15LARBUENY (Translation) VB9 A AI8528Y x=(X{,X,) @11158ulun19ANnAIEnSbARY
dunng (3.20)

A ~={c/c=a+x, acA} (3.20)
Asasviou (Reflection) 999 A Weulunepfineanslansaunisi (3.21)

z&:{X/X: -a, acA} (3.21)

ARUNALLUN (Complement) 989 B WWeulunisadinranslansaunisi (3.22)

B={x/x ¢ B} (3.22)
nszurunsveeiagiiunszuaunisdmiusinliiagfuuelngtu Tnsdnuusuas
YoulmvesUInATignuaneazgnisualasuielassaina (Structuring element) Fsamnsa
Mnualavalevuakaznalsgus Ly vuadenyu (Diamond) 314 (Disk) LU (Line)

wUALWAEY (Octagon)  @widuuiuR1 (Rectangular)  uazdlndsuansa (Square) law

A Aaday a A P

SUN 3.18(N) waneiio8199090nluun3NiTng sunsedinfeuiiug (USiuddy) way

] I 17 =

UMl 3.18() uanssaegsvasviielassaiadaldnvasidudunsadoten 5 fAnea
SU7l 3.18(0) wAngTURBUMTUYBINIL VIS e TS LA uTiaundnusnveanan
luuslaufsanTngaving SUAl 3.18(1) wansadNEuaNITUIMNSUBFIAMLULIIE]
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VYY

18115095 UENTEUIUN VL8 TUNNADNAIENS LA NaUNIST (3.23) Taedl A AaAIN

Tuwns waz B Aenuielasedsng

A®B={4(B), "A=D} (3.23)
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ASELUIUNISEIIZAINEINIT005UETUNANAAIARS LHANAUNTST (3.24) 1D A AN
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A©B={z|(B), "A° D} (3.24)
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3.2.4 15:UanIW (Opening)

nsdanmenszurumsiiilunisidainguuinidnesnannmluuilegliidnig
wzamiazaueveneaEnadalagliviaelessad ety Tneguil 3.20 uansiogig
vosnsrurumslanmlasamidisfonmluunideszneuseingrssnanuazidunss
YUAUNTIUIUNIN NINABINITILATALAUATIDBNIINAINAINTOLFRN L INIElATIaT
ysanaufivuelngniheumuendunsusidnnitingnasnay ilfsunadnsiudunss
Sruaunngnideenlumdeutifiesmgusanauiiu nszuaunalnnwanunsadeuly

sUaun1sneAtineanslansaun1si (3.25)

AoB=(A®B) ®B (3.25)

(n) (¥)
JUN 3.20 (n) amiluwissuatu () anluunanaankunszuIunsilann

3.2.5 nMstAufuuiian (Hole filling)

v o

N3rUUNSANANUIM (Hole filling) Tumwluuisuuagsiesldnszuiunisiuy
1es1nlad (Morphological - reconstruction)  @stdunsrurunisuvasuesiulad
(Morphological transformation) Ingnsguiunisilagaesnmuanisdinesiailimngay

ausznoude

1) andndamununsuas (Transformation)

2) undainefdadugaiusunisulas

3) niglaseasn

Tnegulunisesns: fixy) Aivesiuameluiugnuandusud 3.21(0)

[

FUTUNTLUIUNITLRULALUS NUTUALADIN I UANNFALAZ NS ALNB S FaT]
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wde: g Wunmiunsiinvesnmluuniauandluguil 3.21(2)

wsanes: f, Wude 0 Manumeniuusiiaveuresan@eiliandy 1-fxy) Aauanslu
U 3.22(n)

miglaseaine B d3Usinauanslusui 3.22(v)
WafmuaudITausunszuIunsiuuesinlad Feesvhgidstunaumuans

1. v h, Wduansewnes £,

2. A hg = (he @ B) Ng
Vgnde 2 TS esaunsyii hier = i Fmen (@gﬂﬁ 3.22 Uay 3.23 Usenau)

913U 3.23(n) Uae (V) AU he= hy Basaiudaiimum hy, = he 3311 hy w6
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3.3 A15ATUIUAIMNINENAVDINTN

TunuAnerdnusilaldmmisadfvesnin 5 wuulawn Anady (u) drudesuu

=

WM3F (0) Al (K) aulas (v) wazioulnst (B) lunisdnuunaeiudunaised
AwInLeniuaNesrUsEneu 4 esdusenevd lnsusavesdusenavdaiusadiuinaaia

wianilanesieazidenlumdagesiniy

3.3.1 Aade (Mean)
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3.3.4 A4 (Skewness)

AP T uA v NAMULT Y9 AlNLATUINENITRAINWAILUU LAY FeaunIsh

(3.29) fdalnunsududnuuzuvuidvndmeudesduifiunniiguisaz amazegly
Inudle usidgalvunsududnvasuuuddreaanudazdosnitgudnazamazeglulnu
aina fhegredaguil 3.33(n) nilnuiinaziBalnunsudsuansluguil 3.33®) Salnunsuas
dnwaizltvn Ge3Uit 3.33(n) SeanuidiviiAy 0.12 #ee1nguil 3.360) amlnuadneged

galnunsuswanslugui 3.33() Falnunsuaziidnwuzidds Ja3uin 3.34(0) TArAud

WU -0.12

jliz](xl _,U)3 (3.29)
y ()= W

900 T T

JUIUNNED

o

1
0 0.1 02 03 04 05 06 07 08 09 1
ﬂ’ﬂllléﬁ}ll

(n) (¥)
35U 3.33 (n) amilvudla (v) Salnunsuvesnnlnuie
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JUN 3.34 (n) nwlvuadng (v) Salnunsuvesnmlnuedng

3.3.5 toulnsy (Entropy)

24 1!

AeulvsUidusmiivendinwiuiinsldanududnsunnanududinndosualnu

a ¥

AaAuNIN (3.30) P; ABN1SNSEanevasringa a1n ninistaalundaeulnsUasiiates
wit i nildanvannvaneAteulnsUazdaiuin fegratugun 3.35(n) aminislidaiy

\udenee fu dedalnunsugnuansluzuin 3.35(0) B9gui 3.35(n) deteoulnstviniu 6.7

1 =

#199N5U7 3.36(n) LDunmAidnisldrmnududifewsd 2 Adadalnunsugnuansly

Y

= A

SUT 3.36(1) a3t 3.36(n) SiAaulnsdiiiu 1

U
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3.4 NYURNITLENBIAUTLNBULBAYA (Singular Value Decomposition: SVD)

ngufnsuenasduszneuluhsnlunguiinesuisinunindle g wuwuning A

aunsanenarusznaulaldu 3wesnd Usenaumeunsng U S wag V aeaunisi (3.31)

A=USV' (3.31)

Tnewnsng U wag V i Duunsndidensain (Orthogonal matrix) 158011 left singular matrix

way right singular matrix ANAFU lagluA3Ag U Lag V. @1u150A1U6INAITR
. a ¢ T T o o

eigenvectors VaWUNTINYG AA LLag A A fNUA1AU

S Wuumsndnuessu (diagonal matrix) 138131 singular value matrix lneusazalu

wssngiisundnAteng1u (Singular values) IAINAUAIIINTAEDIVD9AT eigenvalues VD1
a ¢ T a i v

Wesng AA 138997nAmINlUTeY

wasng U 1usdndaaiudoyaiddyreaunind A lagarduanudifyesdoyanes
wieEng U andesmmmnludesniunnedin Ineteyalunedmivsndursddiianuay
toyalunedutigavnessdifleniign Tnanudifyvesieyaudazaedutiveauning U
dutusiuengu wuAang A usnAMTY 80% TOINEIILTIIVEIANANG T IR
Seduning U ARaNTINAzATEUAUATINLUSUT LAY 80% 1997 NAUUTUTINTING
uAveIteyaluunIng A

lnewssnd V aziivdeyaretunind A wuiulpeaziiesdmuanudidguesdeyalunun

woasesnnunnlutes uarpnudirnyvesdeyaluldaziaifisnsdainanengiuuiuy

FBN1E N ILLRSAE U S V 90nunsng A
° a & | . a € T ] ~
1. AIMREASNY S 99NA151AN eigenvalue Yoaunsng AA Iagldaunisi (3.32)

det(AA"-M)=0 (3.32)
Tneaimwiadlaaziduan eigenvalues FauiloAniiuAsinfiaes waziSesainaruinid

Uesudrzldrnengiu Jsrnengulifeaudnudazimlumning S

° a ¢ . a ¢ T P a
2. AUIUAIUAING U 21A1570 eigenvectors 9a9in3ng AA Lagldaunisi (3.33)

TngAIMINAT eigenvalues Feaualaandei 1. lnsauinlagldn eigenvalue

a

FellAniannou

AAT_Z}\J_( (333)
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1A eigenvectors NAwiadlawlaadunnmesfwinusn@ (Orthonormal vector) Tng

nnmesnAwInildredeyaluudazaoduivenuning U

° a ¢ . a ¢ T 9] a
3. AUWINWLUASAS V 99nN151 eigenvectors Uauun3ng A A Tagldaunisi (3.34)

Fayiuilouto? 2.

ATAX :M (3.34)

3.5 nMstuunaatadayanuuluuni

nsduundeyailyayavaneinednnuningveglusuvespatansoUssianiunneaniu
aosnana lneingluilenamnetisnmniodygin wuauyflisun 3.37(n) Wunmwes
wadfdeinualiduaa1d A waysuil 3.37(0) \unmvssgadiefaimunlilunaia B

3UN 3.37 () aLeaan (v) nmgaase

¥
Y

714 2 wanansoveueMauAnesldsERIUE nsfiazsuun 2 Aanad dunouusnty
wdpamieyaiinudnuuraninTausALeEAILANANISEVINg 2 Aanals 1gugUR 3.38
Dunsmiindenseniaiadonrududvesnmisutumaiudssuunasg i asiuldi
foyavesis 2 Aananszatefueneenaniustiednau Tnsdeyanaa A gnunudeisnay

4 Joyarand B gnUUMEINaNEY
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o
AuNaY
A

[

-
/ MANTIUUULINTFIU

JUN 3.38 Y3nilvesnaudnuaiziazidusingula

fatuNITaInEuATIisuUsuReantdy 2 drudadudsnwuizanlunisien 2 aatatlesn

al Ay

N augiindveyalvidmnuazilioinaedsuarardnlsvunnsgutasniendoys

v
o % L$ v @ %

aslutigiiviy deyamdmnlvaieglusumisignuansiedydnual * asluaiusasndulsa

ieyayalyaiiuteyanogliunana A

Mnsheguisiuteyailidmiunisduunaaiavesteyaie Aledsuazdmdouy
wAsg Seasidondeyatindunndnune (Feature) Tnaiflonndnsmzsiuu ( feg
suiuluguinees X=IX0 XX %ﬁsmamma%ﬁdmr}Lm%ﬂmé’ﬂwmz (Feature vector)
wazidunssluzuin 3.38 sziFenindusdadula (Decision line) fadun (Classifier) fmtih
wiaU3giinndnuas (Feature space) ufiufivasaana A uay 8 agldidudnaula @ens
laiSudunsadld) Gadniinnmesnusnuusilinsuamadmuasanegluiiuiiveseaala

maunazdndulaiveyatioglunaiaius

3.5.1 YNWDIALINLADSLLUVTU

FunosaInNmesuLTTU (Support vector machine) LuszuuAldILuNAaIEUDS
Toyawuuluunslegldlawefinaudsasislagldvoyayein Ineinmesaudnuuguedns 2

ﬂmaéfaqmzmaéffsLLsmﬁ’uasjwfj’mwéﬁ’w,amiugﬂﬁ 3.39
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O
N

5UN 3.39 Lunass uudnwesannneshu gy

SUT 3.39 uanesineg usEUUENwesALINIABSINYTY TeUsenaunie

1. JeyauaNnueans 2 pand (Qnunusiedyanualianaudiuazdvn)
2. dnweiannnes Feteyayarn@ignasuseusmenaudniuaziniieglunug
lawasiwau Hy way H,

3. lawesmaudegnainelagldaunisi (3.35)

(Wep)+b=0,w eR",beR (3.35)

Taofl p, Aerininesnadnuazvesteyayaiindsgnansasluuigiidagnualaglfivaannines
Faduviglifertusuligifilewesinauet

Tned p € R' i1,k fidenpdasiufimmunnana y; € {1,-1}

uar W Aonninosdsiaaniulawosinau

Inglawosinauiiuazegianaresenindeyans 2 aata dalailasinautugnaiialagly

o s s @ v = A o ' s
GUWWEJQJG\L'JﬂLWEJSJ%QLUU?JEJ%&GQWNﬂm?qﬂmjagiuuu’)lfﬁﬂl’@@i H, wag Hy, IWEJ

s IS

FunoinIninosuudulziionlailesinaunangalunisdtuunaatavesdaya lay

' ' (%
aa a U 1

lawesinaunafgniunsudulaesinaudivinliaiveu (Margin) Fedlavindu 2/|w

9
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fdnanniige wazredlvideyangnateasliginseaneiegmileninnes H, nioegauaid H,

WINUUT I AU LARENNTST (3.36)

y;(wep, +b) =120 (3.36)

lngnisnagyibieveviimunigauudedldaunisi (3.37-3.38)

W= 0,Y;p; (3.37)
D%y =0 (3.38)
1
Iﬂsﬁ o,i=1...k ﬁa@h@mmmmﬁ (Lagrange multtipliers)

wag p Aedwnainnninesi g >0

deasnalailesinauaiauds Jayayanaaeuazgnatvasntuligfitfeadudeyayain

LazdnnesnlnneuuuarilunAatavestayaynnaaeulagldaunisi (3.39)

f(p)= sign((w e p)+b) (3.39)

'
A

lnefl p Aadeyaganaasuiignaieadun nadirnadnsaldainaunisi (3.39) (Jued
wnniraugtedatulzeglupatansn uddAladeenitauduansindenaiueglunatan

BRN

lupsaiililanunsaduunaatavesdeyals veyayavedeuasgnatwasluyIalgediinngandn

Y

FEunIndiunAaavetayals lnenisaneluaznszriiuaesiua tngluinginusd

wanld 2 wesiuausenaunig

1. wpesiuailandugiusall (Radial basis kernel function (RBF) kernel)

\ 2 (3.40)
O(q.q)= exp(”q i)

2. AashuaLaLay (Linear kernel)

d(q,9)=q"q' (3.41)
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Ineilotayagnaielagldinesiuauds avldaunisn (3.42) lunisdwunmraavesdoyayn

G RIY)

f(p)= sign(®(w e p)+b) (3.42)

3.5.2 AIRLUNBUULUYH

n1sdwundeya 2 Aata Fegduvuvestayatuauisanandlalagldianines

ANANYE x 1A sabimgensanaulavesuedduuneatavesteyaliaindining

aztJunas (Posteriori probabilities) Fasmnadldainaunisii (3.43)

P(w | x)=%§(m, e . (3.43)

P(x)="P(x|w )P(w) (3.44)

1?1 P(w) Aeauuiagiduneu (Priori probabilities)
P(x|w:) Aoerduauuiazidu (Likelihood function) ¥ w; tisuiu x
lnedayaszgnindudndunatd w, 6187 Pwx) > Plw,x) uazidupaia w, €1

A1 P(w;[x) < P(w,|x)

Tunsdiitoyadiaridupnurusiuresruiezidusuulsnd - (Normal — density) 15
aunsaduunAanaveteyalaaniiiduiaaIduuug (Discriminant function) g (X), i=1, 2
Ingfduuniugdagrinisanailsidudansiuuug g (X) vesdeyaudazaana

NNSALUN

JUN 3.40 1A59as9n 15 nuve s lunkuuLUeE




a4

Toglun1sanunilendufaastnuUAF MU TUAM UM UILU LU IAUEI LD ULUUUINRA
FaAnunsngANuwUTUTINS ALY (Covariance matrices) Wuailag Wuanusadwiale
1N&FUNI57 (3.45-3.50)

g(X) = x" W xtw x+w,, (3.45)
DA o (3.46)
2 1
wo=2n, (3.47)
I e 1
Wo = o u s o I Y i P(w)) (3.48)
Ls (3.49)
R .
b=
1 N
PIEEAON AT CEITOM (3.50)

loe?l P, Aedoyagadin N FedrwiuaunTnues P uay Plw) fermrnuinazduneuves
wiazaad lnemdwunuedizindulaingadeya X edlupata w dndulumuaunisy
(3.51)

g (X)) >g (X)) dwiunnj#i (3.51)

lnedl j uag i AeAalavataLa
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4.1 Yoyauazszideuls

AplasunnaewiuidulainvlanuiveateuaieaneslfUANTITeNs

Uszaanadyaadinisunnd NECTEC Fsldnaasqanssauviinuaniingsveng 1,000 111

¥

LazaenInmEnass CCD nerundesganssad Inanwaluadueuia P. falciparum
\esaninisseuiannlusgviinileuazing uisudlegavesiestia P. vivax tagnldlunis
av Y | a ¥ [ aa gj 1A s a a 1 I3
FWeme lnenszuiumsteunivslaundusunmidnealiu uruidulainyidanuiunazalas

;4 a

£0NEauAN83T Quick Giemsa Fepangiun1sgauaUsnd (Conventional Giemsa) wikanin

Y

1 v s

dlasynusiugnamaaeuuassymeiusueademmSonudlaedideny lnedomaiis
Aluemadeierlidonansolusses Trophozoites duduszesdudurasdemnanis ne
lussezifounanduaeius A, falciparum wazanewus P, vivax asildnvazvesdeysan
uanssfudsuanstusud 4.1 Sadunmusdavesnanelunmarsusiuiidulafinuuumin
FrudheSunmesadosdin P, falciparum %aﬁgﬂiwé’ﬂwmzﬂa”’mmmu Tneduidy
Fnaumudsiiihuasielasuiiu uazdwiduamiiowdsuunudelslnmanady uslu
vnefsemeriidnunsudeliasuasnudusuduiedndanmsanulfisuiy du
nwdurdeneiia P, vivax Bsduiiidhwussielaniniu waeillalnmatatuegseus lu
Snwairilisusisiiuiueu TnsquasdAsurveslalmmatada iazanunsntilulilunis

Wadsuenaneiuginansels



46

Chrormatin Chrormatin cytoplasm

JUN 4.1 dnwardsdavesnansevia P. falciparum (€18) wag P. vivax (491)

4.2. NISNAIUIDANDISU

ganeIsulunisuszuiananmiuuanludifgneenuuuliidadelsauianseluisy
witeufumsnsaaeushundesyansseiiediniii lnetunoufie szuuasAumULAIEY
fumisvaslasinfunaglslymaraduvessdnandenusnglundesganssmivuunuiidy
denmanulasndulsunsuagimsdaniwesnidudugos Tuudaznmdesiilasuniu
p3sfanaIamiienn ntusumaudnyuzvsusiasamgesilllunissuunidomtande
Tuduneudaly U7 4.2 uanafanunsimundanesy Tnoswazidoavosusazdunauvos

danesouazgnesungluiitene luvesund 4-6
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MssEyiumudlaTIIAY
uazFnN g DY

l

AMNYRETINANIN

Muauaty

|

mMIduunaeiugasevessUdey

FIWIUNNEDBVDUTD P. falciparum > IUIUNNEDYVDULTD

P. vivax

Plasmodium

Plasmodium falciparum

vivax

JUT 4.2 Tanumsiaundaneity

4.3 AISNAIUIDANDISUAINSUATIFIUIASUIAUIST 1

nseanuuusanassuluisy 1 duazidenldesdusenaud RGB Fuduasrusenaud
990 JPEG Mh0tun15398 Teedunauludsin 1 Usynaume 3 Tunaufs n1siaanld

IAUTENDUA NISANTRNUNEIVININ LAz N1sAdaLdaaenv1lunIN

4.3.1 n15Laendaenussnavd

n13AIganessudnsunisssymwmalasuafuludsuuun 1 duavidenld
93AUsznoUATE191ns3ULE RGB Tanmareidnaantdsuain NECTEC az1dulnd JPEG &

aglusyuuluead RGB deusenaumgasdusenaudiden wae U1k duanslugun 4.3 Feay

v
A £ 3

wWinluesAusenevdilentiu anunsadeaiiulasiniunaziwadidndennilaeg1edniaunii

Ya v = I~

aeAUsENoudBy fiTedudenldesAusenouiiivsesadsenoudiledlunisseudiunis

TAsuPU
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Original image

. Red _ Green Blue

UM 4.3 nmwsiuilaslaiavunlusyuud RGB

4.3.2 N15NIAANURAIVBININ

o
oL 1k gidkiey [

awluashlsenoufidentazgnidaiudsmenlulagldTBmaifvamaiswosnm
eluidldBnsuinamlussddsenouddenddedu Tnesud 4.4(n) Aeawlussduseneu
AT war 4.0(1) Aenmlussddsenavdifemdangniidniiunds ndsanduninaggn
wandunmluuidmeaunsalvadadifl 0.5 fuaaslusui 4.5 Ga3uil 4.5(n) Aenmaeud
argnuUasuay 4.5(v) Aaniwndeningnudandumnuuuluung udeindunimazgn
oumdiuvitielsiumisvedlasunfududn 1 viedu1d Tnugudl 4.6(n) uansguluun3

foufzgnABNNALUNILGY 4.6(0) UanIgUnNaIRINYIIMsTABINALLUYIL

%

(n) (¥)
3UN 4.4 (n) nMwnaun1sMAaNumas (v) pnnasmsfmdaiume
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‘.

(n) ()

JUN 4.5 (n) aawénn (1) nnluun3

(n)
JUT 4.6 (n) nmeosAUsznau Green nasanudaduluuni
(1) ASWIUNTEUIUATABUWELIUN

4.3.3 N15ANAALLALADNVI?

yaUszasAreInsEUIunsifenIsmdndiadenyiesnainan tesandaden

My & ¢ & = v ¢ = v & | Ao =
mlalidussdusenevreseaanidlunsuenaeiugunanseuazdaludunisneasden
AdelasuAuninNUduLad Jsmsgnindneenluiielinisuseutanadnedu Ingdanaisy
AziIn1snseasindanu1reana N nlasldn1snTeInIa ilssaniiadenv1ddvunn
wen@aiulAsUNAUeE19TALY duSulasuifuazivuInUsEund 10-8,000 fintwa d1uiin
\Hanrazdvuin 8,000 Anwwaduly Tudngrdnusiiaznsesingivuinii 8,000 fintya

gan1nnmlagldisnisidanin laesud 4.7  wananinluwisneuuasnain1sniam

= A
bUALARDANUTT
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(%)

JyynulutuneulfefduinazururiunIsdaudnaun ndaiuddinadonadnsves

[

Tnsufufiudienglunin faognwanmainilduniinisdenduantluguil 4.8 auiiuining
flomanaudulasinfAuguasddudanuaouasuin iWosanamiliunszuiunisdoud
Aaulpgsinaueninn watunsaindnisdeudntiadnduaninilnazidswlanvasuniely
AINIIUIUNIN T9919392 T UUS N UnaIvaInInLasfilia1u1sansIadulasuifuuig
° | vl | = < oA a = ] S A P )
Aunualaen LugUN 4.9 smiuinlesainamnldluniiTeturIunszuIUN1sdaudTs
NARNSLAREASIUULANAaNENA 19N Y kazuanaINTN15Rs193uTAsUIRLINNaIAUSENOUE
WeaiieseeAusznauinglvinadwinisnsndulasuAuniaA1nugnaeei dedunis

715193UASHRAUTLAE AN INTALBANMEAIAIN LAY 1 TRadelumngay

5U# 4.8 (n) Mmiidesdainiaenaunszuiunisidanin
(%) ¥a9NNsTUINNSTANTHN
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(n)

JUN 4.9 (n) mwidendlilasauenounszuiunisilann

(9) BAIINNTZUIUATTLUANIN

4.4 ANSNAUIDANDISUAIMSUNTIAIVIATUIRUISN 2

MseeNUUUSANeSsuIlonsaadulATNAWIR 2 levihnsusuusaitowddywiiiny
357 1 Geusznousdae 3 TusouRe nsguiunmsUBsuliead, nsvaumsiindndon
y1lunIn wae AsrUIUMIsTYiiweslasindu deunazihlugnssuiunsdautsnw
soly

4.4.1 nsyuUNISATULINAS

amEneAiIneafilizuaIn NECTEC aziduilwd JPEG wua 4,752 x 3,168 finlea lag
sUtuazegluszuuTuinad RGB Miheerslusudl 4.10 Inerdmidifeniudsussuuaiu
sz HSl @dlndlAsafusyuunateswesywdlasmnganlunsUsTInaNauINN I TEUUA
RGB Tngszuud HSI Usznause 3 ssAdsgnoude Hue FafusisaziBenosdusznoud
U3qVEveanIw Saturation LHussdUsEneuTikansindUTavstugniiafouasmnntes
WAl ua Intensity AoAuitNaaIn nmoseiu erayscale tuos J9n15uiasansyuud

RGB tJuseuud HSI anansavildsaannisd (3.9) - (3.12)
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Red Green Blue

UM 4.10 nnuiuiaulaisvuluszuud RGB

Ineidasyuudedlusunuy HSl wdlnagesaussnavaszlsigazidennsgun 4.11 Felu
Junounoluls13eldosnlsenoy Hue wag Intensity  lunisUszanananin 1feeann
p9AUsTNOU Hue Husiwastdenduosnindslasanfunaglalnnataduidiunnaraanniiu

NAIVBININ LaYeIRUSENBY Intensity Feanunsaiiulasinfuuazlalnnataduliegnsdaau

Hue saturation Intensity

; \1
\“a
'*‘13;

JUN 4.11 anuiuiaulafiarulusun 4.10 nasanudadvieglussuud HS|
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4.4.2 NTTUIUNITANIALIAEDAVID

Susuazldeadusznev Intensity FeilBalnunsuegludnvazaningu fauandlugud
4.12 nguusndudnefietufemudiveadadonumuariasiniu ussnduilaesiuanie
Fomudimesiiundswesnin msUssmanaduannsuendndentiuasinsufueen
Mniundslaents msalsadfngatioglunduisaasoanaindu wiiesanuaainnisdond
vilviszdunnnduvesnmusazamlaivindu Ssliansomsalvadsenai Seoudenld
A wnsalvadsnlusdd Tnesudseild Global thresholding #e33ues Gonzalez uaz

s al

Woods [12] 1flesanistiimungauiuamidalnunsuddnuuzaengy lagaunsalyani

'
) 1

Al 0.5 Azuanafagun 4.12 Intudana3suagyiinisiufgununueanmiien

a o W

adusnnndansalvadliduddfesunl 4.13 Tnosuit 4.13(n) Aenmlussddsznou
Intensity AeuyAsinsalvaduazsud 4.13@) AenimesAlszney Intensity n&INIT
wisalvas laeusnaililvignildsududdfeuinaiienssndulasniunaziiadonsm
mniunmitldasgnideudunluvinddeliiedonisiuansdesud 4.14 Tnegud 4.14(n)
Aonmluszuudmiazsuil 4.14@) Aenmluuni Tnsideutandunamlumniudrnmils
Uinandadesunaziidesinsmeluisienilurunsyuumsiduisuina Welduuina
melulndudvamideuveusnuusniiielflunsyuunisirdaiiadensm figuil 4.15 Tag
SU7 4.15(n) FlanwrsunistAuifauian wagguil 4.15() Aevaaninriunszuaum s
Ui fufivinadlndifindenenuing fsersesdulannivazgnaaniuiuiidude
o Taeknunszuaunisvens feasvhliveuvesingfuwalnaiu Seineninusidagly
Tassadsuuuaunassuin 5 fineatileidnlasnfufiegAntuidadenyrsnnifulumsy
liaganlunsieseilalimaaduesusan U 4.16(n) Aenwieulazsunszuiunnsg
Yeneuar3UT 4.16(1) Bon i ndTunszUINIsIeEuEA Seasiiiuin nquaasutiug
vailvytusasiuilndifiadonvnasgnaududmniwondindonsn ndandy
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annsanendiulasuniuuaslelinnaraduldogrsdnauninniesdusznavddu fdy
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X,=U,S,V,’ (5.12)
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6.1 AMsAUNaIENUGINa1Felas AT wunLUUIUEE
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wasndauanyae X wag X, nlaesureluuni 5 dugnldiiediuiu

Handufaasiuuudvenasens 2 a1eiug neazgnaieasuuuiginuilag U daaunis
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Pf:UlTXf (6.1)
PV=U1TXV (6.2)

loenuaenluludaion 2 U Aoium3ng Upes, 90naun159 (5.11) lagldiiies 3 aaauil

s widaenleludads 3 U, felun3ndngndnunanniua3ng U anaunisi (5.15)
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1 S (6.4)
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A15197 6.2 Wesidudnugnsissasgalunisiuunaleiugiisuivinnuaeduivesudai

enld
SRV DEFVEIRIE Wesiudanugneedtunsiuunasiug
1 88
2 92
3 92
q 88
5 92
6 92
7 92
8 R
9 76
10 68

wuInsoinesiuarleandugiusedl (RBF) Tananisauunaeiugnmyalnianiinisly

nesiualnduAoutNIn Inedinanisaunaenugangare 92% Weldiiuiunadul

YDWUAEIDN 3 LWINNU 2, 3, 5, 6, 7 4@y 8 ARaUL

6.2.3 NISNAFBUISUUNITINUNABYNNDIALINEADI U BTU

WenaaeusyUUMIARLenateiugiiTelaldnwaiewug P. falciparum 31U 56
AMUAZENEIE P. vivax §1uIU 47 nwsan 103 mwduganeaeu Tnenimmaiilignld

Tusgern

Wieldiudadsg 3 uazinesiuailandugiuiai laglda1tauladsdunasdniinanaa

q

(ﬂmimmﬂgﬂﬁ 6.7, 6.8, 6.10, 6.11, 6.12 Wazr 6.13) TUATTILUNAINYANAFRUAIY

FUNDSALINNDILUTTY 92 PNANITIUNAILANILUANT1IN 6.3
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Waswwda | | Goulvdsdu Fni ANUYNABITI (%)
3 2 1 60
3 3 0.8 1 62
3 5 0.7 0.8 54
3 6 0.8 1 83
3 7 0.8 1 54
3 8 0.8 1 71

NAN51991 6.3 Ui (=6 Tarmgndedumsiiuunamyanaaeugsiiandio 83% lned
Adoulatsdumintu 1 uasBmiwindu 0.8 dufufideiudenlddminimofmaridmiy
9anaiduganeg  wazatu1snaguaiiualunsalun1siinunaleiuiusdauianseves
SanoTufitaunduldlunisd 6.4 naniameaeunansliifiuidmiunnegefinszuud
Wosiudnnugnifes 90% dwsuntsduuniteanswis P, falciparum way 93.33% dwdy
o P, vivax uasfienugniesdiviunneaavaden 85.71% 13U P, falciparum wag
78.72% dwu P, vivax Aadudefifudamugniosrslunssuuntsaesaneiudviiy
92% War 82.52% FNTUNNYARNUALYANAFBUANNAIY

A15197 6.4 ANONABIVRITEUY

wWasigudanugnsadlunisiiuun

m‘W“qm?]ﬂ P. falciparum 9/10 2N = 90%
P. vivax 14/15 ,W = 93.33%

ey 23/25 7N = 92%
ANYANAEDU P. falciparum 48/56 N = 85.71%

P. vivax

37/47 AN = 78.72%

334

85/103 nn = 82.52%

wannililleNarsandenguves U (@undnuuidunueyuves S) Tugui 6.16 wuiien

wngu 6 Ausniududwiliduiian aseuagu 73.95% vosanuLUsUsIuInIALAE

UminvesanengIusumasiawengua1sui 7 fuludndefigaunilanuansliiiiuionis

& ~ a &
Laan Ug LﬂULUaauuaﬂJLﬁ@aNNa
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Suloiumaa “liwula”
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Wesidudn1sszyanenug

HAF19YDITIUIUN N DEEABIAENUT

5% 10% 15% 20%
9/10 AN 9/10 anN 9/10 anN 8/10 nw
P. falciparum = 90% = 90% = 90% = 80%
15/15 an 14715 AN 13/15 AN 13/15 AN
Ameeiln | P vivax = 100% = 93.33% = 86.67% = 86.67%
q 24/25 9N 23/25 9N 22/25 9N 21/25 9N
334 =96% =92% = 88% = 84%
54/56 AN 53/56 AN 47/56 AN 46/56 AN
P. falciparum =96.43% =94.64% = 83.92% =82.14 %
46/47 AN 45/47 HIN 39/47 AN 39/47 AN
AN P. vivax =97.87% = 95.74% = 82.97% = 82.97%
YAVNABY 100/103
AN 98/103 A | 86/103 AW | 85/103 AN
33U = 97.08% = 95.14% = 83.49% = 82.52%

M13197 6.6 AUEINIaTRsTEUUluMITILUnAIe UG EaAatE “laule”

Wesdusnugnsadlunisduunalenug

HAA9UDITIUNNSDUAR IS

5% 10% 15% 20%
9/9 N 9/9 AN 9/9 aN 8/8 AN
P. falciparum =100% =100% =100% = 100%
mwsq@aﬂ 14715 2w | 13/14 99 | 12/13 9N 12/13 AN
P. vivax =93.33% = 92.85% =92.3% =92.3%
23/24 9N | 22/23 9N | 21/22 2N 20/21 AN
LY = 95.83% = 95.65% = 95.45% = 95.23%
46/54 AW | 46/53 7 | 41/47 2N 41/46 9N
P. falciparum = 85.18% = 86.79% = 87.23% = 89.13%
AN 36/46 AW | 35/45 AW | 29/39 AN 29/39 AN
YANAFDY P. vivax = 78.26% =77.77% = 74.35% =74.35%
82/100 A | 81/98 A | 70/86 NN 70/85 N
33U = 82% = 82.65% = 81.39% = 82.35%
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Wesdudnugnsediunisdiuunanenug
Aewuriupana wdsiunana
AN | P. falciparum 9/10 AW = 90% 9/9 A =100%

P. vivax 14/15 70 = 93.33% 13/14 o = 92.85%
33U 23/25 9N = 92% 22/23 AN = 95.65%
2N P. falciparum 48/56 NN = 85.71% 46/53 7N = 86.79%
YAiaead P. vivax 37/47 9N = 78.72% 35/45 9 W= T7.77%
334 85/103 AN = 82.52% 82/100 AW = 82.65%

WeRarsanmmugnaesluntskunaeiuglae sunauiilaaaLa N wNUAa1E 69
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dmSuIUaEn waz 0.13% dwsuuganadeu Fasiuindeiueag “liuule” szuy
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$% ———————————- Import data (Testing Image) —-——————————————-——-
testing image=imread('pfl.jpg');
normalized testing image=im2double (testing image) ;

o\
o\

———————————— Decomposing RGB color model -—-—---——-———-———--—-
r=normalized testing image(:,:,1); Red component
g=normalized testing image(:,:,2); Green component
b=normalized testing image(:,:,3); Blue component

Il
oo o©

o\

$% ———————————— Converting into HSI color model -—---———-———--—-

H component=acos ((0.5* ((r-g)+(r-b))) ./ ((sqart((r-g)."2+(r-
b) .*(g-b))) +eps));

H component (b>g)=2*pi-H component (b>g);

H component=H component/ (2*pi) ;
S_component=1—3.*(min(min(r,g),b))./(r+g+b+eps);

std of s=std(reshape (S component,[1],[]));

I component=((r+g+b)/(3));

%% —HF = Calculating Treshold value: T stated in
Gonzalez and wood
T=0.5* (double (min (I component (:))+double (max (I component(:))))

) 7
done=false;
while ~done
g=1_component>=T;
Tnext=0.5* (mean (I_component (g) ) +mean (I component (~g)));
Gl= mean (I component (g));
G2=mean (I component (~g));
done=abs (T-Tnext)<0.5;
T=Tnext;
end

I component (I component>=T)=0; % tresholding
I component=im2bw (I component,0.3); %converting into binary
image

I component = imfill (I component, 'holes'); %filling holes

se = strel('disk',5); % creating structure element

I component= imdilate (I component,se); % dilating binary image
I component = imfill (I component, 'holes'); $%%%%hole file

I component = xor (bwareaopen (I component,10),

bwareaopen (I _component, 8000)) ; % removing White Blood Cells
I component = imerode (I component,se); % eroding binary image

[o)

o\

§ ——m——— = estimating number of White Blood Cells
if(std of s<0.08) % there are few White Blood cells

Chromatin mask = imclearborder (I component); %removing
border objects



else % there are plenty of White Blood cells

[o)

Otsu treshold=graythresh (H component); % calculating Otsu's
threshold wvalue

H component (H component>=0Otsu treshold)=1; % thresholding

H component=im2bw (H component,0.9); %converting into binary
image

H component=imcomplement (H component); %negation

H component (I _component==0)=0; %intersection between two
masks

Chromatin mask = imclearborder (H component); S%removing border

objects
end

[nLow,nCol]=size (Chromatin mask); %size of image
[labeledImage numberOfSpots] = bwlabel (Chromatin mask);
testing feature set=zeros(1l,20);

for numb=1:numberOfSpots
[r, c] = find(labeledImage==numb); %%% [r,c] are pixel
coordinates of this chromatin

$%locate center of this chromatin
center row= (min(r)+max(r))/2;
center column=(min(c)+max(c))/2;

if center row<=70

starting row=1;
else

starting row=center row-70;
end

if center column<=70

starting column=1;
else

starting column=center column-70;
end

if starting row+l40>nLow
ywidth=nLow-starting row;

else
ywidth=140;

end

if starting column+140>nLow
xwidth=nCol-starting column;

else
xwidth=140;
end
%% divide image into sub-small images
sub image = imcrop(testing image, [starting column

starting row xwidth ywidth]);
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$3%%%%%%%%%%%%%5%%%%generating feature

hsv = rgb2hsv(sub image);

V=hsv(:,:,3);

normalized sub image=im2double (sub image) ;

r=normalized sub image(' ',l);
g= normallzed sub_ image (: 2);
b= normallzed sub 1mage( 3);
S=1-3. *(mln(mln( g),b)). /(r+g+b+eps)

I=((r+g+b)/(3));

testing feature set (numb,:)=[mean(g) std(g) kurtosis(g)
skewness (g) entropy(g) mean(I) std(I) kurtosis(I) skewness(I)
entropy(I) mean(S) std(S) kurtosis(S) skewness(S) entropy(S)
mean (V) std (V) kurtosis (V) skewness (V) entropy(V)];

end
5% H¥ =t LS training SVM
load ('Training set.mat') %$%loading training-set

[Uf,s]l,vl]=svd(Xpf training set'); %% decomposing Pf feature
set

[Uv,s2,v2]=svd (Xpv_training set'); %% decomposing Pv feature
set

sl=diag (s 2% a
s2=diag(s2."2);
dfzfind((cumsum(

sl)/max (cumsum
dv=find ( (cumsum (s / a
1

1 (
2) /max (cumsum (
)),Uv(:,1l:dv (1
svd(Usum);

sl >= 4

s2)))>=0.99) ;
Usum=[Uf (:,1:df( ) )
[Uall,Sall,Vvall]

Uall=Uall(:,1:6);
Uall
Wf=Uall'*Xpf training set'; % projecting Pf feature set onto
basis matrix

Wv=Uall'*Xpv training set'; % projecting Pv feature set onto
basis matrix

xdata=[WE';Wv'];
group={'Pf','Pf','PE£','PE£','PE','PE,'PE,VPEY, TPET, TPET, TPET,
lel,lel,lel,lel,lel,lel,lel,le!,le!,lel,lel,lel,l
flllel,VPfl,VPfl,VPfl,VPfl,VPfl,VPfl,VPfl,!Pfl,!Pfl,!Pfl,!Pfl
,lel,lel,lel,lel,val,IPVIIIPVIIval,IPVVIIPVIIIPVVIIPVIII
pv','pv','Pv','Pv','Pv',"'Pv','PVv','PVv','"PV',"'PV',"'PVv',"'PVv', 'Pv
l’val’lPVl’val’lPVl};

o°

%$%<--- choosing only first six columns of
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group=group';

svmStruct =

svmtrain (xdata,group, 'showplot', 'false', 'kernel function', 'rbf
', 'boxconstraint',0.8, 'rbf sigma',1l); %% training SVM
classifier

X testing=Uall'*testing feature set';
species = svmclassify(svmStruct,X testing'); % classifying
each sub-small images

[a b c] = unique (species);

d = hist(c,length(a));

$%%% d(1l)= number of Pf's sub-small images
$%%% d(2)= number of Pv's sub-small images

if(d(1)>d(2))
disp('algorithm. concludes that this testing image belong

to P. Falciparum species')
elseif (d(1)==d(2))

disp('algorithm concludes that this testing image
belong to P. Falciparum species')
else

disp('algorithm concludes that this testing image
belong to P. Vivax species')

end
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Abstract. Malaria is a serious global health problem and rapid, accurate diagnosis is required to
control the disease. An image processing algorithn to aid the diagnosis of malaria on thick blood
films is developed. Morphological and automatic threshold selection techniques are applied on two
color components from the HSI color model to identify chromatins of P. Falciparum and P. Vivax
malaria species on the images. Chromatins are positively identified with good sensitivities for both
species. After identifying the position of chromatins. the algorithm splits the image into small sub-
images. each with a chromatin in the center. These small images can subsequently be used by
technician to classify malaria species more conveniently.

Introduction

Malaria is a serious global health problem. In 2012. 3.4 billion people are at risk of malaria.
Ameong those. 207 millions are infected. with 627.000 deaths [1]. The most commonly used method
for diagnosis of malaria is by visually inspecting blood films through a light microscope. A thick
blood film requires between 15-20 minutes for a trained technician to locate the parasites from their
chromatin dots and classify their species. e.g.. based on the shape of the observed cytoplasm. so that
proper medication can be administered. However, if the patient is not seriously infected, locating
chromatins under the microscope can be cumbersome. During an outbreak. rapid. accurate
diagnosis is required to control the disease and manual inspection may be too slow.

Most of the existing image processing techniques for detecting chromatins have done so
with thin blood films. This has a higher resolution of the parasites, but is expensive and requires
long hours to process. So. it is not typically used in the field. Using the fact that chromatins only lie
inside red blood cells, dilation and erosion methods with structural element size related to infected
red blood cells are utilized in [2]. A technique in [3] detects chromatins using multiple thresholding
after observing three different intensity areas within the infected cells. Nevertheless. these
techniques are not applicable to images from thick blood films, on which the red blood cells are not
observable. Elter [4] detects chromatins in thick blood films using close and open operations. The
method has the sensitivity of 0.97, but is specific only to P. Falciparum species.

The work in this paper aims fo aid the technicians in examining the thick blood films.
Instead of searching through the entire slide by eve, we propose an image processing algorithm that
locates the chromatins automatically. The algorithm can detect chromatins of P. Falciparum and P.
Vivax. the two most common malaria species found in Thailand. The algorithm produces smaller
images. each with a chromatin in the center, as its output to be subsequently used by technicians for
classification.
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Fig. 1. Flowchart of the proposed algorithm.
Methods

The flowchart of our proposed algorithm is depicted in Fig. 1. Image of thick blood films
stained using the quick Giemsa method is acquired using a charge-coupled device camera
connected to a light microscope. The original image in RGB color model is converted to HSI color
model. An example of the original image and its HSI components are shown in Fig. 2. We first
work with the T component of the image to separate chromatins and white blood cells from the
background. The staining process used for enhancing malaria cell visibility results in images with
different color intensity. Hence, instead of choosing a constant threshold we opt for an automatic
thresholding using the Global Threshold method [5]. This is suitable because the histogram of the I-
component image is bi-mode, as depicted in Fig. 3. The vertical line is the selected threshold. The
first mode of the histogram represents the white blood cells and chromatins, whereas the second
mode represents the background.

W

12000
|
10000} mode?2
2
11w Y £ 8000
Original image S component -
© Boo0;
2 |
E 4000}
2
2000
1 mode 1
0  —
0 02 04 06 08 1
Intensity
H component I component
Fig. 2. Original image and its HSI components. Fig. 3. Histogram of the I component.

After thresholding the image is converted to binary for ease of calculation. The binary
image is then dilated to merge nearby artifacts to the white blood cells. This process also enlarges
the chromatins slightly. The chromatins have radii between 6-7 pixels and the white blood cells
have the radii between 50-102 pixels. This size difference is used to remove the white blood cells.
Erosion process is subsequently used to reduce chromatin size to their original size. Both dilation
and erosion processes use disk shape with a 5-pixel radius as the structure element. These steps
yield the first chromatin mask. Fig. 4 depicts the images obtained in each aforementioned step.
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(a) (b) (c) (d)
Fig. 4. T component images (a) after global thresholding, (b) after binary conversion,
and (c) after dilation and white blood cell removal. (d) First chromatin mask.

It is observed that the chromatin mask from the I component still has many artifacts. A
second mask from the H component of the original image is constructed to reduce these. The H
component stores color information of the image. The areas of chromatins are red and magenta,
which span 240-360 degrees in the H component. Otsu’s automatic threshold selection [6] is used to
identify areas that may contain chromatins. The image after thresholding (Fig. 5a) is converted to
binary and negated to produce a second mask shown in Fig. 5b. The two masks are intersected to
form the final chromatin mask in Fig. 6 that has smaller number of artifacts.

(a)
Fig. 5. H component images (a) after Otsu’s Fig. 6. Final chromatin mask.
thresholding. (b) Second chromatin maslk.

Finally the original image is divided into small images of size 140x140 pixels, whose
centers are chromatin positions obtained from the final mask. Example of the resulting sub-images
is illustrated in Fig. 7. The technician can inspect these images faster and more conveniently.

o B . .
o ;
NRE <>
) 2 t ;' s P » - .
™ & 4 ‘d
-
-

Fig. 7. Example outputs of the algorithm.
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Results

Thirty 500 pixels x 500 pixels images of P. Falciparum species containing 398 chromatins,
and ten images of P. Vivax species with 20 chromatins are used to test our algorithm. Its ability to
detect chromatins is measured by the sensitivity and false discovery rate (FDR), as given by

o Tiue Positive
Sensitivity = (1)

True Positive + False Negative

EDR = Flallse Positive _ 2
True Positive + False Positive

The sensifivity value measures the proportion of existing chromatins detected by our algorithm. The
FDR indicates how much type I error is incuured from all detections. The algorithm has sensitivity
of 0.79 for P. Falciparum and 0.95 for P. Vivax. The FDRs are 0.27 and 0.86 for P. Falciparum and
P. Vivax, respectively.

Conclusion and future work

We have proposed an automatic image processing algorithm that can help human experts
detect chromatins on thick blood films. The algorithm has good sensitivities for both P. Falciparum
and P. Vivax. Note that in practice the malaria species on the thick blood film is unknown, so an
algorithm that works for multiple species is advantageous. A slight drawback is that the algorithm
has high FDRs especially for P. Vivax, which means it would produce more images than necessary.
However, this is still acceptable since the method has high sensitivities. The focus of malaria
diagnosis is more on successfully locating sufficient number of chromatins for the technician to
further classify its species. Our future work is to use the cytoplasm around the chromatin to
automatically classify between P. Falciparum and P. Vivax species.
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Abstract—Malaria is a serious global health problem. It
requires fast and effective diagnosis for detecting and classifying
the type of infection. Proper treatment should be administered in
a timely fashion to prevent an outbreak. Microscopic examination
of thick blood films is one of the current standards for malaria di-
agnosis. However, inspecting a thick blood film is time-consuming
and requires experienced technicians. Hence, for developing
countries where most cases of malaria occur but microscopy
expertise may not be available, a computerized system to aid such
diagnosis is desirable. In this paper. an automated classification
system operating on digitized images of thick blood film has
been developed to classify between Plasmodium faleiparum and
Plasmodium vivax malaria parasite species. The system is fully
automated. It is fast and can be handled by non-experts.
We calculate five statistical features—mean, standard deviation,
kurtosis, skewness and entropy—from four color channels (green,
intensity, saturation, and value) of these images. The features are
then projected onto a subspace representing image characteristics
from both species. The projected features are used by the support
vector machine for classification. It is found that the algorithm
has acceptable training error and can classify test images with
good accuracy.

I. INTRODUCTION

Malaria is a frightening global health problem. In 2013,
3.3 billions people in 97 countries are at risk of malaria.
Almost two millions cases of malaria have been reported
globally, leading to approximately 600,000 deaths [1]. The
current gold standard for malaria diagnosis is the microscopic
examination of blood films [2]. Inspecting a thick blood
film is time-consuming and requires experienced technicians.
Interpretation is even more difficult when the patient has low
level of parasitemia. On the other hand, a thin blood film has
a higher resolution of parasites, but it is also more expensive
and analysis requires long laboratory hours to process.

Various methods exist for detection and classification of
malaria. Usually, thick films have better sensitivity for malaria
detection. For example, Kaewkamnerd et.al. [3] detects and
classifies between Plasmodium (P.) falciparum and Plasmod-
ium () vivax from layers of thick film images at different
depths of field by thresholding the estimated chromatin size.
In [4], six classes of P falciparum and P. vivax parasites at
different life stages are classified using genetic programming.
Other methods [5]. [6] explore morphological-based. color-
based, or wavelet-based features for P. vivax detection. In
contrast, the thin film provides more specificity and is often
used for multi-class classifications. Supervised algorithms such

Origmnal image

small sub-images

Species classification in
each sub-image

oy Number of
P. falciparum sub-images = P. vivax sub-images

Yes No
Plasmodium Plasmodium
Jalciparum vivax

Fig. 1. Flowchart of the proposed system.

as neural network and support vector machine are popular, e.g.,
[71. [8].

In developing countries where most cases of malaria occur,
microscopy expertise may not be available in all areas. Cost-
effectiveness is also a major concern. This paper develops
an automated system for classifying malaria parasite species
using digitized images of thick blood film. It is desirable that
the algorithm is cost-effective and computationally efficient.
For the scope of this work we do not concern ourselves
with detecting the infection of malaria parasites. We focus
on the problem of classifying between the two most prevalent
malaria species—P. falciparum and P. vivax—from infected
blood smear images. so that proper drug treatment can be
administered.

I1. METHODS

The proposed system for automated classification of malaria
species operates according to the flowchart in Fig. 1. A
charge-coupled device camera connected to a light microscope
captures an image of thick blood film stained with the quick
Giemsa method. The thick blood film image goes through pre-
processing, feature extraction, mapping to basis space, and
finally classification stages. Pre-processing is performed to
remove white blood cells and identify locations of parasite
chromatins. Subsequently, the image is segmented into small



sub-images, each having one chromatin in the center. The
statistical features of the sub-images are extracted and trans-
formed using a basis matrix. Next, each sub-image undergoes
the classification process using a support vector machine to
choose between P. falciparum and P. vivax parasite species.
After all sub-images have been classified, the system uses a
majority rule to decide the species of the original image.

A. Pre-processing

We adopt the pre-processing steps in Pinkaew et.al. [9]
to generate the sub-images of size 140-by-140 pixels with
slight modifications. The input RGB image is converted to
the HSI color model to create the mask which identifies
locations of the chromatins. If there are a large number of
white blood cells in the image, both Intensity (I) component
and Hue (H) component are utilized. On the other hand,
if there exists only a small number of white blood cells,
only the chromatin mask from the I component is generated.
Figure 2 illustrates an example of output sub-images from
the pre-processing step for P, falciparum and P. vivax species.
It is observed that their cytoplasms are of different shapes.
Usually, P. falciparum’s cytoplasm has a thin, connected ring
or crescent shape, whereas the cytoplasm of P vivax is more
amoeboid.

B. Feature extraction

The morphological variability between P falciparum and
P vivax parasites should manifest in the statistics of the sub-
images. Because of the lysis of red blood cells in thick blood
films, we cannot use any characteristics of the infected red
blood cells as our features. After extensive investigation, we
choose to work with four color components of the sub-image,
namely the green (G) channel of the RGB color model, the 1
component of the HSI color model, and the saturation (S) and
value (V) components of the HSV color model. For each color
component, five statistical measures similar to those used in
[4], [B]-the mean (fi), standard deviation (), kurtosis (K'),
skewness (), and entropy (E)-are calculated using (1)-(5),
respectively.

1 M
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a(Z) = Y Z_:l(xm e @
= A\
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where 2, is the mth pixel in a sub-image. M is the total
number of pixels (for our sub-image M = 19600). F; is
the distribution of pixel values, and Z is the name of image
color component. Kurtosis measures how sharp or flat the pixel
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Fig. 2. Example of output sub-images from the pre-processing step for P
falciparum (left) and P. vivax (nght).

TABLE 1
STATISTICS OF IMAGE FEATURES ACROSS FOUR COLOR COMPONENTS .

Malaria species
F Falciparum | P Vivax
Mean o 0.5243 05514
o2 0.0605 00434
Standard deviation ;_ g%? 3:0(]5[ 013
Kortoni o 232021 37575
N o7 147.8208 3.0440
o 10070 04180
g o2 16,3304 0.8046
m 10407 53605
Entropy 5 .TT00 01

value distribution is relative to normal distribution. Skewness
measures the asymmetry of the sub-image histogram around
the sample mean. Lastly. entropy is used to characterize the
amount of details or information within the sub-image. The
means g and variances o of these five statistical measures
across four color components are given in Table L

We form the component feature vector,

£(Z) = [a(Z2);a(2); K (Z);v(£); E(Z)] (6
and construct our final feature vector x; for image i as,
xi = [H(G)E(D); £(S): (V)] (7

C. Basis construction

If we work with too many features, the system suffers from
the curse of dimensionality. Beside being computationally ex-
pensive, some of the selected features may not be as useful as
the others. Therefore, we do not use the feature vector from (7)
directly. Instead, we first reduce the dimension of our feature
vectors by projecting them onto a low-dimensional space with
maximum variations between transformed feature point. This
way, classification can be performed more efficiently.

We select a basis construction set from 10 thick blood film
images of P, falciparum and 15 images of P. vivax. Overall, the
data set include 40 P, falciparum sub-images and 25 P. vivax
sub-images. These training images are manually selected from
a large pool of available images. They best represent the
characteristics of images from each malaria species.

Two 20-by-k feature matrices X = [xy,Xg,....X] are
generated by concatenaling the feature vectors of sub-images



Fig. 3. Concept of the support vector machine.

from the basis construction set. For P falciparum feature
matrix, X ;. k = 40. For P. vivax feature matrix X,,, k = 25.
Next, we decompose Xy and X, using the singular value
decomposition,
X f =
Xy =

™
USsV7Y
U,S, VT,

(8)
9

The U’s are the left singular value matrices; Vs are the
right singular value matrices, and S’s are diagonal matrices
containing the singular values. Superseript (-)* denotes matrix
transpose. We then form the matrix

U= [f}f, ﬁv]

(10)

where I:Tf contains the first eight columns of Uy and U,
contains the first seven columns of UU,. These columns of the
left singular matrices corresponds to the dominant singular
values that make up 99% of total variance of each matrix.
Finally, another singular value decomposition is taken to
obtain

U = usvl (1)

We then project the feature vectors onto the space spanned by
the basis vectors in U.

Given a training set of projected datap; € RY,i =1,...,k
with corresponding class labels y; € {-—1.1}. a support
vector machine (SVM) for classifying between two classes of
separable data is constructed by finding an optimal hyperplane,

(w-p)+b=0, weR", beR (12)

which has the largest margin of separation between the two
classes [10]. Vector w is normal to the hyperplane (see Fig. 3).
Suppose all training samples satisfy the inequalities,

yi(w-pi+b) — 1 >0, (13)
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The solution to this constrained optimization problem can be
obtained as [11]
W= Z @ YiPi

Z ;Y = 0

where a;,i = 1,...,k, are Lagrange multipliers. The support
vectors are the p;’s for which a; > 0: they lie on the
hyperplanes H, and H, in Fig. 3. The classifier’s decision
function for a new data point p is

f(p) =sign((w-p)+b). (16)

For a non-separable case, the data are projected to a higher
dimension where they are separable using hyperplanes. The
projection is via the use of a kernel &, and the final classifier
becomes,

(14)

(15)

[(p) = sign(®(w, p) +b) an

where @ is the kernel of choice for each classification problem.
In this paper we investigate the SVM with two kernels:
1) Radial basis function (RBF) kernel:
2
&(q,q") = exp {7” i I } :
2) Lincar kernel:
2(q.q)=q"q"
I1I. RESULTS
A. Training the SVM

The same feature mairices X and X, described in Sec-
tion 11-C are also used to train our SVM classifier. To prepare
the training data, we project the feature matrices onto the
subspace spanned by the bases,

Py = UFX;
P, =U!X,

(18)
(19)

where Uj is the truncated U from (11) containing only the
first [ columns. These transformed feature vectors, along with
their appropriate labels, are subsequently fed into the SVM
classifier.

The classification accuracy of our SVM classifier on the
training data as a function of the number of columns in U;
observed that for different value of [, the classifier has different
performances for each species. Because we want the classifier
to perform well on both P falciparum and P. vivax using
the same basis matrix, there is a trade-off for the ability to
classify both species correctly and the overall performance.
For example, if we choose | = 5 and RBF kernel, the accuracy
for P. vivax is 100%, but that for P falciparum would be under
20%, and vice versa for [ = 10. So, we only consider the total
accuracy (black bars in Fig. 4). The highest total accuracy is
achieved using [ = 6 with RBF kernel. Choosing Uy as the
final basis matrix for our algorithm, the classification accuracy
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Fig. 4. Percent accuracy of our SVM classifier on the training data as a
function of the number of columns of Uj. (a) with RBF kernel. (b) with
linear kemel.

on the training image set is 90% for F. falciparum and 93.33%
for P vivax, as shown in Table IL

The singular values of U, ie.. the diagonal elements of S,
are depicted in Fig. 5. We observe that the first six singular
values are the most dominant; they account for 73.95% of
the total variance. The weight of the singular value starts to
drop at the seventh singular value. This is agreeable with the
classification results and is another rationale for selecting Usg.

B. Classification results on test images

To investigate the performance of our classifier we use 56
images of P falciparum and 47 images of P vivax as our
testing image set. This set of new images does not contain
any of the images used for training the SVM classifier. We
implement the SVM classifier with RBF kernel in Matlab.
The tunable kernel parameters are o2 and C'. The variable
o defines the width of the Gaussian decision plane. The box
constraint C' controls the amount of misclassification that we
allow. They have been optimized and we use 02 = 1 and
¢ =08

The classification result is reported in Table II. The system
has an accuracy of 85.71% and 78.72% for P. falciparum and
P, vivax, respectively.
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TABLE 1I
ACCURACY OF OUR PROPOSED SYSTEM.

Classification accuracy
P Falciparum P Vivax
/10 images = 90% 14/15 images = 93.33%
48/56 images = 85.71% | 37/47 images = 78.72%

Training image set
Testing image sel

IV. CONCLUSION

We have proposed an automated algorithm that can classify
two malaria parasite species, P falciparum and P. vivax, from
the digitized image of infected thick blood film. We use a
training data set to construct a basis matrix. whose span
represents possible image characteristics from both malaria
species. After the image is pre-processed and divided, the
extracted statistical features from each sub-image are then
mapped into a space spanned by our bases. The SVM classifier
identifies the species on all sub-images using the projected
features, before tallying the results and determining the species
on the original input image. The system is fully automated,
so it is fast and can be handled by non-experts. As there is
no accepled single standard method used by all investigators
for malaria species classification, we do not compare our
algorithm to any method in particular. Rather, we use an
extensive set of test images with known labels given by
trained technician. It is found that the algorithm has good
classification accuracy for both P. falciparum and P. vivax.
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