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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. 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
malaria on thick blood films has been 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 thick blood film images. After identifying the position of chromatins, the
algorithm splits the image into small sub-images, each with a chromatin in the
center. The statistical features are extracted from these small 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 algorithm has acceptable training error and can classify
test images with good accuracy. The classification accuracies of test images are 87%

and 79% for P. falciparum and P. vivax, respectively.
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e chloroquine dsiudsfirudnduniazdeadinsimuinisifisdeaneiuguianialv
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HuisildsuunidemanZeinduanwus . falciparum w3 P. vivax Sansialan
T¥due (ONA) WEoo13Buie (RNA) Heannsnwieulfanaeiduendents fuefidume
fudamaniy P falciparum w3 P. vivax Tasnnsvinlaauiia (Cloning) wasniswdisusua
(Sequencing) udathansWugnssusduavisarsidulesnauuiusm (Probe)
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annsovesfusadiiaidenuns Womande gusreveslalnnaraduldodisdaon Soild
ansaldpaantimarilumsuondelddendt uilunsidadelummanisunndasdenld
wiuidulafnisundesndmlddeignuasidalunsidedoleendinnn dafuly
Ingrdnudisaldnmdennuiuiiduladasiamulunmside  Taodenlénmanide
P. falciporum waz P. vivax §afu 2 agiugiwundimssrumnnlutssmelne Tag
WizasiiszesiFudunaadefosvazrsumu (ing form) Tunside Tneluszeeiyuiiswes
TeTnwana@usening 2 aeWuderdnnuunnsiiy Tmﬂ'ﬁ'maﬁ’uﬁ P. falciparum azUs1ny)
sUsnveslelnnanaduifudnenyaunau wisdenaumu udaeius P vivax vedl
Telmwvanauffidnwuzl¥juseiuiuey Weoihmihivinsfatenasiudinandolneld
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(n) ()
Uil 2.2 nwdnetrade (n) P. falciparum () P. vivax vuusuidalafinun

ifedmnarlduriuidulatimunluntsasedunisindeniande (detection)
wirfuiaglfusuidalafinundunssuunasiuguenda lumuiedlduhiidlaionme
Teldiiauiiamsaneniiuwadidiadoaundunside wu [1) asedulasuifulayly
35n1svuun1n (Dilation)  Warn15L8120 N (Erosion) Lagldnurelassasig
(Element Structure) flvwedufusivauiavsusadidndonuss Selddeifaaiediin
Tnsunfuszerdegluvadidadenunavidy vde 2] nsndulasindulasldnisimsalvad
wanu Iy (Multiple  thresholding) tilessannuiinisluwadilindenuasiinndod
HuiiAiaududdistuarndi lunisdauenideriandetuuiuiidulainuisamisa
denldnudnwurveenmitiannwanuldlunsdaueniu (3] ssyeadipndolasld
AUANYIEIBINTNITY IMAYDIN N ALY (Skewness) AulAS (Kustosis) WaTWAIIY
(Energy) saudunsldlasavneuszam (Neural network) wazdnnasanimosuuvdu
(Support Vector Machine: SVM) Tnsnadwénlatu swnasavnine uuesduiufimnuusdud
wnninsilassiieuszam 20 % [4] SwunszezveadonaSeluiuidulafinvdnuis
Togld Bvoslsdn vurnvasUsde wazAmsaifswAvdwneinnmasuuvdu lneaisas
nznaGufiesaneiug £ vivax i [5] Suunaefuinandolunduiidulaiaung
lngldpudnwurmasradmguaiunauvesiuadoa uazanantinisainans
(texture features) Lduwdeau gnidanduaudnuurlaglinsinsetesdusenaundn
(Principal Component Analysis: PCA) Tnoradwnslumsdmusnasiugiuiuagiunisden

ALSN YL VIYARN

& o o oo ek T =, o oar ¥ Qs g,
yenInUddlaidenlduiuidulafiavunlunm Aoy [6] asrduusdautandslnuldnisg
wenUsAnoanniunasnlngldesrusenaud Hue way Saturation 31ASEUUA HSV uaz

s

seyUsdnlaeldia Euler TnaanAdeilnnzaanizaiewug . vivax whily [7] wynaiesiug

1

mansylasldanusiiessunalasnfuszninassansiug laefinugnissyaanisdiwun
Wef 90% d sy P. falciparum war 75% d sy P. vivax [8] unatgWuiunanielagly



Amnsadfdy Aeds dudonuuunsgiu anud anulas uazeulnst (entropy) W

[

Audnwazuarldnislusunsuiiugnssy (Genetic programming) Tunisdnuunaneiug

1

o, a

AN5NA 2.1 wammadnnisesndulasinfulasdwunaieiugaieiBenauidesiieg

= [%3 o a [ @ & = ' as
AT719 2.1 m’m'gﬂﬂaﬁ'l.un’lwri'mfwiﬁimmuLl.azﬂ’i'smtmﬂa’lﬂwuqu'ia’lL?ammgﬁmmu

erld iln AUSEEARAIINY \Wesidusimugnsies
Wi
S. Kareem [1] iaue | asndulasufuy N/A
D. Anggraini [2] waun | esedulasunfu N/A
A. Shruti [3] ylaun | asdulasndiu 98.25% AU SVM
78.53% d1TU Neural
Network
S.S. Savakare [4] |  wliaun9 Swunszevidle | 96.42% dwu P falciparum
M.I. Razzak [5] wilaund uunaenug | 94.6% dwsu P. falciparum
Wae 92.3 % d s P. vivax
K. Chakraborty gilavun | msadulasunfu 94.5% AU P. vivax
(6]
S. Kaewkamnerd |  #@innun duunatewug | 90% dwsu P. falciparum
(7] way 75 % d1mIu P. vivax
. Ketut [8] ARANLT Twunaewug | 87.5% dmiu P. falciparum
WAL 78.33 % dmiu P. vivax
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&
3.1 wugugunw

3.1.1 AW

sUnmwanansouandluguwuuasilaidu 2 R fixy) lnefl x waz y Aefidn uaz f A
wanwagaues ARfe (xy) Jehferruidudveanmitgadu awenadmienmluui3 (binary
. s s = P W o o e o ' ' ' . s a
image) Wunwidneatiannsadanududidululafsudassaluusazinga Aadn 0
dwivdiuazln 1 drusvden leenmluudingnldlumsyszinananwidneadaingnly
Juundanianadniveanssuinnisanng unsudsdinnim (Segmentation) UA 3.1 wdn

w e @ 3 ww w o & w
MQEJEJWQ‘UENEUIU“'] i‘édﬁ‘tﬂ’lhﬂgﬂ'l"mmu’mgmu‘wm LLaxﬁﬂ’l LNUAUWE

3U# 3.1 awluund

3,1.2 ATWEImI

AN (Grayscale image) iHunndsUsynaudiaaedinivatesdusaus
ddimsesuanuiduiriigrauiisduniimszduanudugegs amdmdudsainamn
TuuddessnamluudaunsefiifsslfuAaasdiosniusudinmdmduannsaiany
eedldmanaseiu nenmdmfisglunaateya double asiimarududaglugag 0-1
wayAand uint8 uaz uintlé 9xfimeudndeglugie 0-255 war 0-65355 MwERU
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U7 3.2 Jusednvasnmiimamelunmwuseneusmedinmanysediv

- =l
UM 3.2 nwan

3,1.3 52Uvd RGB

amATuiseinmsrnturesnmdmn 2 ffvarsesduseneusaufiuity nmwly
svuvd RGB 1An9nn1ssaufutesasdusenauduns o7 wavthdu (Red Green Blue)
ai"lmmjaaﬁmﬁ‘gﬂ'[‘&‘lumiLLamﬂ'wﬁnwaﬂ#uwﬁmumﬁw bit depth w83A W RGS \UU usay
perUsznevdvesnmiiu 8 On fefunmduszifiunuy 24 bits depth (@slaeluudy
snnudslunsazesdussnovdesviniu) Tuns@famiavaunsodidls (¢ wiewhdu
16,777,216 & 3Uft 3.3 uanaluiead RGB Fauszneustesisznoud Red Green Blue U
3.4 waneagevaenwluseuud RGB FamilsRnigavasmwifaainnissauiusesnaudad
911 3 asdUTENOY JUT 3.5 uananwluszuud RE8 Fegnuanidu 3 evduseney



12

; Yellow

sU# 3.3 Tuinad RGB [9]

fix,y)=[R,G,B]

U 3.4 fetrnmluszuud RGB

{(n {) (#) (9

= w ar s
5U# 3.5 (M nmanszud RGB duady (1) mmluasdusznauduna
(M) nuluesdusznavdifen (@) mwluasiusenevdundu
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2.1.4 szuud HSV

seuud Hsv HussuudilndiAesfunsfuysdussoneetsuaivasd dssnaude
paAUs¥Nau 3 oE9AB Hue Saturation Was Value lngluszuudwas@atu Hue Saturation
Value avlndlAgadu Tint Shade uas Tone MuEIRU FsmsuUasannszuud RGB WWusyuu
& Hsv amnsavilésannisil (3.1) - (3.8) gﬂﬁ 3.6 uanelanadsyuy HSV fenadusznay
Hue fiRoyusoUNANIsfivTBasiBonued Wy fyu 0 serasidudune sedusznay
saturation 3sLAuATNBNF T uay Value sufuaruiduvasdity A V=0 2sumuainy
Wuitle uasdl V=1 sswurnuduiiaing laogudl 3.7 wansawluszuud Hsv ndaeingn

wUaI9INIsUUA RGB

C max =max(R,G,B) (3.1)

Cmin=min(R,G,B) (2.2)
H:[&—]/G : Cmax =R (3.3)

C max-C min

p SRR IR e WO s (3.0)
C max~C min

H:[LH&]M ; Cmax =B (3.5)
C max-C min

$=0 ;Cmax =0 (3.6)

goplmax-Cmin, 20 (3.7)
C'max

V =Cmax (3.8)
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increasing hue
— T et

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

.............................. red

cyan
(H=1/2) {H=0}

increasing i .
saturation increasing
moves away value moves
from the axis toward

lighter

colors

black
(V=0)

5Uit 3.6 Tuiwad HsV [10]

ef - v Y «
JUN 3.7 (n) mmRnsyuud RGB auaty () nwlussfusznau Hue
(m) mmwluasAyseneu Saturation (9) pluarUsenay Value

3.1.5 szuud HSI

seuvd HSt WussuuddelndiAesiussuunisueweaywduasimunzanlunig
Usvananauinni1ssuud RGB lapszuud HSI Usenaudae 3 asaUsenaufe Hue Fufu

L] (3 -y &£ . e T o | & o 45
TWaLIdneAYsENDURUIEVEIBINTN Saturation WussAUsEnaUkanTIdUIgnidugn
WameuamnuIntasualyy wag Intensity Aaanduvesnmuioseduding dananslu
U7 3.8 Fan1suvasninszuvd RGB (ussuud HSI annsavitlddaunish (3.9) - (3.12)

Fyl

b =$p

3.9 nanamwiuseuud HS R INgNUUaIIINTEULE RGB
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%KR~G}HR—BH

; r (3.9)
[(R-G) +(R—B)+(G_B)]uz] ; B<G

H =cos™[

%KR~G)%R—BH

ot ] s (3.10)
H =360-cos [[(R—G)z+(R—B)+(G—B)]m] i B>G
3 .
S = 1_m[mn(1e +G+B)] (3.11)
o RG+B) (3.12)

V¥hite

3U# 3.9 () mwanseuvd RGB fuatiu (v) nwlusadusznay Hue
(m) nwlussfuszney Saturation (9) Mwluesduseney Intensity
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. &
3.2 iannsusEuRanNan1wIUBIAY
3.2.1 MIWsElYadfauAAH (Thresholding)

nsnsaleadiBunilsluitnisuonngoonainfundevasnin Fegreidy
5Uft 3.10(n) Tnglummilihanay 3 2sunngegdeusnaundrdesfionuduinnniiiunds
vasnnagedainuiluninlussdusznavdidvrvesmwsiuatulugud 390 awly
pedusEnaudidulusruy ReB SBalnunsu faguil 3.10(0) TunsdiBalnunsuveanines
wady 2 du dedesnisuninaveanainfiundsvasnmannsal¥isnsmsalvas

Falvunsuveann leansmvuasnsaleaniivnizay lneniswsalvarayildsuiniega

q'q| 1 U Q

YpamMwRiAuInnIMIavduA Tvsalvasudunviein 1 wasfinanila1miningn
wisalvasazgrilasududsuioln 0 U7 3.11 wansiagsraanwluui3ddalsannis

¢ u ' 5 ar [T ¢ o ) a v = v o &
wsdluanaieal 0.4 war 0.8 auasu lnensldanvsalvamidusmasiandeanuvieniwgu

13811 Global thresholding

1.8F
1.6F .
1.4F .

1.2¢

0 01 02 03 04 05 06 07 08 09 1

(n) ()

SU 3.10 (n) mwluasAusznevii@eon () alnunsuluesdusznovdider
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(M) (v)
Uit 3.11 () amluuninndwsalvadd 0.4 () mwluufandwnsalvadii 0.8

3.2.1.1 nsAmnuAuIalyasuuy Global thresholding laglyiBues
Gonzalez and Woods [12]

1. fvusdnnsaleanisuau T ivhdusfsnansewinsanuidudgeaatu
aNUdudsgn

& 1 L a L3 n‘: 1 A’ lﬂ‘ 1 i 1 ﬂlld
2. fiandsnmilaglden T lnenadnsluszuusiufiooniiu 2 ngu fie nquid

o b 2

fanududninniudswinfudinsalvas: G, uazdnngudadaranuiduddinioen
wisalvad: G2

3. Amnammuduiiedsvesisanngy Taonau 6, arldanudnd b,
Ny G, sxlamudud s

4. Anmunmnsalgananlud Tnew = (U +1,)/2
WENTUARY 24 FUNIIAIULANAIESENIIY T AU Tnew assinindimnsiiinedfis

fwualy

TroAnnsalvasiuuy Global thresholding Al§a1nT8aes Gonzalez and Woods
wnsautunmitdsalunsuuuuaasngy (bi-mode) wilugui 3.12 Ssnvsalvan (1dud
ea) wuﬂaﬁ"qﬁéanejuaaﬂmﬂﬁ‘uaeiwq'ii'ﬂmu Taogu?t 3.13 uansgUluesdusznay Intensity
ansruulanai HS reunazudimssalvad dmuslifinse fundsvesn iy
funnirunsalvaniiandu 0 wiedsd
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12000 T T T T T T T

10000

Swmauiinea
§
T

200

t Vi . i | !

0 0.1 02 03 04 0.5 ) 06 0.7
AT

U 3.12 BalnunTuvedssdussnau intensity uazAnnsalyadanives
Gonzalez and Woods (1&UA1LA)

o

Y .
. PR —

() )

JUN 3.13 (n) mmneunsinsalead (v) Mwrdamsvsalsadaeisves
Gonzalez and Woods

0.8

0.9
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3.2.1.2 MsAnaAwialianiluy Global thresholding lnel4iswes Otsu

< '

35904 Otsu [13] WudswiansaleasdailauyAsiuinnmiulsenausig

v o

w4 v & v

2 aanafediuvasingiumia (foreground) wasdneruAsunds (backeround) laeif

o
el o

rAhLu o 1 e o v 1 ] < o

wsdlyani G]‘\]’lﬂ'lﬁ‘uf\]xL‘lJ'UF’l"lLﬂiﬂiﬁiaﬂﬂﬂﬂ'ﬂﬂﬂF‘:’)"IIJLLGIﬂG]N'iSW]Nﬁ'ﬂdﬂﬁ?ﬂuﬂﬁu’lﬂﬂi’jﬂ
o aad ad v

ﬂ’l‘iﬂ’]u‘]m‘[U'JﬁULillﬂutﬂtl

1. AMuailedduanuvuwuugasanudissidunuuianInvadalnunsuainaunis
=t
1 (3.13)

D)= % q=0,1,...,L-1 (3.13)

P Pl a ] 3 =] o = da L VoA
Taedi n ﬂail"IU'}UWﬂL‘Uﬁ?JENVNEU Ng ﬂﬂ'il"IU’l‘lJ'ﬂﬂL‘e‘iaVI!Jﬂ']’IJJL‘UIJaWHﬂU Fq W&l L

< [ 3 5 = L
Aoduauaududnmueiidululdvesgy

5 =] 1 (g nbl L ] 13 2 o 2 o L
PntuazdanAnnsalyan k MlwAianuissnIaasnana Q' aaiiga 1ae Qg AuadlA

mnaumiﬁ (3.14)

Qo= ayo—a) +ax(th—i)* (3.14)
Wt o, o, gy g g, awsoAOAlEINENNST (3.15)(3.19)

o 3.15
By = ZPq(rq) 3.15)
gq=0
&l (3.16)
Wy = Z Pq(rq)
q=k
= 3.17
=2 ab, () 3.17
q:
&l 3.18
I AGIE (318
q:
(32.19)

-1
#T = Zoqpq(rq)
q’:

TaoAn Global threshold #l#aMTFues Otsu Huwmzausunmitsanunslilduadu
aeanguatnadmau wulugudl 3.14 Sernsalvad (Hufiune) susassratavesnineen
iy Taeguit 3.15 uansnmiluesdUszney Hue vmnszuuliead HSl dounasvay
wsalved  Tasfupeuiimunlifneaiudmesnwilimarudidunnhasalvad

1 [ = o a d 1 ; ot [ 7
AU 0 Wi AN TakenundasnwlaasmIn
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25

SR AR
N
1

1.5+ -

0.5+ A

O 1 I 1 1 | 1 1 i
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ANy

<l = L3 i e
§'L|'VI 3.14 §alvunsnvoesalsznay Hue LALAINIALYAnI1NIoUDS Otsu

.. P ] s o an oy

o e - M n S e

(n)

] £ ' 1Y e
JUT 3.15 (n) MmwasAdsznau Hue noumswsaladaigisnisees Otsu
(9) nMMMDIAUsENDU Hue danTsmsalvadsieiBnisues Otsu

- 13 . o4 ca ' .
U 3.16(n) uamsnmluasduszneud Intensity Jailalvunsuuvuaangy (bi-mode) lny
] = 4 ' . | 4 e
JUN 3.16 (v-n) Aenmitiunszuiunisinsaleaduuu Global thresholding Ag75ve9

= L. o4 o 4 £ v ol a «d s
Gonzalez and woods Wa¥35ved Otsu Amd1dU mwaawﬁlmaanm’i.naLﬂaanuﬂafmqgn

wunesnaniunddesiluiidudevy
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(") (v) ()
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3.2.4 M3UAn (Opening)
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(3.29) frBalnun s dudnunzuuutvnmanudasdumiuinnauduaznmazegly
udle withdalnunsududnwuzuuudéreannudasdesnitquduaznmaraglulnu
GPRR mamamiw 3.33(n) nwinuinaziidalyunsy sndl,l,am’lusw 3.33(2) Balyunsuagil
Anweuzii msw 3.33(n) fiRANuUYinay 0.12 mammﬂm 3.34(n) nwlnuainegadl
aaimm'immam’lmw 3.33(%) Balvunsuasidnwuziiege ﬂmw 3.34(9) FANAUY

WnAv -0.12
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= S00F
=
= a0t
=
o=
aoof
200F
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oL L1 3 I t 1 !
0 01002 03/ 04 05 06/ 07 08 08 1
AL
(n) (V)

4 = = =
JUN 3.33.(n) nmilnudia (v) Balvunsuvasmwinuile
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U 3.34 (1) nnnuadng (o) Balvunsuvesnminuadng

3.3.5 1oulnsu (Entropy)

AneulnsBidumiveninnwiuinsldanududasuynenududuniosudluy
Feaunisii (3.30) P Aien1snszagvesrfiniega nndinslidlindaneulnstariinios
uathnwildaivarnaisrieulnstaiimiuin fegratugud 3.35(0) mwinasldmiu
Viudnneg Au fadalnunsugnuansluguil 3.35() Saguit 3.35(n) TiAeulnstivindu 6.7
A9 NgUT 3.36(0) unmiidnsldrmududifiows 2 Adsdalnunsugnuansly
U7 3.36(1) Faguit 3.36(n) Tidneulnstivindu 1
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3.4 ngufin1suenasdUsTnaUlBAAEA (Singular Value Decomposition: SVD)

ngwiin1suenashusenauldudendunguiiieduivinuninglay Wuuning A

anunsauenadrusznauldilu 3unsng Usenaumeumsng U S uay V aeaunisi (3.31)

A=USV' (3.31)

Taowm3ng U uay V iJuus3ndi@ensain (Orthogonal matrix) 138071 left singular matrix
WAy right singular matrix MUAGU lasuasng U waz V. aiwisnfiuiuaInnIsm
eigenvectors U0UUAINT AA Az A A AUEIRY

S {Wuun3ngvueayy (diagonal matrix) 138091 singular value matrix lngusazAly
WR3NgiTenIanAeng U (Singular values) fiRMIiuA1IINNABIYBIAT eigenvalues VD4
Wesng AA 3899 nANlUYRE

we3ng U iWuwssnddafiutayaiidifguosuning A laudwuarudifyuesdeyaves
wesng U awiSeaaniinlutaeniuuuinedul lnedeyalusaduiusniuazdrfgyiaauas
vayaluneduugaynerdrfgytesiian lnemnudidgyvettoyaunazaoduduaauning U
duiudiuATiengIu IiuA1eNgIUAILINANITY 80% VBINAIIIUTINVEIANDNFIUVIINLA
AItuNRSNG U AoduilusnizAsauaquauuususufniliy 80% v89auudsusiusiueiy
8 = &
vunveIveyalumning A
Tnswn3ng V sziiuteyavesuning A udulasazisesddiuanudifgyuesdeyaluwn

unseaRnanlutee wavanudfgyvasoyaluudazunndnsdinAuenguuiy

FWATAUIUWUATNG U S V 9INWnIng A
1. AUILWILATNG S INNT15WIAT eigenvalue Tauning AA agldaunisii (3.32)

det(AA"-A1)=0 (3.32)
Tngamdmuanlaaziluai eigenvalues FadiaAniduArsinfidges waziSusainauinly

v
=l ey -

Uosualaglarneng v Fernengutinfedundnusazsluuning S

2. ANNILAING U 91AN1587 eigenvectors Taamn3ng AA lagldaunisi (3.33)
TneAuINeINAT eigenvalues Feranulaaintedl 1. lnsArwiulauldan eigenvalue
Fadlenunyiganou

AAT Xz}\.i (3.33)
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11 eigenvectors imuwnlawlasduinmesaeinusnd (Orthonormal vector) 1oy
nnnesimwnldfeteyaluwsiazredinivesuning U

3. MUIUMLASNG V 31NN159 eigenvectors Tauun3ng A A lagldaunisi (3.34)
Feviumilouted 2.

AT Ax =M (3.34)

3.5 n1sdnuunaaadayauuuluuni

nsvuunteyaiiynyenneiieduuninglegluguvesraranieuszianiuanmnafiu
aospad lnoTagluiifionsmusfian wuSedyaas wuauyAligui 3.37(n) Junnwes
waandeuue i dunana A warguil 3.37(v) Wumnwweswadedsimunliiduaaia B

(n) ()
U 3.37 (A) mwiwadd (v) nmwadie

¥i3 2 wannsoueadiuaruanasldT e nsfiarduun 2 aanadl fumeunsniy
wfondeyaiifnuanvusfiamsanoniosmuuanc1esening 2 aanals iwugud 3.38
Dunsmitndenszmnseiedsanududvesnwiisuiuandrudesuumasgy aziulsin
Foyavests 2 amansyanefuenasnaniuagsiniau Tnsdeyanana A gnuvuselsnas
den Toyamana B gnunumIsenandun
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-
/ AAIMDOAVUNIAT Y

= a o Y
JUN 3.38 USplivesnnudnwiziasidusinduly

Frfunsandunsaiatsiuiioendy 2 duudaudsiimnzaulunisuen 2 aaadeen
nniu auEhideyalmiduuenie inriadouazmdudoauuanasguiaywiondeya
adlutinidu Jayaiiduilweglusiumisfignuansiedydnual * Faluatunsodnauld
ieyaalmiluteyaieglunata A

nndaditdudayailddmiunsimunearavestoyafe Atedouazadnudouy
1msgu Faardundeyatiindunmdnume (Feature) Taaiflanmdnumzdium | Moy
swmiluguianees X=[x%: Xpy...%]. azﬁunnﬂma%ﬁdmnLmaéqmﬁ’ﬂvms (Feature vector)
wazidunsalugui 3.38 aviSenindudindula (Dedision line) FFuun (Classifier) Tt
wisindinudnenis (Feature space) Wuiuiivesnata A ua 8 lavldidusadule Fsone
laiudunssild) Fendnnmesandnsusiliniuranadunuasanegluiuiivesraials

mauunssindulainveyadeglupaauun

3.5.1 GNWBIALINLABILUTTY

Fanasanmesuuvdu (Support vector machine) [WuszuuNlgIuUNAAIAYES
toyauvuluuilagldlavasimaudeaialaeldteyayniln lnannosnndnyusyasi 2
AANARBINTEEMILENuDE TR ILanlugUR 3.39



a1

o a ¢ r =
E‘l.l“ 3.39 ILI AT UUINNRIALINLABDILLUYUU

JUN 3.39 uanefieg1eseuudnnesannine SNty eusznaune

1. Yeyaernueia 2 Aana (gruvusedndnvahenaudmuwardun)
2. dwwainnnmes Aoteyayarndegnaeusaumennaydnuwaynsegluuu
lewasinau H; wax H,

3. lewedmaudsgnasisiagldaunisd (3.35)

(wep,)+tb=0,w eRY, beR (3.35)

Tnui p, Aenimesnudnuuzvestoyayeindsgnarsadudinifgnuilaslfivdannines
Fadulipliferiufuuigiiflenesinauey

Tneil p € R i=1,.. .k fiaenndestuifvunnaid v, e {1,-3}‘

war W Aslanimesdedianniulewesinay
Taglawesmautuarayiinansseninedoyas 2 aana dslawesinaudugnadrslanld
dwwasnnmesduiudeyayafniinnedeglunuiimaes H,  wav H, Tne

gnwainnimeiuusluazidenlaesinauiifvigalunisduunaaravesteya lay

| -

laweswaufiffaatusoudulaosinauiivinliaiveu (Margin) afidnvinfiu 2/|w|



a2

fienundign wazsiodlideyafignareasuiginsenremagvilannines H; wieagaua H,

Wihtudsnvuslaeaunisi (3.36)

y,(wep, +b) —120 (3.36)

Taonsiteeshlsirveuiiannnigedusesldaunisi (3.37-3.38)
W= 0.y;p; (3.37)
1

D %y =0 (3.38)

Taefigy,i = 1,.. ,k AefhAmaIng1ud (Lagrange multipliers)

war p; Asdwneiannimesi g >0

Weaslawasinauaiaual deyagavedovssgnaivasunluligiifeatudoyayain
wazdnwnasanNmosuNsTuIrIILUNATaveeyagenedaulaeltann1i (3.39)

f(p)=sign((wep)+b) (3.39)

loodi p Fedayagavedovuiignaivasi lasdiAnadnsnldenaunisi (3.39) (Jud

2 & Y e Y [ . [ ) & i
wnnAudteyauuareglunatansn winAflatseninauduansitteyatueglunarai
GON

dd aa

Tunsdiflianusaduneaiavestoyald doyayemaaevazgnatuacluyiniidediiavgana
mmmsnmLLUﬂﬂmamawaya'lﬂ Tnensanetuansevismuaesiua logluinednwuss
danld 2 wmesiuausenauniy

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

2 (3.40)
(g, q)—exp(”q q)

2. pasaldadu (Linear kernel)

®(q.9)=q'q (3.41)
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4 w v « v v o ° v
Ingifiateyagnarslneldineiiuawii azldaunisi (3.42) lumsduunpaiavetayayn

agdgau

f(p)= sign(®(w e p)+b) (3.42)

3.5.2 A9 WUNWUULUBE

n1ssmwundaya 2 Aana Faguuuuresdayatuaiuisauanslalagldianines
Auanwaz x 15amisalinguinisdedulavewuediuunparavestoyaldainAininu

vrazdunds (Posteriori probabilities) Fsruanildninannisi (3.43)

P(x)
P(x)=YP(xIW)P(w) (244)

Tneit P(w) AoAuinagiuney (Priori probabilities)
P(xjwy) Aafladdumnuidianiiu (Likelihood function) 984 w; iguiu x
lnodayavsvgndnduintunana w, 8187 Plwyfx) > Plwylx) wazilumand w, @0

AT Pwy|x) < P(w;]x)

ad v - ) ' 1 a .
IunﬁﬂJVI‘LIEJLI“ﬁlJ‘N\'lﬂ“ﬁ‘uﬂ‘]’lﬂJ‘VI‘lJ']LLHU‘UENF\']’ILIU'H]EL@HLLUUU?ﬂﬂ (Normal density) 131
ansadwunaatavesdealdnnilindufianiiuuus (Discriminant function) g (X), i=1, 2
Tngdrduuniuedazvinnismuiuintufansiuvuue g (X) vesteyaudazaand

>

g; (X)

g (XD
Ll

N1SLLUN

d v o w o L3
E'LI‘VI 3.40 1AS3a319N 1SN NILTDIMTIMUNLUUIUEE




a4

TaelunisfuuisidufiansiuuuddmsuinduauuiLturainihasiduluuling

o a ' o . . ' i ° I

FAnunsnganuuUsUTuTIAE (Covariance matrices) WWuAlag duanuisaduanla
o)

NAUNTN (3.45-3.50)

g(X) = x' W, x+w" x+w,, (3.45)

W = “;Z;l (3.06)

w=Y"p (3.47)

W= WY Y, [ POw,) (5.48)
N

" lﬁi_z.P' (3.49)

3= L (R XB 1)) 250

log? P, Aedoyagadln N Aednuiuaulinues P uay Pw) AeriAlnaniiavidunauves

i v o « w i v v <
wiazead lassaswuniedizindulaigatega X adlupata w, didulumuaunisi
(3.51)

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

o, + %
lne?l j wag i AeAanavostoya
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nsmudanedudmiunisssydmislannduluituoud 1 duasidenld
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Original image
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IMEanYT?
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JUT 4.9 (n) nMwigaudluainaenaunsyuIumsWan w
(%) UAIINNTEUIUNSIUANTW

s s = o ar of 3 Aﬂﬂl
4.4 ﬂ’15WWUWB'§IﬂB'§5Nﬂ'\“‘JUWi?ﬁ]ﬂUiﬂiﬁJ’lﬂU?ﬁﬂ 2
msenwuudanessuienaTulasutfuds 2 lvinnsusuusaieundgmiiiny
937 1 Fausnoudae 3 Tureufe NsxuunTUEsuluwad, nsrurunisidaudiaiten
o 1 v - 1 A o 1 s "
gluniw uee nsruunfssyyilriedlasuiiu naunazthlugnizviunisdanuinm
faly

4.4.1 nszurunsilasuluwnad

AMEERSReaNLA U NECTEC 9:1Uulng JPEG 91791 4,752 x 3,168 Wnlea 1ne
sUtvavaglussuuliinad RGB Maiiegaluguit 4.10 FnerundiideniUdvussuvdidu
szuu HSl ddlnalAesiussuumsuewesysduasmngailunisussulanauInni1se uud

R Tnuseuud HSI Us¥naumie 3 psRusenaude Hue fafusiuavidonasnusenavd

po)
o

uTansueanw Saturation 1JussdUsEnaUTuansihdusanstugniiemeuasvuinley
WALYY lay Intensity ApA LU WHIBIEAU grayscale Uulel Fan1swuaanszuud

RGB (Juseuud HSI anansavinladeannisi (3.9) - (3.12)
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Red Green Blue
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4.4.2 A3ZUIUNTITMIAEIAEEAYND
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vilszdumuduvasnimusasnmliiviiiy Sdiamsomsalvadiedini Safeadantd
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o - o - s o v ay v
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Ui wuivinadlndldndeaviuing Fsenvssdulasnduasgniuduiuinidude
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%% —————————--—- Import data (Testing Image) —----——-———————————-
testirnig_image=imread('pfl.jpg');
normalized testing image=im2double(testing_ image);

3% ————————m = 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

%% ———————————- Converting into HSI ceolor model ---—--—-————--
H_component=acos { (0.5* ({r-g)+(r-b))) ./ ((sqrt((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(xr,qg),b)) ./ (x+gtb+eps);

std of s=std(reshape (S component, (11, [1));
I_component={((r+g+b)/(3)};

%% ———Fr—=———=- Calculating Treshold wvalue: T stated in
Genzalez and wood
T=0.5* (double (min(I component(:))+double (max (I component(:)))]
)?
done=false;
while ~done
g=I1 component>=T;
Trnext=0.5%* (mean (I_component (g) ) +mean (I_component (~g))):
Gl= mean({I component (g));
G2=mean (I component (~q));
done=abs (T-Tnext)<0.5;
T=Tnext;
end

I _component (I_component>=T)=0; % tresholding

I _component=imZbw(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 (bwareacpen(I_component,10),

bwareaopen (I_component,8000) ) % removing White Blood Cells

I_component = imerode(I_component,se); % eroding binary image

BY ——mmm———————— 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 cbjects



else % there are plenty of White Blood cells

Otsu_treshold=graythresh(H_component); % calculating Otsu's
threshold value

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); %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=l1:numberCfSpots
[r, ¢] = 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=1l;
else

starting row=center row-70;
end

if center column<=70

starting column=1;
else

starting_column=center column-70;
end

if starting_row+140>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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2E2LRE%%%2%5%%4%%%%%generating feature

hsv = rgb2hsv(sub_image);

V=hsv(:,:,3);

normalized sub image=im2double (sub_ image);
r=normalized sub_image{:,:,1});
g=normalized sub image(:,:,2);
b=normalized sub_image({:,:,3);

3$=1-3.* (min{min{r,qg),b)}./ (r+g+b+eps);
I=((r+g+b)/(3));

EEIHLLELELHITRLLLBEL2RELLIRLEE9%%8%%%%%reshape
g= reshape{g, [1],[]);
I= reshape(I, [1],[]):
S= reshape(S, [1],[1):
V= reshape(V, [1],1{]):

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({8) kurtosis(S) skewness(S) entropy(S)
mean(V) std(V) kurtosis({V) skewness(V) entropy(V)];

end

%% -4y —="5= training SVM
load ('Training set.mat') %%lcading training set

[Uf,sl,vl]=svd (Xpf_ training set'); %% decomposing Pf feature
set

[Uv,s2,v2]=svd (Xpv_training set'); 3% decomposing Pv feature
set

sl=diag(sl."2);

s2=diag(s2.72);

df=find{ (cumsum(sl)/max (cumsum(sl)))>=0.99);
dv=find((cumsum({s?2}/max (cumsum(s2)))>=0.99);
Usum=[UE£(:,1:df(1)),0v(:,l:dv(1)}];

[Uall, sall,Vall]l=svd(Usum);

Uall=Uall(:,1:6); %%%<--- choosing only first six columns of
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={Wf'";Wv'];
group={'Pf','Pf','PE','PEf','PE, "PE,'PEY, 'PET, 'PEY, PEY, TPE?,
'Pf','Pf','Pf','Pf','Pf','Pf','Pf','Pf','Pf','Pf','Pf','Pf','P
fl’TPf|’le!fleI’IPfI’TPfl,TPfl’lel,lel’le!”leT’lel’lel
rle|’le!f!PfT’lel’va!rlva'!PvT'IPVIITPVIJTPVI’TPVI'IPV!’l
Pv','Pv','Pv', TPV, PV, TPV, TRV TRV, TPV, TPV, TPV, TPV, TPY
T"PV','PV',IPV"'PVT};
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group=group';

svmStruct =
svmtrain(xdata,group, 'showplot', 'false', 'kernel function'’, 'rbf
', '"boxconstraint',0.8, 'tbf sigma’,1); %% training SVM
classifier

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

fa b c] = unique (speciles);

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

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

if{d(l)y>d(2})
disp{'algorithm concludes that this testing image belong

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

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

disp({’algorithm ceoncludes that this testing image
belong to P. Vivax species’)

end
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Chromatin detection in malaria thick blood film
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Abstract. Malaria is a serious global health problem and rapid, accurate diagnosis is required to
control the disease. An jmage processing algorithm to aid the diagnosis of malaria on thick blood
films is developed. Morphological and antomatic 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 seunsitivities for both
species. After idenrifying the posirion 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 malana species more conveniently.

Introduction

Malaria is a serious global health problem. In 2012, 3.4 billion people are at risk of malaria.
Among those, 207 millions are infected, with 627,000 deaths [1]. The most commonly nsed 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 conirol 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 muttiple thresholding
after observing three different intensity areas within the infected cells. Nevertheless, these
techniques are not applicabie 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 to aid the technicians in examining the thick blood films.
Instead of searching through the entire slide by eye. we propose an image processing algorithim 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 wirh a chromatin in the cetirer, as its outpus 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 I 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.

12000 - ~
10000 modz 2
- £ ool
S component 2
2 000
g £000
2
2000
mode 1
) i —— M -
0 02 04 05 a8 1
e s - e . intensly
H component 1 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 pikels. 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
vield the first chromatin mask. Fig, 4 depicts the images obtained in each aforementioned step.
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Fig. 4. 1 component images (a) after global thresholding. (b) after binary conversion.
and (c) after dilation and white blood cell removal. (d) First cliromatin mask.

It is observed thar the chromatin mask from the I component still has many artifacts. A
second mask from the H component of the original image is constucted {o reduce these. The H
component stores color information of the image. The areas of chromarins are red and magenta.
which span 240-360 degrees in the H component. Orsu’s automatic threshold selection [6] 1s used to
identify areas that may contain chromatins. The image after thresholding (Fig. 5a) is converted to
binary and negated 1o produce a second mask shown in Fig. 5b. The nvo masks are intersected to
forny the final chiowatin mask m Fig. 6 that has smaller number of arifacts.

: ;—"". rkm
v
L

(a) (b}
Fig. 5. H component images (a) after Otsu’s Fig. 6. Final chromatin mask.
tlresholding, (b) Second chromatin mask.

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

< © ©

© | © | I ® © |{ @

Fig. 7. Exampie 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 algorithin. Its abiliry 10
detect chromatins is measured by the sensitivity and false discovery rate (FDR). as given by

_ True Positive oY)
Sensitivity = — -
oy True Positive + False Negative
FDR = F.allse Positive _ @
True Positive + False Positive

The sensitivity value measures the proportion of existing chromatins detected by our algorithim. The
FDR indicates how much type I error is incurred 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 foture 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. Falcipanun
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 algoritlun
has high FDRs especially for P. Vivax. which means it would produce niore inages than necessary.
However, this is still acceptable since the inethod has high sensitivities. The focus of inalaria
diagnosis is more on successfully locating sufficient number of chromatins for the rechnician to
further classify its species. Our future work is to vse the cytoplasm around the chromatin to
auntomarically classify berween P. Faleiparumn and P. Vivax species.
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Abstract—Malaria is a serious global health problem. It
requires fast and cffective diagnosis for detecting and classifying
the type of infection. Proper treatient should be administered in
# timely Fashion to prevent an outhreak. Mlicroscopic examinatlon
of thick blood films is one of the current standards for malaria di-
spnosis,. However, inspecting u thick blaod film is time-consuming
and requires experienced lechnicians. Hence, for develuping
countrics where most cases of malariz occur but micrescopy
expertive may not be gvuilable, o compulerized syslem to uid such
diapnosis is desirable. In this puper, an autemated classificatlon
system operating on digitized Images of thick bleod film has
been developed to classify between Plasmodium falciparwm and
Plasmodigm rivar malaria poraste species. The system is Tully
autorated. It is fast and can be handied by non-experts
We calculate five statstical features—mean. standard deviation.
kurtosis. skewness and entmpy—fron four color channels {green,
Entensity, saturation. and value) of these images. The features are
then projected onto a subspace representing image characteristics
from hoth species. The projected features are uscd hy the support
vector machine for classification. It is found that the algorithm
has acceptable training crror and can classify test images with
gir>d mocurney.

1. INTRODUCTION

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

Various methods exisl for detection and classification of
mataria. Usually, thick (ilms have betier sensitivity for maleria
detection. For cxample, Kacwkamnerd etal. [3] detects and
classifics between Plasmodium (P) falciparum and Plasmod-
ium (P) vivax from layers of thick film images at different
depths of field by thresholding (he estimated chromatin size,
[n |4], six classcs of F falciparum and F. vivar parasites at
different life slages are classified using genelie prugrunming.
Other methods [5]), |6] cxplore morphological-based, color-
based, or wavelet-based features for P vivax delection. In
contrast, the thin film provides more specificity and is often
used for multi-class classifications. Supervisced algorithms such

Original image
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Species classification in
cach sub-image

iy Number of R
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~ —

~—. -
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as neural network and support vector maching are popular, e.g.,
171 18k

In developing countries where most cases of maliria oceur,
micruscopy expertise may not be availsble in wll arcas. Cost-
effectiveness is also a major concern. This paper develops
an automated sysiem for classifying malaria parasite specics
using digitized images of thick blood film. It is desirable that
the algorithm is cest-ciTective and compulationally 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—#F falciparum and P vivar—from infected
blood smear images. so thal proper drug westment cun be
administered,

II. METHODS

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



sub-imuges, each having one chromatin in the center The
stutistical featurcs of the sub-images are extracted and tnuns-
formed using a basis matrix. Next, cach sub-image undergocs
the classification process using o support vectur machine lo
choose hetween P falciparum and P vivax parasite species.
ANcr all sub-images have been classified, the system uses 1
majority rule to decide the species of the original image.

A. Pre-processing

We adopt the pre-processing steps in Pinkaew etal. [9)
1o generate the sub-images of size 140:-hy-140 pixels with
slight modifications, The input RGB image is converied 1o
the HSI volor maxdel o create the mask which identifics
locations of the chromatins, If there are a large number of
white blood cells in the image., hoth 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 musk from the 1 component is generated.
Figure 2 illustrates an example of outpul sub-images from
the pre-processing step for £ falciparum and £ vivax species.
I & observed that their cyloplasms are of dilferent shapes.
Usually, P. falciparum’s cytoplasm has a thin, connected ring
or crescent shape, whereas the eyloplasm of P vivar is more
amneboid.
8. Feature extraction

The” morphological variability between P falcdparum and
£ vivax parasitcs should manifest in the statistics of the sub-
images. Because of the lysis of red blood cells in thick blood
flims, we cannot usc any characteristics of the infected red
blowd cells as our features. Afler cxiensive investigalion, we
choose 10 work wilh four color components of the sub-image,
mamely the green {G) channel of the RGB color model, the |
componert of the HSI color model. and the saturation (S) and
value (V) components of the HSV color model For each color
component, five stalistical measures similar (o those used in
[4], [BHhe mean (i), standard deviation (o). kurtosis (/X).
skewness (), and entropy {E)-arc calculated using (1)-(5),
respectively.

1 M
AZ) = 7)o {(n
m=1
1 M
W) = g Llit @
m=|
LM e e
| M 5
HZ) = _]%# )
(Z) = =3 Doyl )
i

where 2, is the neth pizel in a sub-image. A is the total
number of pixels (for our sub-image M = 19600). I} is
the distribution of pixet values. and Z is the name of image
color component Kurtosis measures how sharp or flat the pixel
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value distribution is relative to normal distribution. Skewness
measures the asymmetry of the sub-image histogram uround
the sample mean Lastly, eatropy is used to characterize the
amount of details or information within the sub-image. The
means ¢ oand variunces 0% of (hese five statistical measures
across four color components are given in Table L

We form the component fcature vecter,

f(2) = [HZ)y o Z): K(ZY;v(Z): B(Z)) (6}
and construct our final feature vector x; for image § as,
xi = [({G) B R 1{S); £(V)). 1)}

C. Basis construction

If we work with too many features, the system suffers [rom
the curse of dimensionality, Beside heing computationally ex-
pensive, some of the selected featurcs may not be as usclul as
the others. Therelore, we do not use the feature vector from (7)
directly. Instcad. we first reduce the dimension of our [cature
vectors by projecting them onto a low-dimensional space with
maximum variations hetween transformed feature point. This
way. classification can be performed more cfficicntly.

We select a basis construction set from 10 thick blood (ilm
images of £ falciparum and 15 images of £ vivax. Ovenall, the
data set include 40 P falciparum sub-images and 25 P vivay
sub-images. These training images are manually sclected from
a large pool of avaitable tmages. They best nepresent the
characteristics of images from cach malaria specics.

Two 20-by-k fcature matrices X = [x1,Xz,...,Xa] are
generated by concatenating the feature vectors of sub-images
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Fig. 3. Concept of the sepport vector machine.

from the basis construction set For P falciparum feature
matrix, X, k = 40, For £ vivar feature matrix X,. k = 25.
Next, we decompose X; and X, using the singular vulue
decompasition,
Xy 8
X. £J]

The U's are the kMl singular value matrices; Vs ure the
right singular vale matrices, and S’s are disgonal mutrices
containing the singular values. Superscript ()7 denotes matrix
iranspose. We then form the matrix

U = [Uy, U] ()
where I:I; contains the first eight columns of Up und u,
contains the first seven columns of 1),. These columns of the
lefi singular matrices comresponds (0 the dominant singular
values that make up 9% of total variance of cach matrix.
Finally, another singulur value decomposition is taken to
obtain

U;S,vy
u,s, vl

I

1 = usvT. an

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

Given g tralning sot of projected data p; e RY i =1,...,k
with comesponding class labels yv; € {—1.1}, a support
vector machine (SYM) for classifying between two classes of
scparable data is constructed by finding an optimal hyperplane,

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

which has the largest margin of separation between the 1wo
classes [ 10]. Vector w is normal 1o the hyperplane (see Fig. 3).
Supposc all training samples satisfy the inequalities.

yi(w-p; +8) -1 > 0,Vi. (13)
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The solution 1o this constrained optimization problem can he
obtained as (11]
W= Z athpi
i

Zn;m=0
[

where ag,i = 1,...,k, are Lagrange mullipliers. The support
vectors are the py's for which ny > 0; (hey lie nn the
hyperplanes /1y and Ify in Fig. 3. The classifier’s decision
function fur a new data point p is

J(p) =sign((w-p)+b).

For a pon-separable case. the Jdata are projected 1o a higher
dimension where they are separable using hyperplanes. The
projection is via the use of a kerne! . and the tinal classificr
beeomes,

(14)

(15

{16)

flp) =sign(&(w,p) + &) (amn

where € is the kernel of chaice for cach classification problem.
In this paper we investigate the SVM with two kemels:
1) Radial basis function (RBF) kernel:
"o " q-— Q' "2
d’(q,q)—wfp{ 307 .
2) Lincar kemel:
dq.qt=d"q"
[11. RESULTS
A. Training the SYM

The same feature malrices Xy and X, described in Sec-
tion [1-C are also used 1o (rain our SVM clussifier. To prepane
the training data, we projcct the feature matrices onto the
subspace spanned by the bases.

P;=uUTX,
P,=U]X,

(18
(19

where U, is the truncated U from (11) containing only the
first { columns. These transformed feature vectors, along with
thcir appropriate labels. are subscquendy fed into the SYM
classifier.

The classification accuracy of our SYM classificr on the
training data as a lunction of the number of columns in U;
observed that for difTerent valuc of 1, the classilicr has diffcrent
performances for cach species. Because we want the classifier
to perform well on both P falciparum and P vivax using
the sume basis matrix, there is a rade-ofT for the ability to
classify both species comectly and the overall performance.
For example, if we choase { = 5 and RBF kemel, the accuracy
for P vivax is 100%, but that for £ falciparum would be under
20%, and vice versa for [ = 10. So, we cnly consider the total
accuracy (hlack bars in Fig. 4). The highest total accuracy is
achicved using § = 6 with RBF kernel. Choosing Uj as the
final busis matrix for vur algoerithm, the clussifcation aceuracy
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Fig. 4. Percent securecy of vur SYM classifier on the training daia as »
function of the number of colamns ol Uj. (=) with RBF kemel (b) with
Brear kemel

on the truining imuage sct is 90% lor P, fafciparum ond 93.33%
for P! vivax, as shown in Table JL

The singular values of U, Le.. the dingonal 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 varianeg. The weighl of the singular value starts (o
drop at the seventh singular value. This is agreeahle with the
classification rcsults and is another rationale for selecting Us.

B. Classificarion resulis on test images

To investigate the performance of our classificr we use 56
images of P folciparwm und 47 images of P vivar as our
testing image sel. This sel of new images does not contain
any of the images used for training the SVM classifler. We
impiement the SVM classitier with RBF kemel in Matlab.
The tunable kernel parameters are o? und C. The vurinble
o2 defines the width of the Gaussian decision plane. The box
constraint ¢ controls the amount of misclassification that we
allow. They have been optimized and we use ¢ = 1 and
¢=08

The classification result is reporied in Table 11. The system
has an accuracy of 85.71% and 78.72% for P, falciparwn and
P vivax, respectively.
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Fig. 5. The smgular valies of g.

TABLE T
ACCURACY UF OLR PRUPUSED SYSTEM.

Classification accuracy
F Falgiparum F Vivax
Traming umge set W10 images = K% 147135 lmages = U3,53% |
Testing image set | 4036 imagea = Ko 71% images = 7R,

1V, CONCLUSION

We have proposed an automated algorithm that can classify
two malaria parasite specicr, P falcipanan and £ vivax, from
the digitized image of infected thick blood filor We use a
training daa sct to construct a basis matrix. whose span
represents possible imape characteristics from both malaria
species. Afier the image is pre-processed and divided, the
extracted stafistical features from cach sub-image are then
mupped into a spuce spanned by our bascs. The SVM classifier
identiftes the species on all sub-images using the projected
features. before tallying the results and determining the specics
on the original inpul image. The system is Tully putomated,
50 it is fast and can be handled by non-experts. As there is
no accepted single standard method used by all iovestigators
for malaria species classification, we do not compare our
algorilhm to any method in parlicular. Rather, we use an
extensive set of test images with known labels given by
trained technician. It is found that ihe algerithm has good
classification accuracy for both £ falciparn and £ vivar.
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