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P(’f?75862008/_0_00451 il *159159* 1 PROCESS AND SYSTEM
FOR AUTQOVATI C | DENTI FI CATI @N OF THE LARVAE OF AEDES
ALBOPI CTUS AND AEDES AEGYPTI Field of the Invention

PROTESS AND SYSFEN FORAUTOMATIE WENTIFICA PFONOF HS1E
preve H Qn of nosquito-borne diseases, and nore
part'i AL Q%AH%E%B@JCIMS-AM AREDES AEGYRHLt i ¢

identification of the |arvae of Aedes al bopictus and
Aedes aegypti. Background of the Invention [0002]
Dengue (DEN) VirusegihebPitid 1 ae genus flavivirus,
within the famly gf av#’v?‘rlifgggﬁa%ere are at |least 70
flavivirus species, anong which the nost inportant
human t hogens_are. the viruses, yellow feyer
(000117, s, qﬁﬁ 8“{% kil B%F%glg} relates 1q the preyspien of mosquito-borne
diseasey) and ifdré pangicwlarly $Cthe pRbESAGRSsySRHS AR aldontdiie identification of the
1 z&:rot es of DEN virus (DENT -4), dengue fever (DF)
arvae of Agd opigis antdedes aeSXp& | shock syndrome (DHF/ DSS),
are endemic or epidemc in tropical and sub-tropical
countries around the world. In a manner simlar to
that of yellow f Baekgramdpfahe Invendionn tted bet ween
humans by the donestic nosquito vector, Aedes
aegypti. [0003] Dengue fever is the nost common
[0002] VECt OF DR EXNhirtlses Shiéngild . ithi i
. wor | dwi de%ﬂtyh Zn esti mat égg Sg&tn‘kﬁﬁllso@ in eét“l'lglrll% the family
Flavivisidagr r Theye iare at tagstcZ) flavigirus shreciesp amohng rvelgiclonike awehimportant

humary §hcgent o2 N FirutS Bat B st ebd dentraensn i) and tck-

borne er@phalitis Vitgseh.2DisdasdiCdafed B tHY 4 RBIOYypss oF BEN RAdk (DEN1-4),
experiences have reveal ed that there’I's strong

dengue fvier(1aF) errdapereibenomdugit fovenishock ayirame (DEFDAS) @se endemic
or pidiHEH lroBRBHisl B kool UG, RO HREE s 18 3 Minner similar o
that o gelidvatfewsr, déngubdis ARASRitREdsveerd BRthad b9 the [dBR41ic Tdsquito
njtor and control the Aedes aegpyti population in
vector. ﬁﬁ)ﬁéﬂﬁﬂé’,’z- NEA has placed over 4000 ovitraps in
dengu = ' -. | ack .
o003 O a2t FEE i W ncht Bl T l-bR8 id o) affectine
humans wonhdwiskej mgthdew iestimbted e deliomitfedtions Sodclrringi mo@ppicsl and
bir Si gce the 1970s. Sim_|ar devices have been used around
SUbtrORIF 1REIAnY @ED Y6k « B SINeBReFGi denshe Vipyst i5 wansmifted Rl the Aedes
HHRSE ged : ' ' ikl
mosqUNAS S e R Ry Pt SR IRARS Wihd e ki Ohdfor. Pas
experigngep haveofeveiled dwit ttherp imstromr tarrélation between dengue outbreaks and

the Aedes aegpyti population. To control dengue outbreaks, there is a need to monitor and
control the population of the Aedes aegpyti population.

[0004] To monitor and control the Aedes aegpyti population in Singapore, NEA has
placed over 4000 ovitraps in dengue and Aedes-prone areas. The ovitrap - a black cylinder
with a piece of cardboard - has been used as a monitoring device for dedes mosquitoes in
Singapore since the 1970s. Similar devices have been used around the world to monitor
mosquito activity but unlike these, Singapore's ovitrap was designed to eliminate the
mosquitoes that hatch from the eggs. The black colour of the ovitrap attracts female

AR
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their eggs. Wen the eggs Batch and devel op into
adults, they cannot fly out of the device and die

mosquittés tdday theirtegan. Whpatte dgpohutchand develointd eduttss thel icannot fly

popul ation,  the larvae in the ovitraps can be | .
out of theedaviqe; ad die nsidsithe &g+ SpaETYB .comﬁ@?iasﬂm ROsHe Ropulation,

the larqrh{ E@Eﬁé‘hvﬁi%ég \thh BeSiAEAtERRY: add bblifed to monitor the populations of
mal aria-transmtting nosquitoes that stick to rural

differeat masquitarsgecien iiylikeomealata-trahsmittingmosmutges thet giickfte naral areas
fresh, clean water and,,it eeds. | ar gel i ndoar,s '

and swazRY; Yot P Aedey TRRRgIiLo @fe_%ﬁ_t by egwyaﬁfsan gljreeds largely

indoorS H¥e&ing | RRNINEpES1s 0F wabd o 143SiksIegs! BinQVdlédnRatef used inside
Aedes aegypti” and al bopi ctus are the two primary )

the ovitrapgthietdedenaedyps and aibopictus ateche (we paipnary owegyitorspecies found

in the JB&! ito identification process is currently perforned
%nﬁ trrai ned experts using nmanual m croscope. The

[0005] Pr 0OCeSBhd nd¥qiiifo tidemtification! Progesarid takenily operfammed! BY gfained
quantities of |arvae found in thousands of oQvitr

experth UEBE {RAYal MIRIPSGOPE-e Fhe OB isbip timé, gonsyming and Taborious as
lrge quilics o S A ull 4 85Bsarls OF BRHaRY 0 a4 e identified, To speed up
the lawvh idbmtificatiem tproces$, 00 @6mparee-ardet] cidemtifidatioh prbeesprand esystem is
. L nvention provides a conputerized process for
desue&ilut omatic identification of the |arvae of Aedes
aegypti and Aedes al bopictus fromthe inages that nay
contain the | arvae of Aedes aegypti and/ or Aedes
al bopi ctus. One Snbumanyafthelnvemtiopr ocess conpri ses
obtaining a binary i mage of conb objects of the
| arvae of Aedes aegypti or Aedes al bopi ctus,
[ooo6]i dent i Oyé eRAbbdititaabY thei predeat Divehtivh prowides albjohgiuserized process
transform ng the identified boundary pixels into
for autpmatie identifigation af thedarvae of dgdessaegppk \id dedavalkapistus from the
imageé’ ?l?a{t %ﬁ}{ BUBEP I Fardad 0P SFlded gﬂg;ﬁfq Qhd/oP %lé%ﬂ g%ﬁaitpictus. One
angl'es to provide an average gl e, "and conparrng
embodithentaofethe grrdcess gompriséshobtaipingsa bindny émiage df \cambeobjects of the
identjfy Aedes a ti, or Aedes albopictys in the
larvae; es {acgVRib g Aedet hogiacwe Qs pirelsof e comb
: z : e
objects FanEiFRe” e REpPERC Bomdaly ALl iny REAbC cafaRat IR bngles
betwegi teal adjamnprvedears, ateeading g preset mumber qfi the biggegtrangles to provide

on v RNt g et el VIR Bt Rl e o
identiffi4e8bs adghfri S£UBSEsUIboRtnsS1In the iMes titeEreBortting MESreyults to the

i xel .
user of the computerized process.

[0007] In another embodiment of the process, the operation of identifying boundary

pixels comprises checking for every pixel a preset number of the neighboring pixels;
whereby if any neighboring pixel for a selected pixel is a background pixel, the selected
pixel is considered a boundary pixel.

{0008} In another embodiment of the process, the operation of transforming the

identified boundary pixels into vectors comprises randomly selecting a boundary pixel as a



[ 0008] In another enbaeofiredeipt:ob Ikh:eubarzpoz_ems.12.1d_0engTqu2098/‘90(y5_1‘ d ﬂ
operation of transformng the identified boundary
pi xel s into vectors conprises randonly selecting a
boundary pixel as a Date of3receipt: 09 Decenber 2008
(09.12.2008) PCT/ SG2008/000451 + v av v v T 3 first
first poinitnehoosing agiixe) beingiavedy foe tige fiwepoint i pReetfiunier of pixels as
asecc&ﬁ' nt. 40,8 Elrtss%tﬁtnunberdof pi.xel s as a, second poi nP; )
1ot WheTRiR 1iF FESt BOGT fpd shepnd doditdorse A irsiriseiAreand ghopsing a
pixel being @ivay &ideh 16 8econd pomt iﬂ'a’ﬁ?ésepﬁﬁdiﬂer%‘)g’??keflsr ayy ﬁ]ﬁl‘a_poant, where

second point in a preset nunber of pi s as a thi’r
the third; peint 4 &arther away tftim dhe Fstrpoins thaar thh esecandapoifit; owherein: the

A DO h d point; wherein th
seconl 45k g8 BPh A Y150 SB9B RRLEL SRS Ao o boundary
pixelstieeahyof dd bovadirgpixelé Megehfigtedoundary pixels for

each of the boundary pixels are generated. [0009] _
[0009] 7 ot her‘\ﬂeﬁ%cﬁmm#tmw oh ¢he, peesent; inventéon poVigesoe| ehespuerized

SOF5P Wk i ek WBhe b ULy Hnomi
proceg he | ar vae%g?e%ﬁ&ggéggg%ﬁ ?ay%ér% Alég eelg %ggj%fg p%‘%‘?ésegesf ?lfgﬁ‘?wtus
from thecimagas) that tnkeyt contain cthetlaivae bfieleliay ¥eBphfanBedtesedes albopictus.

One Bhons T e Saomie ShiHging o FaGE CONEEIN, g larvac of
Aedest fgyptniaié/or Aedes SBESicARIWBEteif Y MaghGd %n@ér&lﬁ%&f ?r%aeyscale

) V\{!}erei n the image i's converted into a grayscale
1mage; ¥ ffeeBInaconverbrg dhe ignayscde imagy sutal @ binmny dmiape awith a preset.

' ' . W nbey. of ..t hreshol .
w8 Tl i R i

to obtiiarenhaiting objects; oidefifying beuRdary Nsixelb] 6CBe remaining objects,

i dent i fying.boundary pixels of the remai ning objects,
transforming fﬂ&f%/ ﬁeﬁ@%«ﬁﬁw@éﬁf pxelsding yaetarsy cglciteting ithe engles between
two adj86dn®Vectofsd! ol S i-acent.. .

o SIS e g 8 A L i B A8 i
obtainandPhjsct ReprasentatipreAngled ORA); abtainiip £hjediah ORA for all objects in a

sl FRGETeAE R ikl A g T s e

C

‘the préset niiBernsf GRARCIIS for bbnvehith 3 dtgtﬁ-n i
I_)the reset nunber of H)#esho% gﬂgg%g%f&g%ﬁ\% F%ndgﬁrdt eparlngthe
mediag Pzﬁ}ﬁ% mediann@Bas, widh@ presydhieshpld heluenedidentifyf Aedes aegypti or

' 1t eset threshold value to jdentify |

Aedes iRy 15 e ha, AeG 3 Ehorlnl fiiGuitifS thrcusenahtbe complerized
procest.hereby reporting the results to the user of the -

conmputerized process. [0010] In another enbodi nent of
[0010] ¢ e prlgcanather ¢mabodiment pb the prasessyithetopatptioheof eliminating the

backerBaf& ngd RQk rises f£i:Lli.ng. up. of holes i.n the .

o grig_mag gfo y di ‘a?ﬁ%g nﬁ%ggrgﬁiogfnfl&epé?%? rﬁ"??&eeﬁ%s(ﬁ]&ﬂ‘m operation,

performjngr erbsion oparation,cam/ rengovihy ebjestswivith adéLaitlRirt1B@%er or less than
det erm ned nunbers of pixels

| ar. or.less. th pre S
predeterpyinied, gugpers P PILS 2 e ORjertvathet soutaina imags geumlary pixels
considéred & BSuRrAsHi&QuUndary obj ect.

[0011] In another embodiment of the process, the operation of eliminating the

irregularly shaped objects comprises identifying the boundary pixels of each object,
calculating the center of the boundary pixels, calculating the distance of each boundary
pixel from the center, identifying peaks in the boundary pixels using all the distances for all



[0011] In anot her ehineol neeiyt: 09Detdmber2008 ©9.42.2008)P CT/SG2008/000451
operation of elimnating the irregularly shaped ‘
obj ects conprises identifying the boundary pixels of
each object, calculating 4he center of the boundary
pi xel s, calculating the di stance of each boundary

the bopndazy pixetmof the objeot, and eliddmitinipythe @bjeeskis their mlifiber of peaks is

ousg SRR Lo 55712555 1
PCT/ S : | rhe. . . .
too12] PCT/ SO ediBddinint @@m@g;%t%fggé M bhinlt iBifying peaks i

ect, and elimnating the_ ct elr nu
the bo pixels compsisesecontparing ther distencet dfraseiselected hbumdary pixel from

0 enrbodisrent .of. the process, .th .
e @23 B AR b kS LSS ST s, e
of its mR{HDOIAE pixeRrapsrhdlir, theseledédpisel i8comi@ersChorp et
boundary tgi xel from the center with that of a preset
[0013] hyrrher ABothet smbadigienbrafnthepipresent, inyeatien\providehen system for

. .di_st anc f o ej rj j xel . [ | er e
el B Savad'or S QSLADNE” 000 A i STk, One
embodimbmtdofrthet systerh emprisee at commeeat-icadabbe envédil@n avins computer-
folr . identif%)i n% the | arvae of Aedes aeqy,p,ti and Aedes
executzhlg dp3tEicHany for PECarming 2 BIYESSS SOBUMISHE RDTERING A bingsy BR3ge of
comb 6BjEEts ! cTohe Aarv B LeHas 3%/%%2 |(g' AEgls %zgﬁytbﬂQdQﬂ{S@ngeﬁdundary

execut abl e i nstructions erformng a proce

pixels cinilei eanply objectsi mtangformipgntheyidentified bbundanyripixdl$ dutosvectors,

f the |arvae, of Aedes..ae ti, or Aedes al bopictus
calolgg, (B Rl Toihrnang SR Setio 1 CENS BfSEt guimber of the
biggest bAgles & Brdvidd e avelepdd e LRAUBHAPMHinY the!aveladb® angle with a

vectors, calculating the angles between two adjacent
preset theesholds valug ta idgntify 4edst eegptimandedes afbopistus ipithgyumage, thereby

reporﬁggg{ee,gs %t@ﬁ%‘ﬂs ?fﬁg%g%%ngged angl e, and conparing the

eraged angle W preset threshold value to

[0014] i dent | nyanéthee embatimnent ofithe dypstan, the loperationsf identifyéng boundary
[ reQ,orti_ng{the results to the user of

) 1|nra%e., t her epy y . .
pixels (cREDESES ghlﬁcﬁ{n@off&]é PRY BRGL RepregstiBmmbre il e nepghboring pixels;
wherelSy &t netgh%oﬁﬁg Pﬁéel [0} @Eelé&@&"gb(fe)’fsnzg bh Y iﬁﬁl ! Slected

a pr set u er o

__Conprises checking for every pixe
pixel is ennsidsragrboundgrypizedl s;  whereby if any nei ghboring
pi xel for sel ect.ed pi i s a background pixel, . the
[0015] g o| o 1B AROfhEE S 091%1339)%‘3%?&&5%3&%%3% 107 ,of | transfasming the
identifiedl baRAdAS HLRIIAR VR IVrs &dmpriids $MRlo &1@&:‘@%&% Lel
transf oiri%ﬁ)ng the identi ffl’edsboungdg%’; pi xel s | ntgﬂ”ﬁ casa

first pojute chnosingpixeldeing awryoliom the fiest Poing ima prasetorungbepiof pixels as

fhrst poi choosi n i.xel bei a fr .
s seoopls Sl B ke pSR BB Rl S A AR M oosing o
pixel beiagawayfrim the ssbaridepdinttiia gredes ulberdf pixels 8£4 vl prdhtwhere
forma first vector, and choosi ngha pi xel bein
a8y

the third pRiok e TagieeRYAYCHm e LrShPesE thamyfsciecond pRive| whersin the
secondchaih 4o 24 Boiat MI5 € spdonf eplof nBiSb Dbt eloP! ML o B¥lndary

(]

an the ’secon
pixels foneach of the boundary pixels are generated.

[0016] Another embodiment of the present invention provides a system for
identifying the larvae of Aedes aegypti and Aedes albopictus in a sample. One
embodiment of the system comprises a computer-readable medium having computer-

executable instructions for performing a process comprising obtaining an image containing



second point and thi Ddephecdptfﬁsmtcmgs‘gmwﬂW@)@CT/SGZOOS/OOMSI
thereby all vectors al ong the boundary pixels for
each of the boundary pixels are generated. [0016]
Anot her enbodi nent of the %‘resent i nvention provides a
systemfor identifyi a% the | arvae of Aedes aegypti

A)

the laram@l oﬂém aggyyorp and/orsAédes albopiophss wherein tlmmmp isconnverted into a
eraysal TR BeS ey R eftins PR A isrue AR BB Ny W it 2

presetRugihRs of ﬂ&@ﬂ{dlcﬁ eBmelating Badlgrévind NEIgS e{iﬁﬁ\ﬁaﬂingllﬁggtﬂ&ﬂﬁ shaped
of receipt: 9 Decenber 2008 {)OQ 12. 20

obwdp@w@emmmwmecfwdmafsm gundagy pmels ofehe gemaigingpbjects, -

tansf«g’rfrmﬁg 6S i RRBYRY 'boﬁﬂﬂr? 6)1 L899 650 E{Jegﬁfé CaltBiatith $h& bielbd Between
IS CONVETt €0 a grayscal é I mage ff

two adjaeﬁﬁsmctors caveyvaging & préset ngmbys ofitle brgg@ angles -of one object to

Obtame?q Ghika Kefersataign dwelr GTAL SbiHiERE Ameay ORAT Flpiges in

Edobtﬂﬁlrf%ei fhelifin VTR theARREORAB @010511 fifelifnages generated under
identifyin oundargn pi xel s of the remaining objects,
t

the pnemtmmd:emo%glmeklmldaj dohivesting dher geayyeale smagesi andhcomparing the

e N R N S

Aedes&ﬂ@d»pi&u@in thieémafy, ddreliyoreportingitiie fsulédhroahd user of the system.
Representation Angle (ORA), obtaining a median ORA.for
[0017L| | objlecanether en @mgqteo thegaystem: thenppryation,gfjiclimipating the

g tion,
kg Rl A oL OF JORORS BSR4 UG perin
perforgiiag ecedien opagtion, anddrenmviray obyjgets hveith aredi elthenﬂargd!reor less than

prede;qgagggao:m%qrﬁ q§h pmﬂgg%zleé}ebgla%h gtl \égllitﬁg Lo e(;]utnld];% pixels
cons1&éi‘€d§sbl¥o El?r(fdﬂg the results to the user of the

system I'n anot her enbodi nent of the system
[0018% he opdnaanoﬂxer emiboglimentned thegsysmm Heec kpgrationd of gligdnating the

s G350, i S O B i bR e,

calcul‘aﬁhg hes céﬂt&ﬁ‘oﬁﬂ{éab(ﬁinﬁﬁl?rplkélk,g@dlcﬂhtdgE&& dib@fice of each boundary
predeterm ned nunbers of pixels and the objects that

pixel from the gentan ddentifiving aea,ks i thel boundary aiixply eangall thedistancps for all

the b?qﬁélg%tp%?{gﬁo g)tﬁL% Pg%e]cﬁq E%' uﬂgﬂr% HE '%Jre%IsuxF li]l'?e'llls X&nﬁé}‘ od‘ peaks is

outsid¥yfekd mregmgvmdegnt i fying the boundary pi er s of
each o calcul ating the center of the boundary
[0019hi xel s, @up@b fignenh eofd s prreentoAnVERERN HRFgMidss 2 System for
r hecc r ngify P h
ldennwgd%m%yﬁg%ee.%; U o PATRT s B30 1R e m
embobﬂmﬂrﬂ of ﬂlewymh&onﬁpﬁsheambngeta,cqmmnhg ahodule) ahmng)prdsuessor module

bjects if the|r unber of peaks i side of t
clectrgpically conpled mate Scofing oMo AL oupRLTgroadable

medid SoRipERfRla étHl_‘éEQ T ARk TS Phpa, SheFhEMite and output data, and

embedded computer-executable instructions, and a user interface electronically coupled

-

with the microprocessor allowing a user to input instructions and receive the output from
the microprocessor; wherein the embedded computer-executable instructions perform the
process comprising obtaining a binary image of comb objects of the larvae of Aedes

aegypti or Aedes albopictus, identifying boundary pixels of the comb objects, transforming
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al bopictus in a sanple. One enbodi nent of the system
conprises an i nage acquiring nodule, a mcroprocessor
nmodul e electronically coipled with the inage
acqui ring nodul e, having a conputer-readable mnedium
the idertiFiER WoShdy Dindl9 6 vet®, Walchting i angles bpiween two adjacent
i ntermedi até and output data, and enbedded
vectors, yABgIEra RERISS auabFof the biagest apales to APV ALAVeraged apglecand
compan%:gqﬁé 59&5%91' H&l@ QHfl £ gretsw thitshdl8 VAW RPIRRESSPdes ae%ypti or
aPlo us to 1 npu é

W ng instructions and reéeceive t

Aedes alboplonis if tieenimagh etheieby egpostiresthe resulthitr the wsertod thaystednd
conmput er - exec tabl e igtst uctions ,perf.ormthe Progess o

10020] Conpr ABSHEF GEIOREHRET B (1 FrSPotdBurnom RISt & VRCeRy for

identify{tge tﬂeapéﬁge It ABHRS aeRPAY Bhd PdebesiBEPBIBOR @l Yomple. One
I denti fying boundary pixels of the conb objects,
embodimentnafithe syistegn Coruprisss an imegercquivmgmaedie @misgengocessor module

BN <l (TN e

mediunP E5iRfing ¥Btoddleafieditm fof Sofihg inpl,cinfepinadiate andentput data, and
nunber of the higgest angles to praqvide an, averaged
embeddgl glomputaeX AR} ARSIBICHORS, #0412 HRE 1BIFEIRES HECHOBI IS Sappled
. . I ; [ ' i :
wit o HSERRLLI L 08 {0 R e Rty fom
the mick6prodeesdtswherein tHecermlyaidedncompaOxstutible nstruttinais penform the

of the present inyention provides a systemfor .
processicQERFISIBIORTIRAG ah APASECOBABR I 141G Bf fedhpeipiand/or dedes
albopic?gb%%hfﬁe lifhage RATRYEtedIR a glﬁ?éBlildTﬁﬁEgle nédeSsaby, Tofterting

rirses an 1 hage acquiring nodule, a mcroprocessor |
the graysedlel image limtota binaryainhagecwitlp b quiesst nhmbereof th;ge%olds, eliminating

vacker et SPROH G, A0SO SRR SRR o Bejce
identifyiNg BouHAEyiRe1S OF R eRiainiflRbiects tehns RiEsiihe identified boundary

comput er -executabl e instructions, and a user inteyface
pixels intoexectopnicalgnlaging hepangles betweenttive adjacerfprestoss ayfraging a preset
. al }gwi tQ | . j.nst ' ' + he
w8 Byl bR ick B Bl RESOB RSByl
(ORA) Cebtaitingl a m&&igutc_aw_kefo'r alt tobjects inressipglefiorage,t d’wailliimgm‘:méian of
conpri sing obtaining an i nage cont ai ni t he rva
the mefian @R Ayl terigesss s@eel ds drpivset s oh dipghotds for
converﬂélrg‘glg 5%' sﬁﬁg\iﬁfﬂgssd.ah@tcggﬁaﬂﬁfﬂ%ﬁbﬁah H4Re hfedian ORAs with a

ry, conveérting e grayscale inmage into a
preset thiasholyl vahege idértify aledeseaagypth omdedesod/bopicis fim Kisimage, thereby

.elimnating, background noise, elimnating irregularly
rePO“‘%@ﬁéﬁ“iﬁf)}%@Fé‘S?&%lﬁ P emai ni ng obj ectss, _
foo21] | dent ik igRecROMNARY ddviahtaBésSofOthe iiventi6iBYilli Btgor@bjapfirent from
“transformng the identifred boundary pixels into

the followirtgndetailed aleseriptionraf préferrechgmbedimeniadbereeliis wapegtiontwith the
vect or averaging a preset nunber of the biggest
accomm&ngﬁ%\ymgﬁe object to obtain an Object
Representation Angle (ORA), obtaining a nedian ORA
for all objects in_a single imge, obtaining a nedian
of the nedi anBoefDesayiption ofithe Dra®aRes gener at ed under
the preset nunber of thresholds for




converting the graysiat 6 receipg®3 DectlerCOOD@Y. 1NIPOS) PET/SG2008/000451
nedi an of gt he mgdi Zm ORAs with a pr‘ese% h?'egh‘é)l(‘ﬁ’ e
value to identify Aedes aeqgypti or Aedes al bopictus in
the i mage, thereby reportihg the results to the user
of the system [0021.] The objectives and advant ages
[0022hf t he Brefered iearbodirhéntdh exccordingptoa (e prekémninvédtfon will now be

followi ng. detail e escriptiop of preferred )
P T LN T RN
elemea@conmpanyi ng drawi ngs. Brief Description of the
Date of receipt: 09 Decenber~2, 2008

Dr awi ngs
[0023} 9. 22%2@d8§homcezmlmm5ge of7lofn@0 ait oPles abdomttn region of
odi prNL s, accordin t.h resent invention wll .
the 174 85 g1 i, P, PlestpfestBorig e 1Lt poimb Gects being

magniffedch |i ke reference nunerals denote |ike elenents.
[ 0023] ows one exenplary inmage of |ower part

sh
(0024}t ¢ he FgégoéﬂwsraeQPWﬁhﬁ of {hecautemetieprrcessapr idsaification of the

e SRUELS e B SR i, GG Y

presenthieveatipnnat i ¢ process for identification of the

| arvae des aegypti and Aedes al bopictus in ]
[00251, - cor dgﬁééA %Of‘ﬁ aoﬁé%ﬂ??ﬁ?rﬂf ¢ larya of dedeseqfpopictus with a 0-
255 s¢aferention. [0025] FIG 3 shows a grayscal e i mage of the

| arva of Aedes al bopictus with a 0- 255 scale. [0026]
[0026]F| G 4 FHSvks showis advinary iagee convertedefiomr thenitnage ishowe in FIG 3.

underéﬁ@ﬁﬁeéh%hﬂ/ e3 under one threshold value. [0027] FIG
shows "'a color inverted i mage of the image shown in

[0027]F| G 4. FIGG2Bdw b Color afvered endCdfah@imihe shown in FIG 4,
m nat ed j nage of the inmage shown in FIG5

noi se- :
[0028]; 520 %H"é shows sRack geougd qroigecadimrinatgd dmagey pe thesimage shown in
FIG sbetween the center point 71 and a boundary pixel 72.

[0030] FIG 8 shows the conb object of Aedes aegypti
[0029]and i t §IG shewstigrdistamc. 74 4udQdikle 73 betdeshoehRE p6idi1 and a
b dob' ect1 7&1‘ -Aedes al bopi ctus and its shape signature.
OundalyPI3§' /Bt G 10 shows an exenplary irregul arly shaped
0030]0Dj ect F ' ;i
! ]an [ rreﬁldglrnls‘f‘/s 2‘%38@3 %%g?g@feg%%%nﬁégghé& © ?%ggﬁre.
[0031]i nage. FIG 9 shows the comb object of dedes albopictus and its shape signature.

[0032] FIG 10 shows an exemplary irregularly shaped object and its shape
signature.

[0033] FIG 11 shows an irregularly shaped objects-removed image of the image.
shown in FIG 6.

[0034] FIG 12 shows the sharp edges of the comb objects of the dedes aegypti and

albopictus larvae.

[0035] FIG 13 is an illustration showing the calculation of the angle of a boundary
pixel in accordance with one embodiment of the present invention.

[0036] FIG 14 shows a functional block diagram of the system in accordance with

one embodiment of the present invention.
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the conb objects of the Aedes aegypt iPﬁﬁ@&a?WJSU VU 4D Ll
| arvae. [0035] .FIG 13 is an illustration showi ng the ’
cal cul ation of the angle # a boundary pixel in
accordance wi th one enbodi nent of the present

i nventi on. [ ODe6liledD@sdériptibnnf the Inventienal bl ock

di agram of the systemin accordance with one

enbodi nent of the present invention. Date of receipt:

[0037] 09 De sohf fReh@h ﬁﬁymdeps@gﬁﬁgm%pﬂ}?h}%fe&nce to the

Det ai |_ed scription of "the Invention [003
followipedetailed daseiption af eratpinembediments of thetoventiosadi | y by

refer . faoll.0mi ng i leg.description of
oosey 2 P Gutel e BpliOoRd, WHGR, pERICRBRL R Rtethoea, e
disclosttesmfghenst publicationpatd hereby ncovgeated pyrefegaice OMsthaik @ntireties,
int r ef e[;er%ced, t he discl fures,of t hese Eubl ications are |
into this applica }%dsr%&ré? 8’&"593 YedesFrbr the state phast to ahihrthisi inyention
pertainkNt 0 this application in order to nmore fully describe

the state of art to which this invention pertains.
[0039] [ 0039] ThErpregsntinvemticnprowmiden a process fheautonmtioddasification of the

t tic identification.of the .larvae of Aedes, . .
T A N S —
proces@takedTibe! advartifgek lof keAdibteittive 8B TbjdciFrasdnb i %g‘l%gﬁ@ 8fAedes

of the distinctive conb objects present int rvae
aegyptiypndhededss athogisns: Brieflre thes avtometic ddentificBiore process hemprises

irifb B d oes & pfd ' f SS rj se uirin
coquirifl U Tses uf RRIch g P o EUORT SR B AR Pttt e
present)eliminatinh bpélgreimdrioiet anderregilady Shape |ogj9cﬁ§idrﬂ ¢he images, and
alculahas round noise and irregularly shaped objects from
calculafiig Ut {aryae represemtafion anlss (AL BotERY VisetiSus Bedwvas phedes
aegyptPdR £31ek bibbbicnisher eby identifying the |arvae of Aedes
aegypti and Aedes al bopictus. [0040] FIG 1 shows one
[0040] exenplFGy! shoageonsfexcmpiary ange of lowee pai ddnienabidegienregion of

th f . A t] d (b d . .
the larffiCat BV AGIR ackitht 25 TR, AETR Delbabiptus ith i Fomb aibjects, being
magnifiedy aMHeGhPen®irs bP ther&RANnvEMIRN Aib QN eAldTRAES 8Ltk ORL sthﬁges of

di stinctive shapes of the conb objects present iIn
the comb opjestsopresenddis theslpyyaei ofhdedescrrgyptiland pledeuiglbopisis Gmild be
. e .t.hel f-automatic identification. [0041]
e@lmtﬁ%%r?lﬁﬁ%t{n%mi@S@rqsa Mihere is provi ded a fl owchart

[0041] of t h&NoawtrefeinigCto BIG % thereois provided fa fawtiont of thd)Gutomatic
| arvae of Aedes aegypti and Aedes al bopictus in
process, dei A atigny of the dPfrefrdes f aagyipti pands ehedes albopictus in

accorddn@¥ SAtH 8fe efdbbfidedt of'\‘ﬁ'[%rbrtegla%t HVRHBA! Briefly, when the automatic

identification process starts 10 by acquiring and convert if necessary images to grayscale

-

image 20, then sets a threshold for converting the grayscale images into black/white binary
images 30, then converts the grayscale images into binary images by the preset threshold
40, perform elimination of background noise from the binary images 50, perform
elimination of irregularly shaped objects from the binary images 60, then repeat the
operations 30-60 with each increment to the threshold if the threshold is less than the
maximum value of the preset threshold 70, then perform identification of larva 80 if the
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convert if necessary inmages to grayscglyg 4 YTegd! 30/ VUV 4 3 1
then sets a threshold for converting the grayscal e

i mages into black/white birfary inmages 30, then

converts the grayscale inmages into binary images by

threshoﬂﬁaumdef’selﬁltbhng@hk@r tHdh, thp endxdmitrevalae; nadi the pficess ends when
th 1%{ﬁround n0|3f fromthe bi nary i mages 50, perform
cidg ERtiiaHaR isprcomplished 9% arl vy shaped obj ects fromthe

[0042)0 nﬁrYNdWQhe&cﬁQ detdied d E’ﬁﬁ] gkﬁgfcgl? Fai‘dhoﬁr% g’&rﬁc%né of the

each increnent to t e thries
automatlcllmﬂpmlnmeessnam mum val ue of the preset

] " $2094 TS S BB 354
acqmﬁﬁoﬁ dpvicés? OPRY a&ﬂﬂr@d %Eges%ré preferlaplycstored dn RUB éredh green, blue)

iltering i s larger than the maxi num val ue;

formahy olchesexcamiaryvimages ofidhg haverjenidcoft ﬂwsrahdgmancmom of gl Aedes
t
sewrpbend SAEIAE TR, B = A 0 Y s e

convepted de eaysE4le %hgéﬁh theaegversioni can bef donepgpesrdai} wathekenventional
CQUISItlon

scales, Eh' SRS l%efﬂ‘?y V?% g@@%g’érg%s & AmBES of th; Lagva pf dedes

albopﬁ%\@ftﬁdo-ﬁs%ﬁle blue) format. The exenplary inages
of the | ower end of the abdonmen regi on of the Aedes

[0044hegypt | Thndettinpofithresiold walvesc afoe ceinmnnng thefgr&ystale images into

Th th l. dt
binary Bfltes (4§ el Retbrmifbd BxaeRHRRALSY, it 4S ROHIHTh 5 st sipeln fhgeshold
valuetfor thb @ofws¥ien tﬂoﬁ’ﬂﬂie grinfohle %naéé%rto%ﬁﬁ}? foﬁ)vﬁﬁ@f §n light of
FIG 3 shows_a grayscale image of th arva of Aedes

the vagiagigns i apquigingnthg g a seescof thisghalyl vehies {egt |frq§n 8105 to 0.5)
are prteﬁe?ﬁﬁg %éél[ t\(')%.gﬁ‘f‘ze%ﬂe E% elg{bv‘tﬁ% g&i d%? %1%% %C e}n She operation of

S cah
convasmetd hiﬁﬁxtya]hlages 4o, ths gRyscildinageds btarized usigg ehe threshold value

qs lue for the conversion fromthe ayscal e
proviqeds g‘éﬁ Y3jug _pﬁapywi %ﬁ@ysqalﬁmsﬁ s wtbmtbsﬁgresh@d 1t is given
a valobdf sl Pﬁé it cglué 'ifhlﬂg ?‘ n’%’l{?al%géx{y l?[t?%g ohifl coﬂta.m comb objects

t hreshb
from pheeﬂmabbgchgmzﬂ:dt nolbe nad pthet habjéctsag eFIGﬁt40s1tdv@s:h binary image

conve%{]eﬂgqow esge Q?pvsr{]wﬁgiri‘at oggg%ﬁ%@m/glﬁ‘:’ ggr |t ged

[oo4sp'si ng tﬂ%&%ﬁﬁ&%&é&ﬁw Cthe iRy gﬁ% e'JantﬁEe%ﬁ‘tﬁJnﬁﬁ_y Qhvedted its

pi xel 1n a grayscale 1mage is hi than t
color,tiw.e8 el 255 and i255gbven The inakrseonoivil? Hie, ad¥bstagedusi when a white

o B 4 s e S G e
can oﬁﬁd Sﬁetra?tes b6h (&n\‘%ﬁ&h% Vhifd Eé’ts'aﬁﬁgﬁa%krcg%gf%ﬁg fFl@':mS shows a

I mage s In FIG 3 under one t al'ue
colorir@@zta}umfe&héunag&eshowpmﬁlﬁéns the bi nary i mage can

e optipnal ly inver or,, .0 -* 255 and... :
100461, 5" T8 Py of Flmiaaton of s caRBise Hlling up
of holé§irf e image by dilation operation and performing erosion operation subsequently,

and removing the objects with area either less or larger than predetermined numbers of
pixels and those objects that contain image boundary pixels considered as boundary object.
The size-based elimination removes the objects that are too small or too big. The

thresholds for the judgment can be determined experimentally. For example, in the



boundary is shown ot ofaredeip®k Decegr 2008%69.1h20N8)HGI/SG2008/000451

U451

Mat| ab software i s used because it can O'FI")‘/’ Kob'epa@eéuu
on i mages with white objects and bl ack background. FIG
5 shows a color invertedilmage of the i mage shown in
FIG 4. [0046] The performance of elimnation of
examples bielpmg wbjbctsovitle afdd lessnthan 4850 pixlelsi 4@ ohjects withadress mope than
e on, operation and perforpnj ion

2831 P@Ffi% %Fn%uﬁﬁ';'g'%ﬁdﬂ E‘Ld?{téh? phyects that have,areas bty eeR e%q%;f&%ltmxel& -

they uAd&@go ShiftHBast® ehnBhatioRl S irrdgifRlyPSHABE! BbJEcREMisEUsRE IS detail
of “pixels and those objects that contain i mage .
herein bolowd aF G pishews adwokgraund doise-climinated imagpjod dhe imageeshown in
FIG 5 si ze-based elimnation renoves the objects that are
‘too small or too big. The thresholds for the judgnent
[0047] Can beThéepeefotinarst 6K BRminutioh dflittegiiar stypedpbfectsi 60 th@prises
Dat e of receipt: .09 Decenber 2008 ﬁ}o@g 12. 22%3{) L
shape-pased stipinatiop otfsebiecte droputie tmageso Heashapebassd efmination first

identiEFNEPY Gl REE 1 B B ol o BleinE 4 S0 piel in
each objeet, ibamcofSthehmighbariag apixds (de) daearedtidiglhods A83Pd here) is a
i xels,, . th nder go ape- based eljmnati on of .
backerPpER Gt e i 4 PSS GL BOUEBUBSE THEARE.FFoteril das gbiect
is calcfatedV¥ror! the BoRREMS pixdISC Y LAY RELHIAInTG Sthe el @4 th&TBBRct is
of the image shown'in FiG5. [0047] The perfornmance
calculatéd agicondingoithfoblowiimg equatian (Bhaped obj ects 60

[oo“]con'pri ses shape-based_eligination of objects fromthe

i mages. The shape-based el Dmynation first identifies

t he heenterof obiject s ) ect (Temaining in the

i mge. For every pixelnin @&ach object, if any of the
[0049] nei ghbEhared i se sumberyof boundasy gxxelseangh zsoaxyf/ Vsargsthg pixel

" i background pi xel, the pixel is considered
posmogggc;%é%d aart%)'pi xel . Then, the center of the object is

[0050] cal culFor eserfyrpixeltdiengdtherbdangarp; theldéstadca andengle from the center
enbodi nent, the center of the object is  .calculated

are cals@%s? and goteg. diis 1o be potebpt bR SRAE T objges @aﬁ’e edflated by

any offr¥Ab®fiméthdds. | G “silowf‘gl{é diQQ4R] 7RG Shgle 73 beRfeen tllle center

~nunber of boundary pixe and x and y are the pixe
point 7lcmid aibonsdary piweli72at es) . [ 0050] For every pixel al ong

t he boupdar t di st ance and l.e f.rom.the.center
roos ¢ ok eting olf e BaRRtes s apgter Jonll B piklg of the
object,C 13t fakofint HR E&hﬂ%ﬁ_}f PREEIP BF iRk CaHjétt Offe D¥ien 30¥ntHIET In one
known nmethods. FIG 7 Shows the di Stance 74 and angl e
embodigeriothgenaaks aee isientiied by simply comparing the distance of one selected

boundary pixel from the center with that of a preset number of its neighboring pixels. For

example, for a chosen boundary pixel, its distance is used to compare with that of the
nearest 6 pixels (3 nearest pixels on the left and 3 nearest pixels on the right). If the
distances of the 6 nearest pixels are smaller, the chosen pixel is considered as a peak. The
operation is repeated for all the pixels in the boundary to find other peaks. The identified
peaks can be plotted to show the shape signatures of the objects. FIGs 8, 9 and 10 show
the comb object of Aedes aegypti and its shape signature, the comb object of Aedes
albopictus and its shape signature, and an exemplary irregularly shaped object and its
shape signature, respectively.
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all the distances and angles for all @PGTE&EM ﬂ&S}%UU £,

pi xel s of the object, the peaks in the boundary
pi xel s of the object are tAdn identified. In one
enbodi nent, the peaks are identified by sinply
[0052 onpar i (Whénhatl off the peale offanabfect Rhwerterd iddacitivdahy pedksake used
fromthe center with that_of a preset nunber of iIts, .
to remaye AreFulay shapsd objesty  TEresholds forr midzimecwhether an object is an
epHynHADH DheBin be SeIREOS o OPIEL & (GO BRRHS rtibkifed n the
imagg affer therelipination of bagkigraind noiset He pringiple) objetts twith more than four
distances aof the 6 nearest pjxels are smaller, . the .
peaks e 18R R0 2 phalS Gns P apmivEL " FISudies, S erachil tnisptions the
threshotd fo? Rieshells Bﬂfenﬁivhblb%%ef&s)@h%e's@t HiBRerb O BAREMbbBndeht) dbjects
., other peaks. The identifjed peaks can be plotted to.
with mes\thaned peelsoand gbigets veith dgssithen dpasks ere Fonsideged as irregular
. J. .
ovec ¢ aBIGY 11 S9Rs L FEkly 5459 ARONSKIRGRRY b o e
imagesshowintin FiGape si gnature, and an exenplary irregularly

shaped, gbject and i{s _shape signatur respectively. _.
1005355 6 ofthebclle &F.egks@ BasdoRB oIt the esbesle mage fo binary
imagd s orfpaRiIBH {0 Mdpresd Enaxiddin] BPa8b1dW e 9. Hgﬁlg tégk‘&shold used is

peaks "of an object have been identified, t S are
less thanethe preset masimum valwguizather intrepedtedbhreshicdd value ds Hmindselected

ol j 1.0 et.her _an object.is an .rregularly .

end tibrabdf S AERT BB BEPonyi2, e RERA e s that
are stereil @icthe m&n®yvall Berustd'i thie FREPidehtifdatibh Sp&hiigH. nat i on
of backgraqund noise. In principle, objects with nore

[0054} han f idgniifieation of the dedhnaeypfidave 80 dn peréormedmsdallows. It

_ . +1pal ot o o
o B S o UL AR L R e
bottomrendethb gitlesawvliereasthe comb sbjedt ifithe deianaBopieils Jarvachas only 2

ohQjects with | ess than 2 peaks are considered as .
sharp ieakﬁg%ﬂa‘? topoH)deRqtiony n HIG diheys thy ghaip edgesf thgcomb objects of

the Addde 8 Tand aPAVP jsgCt s-renoved i mage of the inmage
© shomﬂ%djlpg FIG 6. Ek?zgsolgi’;}ﬂa‘é‘I'hen, the threshold used in the
[0055]c onv er Jihenbamdedyepizelsy of dhe objeet)eah chebimansfyrmdédmirge vextors of
.. compared_w th the prese i mum t hreshol d val ue 70.
uniforsy TR RYabhspring Bieaneles Peligty ROAORR g opiPis Bie TRERRRP the
presett@hiéntioAN§doQbrell R4t GHE RhERs MO dUB! diferestidtld S des aegypti
selected and the procesS repeated until a nmaxinmum

from Aedes sthapictysal It és toderapprasiated Wat thehwiforhet vectars ate advantageous

in for ?%% %@i@fs ?@3& !agen ope ?aéfo:ﬂl%{ri) ox?%bﬁifrg\ﬁ# gheit lgggﬂ’ :0??'{%‘?’%00\&?%8 may
be vatib® sdclong asaby Rhgles Fond tBO tws eefokd hreeshifablef for | (Pafatioh! of the

i s observed that the conb object in the Aedes aegypti
present AnNERtiAR lris prefemhlythatdhe dength istpbontofsom 3 to 8 pixels. "As shown in

FIG 13, there is provided an illustration showing the calculation of the angle of a boundary

pixel in accordance with one embodiment of the present invention. To find the angles
along the boundary pixels, a pixel is randomly chosen from the boundary pixels, called the
first point. Next, from the first point, a second point is chosen which is five pixels away
along the boundary in the clockwise direction. The first vector is formed using these 2
points, The second vector is formed in the same way by finding the third point which is 5

51
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Aedes al bopictus larva has only 2 sharp edges at the
top and bottom FIG 12 shows the sharp edges of the
conb objects of the Aeded2aegypti and al bopi ctus
| arvae. [0055] The boundary pixels of the object can
pixels Reva ratoisl therBslindatly ofrote Ghe 6éco@ll poiitl f By thid fiaghet, aB}the vectors
nmeasur i n t he angl es bet ween adP acent  vectors,

along the\puHInsfor sach ofcthe hpundarit Pixpls @R PiSAIce: s’l"chsveﬁhe&nslﬁﬁbetween 2
adJaceﬁJ\ﬁecﬁ,QQLJ%%agg ké&dﬁg Sgb? to differentiate Aedes

aegypti from opictus. It is to be
[0056] appr eclina¢med embadinteht 10nbiggeshmrgles dram scaah @bject are averaged to

avnt eo in for exanpl Vi t he co atio
roprescit (B OORGine o PYoHESS WA 1 BHISq 1 PSS AERIeOEa g, Aol (ORA)
Then, Y&/ in%dlaﬁovéhib"gf a8 O&s FROUAIE DbfecRNint § Qi iniSfl Rr éhtahed. As

suitable for operation of the present 1nvention. It

discussed qhoye,edléfgre,nt thrasholch walues gerused m&unmmmﬁae@maaes thus each
FIG 13, th ol
tresh 1R, G BN oo o b g oA lerg] otgects

After the tiedinyOR Ak V€ hll ithe axjewsr hadlicthe \imhﬁ’escgeﬁeﬁtdddi_i/l dfﬁ’ﬁtenﬂfhreshold :

the present invention. To find the_angles  along
values e igapds fhexmedian yalecaf thes mediamo PRAS Fosalpul ﬁﬁeém% éhen the

resulta?ﬁﬂl@ ?ﬁﬁ%aﬂie)ﬁ?ltﬁe mE&iah @i{AdshS uséd fo?tld&ﬁiﬂzﬁhor{\le’i‘ﬁ%th}ésﬂmd value

st point, a second polnt I's chosen whi
for the inediapi ofethe medisn ORAmp differdntiatiogutlye i dedeh erlbdpictusvand dedes

diregtion st o sfo Jred us hese
aegypl Gh 56 eRRiTIARHIPHFET [gthE GPRoN W Ys g veaors of the
present ixﬁ@hﬁkﬂl tethtihold RRieYor Wi Iﬁ&h oPtheah&lisd in&'t det@thined
Decenber 2008 (09 12.2008) PCT/ 5@008/ 000451 1

at 137 dpgrebs; thusd theimedian ¢feth©mdmarQRAs triessitban é%dﬁgrfzﬁs; ﬂme larva is

ner, a t he .vec ng the qutline
classifief) ob AeBed BB Toaes sberhibe R 5138t B Aok bl Than,
[o057] t he anpheprelek WaRAtich alsépasadds avssien for &ﬁ&)nia’ﬁlccidﬂemfﬁtdtlon of

and stored. [0056] In one enbodinment, 10 big
the larype|of sAgdes eauii apbjdedes afhopisius: a§dd 14 sh@% rae’é@ﬁtlonqlx dlock
b

dingrafi UABE syol O B KEERGRR AL S rBdiitnl DR g imyemion, The
systenﬁlOO friseoan ahhgecﬂngmsitmnlnméﬂs 1Hyfor acquirjag images of the larvae,

. obtai ned A{s} di s ssed a‘g different threshol d
a micrgprogessor120 eleetrpnicallyicauple El the acquisifjer m O IReiving and
storing B{eeﬁ&{ﬂu@dvﬂdg@s (£ a fus@MifterfRe! P30 RhtrBRIBAINF 8w Bd with the

I mage t may contain several objects. After t
microprechssor foRAuserf toainputt instradbioss taad wmvathe tebalts. nﬁyemlcmprocessor
enerated b val ues

ff t thr f d
compriies ¥ Mefeks hefitvm J2T nd BBRAfFI eotBuEE TPhfetle Moty 122
embeddB®thedi for" hhﬁxgtﬂl b@s@ of @eliftestint ifventidili an ORAs i's

used for identifi catl on. The threshold value for the
[0058] nedi anlls follewingenamplers provided fosithesolamumpse pé illvstration; it

vy f P S S P B ol Bl | oY

[o059] t he PELa8plEs i nventi on, the t hr eshol d val ue for the

nmedi an_of the nedian ORAs was deternined .
[0060] The algorithm above was used to calculate the median of the median ORAs

for the 10 Aedes aegypti images and 13 Aedes albopictus images.
[0061] Results

1



at 137 degrees; thudatesofr¢seiptBl Peggmbgr 291’&5(0?113?% gﬁ 2003/000451 ‘\
Q

is less than 137 degrees, the larva il CTE&

Aedes al bopi ctus; otherw s% is classified as Aedes

aegypti. [[0057] The present*invention also provides a
temfor automatic identification of the |arvae of

I°°621Aedes &bgyzpﬁe thrrghold rogleaph b} degrees, mmegesswith dhe median of the
medlinuﬁﬁhb erblilgﬁ o1 e&ﬁeﬁ%?g’é Ak eegéé @Ye? %1\%&@{80%02%8%%;1 and

images\less elnmﬂm degrgEsiase elamﬁezdmgﬁezbs qlbopidtwso nAlaiddéseaekbli images
a ﬁ]CIOprOCGSSOY

were f%és ﬁ?@%fflsﬁﬁyc a{ﬁ?ﬁe i%Of : 3 %Sh@/bgpigtitssinagsh Wrag plassified

corredtB! ThRGEdults Ak ﬁﬁﬂnaﬂe@rﬂe% Bélswaﬁ%breeld i mges, and a
user interface 130 el ectronical Ié’pcoupl ed wth the

[0063}yi cr oprbabde L dPRAgesults ferthe t4edenplbopicrustand etedemaegaptd images

view the results. The mcr opr ocessor conprises a

1Ot et 421 arere ded "“n“'*“r exeeptable
Albol p?'bé’ga%g‘;% ﬁ&o . dglg ¥ CAh Klﬁo eqf?%) T an ,Iglb&u Albol3

11438 efi’gsr}paﬁzéss a1r32eol|d)rwc;]\})| dg)g(l c;'libvchg6gcyl'lglo quB)Jose 160“2. ° AN IR

illustration; 1t 1S by no msansmtendedtollmt the

Aegl scoxag of Aeg:a pfagent [iAggent[iRg | OkeP] FAaBDP! ¢Rego00qMegl0

e thelnedia

1390 o léﬁe fldt73t he 48P Al aegiili i|iddes | 1383

and 13 Aedes al bopi ct Us | mages. [ 0061 Resurts Dare of

o R At <BRb st T v

embodlknem&sh of wilhrigl enddrstdGd thie ghe embodimges aré tilbustlativeradd a‘hat the

medj an ater than or eq I to 137
invenfign, e 19 kLo0 Faehs ANFISVA IS TREROF thegsert daysagon will
becorﬁeeﬁpa}é?ﬁ% Jdﬁ?seqfa Srdfafy SkifSiflthe G tﬁswlﬁ%ﬂ?ﬁ resent invention

al bopi ct us. es aedyptl Inmages were C ag3| I e
pertainsr Saadt illl;ema'(e bmbi)dunmits at cbBsiderdé 40 bk lvopimpassed withiasthe spirit
wer e assified rrectly...The fpesults sunmarj zed.
and. sifie ot tnB St SrveRiph AcoliiRal, Eritapd of oy See ingention is
describ&d by hiR appeRfed ¥ RRIafE Uss &te‘iﬂ%lﬁﬁx &Yk d n.

Albojl' agoAIboAIboAlbél@gl boAIE %Ib bol O
Al boll Albol2 Albol3 2 3456 7 89 114.8 136.5
128.0 132.0 121.0 106.1 '150.0 116.0 1141.0 88.0 130.2
;142.0 91.5 Aegl Aeg2 Aeg3 Aeg4 Aeg5 Aegb6 Aeg7 Aeg8
Aeg9 AeglO 139.0 145.5 167.4 137.0 137.3 162.0 155.0

144.8 145.0 138.3 [0064] Wile the present invention
has been described with reference to particular
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enbodi nents are illustrative and that the invention
scope is not so limted. Alternative enbodi nents of
the present invention wilf4 become apparent to those
having ordinary skill in the art to which the present
i nvention pertains. SUChAEMSer nat e enbodi nents are
consi dered to be enconpassed within the spirit and
' scope of the present invention. Accordingly, the scope
What i98laild@ i@r esent invention is described by the appended
clains and is supported by the foregoi ng description.
Date of receipt: 09 Decenber 2008 (09.12.2008)

PCT/.SG2008/,0004 . i eS; 41, .
L AormnRrad PR for papatld WenaiBlion i feTpiVal o oreads addypr
and AefiBculbpisis from e dnagaafynhay canginAbeRvarl dTofudes néegypri@id/or

the images that may contain the larvae of Aedes
Aedes glopieits, CORASIE: Aedes al bopi ctus, conpri sing: :

P : . o Ohrest
g&%?’aeé@%@?ﬁé’o?f Ae eggfegﬁébopl%t us; |cfggrﬁeﬂa>g/$}r%{&a&des
albopidasyindary pi xel s of the conb objects; transformng the
Ldent.i.fi ed houndar l,xel s.into vectors; calculating
P$@t1§ﬁﬁ$ g%“”%%ﬂxf)g&eﬂf@c‘gﬂ‘?a%ect ors; averaging a
Waﬁﬁ@ﬁnﬂ;gmpeﬁﬁédgﬁnﬁiﬂﬁgﬁﬁiel@ﬁ% @&etdrd, provide an
angle; and co

aver aged ; mparing the averaged angle with
salonleting thelapgleh betavegn twe adigcend &petptsy Aedes aegypti or

FREREPE 2R T D i ERE Braltn el Y Bl Ayl na
Tompeig thiee bl eragedd angle switefa presétnthieshuldevalue tbhidentify Aedes

operation of identifying boundary pixels conprises:
aegyplictiectodee/borictus ethg iR a preset nunber of the

. . . _ , . ing pixel
POy B Bl el R B0 of the Son B, BLRCHRD
sel ected pixel is considered a boundary pixel. 3. The
nput erized .process aqf .claim1l, whergein the opefati .
2 R FORBHERTENGRS of oURS 11l Mg das \PRETEHERs of dpettving
bounda¥PpixRlsTofpiBés: Ses: random y sel ecting.a boundary pixe
as a first point; choosing a pixel being away fromthe

fcheckingofor wverlypixel prrsssst nomhtreof the neighlkarmepixels; wherehyiif any
neighb&x?ﬁitpigp@@@%fa; 'y l:?gt%df ;Iurx%lt Y |B}éwkagrr]odun eg&r&ﬂ R’ Qetlegtg rBi)?el is

considered a boundary pixel.

3. The computerized process of claim 1, wherein the operation of transforming the
identified boundary pixels into vectors comprises:

randomly seleéting a boundary pixel as a first point;

choosing a pixel being away from the first point in a preset number of pixels as a
second point; wherein the first point and second point form a first vector; and

choosing a pixel being away from the second point in a preset number of pixels as a
third point, where the third point is farther away from the first point than the second point;

wherein the second point and third point form a second vector;

e




choosi ng a pi xel bei bge afvageipk:r08 Metdmbers2909 (9. 1pY10AL PGTSGR008/000451

preset nunber of pixels as a third point, where the
third point is farther avva)‘ fromthe first point than
t he second point; wherein Phe second point and third
point forma second vector; Date of receipt: 09 .
Dészeleall yegers(dongl the iposjarppixdeioosichag4bg boulary pixels are
ert 1greby all vectors along the boundary pixels for each
gen %’ﬁc the boundary pixels are generated. 4. A

conmput eri zed process for automatic identification of

the | arvae of Aedes aegypti ..and_Aedes al bopictus fj om )
4.t Hecompyterzedipipoayh jorcamatic idgntification of dhe Jappe0r Aedes aegypti

Vi andl . . MRS _

w24l 28 5, £ SGE PR b RPNV s gt andr
Aedesadbyppitius aoothipoisingedes al bopi ctus;  wherein the inmage is

converted i.nto a grayscal e inage, i.f necessary; .
c ShiAGRIDE fp imhee GiyRng e fanig ot dedes arepR 39/t g albopicts,
wheréth tHe ithalge SS@nvarwiiafo Dfrayédalesinlipt #riecedshry; nat i ng
background noise; elimnating irregularly shaped
olspevarting dhe (grasiseale dmageiintp @bpiaatys imageq @ithj fypragpet number of
ndary pi xels of the remaini ng objects;
thres l%)(rf(g%‘gsf ormng the identified boundary pixels into

v elittififting okgrowdd noige; t he angl es between two adj acent
vectaors; averagi na@geé)re_set nunber of . the hi gest
arsljminatig 1gagnlanby gbigsts 40 Abigin repaining objects;

Rapuflk Boufhe AL o RAmalibgpmions: 2 medi an ORA for

ts 1n-a single 1 mage; tar ni ng a nmedi an of
t hensiodning thiidentified Boundatyepikein gus vgaomst at ed under t he

reset .nunber of .threshol ds. for, converting the
SP&&&%&PS%%%@?PGQWHBH&&%W& Vteﬁtg\r/ﬁ;red: ag of the
MR ERABireR predét iiinfbeP b€ $1RS bighése ahglesl of Bhé!Bbjedt todsHthinfan Object

Aedes "aegypti or Aedes al bopictus in the inmage;
Repraspmtatitny AngledORA)y the results to the user of the

copput.eri zed.. pr SS. @.1.1he.c uterized process of

o R a e GRAD: g apisfR R ASRACIMERS: Mg he

b asplihing omeiaf o Rhédias ORAY Firndl the Diaghs|geferateditirler the
i mge by dilation operation; performng erosion

presebpyanbgriod hresholds feresnvagingfhe raysele magesandi ¢ her
| Yoliarifls SR RAFEHRIAR %ﬂpéjﬂggét%ﬁghold value to identify

Aedes aegypti or Aedes albopictus in the image;

thereby reporting the results to the user of the computerized process.

5. The computerized process of claim 4, wherein the operation of eliminating the
background noise comprises:
" filling up of holes in the image by dilation operation;
performing erosion operation; and
removing objects with area either larger or less than predetermined numbers of

pixels and the objects that contain image boundary pixels considered as boundary object.
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pi xel s consi dered as boundary object. Date of receipt:
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tl 16 6. The conputerizeth process of claim4, wherein
the operation of elimnating the irregularly shaped

'Ohg eompumﬁnar ipfozsss ofielaim fdy i wigeréihethb ayperhtion qfi elizhimatifig the

E Bog cal cul ating the center of the boundary
n'fegulaﬁ e ISAOZATES t he di stance of each boundary
lcfﬁﬂ*gu{ g B8 bbtfdaly B;Slfsofbéiﬁ%géc‘(' ng peaks in the

boundary pixels u I ng al di stances for all the
tedemiddingthe pented of thé boundantgieds;; and el i nminating the

cts if their 0 eak S si,de of the
%"ﬁéﬁ%tfngt Fgmcao{le/aggﬁfggnéaﬁpxﬁﬁ ﬁ%’n“ﬁﬁf’e&t?rnd process
[entifyidheaks W Bolindafe pieRnitgdll BE distaitts foriallghé beundary
) boundary plxels of each object conprises: checking for
pixels of QM?W a preset number of the neighboring pixels;
¥I isﬂﬁfahg gtﬂ&(:]ts nﬂh@{x‘ A’sgg gg kéﬂ%s 1% Q)ruts"f'deisgi} ﬁ%tp‘?gsep kRELhold
values. consi dered a boundary pi xel . 8. The conputerized
process of claim®6, wherein the operation of
identifying peaks in the boundary pixels conprises:
: B&ntze@ b B %1&5 ENEheRIe HeLpdaitiar YaetifAhg th
7 ??rom he cenﬂ @ that of a presg;t’ nunber of ﬁqsg ©
boundaryeplgﬁbofezmbqbuecebmnpmmereby if the distances of its
ei ghbg [ s _are s t he .sel ect ed e
S EEAPE Berd PIXe) & Rbseg Tt O e AREROBE bt gty i any
nelghbcﬁin@' Pixtl fober sélectbd epindleisah i Birkplouhd epikélf hé Gelected pixel is
boundary plxels of t'he renmai ni ng objects conpri ses:
considegddechoundatyqrixdvery pixel a preset nunber of the
nei ghbori ng pi xels; whereby if any neighboring pixel
for a selected pixel i s a background pixel, the
8. The ecthpatefizedprotess of olaih dewvherein thewpertiyn off idehtifyifg peaks in
The coggﬁ;erlzed process of claim4, wherein the
thebo“@%)’ OPSEEnsf orming the identified boundary
ﬁ%‘ﬁl 1Ak th\f"ufcte %"f%ng Qéfpé'tééﬁamdﬁﬁ' G281 HoR&he &dt@9wih that of

plxe as a first polnt
a preset number of its neighboring pixels;

whereby if the distances of its neighboring pixels are smaller, the selected pixel is

considered as a peak.

9. The computerized process of claim 4, wherein the operation of identifying
boundary pixels of the remaining objects comprises:

checking for every pixel a preset number of the neighboring pixels; whereby if any
neighboring pixel for a selected pixel is a background pixel, the selected pixel is

considered a boundary pixel.

10.  The computerized process of claim 4, wherein the operation of transforming the -
identified boundary pixels into vectors comprises:

randomly selecting a boundary pixel as a first point;

1, |
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PCT/ S&008/ 000451 17 choosing a pi xel being away from

the first point in a preset nunber of pixels as a

second point; wherein the i r st poi nt and second poi nt

forma first vector; and choosing a pixel being awa

fohomsing e péxal dreihgnoiayt from the firss Qointrin mpresed mumbge pEpixels as a

a .third point. where the third. paoint . away
secondhpiir WhreR 8 fars bt S fons ROy RETA ST xbdbh A8 1%

tdRBosiRE 8 PikeDBEIRE adia¢ fo thé sBeundtpoimtiifnadpreerantiberafipinels as a

thereby all vectors along the boundary pixels for each |
third peint, twhere thebird oint i fasthey avay,fem the &ast point thansthe seqend point;
wherei M dGR bAiKt i 38 ool Yei RleddfGAREIVP! ! and Aedes

albopictus I1n a sanple, conprising. a

ahereby all -veetots hlong rthel bowndasy pixglsclomeadteof thecsunmdiyepixels are

instructions for performng a process conpri sing:
generak@t ai ni ng a binary i mage of conb objects of the |arvae

of Aedes aegypti or Aedes al bopictus; identifying

boundary pi xels of the conb objects; transformng the
11.  iAleystem fa ideutifyingythei laplas of Madey wegiptis and dedesuptbopictys in a

1the angl es between two adjacent vectors; averaging a
sample, FUORPSHEnber of the biggest angles to provide an

ay ecafipdier@tisble amtedian Mhavingy coiputirexagriblaniseruetidds  for

a preset threshold value to identify Aedes aegypti or
performingaspraress SPEYDLSINEL t he | mage; thereby reporting the

r - . r . f

C§iRbtaind 4 Bip i ofRonk G/ UE bF e thfime MIEAUE LEBPA or dedes
albopibrsindary pi xel s conprises: checking for every pixel a

preset. nynber, of .the i ghbor i ng pixels; whereby if

aséynﬂfms&%laﬁwgvﬁqs@f] the domh obisise e pixel is a
A&l Mous el e piet iflovRletdrs,  consi dered a

boundary Fﬁéf{ 1??. Thed:dgggtem of cl airm .11, wherein

t ¢cabcudgibngathe amgles betwaers fwory adjamgnt Yeetordent i fi ed  boundary

s b euns of MRS el B EoS LG g nd
DesepibRE RR0Meralitdlangld Wih BPreeiBRRhOA0M e td Bdentify Aedes

aegypti or Aedes albopictus in the image;

thereby reporting the results to the user of the system.

12.  The system of claim 11, wherein the operation of identifying boundary pixels
comprises:

checking for every pixel a preset number of the neighboring pixels; whereby if any
neighboring pixel for a selected pixel is a background pixel, the selected pixel is

considered a boundary pixel.

13. The system of claim 11, wherein the operation of transforming the identified
boundary pixels into vectors comprises:

randomly selecting a boundary pixel as a first point;



choosing a pi xel bebigotxeasptfa9@Ldntver 1008 @H.1R2108)Y PG TISGR008/000451

preset nunber of pixels as a second point; wherein

the first point and second point forma first vector;

and choosing a pi xel beind8away fromthe second point

in a preset nunber of pixels as a third point, where

tdhﬁoﬁii%]ﬁ i beingi swalyafiérh elie v point dinatpeset numberefl pikels as a

t han the second pojnt;_ wherein }he sgcond point and
secondipipinptgwherein the §rstpging ee%moviews? ,Omr?eﬁrébye%'rr ctors

S RPN PR o b ont B f oSS T it o

tem identifying ]
third poing Wieere the third peint is faghgawayddnem theifisst poinb fapithe sgcand point;

.S | e onprisi.ng; _a._coenput er-readabl e medi um havi ng
Wh“e@%@‘f@gg@d T%Png Gt §e8%cf¥%c?or, performng a

Rh&GEH dll SeeBfs Abhg &h@m@aalgnﬂxa foiTedth SOt Aodhdvdy tpieels are
| arvae of Aedes aegypti and/or Aedes al bopi ctus;
generatgderein the inage is converted into a grayscal e i mage
i f necessary; converting the grayscale inage into a
binary image with a preset nunber of threshol ds;
14. eAisyitemt fon ddamitiiag atie damas o dedes negyptii gl Hedesuibepitiys in a
shaped .obj ects to obtain renai ni ng objects;
samplg, gERPTSiHENg boundary pixel s of the remaining objects;
td a&ﬁ'ﬁﬂtéﬂ-l%g?ﬂ)ke hA8R T hdnd OB Bhr-Bkectabld Nindtructions  for
vectors; calculating the angl es between two adj acent
performimgtaprecessvempusing a preset nunber of the biggest

angl.es of .one object t bt ai n, Gbj ect, .
b iEpes Soiginie Bedarvec it ADR ABdiordedenalpepictus;
whereidlthe ﬁbdg@% Sorlvertéd ﬁit@ﬂ'ﬁ?hybémé}_ﬁﬁag@bfﬂécﬁssﬁﬂy;a medi an of
the nedi an ORAs for all "the i nages generated under the
pronyerting uthe egrayscalehimageointes af binaro impage iwith @nhpreset number of
thresh(ﬁéayscal e i mages; and conparing the nedian of the
Yian ORAs with a preset threshold value to identify
Aanlsisatapdapkgroand Aedes al bopictus in the inage;
thereby reporting the results to the yser of the

ssjuminphngirregulpdy Shaned pbisetsdp ghtairmemajpag abiscishe
| ? SYSTEI o
ARl Oy 102

enber 2008
(thsfoPmAPRY identifieRoMRIaf0RiA4S into ¥ectors;

calculating the angles between two adjacent vectors;

oE.

averaging a preset number of the biggest angles of one object to obtain an Object
Representation Angle (ORA);

obtaining a median ORA for all objects in a single image;

obtaining a median of the median ORAs for all the images generated under the
preset number of thresholds for converting the grayscale images; and

comparing the median of the median ORAs with a preset threshold value to identify
Aedes aegypti or Aedes albopictus in the image;

thereby reporting the results to the user of the system.

15.  The system of claim 14, wherein the operation of eliminating the background noise

comprises:
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operation; perform ng erosion operation;, and reioVving
obj ect s with area either | arger or |ess t han
predet erm ned nunbers of 98 xels and the objects that
contain i mage boundary pi xels consi dered as boundary
GIliAE bp of hbles {HBe BHAICHY EifatiohpBialidn; wher ei n the
operation of elimnpating the irregul "ar | y shaped
LB %I@Sathnd i fying the boundary pixels.of o
e f
pi er 81%] f’cé%l“ﬁ ng ﬁﬂgglgllag]& n&creﬁg Eha% %ﬁlﬂ%%%%%bem of
pixels pidkthe ofojcmm thiteofiaii idiage ibdandary pixels qmaﬂered as béwendary object.
boundary pixels using all the distances for all the
boundary pixels of the Obj ect; and elimnating the

16. OPESKRnl bf dAI 14, %ﬁ@?&ﬁ Efé?ﬁi&ﬁdf%hﬁﬂﬁaﬁin BenhOfrrdghifirly shaped
preset thresﬁ'ﬁ val ues. 17. The systemof claiml g P
objectsnmnprisgs:t he oper ation of identifying the boundary

pi t checking for every
1d§1§f§1£%ﬁp § r#d’é@sﬁez{%é’ egthbori ng pixels;
Véatdubdiihgithe édtter of BeBti@BaryDikdlgel for a sel ected pi xel
is_ a ggéggéound pi xel, the sel ect ed p| xel is

eyl

distepemefaagh bpweda;y nigel frora theeantari of cl ai m
pSent96le Bellcd HinE BERA? Bns ol thd {hoBEAHE allTnd Btundary

pixelsoflﬂlemj&t;taﬁdi boundary pi xel fromthe center with that

et _nunmber of it orin xel s, whereb
lineeis et Bt SRDEG R ORGP GHieblessisibe proset tirhold
valuesSal l er, the sel ected pi er is considered as a peak.

The system of claim 14, wherein the operation of
i dentifying boundary pi xel s of the renaining obj ects

cg}geori ses: 9(}[‘? recelﬂgb%)ﬁa%1 r ZO&eft%ﬂmgwR}xelsof

eachogjezgteéonq,rgegset nunber of the nei ghbor| ng pi xels;
whereby if any neighboring pixel. for a sel ect ed

pheelking doreventpigelonpresgtinuatber phithe neighbering pmelse wheezeby if any
neighb%%ﬂé vﬂﬁ%l: ?or{a g Eée)eﬂ%ge%r é}’? gxlgl 3 l%glgg{g éle seﬁlct%h nfnxel is

considexéd aibounédty pixel.

18.  The system of claim 16, wherein the operation of identifying peaks in the boundary
pixels comprises:

comparing the distance of one selected boundary pixel from the center with that of
a preset number of its neighboring pixels;

whereby if the distances of its neighboring pixels are smaller, the selected pixel is

considered as a peak.

19.  The system of claim 14, wherein the operation of identifying boundary pixels of the

remaining objects comprises:
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sel ecting a boundary pixel as a first point; Ghoosing
a pixel being away fromthe first point in a preset
number of pixels as a sed®nd point; wherein the first
poi nt and second point forma first vector; and )
cherlirigfor averi pilel bpreset mumlyer fof dine héightweing mpikehs) iwherghy ifiany
_ .. preset number of pixelsg as a?%g%ird po.iq;,thmhefﬁ%tthe. 11
neighbaring ixshi i6r 4 seleipd Huxelaltad Pacdksround pixels the Selpeter Rcel is
: S‘?Rﬁﬁ.’ int; wherein the second point and third
conSIdJrgé(}fear‘]tﬁ or lE”}suél'econd vector; thereby all vectors al ong
t he boundary pixels for each of the boundary pixels’

e generated. : system for identjfying. f 1t
20. ﬁé]evsggtegrf Og\ébgélg. éég)y@lef%ign € '&&%agl.og! %lo frosforn 1%?%? identified
boundaSPPRER infoQBioksSdoRtprisad? | Mage acquiring nodul e; a
m croprocessor nodul e electrgnically coupled with the
random!y selestingaovpdary ®ixel aRg f5Y PAoNput er - r eadabl e

L P20t T PR Bopabesaasr s o
second q:lamyWBér_e'ﬁNlhf: ﬁt‘@bbiﬁf mgbﬂemtm?]ﬂ ]'tmgnsfo_rmraﬁrat estor; andt er f ace

ShoeURS DL RSRS FUbY Fipmihe peeopd agint BrAPENG Bbe oLpiAls s o
third pSidi Ritferd R hird ?%ig} ﬁrf&%&%%%?‘ﬁ'dm\ﬂi@ﬁﬁt Poibthaf fikestdeRt point;

corput er - execu e Instrucfions performthe process
wherein tirqecendppintodnddhind pointifomnreasegondregptorpf conb obj ect s

of the Jlarvae qf Aedes a t.. _.or. Aedes I ' :
Byl VegoBo AR PR Tirelf fof Eieot A BRAEY Bixcls ar
generafeﬁ.anSf ormng the identified boundary pixels into

vectors; calculating the angles between two adj acent
vectors; averaging a preset nunber of the biggest

21 A%t R OEN3pe YSUPBEBTEP g b g n

samplefedmpiEif@8/ 000451 21 conparing the averaged angle
with a preset threshold value to identify Aedes
@@WPaﬁmedlﬂPbopi ctus in the inmage; thereby
flaﬁﬁ%rg ﬁgesg&emB@ﬁH lefe%?&ﬁi\%ﬂg}? c&.ﬁ:@é%%ﬁthttﬂ@ iyt #hirRg module,
e system of clarm 21, rern the operation of =~
havingi 6l esvimpugéragadablen dediunpicosipsisingoamtorsgs medium for storing input,

-

intermediate and output data, and embedded computer-executable instructions; and

a user interface electronically coupled with the microprocessor allowing a user to
input instructions and receive the output from the microprocessor;

wherein the embedded computer-executable instructions perform the process
comprising:

obtaining a binary image of comb objects of the larvae of Aedes aegypti or Aedes
albopictus;

identifying boundary pixels of the comb objects;

transforming the identified boundary pixels into vectors;

calculating the angles between two adjacent vectors;

averaging a preset number of the biggest angles to provide an averaged angle; and
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nei ghbori ng pi xels; whereby if any neighboring pixel
for a selected pixel is a background pixel, the
sel ected pixel is considet®td a boundary pixel. 23.
The system of claim 21, wherein the operation of
t ecamparimgnthegavenageddanrgé Wwithda presstothresheldxedlse itmtidentify Aedes
vect,ors rises. randomy selecting a boundary pixel
aegyp%§r‘ge elsragé)o U i the fBRES ng” a pi xel being away from t he

f theeby Pepoting thedediilt§ $the BT hObysBintel s as a second
poi nt; wherein the first point and second point forma

first vector; and choosing a pixel being away fromthe

2. SRS ol TR Y P Eiod bR e

comprises:st poi nt than the second point; wherein the second

pQi nif. and third, ppint forma second vector; thereby .

af eg’%‘& ?BIE gvery eﬁfg?ﬁ REsSefdnwRber w1 Hhscagighboging pixsls; gyherehy if any
neightRPipIBiEl FbrX @l Seladibd paedlefsah Cgh kgﬁmné‘ Sl T Qiected pixel i

gl.li de%t I fying t.heel arvae of SAedesc egypt‘§1 ah?HbAe eesc pixel 18

considgted ghosmndaryipixel. sanpl e, conprising: an image

acquiring nodul e; a m croprocessor nodul e

electronically coupled with the imge acquiring
23.  NDEYIsPstemnaf icREima2 LOWR&ERY tHee 8pkdation r&dﬂrdﬁﬁ‘f&ﬂﬁﬂg i§d Rentified

a storage mediumfor storing input, internediate and
boundgrytpixgls e yectamsFomPpESded conput er - execut abl e

[ ' : inte . el ectronical |
SBbOHE {cing BBOufiialy Bl I ERIREGRE B0 " Sar 1,
| ciposingnspixeichding \Ma]wa}’l ﬂ‘oﬁﬁﬁﬁi ﬂrﬁtb pd(sjigt gui ptéset! iumiber b€ pixels as a
GIr Opr,ocessor erein the enbedde
secon B%%?Vélﬁreé& Shipaint 398 sperndinoyt fpER adish wepOTAEces s
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(BioRiyR el Rl By BAF U et SREE rectilimber of pixcls as o
third points whereie thind poimtiis farther Awale froaretherfirst point/ than fhedesond point;

al.bopi ctus:;. ~wherein t image i s converted into a
wherelénrtgglg%ggpépp%a%c‘ff}pdry&tggg%9’ © &ﬁ\?’&f’?’ﬁng the grayscal e

iﬂ‘i@ﬁﬁﬁ ioalllt Vecbord ialtigythé %Bﬁﬁiﬂ:tbtkei’s Rir&agh of WiloB6urRiary pixels are

t hreshol ds; elim nating background noi se; elimnat’ihg
generated equl ar |y shaped objects to obtain remaining

obj ects; identifying boundary pixels of the remaining

obj ect s;

24. A system for identifying the larvae of Aedes aegypti and Aedes albopictus in a
sample, comprising:

an image acquiring module;

a microprocessor module electronically coupled with the image acquiring module,
having a computer-readable medium comprising a storage medium for storing input,
intermediate and output data, and embedded computer-executable instructions; and

a user interface electronically coupled with the microprocessor allowing a user to
input instructions and receive the output from the microprocessor;

wherein the embedded computer-executable instructions perform the process

comprising:
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vectors; calculating the angles between two adj acent

vectors; averagi ng a preset nunber of the biggest

angl es of one object to & ain an bj ect

Representati on Angle (ORA); obtaining a nedian ORA for

abthinitly Cintage Gontamingihe larmgef Aaks aegipniand/aret¥denalgbpictus;

the median ORAs for all the.inmag enerated under the
whereinyfhe YBHES 15 APRYEriSH HUA AERGFUE IEF 1L BRFEF g ¢ he |

l§7| aﬁ%lg%lglsg%g Schle AT DA bitthry N81aB8 A48 aOpreb&tenumber of

a preset t hreshol d vaI ue to identify
thresholsfes aegypti or Aedes al bopictus in the imge;

there orti theresultstothe user of the
“@ﬁ%{ Eg& d em of claim24, wherein the

@mﬁ{rﬁhhg) ﬁréﬁ.ﬂa@lyl Jiapeét ¢Hj€t:t§ h&)bbaﬁ kghaining obfsces
corrprlses g% P hal es |n the i mge by
itflentifyingbepd f“é/tl?l 50 @éﬁ%ﬂﬁﬁg@ #si on operation; and

prg%%é%ﬁgﬁq% g rﬁ\gl ﬁoﬁn@ﬁﬁu&lélﬁﬁfvécﬁ{rger or less than

pi xel s and t'he objects that
caloiilating tlﬁmgglebbeumanyquadgecbemt ventansger ed as boundary

object. 26. The_sysfem. of c ar 24 I. e
arseﬁeps 8rPreiet & fﬁﬁ&l&&t& ‘331%% 3 gffiin an Object
L SndOBRIASES: identifying the boundary pi xel s of
Repres ObJ%Ct(@ 2al cul ating the center of the boundary

pbtaumsg a pedian! QRArfgr alhebjdq:ts tram giaglefimageh boundary

Bbé'fﬂﬂé 3 F‘i{ ter %I & aﬁggrﬁﬁgéﬁgéﬁatec}] under the

presetxﬁﬁx%b@'éf thresihbltﬁ'ﬁr élfnvblhm @b:l yscalrithaped; andf recei pt
Decenber 2008 (09.12, 0 8) ~CTT/ S@OO%{IﬁgIOng
rqommtmg the megian of the medmn\OR A WAt ARTESRY %E"tté’ Sentify
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Aedes ‘fﬁ%y% HP,?%%? I%)Jr?l&ﬁ%%‘hé%%%éyst em of claim 26, wherein
ttheretopepattingthofesuldetotthd yiengf theeydtemndary pi xel s of

each object conprises: checking for every pixel a
preset nunber of the neighboring pixels; whereby if

25. ¥ system of claim 24, wherein the operation of eliminating the background noise

comprises:
filling up of holes in the image by dilation operation;
performing erosion operation; and
removing objects with area either larger or less than predetermined numbers of

pixels and the objects that contain image boundary pixels considered as boundary object.

26.  The system of claim 24, wherein the operation of eliminating the irregularly shaped
~ objects comprises:

identifying the boundary pixels of each object;

calculating the center of the boundary pixels;

calculating the distance of each boundary pixel from the center;

identifying peaks in the boundary pixels using all the distances for all the boundary
pixels of the object; and
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pi xel , the selected pixel is consider'ed ‘8" Dotnda¥
pi xel . 28. The system of claim26, wherein the
operation of identifying p23ks in the boundary pixels
conprises: conparing the distance of one sel ected
bel;mﬁ&hf% hex 6bjetts AMHeRemaatE: f pohkdist diAdidObf tie ﬁe@éﬁ ghreshold
nunber its neighboring pixels; whereby if th
valuegjj st ances of its neighboring pixels are snaller, the
sel ected pixel is considered as a peak. 29. The
system of claim 24, wherein the operation of
27. | dbesystem of claow 26 awheneinxthe sperhtiothef idestifiying the boimdacy pixels of
onprises: checking for every pixel a preset nunber of
emm‘ﬁﬁ ﬁ%ring pi xel s; whereby if any neighboring
pbeé%:lgﬂ e?f'pﬁé‘él ﬁ%r@éef(ﬁﬁmbér of ﬂ@ﬁ&gﬁ%ﬁﬁ% ﬂikéiﬁ‘" whérEl’?y if any

selected p| consi dered a boundary pixel

neightirings pixebfoofe gelacted 2pixelwire me backighoand ppixal, i tha &teﬂected pixel is
e identified boundary pixels into

cmnmée %?@L@&ﬁ%?%ges random y sel ecting a boundary pixe

as a first point; choosing a pixel being away fromthe

first point jn a preset nunber of Plxels as a_ second

28.  pdrneysieAp of elatm 2feWhercd the eparation aT ideabfyéing,praks it terhoyndary
1sfd yector; and choosing a pixel being away fromthe
pmessggngahg sgm nt in a preset nunmber of pixels as a third.

poompannmhe distdneetofiiond sglectad boendasy pixel framathe foemter with that of

rst, poi.nt n the.s cond point; wherein the second
apresﬁwwbegﬁhﬂfﬂ?lgﬁbwgrﬂlx?ﬁrm a second vector; thereby

akihedBGiLhe BitPRs ofSts kﬂéigh@@ﬁ%g BixeR ate fsﬂlﬁllgla%b Sleckd®Epixel is
boundary aEI xels are generate
considered as a pe

29.  The system of claim 24, wherein the operation of identifying boundary pixels of the
remaining objects comprises:

checking for every pixel a preset number of the neighboring pixels; whereby if any
neighboring pixel for a selected pixel is a background pixel, the selected pixel is

considered a boundary pixel.

30.  The system of claim 24, wherein the operation of transforming the identified
‘boundary pixels into vectors comprises:

randomly selecting a boundary pixel as a first point;

choosing a pixel being away from the first point in a preset number of pixels as a
- second point; wherein the first point and second point form a first vector; and

choosing a pixel being away from the second point in a preset number of pixels as a
third point, where the third point is farther away from the first point than the second point;
wherein the second point and third point form a second vector;

thereby all vectors along the boundary pixels for each of the boundary pixels are

generated.
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