1 PROCESS AND SYSTEM FOR AUTQVATI C | DENTI FI CATI ON OF THE LARVAE OF AEDES
ALBOPI CTUS AND AEDES AEGYPTI Field of the Invention [0001] The present
invention generally relates to the prevention of nobsquito-borne diseases,
and nore particularly to the process and systemfor automatic
identification of the |arvae of Aedes allbopictus and Aedes aegypti .
Background of the Invention [0002] Dengue (DEN) viruses belong to the genus
flavivirus, WPRARODOESRANBEYSTEV BORAUTOMATIOADENTIFIGA TICASOF TOHE

fl avi virus speci es, Lch. t t ipportant human pat hogens are the
DEN vi ruses, vyell OMWEmd?Péﬁagﬁé’@g@ang@%ﬁs ¥PEL- borne
encephalitis viruses. D seases caused by the 4 serotypes of DEN virus

(DEN1-4), dengue fever (DF) or dengue henorrhagi c fever/shock syndrone

(DHF/ DSS), are endem c or epidenFgld bf theQRV &GaRlondNd sub-tropical countries
around the world. In a manner simlar to that of yellow fever, dengue is
transmtted between humans by the donestic nosquito vector, Aedes aegypti.

[ 0003] Den fever i n_vector-baorne viral disease, affecting
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tropi cal adieassshhd opire phrticelgily fsthe pedteysemd sy tBm o NYARRAR: idQTIEBoY bf U8 | S
S . nosqui tges - Aedes al bopi ctus and Aedes aegypti,

transmtted by th e . \
the latt ergaﬁ‘é‘%/erfﬁc“éﬂég %g?ﬁfﬁtﬂfla%’éf@ﬁﬂewgt experi ences have reveal ed that

there is strong correl ati on between dengue out breaks and the Aedes aegpyti
popul ation. To control dengue outbreaks, there is a need to nonitor and
control the popul ation of the Badkgroaadpythe hvputieti on. [ 0004] To nonitor
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 ootd) a pi ependfe @HNIPORLAs -beltp BE@P g#ﬁ@éj F13%ivFn TR iﬁ.rt-hggarﬂﬁ%i ce
for Aedes nosquitoes in Singapore since the 1970s. Simlar devices have
been used Beviiilaenel hase larg etoleass B0t Bavivimpssperies aotrigyivhichbthe most ikportdnese,
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Mosqui t oesbdroe kagephdl@isr viages . DMRERs thse@ BYSthbat &hodid FFEVENORrsTHENADY t S,

they Cannoéenfglllg/ fever (DF) or dengue hemorrhagic fever/shock syndrome (DHF/DSS), are endemic
or epidemic in tropical and sub-tropical countries around the world. In a manner similar to
that of yellow fever, dengue is transmitted between humans by the domestic mosquito
vector, Aedes aegypti.
[0003] Dengue fever is the most common vector-borne viral disease affecting
humans worldwide, with an estimated 50 million infections occurring in tropical and
subtropical regions each year. In Singapore, dengue virus is transmitted by the Aedes
mosquitoes — Aedes albopictus and Aedes aegypti, the latter being the primary vector. Past
experiences have revealed that there is strong correlation 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 dedes 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



out of the device and die inside the trap. Apart fromcontrolling the
nosqui to popul ation, the larvae in the ovitraps can be identified and
counted to nonitor the populations of different nosquito species. Unlike
mal aria-transmtting nosquitoes that stick to rural areas and swanpy
waters, the Aedes nosquito prefers fresh2 clean water and it breeds largely
i ndoors, needing only tiny pools of water to lay its eggs. Since clean

wat er i s usedqiings delaytther oydst RaRn thhezAedrs a6 dvpdlbp MfdadllloftEtimonflg t he
two primary nosquito species found in the ovitrap. [0005] The nosquito
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| arge quantities of |arvae ftound in thousands of ovitraps need to be

i denti fi eddiffrwens pweduitipspetiee Ualikembidanttiafsraatihomoguiioesiat saclc anpidl ereagi ded

identification process and systemis, desired. Sunmary of the |Inyention
[ 0006] One “hBEENRENEiesH qﬁ%é@%ﬁfe@%wﬂ?m FiESi fgwhp?lsm yar anidﬁﬁtﬁe& o

process f afdoas! AdBRIdeCor ¢ @AY ipbbie Rk lnfer @b 1418 é%ﬁgfsy 26 Q1c1ARURReraS QYR thsigpd
Aedes al bopictus fromthe 1nages that nmay contain the |arvae of Aedes

aegypti andrEcVitred & 4¢dse pepitisand@lerpignbai the o ofimatempspitessedenpuides

obt ai ni ng ﬂnﬂ%@@%% i mge of conb objects of the |[|arvae of Aedes aegypti or
Aedes al bopi ctus, Fdentifying boundary pixels of the conb objects,

transf orm pgodhe i deThd frh@dub®uadaiitafbx Prcdsiiti® NBChOF perforh&lIbat irhided he
angl es between two adj acent vectors, averaging a preset nunber of the

bi ggest an@giPEEs U§ing meRfugemiGipscaper dgedrenss &, baiindmsorepsuming anf daboyiepraged
angle with L i i Aede ti ~or. A
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operation f.igentifying boundary pixels conprises checking for every

pi xel a pr&sBt%nunber of the neighboring pixels; whereby if any

nei ghbori ng pixel for a selected pixel is a background pixel, the selected
pi xel is considered a boundary pixel. [0008] In another enbodi nent of the
process, the operation of trans$wnmanyg ofHie Invdetien fi ed boundary pixels into
vectors conprises randonmy selecting a boundary pixel as a 3 first point,
choosing a pixel being anay fromthe first point in a preset nunber of

pi xel s as [0006] One embodiment of the present invention provides a computerized process
for automatic identification of the larvae of Aedes aegypti and Aedes albopictus from the
images that may contain the larvae of Aedes aegypti and/or Aedes albopictus. One
embodiment of the process comprises 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 comparing the averaged angle with a preset threshold value to
identify Aedes aegypti or Aedes albopictus in the image, thereby reporting the results to the
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



a second point; wherein the first point and second point forma first
vector, and choosing a pixel being away fromthe second point in a preset
nunber of pixels as a third point, where the third point is farther away
fromthe first point than the second point; wherein the second point and
third point forma second vector, thereb$ all vectors along the boundary
pi xel s for each of the boundary pixels are generated. [0009] Another
enmbodi ment fioft poie ghvesent pixeV Beihg owaprom e sira poTRUL Bfkde@@mbRF 6CHSS s hOr
automatic identification of the | arvae of Aedes aegypti and Aedes

al bopi ct us SF8MPPITE Yhagadhe e Pwagxar&ioﬁf%nwctiweforrgra\faét vsPtoned shoesifgnt i
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an inmage containing the |arvae aegypt edes opi ct us,
wher ei n t hthei thirdepai isofasthert aekyi fivm thedfiray poiat ehani agecdrid peaesstarsin the

converting_the grayscale imge. into a hinary imge with a preset qﬁgg?r of
t hr eshol ds>C&f{ ﬁ?‘ﬂﬁ?fﬁ‘ﬁﬁﬂfﬁmﬁrfmmﬁ%ﬂ &/eCHr P X?Hde?w@&ngaﬁﬁwog ed
obj ects 1 pixola dack 6N ISR hREN Sre di€hifddl Vi Ng boundary pixels of the
remai ni ng objects, transformng the identified boundary pixels into

vectors, cBPRdl ati ngAneiberapmbedinisat wéehe rresontadjvaceert pwetdesr 5, compatesigichg a

reset nu f i.ggest ..angl es ne object, to obtaj n ] ect
Repr esent atossss Ao RO uRPRPoihe et hiesss Reribrmd defB i
single i magen thbtimagisnGaa nidgdioatirdthet RS8R 20 OR0S, phioindAr| 41448 alHTPIas.
gener at ed 5nder éhe Preset nunber of thresholds for converylng t he
grayscal e Phagebodigiat obfksapiosesstaemprisesdpbiaingte ahémpagsdeentaioRastheilanac of

reset thr I | 0y ] j e e ti_aqr. opi in
Phe i mage. " hor ooy AL Ao TR RSN haglls PP FRaThBND sl LG
process. [100g0]if haceaswy hesnvertngdiharptysoile tihagprines bindNeémagerath arprabt

elimnating the ackground .noi se conprises filling up of holes in the
i mge by dM"atT 8’38’6?58’&@4 mlnatﬁtgfhﬂelf%fpw %‘PI%PB’WH@S‘@E ATTeRahaPsetRIAiNg
obj ects withho@p@ar@hdilet bGEEST idhih gﬁghlg%l%p ROEt 6F é;ergm%ﬁﬁﬁero%je&fs,

pi xel s and the objects tThat contain’i dary pixe considered as
boundary dtfnalermingoihe iflentified twuhdary enredsinte vectofs, tchleulpting dss angléeebaipesmat i on
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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 computerized
process.
[0010] In another embodiment of the process, 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.
[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



t he boundary pixels of the object, and elimnating the objects if their
nunber of peaks is outside of the preset threshold values. [0012] In

anot her enbodi nent of the process, the operation of identifying peaks in

t he boundary pi xels conprises conparing the distance of one sel ected
boundary pixel from the center with tha# of a preset nunber of its

nei ghboring pixels, whereby if the distances of its neighboring pixels are

smal | er, thie seindatadxgi xthel dhjgnsiddeingdatas @e RBRKts if HREIJur¥PbNBEaks is
enbodi nent of.thg resent invention provides a systemfor identifying the
| arvae of ABGEO g%y%?ﬁt@ﬁﬁhﬂédégmélbopictus in a sanple. One enbodi nent

of the sysjg@mconpri §esfhet LBYERlen! Sla‘glgtf)lr(?cegée%eu LABL NG ic?e?lq@}fxté%eaéaks in
g amp onp g obtarhing a

execut abl e instructions for performn Focess risin
bi nary i matje totndarppixeblyjoegtisesafontfaeing atevdigande oAedesclargypiindary phed@sm

al bopi ctus,, identifyi oundar i xel s of the comb objects, transformng
the identi %ﬁeecﬁn&?bm%éﬂ% Ogi%&rrfi?t %/*H e ictopeghbopng Picks Whgrebhal he gissances
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angl es to provide an averaged angle, an aring e averaged angle with
a preset WPAt8shol d 4adther embodierent fof fedpsesadgupentior pAedés al Hopnctius in
t he i nmage, y.reporting the results to the user of . the system [0014]
I'n anot herldéﬂgggﬁ%néhﬁt ?%%/aei H)z ‘é%tye?ﬁgyf’lf‘lea@pélfgﬁ G oBE S g Ehtd ?#H%‘ boutfdar y
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nei ghboring pixels; whereby if any neighboring pixel for a selected pixel

is a backgrtiHablpibesuctionselos gpderteige apprredss icemptisisg dblaédng ajvumy anggpokel .

[0015] In qpet ' st he. operation, of..transform ng
t he identyfiegagggn gﬁ%q%?%éﬁgA%g565%%%§g$§L€§%6 P€%§”r5ﬁﬁgﬁ?W%§ ngp?ng a
boundary pix@$ odstha cohilr sbjepe) Rtnsfetnoiagi he ideife! bhoiNg pwelY hiOFLdHS,

first poi ntli p?aia pEeset ménber of pixels as a second point; wherein the
first poi rflHiHNE d80ABEIED PRTWEBriHOaad3Ge8t VeRieB orVeraging ahyesst mymber pf el
bei ng away;fFLMiNe SE65Q0 ' I [ a third
poi nt, v\/nerléeg theéjt hi rgl(e’pgiie%{t?1I ?&ser%ga%g t r%ge?}ﬁgfgmlﬁnﬁ% (rP\ﬁee ?‘l’%@teap%l%’ylnet wEtEaan t he
second poipagset tinesheldrvalieeto idestindlegei adeypmdr Haildsdilpaiicis frothmimags clomeby

vector, there |1 vectors alo t he boundary pixels for each of the
boundary 6?@(05%‘%g‘l"é“@‘ﬁﬁé@%éﬁ“{’lg{&%’]ﬂe&op her” enbodi ment of the present
i nventi on [grrayi des an SNSth@MerBdimbH Rk ¥ishath, ttltéeoﬂeg%tl\éf}%f%enﬁ%qﬁ bAGRYRL !

and Aedes al bopictus in a sanple. One errbodi nent he syst'enmi conpri'ses a
conput er - PEEHaBPEPIHSdi dbasking ifory cewpmikera 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.

[0015] In another embodiment of the system, 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.

[0016] Another embodiment of the present invention provides a system for
identifying the larvae of Adedes 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



executabl e instructions for performng a process conprising obtaining an
image containing 5 the | arvae of Aedes aegypti and/or Aedes al bopi ctus;
wherein the inmage is converted into a grayscale image if necessary,
converting the grayscale image into a binary image with a preset nunber of
threshol ds, elimnating background noi se? elimnati ng irregularly shaped
objects to obtain remaining objects, identifying boundary pixels of the
remai ni ng & lecas OfAW@wgmfmnd@rtAﬁfdea adéopivhi;edhdaunitaimyagpiix edrsreitat mto a

vectors, c tin e an two adjacent vectors,. averaging a
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t he di stance of each boundary pixel tfromthe center, 1dentli ng peaks in
t he boundaP$'7pi xel s lustnnghesl ¢mbdﬁietndlts®htir¢esystem, mblopetatuwnb«zﬁmhimrryatlpg xied s of

t he obj ect a ects i.f .their, nunber
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aegypti and Aedes aI bop| ctus in a sa enbodi nent of the system
conpri ses PAFSiGRgsdapgnbers my pisels) and en@‘h@%ﬁamﬁté@gmn pelgg doundary pixels

el ectroni %héléf%@@h'?ﬂxﬁ%d%&é I@e i mage acquiring nodule, having a
Iu

conput er - r eadabl nprising a storage nmedi um for storing input,

i nt er medi d6®8hnd outIpuinod&t amtadimert ndfethd eg seaipbé epexies Usfablifinating the
i nstructions | nterface electronically coupled wth the
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from 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 eliminating the objects if their number of peaks is
outside of the preset threshold values.
[0019] Another embodiment of the present invention provides a system for
identifying the larvae of Adedes aegypti and Aedes albopictus in a sample. One
embodiment of the system comprises 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 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 m croprocessor; wherein the enbedded conputer-executable instructions
performthe process conprising obtaining a binary inage of conb objects of
the | arvae of Aedes aegypti or Aedes al bopictus, identifying boundary

pi xel s of the conb objects, transformng 6 the identified boundary pixels
into vectors, calculating the angl es bet&een two adjacent vectors,
averagi ng a preset nunber of the biggest angles to provide an averaged
angl e, andthecidem#iet @uhitgy piesiages vangte ciichintife Mcealest buesMoe ¥Bhddgt t o
identify Aedes aegypti or Aedes al bopictus in the inmage, thereby reporting
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conpri ses dedds whgeicacquilre inggembertiey reponing rtiapreogess tic uwypdefl the systen.
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converted into a grayscale i malge. if necessary, convertin the grayscal e
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backgr oun i el im i i rrequl arl haped.obj egts to obtajn
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t r ansf or mithg ntitrepiodesadi, fiteeeih abneiabyddepicsgipater Rk uydtd BGuctivab petfain g t he
angl es between two adj acent vectors, averaging a preset nunber of the

bi ggest arfyP¥Ess RHEIEA BN 12H 1HBERFM i ElevaRe Hedes eyl oand/ el edes
(ORA),  obtapd;igs; JhaRM QB@? ol LS Limge loni ng
a nmedi an of d?dtlhe medi anﬁBCRlAs gsféogl@{i&%Gﬁlgkofﬁg%ggﬁé%@rgg? %elgech%g%f C?‘ﬁg}tg{tgeset
nunber of théeesknaledisndgorintoco hingrst imaget Wigh grpaysc al@bemal)tseshalds] aimmipatinigng

t he nedi an_of the nedian. QRAs wi.t h reset threshold value to identify
Aedes acgyBieaHaaRES dimtiagtes decalebhaiins qebiedh e aiAn repainiiengoets
resul ts tQddnfigyits Bburbryt fiQels b8 HRPemalelbbidtte t%kf%%ingecﬁe andiadysniagss of
the invention will becorme apparent from the followng detailed description
of pref er PElEivOdCinEncslculating dfe dngles baiverhiten adiatinttvheorsaacuagiagy preget
draw ngs. 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.

[0021] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.

Brief Description of the Drawings



Brief Description of the Drawings 7 [0022] Preferred enbodi nents according
to the present invention wll now be described with reference to the
Figures, in which |ike reference nunerals denote |like elenents. [0023] FIG
1 shows one exenplary inmage of |ower part of the abdonen region of the

| arvae of (a) Aedes aegypti and (b) Aedeg al bopictus with the conb objects
being magnified. [0024] FIG 2 shows a flowhart of the automatic process
for identi{doedti on oPrefdrecd bmbudiencofs fededngpegyipt raasid Aecenalviibpioat bs i n
accordance W t. ne,enhodi nent of _t he resent invention. [0025] FIG. 3
shows a gr gfﬁggg"fcg“?%gege%‘f‘cet e theaF ighress BlA@’ K8 e slerenrs NWRER sadenotey Be

scal e. [00&BhefikG 4 shows a binary image converted fromthe i mage shown in
FIG 3 under one threshold value. [0027] FIG5 shows a color inverted i mge
of the i muf82¥hown i K G Ghaws P 28ImFuE iGlaghofl var Ipart logtiuatdiomen region of

noi se-elim i of, the i o) in FIGS5. [0029 | G. 7, shows the
di st ance g}fgghﬁggﬁg?@?%dﬁe?ﬁéga agﬁe@zél\r%?@r albapigiys ?’Tﬂ%ﬁ}f 8ngcﬂ%ﬁ’8§r OFIBE xel

72. [0030] mkgfei8d.shows the conb object of Aedes aegypti and its shape

si gnature. &?031] FIG 9 shows the conb object of Aedes al bopictus and its
shape si gn@ftfle. [ 00%2E shres aolasvrbag odnhexenphte processdguidentificasioamddhe

obj ect and,i i re. 3], FLG 11 shows.an irr larly .shaped
obj ects-r er?o\{/agéﬁih%ggsea%"g {?%égf%ﬁ%[e%gsm%% T RFEE Wftgdglﬁ]er@%élr&?tsoﬁzg\% t he
shar p edgemesht inlventanb obj ects of the Aedes aegypti and al bopictus

| ar vae. [O(B% FI G 11~3I ii nillustration show ng the cal cul ation of the
angl e of 4 ndary TS XSMOVH 2 FasFaaimaganwt e diaa ofidsdene/horists td pPesent

i nvention.2{50036] FI G 14 shows a functional block diagramof the systemin
accordance wth

[0026] FIG 4 shows a binary image converted from the image shown in FIG 3
under one threshold value.

[0027] FIG 5 shows a color inverted image of the image shown in FIG 4.

[0028] FIG 6 shows a background noise-eliminated image of the image shown in
FIG S.

[0029] FIG 7 shows the distance 74 and angle 73 between the center point 71 and a
boundary pixel 72.

[0030] FIG 8 shows the comb object of Aedes aegypti and its shape signature.
[0031] FIG 9 shows the comb object of Aedes 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.



one enbodi ment of the present invention. 8 Detailed Description of the
I nvention [0037] The present invention may be understood nore readily by
reference to the follow ng detailed description of certain enbodi nents of
the invention. [0038] Throughout this application, where publications are
referenced, the disclosures of these puBlications are hereby incorporated
by reference, in their entireties, into this application in order to nore
fully describe the state of pridilddDdRFphoh OF the MVERGIPN pertains. [0039]
The present invention provides a process for automatic identification of
the I|arvae of Aedes aegypti and Aedes al bopictus. In principle, the
automatic | tificaty akes t he advant ages t he.distinctive
conb objecpgggresent%P%BFﬁgﬁﬁggéggﬁ8szgﬁg§m“%56§%9|Igﬁﬁgﬁgﬁgéa%Tﬁéﬁﬁ% us.
Briefly, theloautgdmiiled desteiptioh iof adriadNeRb&i @86t ©OHRIhE@Sonacqui ring the
images in which the |arvae of Aedes aegypti_ and Aedes al bopi ctus m ght be
present, el%Inati ng! HREEUGUHE rpPEeatoRd Whete girblidajiossh Ak dredBseet:s the om
t he i magesy; i i | . )
dis@PShreCH @B WGt A€ alré’lﬁ%/fgﬁ‘y f@gg&g@?& g& &Qf%\reegg% 1g ﬁ%e(ul'g@retles,

thereby identifying the Tarvae of Aedes opI ct us.

[ 0040] FI Grio ghoapplioateonenemdrao yndrefigly ddsciliioanvhe spa¢ bf af td whichbideimrenti@gi on
of the larvae of (a) Aedes aegypti and (b) Aedes al bopictus with the conb
obj ect s bef lnsmagni fied. The inventors of the present invention discovered

that the djogsginct i verghgast Hventidiep®oiibs 8 '&%Essfo?_fa‘ét%ﬁ{&;ic hdenlifgadoRrofd of
Aedes aegypti and Aedes al bopictus could b exploited tor their automatic
i denti fi calerea.of [4ygas ety andfdadei nipopisrus| Gn2prindigle.ethe qupmmticddehtidication

fl owchart qnat | raocess for. identification of the |arv of
nedes. acqyiiereoa it o8 dfsa o SRRt ESPh hise NP Citehe R e o
the presendegypand iQiles BIlopfdas. BiRAY! R AUSQBRS iiGentifidRMnl plob@ki Rmmpkacess
starts 10 by acqujring and convert |¥ necessary inmages to grayscale image
20, then SEHYUALh Ba3gsk dn PdichcBalasras elyledse agnwyisansl Aedenalfericiuamaight be

bl ack/ whi t ' AV t e scal.e i i.nt O
bi nary i rralggssghg?}ht %"“g? gg%igi?ﬁlrd er{sbﬁ%l a%ﬁ@%igé,&l%gg ?noa rg}%5 g%f%ﬁgﬁgrfl%) |g1% %?1 s b
backgr ouncahalasieg fireolarvab echesearayion anges (1504 ); plesréor Mentéflyingithatdrer dfdedes

i rregul arléy sha%ed opjects fromthe binary inmages 60, then repeat the
oper at i on<eP 68\ {%R5 @ReFciuscrement to the threshold if the threshold is

I ess than [bdug) FIG 1 shows one exemplary image of lower part of the abdomen region of
the larvae of (a) Aedes aegypti and (b) Aedes albopictus with the comb objects being
magnified. The inventors of the present invention discovered that the distinctive shapes of
the comb objects present in the larvae of dedes aegypti and Aedes albopictus could be
exploited for their automatic identification.

[0041] Now referring to FIG 2, there is provided a flowchart of the automatic
process for identification of the larvae of Aedes aegypti and Aedes albopictus in
accordance with one embodiment of the present invention. 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



maxi mum val ue of the preset threshold 70, then performidentification of
larva 80 if the 9 threshold used for filtering is larger than the maxi num
val ue; and the process ends when the identification is acconplished 90.
[0042] Now a nore detailed description is provided for the operations of
the automatic identification process. [0043] The acquisition of inmages 20
can be achieved by any conventional inmage acquisition devices. The

acqui red i raghsldaised goefirsraly ¥ |sber @eh 1 BEBUREthlugr88Mhe Hlob&k enfiowmat -
The exenpl ary . images of the |l ower end of the abdonmen region of the Aedes

aegypti anbCafHGHcetassts pagomlishedd0hown in FIG 1. Then, the input |arva
i mages arepgggnverteg sgal.e. i ; the nver si o

accordi ng Eo&\?he convgﬁ??%ﬁgﬁé &ég%gﬁdeg?sg?gt’rmneisa qulg(yeg-%éggescoiggggﬁé?gh%hom
a grayscal sutpmamgeidoftifidagioh arocassof Aedes al bopictus with a 0-255 scal e.

[0044] The_setting of threshold values 30 for converting the grayscale

i mges i nt (9823& nary {-}Pﬁa@‘iﬂéll%%‘?? Bél%é@ﬁi%@&ee%@b@wm@ay cgnventionad 1¥a8%| bl e
to set a sjdyelsRidhieegle! gn for [ h r c

i mges to bc?lnasri/ i mages. Hg\\fég({l}g%d I?lr%g%sir%ﬁ? péo}i’{l%lﬁ hsg&\e/(ggr?gp?o gcg’igﬁé/ezlégiﬁlig)ri ng
t he i magesiormaisel hesxeanplaty audust dfvubd lieger (andgof, the rabdorferD SregmnOofbthe 4ades

Oper at 1 on SO SHT PRTRRE Sk arey vyt T, (1 Ly 5 BaN P ageiaes e

bi nari zed ¢usivarged tb%}r_&ﬁc@l% Nelagesy Ali@nvBisRY G8he ddne taB& ik US t8f céhvBhirghl i n a
grayscal e image is higher than the threshold, it is given a value of 255,

el se it iscaichelr sxymplged-895 ocalerh&1Ginstropvsi angtpyseald imagsnefatha layatefotsidect s

fromthe | rp i se, and other objects. FIG 4 shows a binary
i mge con@éytgépgﬁg%(fgg?c%ge shown in FIG 3 under one threshol d val ue.

[0045] Befovsa f ur t herThepettiagiodfigesHoleyAdiddB0yrol BRGertHRNhdEraditaletifalebyinto
inverted its color, i.e., 0 - 255 and 255 - 0. The inversion wll| be
advant ageJURTHWABAZS SARi Reedetgrgrinerhexperigreatidiin loveposaiblsl Wctet Badige dustholthen
the Matl ah gRf W€l Llte QP& S ' 1Lk h
whi te obj egts andebngﬁggggﬁogfggﬁgsﬁ%nﬁ%ﬁg%%g 10032%5 %Igr}\{&g?ét@%q?gr%% of
t he i mage tbhwawmtions Fl @qirife0hé 6haddsea paidsafnarsoldlalats @ gafromr).af to 0.5)

background noi se 50 conpri.ses fjlling up of holes in the jmage by dilation
oper ati on aé%Hregeé?tﬁ%ﬁ‘Fﬁ '@P'ﬁéﬁedhe Bprérdiiodiad ms stiishirages. ‘é’rq‘ge PBABYPRE! t he

obj ect's Wichbhved§i®@thinhf ina@8S 40 thd 8fag&lald ilRe N GHSL R TsREAnd HFP&bR! HMiue
provided; if the value of a pixel in a grayscale image is higher than the threshold, it is given
a value of 255, else it is given a value of 0. The binary image will contain comb objects
from the larva, background noise, and other objects. FIG 4 shows a binary image
converted from the image shown in FIG 3 under one threshold value.
[0045] Before further operations, the binary image can be optionally inverted its
color, i.e., 0 — 255 and 255 — 0. The inversion will be advantageous when a white
boundary is shown over a black background when the Matlab software is used because it
can only operates on images with white objects and black background. FIG 5 shows a
color inverted image of the image shown in FIG 4.
[0046] The performance of elimination of background noise 50 comprises filling up
of holes in the 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



pi xel s and those objects that contain i mage boundary pixels considered as
boundary object. The size-based elimnation renoves the objects that are
too small or too big. The thresholds for the judgnent can be determ ned
experinentally. For exanple, in the 10 exanples below, objects with area
| ess than 1310 pixels and objects with afa nore than 2831 pixels are
elimnated. For the objects that have areas between 1310 and 2831 pi xel s,
t hey under ggansplepbelbaseeah iw'rihna&ed fers dfani 131 @ gittedy dnd S:fjamqutﬁb'r@%&e than

di sc ed et aj | ere 0 ]G 6, s a backgroun
nlo;ssgSZI i mlzg3 1?%1561]1! Mii: ) %”‘?ﬁlat?ﬂ %Qgﬁﬁﬁmt%Ve fjcEs Betwff@btllsﬂ]o apR 8PP mance
of el i mi nathepnumrgor g@g&baiedseﬁﬂﬁﬁl&bbﬁ%e%u@%g{e@ 498 ctssch%gsegaﬁe&]etall

elimnation of objects fromthe i mages. The s ased elimnation first
i denti fi eshemia bdumdal§ Gihesiss ickgmund objsectimirewai miagg of thet inege shgen iFor
every pixef df}]g each object, if any of the neighboring pixels (e.g., 4
near est neil ghbors is used here) is a background pixel, the pixel is

consi der edjoastioundar Yhe px@brmahbie bf enﬂaaqaﬁeﬂt&rlrr@gul&hﬁmgéu B6jkcts i69 Comhiisbat ed
fromthe baqund pi xel s, In_one enbodi ment, thé center of the object is

cal cul at edsféﬁﬁgﬁﬁﬁr%mlaatt%ﬁ ePirgiliegn él@ﬁmnag@ﬁ (TLbe sl{agc}h@s]edthm@mt st of
obj ect = ﬂd’eﬁthfﬁe%)the @P%&gp?%klsvm%r & 9 ob ct re{né'xsr)mg rb%\gdina&%r 'ﬁg@é er\? I i<xee

X and are the pixe 1 ons COOI’ |na IXG

al ong t he d:mhmdbmcy if ameoﬂmtmmoaﬂgi phRl @.4.) Pieide eaitbers is k&l ﬁ@rbml ated
and storedb % E@? noted that, the cent er of the object can_be
cal cul at ed’¥ gm%@p‘(’ﬁ © XM Comstdsrrdsa bendary @ﬁ‘%iwsﬂﬂﬁﬁ’etfm @?@h@%th?&bﬁ’ﬁﬁ

angl e 73 bigtwRaMtddNBoHEME Houn P g XeYsl fdn F}?lgﬁﬁﬁqgeé% ntgé X&lter’ 6 h[eOO? iAfer

getting all the distances and an for a ary pi xe S t he
obj ect, th@lq@@é%aqcardmgewbhmfmdﬂawwgmcpueﬂlm @h: the object are then identified.
In one gp Lment the peaks are identified by sinply conparing the

di st ance ohe selected boundary NI xel mthe center with that of a

preset nunber of |tcserﬂerg)yfbdyeag ¢ S: ) exg |l e, for a chosen

boundary p| er its distance is usednto coenpare wth that of the
[0049] where n is the number of boundary pixels, and x and y are the pixel

positions (coordinates).

[0050] For every pixel along the boundary, the distance and angle from the center
are calculated and stored. It is to be noted that the center of the object can be calculated by
any other known methods. FIG 7 shows the distance 74 and angle 73 between the center
point 71 and a boundary pixel 72.

[0051] After getting all the distances and angles for all the boundary pixels of the
object, the peaks in the boundary pixels of the object are then identified. In one
embodiment, the peaks are identified 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.



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
pi xel is considered as a peak. The operation is repeated for all the

pi xel s in the boundary to find other peaks. The identified peaks can be
plotted to show the shape signatures of the objects. FIG 8 9 and 10 show
the conb object of Aedes aegypti and its shape signhature, the conb object

of Aedes goseipi ct us &Hﬁniall$f$ﬂf@mk§bﬂﬂﬁébjécﬂha@é_"'&:eﬁﬁdc@%ﬁ@&'tﬁégeaiké hRgubarly
shaped object and its shape signature, respectively. 11 [0052] When all
of the peakd 'gROVnspkely Haved Bhisetsi dEhephalédor fusgingewketherr en @oiegt is an

renove irr i . J.udai ) . . | ect
STans i 11 oot YnTARGE ARG RAEE A Sl b b G R
obj ect s r emrageedter thet dheinativage tatkgouideoiel. i I priatip objkecth adthgnomntampius e.

I n principle, obj ECt% W L h re than four peaks or |less than 2 peaks can
be removedP® visrs thay %rpo‘?@ § C&1 bepisavati oHeWeYse it Rrastissd| appHetionpdhgeaks

of renovabligepbidet éhe%ﬁkstlﬁ rSBbyadi Ects & &%gt ﬁgpegd e em&girggﬂt,sobjg\étg h
an 2 péa

nore than Q_Beaks and objects with [eéss t s are consl dered~as
i rregul ar Webjmetestham@ peakpwed.objc@ WwithdbswhamB paakegrd eorsidesddagettregular

obj ects-re d_i e of t i e shown in FIG 6. [0053] Then, th

Cht eshol o B¢ ehd R @it LiTRGE %léreévlaﬂgéiﬁpégi ETRGOETRSES Grfige i s
conpar ed Winidgetshewp (€8BS 6.maxi mum t hreshol d value 70. |If the threshold used
is less than the preset maxi num val ue, another increnented threshold val ue

is then self®Med anbhathéeghisskald usehioathe donstsidn of thegiayseale imagstiolbéhaval ue

is reache l; | €C t re stored,in the AN used in
Lhe £ ooy dmieis bfipR0) GREARE Do, ALRRRESIECROR, IR TR MrtshpREyaRE o
aegypti | dessah8O thesprpet hoximdnasife) hh @M indemeht8d RSOV daltidr @t theh gele@sD

object in atdlge Aedes aegypti |arva has four sharg’éedges at the top, bottom
and the sididdhoRErESTePIEed gt agppampn thrasheld xalieds raplssh cAlishg elics Has

only 2 Shaé RoREARIhAhehBE LORARTY BORE I ALEAAZ SIS ddiC sharp edges of

the conb objects o es aegypti an opi c arvae. [0055] The
boundary [P6&dl s of tHe idbjtdchticant the Aelansdgpprinbadva 80 & peefimed aofollowsi flor m

the " pr esdniPRRAETGhe BEROVEF Gl bhde i HEKHHGRES Teodn Shebddes Highe op
?Ih;I e: ﬁgt :%Ft?%&sggﬁpghe;%rtgg&gﬁ?:%?& ls?ﬁ’l%echlé(?es dibopicud rPE naPBAGC at ed
sharp edges at the top and bottom. FIG 12 shows the sharp edges of the comb objects of
the Aedes aegypti and albopictus larvae.
[0055] The boundary pixels of the object can be transformed into vectors of
uniform length. By measuring the angles between adjacent vectors, the inventors of the
present invention discovered that the angles could be used to differentiate dedes aegypti
from Aedes albopictus. It is to be appreciated that the uniformed vectors are advantageous
in for example saving the computational power; however the length of the two vectors may
be varied so long as the angles from the two vectors are suitable for operation of the
present invention. It is preferably that the length is about from 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



in for exanple saving the conputational power; however the length of the
two vectors may be varied so long as the angles fromthe two vectors are
suitable for operation of the present invention. It is preferably that the
| ength is about from3 to 8 pixels. As shown in FIG 13, there is provided
an illustration show ng the cal culation 1 the angle of a boundary pixel

i n accordance with one enbodi nent of the present invention. To find the

angl es al gnglst mybguﬂ@@reyb&in&&lysm@ 1R %8onliSpdi@N AR SRARENaIf BRMdches
boundary pixels, called the first point. Next fromthe first point, a

second poi AONE §hec‘l?i6§@@1fqmﬁ<&h0ﬁ tge ppymlapy Rkl @Wateél dihen, tthﬁeartgmri@éwgﬁm% t he
cl ockw se C is formed using these 2 points. The
second vec'?ég%&%{/ rs_g% T Clu §ed asrlgn%)r?/\%y by finding the third point which is

5 12 pi xe[ess@wnay al bngnd Iambbmumd@rm bilc0#8t tangles ERN @adlObhibet 4B dvBiagedr@nner,
all the vectors |l ong the outline for each of the boundary pixels are
created. THERFSHIH eahkjFTes lbﬁ‘eti‘o%@? gleaiyj cableh thoselied repraseatagian @nglat @& “and
stored. [OPRG] thd nQAGNEY RA%&J 29%8kcRAN4! £ mHeOlm g? 88&L%ﬁt Ale
averaged to represent t ect € average an e I's C € object
repr esent aduscussain@oeye,( tﬁﬁA)ant tﬁEbﬁm d vileesrmdi @ed \nalbuan@ifngahd: irfkjAS; fho ea¢H

v cshol o Gareaed afs GEdtem R 8ihd Do cenes imiise aetdm%f?&vniaae%évf%aﬁpﬁ 1 d

val ue (eg, AfteOiRe CadPant ORAs 87 alpﬁfé%fe%% i@ni (1R aéeggE B? Bff?éréht%l@f\éﬁfo?d
objects. After the nmedi an ORAs all the object |na he 1 mages

gener at ed ‘{ﬁ}u%l freelound, tharmedian d/aluvad)ﬁjés meélaﬁo(aﬁd,s it Mlqmba@hdarandaﬂha@ tef the

medi an ORAs ul at n . resulta al.ue of . the
medi an O?Assélganﬁgg laflgraﬁe(%ﬂ}l’?‘? %E}P}}%S 1ﬁ'l’f§edt¢‘? &@HBF%"%\? Jée ﬂ?rS?’h‘)[ h¥¥edi an
of the nedianhORRgiahnfdhé hefdemnt ORWsNE diltBreBaias BleboRUES MB0HPAs AR R des
aegypti can be experinmentally determned. In the conditions used by the

i nvent or s WEYAhEAN Py eseRmenipiE seieomineghdntthe ewiidtianswatdiby ﬂ@rmtfﬁéorﬁ@(ﬁlt@‘l of
t he medi a r ees hus lf he
e N S S R gy S e

al bopi ct usat 187 Hegmssémushf&sn&ﬁ@ﬁ&tfihe&decﬁ&n ARdesSs as8gihahil37 B@g}’égs], th'EI‘lerv@ﬁsesent
i nvention z?é g Rrow es a systemfor automatic identification of the

| arvae of ¢ iV bORE e GRSTESH B b elasriliedmsders «asBME a f uncti onal
bl ock di ag4 Of t Mg eSH SR Eh ]t_%g%@sro Bgﬁeé’\’h% t&H%F&UP&%{Eﬁﬂémﬁfca&&?o
present i nven ion. The ' system i ses | mage acqui si tion nodul e
110 for adhﬁularwm of neges aedypti hend| Aedeaezlbo;acm crEip} déeshoos 4l Bfhctional block
el ect roni Gl 48] £ L DS BSSUIETHL 0TI 9, £S5 V1A

system 100 comprises an image acquisition module 110 for acquiring images of the larvae,
a microprocessor 120 electronically coupled with the acquisition module for receiving and
storing the acquired images, and a user interface 130 electronically coupled with the
microprocessor for a user to input instructions and view the results. The microprocessor
comprises a storage medium 121 and embedded computer executable programs 122
embedded therein for performing the process of the present invention.

[0058] The following examples are provided for the sole purpose of illustration; it
is by no means intended to limit the scope of the present invention.

[0059] Examples

[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



storing the acquired i mages, and a user interface 130 electronically
coupled with the mcroprocessor for a user to input instructions and view
the results. The m croprocessor conprises a storage medium 121 and
enbedded conput er executable progranms 122 enbedded therein for performng
the process of the present invention. [0358] The follow ng exanples are
provi ded for the sole purpose of illustration; it 1is by no neans intended
to linmt tfwesgcope oUsﬁq%eeh@ﬂ@é%td (@Rt ion de@@Qs'S%a apph es ﬁl@&@@]of'ﬂﬁ@

al gorithm above was used to cal cul ate the nmedian of the median ORAs for
the 10 AedB¥digsdyiphs grq&ﬁg@sana@ropqygl Mehﬁésdegm@@mem dlessifisigassdedeo gepriRensl t s
13 [0062]; t i e di an
of the Jﬁ%?%?ﬁn 165%% %{? %{%Q%‘rsmﬁ gfdesf p ¢ Zasr e’ie@gvéers \e%‘%)f élslgﬁﬁ?%d as
Aedes aegyp/bte, clamfledl H@g@ﬁlyl ®hise tlbaéuﬂcﬁ?lliegti@ealbapzen@l1&&@&9‘ weet alssshiees

al bopi ct us. Aedes aegypti imges were classifi ed correctly while 10
out of 13 %Eﬁf‘égyalTB%fﬁs‘éltt%e F%@é@z%@eheéelébﬁylﬂlT@He correctly. The results

are summar jg her ei o] n or the
Aedes al bo%olégc%?us andFr,gl\glgelsE\'{aRéAgg/e%-]ti:P)J @H%leejéga%gﬁ {%)E %%Sean&ﬁf @KW@A% bo AN
Al bo Al bo Albol0 Al boll A bol2 Albol3 2 3456 7 8 9 114.8 136.5 128.0

132,0 121 AbdlQaubd 14860 0 ALA 6. Aool4AbE |8Foo0| ABO.| Albd42AILIOL Aol Aegbol2 AegRBolAeQ3
Aeg4 Aegb| Aegh 2Aeqg’s Aeg8 Aeg9 Aeg | |0 189.0|345.5 1674 137.0 137,3 162.0
155. 0 144 848493360 138 3132000041 | Wail | |estoneripo esant | gsovention has beenls
descri bed—wth—reflerence -t ng_rf icullar =Y linen S, it willl be understood
that the epbodinents-are jllustrative and that the. _jnvention scope s Not

so |inited\ Al tefHat i yAenbodisent|dBf t|Hspr elstsit | hdveht | pAeeti | [ Athbcome

appar ent [t@yf hosgshavi g or difgry [Skisl T [ e @rg t o cNig e piRsent
i nventio pertains  BSuch aliternatle enbddi nentis are considered to be

encorrpassed withinthe spirit and scope of the present invention.
Accor di ngl[9984] he sco\iv[hﬂ@thetmesept asention Imsertn described dithaefebande by partieular

appended Celmagolzlﬂ;meanr‘c]sgi 1|t Sw1ﬁu‘t?£ un eergtoo tltxar%ethzz %rm%%glmc%tsdgrseclrlfusgrellt?v% an 4that I VS

invention scope is not so limited. Alternative embodiments of the present invention will

become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.



What is clainmed is: 1. A conputerized process for automatic identification
of the larvae of Aedes aegypti and Aedes al bopictus fromthe i mages that
may contain the | arvae of Aedes aegypti and/or ' Aedes al bopictus,
conprising: obtaining a binary image of conb objects of the |arvae of Aedes
aegypti or Aedes al bopictus; identifying boundary pixels of the conb
objects; transformng the identified boundary pixels into vectors;
cal cul ating the angles between two adjacgnjsvectors; averaging a preset
nunber of the biggest angles to provide an averaged angle; and conparing
t he averaged angle with a preset threshold value to identify Aedes aegypti
or Aedes akfopicliMsclif.the image; thereby reporting the results to the user
of the conputerizeglprécess. 2. The conputerized process of claim1,
wherein the operation of identifying boundary pixels anprQ;es:bchggklng
for ever i xel a preset nunber of the neighboring pixels; ereby if any
nei ghboriyn - pi x8 CO%B’P@Z%P@@?%&%W@WP% lcgnbﬁwgmfﬁhs [srves|of 4eres C@égféb]t ed
i xel is baker ot TeTal-TAVAN oY , L 98ESH aRi/oc! @l m
2, mherein&?ﬂghggg?gfﬁgﬁ of ?%%hs o?EP%gMYﬁgﬁaﬁﬁggﬁ%ﬁ%ééﬁgggngéﬁé Slxg S

i nt o vect odedes alprictescompniion] y sel ecting a boundary pixel as a flrstnb

oi nt; choosin pi xel being away fromthe first poinf in a preset nunber
gf pi xel s as agO@@B@ﬁcF B‘BFrﬁt‘?na\%ﬁé’ éP‘i‘i‘gtor]?éecfsi ‘?fls e ke Oé\‘ﬁﬁﬁeéélé@fﬁﬂ 06946 £ form
a first vegbgpicrugnd choosing a pixel being away fromthe second point in a
preset nunber of bixels as a third point, where the third point is farther
away from the fiderfifyipgibenndananixeheof decond goeats;; anarei n the s;acond EOI nt
and third point a second.vector; 15. thereby all vectors along the
boundary pre|s”%%&’%%%ﬂﬁ%FgPﬂéaﬁgﬂﬁH%?yffé&Eﬁ%v%%g& generated. 4. A
conputeri zed prad@sing e AigleamBiv@nitdealjatdtatdioR; of the larvae of Aedes

aegypti and Aedes al bopictus fromthe inmages that may contain the |arvae
of Aedes aegyptd'eEHIEGYPreset number of the biggest angles to provide an averaged angle; and

comparing the averaged angle with a preset threshold value to identify Aedes
aegypti or Aedes albopictus in the image;

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

2. The computerized process of claim 1, 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.

3. The computerized process of claim 1, 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;



Aedes al bopi ctus, conprising: obtaining an i mage containing the |arvae of
Aedes aegypti and/or Aedes al bopictus; wherein the inage is converted into
a grayscale image if necessary; converting the grayscale inage into a
binary image with a preset nunber of thresholds; elimnating background
noi se; elimnating irregularly shaped oljb5ects to obtain remaining objects;
identifying boundary pixels of the renmaining objects; transformng the

identified bounglafeyy Riixekfrd Alofg VBEbOIRlary Hidd1§ YbaddcAB e ban@h&Spikat ween
two adj acent vectors; averagi ng a preset nunber of the biggest angles of

one obj ect 246k ai n an Obj ect Representation Angle (ORA); obtaining a
medi an ORA for all objects in a single imge; obtaining a nedian of the
medi an ORAs for all the imges generated under the preset nunber of

threshol ds4.f or &coreuiering! ploeegrfay s@ametid MRGERGatiaN df ERMpALE B ALME dagdirian of
t he nedi an %RAS mﬁ}h a preset threshold value to ident;&y Aedes aegypti or
Aedes al boBitclqges rhhopinesifipay dhe impgpe bt mapsprtpinghe avacexfudadss ¢egvphaidider of

the conput g4.2 86 oPI-ALSSHnpriing! N€ conput eri zed process of claim4, wherein
t he operation of ellnlnatlnggﬁhe background noi se conprises: filling up of

hol es in the i nigeniby adiimagé oomtaipmpahé binvae o efetier adgngyi endisi drdeopibopiciuon;
and renoving abjects wi.th area, either IaLeger or. l ess than predeterm ned

nunber s ofwgeﬁ?lQélilesln};?lga i§ FREVEBT LIS ERYECAEIATES H eRE§®Yboundar y pi xel s

consi dered as houidany B0 #SfscaldGmaBe ileCa Ryt Bidog editPr06R3s Ambdrabm 4,
wherein the operation of eli'mnating the |rregula§Iy shaped objects

conpri ses:thicgends; f yi ng t he boundary pixels of each object; calculating the

center of the beund r&boi xel s:, cal culating the distance of each boundary

pi xel from the COHPRIE PRAPTHY NS peaks in the boundary pixels using al

the di stances feﬁhli@dtﬂﬁlgﬁﬂ@g&&l%”%b&d objects to obtain remaining objects;

identifying boundary pixels of the remaining objects;

transforming the identified boundary pixels into vectors;

calculating the angles between two adjacent vectors;

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 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.



pi xel s of the object; and elimnating the objects if their nunber of peaks
is outside of the preset threshold values. 7. The conputerized process of
claim6, wherein the operation of identifying the boundary pixels of each
obj ect conprises: checking for every pixel a preset nunber of the

nei ghbori ng pi xels; whereby if any neidlBboring pixel for a selected pixel
is a background pixel, the selected pixel is considered a boundary pixel.

8. The conput er TE€QoRhOCES& BlocdsalMifim Wheseldh e opRefidt bPRIiRinating the
identifying peaks in the boundary pixels conprises: conparing the distance

of one sel Begelirlyshengdopiesiscempfisesm t he center with that of a preset
nunmber of its nei.gk i i xels:. ereby | f the distances of its
SRR EET R T s

nei ghbori ng pi x sha r, pixel is considered as a

peak. 9. The coegititl&irigzBelcM@CESE WhungdrdipiRets; wWherein the operation of
identifying boundary pixels of the remai ning objects conprises: checking
for every pixel c@cystiigdhe disiepesofsrch heundaiygnkd fionythsiogeles: whereby i f any
nei ghboring pi xghk,¢ @/, 4 ixel . . o) i cted
pi xel is consi%%?égrgﬁggﬁ%ﬁgéig%?§e ﬁ”%%?&?ﬁg&ggﬁﬁﬂgg?ﬁéé' %&%%ggéﬁ%

cl ai m 4, whseleohtitehdjeopendti on of transforning the identified boundary

pi xel s into vectors conprises; randomy selecting a boundary pixel as a
first point; 17°RREHS %J%f&léﬁh%pwab%{v%fweﬁ%m QUEds of &t %@ehfhr?%%l
preset nunpggesof pixels as a second point; wherein the first point and
second point forma first vector; and choosing a pixel being away fromthe
second point in a preset nunber of pixels as a third point, where the

third poi is farther away fromthe first point than the secon oi nt ;
wher ei n tﬂfe‘ secf)}%ledc%]i’%?rlzaeﬁdprf’ﬁ%? d’l%p%?lm %f SE’ﬁﬁe&l é@cBﬂﬁa{;‘é‘bt‘)gﬁ‘%ﬂgﬁg’P%@ﬁf al |
vectors altngdirheiRestdacyobdtebmplifds: each of the boundary pixels are
generated. 11. A systemfor identifying the | arvae of Aedes aegypti and
Aedes al bopi ct wheeking 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.

8. The computerized process of claim 6, 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.

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;



sanpl e, conprising: a conputer-readabl e nmedi um havi ng conput er - execut abl e
instructions for performng a process conprising: obtaining a binary imge
of conb objects of the | arvae of Aedes aegypti or Aedes al bopi ctus;

i dentifying boundary pixels of the conb objects; transform ng the
identified boundary pixels into vectors;17 cal cul ati ng the angl es between
two adjacent vectors; averaging a preset nunber of the biggest angles to

provide an aver agﬁémgm%&el @mg aWBMR8M theY fm%oﬁl\f% agedeanghier W bikes Rreset
threshold value to identify Aedes aegypti or Aedes al bopictus in the

i mage; t hefeByd paipmtiersn th@é'lrﬁte@mttagd ﬁ@onﬁeomEM@fﬁmh@cwmném 12. The
system of clai n%(}go%sm%\’gﬁ)rﬁall Beﬁqlgq%wggﬁxrom h%@ecoqu:ggﬁg'gr{; rfes%?rr_lle ner o ﬁ%xe% ggel S

conprises: chec ever rése ei ghbor

pi xel s; wheieyirtf whe’ry thendirg fpbﬁit Imgrthbrxzﬁ)bayff%m ahselsepdigchp Xﬁkectcﬁxdépomt
backgr ound leel t he gelected pi xel is considered a boundary pixel. 13.
The syst ent'B#7H 1By proend PoiREsns: third peing st sespnb¥ectranst or ni ng t he

i dentified boueﬂa%y faH'\?&@ ofs mhg tqegs&g{qggg;‘sagag Ig§ESich o?’?ﬂé)%%dag y&gélg g 2

boundary pi xel as I rst polnt a pi xel bein romthe
first poingmknkd.preset nunber of pi xel s as a second point; wherein the
first point and second point forma first vector; and choosing a pixel

bei ng away fromthe second point in a preset nunber of pixels as a third

poi nt, where thg &hemdfdaisttitlBiefl @E 10ehe Nty 9@/}71}1%@1 i4eSits BRbPenks hﬁ‘rh the
second point; wherein the second point and third point forma second

vector; t h?@FT@Eﬁ/C@mpHSl@@t ors along the boundary pixels for each of t he
poundary b xS A BEEL AT phdnl BXPLSTLShul IS AL D" 5 ©
conput er - reafdabing apreéddatdapiidig: conput er - execut abl e |nstruct|ons for
obtaining a binary image of comb objects of the larvae of Adedes 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
comparing the averaged angle with a preset threshold value to identify Adedes
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;



perform ng a process conprising: obtaining an i mage containing the |arvae
of Aedes aegypti and/or Aedes al bopictus; wherein the inage is converted
into a grayscale inage if necessary; converting the grayscale imge into a
binary image with a preset nunber of thresholds; elimnating background
noi se; elimnating irregularly shaped olyjgects to obtain remaining objects;
identifying boundary pixels of the renmaining objects; transformng the

i denti fi ed bound@fo¥inRi XGks BeMLaWBChGhShe fFQ! g%ﬁg@%sreg&rﬁwlo% phetaeen
two adjacent vectors; averaging a preset nunﬁ%r 0 e biggest angles of
one obj ect sacondpeiai; whareiOhjedtst poRe pnésenhdpoianfotmgl fers GRAY; andbt ai ni ng a
medi an ORA for all objects,.in a single. imge; obtaining a di .0f the
modi an ORAS T or CEPFIERETISTREES YRRER LA AL POPHE ¢ Bred S g iy & ¢

t hr eshol dsthii@rpos@NWREk ithOthtri ottt 3y @bV ITBEES theAMdt SAPREA AG selddrpditan of
the nedian ORAs with a preset threshold value to identify Aedes aegypti or

Aedes al bopheeiishe feconé ppintige! thirdepsbjormepwseendiectdie results to the user of
the system 15. th %@K saYIS\;e%g;'ré) El.oﬁé %e%&lﬁl;dflﬁéfm e@?r(e Iigort efhal%p ReLE %blﬁ)ﬁfﬁ&fh%l are

elimnating the ground nois conp I"'ng” up™ o g% I'n the
i mage by dgdnatdteain operation; perform ng erosion operation; and renoving
objects with area either larger or |ess than predeterm ned nunbers of

pi xel s and the objects that contain i mage boundary pixels considered as

boundary ofyj ecta 18, fhe ' I h i-an if
elimnating the iS rergnu?ar F?Q/Mgf glg]etgg I%Ig?éec éég%gmn%%?éég?&i%ggjﬁ?;b%}ﬁg tlﬁea
boundary piaxwles cofipesiol: obj ect; calculating the center of the boundary

ol s el cul ol g, Lle. 9 SLance ol each Soundary placl romihe center
t he boundafe¥forming a process comprising:
obtaining an image containing the larvae of Aedes aegypti and/or Aedes albopictus;
wherein the image is converted into a grayscale image if necessary;
converting the grayscale image into a binary image with a preset number of
thresholds;
eliminating background noise;
eliminating irregularly shaped objects to obtain remaining objects;
identifying boundary pixels of the remaining objects;
transforming the identified boundary pixels into vectors;
calculating the angles between two adjacent vectors;
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:



pi xel s of the object; and elimnating the objects if their nunber of peaks
is outside of the preset threshold values. 17. The system of claim 16,
wherein the operation of identifying the boundary pixels of each object
conprises: checking for every pixel a preset nunber of the neighboring

pi xel s; whereby if any neighboring pixdl® for a selected pixel is a
background pixel, the selected pixel is considered a boundary pixel. 18.
The system of clilingup®f heleereths ithile BP@ETAbh @Per@fiod; denti fyi ng peaks in the
boundary pixels conprises: conparing the distance of one sel ected boundary
pi xel from the RYHEBHIEGIOHOR pReratm; agd preset nunber of its nei ghboring

pi xel s; wher eby,.l e i e f..1ts, neighbori pixel s_ar llers the
sel ect ed pixellfgkv%%ngﬂgé%gﬁﬁdgegegg%kb%¥§g”$ %A@g% S%F%]ng?gfﬁgﬁﬁ¥ be
wher ei n t hgixependtheabjcofs thadenntafnyiiage bowntiar yixglk xelsideadd dsheundeyrebjping

obj ects conprises: 20 checking for every pixel a preset nunber of the

nei ghbori ng pi xels; whereby if any nei ghboring pixel for a selected pixel

i s a backgreundrpi selqe . DI LS i der : jxel .
20. "The. system o S 1 T ehor o o [t pclsfion FEARMARRALUR AMAR' el

i denti fi edobjestuendamisepi xel s i nto vectors conprises: randonly selecting a
boundary pixeligst first oint;.c?qgging % i xel being away fromthe first
point in a presSt Huingdie pndty SISl eac iietind poi nt; wherein the first

poi nt and secondidRiting tfedeMed of fhe BouN@EY Blxelsdnd choosing a pi xel being away
fromthe second point in a preset nunber of pixels as a third point, where
the third poi ntcajcglafing theetistangayf fadnbaundartyipixd fioui the cerfem t he second poi nt ;

wherein the seg N oYe] nd third point form econd vector; . thereby al
Vectors al'ong hatithe Beesd TRl Heb a9 ietd SR B BEEER e fiiand BRLHRY
gener at ed.pils ofAhsybjeetrnddr identifying the |arvae of Aedes aegypti and
Aedes al bopictus i.n a ) ) )

P eﬁmmatmg the objects if their number of peaks is outside of the preset threshold

values.

17. The system of claim 16, wherein the operation of identifying the boundary pixels of
each object 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.

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:



sanpl e, conprising: an inmage acquiring nodul e; a m croprocessor nodul e
el ectronically coupled with the image acquiring nodule, having a
conput er -r eadabl e medi um conpri sing a storage nmedium for storing input,
i nternedi ate and out put data, and enbedded conputer-execut abl e
instructions; and a user interface electa®nically coupled with the

m croprocessor allowing a user to input instructions and receive the

out put from t hecRacRIn@RHOSRES Bixel MPRERIMin{tRE . LMD EUR0h RIS Wk &R UL 8k e

1
i nstructions, gerfor mthe process conprising: obtaining a binary i'mage of
comb obj echgigaforinge pixgh Vete 2oselontrtle pixae gy pt ibadrgraede pixehl thopsadectest; pixel is

identifyin iLxels of the conb objects; transform ng the
i dentifi edg%[%gdr% a?a;/%ﬁllggge(rssfmfeﬁt o vectors; calculating the angl es between

two adj acent vectors; averaging a preset nunber of the biggest angles to
provi de an_aver aged angle; and 21 conparing the averaged angle with a
preset thr&$hol 405 aYTemtd §laient L4y Wherges theaengyaion of rawsiersniag epidsntifed n

t he irrage;bgﬁgg&%xgﬁﬁ%%&gs%%g%&%:ul ts to the user of the system 22. The

system of claim erein t peration of identifying boundary pixels
conpri ses: checkndgniyoseleetiey y bgirxety @sixgraeadirstpoioer of the nei ghboring

pi xel s; whereby ,if .any .neighboring, pixel for a selected pixel is
background pi xef1oo8Rg as@?‘%é’%@& ayyayeliromdhe &y opg e g PEeSHloUHBRE 2T PIXEs 35 @3,
The syst emegbndpAhtMAdreiMhe dt Dol En PRELAL B&Ht RAmI RSl py the
identified boundary pixels into vectors conprises: randonly selecting a
boundary pi xel @wosing ppstel pohgbway froosthagecang pxiat ineepraset awanper ofqixdlhas & i r st

point in reset nunber of  pixels a second point;. erein the first
ot and LR GREh SOER Bie i ot 1S e T iR e HledsromaioMy: aay
fromthe selgsid thoiddbnd poift MaBRd pHiTeh Lfectid@biras a third point, where

the third point is farther away fromthe first point than the second point;
thereby all vectors along the boundary pixels for each of the boundary pixels are

generated.

21. A system for identifying the larvae of dedes 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:

obtaining a binary image of comb objects of the larvae of dedes 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



wherein the second point and third point forma second vector; thereby al
vectors along the boundary pixels for each of the boundary pixels are
generated. 24. A systemfor identifying the |arvae of Aedes aegypti and
Aedes al bopictus in a sanple, conprising: an inmage acquiring nodule; a

m croprocessor nodul e electronically coddl ed with the inmage acquiring
nodul e, having a conputer-readabl e nedi um conpri sing a storage nedi um for

storing input, cimpeipedeatveraabd aulePulthdateseattesppledded to identify Aedes

conput er - execut abl e instructions; and a usér interface electronically
coupl ed Wi HPHET Ardes ofopicésdpiheimagsi ng a user to input instructions and

recet ve the out gl LM ANSIISIRPLARERSAL T ihieggln the erbedded

conputer-executa I ons orn1t ocess conprising: 22
obt ai ning an inage contai ning the larvae of Aedes aegypti and/ or Aedes
alboplctus2 tﬁln the image iis converted into a grayscale inm i f
necessary: conveid SRR W Grigy skambereim dee Pﬁ?rétl‘%il Bf Adgn{ilyipg ey a[th piehy eset
number of dfygshol ds; elim nating background noise; elimnating
irregularly shaped objects to obtain remaining objects; identifying
boundary pi xel schetkingéorresemi pikelg bjee atimbper erthmséig)hbdrimg pieds; ivcherebyy fif &g

boundary plx dnta vectors | cul tlng %@ Ies be acent
vectors; %Q PH%lﬁxﬂrgge?fﬁGﬁﬁgrpﬁf the Bp aWéﬂeé %ﬁfgﬁ@ B?g%fsto
obtai n an &h$@gkda@@g&g§@5&@;|on Angl e (ORA); obtaining a nmedian ORA for
all objects in a single inage; obtaining a median of the nmedian ORAs for

all the images generated under the preset number of thresholds for
converting, he aIe es; and co arln t he nedl n_of
CRAs wi th 5 pr ook; YRR SRR 2 s dBRcpry s dEmsBhye M iREREr
al bopi ct usbounddrh @iNeEigR; vetidey @ypriseporting the results to the user of the
system i _ ]
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.

24. A system for identifying the larvae of dedes 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:



25. The systemof claim 24, wherein the operation of elimnating the
background noise conprises: filling up of holes in the inmage by dil ation
operation; performng erosion operation; and renoving objects with area
either larger or less than predeterm ned nunbers of pixels and the objects
that contain i mage boundary pixels considfered as boundary object. 26. The
system of claim 24, wherein the operation of elimnating the irregularly
shaped obj ect sobteimpig seisnage dentalnfng the ldrbe cﬁl@l@ﬁz@ﬁ&e)@?ﬁi %ed/sr Bkdes athvpainjsect
calculating}the iﬁnter of the boundary pixels; calculating the distance of
each bound3§reHl e ImpgoifconETEd Hile p 2dyaealt inage He'osewkE: i n t he boundary

pi xel s using al bythgidi glances. f.0 ¥ QLnd L€ Lect;
and 23 elininat?ng gle ob egtgei?n%%ew%h%uﬁgé? g§%%e§t§ 42x%%%§?§£8§??the
preset thrée¢sbblds; val ues. 27. The system of claim 26, wherein the operation

of identifying the. bounda i xel s of each object conprises: checking for
every pixel a p@&EE?UW%ﬁ%%gmﬁﬁgﬁﬂﬁaneighboring pi xel s; whereby if any

net 0T ng b xelgin pkelial edhBixglcto RYRRSLANAURLINE! | (he sef ccted
pi xel is si dered u i xel™. : SYysS i : i

t he operation oﬁkﬂWQHEﬂKyhﬁgypé@ESﬁMMnmhehbmyd@any pi xel s conpri ses:
conparing the distance of one .selgected boundar ixel fromthe center with
that of a preg{é nsﬁ)g%régr&Sf&ﬁ@eig?lﬁﬁ%frﬁ% SB’it(}A/}éq% Swhereby if the

di stances of i talduitiglahbs hiilesekfden tob QdROBI Vekorst he sel ected pixel is
considered as a peak. 29. The system of claim 24, wherein the operation of

i denti fyi ng bouH@&ENgE Resset mmbene! thedhigpast prgleshyfetesobiesiye ph@in ak ABIRE ng

for every pi ti er of the neighboring pixels; whereby if any
neighboringI%§%3 19ggﬁg&§ele fed pixel is a background pixel, the selected

pi xel is 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.

25. The 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



consi dered a boundary pixel. 30. The system of claim 24, wherein the
operation of transformng the identified boundary pixels into vectors
conprises: randonmly selecting a boundary pixel as a first point; choosing a
pi xel being away fromthe first point in a preset nunber of pixels as a
second point; wherein the first point ari® second point forma first vector;
and choosing a pixel being away fromthe second point in a preset nunber of
pixels as a thekainashathe oijeste ift their inber pd perks iis ofitgide e thamayet fivesholde
first poin&dhggn the second point; wherein the second point and third
point forma sécond vector; thereby all vectors along the boundary pixels
for each of the boundary pixels are generated.

27. The system of claim 26, wherein the operation of identifying the boundary pixels of
each object 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.

28.  The system of claim 26, 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.

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 glong the boundary pixels for each of the boundary pixels are

generated.



