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APBSTRACT

Bacteria segmentation of particular specice ontails o challanging process, Bacterin shape is nov enough as
i discriminane feature, because there ave many species thar share the same shape, We prasent heve twn
methods for tuberculosis image segmentation using the chromatic information, The ficst method is based on
furey segmentacion of the color images based on the Informacion that 3¢ is entailed in sach separale chromatic
histogeno. The second method is a simple eoler Gliering aceonnt by comparison of she inverse of the vellowizh
staincd bacteria (blue channel} with the product of che other two cheomatic channels. The thivd method s
Fased on the extrackion of image stgnatuees by projecting logarithmic-polar mappings onto 1D vectors, This
representation provides a very compact description of all image aspecis, in cluding shape, texture and colae. An
achromatie sagmentation method s alse presented based on the vse of gray-level morphaloglcal epecators aoly

Lo the green channel. Finally we peesent the results of different autofoensing alperithins of stained tubercniocs
images,

Kepworda: tubarenloss, Quareasamor minveseopy, foturs detcotion, colar, mase screcning

L INTRODUCTION

Several anbhoes have addressed the sagmentation of bactercia porticles using diffaednt tachnigues, Veropouios ot
al ! uzed an idencification method bassd o1 shape descriptoms and nenral netwark clossifiors showing & sensitivity
:tl:ll! 1atia ol e posicive derisions 1o the Cotal nusmbor of pasitives) of 4L B Wilkinesn & has propased o
il multivesolution segmentation technigue based on computing a differens threshold for different avens of a
gres-leval image. Otler authors havm cansidersd e use the dolor oformation as ctha Loog dligeriminand factor
cthes for Bactoria segmentation and dentification > or for cell segmentation foc lung cancer dingnesis
Mamal seresning for the identification of hacilli invalves o labor intensiss tnsk wich o high Falis negative cato

Aveomatic sereening will entail several advantages, o 0 sobatancial eduetion s she Jnbor workiond of
the elinivians and a benter aceeeacy in diagnoois by ineroacing the sumber of magas that ean ke analvead Ly
the coanputer. Ag o follow-up of che reanlis desceibed in,” dn this paper we deseribe two basic techodoues for
bacteria sepmentation based on the nge of the chramatie infarmation: a il threshalding fmpge sagmentatisn
techoigque and a smple color fliering necount by comparison of che inverse of the vellowish stafied bacterda
(lhie chiannel) witls the prodoct of 1he aller twn chenrmacie channals. The eeeond approach to sogmentation i
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based on the use of grav-level morphalogical operators only to the green channel. Objocts are deceeced 1sing
tnatheroatical morphology operscocs, and aee ghen clissifed acoosdiog o sevesad shpe and ey level T,
Also, we deseribe an image identificacion method based on the wse of the so-called soncturcs, The motivation
for using signssores s o provide o cepeesenacion invaciaog o cigid changes for ioproviog che idenifcacicn
process but simulcaneonsly reducing che dimensicoalicy of the data. Fioally, we prosent the cesults of diffrent
autolocusing meshodys of stadined solbeeculobis Jroages.

2, MATERIALS AND METHODS

Staiming procedures were performed with both respiratery aod non-respicatory clinjcal specinens exeept for urioe
ard hlood 2pacimens, ['heso spocimens aave arained with the finarachrome suramineg O and wrere gesnmed a5
magnifications with o fluoreseence miccoscope, If present, che M, tuberealosis bacilli Buoreseed velloo o groem,
Becauzs acld-fazl avtifacta mag he peeannt it a amear, ic is necozanmy toowiew eoll morpholagy carefully. AT am
approximately 022 to 0.6 by L ote 10 g o size, corved or benb, Tondividual bacilli may display heavily stained
arsae and sreas of alternacing stain prodocing 2 headsd appearance. Clonfirmation of pesitive fluomachome
smars wos made with the growth of M. tubeoculosis baclli from the oultuee of specimens in Tiguid and selid
rapdin. In surh way, wo ran porform n rogion sagmentation based an che ROR color image compomenes. Sampls
slides wore analyeed with 2 Seiss Axiophot phetomicraseope illurminated with o Zeiss Altoare waciable intensily
flunersnenes illuminatinn sratem. For irmage aognisitiom wa nsed 5 Conlsnap digiol] ramers from Phornraetrics
Tdentification of tubercle bacilli are vontioely done in sputum smears using a Huerescence microscope dyed wish
Anneachrome anrming.

3 CHROMATIC IMACGE SEQMEMTATION
3.1, Multi-thresholding fuszy segmentation

The concept of mlci-chresholding for geay level segmencacion can be extended for muoitichannel image sepmen-
cation.®  The fiage is eegmented aftor o threshold valus b2 gelected o any of cha soloe chaonele, The proces
iz repeaced untdl the histograms for each region become unimadal oz the cesulting szgmencation is sulficiand,
Torers ot al® propoze another appeeacl T Fucsy soprmentation of coloe dmages baged an the information Uit
iz entailad in each separate chromatic histogram and che proporeion of ene coler channel in celation oo another.

A gromp of fzey miles for spgmencing images are ballt from the nformation of cha color lmages. The Gree
step in developiog a set of Iuzsy rules wo segment an image 18 Lo determine che antecedens fuwey sets. Heoee, il s
necessary to study che spectril behavior of che Smages by Jooking for che concditfons chat conld separies replons
foeach of the color mage channels. Too order to budld fuzsy eoles, she eegional condiclons ehich determbioe
the amrecodones of che rules of Ioference, are found vis biscogrom analysls applled 1o each color component s
wias seen befove in ovder to escallish a parcieular Jangnage rule. Sometimes a channel does non give sulficiost
Information to constoact che fuwey rules and can be goozed. Adso, the infennation obedned foon the blstograons
of sach color component is mob always encuph Ior spgmenting an image. In these cazes, the information given
bar chie relaclenship betwesn the ratio of seo chanoels coo owke 3t possibde o bmproee che results,

A image ean be considered as an accay of fusey sinpletons of shze Vo= A0, where each sinpgleton corvesponds
to an image pizel. Bach pixel has & membership value associated wich 33 To chreshold the images, a generalized
bell membership function, based on the Canchy distiibotion, is wsed:

1 i e
qlail= ML i el i (1]

1 ]--r.Elll-

whers [2 i3 & comstant that adjustz the width of the fanesion, mi) is pssociaeed with che ceocer of the oloss
and represents the weighted average of the gray levels and b contral the slopes al the cressover pobnog,

172 Proc. of SPIE Yol 4783



The mensre of fciness s taken a8 2 measure of the anceecaingy associnted with vnpueness of o fusey set
and iz emploved to quontify its degree of fuzsiness, The measures of fssiness can be eepresaed a8 A funcsion of
the geay level histegrun and a eost function.”

This can be summarized for each mensece s2oen s follaws:

» Fhanncn:
8 loglan ) = —pglan Ologs prlen 1) — 1 —pegle. 4] dogy 1 = pgly, t] (2]

LI haiS lugintl] 0 < pglath <1
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Thie coneept of the massure of lweiness associaved cothe bistogram is wsed for the optimal selection of the
thresheld in arder to binarize the image. The Aussiness funckion Fg, &8 15 caleulated For all che values of & The
optimal threshiold £ is vhe one that minimizes g, £):

£ = arg moin g, 1] i< b=l RN

ar better,

-

* = aegluin ST e € 4 S B (12)
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Figure 1, {a) Original Image; b Fed ekbanmel, Yager & = 0.731; (¢} OGreen chaonel, Yager b = 0.184; [diBlue cham
Tager b= 08, | = 0

The opeimal threshold ¢ i then defined as she level that maximmizes os moch a5 possible the sopazac
between the ten class means, chat is when the fuzziness is minimal.

The abeve mentioned color techoigue was tested on an database of 30 "bacilli® images. Ao cxamople of
itnage s slown in Fig, L. The best resules are given by the Yager method wich d=087% and Clanchy w
b4,

3.2. Color separation

It s well koowsn thae sogipentation wsing color provides a beoader dizeriiontion betwesn object bopders. 19
congider here a simple color filcering account by calenlating the ratio of the inverse of the yellowish seain
boeterin {bBlue chanoel) wich the pradoct of 1he atler tao chiromatie channels [see Eoq 18]

s -r! 1
T ReG4e b
wliere LG veprescnn the Wcl,r;:'cn:n and blue chanonels and inverse of C reprosents the perceningc af the yell
color in the images o comparizon with the other two chromatic chaomels. The walue € in the denominator

L
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Figure 2, a Oelgioal image b It pallow region segregution

Ea. 13 can be taken as a small conscans to avoid che division by sero, or simply gnecing such points. Fig 2
ghows and example of & positive tobercolosiz image <lefty and che corresponding result of Bg 18 {righe), We
Tsave empirically observad the presence of vellowish and mreenish structures for a & > 0.7, For values &' = 0.7
it is pecessary to combine the simple detection by color with & shape decector in order to rejecs Le. the large
string-shaped multured ramions that aee not of iocerest in Alis stdy. Besides chat, we have secomplished o
speaificity study with 100 negative images provided by cepert clinicians, Specificity is the ratio of troe negative
devisions o the total number of negatives), High walues of specificity bave been achieved for the test set ($15
specificity for che greentsh regions and 99% specificigr for the ellowish cogioos ).

4. MORPHOLOGICAL TMAGE SEGMENTATION

In the area of phase-contrast microscony, Liv et al have propeead & eomputer-aided interacive system for ana-
Lretng the moephological diversicy of microbial communities. ' The system called CHEIAS consiats of ssveral
custom pluging for wse with TTHSCSA ImageTeol software.®

wWe bave evaluated & segmentation scheoe for bacili detection baeed o0 mathemarical morphology aperationg.
Aathematical mc:-mhn]ng}'m is an image processing approach based on see-theoretical operasions, Tnowas Arse
degigmed for binary rmages and extended toograveeale datac'® The basic grayscals morphological operatlons
are dilation and ercsion, which can be defined as follows, Given two functions f : F — Bk K — B, dilacion
Fomg i = B ocan b olbiinead as

(raksi=moefir -t kizize K=z 4

[

where K iz referred to as stoactueing element.
O the other side, ercsion F Sk P @ X = £ can be defined as

(F @) = midn s 2] — Rixl]e 2 0 (13}
The combination of boch operscions resules o che operacion called opening F e &

fetl={laklzh (167
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The detection of bacilli in the image was obtained using & top-hat operacion' which is the result of the
difference of the original imapge an and opened wersion of it:

TopHesll =T — (Tak) 1

To improvee the resols the opened Smage was reeonstructed™™ befoce applring the top-hat, Gravseals recan-

sirnetion of an image [ from & second image J, such chat Jf < F s the cesull wotil convergence of snocessive

dilations of £ ander
e

T =T 118

Py = il L, (et () 8 R)ip) BEH

wliaee _a;' ig the yeconscenction of image [ from image J. The top-hat allews to axtract peaks of grey of an

image of size legs than the structoriog clement wsed, The result of the operacion 3% independent of the local
kackgroond value. Figd and Figd shor the resole of applying the top-hat to an image of basilli,

I

d
Figura 3, {a) Origionl image, (b)) esalt of ezening. {e} Roconstoucted imagn, (d) Top Hat

The images are theeshalded e obiain o binacy dmage. The theasheld was set ac value of 30, oboained b
evaluating different values in a traiming set of images.
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Fignure 4. Fioal jmage wich contomirs ohbect contours suporimpocsd

Tes clagsily obiects, several paeameters of spch nbjeer wers obtained waing ImageTool,'® namely ares, perime
ter, major and minor axis leogthe ancd

H 1 |||||:||.l' vlde, redtincinss, melnkaiim FERI- I,.r.._n] LA ETTEL BT - Lasnel.
gray level density, Three abject classes were defined to classify the objects, namely, bacill, possible baclli aod
debrin. A training sot consieting of BD boapes with bactlll and 50 negotive imapges {known co contain no bneilli]
was nged. The mest discriminant features were selected vsiog o stepadse oput [ outpun F-test to add and o
1t fio. menn gray level of the
. lemgeh of the longest line that can be drawn chrongh the object) and cieeularicy
1. Baged on this, o Fishar linonr digeriminone vms designoed to clnssify the objocts
An initial classification w1ii|_ a limited seb of culteees produesd 82% of specificiny.  Purther extensive clinieal
svaluation rescarch e posubesd to lmprove such results, sepaecially in the case of cultures with contain o lot of

dehris.

rormoye variahblee,
olject ), major axis 'Lﬂ:-u;t.h

|| o A = oran ] | g FERr T

The most discriminant fenturos are aran, grayvlevel denaity

O, SIGNATURE EXTRACTION

[n this sectinn we describe an image identification method based on che vse of the so-called sgnatures. The
term signature is given since this kind of represeniations are non-invertible. The detection of image or pattem
changes invariant onto gesmecris transformations are cequived omaoy applications, 5 we translate an ioage,
pll the shifting information appears in the phase of the Foorier cransform,  Simélarly, if we seale or rotate an
i|:|,.'|_'-$-'c! all the information about she amount of s L retation APpears in the |.l|‘IrL"l." of the scale teansform
The seale transform provides us & transform chat is insensitive o ecoling or cotation, In this way, we use
the scale transform properties for tmage identification. The seals tranaform wea defined by 17 for 1-1 sigoals
anid estemded by for 2-D images, The morackion of image signatures Tas been the subject of interest of
many authors, An invariaoce signatare 5 & measure of the degree to which che image (oo a pacticnlar image
featute] & invariant under a variety of transformations, Fares o all' hoave proposed 1o recognize rodated
patLerns ||',' |*x|.|'i|_|"|'|||llc| h.:|I|IIiL'|l.II'|:!"i frnm che Fourier ||:!I!'u--l.‘. Elilamnese -:|J:|l| {.:||l."r|'II.L|5II"‘-':'-:I '|ZII'II|.:'IJ4l'I.| i I'EB"JI-Z"I| fur
eomputing an image signatuee by projecting logacichmic-polar mapplogs onto 10 veckors for image recrieval
['his representation provides a very compact description of all image aspeets, incloding shape, fexture and
color, Ve propose here to ebeniel the Cherbiulics and Milanese method to [acilitate cthe image identificacion
process. The main advantage of wsing sigonatures is the dramatic redoction of image dimensionaliy and also
facilitates indocing ®™  The sigeacire method s based on the I'IZ‘-'III|'III|-EI.| inn of wector prejortions of a scale-based
pr Fourier-Mellin representacion, Fig, 2@ shows aoed example of che method, Fig, 22 shows the inpof image. F
b shows tha log-polar mappiog of che power spectoum of the input image, Fig, 2o-d showes the projection of I1l-='
lg-pelar map along the horizontal an vesbieal divectiong (e the marginals], Thei, i we compite the power
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the histogram from each image, we can obeerve that for heavily defocus image the vadanee of sich histogram
in smaller than for slightly defocae ar in-lecus mages.

The autcnatic evaluation of focus is a challenging tasl, which requires o reliable, aceorate and Fst antolocus
precedure. 24 mages of ooe bleod sample aogoired ae different e dissaoces weee ased as U gt Lo o
foens gssessment procedure.  We refer to the images as image 1 o image 25, wheee che correct focus was
reached for images around 160 and decreeses o both dicesciions wowands iwepe 1 and 25, The olejecis of ow
study [tuberculisis bacteria) occupy eniy a small part of the mage and this proved o be @ serious shacacle for
standard forws measares, For coanpiarison, we applied foner suancdared ceclwigues. The wost aimple focos oo
wad grey level varianee of an image®

Myar =3 3 [gli3) =57, (20)
LA

where g is the image grey level function and § denotes the mean value of g, The second was the energe of imagg
Laplacian

Mp=%"5gli- il +ali+ LA +alid — 1) = gidd + 1) - dgli ) . (21}

¢

which is, according to Subbaras * mere eobust o nolee than the image warianee or geadient energy. Thie thind
was n very recent wavelot-hased measure (., ) proposed in,®* which ealeulates the energy eation between a
lowepase band and several high-pase hands The last foens measare, which we usesd. was hased on antoenreelation
Funesbon™ and defined ps

Mege =3 3 glndlgle+ 1,37 = 3% gli figli = 2,410 (22)
I | i i

This measure was o 1o be the mose approprinee for evtometry stodies® that were conducted on lmages
gimiilar to ours, Although each of the above measures were successfully applied to different sorts of images, none
of shem produced meaningful resulis in our case when applied o the whole mages, see Flg, 6. The important
contribution of tiny bacteds to the sveeall measure is negligible small compare to the contribution of the freel-
evnt noisy background, When only a small rectangular neghbochood (256 « 2560 containing a bacterium was
comsicdered, M., and M. were able co localize che forused image, see Fig, 6. However, vhis proceduee @5 ool
finlly antomatie, since the positions of hacteria are not konown in advanee and mosc Be be manually detemmined,

Vo were thus foreed to propose a novel focus mensure bassd oo fmage histogram chat works on the whole
imnge. It i gonorally teue that fensed lmages have o greater numbaer of grey levels than onfocused fmages
Likewlse, the image histogram ean be considered as o probabdlity disteibution function (pdf) and then varianes
af pdf incresees ae the image focus increases. Since tha biry bactaria are much lgheer than the backgrannd . they
comtribite aolely to the upper part of the histogram. To avold the above mentioned problem of che insutficient
contribution, we take the lagarithm of histogram. Our proposed varianes of log histogram thos takes che fem:

Muy = Y (k= B{p})* log{ps) . {28)

L3
whisre g, 15 the relative feequency of grey level & and E{p} = 5, klog(m ) is the expected value of log-histogram,
Pig, -8 shew thres mage csamples feom a beavily defocus image (Fig, 6] so che image on foons (Fig, 81, The
alatadned sesults included i Fig, 9 illustrate thae this focus measuee ean be used for a fast and folly automatic
evvaluation of forus, Apart feomn che alight shift of the global maximom, the propoesed focus measure behaves
correctly, and in comparison wich the other measures i s relatively smooth,
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