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A HSTRACT 
In this article, wc pwwnt u sequcnce of processing 

which permits us 10 rccognm and ~dcn~il'y pwscnt ohjecrs 
from raw lighl microsct~py i m a p s .  An application is 
dcvrlopcd ir,  ~dcniil'y ~ i lx ic  :~lgac, uscti~l in w;atcr quality 
rn;tn;lgcmenl. Thc pmposcrt rntthr~rlntt~gy - gcncrali;r;lhlc 20 
otlicr hiotogicsl lrnagcs - is rn hc. considered as a 
prcprc.cssinp Tor Snrthur qttantitn~ivz studics. Thc general 
prtlccss 1s cnrnpo~ed of difi'crcnt srcps. cach ol them 
prrmitting rn exrract thc vscful information on irnapcs. 
'Thus. Irnm a raw imagc. wr: can locate thc ahjecra of 
inrcrcsr. Thcn wc dcal w ~ t h  the dil'l'cmnt l'eaturc par:kmcrcrs 
which can he c ~ ~ r i l ~ t c d  1'1.r1m I ~ C .  prcvinus prKcss. Snmc 
(11 thcm arc prchcntud in this papcr. In order to obtain 
p:brarnctcrs fur idcn~~l ic;~t~on purplrsc, thc ohlcck rnndclling 
I\ a1.w nccdcd. Thc work leads to  thc devclnp n l  a pnssihk 
class~foil!ion rnciliod usud lo idcntil'y thc pmscnt nhjec~s. 

This work 11; applied l r i  anaiysi'i I ~ F  very zoxical 
:~lgac, namcly Cydntkhdclcria or Cyilm~phyccal l l .  They 
product 1nxlc:il Inxlns. Wc can  t'intl 1he.w dgac in surnrncr 
In all lakc.< or warcr ;lrc;i\ whcrc thc ccnlnglcal system i s  
d~hrupr~d.  I-lcalth prublcrn\ may hc rclared rn the 
dc.vrlirpmcnt o i  larpc arntlunls oKpl:~nt hic>rn~ss in the f n m  
1)f'algal or cyanohac~crial hlourn in wawr supplies. 

Thcsc alg:~c arc too small lo hc secn with a 
rntmocular magnifying glass. and Lno largt: In hc ohserved 
under an clcctrnnical micn>scopc. Thr rmly way m nh.wrvc 
ihcm i a  n light mlcroscopr wtth p a t  rnagnitudc Icnscs. 
'flic d~gital rmilgcs may hc nntsy and fcw cnntrrlstcd. The 
prrvpuscd low lcvcl l m q c  prtrcthsing mc~liodrrlogy has thl: 
piitniuvc. ~I>:II to kccp ilic ~naximum of inl'nrin:~ltcin during 
~ h c  prnccsw\. 

Slt~ce gcornctnc sli;tpc pl;~yh a vcry irnportknt rcdc for 
IIIC l'wtun. wcrrgni~inn prrlccqs. ~ h c  extraction 111' fhc nhjcct 
ci~ntours n:~tur;~lly kconlcs ihc p a l  or' thc low Icvel i m a p  
prnccssing. 

Thc sccrrnd part  of this work i s  lying on the 
cxtractinn r)i usct'ullgr~od rcarurca Ihr an cfficicnt 
cl;~~.\il'icaticln :~nd idcnl~l'icatiun making. For 3 practical 
mirchinc vi\ton sysrcrn. ~ h c  rc:~l pn~hlcrn ~'i nnt only l'caturc 
c111i3n~cincnl ;inrl cxir;~clinn. hirt a150 I'cazurc sclcc~ion 
whiclr linds ~mpuriant and uscll~l fca t i~rc~ !'or ct'l'lcicnt 
~ ' I ; ~ \ ~ i l i ~ : ~ t ~ o n .  Tlic dxirilctltln conccms pnrn~~ivc  l'cratu~s. 
as, wcll a\ thc sc.lccrir!n (11 thc mnrl impcatant Icatures 
u\inp dumain knowlcdgc 01 ilic ohlccrs. 

The last rirt (>I' the pwscnt wt~rk i s  the application of 
:III :Iirtorna!ic cl:~seil~cr to 1dcnt1Ky I11c algac. Thc 
Jcvcl~rpmcnt nT a classtliciil~cin mCl h i d  i s  hhr~wn. 

Thc wgmentation nh well conrrasrcd ~)hjccts is nor a 
prohIcrn. and rhc succcsr u i  .wveral alp~rithms i~ proved 
hy many applirs~ions. But it '  thc ohlects arc poorly 
contrastcd, i t  IS dill'ioul~ to find a thrcshnld which leads lo 
3 right object segrncntaiion. and in many casts. there 
dncsn't cx is~ a t h~sho ld  for thc right scgrnenlaiion nl' the 
lmagr into isolaterl o h f a t  regions. We try to lTC31 thc 
prnhlcms without ximplitication. We USC rcal ssamplcs nT 
ilic natural world Ln make thc preparation. No primary 
preprocessing Ismooth~ng, histogram cqualixaliun or 
uonwfit enhanccrncnl) I \  made 1111 rnpul ima~es. 

Gencrnlly, zhv lrnagcs arc ntrisy and l'cw contrasted. 
Thcrc IS a lack of  unil'nrmiry In ~ h c  Itphr drstrikltinn on the. 
r~hccrvation licld. Thc hackgrounrl r )f' thc preparnlion is  
hl,~nogencous rnough in grcy lcvcl limd, Ohlcc~s apvar in 
gcnzr:il as an awa with some varialiclns in grey Icvcls 
surrounded hy a drlrkcr hrrundary region. As ;l conclusion, 
~ h c  light rniuro\cnpy images prcscnt vcry var~ahle 
photometric proptrticq which makc il mnn: difflcutt tn lind 
a general mahod ~pplicahlc to u c h  image. 

Thc schemc of the prescnt wnrk rcllcs on a pntcular 
mcthndology. WP 1ry 10 detect O ~ ~ C C ~ S  on a light 
microscopy imagc without any knr~wlcdgc ahout rhcsc 
ohjccts. nor thcir prcscncc. So lhc prows9 will hc gencral 
in t c m  nl' ohizct \h~pcs,  as wcll as in lzrm ol Icns 
.wlt.c~inn. Thc .schcmo in ligun: 2 iFlt~<zr:~tcs the: imhncated 
processes 10 h:ivr p lod  enough clnscd cantnurs 
nlpw.wnting extcmal contours ot ~ l p a e .  

I Oprl cdpc IIII:I~C I I~ IOZELI  a l ~ c  imagc ) 
I 

Clnw mntarur 
lrnprnving 

Hcrc arc. In more detail. rhr: dil'l'crcnt srcps 
compoqing the gcncrd wgmcnlatic~n pnrccss : - Edge extraction : Wc apply reuurqive I'iltcrs. 
Wc use :in extractor dt'r1v:h~'d t+rom Canny171 one. named 
Dcrichc14] filtering. Although rhz Input images arc noisy, 
~ l i c  Delichc jiltcr g i w ~  us 3 rnax~mrrm nl'rtigr: inl'nrrnation 
wi~liout using a prior lilrcring. 



Figure 2 : Example of an image of the Gltmcapsa algae 
taken through use of a X400 lens, 

and results of the Deriche recursive filtering . 

- Region-based location : As the number of 
extracted edges is too important, we must reduce the 
numher to keep the most useful contours. Since we have 
no knowledge ahout objects, we cannot determine to 
which object belongs a particular edge. A sequence of 
different operations is necessary to ohtain a good location. 
We use the grey level morphological : erosion 
and dilation to enhance object grey levels. Next, we apply 
a threshold on the approximate single Gaussian density 
function histogram. The resulted filtered thresholding 
image corresponds to a location mask image containing all 
objects of interest on images. 

3 - a  3 - h  
Figure 3 : The cornhination 01' the Itration mask (a) with the results 

of the Deriche filtering gives the useful edge image (h) . 

- Edge following : The most useful edges are 
recovered hy applying these location masks on the images 
of edges. Using the Freeman repre~entation[~.7], we 
follow each edge point. We hegin hy all the edge points 
having a free extremity, keeping the detection of the closed 
contours for a second scan. 

- Edge improving : We ohtain two lists, one of 
the useful open edges, the other of the useful closed 
contours. The later should contain all the external ohject 
houndaries. In fact, some houndaries of objects are 
composed of one or many open edges. So, we must 
reconstitute the missed closed houndaries with the useful 
open edge image. The use of an heuristic method ha..ed on 
the evaluation of Euclidean distance between each open 
edge extremities permits us to recover more than 90 O/o of 
correct external houndaries. 

- Additional filtering : Among all the close 
contours, we select the external alga contours. Even more, 
some filtering is applied to connect themselves some 
disconnected components and to smooth ohtained 
contours. 

The contours are now considered as the global 
contours of algae. We are then able to extract their 
characteristics. 
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Figure 4 : After the edge following. we ohtain : a closed edge 

image(a). After the edge improving. 
we have the image ol' the improved closed contours (b). 

111. FEATURE EXTRACTION 

As much the low level processing is general to the 
segmentation of all biological objects on light microscopy 
images, as much this part of the work depends more on the 
searched objects, here algae. 

1. General alga characteristics 

The cyanophycea algae were received in part from 
the Pasteur Institute, and an other part from natural water 
collect (Seine water for example). A few strains was 
selected to demonstrate the fcasihility of a classification 
and decision making. The criteria for this .selection were : 
1 "/ algae of fresh water, 2'1 algae which can he found in 
Europe. 3 O /  characteristic strains of their genus. 

The cyanophycea algae are long or round in form. 
The algae classification is separated in few orders 
corresponding to that characteristic. We will placed at the 
genus level of the algae classification, in a family of only 
round algae : the chroococcal one. Five closely related 
strains of chroococcal family (Gloecapsa (A), Gloeothece 
(B) ,  Microcystis (C), Synechococcus (D) and 
Synechocystis (E)) were selected. 

The alga structural features, except one, can he 
observed by optical microscopy. As they have not a very 
characterized inner, the way to classify them is to get shape 
characteristics. 

These algae have a general round shapes. Some are 
circular, the others will he cylindric, or in rocket or 
cocktail sausage form. The sizes vary from 2 micrometers 
to 10 micrometers. As a specification, their fission (or 
cellular division) never gives a filamenteous organimtion. 
The algae fission can be a criteria of identilicatic~n, hut it is 
in general difficult to use i t  in  light microscopy. 
Syncchococcus and Gloeothcce are in rocket form. Three 
others are rather circular. 

2. Primitive extraction 

The calculation of the parameters is based partially 
on the Freeman representation. As we work on real natural 
strains, we do not use a shape proximity feature hetween 
the pattern curves of an alga model and the real algae 
because of the possible variations of shape. So other 
.separative shape parameters have to he found. 

Sample characteristic extraction : The glohal 
contours are clustered by mean of a Freeman chain code. 
and the coordinates of any points in the chain can he 
retrieved easily, so we can extract some hasic parameters. 
The perimeter, the area as well as the five first order 
moments can he calculated from these information. The 
moments can be used to compute the coordinates of the 
geometric center of the shape. Also, they can he applied to 
calculate the angle of the axis of minimum inertia or 



principal axis t ~ f  ~ h c  ohjcct. 
With rhe next culot~ltl.r. we chain pcrirnctcr. a m .  

pcomcrrlc ccntcr (11' arra, and principal ~nenii l  axas of cach 
uhjccts on the contour rInapcs. Thc S ~ I ~ C '  (2Xarcalperimcter) 
and thc complexity (pcitmc!cr?l4rra~a). atso namrd P?A 
;IW calculated rrtlrn the twrv Ilrn hasic paramctcrs. From 
thr central momcnts. somc rithcr paramulcrs can hc 
nhtaincd :IS eIongarion :mil cxponann. Since thc nhjecu are 
rlutrccircular. a p;kramctcr ha.wrl nn rhc radius rnciln and 
verloncc nl' each c~hjccts is zatncrcd. 'lbc raun mean on 
v;lri:~ncc givcs tts an indication 0 1  the circrilarity 01 the 
ohjccrs, drl'fcrcnt ol ~ h c  clongatiwn plramctur. 

Elongation parameters : By the knnwlcdgc o f  
t21c prrnc~pal incrtiu ax)\ o i  cach ohjcct. thc minor incrtia 
axih can tic I'nund. Thc ohlccts are ncarly symrnctricd an 
twn c~rthogonal axes, and the calcul;~tion brings hack to a 
sq i~ i~n:  lattiau. Wc rrht;~in this ncw incrlia axis  hy a rJ2 
ror:~tion of the pwvinul; one. 

The lcngth and thc! width cikn he known and thc rate 
Icngrhlwidth I\ uhcd a% annthrr cltrngntion parameter 
Iollowrd thc I'irs~ clungation onr. hut dif'lcrrnt enough. 
Ani~ther pardrnc.tc.1 can hc also dctcrm~ncd hy the 
calculatirm nl' thcl dit'krcnt lungths p;lr;lllcl thc major 
incnia axis. ;LS wul! ah thc difrcwnt w~dths along the minor 
axis. Wc sclcct rhc rn:lrirnal kngth and width. Thc rate 
(maximal-lrngth/maximal-width) givzs a Ihrtll indication 
r ~ l '  thc clnngatlon. 

On the need of other features : L ~ I  us examine 
now tht (rhlcc~h. The wl i t  ~r t '  r t m a i n i n ~  parameters. 
although scpariliivc encrugh, can not ht' 11 wd unricr s~rnplc 
fl~rrn IO cl$r;sil'y the algac. Thc prcurnct: nE' aggwgate algac 
pnjhihtts :i gor~d ulasxiliuation. 

Tllc comparison o f  thc aggrcgatinn ol' two. t h ~ c  or 
four algac is  not pssihlc. An irnptrrrant rcason is thc 
clrll;cly shape charactcr~si~cs nf 3Ivc. morc yct important 
hcrwcen aggrcgatcs. Ant~thcr reason is that these 
ngrrcrares muddlc up thc spncr: rcprcscntazion af cxuacted 
Ic;~lurcs. As wc arc nil1 cnough cxarnplcs c)f wch aggregate 
c ~ ~ c ' s ,  we must scparatc thc ilggrcgm composing nhjzcu 
to uhtain similar nhlcuts r (~r  cornp;~ri.con. 

3. Fissirming alga mndelling 

Rccall ~h:tt we have nn pilntcular knowtcdge on the 
prtscncc r>r nor nl' appcpalc'; in an ohit'cr. Thew are two 
ways to dctcrminc thc pr~\sihility n f  k i n g  nn an aggregate 
using the conlour ~nt'ormatic~n. First. we have two 
clrlngatinn parilrncrcrs calculated nn rhc same way : thc 
ratio Icngthlw~dth wkcn nn thc inertia axcs, and thc nzio 
maximal-lcng1Mrnax1ma1~widih along lhcw .same axis. 

Constriction point extraction : On thc crsc of a 
s~nglc alga in 111~  conicrur. thc ahsolutc value of thc 
dii'kwncc hctwccn thchc lwo rbtlo WIII hc less than [l.O(r I. 
T h ~ s  dil'l'crcncc takcc il valuc grcatcr than 41.5, for it lwn 
cttmpound alga ctmttlur. 11 can achicvc :I vi~lac nf 5. This 
new purarncicr sccms ILI he 3 good ~nd~cutnr  of thc 
prcscncc nl an sggrcgatc in thc conlour. But, using a Four 
a l p  ohjecr ccrntour pvcs us a difl'crcncr luht greater than 
I'or rhc. singlc alga casc. A 0.05 ortlcr value i s  obtained. 
So, [his indlcazt~r is, ntit sull'icicnt. WI: must find another 
one. 

Rathcr than cnlcillatc another similar aggregaru 
indicatrrr, wc prct'<r wnrk nn all thr contnttr points. The 
i lcscrikd algorithm conqists in tind~ng lhc glahai minima 
nf the distancc k twccn  thz contour pr)ints and thc ccntcr 
;krcJ pnlnt. Such gltrhiii rn~nlrna is rcprc.wntativu nf n hrcak 
In the crmrour whiulr can he an ~ntllcatlon irf'ulga l'jwion. 
First. wc dztzct thc lucol minimla. Arntrng thrw, thc glohnl 
1rnc.s lo a scotion iltv sc;~rchcd. Then. wl: cl~rninarc those 
that arc not rcprcucnt;~~ivc ijl ' a hreak in thc conlirur. 

Al l  alnng this srcp. we havc k n  kcpt in rncrnnry the 
size of the dil'l'eren! ohjecrs. Thc applicatinn of the 
prcvious threshold wi l l  hc mnrc sevcre l'tr a pwat si7.c than 
lor a small nnc. 

Alga modelling : IT we use a simple righr cut 
appticd on thc hrcak p11int Icvcl. wc wil l  Iusc a pad of 
shape informatinn. T h t  claqsification wi l l  hc morc 
d ~ i t  lcult. as thc l'caturc cxtractron. WI: prcicr try to rnodcl 
alg;lc from thc panial cnnrour infi~nnatitrn. 

As wr: knr~w thc hrcak point cnardinlrtcs. we havc 
acccss 10 rhc cr)ordinaie% uf all pcltntq vnrnposing each alga 
scctions. The a l p c  art quitc circular. sn wc dccidc to use 
:In qu3~1ratlc cqlquation EO rnndcli~c tach hi1 of cnntcrut. Wc 
chocwe thc Lei~,t Mcan Square rncthod zo calculate thc 
unknown quadratic ctcl'l'icients. 

Are eliminated as an alga all h c  pnint s ~ l i o n s  giving 
anorhcr quation solutinn rather than an cllipsc. This uasc 
IS rarc cntlugh and in g n c t a !  duc m a wmng numher 
(supcrinr rrnc) of cnnlour. hrcaks 

Are aIse eliminated thc cllipsus which haw an area 
trw  mat or [(XI small in elatton to thc aygmgatl: arca. This 
case 1s rarc cnnuph tnn. Thc e!imina~inn of  rlnc m{~dcllcd 
alga in an aggrcg;~tc* is not ;I prohlcrn hccause thu decis~on 
011 the kind 01 a lpc  in thc dctcrmin;~tirm step wlll he nn all 
mdcl l cd  algac comprrsing cach aggwgate. 

Modelled alga feature extraction : T h e  
parameters as ahnvc can hc cxtncrcd In '~hc samc way tn 
have comparative rcsul!~. Bur as thc algae in cellular 
d~vis ion arc smallcr lhan rhc single oncs. applying thc 
samc classificatinn scheme scems to hc dtl'l'lcult. The 
separation is k t te r  with the usc nl'alga modcls. hut not 
cnough separative. Wc havc a ccrtaln translalion nn the 
size axis and smnllcr onc on thc elongation axis. Sn wc 
must crmk olhur c1as.w~ for modcllcd alrac. 

The iaqt p3r~lmctcr. applicable cmly on aggregales. 
can he cxuactcd. Thir is thc fission angular scpararion 
hetwwn the algae insidc thc aggrcptcs. [ I  rhc alga stnrn is 
quire circular, this scp:arat~on w111 hc pcrpc~uated 
~rpendiculnr ly to i h t  major lncrzia axis. of thc rnndelled 
algae. 11- thc rnodc1lcd alga 1s In rocket form, less nhvious 
d~t'l'erencc with the prcvtc~us modclled alga. the scparation 
w ~ l l  he made alnng the major incrtia axis o f  thc afgrcgate. 
Tl i t  angular d~stancc hrtwccn thc rnajnr incru;~ axrc ot' ihc 
rnodellcd algau and rhc malnr incrr~a axis nl' thr: apgrcgate 
ih  minimal. 

'I'h~s prnpny is known tn hc difl'iculi to scr in light 
micmscopy hy a human. In Pact. on l ighl rnicro~cc~py 
hmary Irnagcs. 11 sctCrn< III hc wlarivcly ca\y tr) cxtr:tcl this 
I'cnturc hy lhis way. 



1Y. CLASS1FICATION AND IDENTlFlCATlBlrl 

Thc uqc t ~ f  the principal component analysis ~ r m i z s  
u\ 10 sclcc~ a di~criminant fcarurc set. A l'caturc vcctnr. 
at~;~chcd 10 cach alga. 1s flirrnctl. As wc havc a small 
wmplc nurnhcr nC cach gcnas. nnging from 3 0  to 60 
indivrduals p r  c1;rs~. we turn towards a classical hinary 
decision trcc. 

Thc gcnar:~! process is as Iollow. Wc sclcct a fcw sct 
nT algac. This compnwd our learning set. With this set, we 
~ o ~ i ~ t r u c t  lht: gc'n~ral lrcc architccturc. Thcn wc test thc 
:~rc.lutccti~rc valitlrty will\ !lit rcht of sl~ac. 

mu firs1 mcthnd uwd i s  a classical nnc. 141 rach slcp 
of' thc trce cnnstructlnn, we employ rhc alga histogram 
distrihutinn o f  tach vcctor fcatun: l ' i~ld 10 dctcrrninc which 
is thc most discriminant. Thc rnosl separative licld is 
sclrctcd to hr tbc dzcisinn paramrttcr. Thu dctcc~ed 
tlircsho3d valucs arc tllc n t w  dccisinn thrcshnld valucs. A 
prt>ccs.\ pcrrnittjng to r~covcr  snmc had clax\ii'icarinn is 
intcgr;~lcd hetwccn two steps. Wc ic.~;l thc final trcc 
i ~ r c h ~ t ~ ~ t u ~  wtth tht rcst r ~ l '  alga fcaturc vectors. Thc 
scs~~lts rbT [hi \  lirht rncfh(ld i s  w~~lrcscnted in figun. h. 

~.!~IIKL' 0 : 1 .II?IC 0 1  IIIC III \I II~CIIIIMI rc'.~iEI.+. '1111k I:I~~L' hhowh thc 
wcll i ~ l c~ i l i l i v : i l i ~ r~~  r:uw :i.; w f l l  :c. tllc ~nich-r.l:i<\ilic:iti~~n mies. 

-llic h I(> I i  lulturp rcprcwnt :llg:\ gcncr:i. 

Tl1e rates nf well idcntiticntinn arc hifh cnough. Thc 
raws of' miss-clnsqificrl dgac iIrC rctazivcly imponanr. 
Snmc algae arc cihnl'uscd. Thcsc dil'ficultics could hu 
anlicipntcd. Thc apical vrcw oC some ~ N ~ C I  shape algae 
citn br vci-y closr trl round algac or thc same sii.c. Another 
simrlar prnhlcm can hcr dctcctcd w ~ ~ h  higgcr alguc. Somc 
Clocr~thccr vizw srcm illikc a Micn~cystiu VI'W. Thrs 
prohlrrn is duc 111 thc 1D prcriccrion. Perhap arme textrtral 
Icraturc pardrncturs could hcIp rtt rurntwc tllc amh~guity. 

The second ias~ed merhrld is an adaptivc one. The 
lzarning proccsl; i s  thc' samu as thc prcvicJus onc i n  thc 
general me archicticutre. On thc nther hand. thc threshold 
valucs arc not l'lxcd. Thcy arc calculated lmin thc cntire 
alga set. This new merhod permiu to adapt [he threshold In 
have il guncral clashiK~carinn pmccss. 7'hc c la~s i f imt~on 
rcst~lts an! shown on fipun. 7. Thc rcsut~q arc similar tcl thc 
prcccdcn! nncs. Hnwcvcr thc p o d  idcntilication rarcs 
seem 1 0  hc mnn: regular. 

As n conclusion, the wcll idcn~~t'icaliirn rms are 
gtlrld enough for cach o f  thc twn cl;~h\il'iwt~cln methods. 
Sornu prnhlcrn\ cx~\t ,  hut thcy coulrl hc nnticipatcd. Thc 

.~lgau situatcd in thc nc~phhorhood of  cach alga to he 
cl;~usificd could h r  ;In interesting information . T h ~ s  
inl'orrnaticm ccluld hc u.wd to dccrca.~ thc miss-clawificd 

rJlCS. 

V. CONCLUSlON 

Wc have I'irst prcsentcd a gcncr~l rnzthad of ohjea 
Itxiltinn nn light m icmsuo~  imrtgcs. Wc tried to u.w a l l  Lhc 
information prcscnt in the imagcs witlrour rnndifying rlicm. 
Then. wc select thc cnntnur comcspnnding to the cxtcrnal 
r)hicc~ contours. So we arc ahlc to extract object shape 
f'catures. We nhtain paramczzr vcclors which can he 
crnplt~yed In thc classir~cauon process. Thc general 
suqumce eof the dc.wrihcd process can ht. numrnari~cd as in 
thc f~gurc 8. 

1 tnpr~l ~rniigc 
1 

Filirrim and ?;rmr#lhinff I 

!:~~lm' R . ( h c n l  wqucncc of thc rlirfccrmt a i q s  uwd. 

Thc gcncral segmcntatinn and additional filtering 
permits us In mcnvcr ;~hnut mnrc th:ln 90%' nf the cxtcrnal 
;)Ira contours on irnagc\. Althtlugh thc scz of a Q p e  is no! 
s o  Important. we rcach more than 80% gclod alga 
itlcnzifica~irln raw. T[rcl;c n.sulu arc gocld comparing lo tlrc 
ptnlr quality ul'thr: rnput imngcs. 

Ihc had wsul~s can k explained in par1 hy the usc of 
unly 2U shapr: I'tatures. Addiu~~n:~l grcy Icvtl  tnne Itatures 
can hc employed I~I  incrcdw thc go(d irlcn!ilication rcsults, 
as wcll as 11, dctcct and tcr climinatc nun confocal algae. In 
thr samc way, thc usc of thc global ncirhhnshnnd 
in t'nrm ation could cvcn pcrtimn hctwr rcwlts. 
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