


The fitness function Fim) of a chromosomem is definedby the
following equation:
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Fig. 3. Morphological model for a compartment containing a volcano
shaped spot.

optimum compartmentmodel with the higherresemblanceto
the real-one isdetermined.The real-spot is obtained by
drawing thecontourof this optimumspot-model.

III. RESULTS

Severalexperimentswere performedin order to evaluate
our proposed approach for spot-segmentation. The
microarrayimages used for theevaluationwere obtained on
the Internet. They have beenproducedby the microarray
simulator of Nykter which generatessynthetic microarray
images with realisticcharacteristicsand varied quality.Half
of the images have good quality; their noise level is
reasonablylow, and they have lowvariability in spot sizes
and shapes. The restof them are low quality images; their
noise level is high enough, and they contain spots whose
shape and size varysubstantially.Finally, each image is
digitized at 330 x 750 pixels andcontains1000 spots. The
parametersof the geneticalgorithmhad beenexperimentally
adjusted once, and thus they remainedunchangedduring all
the experimentalprocedure.The populationsize N was set
to 100. ThepercentageP, was relatively small(Pr=lO%) as
the reproductionwas used only for the bestchromosomesof
the populationto be preservedin the nextpopulation. The
termination criterion was satisfied when the best fitness
value remainedunchangedfor 200 populations.

The accuracyof the proposedmethod wasanalyzedby
means of a statistical analysis. More precisely, using the
proposedapproach,91.5% of spots were"very efficiently
segmented",and nospuriousspot were detected . A spot was
"very efficiently segmented"if at least 90%of the entire
spot area wasenclosedin the contourof that spot. Fig. 4
illustrates the segmentationresult of a microarray block
taken from agood-quality syntheticimage. In this figure,
one can observe that theproposedmethod has optimally
segmentedall the microarrayspots. On the other hand, Fig.
5 illustratesthe segmentationresult of a microarray block
taken from a low-quality synthetic image. On its
segmentationresults (Fig. 5b), it becomes obvious that the
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Subsequently,the chromosomesconstitutingthe POPI are
evaluated. The higher theresemblanceof the morphological

compartment-modelI';oDEL (representedby thechromosome

m) to the real-compartmentl REAL is, the higher the valueof
the fitness functionof a chromosomem becomes.Therefore,
the relative intensity errorE(x,y) betweenthe intensityof the
compartment-model'spixel (x,y) and thecorrespondingone
of the real-compartment'spixel is calculatedas follows:

Thereafter,the geneticalgorithm makes thepopulation
POPI evolve into a newpopulationPOP2, the POP2 to a new
populationPOP3and so forth as follows: ThePr% of the best
chromosomesof POPn is maintainedin POPn+l. The rest are
reproducedby applying: i) thejoint applicationof theBLX-a
crossoverand of the dynamic heuristic one and ii) the
wavelet mutation . Genetic algorithm finishes when a
maximum numberof populationsis reached, for which the
best fitness value has remainedunchanged.Thus, the

Fig. 4. Spot segmentation results (b) in a good quality microarray subimage (a).


