MECOS-C2: Robust cytomor phological measurements and their automation

In spite of 40 year history of computer cytomorpledm its practical usage is much less then was agde
Originated difficulties can be separated into ppat (morphological parameters of a given biospetirtype are
not enough informative, may be a new specimengredion techniques will be more successful), actirteal,

which can be overcome just now using appropriatgeranalysis technologies and algorithms.

Technical difficulties are produced by immanenvperties of biocpecimens - their own great valigband

presence of a lot of uncontrolled exposures, whitdhge morphology. Rules, which cytopathologsstsufor cell
sorting, are difficult for formalization. ~Only few parameters such as optical density, nucleuscgtmplasm
square are evident. But already nucleus contoumbasimple quantitative description. Initial nottdid to given
specimen morphological features are not stabley (si@nificantly from the same type cell to cellidtes of a given
specimen and additionally between different speosheFor example cell colors vary following to ariety of

coloring conditions and individual specimen projgsrt Texture features depend of optics and focwaditgu Cell

square depends of a smear thickness and so onlt&ieaus usage of many such features doesn’t isersgtability
of quantitative cell type morphology description.

Extremely high variability of cell images defineéstriptions of cell types in quality terms with ithsubjective
advantages for visual analysis and disadvantagesufomation.

Cell sample morphology of a specimen under indetatendition is to be considered as unsteady rangiaoess
realization formed under group of uncontrolled exé parameters (pathology, lab conditions, hunstor and
many others). Literature known numerous attemptapjoly usual threshold statistics of stationarycpss on the
base of initial morphology features couldn’t produdfective cell morphology description.

At that time the problem of cell morphology destiop has been solved comparatively successfullyobotic

microscopy systems for a set of concrete automayeslogical analyses. Robotic system MECOS-C2 esesigh
universal algorithm which can be applied to manplogical analyses allowing to consider it as commuethod of
attack.

MECOS-C2 uses among others the following methods.

Normalizations are applied systematically, thamisasurements only relative distinctions are maoea{loptical

density, normalization of cell colors by colorsméin subpopulation, nucleus square by local snteekriess and
so on). Robust adaptable to a given specimen ritdgess are applied practically without a priory ébhold

parameters used. The adaptation is realized bysisalf inherent specimen cell population structure

The adaptation to a given specimen includes thiewing steps.

1.Tasks of image segmentation and objects sortingoimogeneous groups are solved by methods ofediugt
without teacher.

2. Amount of clusters made is evaluated by speciated statistics criteria.

3. Mechanism of hypotheses statement and thdibwiolg testing is used. The hypotheses are cormgrto

quantity of regions in image, quantity of objeqteyg in specimen, boundaries between groups locatitypotheses
are formed on the data analysis.

4. Sorting may be realized after clustering usinoghbgeneous groups preliminary separated. 5. Boigzdbetween
regions of any object type in features space depenelative positions of all objects previouslyted.

6. As object sample gathering is automated a volaef@ sample is statistically adequate to sampleatd
variability.

Above automated analysis is possible not only fatural specimens under microscope but also foualirslides

produced by other laboratories with representatpecimen sample forming.



The MECOS-C2 algorithms under consideration ardaa for usage in different tasks of quantitatoygology. It

must be mentioned that potency of cytomorphomepplieation depends on not only correct featuresiachand
population structure analysis but also on automatfdthese processes
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Meirman-Pirson curve

MECOS-C2. Example of object population clusteringask of leukocyte detection. Leukocyte nuclepasation

from erythrocytes and artifacts in plane of refattolors
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