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Cell analysis is one of the core procedures done frequently during the course of research in a
number of fields, including bacteriology and embryology. The information about cell morphology,
lineages, and growth characteristics is gathered with microscopes, providing
visual data in the form of images for investigation. Human—based study of these images is labor-—
intensive, error—prone due to subjective biases, lacks reproducibility and gives the qualitative
assessment of the subject, rather than the quantitative. These negative aspects emphasize the
importance of an automatic solution for the cell analysis problem. Although a number of software
applications, capable of performing cell detection and tracking, are available, they have to be
heavily altered and tailored to solve each particular task,
complicating the processing pipeline. This thesis presents image processing based solutions for two
cell analysis problems: drug susceptibility testing and early stage embryo segmentation

Drug susceptibility testing is a process where a bacteria strain resistance to multiple drugs with
different concentration levels is investigated. Existing approaches for testing rely on processing
with specialized equipment that provides results not earlier than 24 hours.

Recently a new device, drug susceptibility testing microfluidic device, that performs analysis of cell
images after 3 hours, has been introduced. Development of an algorithm for processing these images to
extract cell features and determine, whether a strain is susceptible to a drug in presented
concentration or not, was the focus of the research. The designed method showed more than 97% accuracy
of estimating minimum inhibitory concentration on a dataset that contained 101 bacteria strains

tested in presence of 5 different drugs. The implementation of the algorithm was created as a stand-
alone software application that is currently used frequently to perform drug susceptibility tests by
biology experts.

Analysis of cell morphology at early stages of embryo development present interest for the medical
community, for information about cell characteristics such as position, volume, size, and others
facilitates designing comprehensive models of internal processes, occurring in the embryo during its
growth, thus, leading to new treatments of genetic disorders and artificial tissue growth. To extract
cell features cell segmentation must be carried out in advance. Previously introduced methods
processed single or multiple phase contrast microscopy images and showed efficiency in segmenting
embryos with 4 or fewer cells, yet were not able to achieve high accuracy for embryos with more
blastomeres. Advances in fluorescence imaging allowed to target particular cell parts providing visual
cues that simplify segmentation. The aim of the studies presented in this thesis was to design a
method for automatic segmentation of early—stage embryos from multiple cross sections fluorescence
images. This task was solved by constructing energy functions to describe desired segmentation and
applying a 3D level set. The method achieved 93% accuracy for 4-cell embryos, yet it was lower for the

higher number of blastomeres, reaching 75% for 32-cell embryo
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