
• Assumption: the shape of adjoining cells follows a 2D Gaussian mixture model, and
each component of the model relates to a cell

• A key idea of our segmentation method: to find the number of components of 2D
Gaussian mixture model, which corresponds to the number of actual cells
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• Automatic methods of cell counting and tracking are important
in cytometric analyses that classify cell types or analyze cell
structure

• Accurate cell segmentation in microscopic images is one of the
critical problems in the cell-based research

MOTIVATION

1. Evaluation metrics
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2. Quantitative analysis

3. Qualitative analysis

EXPERIMENT

A high performance in quantification of cells can be obtained 
without accurate seed detection. This represents significant 
progress when compared to other cell segmentation methods, 
which require high accuracy of seed detection for accurate 
segmentation

Boundaries estimated using the proposed method is similar to 
human perception of boundaries between aggregated cells

CONTRIBUTIONS

• Various cell brightnesses, sizes, and shapes
• Ambiguous boundaries between connected cells

CHALLENGE

WORK FLOW

METHOD

BBBC dataset:
• 696X520
• Ground truth
• 768 images

1. Combination of thresholding using seed detection based on MSER
• To extract the reliable ROI under a large variation of intensities, we define an Otsu-based ROI

detector combined with local and global thresholding, as follows:
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2. Cell division using structural dissimilarity
• According to the assumption associated with the shape of ROI and Gaussian mixture model, we

estimate a GMSM (Gaussian Mixture based Shape Model) using EM (Expectation-Maximization),
and the classified cell consists of pixels that contribute to generate each component of the GMSM
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Embodied image consisted of several cells

Parameter set of
K components
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Intensity normalization term
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Binary image produced by global thresholding Accumulated binary image produced by local thresholding

Gaussian kernel
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Expectation-maximization
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embodiment

Original image Gaussian 
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(a) Original image, (b) Ground truth,  (c) OTSU, (d) MINS, (e) ilastik, (f) GC, (g) NOER, (h) Ours

Methods 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 𝐽 𝐷𝑆𝐶

Otsu[1] 0.540 0.494 0.604

MINS[2] 0.592 0.568 0.634

Ilastik[3] 0.684 0.679 0.781

GC[4] 0.732 0.726 0.709

NOER[5] 0.767 0.758 0.829

Ours 0.875 0.845 0.886
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(a) a result of seed detection using MSER(Maximal Stable Extremal Regions),    (b) a binary image by global thresholding 
(c) an accumulated binary image by local thresholding,                               (d) final ROI (green area)


