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○ Borovec J., Kybic J., Nava R. (2017) Detection and Localization of Drosophila Egg Chambers in Microscopy 
Images. In: Wang Q., Shi Y., Suk HI., Suzuki K. (eds) Machine Learning in Medical Imaging. MLMI 2017. LNCS, vol 
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○ Borovec J., Kybic J., Sugimoto, A. (2017). Region growing using superpixels with learned shape prior. SPIE 
Journal of Electronic Imaging 26(6), 061611, http://doi.org/10.1117/1.JEI.26.6.061611
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Supervised and unsupervised 
segmentation using superpixels, 
model estimation, and Graph Cut
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Image analysis pipeline
1. Structure (tissue) segmentation

a. computation of superpixels - SLIC
b. extraction of superpixel-based descriptors; 
c. calculating image-based class probabilities;
d. spatial regularized superpixel classification using Graph Cut

2. Center detection
a. center candidate training & prediction
b. candidate clustering
c. ellipse fitting

3. Region growing
a. learning statistical model
b. region growing 
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Segmentation method overview
Image segmentation method consisting of the following steps: 

1. Computation of superpixels - SLIC
2. Extraction of superpixel-based descriptors; 

a. Color - mean, median, energy, STD
b. Texture - Leung-Malik filter bank

3. Calculating image-based class probabilities;
a. Supervised - Random Forest, k-NN, Adaboost, ...
b. Unsupervised - Gaussian Mixture Model

4. Spatial regularized superpixel classification using Graph Cut
a. Edge weights - color, features, model
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Used datasets - Langerhan islets
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Used datasets - Drosophila imaginal discs
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Used datasets - Drosophila ovary
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Problem formulation
Formulation (standard) as

Energy minimisation 
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Graph Cut - Edge weight
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Segmentation results with SOA (F1-score)

13



Advantage of using Graph Cut
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Supervised vs Unsupervised
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Unsupervised with Graph Cut
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Detection and localization 
of Drosophila egg chambers 

in microscopy images
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Center detections
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Features for center detection
● Label histogram

● Ray features
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Ellipse fitting
Maximize likelihood
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Region growing using superpixels 
with learned shape prior
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Region growing - variational framework
Formulated as:

Where:

Resolves in energy minimisation:
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Appearance model
Associating a probability for each pixel / superpixel  whether it belongs to an object 
or not
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Shape model & prior
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Mixture model

28



Region growing - optimisation
● Greedy

● Multi-class Graph Cut

● Binary Graph Cut

● Object swapping
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Result compare to SOA
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Conclusion
● Presented 3 image methods

○ Image segmentation on superpixels 
■ supervised 
■ Partially-supervised
■ unsupervised

○ Center detection on segmented images
○ Region growing with shape prior

● Future work
○ Compte image analysis pipeline
○ Explore Instance segmentation with NN
○ ...
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