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Motivation
Why Drosophila?

● High gene similarity with mumals (~ 93%)
● Short life cycles -> gene evaluation in generations

Automatic image processing:

● Analyses require thousands of images to be processed
● Very time consuming for experts
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Schema of Drosophila development
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Sample images
Drosophila ovaries
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Drosophila Datasets
Just a few annotations in biomedical imaging is common issue…

● Noisy images with local deformations
● Low image variance (patterns)
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Domain Semantic annot. Instance annot.

Ovaries 2.5D 72 250

Imaginal discs 2D 15 -



Drosophila ovary - semantic segmentation
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Drosophila imaginal discs - semantic segmentation
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Notations

Image related
Ω  set of pixels (image plane)

I  input image function I : Ω → Rm

L  set of labels

Superpixels
η  original  regularization

ξ  proposed regularization

ν  initial superpixel size

s  superpixel

S  set of superpixels s ∈ S

D  weighted distance

d{c,s}  color and spatial distance respectively

Ωs  pixels  belonging  to a superpixel s, Ωs ⊂ Ω
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Segmentation & Region growing
yΩ  pixel-wise  segmentation function yΩ : Ω → L

YΩ  ordered set of pixel-wise segmentation Y Ω = yΩ (Ω)

y  superpixel segmentation function y : S → L with abbrev.  for ys = y(s)

Y  ordered set of superpixel segmentation Y = y(S)

x  feature vector

X  set of features xs ∈ X for all superpixels

d{M,E,T } Manhattan, Euclidean and Tchebychev distances

U, B  unary (data) and binary (pairwise)  term for GC respectively

g  image descriptor

r  vector of ray distances

c  vector of object centers

m  statistical shape model m = [c, r, Θ, w]

M  mixture of shape model

w  vector with model weights

q  cumulative probability of spatial prior

Dictionary Learning
g  image appearance  (binary association to a class)

G  set of images g ∈ G

yΩ , YΩ  atlas (binary patterns, segmentation)

w  vector with binary weights

W  matrix with binary weights w ∈ W



Superpixels - Imaginal discs
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Superpixels - Drosophila ovary
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Supervised and unsupervised 
segmentation using superpixels, 
model estimation, and Graph Cut
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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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Problem formulation
Formulation (standard) as

Energy minimisation 
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Superpixel features
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Influence of superpixel parameters

20

Optimum
(~compromise)

Low separability

Low feature 
representativeness



Graph Cut - Edge weights
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Segmentation results with SOA (F1-score)
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Advantage of using Graph Cut
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Supervised vs Unsupervised
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Detection and localization 
of Drosophila egg chambers 

in microscopy images
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Center detections - illustration
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Schema
1. Extract pixel features

a. Label histogram

b. Ray features

2. Train classifier

3. Group center candidates

4. Ellipse fitting
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Features for center detection
● Label histogram

● Ray features
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Classification  & Grouping
Train classifier on 3 zones

● Negative
● No not case
● Positive 
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Clustering of center candidates with DBSCAN

https://en.wikipedia.org/wiki/DBSCAN


Ellipse fitting
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Fitting ellipses to boundary points to maximise foreground labels inside ellipse



Ellipse fitting

Formulate as Maximize likelihood
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Ellipse pruning
Ellipse approximation eliminate multiple center detection in single egg
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Region growing using superpixels 
with learned shape prior
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Jiří Borovec, Jan Kybic, Akihiro Sugimoto, “Region growing using superpixels with learned shape 
prior,“ Journal Electron. Imaging 26(6), 061610 (2017), DOI: 10.1117/1.JEI.26.6.061611.

http://doi.org/10.1117/1.JEI.26.6.061611


Region growing - variational framework
Formulated as:
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Appearance model

Mixture model

Pairwise term



Region growing - variational  framework
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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Measured shapes
Measured egg shapes as ray features from training examples (~250 eggs)
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Gaussian model from all measured Ray features

Prior is represented as integral of probabilities

Shape model & prior
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Mixture of Gaussian models
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RG - optimisation
● Iterative approach on object boundaries

● Alternating: region growing & update shape prior

● Strategies:

○ Greedy

○ Graph Cut

■ Binary

■ Multi-class 

○ Object swapping

43



44



45



Result compared to SOA
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High Jaccard index with reasonable processing time
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Binary Pattern Dictionary Learning 
of gene expressions
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Pipeline: segmentation - registration - BPDL
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Decomposition methods
Formulation

● Standard approaches
○ Non Negative Matrix Factorisation

○ Fast Independent Component Analysis

○ Sparse Principal Component Analyses

○ Dictionary Learning with Matching pursuit
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Formulation
● Image representation

● Similarity measure (Hamming distance)

● Regularize neighbouring pixels

● Optimization criterion

51



Alternating  minimization
● Update weights - maximise overlap

● Update atlas
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Algorithm
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It makes the algorithm more robust to initialisation.



Synthetic datasets
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Synthetic images
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Comparison on synth. images
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Comparison on synth. images
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Input segmented imaginal discs
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Visualise results on imaginal discs
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Gene & atlas

Used patterns

Pattern activation



Extracted 
Atlases 
for 
Imaginal 
discs
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Results on imaginal discs
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No ground truth atlases…



Parameter selection & More discs
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Conclusion
● Presented four image processing methods:

○ Image segmentation on superpixels 
○ Center detection on segmented images
○ Region growing with shape prior
○ Binary Pattern Dictionary Learning
○ Implementation:

■ http://borda.github.com/pyImSegm 
■ http://borda.github.com/pyBPDL  

● Future work
○ Complete image analysis pipeline in 2.5D
○ Try instance segmentation with CNNs
○ ...
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