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CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Image segmentation
Robert Haase

Using materials from Marcelo Leomil Zoccoler and Johannes Soltwedel, 
PoL, TU Dresden
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Recap
How can one solve this problem?
A) By modifying the code

B) By not modifying the code
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Quiz  (recap)
•Which of the following is a band-pass filter?

Gaussian Median Top-hat
Difference 

of Gaussian
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Quiz  (recap)
•Which of the following is a denoising filter?

Gaussian Median Top-hat
Difference 

of Gaussian
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Lecture overview: Bio-image Analysis
• Image Data Analysis workflows

• Goal: Quantify observations, substantiate conclusions with 
numbers

Image filtering Image segmentation Feature extraction Object classification

Plotting
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Thresholding: Otsu’s method
• Searching for a threshold where the variance in both classes (above/below threshold) 

becomes minimal.

Below threshold
Above threshold

𝑉𝑎𝑟(𝐼) = ෍

𝑖 ∈𝐼

𝑔𝑖 − ҧ𝑔𝐼

𝑉𝑎𝑟(𝐼) … Variance in image I
gi … grey value of a pixel i
ത𝑔𝐼 … mean grey value of the whole image I
𝑛𝐼 

… number of pixels in Image I

ҧ𝑔𝐼 = ෍

𝑖 ∈𝐼

𝑔𝑖

𝑛𝐼
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Thresholding: Otsu’s method
• Searching for a threshold where the variance in both classes (above/below threshold) 

becomes minimal.

• Weighted (!) 
sum variance

Below threshold
Above threshold

𝑉𝑎𝑟′(𝐼) =
𝑛𝐴

𝑛𝐼

𝑉𝑎𝑟(𝐴) +
𝑛𝐵

𝑛𝐼

𝑉𝑎𝑟(𝐵) 𝐼 = 𝐴 ∪  𝐵
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Thresholding: Citing
• Cite the thresholding method of your choice properly

“We segmented the cell nuclei in the images using
Otsu’s thresholding method (Otsu et Al. 1979) 
implemented in scikit-image (van der Walt et al. 2014).”
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Refining masks
•Binary mask images may not be perfect immediately 
after thresholding.

•There are ways of refining them
Thresholding Closing Opening
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Erosion
•Erosion: Every pixel with at least one black neighbor 
becomes black.

Erosion
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Quiz
•Binary erosion is identical with which filter?

Mean Median Minimum Maximum
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Dilation
•Dilation: Every pixel with at least one white neighbor 
becomes white.

Dilation

8-connected neighborhood
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Dilation
•Dilation: Every pixel with at least one white neighbor 
becomes white.

DilationDilation

8-connected neighborhood4-connected neighborhood
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Opening
• Erosion and dilation combined allow correcting outlines.

Erosion Dilation

Opening
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Closing
• Erosion and dilation combined allow correcting outlines.

Dilation Erosion

Closing



Robert Haase
@haesleinhuepf
BIDS Lecture 4/14
April 23rd 2024

20

Chaining erosion and dilation
• Erosion: Set all pixels to black which have at least one black neighbor.

Erosion Erosion Erosion

Dilation Erosion

• Closing: Dilation + Erosion 

Dilation Dilation Dilation

• Dilation: Set all pixels to white which have at least one white neighbor.

• Opening: Erosion + Dilation

Slide adapted from Haase, Lombardot, Scientific Computing Facility, MPI CBG, licensed CC BY-NC 4.0

https://creativecommons.org/licenses/by-nc/4.0/
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Terminology

No matter how they are displayed

Intensity image Binary image Label image
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Terminology

Source: Allen Mouse Brain Atlas [dataset]. Available from mouse.brain-map.org. 
Allen Institute for Brain Science (2011).

Instance segmentation Semantic segmentation

Instances:
• Cells, nuclei, cats, dogs, cars, 

trees

Regions:
• Anatomical, geographical
• All pixels belonging to the same type of 

object have the same value

http://mouse.brain-map.org/
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Terminology
• Annotations are typically drawn by humans (e.g. to train machine learning models)

Instance 
segmentation

Semantic 
segmentation

Sparse semantic 
annotation

Sparse instance 
annotation
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Connected component labelling
• In order to allow the computer differentiating objects, connected component analysis (CCA) is used to 

mark pixels belonging to different objects with different numbers

• Background pixels are marked with 0.

• The maximum intensity of a labelled map corresponds to the number of objects.
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Common image segmentation workflows

• Presumably the most common segmentation algorithm used for fluorescent microscopy 
images:

• Gaussian blur, Otsu’s Threshold, Connected Component Labeling

Denoising Binarization Labeling

Limitation: Dense 
objects
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Voronoi-Tesselation
• For separating objects using spatial constraints (not intensity-based)

Dilate 
labels

Dilate 
labels

Edge 
detection

Centroid 
mesh

Voronoi-Tesselation
Delauney-Triangulation

Touching neighbor mesh

Voronoi-label-image Label-edge-imageLabel-image
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Common image segmentation workflows

• Combination of Gaussian blur, Otsu’s Threshold and Voronoi-labeling

Masked 
Voronoi 
labeling

Local 
maxima 

detection

Otsu’s 
Threshold

Gaussian 
blur

Gaussian 
blur

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks
/20_image_segmentation/11_voronoi_otsu_labeling.html

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/20_image_segmentation/11_voronoi_otsu_labeling.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/20_image_segmentation/11_voronoi_otsu_labeling.html
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Watershed
• The watershed algorithm for binary images allows cutting one object into tow where it’s reasonable.

Binary segmentation Distance map
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Watershed
• The watershed algorithm for binary images allows cutting one object into tow where it’s reasonable.

Binary segmentation Distance map



Robert Haase
@haesleinhuepf
BIDS Lecture 4/14
April 23rd 2024

30

Watershed
• The watershed algorithm for binary images allows cutting one object into two where it’s reasonable.

• The distance-maps are typicall made from binary images. It does not take the original image into account!

Binary segmentation Distance map Binary watershed Labeled watershed



Robert Haase
@haesleinhuepf
BIDS Lecture 4/14
April 23rd 2024

31

Watershed use-cases

• Split dense objects

Binarization
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Watershed use-cases
• Seeded watershed: Flood regions from pre-defined seeds

• Example: Flood cells from nuclei positions

“Seeded” watershed
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Label post-processing / morphological operations

• … similar to morphological operations on binary images

Original Eroding labels Dilating Labels
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This 
combination 
is called ...?

Label post-processing / morphological operations

• … similar to morphological operations on binary images

Original Eroding labels Dilating Labels

Opening Closing
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Epilepsy warning
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Original Opening labels Smoothing Labels

Label post-processing / morphological operations

• … similar to morphological operations on binary images
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Label post-processing / selections
• Remove objects at the image border

• Their measurements (shape, size) would be misleading anyway
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Label post-processing / selections
• Excluding small / large objects

• Common correction-step in case segmentations contain noise-related 
small particles

Exclude small objects

Exclude large objects
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Quiz
•What’s a reasonable approach to process such an 
image?

Thresholding Watershed
Machine-
Learning
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CENTER FOR SCALABLE DATA ANALYTICS AND 
ARTIFICIAL INTELLIGENCE

Napari
Robert Haase

Funded by

These slides and the related training materials can be reused under the 
terms of the CC-BY 4.0 license. https://doi.org/10.5281/zenodo.10207321  

https://scads.github.io/napari-tutorial-2023  

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.10207321
https://scads.github.io/napari-tutorial-2023
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Napari

•A viewer for n-dimensional image data written in Python
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Napari – Graphical User Interface

View configuration / 
tools

Layers

Dock widgets 
(custom plugins)

Function widgets 
(custom plugins)

Viewer controls
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Napari – Graphical User Interface

•Context / data type dependent tools
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Napari – Python Scripting

•        Mixing interactivity and reproducibility
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Napari – Python Scripting

• Initialization
import napari

# Create an empty viewer

viewer = napari.Viewer()

• Adding images
viewer.add_image(image)

46
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Napari – Python Scripting

• Make screenshots from napari and put them in your jupter notebook

napari.utils.nbscreenshot(viewer)

47

Place your viewer here
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Napari – Python Scripting

• Removing layers

for l in viewer.layers:

    viewer.layers.remove(l)

• Modify visualization while adding layers

viewer.add_image(image,

          colormap='green’)

• Modify layers after adding

layer = viewer.add_image(image)

layer.colormap = 'green’

layer.contrast_limits = (0, 128)

48
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Napari – Python Scripting
• Binary images and label images visualized as label layers

from skimage.filters import threshold_otsu

threshold = threshold_otsu(blurred_image)

binary_image = blurred_image > threshold

# Add a new labels layer containing an image

viewer.add_labels(binary_image)

49
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The Napari Assistant

• Tools > Utilities > Assistant (na)

Viewer 

controls

Image 

Processing

https://www.napari-hub.org/plugins/napari-assistant 

https://www.napari-hub.org/plugins/napari-assistant
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The Napari Assistant

• A pocket-calculator-like 
interface to build image 
analysis workflows

https://www.napari-hub.org/plugins/napari-assistant 

https://www.napari-hub.org/plugins/napari-assistant
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The Napari Assistant

• Classical image processing 
operations + advanced tools

• Saving&loading supported

• Undo [redo]

• Hints for next steps

• …

Ryan Savill 
@RyanSavill4

https://www.napari-hub.org/plugins/napari-assistant 

Big thanks to:

https://www.napari-hub.org/plugins/napari-assistant
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Workflow building
• Try different 

algorithms, 
e.g. for 
removing 
noise

• Find them in 
the pulldown
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Workflow building
• Try different 

binarization 
algorithms
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Workflow building
• Try different 

labeling 
algorithms
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The Tools menu
• Organized in categories
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Workflow building
Also check out the Tools > Segmentation / labeling menu
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Short-cuts: Voronoi-Otsu-Labeling
Also check out the Tools > Segmentation / labeling menu

Gauss-Otsu-Labeling

Voronoi-Otsu-Labeling
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Watershed
Also check out the Tools > Segmentation / labeling menu
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Watershed
• From binary images

Tools > Segmentation / labeling > 
Label touching objects

Tools > Segmentation post-
processing >
Split touching objects 
(Similar to ImageJ’s Watershed)
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Label erosion, dilation, opening, closing, …
• In Napari Assistant: Process labels
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Browse operations

• Use the search…

Enter the library name 
you want to use

Enter the structure you 
would like to segment

This only works if 
developers documents 

their plugins well ;-)

Search the internet

https://www.napari-hub.org/plugins/napari-assistant 

https://www.napari-hub.org/plugins/napari-assistant
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Export code to Jupyter Notebooks

Image data source: Mauricio Rocha Martins, Norden lab, MPI CBG (now at IGC Oeiras)

https://github.com/haesleinhuepf/napari-assistant 

https://github.com/haesleinhuepf/napari-assistant
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Export code to Jupyter Notebooks

https://github.com/haesleinhuepf/napari-assistant 
#code-generation 

https://github.com/haesleinhuepf/napari-assistant#code-generation
https://github.com/haesleinhuepf/napari-assistant#code-generation
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CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Image segmentation in Python
Robert Haase
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Voronoi-Otsu-Labeling
• Gaussian-Blur

• Otsu-Thresholding                                                 … in a single line of code:

• Spot-detection

• Watershed on the binary image

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/20_image_segmentation/11_voronoi_otsu_labeling.html
https://www.youtube.com/watch?v=evgRgDfVuEc  

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/20_image_segmentation/11_voronoi_otsu_labeling.html
https://www.youtube.com/watch?v=evgRgDfVuEc
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Anisotropy
• Some [segmentation] algorithms have prerequisites…
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Anisotropy
• Reminder: Anisotropic images might be tricky to process properly
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Reslicing / scaling / sampling
• Resample image data to a specific voxel size
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Watershed
• … in Python practice

https://www.napari-hub.org/plugins/napari-segment-blobs-and-things-with-membranes#seeded-watershed 

https://www.napari-hub.org/plugins/napari-segment-blobs-and-things-with-membranes#seeded-watershed


Robert Haase
@haesleinhuepf
BIDS Lecture 4/14
April 23rd 2024

71

CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Exercises
Robert Haase
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Image segmentation exercises
•Try out segmentation algorithms and apply them to  
_                                                                 other datasets

https://github.com/ScaDS/BIDS-lecture-
2024/tree/main/04a_image_segmentation 

https://github.com/ScaDS/BIDS-lecture-2024/tree/main/04a_image_segmentation
https://github.com/ScaDS/BIDS-lecture-2024/tree/main/04a_image_segmentation
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Image segmentation exercises
•3D image processing may require GPU-acceleration

• In case there are errors: 

https://github.com/clEsperanto/pyclesperanto_prototype/?tab=readme-ov-file#troubleshooting-graphics-cards-drivers 

https://github.com/ScaDS/BIDS-lecture-
2024/tree/main/04a_image_segmentation 

https://github.com/clEsperanto/pyclesperanto_prototype/?tab=readme-ov-file#troubleshooting-graphics-cards-drivers
https://github.com/ScaDS/BIDS-lecture-2024/tree/main/04a_image_segmentation
https://github.com/ScaDS/BIDS-lecture-2024/tree/main/04a_image_segmentation
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Napari - Exercises

• Start using napari from Python

https://github.com/ScaDS/BIDS-lecture-
2024/blob/main/04b_napari_notebooks/napari_intro.ipynb 

https://github.com/ScaDS/BIDS-lecture-2024/blob/main/04b_napari_notebooks/napari_intro.ipynb
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/04b_napari_notebooks/napari_intro.ipynb
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Napari - Exercises

• Start napari from the terminal!

• Follow the instructions to set up a workflow and export a Jupyter notebook

https://github.com/ScaDS/BIDS-lecture-
2024/blob/main/04b_napari_notebooks/napari-assistant.md 

https://github.com/ScaDS/BIDS-lecture-
2024/blob/main/04b_napari_notebooks/notebook_export.md 

https://github.com/ScaDS/BIDS-lecture-2024/blob/main/04b_napari_notebooks/napari-assistant.md
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/04b_napari_notebooks/napari-assistant.md
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/04b_napari_notebooks/notebook_export.md
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/04b_napari_notebooks/notebook_export.md
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