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Outline

I. Image Acquisition... DONE

II. Deconvolution... → RESTORATION... DONE

III. Segmentation
IV. Analysis

→ CLASSIC

→ TRAINABLE

→ ASSESSMENT
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II. Processing
• Trainable Segmentation

III. Software Tools
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About: Indicators (Metrics) & Checklists

• https://doi.org/10.1038/s41592-023-02151-z *

• https://www.nature.com/articles/s41592-023-02151-z

• https://europepmc.org/article/MED/38347141
• https://doi.org/10.1038/s41592-023-01987-9

• https://omero.readthedocs.io/en/stable/users/index.html
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> Similarity Descriptors

Main categories

• ROI-ROI distance
(Hausdorff distance, chamfer distance, 
mean border distance, etc…)

• ROI-ROI intersection
(sensitivity/specificity, Dice/Jaccard coeffs.)

• ROI features
(number, shape, feature points/parts, 
color/texture based like textures or entropy)



> Segmentation Assessment Indicators

• Hausdorff distance (metric)
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Image source:
Wikimedia commons



> Segmentation Assessment Indicators

• ROI-ROI intersections

• Computed between the initial user
drawings and the segmented objects

• Pixel(voxel) or polygon(mesh) 
approaches for computation



> Segmentation Assessment Indicators

• Pixel (voxel) based ROI-ROI intersection

• Quantifiable by boolean AND operation

A (over), B

B (over), A

A  AND B
(intersection)

A  OR B
(union)

A  XOR B

P Q P AND Q

0 0 0

0 1 (255) 0

1 (255) 0 0

1 (255) 1(255) 1 (255)

P Q P OR Q

0 0 0

0 1 (255) 1 (255)

1 (255) 0 1 (255)

1 (255) 1(255) 1 (255)

P Q P XOR Q

0 0 0

0 1 (255) 1 (255)

1 (255) 0 1 (255)

1 (255) 1(255) 0



> Segmentation Assessment Indicators

• 2D polygon ROI-ROI intersection

• Available algorithms:
• Weiler-Atherton clipping algorithm (BOOST C++ library)

• Vatti clipping algorithm (PolyClipper C++/C#, Delphi library)

• Core:
• segment-segment intersection

• polygons represented by a list of consecutive vertices in 
clockwise/counterclockwise order

• handling of special cases (intersection is a point, an edge, etc.)

Weiler K & Atherton P. "Hidden Surface Removal using Polygon Area Sorting“. Computer Graphics 11(2):214-222, 1977.
http://www.boost.org/doc/libs/1_51_0/libs/geometry/doc/html/geometry/reference/algorithms/intersection.html
http://barendgehrels.blogspot.com/2010/12/intersections-1.html
Vatti B. “A generic solution to polygon clipping", Communications of the ACM 35(7): 56-63, 1992.
https://sourceforge.net/projects/polyclipping/

http://www.boost.org/doc/libs/1_51_0/libs/geometry/doc/html/geometry/reference/algorithms/intersection.html
http://barendgehrels.blogspot.com/2010/12/intersections-1.html
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https://sourceforge.net/projects/polyclipping/


> Segmentation Assessment Indicators

Let…

• GT : a ground truth region of interest

• S : the corresponding segmented region

• TP : # of true object pixels true positives

• TN : # of true background pixels true negatives

• FP : # of false object pixels false positives

• FN : # of false background pixels false negatives

Assuming that a ground truth segmentation exists, 
which is not always feasible (perfect/ideal ROIs)…



> Segmentation Assessment Indicators

Sensitivity (metric) Specificity (metric)

▪ Fraction of ROI elements
(pixels, voxels) correctly
detected

▪ Fraction of background
elements correctly detected
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▪ Few false negatives →

high sensitivity (near 1)

Do we find all the ROI pixels/voxels?

▪ Few false positives →
high specificity (near 1)

Do we exclude all the non-ROI pixels/voxels?

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

https://en.wikipedia.org/wiki/Accuracy_and_precision#In_binary_classification

https://en.wikipedia.org/wiki/Precision_and_recall
https://en.wikipedia.org/wiki/Precision_and_recall
https://en.wikipedia.org/wiki/Accuracy_and_precision#In_binary_classification
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> Segmentation Assessment Indicators

Jaccard similarity index / Dice coefficient (metric)
Tanimoto coefficient (metric)
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Perfect match (overlap) → Jaccard index = 1, Dice coeff. = 1

No match (overlap) → Jaccard index = 0, Dice coeff. = 0



> Segmentation Assessment Indicators

• NSD: normalized sum of distances (NOT a metric)
Accounts for the accumulated distances from non-overlapping 
pixels/voxels enclosed by contours S and GT.

• Values range within 0 and 1 (from no overlap to perfect match).

• Dk: distance between ROI elements (e.g. polygon segments) 

NSD(S, 𝐺𝑇) = 
σ𝑘 𝑆≠𝐺𝑇 ∗𝐷𝑘

σ𝑘 𝐷𝑘
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• Image processing: parasites



• image Segmentation

• The simplest segmentation… a manual global threshold

raw image

segmentation (>46)

segmentation (>158)



Segmentation
• How to define the threshold ? …



Supervised Segmentation

• We don’t have examples (!)

• We know there are two groups (or three?): cells, and 
background.

• This is another kind of learning problem:
• Supervised: regression, classification

• Unsupervised: clustering



• image Segmentation: unsupervised approach

• We can model it as how to discover the best k groups or 
clusters at a pixel level.

• K-means clustering (k=3):

Random centroids
clusters assignation + 

voronoi diagram
centroids re-computation

cluster assignation + 

voronoi diagram

▸ Proposed Excercise: K-Means

Supervised Segmentation



• SHAPE DESCRIPTION: High dimension?

• How to understand an image in high dimension? 

n

m

nmx1

Supervised Segmentation



• SHAPE DESCRIPTION: High dimension?

• For 2D images, we now have a nm size vector per image

n

m

n

m

nmx1 nmx1

Supervised Segmentation



• SHAPE DESCRIPTION: High dimension?

• Now, each image is a point in your feature space.

Supervised Segmentation



Supervised Segmentation

• But, we can understand images in HIGHER dimensions.

▸ Intensity (0)

▸Variance 3x3

▸Mean 3x3

▸ Sobel 3x3

▸ (any convolution)

▸Others



• We can quickly build examples.

• Switch from unsupervised to supervised problem.

▸Class A (background)

▸Class B (objects)

▸ Proposed Exercise: Use Weka (FIJI) and/or Ilastik to train 
random forest approaches to segment nuclei and parasites.
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