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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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Feature extraction
• Feature extraction is a late processing step in image analysis.

• It can be used for images or

Denoising Background subtraction Segmentation Labeling

Image data source: Daniela Vorkel, Myers lab, MPI CBG

Feature Extraction

Feature 
Extraction

Acquisition

• or segmented/labelled images
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Feature extraction
• A feature is a countable or measurable property of an image or object.

• Goal of feature extraction is finding a minimal set of features to describe an object well enough to 
differentiate it from other objects.

• Intensity based

• Mean intensity

• Standard deviation

• Total intensity

• Textures

• Shape based /spatial 

• Area / Volume

• Roundness

• Solidity

• Circularity / Sphericity

• Elongation

• Centroid

• Bounding box

• Spatio-temporal

• Displacement,

• Speed,

• Acceleration

• Mixed features
• Center of mass
• Local minima / maxima
• Distance to neighbors
• Average intensity in neighborhood

• Others

• Overlap

• Colocalization

• Topological

• Number of neighbors
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Intensity based features
• Min / max

• Median

• Mean

• Mode

• Variance

• Standard deviation

• Can be derived from pixel 
values

• Don’t take spatial relationship 
of pixels into account

• See also: 
• descriptive statistics
• histogram
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Reminder: Measure on raw data
• In case thresholding algorithms outline the wrong structure, blurring in advance may help.

• However: Do not continue processing the blurred image, continue with the original!

Contour on 
original image

Thresholding 

Blurring + 
Thresholding ☺
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Bounding rectangle / bounding box
• Position and size of the smallest rectangle containing all 

pixels of an object

• xb, yb … position of the bounding box

• wb … width of the bounding box

• hb … height of the bounding box
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Center of mass
• Relative position in an image weighted by pixel intensities

• x, y … pixel coordinates
• w … image width
• h … image height
• µ … mean intensity
• gx,y … pixel grey value
• xm, ym … center of mass coordinates
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“sum intensity”
“total intensity”

xm =  1/7 (1·0 + 1·1 + 2·2 + 2·1 + 1·2) = 1.3

ym = 1/7 (1·2 + 1·2 + 2·3 + 2·2 + 1·3) = 2.4
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Center of geometry / centroid
• Relative position in an image weighted by pixel intensities

• Special case of center of mass for binary images
• x, y … pixel coordinates
• w … image width
• h … image height
• µ … mean intensity
• gx,y … pixel grey value, integer in range [0;1]
• xm, ym … center of mass coordinates
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xm =  1/5 (1·0 + 1·1 + 1·2 + 1·1 + 1·2) = 1.2

ym = 1/5 (1·2 + 1·2 + 1·3 + 1·2 + 1·3) = 2.4
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Perimeter
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• Length of the outline around an object

• Depends on the actual implementation
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Feret’s diameter
• Feret’s diameter describes the 

maximum distance between any 
two points of an outline.

• The minimum caliper (“Minimum 
Feret”) describes the shortest 
distance, the object would fit 
through.

• Feret and Minimum Feret do not 
need to be perpendicular to each 
other!

https://en.wikipedia.org/wiki/Feret_diameter#/media/
File:DigitalCaliperEuro.jpg Image license: Public domain

Caliper

https://en.wikipedia.org/wiki/Feret_diameter#/media/File:DigitalCaliperEuro.jpg
https://en.wikipedia.org/wiki/Feret_diameter#/media/File:DigitalCaliperEuro.jpg
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Feret’s diameter

https://search.worldcat.org/de/title/grosseur-des-
grains-des-matieres-pulverulentes/oclc/254880803

• Feret’s diameter (L.R. Feret, 1931) is often cited, but impossible to read 
online …

• The term “Feret’s Diameter” was 
established in the 1970s

https://search.worldcat.org/de/title/grosseur-des-grains-des-matieres-pulverulentes/oclc/254880803
https://search.worldcat.org/de/title/grosseur-des-grains-des-matieres-pulverulentes/oclc/254880803
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Minor / major axis
• For every object, find the optimal ellipse simplifying the object.

• Major axis … long diameter 

• Minor axis … short diameter

• Major and minor 
axis are perpendicular 
to each other

Fit 
ellipse
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Aspect ratio
• The aspect ratio describes the elongation of an object.

AR = major / minor

1
1.5

2

1.523

3
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Convex hull
• By removing all concave corners of an object, we retrieve its convex hull.
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Convex hull
• By removing all concave corners of an object, we retrieve its convex hull.
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Convex hull
• By removing all concave corners of an object, we retrieve its convex hull.



Feature Extraction
BIDS Training  School
Robert Haase
@haesleinhuepf
May 14th 2024

18

Convex hull
• By removing all concave corners of an object, we retrieve its convex hull.

𝑠𝑜𝑙𝑖𝑑𝑖𝑡𝑦 =
𝐴

𝐴𝑐𝑜𝑛𝑣𝑒𝑥𝐻𝑢𝑙𝑙
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Roundness and circularity
• The definition of a circle leads us to 

measurements of circularity and 
roundness.

• In case you use these measures, 
define them correctly. They are not 
standardized!

Circumference

𝐴 =
𝜋𝑑2

4

C = 𝜋𝑑

Area

𝑑Diameter

Roundness = 1
Circularity = 1

𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟𝑖𝑡𝑦 =
4𝜋 ∗ 𝐴

𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟2

𝑟𝑜𝑢𝑛𝑑𝑛𝑒𝑠𝑠 =
4 ∗ 𝐴

𝜋 𝑚𝑎𝑗𝑜𝑟2

Roundness ≈ 1
Circularity ≈ 1

Roundness < 1
Circularity < 1
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Roundness versus circularity
• To decide which metric to use, consider drawing example object, 

which reflect the phenotype you are studying.

roundness:  0.86
circularity:  0.14

roundness:  1.00
circularity:  0.91

roundness:  0.64
circularity:  0.87

𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟𝑖𝑡𝑦 =
4𝜋 ∗ 𝐴

𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟2

𝑟𝑜𝑢𝑛𝑑𝑛𝑒𝑠𝑠 =
4 ∗ 𝐴

𝜋 𝑚𝑎𝑗𝑜𝑟2
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Feature extraction in Napari
• In Napari: Menu Tools > Measurements tables > Regionprops

https://github.com/haesleinhuepf/napari-skimage-
regionprops?tab=readme-ov-file#usage-measure-region-
properties

https://github.com/haesleinhuepf/napari-skimage-regionprops?tab=readme-ov-file#usage-measure-region-properties
https://github.com/haesleinhuepf/napari-skimage-regionprops?tab=readme-ov-file#usage-measure-region-properties
https://github.com/haesleinhuepf/napari-skimage-regionprops?tab=readme-ov-file#usage-measure-region-properties
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Feature extraction in Python
• The transition from image data to tabular data / pandas DataFrames
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SimpleITK
• Recommended for 3D-measurements, based on the ITK-project

• In Napari: Menu Tools > Measurements tables > Measurements (SimpleITK)

2
3

https://simpleitk.readthedocs.io/en/master/
https://github.com/haesleinhuepf/napari-simpleitk-image-processing

https://github.com/haesleinhuepf/napari-simpleitk-image-processing
https://github.com/haesleinhuepf/napari-simpleitk-image-processing
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SimpleITK
• Many Napari plugins for feature extraction can also be called from Python
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Basic descriptive statistics
• Pandas DataFrames allow basic statistics (more tomorrow)

• Overview: • Specifics:
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Parametric images
• Visualizing quantitative measurements

Label image Pixel count image Aspect ratio image
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Exploring features in Napari
• Double-click on 

table column to 
retrieve a 
parametric map 
image

https://www.napari-hub.org/plugins/napari-skimage-regionprops

https://www.napari-hub.org/plugins/napari-skimage-regionprops


Feature Extraction
BIDS Training  School
Robert Haase
@haesleinhuepf
May 14th 2024

28

Exploring features in Napari
• Select table rows 

and view 
corresponding 
object in 2D/3D 
space

https://www.napari-hub.org/plugins/napari-skimage-regionprops

https://www.napari-hub.org/plugins/napari-skimage-regionprops
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CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Exercises
Robert Haase
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Exercise: Parametric maps
• Produce a parametric map representing ‘elongation’ in Napari.

• Reproduce the same map using Python
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Exercise: Quantitative measurements
• Use the given feature extraction notebook to apply some basic statistics to measurements
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Exercise 2D versus 3D:
• Scikit-image is good for 2D measurements, SimpleITK for 3D. 

Compare both!
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