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CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Surface reconstruction
Robert Haase

Using materials from Alba Villaronga Luque and Jesse Veenvliet (MPI CBG 
Dresden), Marcelo Leomil Zoccoler, Johannes Soltwedel and Mara 
Lampert, PoL, TU Dresden
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Sparse Jaccard Index

This is a …

Sparse 
instance 

segmentation

Sparse 
semantic 

segmentation



Robert Haase
@haesleinhuepf
BIDS Lecture 5/14
April 30th 2024

3

Quiz: Recap

•How is this operation called?

?

Dilation Erosion Opening Closing
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Quiz: Recap
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Motivation: Surface reconstruction

1024 x1024 x 100
16-bit image

• Pixel and voxel arrays can be huge in memory

• Processing 3D arrays is time-consuming 

1024 x1024 x 100
16-bit image

1024 x1024 x 100
8-bit image

1024 x1024 x 100
16-bit image

How much memory does 
this workflow cost? 400 MB 4 GB700 MB 7 GB
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Motivation: Surface reconstruction
• Pixel and voxel borders introduce artifacts, potentially problematic for 

measurements, e.g. surface area
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Surface meshes

“Vertices” /  points

Point x Point y Point z

x1 y1 z1

X2 Y2 Z2

X3 Y3 Z3

X4 Y4 Z4

… … …

Point 1 Point 2 Point 3

1 2 3

1 2 4

2 3 4

1 3 4

1

2

3

4

+

“Faces” / Triangles

• Points on a surfaces 
connected by triangles 
forma a surface mesh

Data derived from AV Luque and JV Veenvliet (2023)
licensed CC-BY : https://zenodo.org/record/7603081

https://zenodo.org/record/7603081
https://creativecommons.org/licenses/by/4.0/legalcode
https://zenodo.org/record/7603081
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Surface reconstruction

3D image of nuclei Gaussian filtered Binary 3D image 
(visualized as surface mesh)

Data derived from AV Luque and JV Veenvliet (2023)
licensed CC-BY : https://zenodo.org/record/7603081

https://zenodo.org/record/7603081
https://creativecommons.org/licenses/by/4.0/legalcode
https://zenodo.org/record/7603081
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Marching cubes algorithm
• Starting point: 3D binary image

• Cuts the image in small cubes and iterates over them

Lorensen, William E.; Cline, Harvey E. (1 August 1987). "Marching cubes: A high resolution 3D surface construction 

algorithm". ACM SIGGRAPH Computer Graphics. 21 (4): 163-169. CiteSeerX 10.1.1.545.613. doi:10.1145/37402.37422.

Split into cubes

https://en.wikipedia.org/wiki/CiteSeerX_(identifier)
https://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.545.613
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1145%2F37402.37422
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Marching cubes algorithm
• Starting point: 3D binary image

• Cuts the image in small cubes and iterates over them

Lorensen, William E.; Cline, Harvey E. (1 August 1987). "Marching cubes: A high 

resolution 3D surface construction algorithm". ACM SIGGRAPH Computer 

Graphics. 21 (4): 163-169. CiteSeerX 10.1.1.545.613. doi:10.1145/37402.37422.

Split into cubes Build triangles Combine triangles

https://en.wikipedia.org/wiki/CiteSeerX_(identifier)
https://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.545.613
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1145%2F37402.37422


Robert Haase
@haesleinhuepf
BIDS Lecture 5/14
April 30th 2024

13

Surface post-processing
• Necessary to better match biological reality. 

Marching cubes result Simplified mesh
(less points, locally averaged)

Smoothed mesh
(position locally planarized)

To many points 
and triangles!

Data derived from AV Luque and JV Veenvliet (2023)
licensed CC-BY : https://zenodo.org/record/7603081

https://zenodo.org/record/7603081
https://creativecommons.org/licenses/by/4.0/legalcode
https://zenodo.org/record/7603081
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Surface post-processing
• Every processing step has consequences errors of later measurements

• Depends on desired measurement

Surface mesh Simplified by factor 0.5 Simplified by factor 0.05 Simplified by factor 0.01

Number of small 
concave regions

Total length

Data derived from AV Luque and JV Veenvliet (2023)
licensed CC-BY : https://zenodo.org/record/7603081

https://zenodo.org/record/7603081
https://creativecommons.org/licenses/by/4.0/legalcode
https://zenodo.org/record/7603081
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Surface reconstruction / Processing
• Tools > Surfaces > Create surface …

You need to install an 
extra napari-plugin: 

https://github.com/haesle
inhuepf/napari-process-

points-and-surfaces 

https://github.com/haesleinhuepf/napari-process-points-and-surfaces
https://github.com/haesleinhuepf/napari-process-points-and-surfaces
https://github.com/haesleinhuepf/napari-process-points-and-surfaces
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Surface reconstruction
• Turn binary and/or label images into surface meshes
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Surface mesh processing
• Surface mesh simplification

• To prevent the computer freezing
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Surface mesh processing
• Surface mesh smoothing
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View surface meshes in Napari
In case your computer 
freezes, comment out 

this line

Toggle 3D 
view and grid 

mode
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CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Segmentation quality 
estimation
Robert Haase

Reusing materials from Lena Maier-Hein, Annika Reinke (DKFZ) et al. 
and Martin Schätz (Charles Uni Prague)
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Goal
• Compare label images quantitatively, to know 

• how “good” a segmentation algorithms is and/or

• how “variable” segmentations (from humans or computers are)

How can we know if 

these results are the 

same?

Human 
annotation 

(“ground truth”)
Algorithm result
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Why do results vary?
Potential reasons of same workflows delivering different 
results:

• Image data type (8/16/32-bit float/int)

• Workflow implementation

• How histograms are determined

• How the threshold is determined from the histogram

• Compute architecture (CPU, GPU, TPU, …)

• Hardware vendor

• Software / driver versions

2
2

https://forum.image.sc/t/otsus-threshold-method-delivers-
different-results-in-scikit-image-and-imagej/24655 

Lecture in 2 
weeks

https://forum.image.sc/t/otsus-threshold-method-delivers-different-results-in-scikit-image-and-imagej/24655
https://forum.image.sc/t/otsus-threshold-method-delivers-different-results-in-scikit-image-and-imagej/24655
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Visual comparison
• The order in label images may be different. To compare them visually, we need to turn them into 

binary images first.

https://haesleinhuepf.github.io/BioImageAnalysisNoteb
ooks/29_algorithm_validation/visual_comparison.html 

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/29_algorithm_validation/visual_comparison.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/29_algorithm_validation/visual_comparison.html


Robert Haase
@haesleinhuepf
BIDS Lecture 5/14
April 30th 2024

24

Quiz

•How many pixels n in these two images are different?

n=0 0<n<100 100<n<1000 n>1000
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Visual comparison
• Binary image comparison: difference or XOR

• Does not work well if labels 
are close-by

Number of different pixels:
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Quantitative comparison

• Classification error

• Jaccard Index

• Dice Index

• Hamming distance

• Contour distance • Volume standard deviation• Voxel-wise Youden-Index

• Volume error

• Hausdorff distance

• Simplified Hausdorff distance
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Choosing the right metric is key
• Systematic overview by Maier-Hein, Reinke at al. 

2
7

Maier-Hein, Reinke et al. Arxiv (2023)  
licensed CC-BY 4.0 https://arxiv.org/pdf/2206.01653.pdf
https://www.nature.com/articles/s41592-023-02151-z 

https://creativecommons.org/licenses/by/4.0/
https://arxiv.org/pdf/2206.01653.pdf
https://www.nature.com/articles/s41592-023-02151-z
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Choosing the right metric is key

Source: Cropped from Ext. Data Fig 1 in Maier-Hein, Reinke, et 
al. licensed CC-BY 4.0 https://arxiv.org/pdf/2206.01653.pdf 

https://creativecommons.org/licenses/by/4.0/deed.en
https://arxiv.org/pdf/2206.01653.pdf
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Choosing the right metric is key

Source: Cropped from Ext. Data Fig 1 in Maier-Hein, Reinke, et 
al. licensed CC-BY 4.0 https://arxiv.org/pdf/2206.01653.pdf 

https://creativecommons.org/licenses/by/4.0/deed.en
https://arxiv.org/pdf/2206.01653.pdf
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Choosing the right metric is key
• Define your question

3
0

Source: Cropped from Fig 4 in Maier-Hein, Reinke, et al. 
licensed CC-BY 4.0 https://arxiv.org/pdf/2206.01653.pdf 

https://creativecommons.org/licenses/by/4.0/deed.en
https://arxiv.org/pdf/2206.01653.pdf
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Overlap metrics
• Consider pitfalls and 

limitations

3
1

Modified (cropped for space reasons) 
from Maier-Hein, Reinke et al. Arxiv (2023)  
licensed CC-BY 4.0 https://arxiv.org/pdf/2206.01653.pdf 

(From Figure 56)

https://creativecommons.org/licenses/by/4.0/
https://arxiv.org/pdf/2206.01653.pdf
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Segmentation quality estimation

Negative

• In general

• Define what’s positive 
and what’s negative.

Positive
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Segmentation quality estimation

PositiveNegative

• In general

• Define what’s positive 
and what’s negative.



Robert Haase
@haesleinhuepf
BIDS Lecture 5/14
April 30th 2024

34

Segmentation quality estimation
• In general

• Define what’s positive 
and what’s negative.

What an algorithm 
suggests to be positive

What an 
algorithm 
suggests 

to be 
negative
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Segmentation quality estimation

Reference B 

(ground truth)

TP

FN

FP

ROI

B

A Prediction A

Region of interest

True-positive

False-negative

False-positive

True-negativeTN

TPFP FN

TN

• In general

• Define what’s positive 
and what’s negative.

• Compare with a 
reference to figure out 
what was true and false

• Welcome to the 
Theory of Sets
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Dice versus Jaccard Index (IoU)

Source: Cropped from Ext. Data Fig SN 3.5 and 3.9 in Maier-Hein, Reinke, 
et al. licensed CC-BY 4.0 https://arxiv.org/pdf/2206.01653.pdf 

https://creativecommons.org/licenses/by/4.0/deed.en
https://arxiv.org/pdf/2206.01653.pdf
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Dice versus Jaccard Index (IoU)

Source: Cropped from Ext. Data Fig SN 2.18 in Maier-Hein, Reinke, et al. 
licensed CC-BY 4.0 https://arxiv.org/pdf/2206.01653.pdf 

https://creativecommons.org/licenses/by/4.0/deed.en
https://arxiv.org/pdf/2206.01653.pdf
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Sparse Jaccard Index
• For every annotated object, we compute the maximum IoU with any 

segmented object.

• We average this value over all annotated objects 

IoU = 0.35 IoU = 0.66 IoU = 0.69Sparse
instance annotation

Source: https://github.com/haesleinhuepf/napari-
workflow-optimizer 

Instance segmentation candidates

https://github.com/haesleinhuepf/napari-workflow-optimizer
https://github.com/haesleinhuepf/napari-workflow-optimizer
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Pixel-wise versus Object-wise evaluation
• Pixel wise: Segmentation quality

True-positive: 4

False-negative: 5

False-positive: 2

Prediction Ground truth

FN FN FN

FP TP TP FN

FP TP TP FN
TPFP FN

IoU = 4 / 11
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Accuracy versus Jaccard Index (IoU)
• Side-effects of image size and number of nuclei

4
0

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/29_algorithm
_validation/jaccard_index_versus_accuracy.html 

Nuclei Reference Segmentation result

Accuracy: 0.97

Jaccard Index: 0.73

Accuracy: 0.95

Jaccard Index: 0.73

Accuracy decreases because 
there are less correct black 

pixels (TN)

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/29_algorithm_validation/jaccard_index_versus_accuracy.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/29_algorithm_validation/jaccard_index_versus_accuracy.html
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Choosing the right metric is key
• Define your question

4
1

Source: Cropped from Fig 4 in Maier-Hein, Reinke, et al. 
licensed CC-BY 4.0 https://arxiv.org/pdf/2206.01653.pdf 

https://creativecommons.org/licenses/by/4.0/deed.en
https://arxiv.org/pdf/2206.01653.pdf
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Pixel-wise versus Object-wise evaluation
• Are these objects overlapping?

FN FN FN

FP TP FN

FP FP TP FN

FN FN FN

FP TP FN

FP TP FN

FN FN FN

FP TP TP FN

FP TP TP FN

FN FN FN FN FN FN FN FN FN

FN

IoU = 1 / 7 IoU = 1 / 2IoU = 1 / 3
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Pixel-wise versus Object-wise evaluation

Prediction Ground truth

True-positive: 3

False-negative: 1

False-positive: 2

• Object wise: Detection quality

TPFP FN

IoU = 1 / 2
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Pixel-wise versus Object-wise evaluation

•Play with metrics to gain understanding

https://github.com/haesleinhuepf/the-segmentation-game 

With Martin Schätz (Charles Uni, 
Prague)
@schatzcz

https://github.com/haesleinhuepf/the-segmentation-game
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• Special case: We elaborate segmentation quality of one / large 
object:

Source: Cropped from Fig 5 in Maier-Hein, Reinke, et al. 
licensed CC-BY 4.0 https://arxiv.org/pdf/2206.01653.pdf 

https://creativecommons.org/licenses/by/4.0/deed.en
https://arxiv.org/pdf/2206.01653.pdf
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What metric to use when?
• “Metrics reloaded: Pitfalls and recommendations for image analysis validation” 

Maier-Hein, Reinke et al. https://arxiv.org/abs/2206.01653  

https://arxiv.org/abs/2206.01653
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Further reading

https://focalplane.biologists.com/2023/04/13/quality-
assurance-of-segmentation-results/ 

https://focalplane.biologists.com/2023/04/13/quality-assurance-of-segmentation-results/
https://focalplane.biologists.com/2023/04/13/quality-assurance-of-segmentation-results/
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CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Feature extraction
Robert Haase

Using materials from Johannes Soltwedel, PoL, TU Dresden
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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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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

0 0 0 0 0

0 0 0 0 0

01 1 1 0

00 1 1 0

0 0 0 0 0

0

1

2

3

4

0 1 2 3 4 x

y

variable value

xb 0

yb 2

wb 3

hb 2
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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

0 0 0 0 0

0 0 0 0 0

01 1 2 0

00 2 1 0

0 0 0 0 0

0

1

2

3

4

0 1 2 3 4 x

y

𝑥𝑚 =
1

𝑤ℎ𝜇
෍

𝑦=0

ℎ−1

෍

𝑥=0

𝑤−1

𝑥 𝑔𝑥,𝑦

𝑦𝑚 =
1

𝑤ℎ𝜇
෍

𝑦=0

ℎ−1

෍

𝑥=0

𝑤−1

𝑦 𝑔𝑥,𝑦

𝜇 =
1

𝑤ℎ
෍

𝑦=0

ℎ−1

෍

𝑥=0

𝑤−1

𝑔𝑥,𝑦

“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

0 0 0 0 0

0 0 0 0 0

01 1 1 0

00 1 1 0

0 0 0 0 0

0

1

2

3

4

0 1 2 3 4 x

y

𝑥𝑚 =
1

𝑤ℎ𝜇
෍

𝑦=0

ℎ−1

෍

𝑥=0

𝑤−1

𝑥 𝑔𝑥,𝑦

𝑦𝑚 =
1

𝑤ℎ𝜇
෍

𝑦=0

ℎ−1

෍

𝑥=0

𝑤−1

𝑦 𝑔𝑥,𝑦

𝜇 =
1

𝑤ℎ
෍

𝑦=0

ℎ−1

෍

𝑥=0

𝑤−1

𝑔𝑥,𝑦

Number of white pixels

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

0 0 0 0 0

0 0 0 0 0

01 1 1 0

00 1 1 0

0 0 0 0 0

0

1

2

3

4

0 1 2 3 4 x

y

0 0 0 0 0

0 0 0 0 0

01 1 1 0

00 1 1 0

0 0 0 0 0

0

1

2

3

4

0 1 2 3 4 x

y

• 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.
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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 and circularity

𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟𝑖𝑡𝑦=
4𝜋 ∗ 𝐴

𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟2

𝑟𝑜𝑢𝑛𝑑𝑛𝑒𝑠𝑠 =
4 ∗ 𝐴

𝜋 𝑚𝑎𝑗𝑜𝑟2

𝑠𝑜𝑙𝑖𝑑𝑖𝑡𝑦=
𝐴

𝐴𝑐𝑜𝑛𝑣𝑒𝑥𝐻𝑢𝑙𝑙
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Feature extraction in Python
• In Python:

https://scikit-image.org/docs/stable/api/skimage.measure.html 

https://scikit-image.org/docs/stable/api/skimage.measure.html
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Feature extraction in Python
• The transition from image data to tabular data / pandas DataFrames
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Parametric images
• The way back: Visualizing quantitative measurements

Label image Pixel count image Aspect ratio image



Robert Haase
@haesleinhuepf
BIDS Lecture 5/14
April 30th 2024

70

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
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Exploring neighborhood relationships between cells

• Study how many neighbours objects have. 

• How likely is it that an object with 3 neighbors is a cell?

The example image maize_clsm.tif was shared by 
David Legland and is licensed under CC-BY 4.0 license.

https://github.com/dlegland/mathematical_morphology_with_MorphoLibJ/blob/master/sampleImages/maize_clsm.tif
https://github.com/dlegland/mathematical_morphology_with_MorphoLibJ/blob/master/LICENSE
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Neighborhood-based label filters
• Filter out objects which have an unreasonable number of neighbors

neighbor count objects cells
The example image maize_clsm.tif was shared by David Legland and is licensed under CC-BY 4.0 license.

https://github.com/dlegland/mathematical_morphology_with_MorphoLibJ/blob/master/sampleImages/maize_clsm.tif
https://github.com/dlegland/mathematical_morphology_with_MorphoLibJ/blob/master/LICENSE
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Neighborhood-based label filters
• Filter labeled objects using Measure Labels and Label Filters in Napari.

Objects

Cells
Number of 
neighbors 
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SimpleITK
• Recommended for 3D-measurements, based on the SimpleITK-project

7
5

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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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

Complex exercise
Robert Haase
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Complex exercise

• Scenario: Imagine a biologist sent you some data (images + 
corresponding label image). They ask you to write an image-
analysis workflow for processing these images + more images of 
similar kind.

• You will receive a link to data in-person
• You can return the link and exchange it with another link 2 times.

• Scientific tasks
• Develop an image-segmentation workflow, which produces 

label images
• Extract features from these images
• Visualize relationships between these features
• Find out which features are strongly correlated and which not.
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Complex exercise

• Engineering tasks
• Setup a software environment

• Setup an image processing workflow

• Setup a data analysis / visualization workflow

• Setup a quality assurance procedure

• Documentation tasks
• Installation instructions

• User guide

• Documentation of used data

• Explanation of the used algorithms

Act as if you would 
communicate with a 
biologist, with limited 
image-analysis, conda 
and programming 
skills.
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Complex exercise

• Submission
• Submit a password-protected ZIP file to robert.haase@uni-leipzig.de (Why 

password protected: The virus scanner cannot reject python files in encrypted 
zip-files)

• Allowed file formats: ipynb, py, docx, pdf, md, csv, yml, json, xml, txt

• Deadline: June 24th 2024

• Hint
• Send this ZIP file to a friend and ask them to run the analysis. If they can follow 

your instructions successfully, without communicating with you, proceed to 
final submission.

mailto:robert.haase@uni-leipzig.de
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Complex exercise

• Checklist
• The software environment is reproducible
• The example data is available in the right directory (note: you cannot submit a 

500MB ZIP file via email) The image/data analysis code is executable
• The code is well documented / commented
• Segmentation results are visualized
• Segmentation results are stored to disc as label images
• The quality of the segmentation result is measured
• Used algorithms are cited, and well explained
• Extracted features / measurements are saved as CSV-file in a way that one can 

associate an entry in the CSV file with the corresponding segmented object
• Resulting plots and visualizations have reasonable axis labels and are well explained
• The copyright of re-used data and code are respected
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Next week:

• 15:15-16:30 Short lecture + short practicals (SG 312)

• Afterwards:

https://www.meetup.com/de-DE/big-data-and-ai-
saxony/events/300284128/ 

https://www.meetup.com/de-DE/big-data-and-ai-saxony/events/300284128/
https://www.meetup.com/de-DE/big-data-and-ai-saxony/events/300284128/
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CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Exercises
Robert Haase
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Exercise: Surface meshes
• Creating, storing, processing surface mesh data
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Segmentation quality
• Measure segmentation quality of a given algorithm applied to a folder of images.
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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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