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Research Software Management
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Quiz  (recap)
•Which of these four is no FAIR principle

Findable Accessible Inoperable Reusable
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Quiz  (recap)
• If I combine two works licensed CC-BY and CC-
BY-SA, what license do I have to use?

CC-BY CC-BY-SA CC-BY-ND (not possible)
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Quiz  (recap)
• If I combine two works licensed CC-BY-SA and 
CC-BY-ND, what license do I have to use?

CC-BY-ND-SA CC-BY-SA CC-BY-ND (not possible)
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Research Software Management
•Counterpart to Research Data Management
•Relatively new term.

• Special:
•Version control: git
• Software environments

conda/python 

https://www.nature.com/articles/s41597-022-01710-x 

https://www.nature.com/articles/s41597-022-01710-x
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git
• Version control is key element of 

data scientist’s toolbox

• Distributed file system with 
sophisticated logging 
mechanisms

• Control about what becomes 
part of a repository and what 
not

https://github.com/clEsperanto/pyclesperanto/
graphs/contributors 

https://github.com/clEsperanto/pyclesperanto/graphs/contributors
https://github.com/clEsperanto/pyclesperanto/graphs/contributors
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git
•Git makes file modifications a more active / involved process 

(making people think about)

Github 
repository

Stage

My Folder

fetch / pull

commitpush

Download remote changes 
(first  time: clone)

Enter changes in the history, 
add commit message

Upload to the internet
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git
• Who wrote 

this code 

• when and 

• why?

https://github.com/haesleinhuepf/example_imag
e_analysis_script/commits/main/ 

https://github.com/haesleinhuepf/example_image_analysis_script/commits/main/
https://github.com/haesleinhuepf/example_image_analysis_script/commits/main/
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git
• History

• Track recent 
changes

https://github.com/ScaDS/BIDS-lecture-
2024/commits/main/ 

https://github.com/ScaDS/BIDS-lecture-2024/commits/main/
https://github.com/ScaDS/BIDS-lecture-2024/commits/main/
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github – creating repositories
• Add a new, empty repository

https://focalplane.biologists.com/2021/09/04/colla
borative-bio-image-analysis-script-editing-with-git/ 

https://focalplane.biologists.com/2021/09/04/collaborative-bio-image-analysis-script-editing-with-git/
https://focalplane.biologists.com/2021/09/04/collaborative-bio-image-analysis-script-editing-with-git/
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github – clone repositories
• git clone https://github.com/organization/repository 

•Or: Use the Github Desktop app

https://desktop.github.com/ 

https://desktop.github.com/
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github - uploading
•git [add], commit, push
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github
•Ease of reading 
notebooks online

•No need to 
download and 
execute code
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git - forking
•Making a copy where we have edit rights

repository
(Robert’s)

repository 
fork

(Oliver’s)

repository 
fork fork
(Peter’s)

fork fork

Pull-request / 
merge

Pull-request / 
merge
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github - forking
•Making a copy where we have edit rights
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github – uploading (again)
•After fixing a bug, we upload the changes to our fork
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Github – pull requests
•Contribute to open-source projects
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Github – pull requests
•Reviewer perspective
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Github – pull requests
•Reviewer perspective

Problem 
solved :-)
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Quiz  (recap)
•Sending my modifications to a git-server is done 
using the command git …

submit push pull commit
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Github
• If this was too fast…

https://focalplane.biologists.com/2021/09/04/colla
borative-bio-image-analysis-script-editing-with-git/ 

https://focalplane.biologists.com/2021/09/04/collaborative-bio-image-analysis-script-editing-with-git/
https://focalplane.biologists.com/2021/09/04/collaborative-bio-image-analysis-script-editing-with-git/
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CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Conda environments
Robert Haase
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Conda environments
•Conda is a package manager
•Allows to install Python packages
•Allows to install other stuff (git, JDK)

•Conda is an environment manager
•Virtual environments
• Import/export/distribute environments

•Pip can only install Python packages (also into conda 
environments)
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Conda environments
•A conda environment is just a folder

conda env list
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Conda environments
• Packages 

within the 
folders are 
just linked

• If you change 
a file in env1, 
the same file 
in env2 is 
changed.

Different 
environments

Different
virtual 

environments

Same physical 
file

Same 
physical 

file

Do not 
edit files 

here!
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Multiple Python installations
•On some computers you find this

If you enter conda 
activate …, which 
of those is executed?
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Conda environments
•Conda environments can be activated from anywhere

May help dealing 
with multiple 
installations
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Broken [conda] environments
• Common case of confusion in the Python ecosystem

• Happens to everyone – it’s just a matter of time. 

• Early symptom: You install a package and afterwards, it’s not 
installed.
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Background
• The base-environment is special. 

• You install packages into the base environment, if you do not run conda 
activate my_env

• You can run base-software from within 
other environments

Base
Installed packages:

my_env
Installed packages:

Jupyter lab
stackview
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Broken [conda] environments
• The only cure: Uninstall and reinstall [Ana]conda.

• Alternatively: 
• Create a new environment for every project. 
• conda activate my_env
•Do not install project-specific stuff in the base-environment.

Huge effort.

Little effort.
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Broken [conda] environments

Do not install anything in the base environment

Always call conda activate … before doing anything
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Documenting dependencies
• Maintain a document with the dependencies (and versions) you need in your project!

3
2

• The conda way • The pip way

https://conda.io/projects/conda/en/latest/user-guide/tasks/manage-
environments.html#creating-an-environment-from-an-environment-yml-file 
https://pip.pypa.io/en/stable/cli/pip_install/#examples 

conda env create -f environment.yml pip install -r requirements.txt

In case your 
environment is screwed 

up, you can rebuild it 
any time.

https://conda.io/projects/conda/en/latest/user-guide/tasks/manage-environments.html#creating-an-environment-from-an-environment-yml-file
https://conda.io/projects/conda/en/latest/user-guide/tasks/manage-environments.html#creating-an-environment-from-an-environment-yml-file
https://pip.pypa.io/en/stable/cli/pip_install/#examples
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Documenting dependencies
•… the complete way.

3
3

conda env export > environment.yml Excellent way to 
document which 

dependencies were 
actually used…

It is questionable if re-
creating an environment 
from this yml file works.
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Installing dependencies
•A difference between pip and conda:

pip install package_a

pip install package_b

conda install package_a

conda install package_b

Depends on: 
numpy<=1.22.0

Depends on: 
numpy>=1.22.0

passes fails

Because the environment 
cannot be solved

Dependency 
conflict
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Installing dependencies
•A difference between pip and conda:

pip install git conda install git

passesfails

Because git is not a 
python package
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Conda versus mamba
• mamba is a “drop in” replacement that accepts the same 

commands as conda.

• mamba is much
faster though.

Read more: 
https://focalplane.biologists.com/2022/12/08/managing-scientific-
python-environments-using-conda-mamba-and-friends/ 

https://focalplane.biologists.com/2022/12/08/managing-scientific-python-environments-using-conda-mamba-and-friends/
https://focalplane.biologists.com/2022/12/08/managing-scientific-python-environments-using-conda-mamba-and-friends/
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Quiz

fails works works but…

conda install package_a

pip install package_b

Depends on: 
numpy<=1.22.0

Depends on: 
numpy>=1.22.0

Dependency 
conflict
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Software quality indicators
• Visit the project’s github or gitlab page and review indicators.

3
8

https://github.com/napari/napari 

• Stars: People like software, similarly to tweets on Twitter

• Watching: People receive updates for new releases

• Forks: People made a copy of the code, e.g. to contribute 
to the project

• Contributors: People who contributed to the code

• Commits: Changes to the code

https://github.com/napari/napari
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Software quality indicators
•Visit the project’s github or gitlab page and review 
indicators.

3
9

Image source: Adapted from https://www.pexels.com/photo/shallow-
focus-photo-of-two-persons-wearing-military-uniform-2859046/

Note, github badges 
cannot be deserved. 

Developers put 
them there
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Software quality indicators
•Download statistics: pypi 

https://pypistats.org/packages/devbio-napari 

https://pypistats.org/packages/devbio-napari
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Software quality indicators
•Download statistics: conda
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Software quality indicators
•Scientific publications

https://github.com/MouseLand/cellpose
https://www.nature.com/articles/s41592-022-01663-4

https://github.com/MouseLand/cellpose
https://www.nature.com/articles/s41592-022-01663-4
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CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Image Processing
Robert Haase

Reusing materials from Mauricio Rocha Martins 
(Norden lab, MPI CBG); Dominic Waithe (Oxford 
University); Alex Bird, Dan White (MPI CBG)
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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

Image filtering
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Images and pixels
• An image is just a matrix of numbers: pixels: “picture element”

• The edges between pixels are an artefact of the imaging / 
digitization. They are not real!

0 255
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Image stacks and voxels
• 3-dimensional images 

consisting of voxels

• “Image stack”

• Often anisotropic (not equally 
large in all directions)

𝑙𝑥

𝑙𝑦

𝑙𝑧

𝑙𝑥 = 𝑙𝑦 ≠ 𝑙𝑧
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Anisotropy
•Voxel size has immediate impact on image quality 
and thus, on processing / analysis results.

1:1
250 x 250 px

1:2
250 x 125 px

1:5
250 x 50 px

1:10
250 x 25 px

Image source: cropped from
https://de.m.wikipedia.org/wiki/Datei:Histo_Lungenpest.jpg 

https://de.m.wikipedia.org/wiki/Datei:Histo_Lungenpest.jpg
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Image stacks and voxels
Interactive tools available

https://github.com/haesleinhuepf/stackview 

https://napari.org/ 

https://github.com/haesleinhuepf/stackview
https://napari.org/
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Filters
• An image processing filter is an operation on an image.

• It takes an image and produces a new image out of it.

• There is no “best” filter. Which filter fits your needs, depends on the context.

• Filters do not do magic. They can not make things visible which are not in the image.

• Application examples
• Noise-reduction
• Artefact-removal
• Contrast enhancement
• Correct uneven illumination

Image source: Alex Bird / Dan White MPI CBG

Filter
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Effects harming image quality
“nuclei” “background” “noise”

• Aberrations, defocus
• Motion blur

• Light from objects 
behind and in front of 
the scene (out-of-focus 
light)

• Dirt on the object slide
• Camera offset

• Shot noise (arriving photons)
• Dark noise (electrons made 

from photons)
• Read-out-noise (electronics)

https://github.com/BiAPoL/Bio-image_Analysis_with_Python/blob/49a787514a367829c3e0e1832f6cc533e96d549f/03_image_processing/simulated_dataset.ipynb 

https://github.com/BiAPoL/Bio-image_Analysis_with_Python/blob/49a787514a367829c3e0e1832f6cc533e96d549f/03_image_processing/simulated_dataset.ipynb
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Effects harming image quality

Segmentation

“nuclei” “background” “noise”

https://github.com/BiAPoL/Bio-image_Analysis_with_Python/blob/49a787514a367829c3e0e1832f6cc533e96d549f/03_image_processing/simulated_dataset.ipynb 

https://github.com/BiAPoL/Bio-image_Analysis_with_Python/blob/49a787514a367829c3e0e1832f6cc533e96d549f/03_image_processing/simulated_dataset.ipynb
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Image filtering
• We need to remove the noise to help the computer interpreting the image

Segmentation

Oh no! I see thousands 
of tiny white objects!

Segmentation

Filtering

Ok, it’s just 9 objects.
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Image filtering
•Attempt to invert / “undo” processes disturbing image 

quality

?
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Image filtering
•Attempt to invert / “undo” processes disturbing image 

quality

Denoise

Denoise

Remove 
background

͌

Low-pass filter: 
Allows low 

frequencies pass

High-pass filter: 
Allows high 

frequencies pass

Band-pass filter: 
Allows a specific range 

of frequencies pass

https://github.com/BiAPoL/Bio-image_Analysis_with_Python/blob/49a787514a367829c3e0e1832f6cc533e96d549f/03_image_processing/simulated_dataset.ipynb 

https://github.com/BiAPoL/Bio-image_Analysis_with_Python/blob/49a787514a367829c3e0e1832f6cc533e96d549f/03_image_processing/simulated_dataset.ipynb
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Linear Filters
• Linear filters replace each pixel value with 

a weighted linear combination of 
surrounding pixels

• Filter kernels are matrices describing a 
linear filter 

• This multiplication of surrounding pixels 
according to a matrix is called convolution

1/9 1/9 1/9

1/9 1/9 1/9

1/9 1/9 1/9

Mean filter, 3x3 kernel

Animation source: Dominic Waithe, Oxford University
https://github.com/dwaithe/generalMacros/tree/master/convolution_ani

https://github.com/dwaithe/generalMacros/tree/master/convolution_ani
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Linear filters
• Terminology:

• “We convolve an image with a kernel.”

• Convolution operator: *

– Examples

– Mean

– Gaussian blur

– Sobel-operator

– Laplace-filter

1 1 1

1 8 1

1 1 1

0 -1 0

-1 4 -1

0 -1 0

* 

* 

=

=
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Non-linear Filters
• Non-linear filters also replace pixel value inside as rolling window but using a non-linear 

function.

• Examples: order statistics filters
– Min
– Median
– Max
– Variance
– Standard deviation

75 85 60

67 73 91

50 88 59

[ 50  59  60  67  73  75  85  88  91 ]

Min Median Max
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Noise removal
• Gaussian filter

• Median filter (computationally expensive)

Image source: Mauricio Rocha Martins (Norden/Myers lab, MPI CBG)
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Filtering for improving thresholding results
• 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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Difference-of-Gaussian (DoG)
• Improve image in order to detect bright objects.

• Band-pass filter

Gaussian blur (sigma = 2)

Gaussian blur (sigma = 6)

Noise reduced image

Background image

subtract

DoG-Image 
“dog-2-6”

Original image
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Difference-of-Gaussian (DoG)
•Example DoG 
images



Robert Haase
@haesleinhuepf
BIDS Lecture 3/14
April 16th 2024

65

Top-hat filter
•Background subtraction

Minimum Maximum Subtract
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Top-hat filter
•Background subtraction

Minimum Maximum Subtract
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Quiz: Noise removal
• The median filter is a …

Linear filter

Non-linear filter

Median
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Background removal
•Removing background from an image is a … ?

Image source: Mauricio Rocha Martins (Norden/Myers lab, MPI CBG)

Top-hat

Low-pass 
filter

High-pass 
filter
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CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Exercises
Robert Haase
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Exercise: pull-request
• Clone the training materials repository

• Fix the typo on this page, send a pull-request

https://github.com/haesleinhuepf/BIDS-lecture-
2024/blob/main/03a_pull_requests/readme.md 

https://github.com/haesleinhuepf/BIDS-lecture-2024/blob/main/03a_pull_requests/readme.md
https://github.com/haesleinhuepf/BIDS-lecture-2024/blob/main/03a_pull_requests/readme.md
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Exercise: image processing
•Get started with loading, viewing, cropping and processing 

images

https://github.com/ScaDS/BIDS-lecture-
2024/tree/main/03b_image_processing 

https://github.com/ScaDS/BIDS-lecture-2024/tree/main/03b_image_processing
https://github.com/ScaDS/BIDS-lecture-2024/tree/main/03b_image_processing


Robert Haase
@haesleinhuepf
BIDS Lecture 3/14
April 16th 2024

72

Exercise: dependencies
•There is a Jupyter Notebook which doesn’t work 
(anymore). Find out why.

•Fix it in two ways:
•A) by changing 
     the code
•B) by not changing 
     the code

https://github.com/ScaDS/BIDS-lecture-
2024/blob/main/03c_dependency_management/breaki
ng_backwards_compatibility.ipynb 

https://github.com/ScaDS/BIDS-lecture-2024/blob/main/03c_dependency_management/breaking_backwards_compatibility.ipynb
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/03c_dependency_management/breaking_backwards_compatibility.ipynb
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/03c_dependency_management/breaking_backwards_compatibility.ipynb
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