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Quiz (recap)

* Which of these four is no FAIR principle

Findable Accessible Inoperable Reusable
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1% | UNIVERSITAT
j LEIPZIG

i

Robert Haase
. TECHNISCHE
I @haesleinhuepf 2 UNIVERSITAT Sl
Sca DS.AI BIDS Lecture 3/14 DRESDEN &

DRESDEN LEIPZIG April 16th 2024




Quiz (recap)
|f | combine two works licensed CC-BY and CC-
BY-SA, what license do | have to use?

CC-BY CC-BY-SA CC-BY-ND (not possible)
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- Quiz (recap)

°|f | combine two works licensed CC-BY-SA and
CC-BY-ND, what license do | 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.

: scientific data =
’ S p e C I a I : Explore content v  About the journal v  Publish with us v

¢ Ve rSiO n CO nt rOI : git nature > scientific data » articles > article

[ ) SOftwa re e nVi ro n m e nts Article ‘ Open access ‘ Published: 14 Qctober 2022
Introducing the FAIR Principles for research software
conda/python

Michelle Barker &, Neil P. Chue Hong, Daniel S. Katz, Anna-Lena Lamprecht, Carlos Martinez-Ortiz, Fotis

Psomopoulos, Jennifer Harrow, Leyla Jael Castro, Morane Gruenpeter, Paula Andrea Martinez & Tom

Honeyman

Scientific Data 9, Article number: 622 (2022) | Cite this article

20k Accesses | 60 Citations ‘ 230 Altmetric | Metrics

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

—— ]

* Version control is key element of
data scientist’s toolbox

* Distributed file system with
sophisticated logging
mechanisms

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

O Contributors to clEsperanto/py: X

« > ¢

23 github.com/clEsperanto/pyclesperanto/graphs/contributors

Cavw O/00 :

= 0 clEsperanto / pyclesperanto

¢ Code () Issues 10

Pulse
‘ Contributars
Community

Traffic
Camrmits | ‘ ' ‘
Code fraguency “ j L‘
chier Apri Jusky Octaber 2024
Dependency graph
Metwaork
. StRigaud = 0 haesleinhuepf 2
Forks mmits T4 ++ 42 commi 249
60 1)
Peopl
40 40
Ad i L. _ -
April 2023 October April 2023 October
dependabot[bot] = a jo-mueller =
25 commitz 20 =+ 20 - Icommits 33 ++ 3 -
60 =1e)
40 40
20 20
— — R - -
April 2023 October Aypril 2023 October
’ m-albert # n grahamross123 =8 .
P o a . 1 s oo n

Q Type[{]to search 3 + - QN g. ‘
2 ) Discussions () Actions [ Projects [0 Wik (D Security |~ Insights 81 Settings
Mar 27, 2022 — Mar 31, 2024 Contributions: Commits ~

Contributions to main, excluding merge commits

Robert Haase
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* Git makes file modifications a more active / involved process
(making people think about) \

Download remote changes
(first time: clone)

My Folder

Github
repository
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* Who wrote

0 Commits - haesleinhuepf/exam; X

« > C 2% github.com/haesleinhuepf/ex [

o bugfixc thresheld_ctsu - haesleir X

- 2> ¢ 22 github.com/haesleinhuepf/... [ & g D | D e

LR

— 0 haesleinhuepf /
— example_image_analysis_script

[ ]
Y
Showing 2 changed files with 13 additions and 20
t h I S CO d e . < d Whitespace | [gnore whitespace Split
deletions.
<» Code (&) Issues I Pullrequests (%) Actions [
* when and 7 O et
Commits
T 3 ; .
°® W h ? ol - ol @@ -5,7 +6,8 @@ def segment_image(image):
] & & blurred = gaussian(image, sigma=1)
= Commits on Sep 4, 2021 7
-3 -3 tt binarize the image
9 - binary = threshold_otsu{blurred)
Merge pull request #1 from BiAPoL/main = 9 s+  threshold = threshold_otsu(blurred)
@ hasslsinhuepf committed 3 years 2go - R binary = blurred > threshold
1 11
bugfix: threshold_otsu = ‘ 11 12 # label connected components
@ haesleinhuepf committed 3 years ago 12 13 result = label(binary)
4
Add minimal working example
. haesleinhuepf committed 3 years ago E'I Lock co tion
add gitignore 0 comments on commit 65c@74a
. haesleinhuepf committed 3 years ago
Write Preview H B I i= <* & = = o= & @ 7 %
Leave a comment -
Robert Haase . . .
@haesleinhuepf https://github.com/haesleinhuepf/example imag UNIVERSITAT
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https://github.com/haesleinhuepf/example_image_analysis_script/commits/main/
https://github.com/haesleinhuepf/example_image_analysis_script/commits/main/

gt
* History

* Track recent
changes

v ) Commits- 5caD5/BIDSJecture- X+

¢« > c

23 github.com/ScaD5/BIDS-lecture-2024/commits/main/

= o ScaDS / BIDS-lecture-2024

@ Issues

<> Code [0 Pull requests 2

Commits

¥ main -
-0~ Commits on Apr 12, 2024

add backwards compatibility exercise

o haesleinhuepf committed yesterday

move pull-request exercise from week 2 t
‘ haesleinhuepf committed yesterday

fix issue with ../../ folder locations

o haesleinhuepf committed yesterday

-0 Commits on Apr 9, 2024

W

O fix issue with .././ folder locatic X

+

< 2

Showing 2 changed files with 16 additions and 14

deletions.

&

-
-0

github.com/5caDS/BIDS-lecture-2024/commit/c5dc3bfBba. [% & ¥ D al

| Whitespace | lgnore whitespace

A :. 28 HEEN 823 remote files/exploring bicimage archiwve.ipynb |'_|,:'

Split | Unified |

X @@ -233,9 +233,9 @@

233 233 if not os.path.exists({folder_path):\wn",

234 234 os.makedirs(folder_path)in™,

235 235 “\n",

236 = "base_folder = f\"../../data/{accession}\"\n",

237 - “raw_folder = f\"..f..fdata/{accession}/images\"\n",

238 - “groundtruth_folder = f\"../..fdata/{accession}/groundtruthy"\n",
236 ¢ “base_folder = f\"data/{accession}\™\n",
237 & “"raw_folder = f\"data/{accession}/images\"\n",
238 ¢ “groundtruth_folder = f\"data/{accession}/groundtruthy*\n",

239 239 “\n",

240 24 Mompirs faldar auvictsihace Faldaniin”

Robert Haase
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https://github.com/ScaDS/BIDS-lecture-2024/commits/main/
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. github — creating repositories

* Add a new, empty repository

O haesleinhuepf (Robert Haase) x

¢« > cC

O Create a New Repository X

& github.com/haesleinhuepf

« - C & github.com/new B i o

Pulls Issues Marketplace Explore -
Create a new repository

A repository contains all project files, including the revision history. Already have a project repository elsewhere?
Import a repository.

[0 Overview [ Repositories 164 [ Projects @ Pack

Repository template

Start your repository with a template repository's contents.

No template v () Create a New Repository X

€& 2 C & github.com/haesleinhuepfitab=repositoriesfig=8itype=&language & - C & githubcom/new B o

Owner * Repository name * o

or jump to... Pulls Issues Marketpl, E
e ulls  lssues Erapl=es 13 . haesleinhuepf = /[ example_image_analysis_script JJ ‘ Initialize this repository with:

Skip this step if you're importing an existing repository.

Great repository names are sht example_image_analysis_script is available. low about effec

[J Add a README file

This is where you can write a long description for your project. Learn more.

[ i - ] ] Add .gitignore
ind a repository... Choose which files not to track from a list of templates. Learn more.

Type ~ Language - Sort =

[0 Overview [ Repositories 164 [0 Proj

Diescrintinn i I

[J Choose a license
A license tells others what they can and can't do with your code. Learn maore.

¥ Star

Ro bert Haa se @Python  Yr3 &8 BSD 3-Clause "New” or "Revised” license  Updated
4 days ago

haesleinhuepf

Robert Haase
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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/

. github — clone repositories

* git clone https://github.com/organization/repository,

* Or: Use the Github Desktop app

O haesleinhuepf/example_image_= X

<« > C & github.com/haesleinhuepf/example_image_analysis_script

h or jump to... Pulls Issues Marketplace Explore

& haesleinhuepf/ ®Unwatch ~ 1 ¥ Star 0 YPFork 0

example_image_analysis_script

Clone a repository

GitHub.com GitHub Enterprise

<> Code () Issues Il Pull requests (®) Actions [ Projects 00 wiki ves Repository URL or GitHub usemame and repository
( hubot/cool-repo)

[ https://github.com/haesleinhuepf/example_image_analysis_script

Local path
QU ICk setu P - lf Y'DU'VE dOne thls klnd Of thl ng bEfO re Chstructurecode\example_image_analysis_script Choose...

[ﬁ] Set up in Desktop ar HTTPS SSH https://github.com/haesleinhuepf/example_image_an: |:|

Get started by creating a new file or uploading an existing file. We recommend every repository include a Cancel

README, LICENSE, and .gitignore.

Robert Haase . TECHNISCHE A
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https://desktop.github.com/

github - uploading

*git [add], commit, push

Home Share View
* ] &
‘ D s Copy path

Pinto Quick Copy Paste
access LFJ Paste shortcut

Clipboard

—‘—: New item ~

X =]

Move Copy Delete Rename New

t foider

Organise New

+* » ThisPC » OS(C) » structure » code > example_image_analysis_script

,‘ = | my_error - o

File Home Share View

8] X +| B

Clipboard Organise New Open Select
- v .

€ D wh « code > my_er.. v

v my_scnpt.py
bitems 4 items selected 643 KB

% A [0 Name

o 2| blobs.tif
) my_libeary.py
| my_script.py

|=| requirements.txt

¥ . Easy access ~

) File Edit View Repository  Branch  Help

P Current

example_image_analysis_script main

[:] Current ref

[é] An updated version of GitHub Desktop is available and will be installed

Changes 4 History blobs.tif

4 changed files
blobs.tif

my_library.py

my_scriptpy

requirements.bt

’E}E}E}H

‘ [mltlal file upload

Description

<

A+

—T—

) File Edit View Repository  Branch  Help

Current re Current branch 4 Publish branch
example_image_analysis_script Publish this

[é] An updated version of GitHub Desktop is available and will be installed at the next launch. See what's new or restart GitHub Desktop.

Changes History

0 changed files

No local changes

There are no uncommitted changes in this repository, Here are some friendly
suggestions for what to do next.

Publish your branch

The current branch { main ) hasn't been published to the remote yet. By

publishing it to GitHub you can share it, open a pull request, and Publish
collaborate with others.

Always available in the toolbar or Ctrl | P

View the files of your repository in Explorer

Show in Expl
Repository menu or Ctrl/ Shift | F ow in Explorer

‘ Summary (required)

Description

Open the repository page on GitHub in your browser
Repository menu or Ctrl/ Shift | G

View on GitHub

A+

ScaDS.Al
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. github
*Ease of reading

notebooks online

*No need to
download and
execute code

O example_image_analysis_script/l. X

« - C & github.com/haesleinhuepffexample_image_analysis_script/blob/main/MWE_notebo... B ¥ o :

¥ main ~  example_image_analysis_script / MWE_notebook.ipynb Go to file

0 haesleinhuepf add gitignore Latest commit abd14de 6 minutes ago  ¥4) History

B 1 contributor

95 lines (95 sloc) | 4.29 KB < 0 Raw Blame 0 Z U

In [1]: | import numpy as np
from skimage.io import imread
from my_library import segment_image

In [2]: # Load image
image = imread('blobs.tif")

In [3]: | # segment image
labels = segment_image(image)

MotImplementedError Traceback (most recent call last)
~\AppDataiLocal\Temp/ipykernel 4488/1391238453.py in <module>

1 # segment image
----» 2 labels = segment_image(image)

C:\structure‘\code\example_image_analysis_scriptimy_library.py in segment_ima

ge(image)

1g

11 # label connected components
---> 12 result = label(binary)

13

14 return result

~yminiconda3‘envsi\biol\lib\site-packages'skimage\measure’_label.py in label
{input, background, return_num, connectivity)

118 return_num=return_num, connectivity=conne
ctivity)

119 else:
--» 128 return clabel(input, background, return_num, connectivity)

Robert Haase

ScaDS.AIll g
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- git - forking

* Making a copy where we have edit rights

Pull-request /
merge

fork repository fork repository
fork fork

(Peter’s)

repository

. fork

Pull-request /
merge

= | UNIVERSITAT
LEIPZIG

Robert Haase
. TECHNISCHE
I @haesleinhuepf ” UNIVERSITAT &
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-github - forking

* Making a copy where we

o haesleinhuepf/example_image_a X

¢ > c

# github.com/haesleinhuepf/example_image_analysis_script

O Search or jump to... Pulls Issues Marketplace Explore L+~ '

& haesleinhuepf/ ®Umwatch = 1 Y Star 0 Yok 0
example_image_analysis_script '
<> Code () lssues i1 Pull requests (®) Actions [ Projects 07 wiki ae
0 haesleinhuepf/example_image_= X
¥ main -

¢« > c

& github.com/haesleinhuepf/example_image_analysis_script

0 haesleinhuepf Add minim4

Fork example_image_analysis_script

Where should we fork
example_image_analysis_script?

@ BiAPolL

ScaDS.All

DRESDEN LEIPZIG

ave edit rights

O BiAPol/example_image_analysis. X

€ > c

@ github.com/BiAPol/example_image_analysis_script

rch or jump to... Pulls Issues Marketplace

¥ BiAPolL/
example_image_analysis_script

forked from haesleinhuepf/example_image_analysis_script

<® Watch ~ 0

{> Code {71 Pull requests (®) Actions [M] Projects 00 wiki
¥ main - Go to file Add file ~ m
This branch is even with B Clone @

haesleinhuepf:main. HTTPS SSH GitHub CLI

hittps://github. com/BiAPol/example_image_a (|

‘ haesleinhuepf Add v Use Git or checkout with SVN using the web URL.

™ .gitignore ) Open with GitHub Desktop

MWE_notebook....
) Download ZIP

[ blobs.tif B

M my_library.py fix unintentional error, build in intenti... 24 minutes ago
M  my_script.py initial file upload 38 minutes ago
[ requirements.txt initial file upload 38 minutes ago

v Star | 0 % Fork | 1

@ Security was

About ]

No description, website,
or topics provided.

Releases

Mo releases published
Create a new release

Packages

MNo packages published
Publish your first package

Languages

AT




github — uploading (again

 After fixing a bug, we upload the changes to our fork

€) File Edit View Repository  Branch  Help C) File Edit View Repository  Branch  Help
¥ Current repository P Current branch ~ Fetch origin 2] Current repository ¥ Current branch 4 Push origin
example_image_analysis_seript main "~ Mever fetr example_image_analysis_script main Last fetched just now
t,t] An updated version of GitHub Desktop is available and will be installed at the next launch. See what's new or restart GitHub Desktop. [,J-_i] An updated version of GitHub Desktop is available and will be installed at the next launch. See what's new or restart GitHub Desktop.
Changes 2 History (New ) my_library.py Changes History
2 changed files At @8 -6,7 +6,8 @@ def segment_image(image): 0 changed files
. . 6 & blurred = gaussian(image, sigma=2) N | | h

MWE_notebook.ipynb 5 ; nEess = O Oca C a nges
ry_library.py s 2 # binarize the image There are no uncommitted changes in this repository. Here are some friendly

2 - binary = threshold otsu(blurred) suggestions for what fo do next.

2 B threshold = threshold_otsu(blurred)
18 B4 binary = blurred > threshold
8| 11 Push commits to the origin remote
You have 1 local commit waiting to be pushed to GitHub.
1 12 # label connected components
12| 13 Fesult - labei(binarr) Always available in the toolbar when there are local commits waiting to be
2 sult = 1 (binary) -
' - pushed or Ctrl' P

View the files of your repository in Explorer

Show in Expl
Repository menu or Ctrl | Shift| F e e
‘ Summary (required)

X Description
‘ bugfix: threshald_otsu Open the repository page on GitHub in your browser
Repository menu or (Ctrl/ Shift| G

View on GitHub

ﬂ]reshcld otsu delivers a number (the threshold), not a

binary image. For thresholding the image, an additional

step is neccessary. R+

= Commit ust now
& it i : Une
ommit to main « bugfix: threshold_otsu Lo

Robert Haase

@haesleinhuepf
Sca DS.AI BIDS Lecture 3/14 16
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. Github — pull requests

* Contribute to open-source projects

¢« > c

8 github.com/BiAPol/example_image_analysis_script

% BiAPoL/ O Watch v 0

example_image_analysis_script

forked from haesleinhuepf/example_image_analysis_script

<> Code 11 Pull requests (¥) Actions [ Projects M wiki

¥ main ~ Go to file

This branch is 1 commit ahead of

11 Contribute ‘ upstream

1 minuteago ¥O7

@ This branch is 1 commit ahead of
haesleinhuepf:main.

Open a pull request to contribute your changes

upstream.
29 minutes ago
[ blobs.tif initial file upload 1 hour ago
O my_library.py bugfix: threshold_otsu 1 minute ago
O my_script.py initial file upload 1 hour ago
[ requirements.txt initial file upload 1 hour ago

) BitPol/example_image_analysis X

Search or jump to... Pulls Issues Marketplace Explore

¥ Star | 0 % Fork | 1

@ Security I

About ]

No description, website,
or topics provided.

Releases

No releases published
Create a new release

Packages

No packages published
Publish your first package

Languages -

ScaDS.Al

DRESDEN LEIPZIG

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

O S S _

& -5 C @& github.com/haesleinhuepf/example_image_analysis_script/compare/main..BiAPol... Bf o H

h or jump to... Pulls Issues Marketplace Explore

& Unwatch ~ 1

& haesleinhuepf/
example_image_analysis_script

<> Code @ Issues 1% Pull requests (® Actions

Open a pull request

Create a new pull request by comparing changes across two branches. If you need to, you can also compare across forks.

% base repository: haesleinhuepf/example_image... ~ base: mainv | €
head repository: BiAPol/example_image_analysi... v compare: main v

+ Able to merge. These branches can be automatically merged.

‘ bugfix: thresheld_otsu

Write Preview

H B I = O &

EE @ U a-

Dear Robert,

here comes a bug fix for your image segmentation function. threshold otsu
delivers a number (the threshold), not a binary image. For thresholding the
image, an additional step is neccessary.

Best,
Roal berd

A

Attach files by dragging & dropping, selecting or pasting them. [re: ]

Create pull request -

i:r Star 0 ? Fork

[ Projects 0 wiki

Reviewers

Mo reviews

Assignees

No one—assign yourself

Labels

Mone yet

Projects

Mone yet

Milestene

Mo milestone

Linked issues

lica Clocion | el
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. Github — pull requests

*Reviewer perspective

€& —> @ @& github.com/haesleinhuepf/example_image_analysis_script/pull/1/files =T g o H

Pulls Issues Marketplace Explore

& haesleinhuepf/ @Unuatch = 1 TrStar | 0 PFok 1
example_image_analysis_script

<> Code (© Issues 17 Pull requests 1 ® Actions [ Projects 00 Wiki e

bugfix: threshold_otsu #1 Edt | Openith -

jolel LIl haesleinhuepf wants to merge 1 commit into haesleinhuepf:mein from BispoL:main ()

L Conversation 0 o Commits 1 [l Checks © Files changed 2 ‘*"3 -20 mmmm

File filter + Conversations + Jumpto~ @3~ 0/2fllesviewed @ Review changes ~
wv -} 3 EEECC my_library.py [ [ Viewed = ===
X @@ -6,7 +6,8 8@ def segment_image(image):
[ [ blurred = gaussian(image, sigma=2)
7 7
k3 k3 # binarize the image
9 - binary = threshold_ctsu(blurred)
[: B threshold = threshold_otsu(blurred)
12 + binary = blurred > threshold
1@ 11
11 12 # label connected components
12 13 result = lahelfhinarv)

¢« > c

O bugfix: threshold_otsu by haeslsi X

8@ github.com/haesleinhuepf/example_image_analysis_script/pull/1

B v @

pen

bugfix: threshold_otsu #1

haesleinhuepf wants to merge 1 commit into haesletnhuepf msin from sissot-main [0

Add more commits by pushing to the main branch on
BiAPol/example_image analysis_script.

f

/@ Continuous integration has not been set up
GitHub Actions and several other apps can be used to automatically catch
bugs and enforce style.

° This branch has no conflicts with the base branch

Merging can be performed automatically.

Merge pull request -

You can also open this in GitHub Desktop or view command line instructions.

Write Preview

HB I = 0@ =ZEZEB @ «-

Thank your Robert! That's great @|

P

Attach files by dragging & dropping, selecting or pasting them.

{ i Close with comment

Mone yet

Milestone @

No milestone

Linked issues @

Successfully merging this pull
request may close these issues,

Mone yet

Notifications Customize

& Unsubscribe

You're receiving notifications
because you're watching this
repository.

1 participant

ﬂ Lock conversation

Robert Haase
@haesleinhuepf
Sca DS.AI BIDS Lecture 3/14
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. Github — pull requests

O example_image_analysis_script/l. X

*Reviewer perspective

delivers a number (the threshold), not a binary image. For thresholding the
image, an additional step is neccessary.

Best,

Robert
O 0 bugfix: threshold_otsu 65cB74a
o ‘ haesleinhuepf merged commit 44a284d7 into Revert

haesleinhuepf:main Now

‘ haesleinhuepf commented now Owner | | Author | () ==

Thank your Robert! That's great £5}

& > (G @& github.com/haesleinhuepf/example_image_analysis_script/pull/1 B W G :
bugfix: threshold_otsu #1 Edit | Openwith ~
)l CIGEC Il haesleinhuepf merged 1 commit into haesleinhuepf:main from eispoL:main (7] now
) Conversation 0 -0 Commits 1 [l Checks 0 [® Files changed 2 +13 -20 EEEE
‘ haesleinhuepf commentad 7 minutes ago Owner | () --- Reviewers &
No reviews
Dear Robert,
here comes a bug fix for your image segmentation function. threshold_otsu Assignees ]

Mo one—assign yourself

Labels ]
Mone yet
Projects @
None yet
Milestone @

No milestone

Linked issues @

Successfully merging this pull
request may close these issues,

Mone yet

Robert Haase
@haesleinhuepf

87 lines (87 sloc)

A3 1 contributor

1.56 KB

&« -5 & github.com/haesleinhuepf/example_image_analysis_script/blob/main/MWE_notebo... B ¥ e H
O Search or jump to... Pulls Issues Marketplace Explore
& haesleinhuepf/ @ Unwatch 1 ¥ Star | 0 % Fork | 1
example_image_analysis_script
<> Code () lssues {1 Pull requests (®) Actions [ Projects 0 wiki .
¥ main ~  example_image_analysis_script / MWE_notebook.ipynb Go to file
‘ haesleinhuepf bugfix: threshold_otsu ... Latest commit 65c874a 17 minutes ago  ¥X) History

<

print({ 'Mumber of objects’, number_of_objects)
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Number of objects &1

Problem

In [1]: import numpy as np [}
from skimage.io import imread ° -
from my_library import segment_image

In [2]: # Load image
image = imread( 'bleobs.tif")

In [3]: # segment image
labels = segment_image(image)

In [4]: # count objects
number_of_objects = labels.max()

UNIVERSITAT
LEIPZIG



. Quiz (recap)
*Sending my modifications to a git-server is done \
using the command g1t |

submit push pull commlt

i | UNIVERSITAT
LEIPZIG
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Github

*|f this was too fast...

~ & Colzborative bic-image analy: X 4+

&« c 25 focalplane.biologists.com/2021/09/04/collaborative-bio-image-analysis-script-editing-with-git/ @ ¥ D a

¥FocalPlane sy~ ]~ GiSdence

Where biology meets microscopy \ ,’

Home Aboutus Topics Gallery Jobs Events Resources

Network Contactus Login/register Q

Home / Howto /

Collaborative bio-image analysis script editing with git n
Posted by Robert Haase, on 4 September 2021

TL;DR: I'm a computer scientist who often collaborates with biologists on bio-image analysis
scripts. We are using more and more git, a version control program, for working on code
collaboratively. When using git, we speak about repositories, commits and pushing to the origin.
We also make forks, send pull-requests and merge code. This blog post explains these terms and
demonstrates how a typical collaborative bio-image analysis scripting project looks like.

We've all been in that situation: We wrote a little script that should count cells, but it doesn't
work and we can't tell why. We need support from an expert. Maybe, we also would like to help

Robert Haase
@haesleinhuepf

A

https://focalplane.biologists.com/2021/09/04/colla

L Collzborative bic-image analy: X +

a %« O O

c 25 focalplane.biclogists.com/2021/09/04/collaborative-bio-image-analysis-script-editing-with-git/

Home  Aboutus Topics Gallery Jobs Events Resources

Network Contactus Login/fregister Q

Sharing code on github.com

For sharing code and working on it collaboratively, manifold platforms exist. A quite common
platform for open source projects is github.com. Thus, | will demonstrate how to work
collaboratively on this platform. The same procedures work with famous open source projects
such as ImageJ or napari. Thus, with learning the procedure here, you could help fixing bugs in
such open source projects. The first step for sharing your code with others is creating an
account on github.com and creating a folder where you can upload your files. Software
developers call these folders repositories. In your github profile, you can click on repositories and

create a new one:

0 haesleinhuepf (Robert Haase) X +

€ >cC

& github.com/haesleinhuepf

o Search or jump to... / Pulls Issues Marketplace Explore

[ Projects ) Packages

[0 Overview [] Repositories 164

*

Pinned
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Conda environments o[

Robert Haase

und Forschung

SACHSEN  Diese MaBnahme wird gefrdert durch die Bundesregierung
aufgrund eines Beschlusses des Deutschen Bundestages.
Diese MaBnahme wird mitfinanziert durch Steuermittel auf
der Grundlage des von den Abgeordneten des Sachsischen

Landtags beschlossenen Haushaltes.
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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)

Robert Haase .
i TECHNISCHE i
@haesleinhuepf AT (5 as | UNIVERSITAT
ScaDSANl s, & UNIVERSITAT ([0 12
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Conda environments

* A conda environment is just a folder

] 7 | envs I Y COl’lda env llSt
Home share View
— w <« mambaforge * envs » w | ) Search { BN Command Prompt
~
o mambaforge ~ [ MName . . .
:\Users\haase>conda env list
condabin apoc-env conda environments:
conda-meta bio31
_ C:\Users\haase\mambafor
DLLs bio3g = M T _ . \
C:\Users\haase\mambatorge)
> ENvs bio39_ C:\Users\haase\mambafor
etc bio39 C: s\haase\mambator
hio210 c:’ s\haase\mambafor
include hio210 C:' s\haase\mambaforge\
Lib o= C:\Users\haase\mambator
_ bio392 C:\Users\haase\mambaforge)
Library bio393 C:\Users\haase\mambafor
libs U ¢ C:\Users\haase\mambaforge\
B8 items 1 item selected C:\Users\haase\mambator

Robert Haase -
- TECHNISCHE ¢
ScaDS.Alll g=emes, 24 UNIVERSITAT
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.Conda environments

* Packages
within the
folders are
just linked

* If you change
a file in envl,
the same file
In env2 is
changed.

Different

bio39

|

&~

Home

w

= | site-packages

Share View

T « Lib » site-packages

. bio39_
virtual
. conda-meta
environments
doc
et
- O *
hare View hd o
<« Lib » site-packages v Search site-packages P
~ O Mame - Date modified 2
ﬂlU}qIILC ALV LGS LWL TVl

bin
conda-meta
DLLs

doc

etc

fonts
include

Lib

_pycache_

asyncio
cmake

collections

aiosglite-0.19.0.dist-info

alabaster

alabaster-0.7.13.dist-info

altair
altair-3.1.2.dist-info

anyic

anyic-3.7.1.dist-info

apoc

5/20/2023 1:25 PM
5/20/2023 1:23 PM
5/20/2023 1:23 PM
11/7/2023 3:23 PM
11/7/2023 3:23 PM
10/14,/2023 10:50 AM
10/14/2023 10:50 AM
5/20/2023 1:26 PM

K1 &

apoc-0.12.0.dist-info

app_model

app_model-0.1.4.dist-info
appdirs-1.4.4.dist-info

arbol

5/20/20

5/20/2023 1:23 PM
5/20/2023 1:23 PM
/20/2023 1:23 PM
10/14/2023 10:50 AM

v O Search site-packages
A O MName - Date modified

QILIYIEIT L o eues 70T C
aiosqlite 5/8/2023 5:20 PM
aiosqlite-0.19.0.dist-info 8/2023 5:20 PM
alabaster /8/2023 3:58 PM
alabaster-0.7.13.dist-info 5/8/2023 3:57 PM
anyio 5/8/2023 5:19 PM
anyio-3.6.2.dist-info 5/8/2023 5:19 PM
apiclient 4729/2023 2:25 PM

1 apoc 5/8/2023 5:20 PM

[4  apoc-0.12.0.dist-info 5/8/2023 5:20 PM

appdirs-1.4.4.dist-info

\021.5.27.641.dist-info

5/8/2023 3:57 PM
5/4/2023 6:49 AM
5/4/2023 6:49 AM

/8/2023 5:20 PM

physical
file

Do not
edit files

Robert Haase
@haesleinhuepf
BIDS Lecture 3/14
April 16th 2024
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" Multiple Python installations

*On some computers you find this

21 (] = | Robert Haase - | Ifyouenter conda
Home Share Wiew ' .
activate .., which
“— = =~ P a » Robert Haase w | ) Search Robert Haaze .
of those is executed?

Py

A
I Desktop [] Name
& Nextcloud - p-6763-0052@uni-leipzig.de@cloud.scadsai.uni- 3 3D Objects 1175/ 202 2 ererereem
l@l Mextcloud - rehalddc@datashare tu-dresden.de Anaconda3 4/13/202412:57 PM
. ansel 5/1/2023 8:03 AM
& Onelrive - Personal
AppData 11,/9/2022 4:58 AM
e [5 Contacts 11/9/2022 458 AM
-android I Desktop 4/13/2024 12:40 PM
astropy Docurments 3/13/2024 2:38 PM
.cache ; Downloads AN 272024915 PM
.cellpose 10 Favorites 117972022 4:58 AM
. # Links 3/5/2024 1:49 PM
.cisco
mambaforge 1/28/2023 5:53 PM
«learcl
miniconda 4/13/2024 12:56 PM
conda models 1/20/2024 4:25 PM
«cockiecutter_replay A5 s
222items 1 item selected =

Robert Haase
' TECHNISCHE
ScaDS.AIl s, « ) DReRerE
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Conda environments

* Conda environments can be activated from anywhere

EN Command Prompt

C:\Users\haaserconda activate C:\Users\haase\mambaforge\envs\bio31

GILS T T T e T . BE Command Prompt - conda deactivate - conda activate bio31
(bio31) C:\Users\haase>g

C:\Users\haase>conda activate bio3l

(bio31) C:\Users\haase>

UNIVERSITAT
LEIPZIG

Robert Haase I

- TECHNISCHE ik,
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Broken [condal environments

* Common case of confusion in the Python ecosystem
* Happens to everyone — it’s just a matter of time.

1 I ol

B Command Prompt - conda create --name A python=3.9 jupyter-lab - mamba activate B - conda deactiv

BE¥ Command Prompt - conda create -

142 pac

Total download:

done

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

ScaDS.Al
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Untitled54.i... - JupyterLab Untitled55.i... (auto-t) - Jupyterl= X +

2> C @ localhost 8/lab/wor

Edit View Run Kernel Tabs Settings Help

B Untitled55.ipynb L

B+ XTO 0 » = ¢ » Code v

# Python 3 (ipykernel) O

:ﬂ;];":rt stackview

& Last Modified
® Untitle... Zmonths ago .

W Untitle... a month ago

ModuleNotFoundError Tracebac
k (most recent call last)
Cell In [1], line 1

----> 1 import stackview

Untitle... a month ago

Untitle... a year ago

Untitle... a month ago

Untitle... a month ago ModuleNotFoundError: No module named 'stackview'

Untitle... 22 days ago

B r»yv &F 0

QL] le... seconds ago [ -
Simple 0O B 1 @ Python 3 (ipykernel) | Idle Mode: Edit @ Ln1,Col 1 Untitled55.ipynb

Untitle... 6 minutes ago

Untitle... seconds ago

UNIVERSITAT
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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 my env

Installed packages: Installed packages:

Jupyter lab .
stackview

7 =]
Ho

—_ Untitled55.i... (auto-t) - Jupyterl= X \:“}:

&€ 5 C @ localhost:8888/lab/workspaces/auto-t/tree/UntitledS5.ipynb 2 % % 0O o :

File Edit View Run Kernel Tabs Settings Help

B+ C & Untitled55.ipynb ° + %

& B+ XHO M » m ¢ » Code v & Python 3 (ipykernel) O

./

Name

-

| untitie...

™ Untitle...
[® Untitle...
[® Untitle...
[ Untitle...
[ Untitle...
[® Untitle...
@ Untitle...
" Untitle...

» A Untitle... seconds ago [ 4

Simple

impl)rt stackview

Last Modified
Zmontns ago .

amonth ago ModuleNotFoundError Tracebac
a month ago k (most recent call last)
Cell In [1], line 1

a year ago 5 :
----> 1 import stackview

a month ago
a month ago ModuleNotFoundError: No module named 'stackview'

22 days ago I []:’ B AL &S 8
6 minutes ago

seconds ago

0 1 @ Python 3 (ipykernel) | Idle Mode: Edit @ Ln1,Col1 Untitled55.ipynb

Robert Haase
I @haesleinhuepf
Sca DS.AI BIDS Lecture 3/14
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. Broken [conda] environments

* The only cure: Uninstall and reinstall [Ana]conda.

Huge effort.
* Alternatively:

* Create a new environment for every project.

*conda activate my env
* Do not install project-specific stuff in the base-environment.

Robert Haase .
i TECHNISCHE ik
@haesleinhuepf AT (A UNIVERSITAT
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. Broken [conda] environments

Do not install anything in the base environment

Always call conda activate ... before doing anything

Robert Haase =
i TECHNISCHE ¢
@haesleinhuepf AT (A UNIVERSITAT
Sca DS.AlI BIDS Lecture 3/14 31 gallls\g%l'\l‘ESdTAT ‘ﬂms LEIPZIG
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Documenting dependencies

 Maintain a document with the dependencies (and versions) you need in your project

* The pip way

* The conda Way

- devbio-napari
- cellpose-napari

Ln3, C 100%  Windows (CELF) UTF-8

In case your
environment is screwed
up, you can rebuild it
any time.

conda env create -f environment.yml

Jenwrunmentyml MNotepad — X _|reqU|rerr1er1tst:{t Motepad O X
File Edit Format View Help File Edit Format View Help
name: cellpose-test numpy»>=1.21
channels: l-ancla£~=1.4.ﬂ
- conda-forge napari~=0.4.11
; - P];l"tm“_:h . matplotlib~=3.5.8
EF_}E:;E:'B scikit-image~=0,19
_ pytorch=1.12 umap-learn~=8.5.1

hdbscan~=0.8.27
scikit-learn~=1.8
numba~=8.55%.1

Ln2 100%  Windows (CRLF) UTF-8

pip 1install -r requirements.txt

Robert Haase

@haesleinhuepf https://conda.io/projects/conda/en/latest/user-guide/tasks/manage- . TECHNISCHE __ UNIVERSITAT
ca . BIDS Lecture 3/14 €nvironments.html#creating-an-environment-from-an-environment-ymi-file UNIVERSITAT 4‘ s.J‘ LEIPZIG 3
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Documenting dependencies

*...the complete way.

conda env export > environment.yml

Excellent way to
document which
dependencies were
actually used...

| environment.yml - Notepad - O X

File Edit Format View Help
name: bio_39

channels: | environment.yml - Notepad - O X
- conda-forge File Edit Format View Help
- defaults - win_inet_pton=1.1.8=py3%hcbf5389_4 ~
dependencies: - winpty=0.4.3=4
- alabaster=.7.12=-py 0 - wrapt=1.14.1=py39hb82d6ee_@
- anyio=3.6.1=pyhd8edlab_1 - x264=1!164.3095=h8Ffe710_2
- aom=3.5.8=h63175ca_B _ x265=3.5=h2d74725 3 . . .
- apoc-backend=8.10.8=pyhd8edlab_0 _ xorg-1ibxau=1.0.9-hcd874ch 0 It is questionable if re-

- appdirs=1.4.4-pyh9t@adld_@ - xorg-libxdmcp=1.1.3=hcd874cb_8
- argon2-cffi=21.3.8=pyhd8edlab_8 _ xz=5.2.6=h8d14728 @

- argon2-cffi-bindings=21.2.8=py39hb82d6ee 2 - yaml=8.2.5=h8ffe710 2

- asciitree=0.3.3=py 2 - zarr=2.13.3=pyhd8edlab_0
- asttokens=2.8.8=pyhd8edlab B - zeromg=4.3.4=hBe60522 1
- attrs=22.1.8=pyh71513ae_1 - zfp=1.8.8=hBe6B522 1 -

- autopep8=1.7.8=pyhd8edlab @ - zict=2.2.@=pyhd8edlab_@
- babel=2193=pyhdﬁediab_9 _ lep=399=pyhd8edlab_9
- bBCkC311=B.2.B=pyh9‘FBﬂd1d_B _ zlib—ng=2.9.6=h8-F-Fe?1B 2]

creating an environment
from this yml file works.

n39,Colds  100% Windows(CRLY)  ute| ~ 25td=1.5.2-h7755175 4 .
prefix: C:\Users‘\rober\mambaforge\envsi\bio_39
L
Ln 391, Col 46 100% Windows (CRLF) UTF-8
Robert Haase
ScaDSAN & B Vi
Ca . BIDS Lecture 3/14 DRESDEN : 3
DRESDEN LEIPZIG April 16th 2024
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Installing dependencies

* A difference between pip and conda:

Depends on:
numpy<=1.22.0

Dependency
conflict

conda 1nstall package b Dependscnn
numpy>=1.22.0

pip i1nstall package a conda 1nstall package a

pip install package b

passes fails
Because the environment
Robert Haase TECHNISCHE i,
ScaDSANl e, cannot be solved UNIVERSITAT £ |
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~Installing dependencies

* A difference between pip and conda:

pip 1nstall git conda 1nstall git

fails passes

Because git is not a
python package

Robert Haase

ScaDS.AIll g
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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.

B Command Prompt - conda install napari

(bio39) C:\Users\haase>conda install napari (bio39) C:\Users\haase>mamba install napari

S | UNIVERSITAT
J | LEIPZIG

Al e s Read more: TECHNISCHE
Sca DS AI ggiefleiﬁgz% https://focalplane.biologists.com/2022/12/08/managing-scientific- 36 UNIVERSITAT |
) DRESDEN ‘i
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- Quiz

conda install package a Depends on:
numpy<=1.22.0 Dependency
conflict
Depends on:
pip install package b P
numpy>=1.22.0
fails works works but...
RobertHaase TECHNISCHE
@haesleinhuepf A f-"\
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. Software quality indicators

* Visit the project’s github or gitlab page and review indicators.

RIS oSS SNSRI . stars: Peoplle like software, similarly to tweets on Twit

Pulls _Issues Marketplace Explore

- Watching: People receive updates for new releases

Forks: People made a copy of the code, e.g. to contribute
+* main - Gotofile | Addfile~ m About N tO the prOJECt

napari: a fast, interactive, multi
o mstabrin Allow pandas.Series... .. X 16 hours agfl {92330 dimensional image viewer for
python

BB .devcontainer feat: add codespace (#4599) 20 days ago ° ° M

® rapaior o Lontributors. Feople wno contriobutea to the coae
B .github Update trans| lation documenta... 8 days ago °

visualization  python  nu mpy
i #
B binder Drop python 3.7 (#4063) 5 months ago J—
L]

B docs Add NAP-3: Spaces (#4684) 8 days ago °

D fosine . Lommits anges to the coae
I examples Multi-coler text with color enc... 19 days ago o BSD-3-Clause license °
M napari Allow pandas.Series as propert... 16 hours ago [Z Cite this repository ~

I resources Run PNG crush on all Pngs. (#... 4 months ago T 1dkstars GQ to fiIE Add ﬁle - ﬂ About @
& 45 watching

B tools More updates to the ignored t... 22 days ago % 200 fork
orks . . . . .
- No description, website, or topics provided.
M Makefile Added sphinx-gallery (#4288) 3 months ago Contributors 119 bE949b@ on 1 9 Jan 2020 @ 2 COmmitS
7 1star
[ READMEmd  Add CZl as an [nstitutional and... 2 months ago r
SCICHO
[ Singularity singularity and docker contain... 2 months ago & ﬂ 6 a 3 :v'EEIrS agﬂ @ 2 Wat{hi ng
D asv.conf,json add ci for asv benchmark suite... 23 days ago ?
0 forks
3 years ago

Al e TECHNISCHE (71
aesleinhue . . . AT (5 as | UNIVERSITAT
ScaDS.Alll s iecre 3 https://github.com/napari/napari 38 UNIVERSITAT 1 T
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https://github.com/napari/napari

Software quality indicators
*Visit the project’s github or gitlab page and review

indicators.

downloads/month 11k § python 3 J§ license BSD-3-Clause § contnbutors 25

& forum 131 topics | repo size 95.2 MB o EIECRET S REE w 120 C AR P L

Robert Haase
Image source: Adapted from https://www.pexels.com/photo/shallow-

S DS AII @haesleinhuepf
C a . BIDS Lecture 3/14 focus-photo-of-two-persons-wearing-military-uniform-2859046/
DRESDEN LEIPZIG April 16th 2024
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Software quality indicators

* Download statistics: pypi

v @ PyPl Download Stats X + v @ PyPl Download Stats * +
&« > C 23 pypistats.org/packages/devbio-napari <« > C 2% pypistats.org/packages/devbio-napari
segmentaton-game | Vispy
= . Downloads last day: 8
PyPI Stats devbio-napari PyPI Stats _
Downloads last week: 79

Search Search Downloads last month: 295
PyPI page
Home page

?(I)lppzzzigge:s AuthorPR?:Jben Haase ?!ppzzgig;s Daily Download Quantity of devbio-napari package - Overall
License: BSD-3 30d 60d 90d 120d @ all

Track packages Summary: A bundle of napari plugins useful for 30 Track packages
Latest version: 0.10.1
Required dependencies: imageio | jupyter-server || 300
napari-animation | napari-blob-detection | napari-o a j || |
napari-czifile2 | napari-folder-browser | napari-layg E 0p| —®— With_Mirrors I
plugin-engine | napari-plugin-search | napari-pyclg % ~o— Without_Mirrors ! '
blobs-and-things-with-membranes | napari-simple o f‘ 43T#Y* b
workflow-inspector | napari-workflow-optimizer | n 100
segmentation-game | vispy l

API AP 0 p) N @f)

About Downloads last day: 8 About L P P PR P

FAQs Downloads last week: 79 FAQs SN ¥ N N R N FFF SIS
Downloads last month: 295 Date

| M{ﬁh I ¢

b(.;\o.;b")'\‘%

M

Robert Haase TECHNISCHE
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. Software quality indicators

e Download statistics: conda

'2]: p = pkg_python('devbio-napari’, monthly=True) 2000 A
C:\Usersihaase\mambaforgeienvsibio3g\libi\site-packagesicondastatsicli.py:153:
FutureWarning: The default of observed=False is deprecated and will be changed 1750 4
to True in a future version of pandas. Pass observed=False to retain current b
ehavier or observed=True to adopt the future default and silence this warning.
agg = df.groupby(["pkg_name", "time", column]).counts.sum() 1500 A
Some reformatting is necessary to get this in a processable format.
w 1250 1
=
(3]: df = pd.DataFrame({ g
"time':[€[1] for t in p.index], E 1000 -
‘downloads’ :p.tolist() §
1)
df 750 A
[3]: time downloads
500 4
0 2022-04 304
1 2022-05 391 250
2 2022-06 842
0
3 2022-07 1994 s N O~ 00 O AN AN M S N O s 000 N SN
PR RYPRPNTRTRR
NN NN NN NN NN MMM MM MMM MM M mm s s
4 2022-08 423 O N N O N NN NN D N NN NN o NN
OO0 00 O0O0C0 0000000000000 000
[ S T I o O o T Y A B o O o B S N o T SV o IO Y o T o T S S A S A S I S
5 2022-09 1583 time
Robert Haase TECHNISCHE
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. Software quality indicators

o S C i e n t i fi C p u b | i Ca t i O n S < C % naturacom/articles/s41592-022-01663-4
nature methods Viewall journals ~ QQ Search  Login

v ] Land/cellpose: & 2 X ar - . . .
() Mouseland/cellpose: a gener Explore content v About the journal v  Publish with us v

&« G 23 github.com/Mouseland/cellpose [ & +% "}

nature > nature methods > articles > article

[0 README &[5 BSD-3-Clause license

1 Article | Open access | Published: 07 November 2022
Cellpose 2.0: how to train your own model

Download PDF &

CITATION

Marius Pachitariu & & Carsen Stringer &2

If you use Cellpose 1, 2 or 3, please cite the Cellpose 1.0 paper:
Stringer, C., Wang, T., Michaelos, M., & Pachitariu, M. (2021). Cellpose: a generalist
algorithm for cellular segmentation. Nature methods, 18(1), 100-106. 55k Accesses | 120 Citations | 116 Altmetric | Metrics

Nature Methods 19, 1634-1641 (2022) | Cite this article

If you use the human-in-the-loop training, please also cite the Cellpose 2.0 paper: ‘
Pachitariu, M. & Stringer, C. (2022). Cellpose 2.0: how to train your own model. Nature

methods, 1-8.
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Lecture overview: Bio-image Anal

*|mage Data Analysis workflows

* Goal: Quantify observations, substantiate
conclusions with numbers

™

e

Ilmage segmentation Feature extraction Object classification
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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!

43 48 43 40 40 32 32 24 24 24 24 24 24 24
43 43 40 32 32 24 24 16 16 16 24 24 24 24
48 48 40 32 24 24 16 16 16 16 24 24 32 40
40 40 32 24 24 16 18 & 16 186 24 24 40 48
32 32 32 24 24 16 24 24 32 43 56 o4 T2 88
24 24 24 16 16 16 24 32 56 72 88 96 112 120
24 16 16 16 24 32 43 64 96 120 128 144 132 152

s 8 16 16 32 40 72 96 128 160 176 184 184 184
18 & 16 24 48 72 104 136 160 176 184 192 192 184
16 & 24 32 72 104 136 163 134 192 200 200 192 134
24 24 43 64 104 136 160 184 134 192 192 192 184 134
32 40 o4 88 128 168 184 192 192 184 134 176 176 176
40 56 88 120 152 192 192 192 192 184 184 176 176 176
43 64 104 144 176 208 200 184 184 184 184 176 176 168

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)

A

I
I
1
1
I
1
I
I
1
I
I
1
I
I
== ===
4

L,
v
4+—>
Ly
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. Anisotropy

*VVoxel size has immediate impact on image quality \

and thus, on processing / anaIyS|s results

7, 0 R W e, T Nl - f" L, T
MREEGTER RS e 3 o
A A AN SO !".l,.# ATl :ﬁﬂ "iii"i . "'T'j!‘ 3%
ey l"..d‘ ’ . q Y ¥ !;' :',?-E-‘bf . ‘ g ‘ﬂ : 'L H |;I ':'# . ‘m
} 'E‘:hi':‘ ‘k’ ‘ ! *!QL;HF} | !3 F‘uh.l i 'l ﬂ"'_.
4”‘”".;..'__‘- L X 8. # r'.. L & ’ﬁ'. I,
R S ST
PR ot L AT S T 4
“Releine Plﬁ'"«f'ﬂ. e
i , i -h By : %
A VEIE T A NVEEE T

12
250 x 125 px

250 x 250 PX

250 x 50 PX

: n miT In Im INL l "
l.lfrh-wf l|1 IﬂiJ 1 l‘_ll I llﬁ“.

Ly h,".luﬂ I8
S8 ATh o
o AR
aVolyd T,
1:10
250 x 25 px
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Image source: cropped from
https://de.m.wikipedia.org/wiki/Datei:Histo Lungenpest.jpg
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Image stacks and voxels

Interactive tools avallable

M napari *
Window  Plugins Teols Help impnl‘“': St = |".'.1l.|" iEW

® O

opaciy: 1.OC : : .
ontrast bite stackview.slice(mri_image)
auto-contrast:  once  continuous
gamma: 1.0C
colormap: B ooy
blending: translucent_

interpolation: nearest

>Deooifm

mri [96 139 112]: 37

Robert Haase
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Filters

* An image processing filter is an operation on an image.
* |t 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.

e Application examples
 Noise-reduction

e Artefact-removal
. Filter
e Contrast enhancement
e Correct uneven illumination
Eboht;eerstleHiiisueepf TECHNISCHE <Al |\ ersiiar
Sca DSM BIDS Lecture 3/14 Image source: Alex Bird / Dan White MPI CBG 50 gEIIE\QED%SIJTAT t«i L | (FIPzIG

DRESDEN LEIPZIG April 16th 2024



Effects harming image quality

“nuclei”

0 20 40 60 80

* Aberrations, defocus
* Motion blur

Robert Haase

ScaDS.AIll g

DRESDEN LEIPZIG April 16th 2024

“background” “noise”

— 105

- 104

101

Light from objects * Shot noise (arriving photons)
behind and in front of * Dark noise (electrons made
the scene (out-of-focus from photons)

light) * Read-out-noise (electronics)

Dirt on the object slide
Camera offset
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https://github.com/BiAPoL/Bio-image_Analysis_with_Python/blob/49a787514a367829c3e0e1832f6cc533e96d549f/03_image_processing/simulated_dataset.ipynb

Effects harming image qualit

“nuclei” “background”

. —r 105
La L 104
r3 I 40 L 103 I 40 - ol
2 102 :
1 101
0
—F 116
- 114
- 112
L 110
[ ] .
Segmentation
[ ]

106

104

__.: . ..M . - L '
102 . oo T , amb
52 S T ey i
D o 20 a0 60 80

https://github.com/BiAPolL/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 ima

14 e

112

110

Oh no! | see thousands
of tiny white objects!

R

108
-

106

«  Segmentation

102

0 20 40 60 80

lFiItering

7

; P
.= Ok, it’s just 9 objects. —
: Segmentation
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Image filtering

* Attempt to invert / “undo” processes disturbing image
guality
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Image filtering

e Attempt to mvert/ ‘undo” processes disturbing image
guality

Low-pass filter:
Allows low
frequencies pass

20

108
40

106

60

20

40

4
3
80

80

Remove ] e
background R bl High-pass filter: Band-pass filter:
: Allows high Allows a specific range
frequencies pass of frequencies pass

Robert Haase .
I i TECHNISCHE il

@haesleinhuepf Lo UNIVERSITAT

Sca DS.AI BIDS Lecture 3/14 55 gallls\g%RESdTAT ﬁi | EPrIG

DRESDEN LEIPZIG April 16th 2024 . ) o o ) .
https://github.com/BiAPolL/Bio-image Analysis with Python/blob/49a787514a367829c3e0e1832f6cc533e96d549f/03 image processmg/smulated dataset.ipynb



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

Linear Filters

172#%1
+

- 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
Mean filter, 3x3 kernel e 18 1/9
1/9 1/9 1/9
Robert Haase
Sca DS AII @haesleinhuepf Animation source: Dominic Waithe, Oxford University 56 EIE\I?\II-IENRIgIQI%E & UNIVERSITAT
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https://github.com/dwaithe/generalMacros/tree/master/convolution_ani

Linear filters

* Terminology:
* “We convolve an image with a kerne
e Convolution operator: *

- Examples
- Mean
- Gaussian blur
- Sobel-operator
- Laplace-filter

III

11
8 1

1 1
1 0
4 -1
10

Robert Haase
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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 59 60 67 73 75 85 88 91

50 88 59

% | UNIVERSITAT
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Noise removal

e Gaussian filter
e Median filter

Original Gaussian Median

Robert Haase TECHNISCHE
I haesleinhuepf L= =)
Sc a D S.AI gDaSeEeecltrLrg%?M Image source: Mauricio Rocha Martins (Norden/Myers lab, MPI CBG) 59 gEIE‘gEDRESh:TAT U*f‘%l ks LUEITIIJ}/IEBRSITAT
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Filtering for improving thresholding result

* |In case thresholding algorithms outline the wrong structure, blurring in advance may

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

Blurring +
Thresholding ©

v

\ 4

Contour on
original image

\ 4

v

Thresholding ®

UNIVERSITAT
LEIPZIG
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Difference-of-Gaussian (DoG)

* Improve image in order to detect bright objects.

* Band-pass filter

Gaussian blur (sigma = 2)

: : subtract
Noise reduced image >

DoG-Image
l’dOg-2-6”

»

Gaussian blur (sigma = 6)

Original image

Background image

Robert Haase -
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Difference-of-Gauss

* Example DoG - u -

images

ScaDS.All
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e L A"
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w ..
dog-13-4

lan (DoG

v

dog-1-7 dog-1-10 dog-1-13

dog-4-7 dog-4-10

dog-10-7 dog-10-10 dog-10-13

dog-13-7 dog-13-13

UNIVERSITAT

62 LEIPZIG



Top-hat filter

* Background subtraction

- o x

[T subtract images-1482808597 (300%)

[T maximu m 1436567155 (300%)
158x188 pixels; 32-bit; 116K

156x188 pixels; 32-bit, 116k

[T minimum- 1563806552 (300%)
158x188 pixels; 32-bit 116K

o X

[ 000200.raw-1.tif (300%)
82.16x97.76 pixels (158x188); 32-bit, 116K

-

Minimum > Maximum > Subtract >

UNIVERSITAT
LEIPZIG
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Top-hat filter

* Background subtraction

[T subtract images-1482808597 (300%)
158x188 pixels; 32-bit; 116K

[T maximum 1436367155 (300%) - o x
156x188 pixels; 32-bit, 116k

X [5° minimum-1563806552 (300%) - o X

[ 000200.raw-1.tif (300%) - O
158x188 pixels; 32-bit 116K

82.16x97.76 pixels (158x188); 32-bit, 116K

-

Minimum Maximum Subtract

[T Plot of 000200.raw-1 - o X [T Plot of minimum-1563806552 - o x [T Plot of maximum 1436567155 - o X [T Plot of subtract_images- 1482808597 - o x
(8.56x153.38_(613¢356); B-hit: 213K 131.8579.27 _(613¥355); B-hit 213K 1318568167 (613¢356); B-hit: 213K 131.85¢88.90 _(613¥355); B-hit 213K
T T T T
250 - . 280 - . 250 - .
» 200 » 200 . » 200 . »
g s g g 7
I} I} I} I}
150 180 - . 150 - .
1 I I I I 1 | 100 I I I I I | 100 I I I 1 1 | Il
0 10 20 30 10 50 0 20 40 50 20 100 0 20 40 60 80 100 0 20 40 50 20 100
Distance (pixels) Distance (pixels) Distance (pixels) Distance (pixels)
Uist | Datas | Mores| Live | k=s6.68, v@x)=141.3 List | Datas | Wores| Live List | Datas | Mores | Live List | Datas | Mores | Live|x=15, ¥(x)=3.24
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Quiz: Noise removal

* The median filteris a ...

Linear filter
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Background removal

e Removing background from an imageisa...?

[ subtract_images- 1482808597 (300%)

Low-pass
filter

> Top-hat >

High-pass
filter

ScaDS.All

DRESDEN LEIPZIG

UNIVERSITAT

TECHNISCHE (7,
68 @ UNIVERSITAT { ]
Dl%oEc%PI\%a':ltins (NoMyers lab, MPI CBG)

Robert Haase
LEIPZIG
Image source: Mauricio

@haesleinhuepf
BIDS Lecture 3/14
April 16th 2024




ScaDS.A

DRESDEN LEIPZIG

CENTER FOR SCALABLE DATA ANALYTICS
AND ARTIFICIAL INTELLIGENCE

Exercises

Robert Haase

GEFORDERT VOM

% Bundesministerium
fiir Bildung
und Forschung

Diese MaBnahme wird gefdrdert durch die Bundesregierung
aufgrund eines Beschlusses des Deutschen Bundestages.
Diese MaBnahme wird mitfinanziert durch Steuermittel auf
der Grundlage des von den Abgeordneten des Sachsischen
Landtags beschlossenen Haushaltes.

Robert Haase

ScaDS.AIll g

DRESDEN LEIPZIG April 16th 2024

TECHNISCHE UNIVERSITAT

UNIVERSITAT £l
DRESDEN Aiuly | LEIPZIG




. Exercise: pull-request

* Clone the training materials repository

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

~ O Comparing main..haesleinhuz X

<« 2> C B

T} basemain~ | €

0 Add a title

Fix typo
Add a description

Write Preview

Hi Robert,
this just fixes a typo.

Best,
Robert

[ Markdown is supported

compare: haesleinhuepf-patch-1 ™

H B I i=

+

<O @ =

(A paste, drop, or click to add files

Create pull request -

= O

github.com/haesleinhuepf/BIDS-lecture-2024/compare/main...haesleinhuepf-patch... Tk & b d i} a

~ Able to merge. These branches can be automatically merged.

Reviewers

No reviews

Assignees

MNo one—assign yourself

Labels

None yet

Projects

None yet

Milestone

No milestone

Helpful resources

GitHub Community Guidelines

Y

X

v O Pull requests - haesleinhuepf/Bl X +

€« > G 23 github.com/haesleinhuepf/BIDS-lecture-2024/pulls
= O haesleinhuepf / BIDS-lecture-2024
<> Code I Pullrequests 1 @ Actions E Projects
Filters ~ | (Q is:pris:open > Labels 9
i1 10pen « 0Closed
O Author « Label Projects - Milestones ~ Reviews «
U 1% Fix typo

#1 opened now by haesleinhuepf

0, Security |+ Insights

Ca ¥ O

Q + - |[|O|

e Settings

o Milestones 0

Assignee Sort =

Q ProTip! Find all pull requests that aren't related to any open issues with -linked:issue.

New pull request

a @

=y :

ScaDS.All
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Exercise: Image processl

* Get started with loading, viewing, cropp

Images

ing and processing

v 02openingv.. fautc-d) -Jupy X+
<« c @ localhost:8888/lab/workspaces/auto-d/tree/03b_image_processing/02_opening_visualizing_images.ipynb
: File Edit View Run Kernel Tabs Settings Help

w BEN = :+ ¢

| Filter files by name Q

B3 Launcher

B+ X0 B » m C » Makdown v

X | [A] 02_opening_visualizing_imag® | +

stackview.insight(image)

W / 03b_image_procassing /

= Name - shape (70, 70)
dat:
™ data 250 dtype uints
size  4.8kB
200 .
M| 03_inspecting_3d_images.ipynb (HL 8
] _Brightness_and_Contrast.ipynl max
[®] 04_Brigh d_C b 255
. 150
[A] 05_Cropping_images.ipynb
L] 06_Image_Filters.ipynb
= simulated_dataset.ipynb 100
50

Exercise

Open the banana@@2@.tif data set from last week and visualize it in a yellowish colormap.

Simple 0 1 € Python 3 (ipykernel) | Idle

& Python 3 (ipykernel) O

-

Mode: Command & Ln1. Col1 02_opening_visualizing_images.ipynb m

v~ 06lmage Fil. fsuto-d:5)-Ju X+ = (m] >
« c @ localhost:8888/lab/workspaces/auto-d/tree/03b_image_processing/06_lmage_Filters.ipynb Q ¥ D QJ :
.: File Edit View Run Kernel Tabs Settings Help
[ B + ] A Launcher X | [® 02_opening_® | [® 03_inspecting® | [®] 04_Brightnes X | [® 05_Cropping X | [®] 06_Image_Fil® | + q*
B+ X DM » & C » Makdown v & Python 3 (ipykemel) O
‘ Filter files by name Q 50 .
o 5
B8 / 03b_image_processing /
i= | Name - 60
W data
* (/] 01_images_as_arrays.ipynb
« [A] 0Z_opening_visualizing_images.ip...
« [A] 03_inspecting_3d_images.ipynb
« [A] 04_Brightness_and_Contrast.ipynb E .
« [A] 05_Cropping_images.ipynb xercise
= [ 06_Image Filters.ipynb : : ; :
Write a function that computes the Difference of Gaussian.
=] simulated_dataset.ipynb
def difference_of_gaussian(image, sigmal, sigma2):
# enter code here
Use a simple function call to try out the function.
dog_image = difference_of_gaussian(image3, 1, 5)
imshow(dog_image)
Use the stackview library to play with it interactively.
stackview.interact(difference_of_gaussian, image3)
Simple 0 5 @ Python 3 (ipykernel) | Idle Mode: Command & Ln1,Col1 06_Image_Filters.ipynb m

Robert Haase
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. Exercise: dependencies
*There is a Jupyter Notebook which doesn’t work
(anymore). Find out why.
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----» 1 filtered = median(image, selem=mask)
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TypeError: median() got an unexpected keyword argumsnt ‘selem’

a

¥

o

Simple 0 3 ﬁ Python 3 (ipykerne... Mode: Com... @ Ln 1, C... breaking_backwards_compatib...

Robert Haase https://github.com/ScaDS/BIDS-lecture- TECHNISCHE i
@haesleinhuepf . . AT G ae | UNIVERSITAT
Sca DSA'I BIDS Lecture 35’14 2024/blob/main/03c dependency management/breaki 72 gEIIE\!S%ESIJTAT ‘ﬂm EIPZIG

DRESDEN LEIPZIG April 16th 2024 ng backwa rds com pat|b|||tv|pvnb



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

	Slide 1: Research Software Management
	Slide 2: Quiz  (recap)
	Slide 3: Quiz  (recap)
	Slide 4: Quiz  (recap)
	Slide 5: Research Software Management
	Slide 6: git
	Slide 7: git
	Slide 8: git
	Slide 9: git
	Slide 10: github – creating repositories
	Slide 11: github – clone repositories
	Slide 12: github - uploading
	Slide 13: github
	Slide 14: git - forking
	Slide 15: github - forking
	Slide 16: github – uploading (again)
	Slide 17: Github – pull requests
	Slide 18: Github – pull requests
	Slide 19: Github – pull requests
	Slide 20: Quiz  (recap)
	Slide 21: Github
	Slide 22: Conda environments
	Slide 23: Conda environments
	Slide 24: Conda environments
	Slide 25: Conda environments
	Slide 26: Multiple Python installations
	Slide 27: Conda environments
	Slide 28: Broken [conda] environments
	Slide 29: Background
	Slide 30: Broken [conda] environments
	Slide 31: Broken [conda] environments
	Slide 32: Documenting dependencies
	Slide 33: Documenting dependencies
	Slide 34: Installing dependencies
	Slide 35: Installing dependencies
	Slide 36: Conda versus mamba
	Slide 37: Quiz
	Slide 38: Software quality indicators
	Slide 39: Software quality indicators
	Slide 40: Software quality indicators
	Slide 41: Software quality indicators
	Slide 42: Software quality indicators
	Slide 44: Image Processing
	Slide 45: Lecture overview: Bio-image Analysis
	Slide 46: Images and pixels
	Slide 47: Image stacks and voxels
	Slide 48: Anisotropy
	Slide 49: Image stacks and voxels
	Slide 50: Filters
	Slide 51: Effects harming image quality
	Slide 52: Effects harming image quality
	Slide 53: Image filtering
	Slide 54: Image filtering
	Slide 55: Image filtering
	Slide 56: Linear Filters
	Slide 57: Linear filters
	Slide 58: Non-linear Filters
	Slide 59: Noise removal
	Slide 60: Filtering for improving thresholding results
	Slide 61: Difference-of-Gaussian (DoG)
	Slide 62: Difference-of-Gaussian (DoG)
	Slide 65: Top-hat filter
	Slide 66: Top-hat filter
	Slide 67: Quiz: Noise removal
	Slide 68: Background removal
	Slide 69: Exercises
	Slide 70: Exercise: pull-request
	Slide 71: Exercise: image processing
	Slide 72: Exercise: dependencies

