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Reproducibility: Python
e Technical: | can rerun the workflow because it is well documented.

* Inter-personal: | understand a workflow and can explain all steps.

from skimage.io impert imread, imsave
import stackview

import pyclesperanto as cle

import numpy as np

image = imread('data/lund.tif"')

GO = & N fa R

# Apply top hat filter to the image
processed _image = np.asarray(cle.top hat box(image, radius x=18, radius y=10, radius_z=8))
# Segment the image using voreonei otsu labeling

=
=& WD

label image = cle.voronoi otsu_labeling(processed image, spot sigma=z=2, outline sigma=2)

=
s

We cannot follow the
workflow, because we
do not see intermediate

. results.
Output: 285 Technical: -

Inter-personal: X

=
L

print(label_image.max())
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Reproducibility: Python + Jupyter
e Technical: | can rerun the workflow because it is well documented.
* Inter-personal: | understand a workflow and can explain all steps.

[2] . image = imread('dataflund 'ti'F1} # Segment the image using voronoi otsu labeling
label image = cle.voronoi_otsu_labeling(processed image, spot sigma=2, outline sigma=2)

label image
image.shape
cle._image

[2]: (1ee, 256, 256) shape (100, 256, 256)

dtype uint32
stackview.insight(image)

size 25.0 MB
shape (100, 256, 256) i .

dtype uint16
max 285.0

e size 125 MB

500 min 125

max 680
400

B
300
[
200

Technical: L«
Inter-personal: L«
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Reproducibility : Python + Jupyter

Other’s view when

v : 03_image_pro... (auto-Q) - Jupy X + O .

« > C @ localhost:8888/lab/workspaces/auto-Q/tree/docs/01_juypter_notebooks/03_image_processing.ipynb o o} &, i,l : you Share the
=

.: File  Edit View Run Kemmel Tabs Settings Help

O + C % 03_image_pracessingipynb X + % WO rkfl OW O n | i n e

B+ X 0O (3 » m C » Code v #  Python 3 (ipykernel) O
‘ Filter files by name Q .
o ) We can also view this label image e e e i = — —
B8 / docs / 01_juypter_notebooks / curtain. ~ @ Bioimage Analysis in Jupyter N© X + = a X
— Name - Last Modified
T ™ data 3 days ago stackview.animate_curtain(proc € > C 25 scads.github.io/embo-lsm-bia-2025/01_juypter_notebooks/03_image_processing.html#image-segmentation aQ °} R 3’
A o1 first_j tebook.ipynb 3d —_
* _our_firs _Jup.tyer_no e ?o ipyn| ays ago = £ 20 * i= On this page
L 02_Dont_try_this_at_home.ipynb 3 days ago
+ [A] 03_image_processing.ipynb a minute ago We can also view this label image over the background-subtracted image using a curtain. Loading an image
[W] 03a_image_processing.py 5 minutes ago S c a D S AI Visualization
. I -
M cell_execution_number.png 3 days ago DRESDEN LEIPZIG I stackview.animate_curtain(processed_image[50], label_image[56]) mage processing
CENTER FOR SCALABLE DATA ANALYTICS Image Segmentation
AND ARTIFICIAL INTELLIGENCE
Interactive browsing the resulut
Saving results
Q ctrl [+ K
Biclmage Analysis with Python
#EMBOLSM 2025
Simple 0 P 1 & Python 3 (ipykernel) | Idle Mode: Setup

Setting up your computer

Python Jupyter Notebooks . i i . . . . i
We can determine the maximum number of objects by taking the maximum intensity in the label image,

Fython code in Jupyter notebooks because the labels are numbered subsequently from 1-n.

View on your laptop

Pitfalls when working with Jupyter

notebooks label image.max()

Bioimage Analysis in Jupyter Notebooks

Mapari 285.8
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Reproducibility : Python + Jupyter

_ . _ . . § , . v ) haesleinhuepf/BiolmageAnalys X @ Statistics using Scikit-image — X+
~ ) cellpose/notebooks/run_Cellpe. X 4 - [u] ®

<« > C 25 haesleinhuepf.github.io/BiolmageAnalysisNotebooks/22_feature extraction/sta.. & ¥
€ > C % github.com/Mouseland/cell lob/main/natebooks/run_Cellpose-SAM.ipynb Coa & D » [ L 4 - -
= ra 1
B Files cellpose / notebooks / run_Cellpose-SAM.ipynb v ) micro-sam/notebooks/quick st X+ ¥ 10
‘ ) Measurements / region properties
P mai - +Fla Preview =~ Code  Blame | 392 lines (392 loc) - 101 KB €< > C 2% github.com/computational-cell-analytics/micro-sam/blob/master/notebo... [ &
main We are now using the very handy function regionprops tasle . It provides features based on the scikit-image
soto . . ° ) . . regionprops list of measurems library. Let us check first what we need to provide for this function:
Q Gotoflle g Run ce”PUSE‘SAM on one image In folder [lf % master ~  micro-sam / notebooks / quick_start.ipynb
> Il github = Here are some of the parameters you can change: ‘ reglonprops_table?
Preview  Code  Blame &8 Raw
> [ cellpose * flow threshold is the maximum allowed error of the flows for each mask. The default is -
> M docs a cert e T
= Increase this threshold if cellpose is not returning as many masks as you'd expect { | s Sy e
~ [@ notebooks = Decrease this threshold if cellpose is returning too many ill-shaped masks. Loading a pre-trained micro-sam model and applying it to an image just takes two lines of pytht I?MSE 'TPE:’-'YPES-L-"’EISDE“'
; size: bool - True.
I T P « cellprob_threshold determines proability that a detected object is a cell. The default is | Bio-image Analysis Notebooks Aty Geell - e
ULyt st e erimeter: bool False
In[ ]: &
[ run_cellpose3.ipynb = Decrease this threshold if cellpose is not returning as many masks as you'd expect Basics :C:z:io:wéou;al::lge
= Increase this threshald if cellpose is returning too many masks esp from dull/dim & # Load the Segment Anything for Microscopy model. ‘ Trailer: Bio-image Analysis with moments: bool - False
D test Cellpose-sAmipynb « tile norm blocksize determines the size of blocks used for normalizing the image. ThJ predictor, segmenter = get_predictor_and_segmenter(model_type="vit_b_lm") | Python "?E::;;Zf:::m;:'.””'VIEN" L—
D train_Cellpose-SAM.ipynb normalized together. You may want to change this to 100-200 pixels if you have very m‘ . X . . Setting up your computer D‘?csg—mg: At.ids 5 table widget to a given napari viewer witl\.qual:\ti‘tative analy;islres\ljlts deri\.led from an 5.:.;
# Run automatic instance segmentation (AIS) on our image. thon basics . ;)k: ;.\uzfrs\mra1\mamnafcrge\ems\fem.—e,ﬂogpost\hh\smrpackages\napan)nmage,regmnpmp;\;egn
> [ paper . instances = automatic_instance_segmentation( e
> M pyinstall LT ng = go.imread(files(ol) predictor=predictor, Writing sustainable code v
installer
B . . . . . segmenter=segmenter, Image analysis basics ~ We see that we need to provide which feature categories we want to measure. One way of dividing these categories is
> B test print(f 'your image has shape: {img.shape}. Assuming channel dimension is last y input_path=image . e format " N
ests | = > mage file formats v shown here:
|
)
D .giliqnore . | Remote files v
Channel Selection: . . . . Machine leaming basics ~ ~
[ .readthedocsyml | # Visualize the instance segmentation result.
o * Use the dropdowns below to select the zero-indexed channels of your image to segmer stackview.insight(instances) Image visualizationin 3D v
style.yapf . |
rerun the cell after you edit the dropdowns. Image filtering v . X . \ X .
[ LICENSE Downloading file ‘vit b_lm' from "https://ukls3.embassy.ebi.ac.uk/public-datasets/bi image cecomolution "
* If you have a histological image taken in brightfield, you don't need to adjust the chanr plomatic-bug/1.1/files/vit b.pt’ to '/root/.cache/micro_sam/models’. Soatiol transh © [~ Yy N
. = = atial transforms v S -
0 wanrestin o0 IR | 75750 [00:00<00:00, 407G8/s] Y oa '
* If you have a fluroescent image with multiple stains, you should choose one channel wi i i “vi 3 5 i i |
[ READMEmd y i 9 ) P 24 i Downloading file 'vit b Im decoder’ from "https://ukls3.embassy.ebi.ac.uk/public-dal ;.5 segmentation | A
with a nuclear stain, and set the third channel to Nene . Choosing multiple channels m: ge.io/diplomatic-bug/1.1/files/vit b decoder.pt’ to '/root/.cache/micro_sam/models"’ - N>
i i i . . Image segmentation v
D codecovyml the image. If you have retrained the model on your data with a thrid stain (described beg 100% | ! | 44.1M/44.1M [00:00<00:00, _GS.GGB/S] ' dize shape postton moments conture
o froct channels. Compute Image Embeddings 2D: 100%]| | 1/1 [00:00<00:00, 1.82it/s] Machine leaming forimage v
conftest.py Initialize instance segmentation with decoder: 1ee%||INEMEEEE| 1/1 [00:ee<ce:ee, segmentation §
Feature categories which are set to True are measured by default. In this case, the categories are size and intensity .
environmentym ' : eep Learning based image v 3
O envi tymi out[ ]: Deep L based
¥ [ .
first_channel = ‘@' # @param [‘None', @, 1, 2, 3, 4, 5] ceqmentston But perincter and shape would be also interesting to investigate. So we need to set them to True as well.
[ imagej_roi_converter.py second_channel = "1' # @param [ ‘None', @, 1, 2, 3, 4, 5] shal
- third_channel * # @param [‘None®, ©, 1, 2, 3, 4, 5] Large Language Vision v
o - df = pd.DataFrame (regionprops_table(inage ; label_images
[ model_guantizaticn.ipynb b dty) Models g
Segmentation post- v shape = True,

position-True,
moments=True))

https://github.com/MouseLand/ceIIpose/blob/main/notebooks

sj Pprocessing

I I . glob detection v &z
run_Cellpose-SAM.ipynb m .
surface processing v
M Quantitative analysis label area bbox_area equivalent diameter convex_area max_intensity mean_intensity min_intensity
Feature extraction ~ 0 1 429 750 23371345 479 2320 191.440559 128¢€
lab¢  quantitative image analysis
1 2 183 231 15.264430 190 2240 179.846995 1280
Counting bright objects in
images 2 3 68 756 28.944630 673 2480 205.604863 1200
Basi statistics with 3 4,433 529 23480049 445 2480 217.515012 1200

https://github.com/computational-cell-analytics/micro- https://haesleinhuepf.github.io/BioImageAnaIysisNotebooksy/
sam/blob/master/notebooks/quick start.ipynb 22 feature extraction/statistics with scikit image.html
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Training materials for today

v @ Biclmage Analysis with Python X

c =

+

scads.github.io/embo-Ism-bia-2025/intro.html

ScaDSAll

DRESDEN LEIPZIG

How to use these materials

On the top of the window, you find a Github-Button, which you can use to navigate the repository of the training

materials.

CENTER FOR SCALABLE DATA ANALYTICS
AND ARTIFICIAL INTELLIGENCE
Q ctrl K

Biolmage Analysis with Python |
#EMBOLSM 2025

Setup

Setting up your computer

Python Jupyter Notebooks

Python code in Jupyter
notebooks

Pitfalls when working with
Jupyter notebooks

Bioimage Analysis in Jupyter
Notebooks
Napari

Interactive visualization with
Napari
The Napari Assistant

Generating Jupyter Notebooks

from the Napari Assistant

Interactive pixel classification
and object segmentation in |
Napari

Interactive object classification in

)
€ repository

@ open issue

v O ScaDS/embo-Ism-bia-2025: Bic X +

c %5 github.com/ScaDS/embo-lsm-bia-2025

= O ScaDs / embo-Ism-bia-2025 Q &
<> Code () Issues 17 Pullrequests () Actions [ Projects [0 wiki
“71 ambo-lsm-bia-2025 Public 57 EditPins ~ @ Watch 0 ~
¥ main ~ ¥ o Gotofile  +
Local Codespaces
0 haesleinhuepf added a note +
Clone @
github/workflows
HTTPS SSH GitHub CLI

docs

tattribut https://github.com/ScaDS/embo-1sm-bia-2025.git LD
gitattributes

Clone using the web URL
gitignore

CODE-OF-CONDUCT.md (3] Open with GitHub Desktop

[f) Download ZIP

0D O OO

LICENSE-CC-BY

@ security |22 Insights

— (] X

o
(3
[«

»
&

Download the entire repository as ZIP and unzip the files in a place where you can find them. E.g. on your Desktop.

cCax O %

-l+-0one@

fé] Settings

Y Fork 0 - 7 Star 1 -

@

Biolmage Analysis using Python
tutorial at EMBO LSM 2025

& scads.github.io/emba-lsm-bia-2...

Readme
CC-BY-4.0 license

Code of conduct

Custom properties

1 star

[as]
it
@
A Activity
=
w
@

0 watching

ScaDS.Al
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v @ Biolmage Analysis with Python X +

> C prs

ScaDSAll
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Biolmage Analysis with
Python #EMBOLSM 2025

Setup

Setting up your computer

Python Jupyter Notebooks

Python code in Jupyter
notebooks
Pitfalls when working with

Jupyter notebooks

Bioimage Analysis in
Jupyter Notebooks

Napari

Interactive visualization with
Napari

The Napari Assistant
Generating Jupyter

Notebooks from the Napari
Assistant

Interactive pixel
classification and object
segmentation in Napari
Interactive object

classification in Napari

Al-assisted Code

Generation

scads.github.io/embo-lsm-bia-2025/intro.html b

CUMUd dCLLVdLE empusd

jupyter lab

Command Prompt X + v

Microsoft Windows [Version 10.0.26100.4652]
(c) Microsoft Corporation. All rights reserv

C:\Users\rober>cd OneDrive/Desktop

:\Users\rober\OneDrive\Desktop>cd embo-lsm-bia-2025-main
Jsers\rober\OneDrive\Desktop\embo-1sm-bia-2025-main>cd docs

5-main\docs>conda activate embo25

\rober\OneDrive\Desktop\embo-1lsm-bia-

(embo25) C:\Users\rober\OneDrive\Desktop\embo-lsm-bia-2025-main\docs>jupyter lab]

After executing this, you can start Jupyter Lab. On the left side you find folders with exercise notebooks

and on the right side you find the notebooks to work on.

v | Z o3imagepro..-jupyterlab X + - o x
<« c o ab/tre image_processing.ipynb Qa ®x O & D
Z file Edit View Run Kemel Tabs Settings Help
. B ¢t C = 03_image_processingipynb X | + %
B+ XD O » m C » Makdwn v %
Q
(=] ) | ®
B8 / 01_juypter_notebooks / A g
‘ . ~ Bioimage Analysis in
.—  Name - Last Modified
™ e Py — Jupyter Notebooks

A 01_our_first juptyer_note. 18 minutes ago

»

In this notebook, we will load an image stored in
W 02_Dont_try_this_at_home... 18 minutes ago . .
. - the file data/lund.tif , visualize it, process it
03_image_processing.ipynb 18 minutes ago

| 03a_image_processing.py

for segmentation, and

18 minutes ago finally visualize the segmentation results.
M cell_execution_number.png 18 minutes ago

We will use these libraries

® numpy

esperanto

kview |
v

Mode: Command  ®  Ln1,Col 1 03.image._processingipynb [RIAN

Simple 0 B 1 @ Python 3 (ipykeme)) | Idle

https://scads.github.io/embo-lsm-bia-2025/
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Reproducible Bio-Image
Analysis using Python,
Napari, Jupyter and Al
Robert Haase
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Napari— Graphical User Interface

.napari
File View Window Plugins Tools Help

- Q

opacity:

contrast mits:

View configuration /
tools

auto-contrast:  once continuous

gamma:

colormap: B turbo
blending: translucent
interpolation: inear
rendering: mip

depiction: volume

Tl SR

Layers

® Result of average_... L

> Result of mean_ext... &

Result of standard... G
Result of mean_int...
> Result of label_pix... [

® Result of voronoi_...

> Result of top_hat_... G
f @ Image:0
e M

Result of average_distance_of_n_closest_neighbors_map (clesperanto) [ 69 1267 -172]

Viewer controls

Robert Haase

S C a D S.ml gehparisgelr E;‘Shpc]: n

DRESDEN LEIPZIG EMBO LSM 2025

e D0l Gl> Y LI R

Remove Remove

e backgrou... Filter Combine

O >0 2> s>,

Transform Projection Binarize Label

PUALDTAR DL DL

E Measure . Compare
labeled label

image images

Process Measure
labels labels

S S D

Label
neighbor Label filters Measure
filters

x(y)
40
x » Q
Labels  Result of voronoi_otsu_labeling (desperanto)
Operatic average_distance_of_n_closest_neighbors_map (desperar

n 9.00

4 activity

Dock widgets
(custom plugins)

Function widgets
(custom plugins)
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Napari— Graphical User Interface

* Context / data type dependent tools

e View Window Plugins Tools Help e View Window Plugins Tools

opaciy: 1,00

contrast limits:

A7 2 Q
label: 1
opacity: 0,7cC
brush siz 10

auto-contrast: once continuous
gamma: 1,00
colormap: l gray

blending: translucent

blending: ~ translucent

color mor  auto

interpolation: nearest

contour:

n edit din

contiguot v

preserve show
labels: selected:

-

= | 2

>Deoii

Result of voronoi_otsu_labeling [306 256]

Robert Haase
@haesleinhuepf
Repro BIA Python
EMBO LSM 2025
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Napari - Python Scripting

. Mixing interactivity and reproducibility

_ napariipynb - Jupyterlab X

& 5 C @ localhost:3888/lab/tree/docs/31_graphical_user_interfaces/napari.ipynb = % * = 0O ° :
: File Edit View Run Kernel Tabs Settings Help
B 2 c _ [ Launcher X | @ napariipynb [ ] Sy
B+ X TO0 » m ¢ » Code v # Python 3 (ipykernel) O
Filter files by name QK A
L= 2 &
/ docs / 31 graphical_user interfaces / Interactive image visualization with
= Name - Last Modified ha pa 1]
W] napari_crop... a month ago
*- [ napari_das... a month ago napari is a python-based image viewer. This notebooks demonstrates how
[ napari_mag.. 3 month 2go to remote control it from python.
» M napariipynb 23 days ago . Seasko
A readme.md a month ago
* napari viewer tutorial
* napari image layer tutorial
* napari labels layer tutorial
* Multi-dimensional image visualization in Python using napari [NEUBIAS
Academy@Home] webinar
For opening an image, we still use scikit-image:
[ ]: |from skimage.ic import imread
image = imread('../../data/blobs.tif")
# print out the spatial dimensions of the image
image.shape
I -
Simple (. 0 [ 1 € Python 3 (ipykemel) | Idle Mode:Edit @ Ln2 Col1 napariipynb
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Napari— Python Scripting

e |nitialization

File View Window Plugins Help

import napari .
ottt

# Create an empty viewer coorm: W [58

viewer = napari.Viewer () e

* Adding images
viewer.add 1mage (1mage)

Robert Haase
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Napari— Python Scripting

* Make screenshots from napari and put them in your jupyter notebook

& 01 _napari - Jupyter Notebook X +

' ' . C  ® localhost:8889/notebooks/01_napari.ipynb w 0 :
napari.utils.nbscreenshot (viewer) = |
= Jupyter 01_napari (autosaved) p Logout
File Edit View Insert Cell Kernel Widgets Help Not Trusted Python 3 O
+ x @@ B 4 ¥ PRin B C W cCode v @

In [1]: M import napari

# Create an empty viewer
viewer = napari.Viewer()

# Start it
napari.run()

In [3]: M # Add a new Layer containing an image
viewer.add_image(image)
Out[3]: <Image layer 'image' at ©x1a72ea05580>

With this command, we can make a screenshot of napari and save it in our notebook.

In [6]: M napari.utils.nbscreenshot(viewer)

out[6]:

opacty:
contrast imits:
Good for

colormap: . gray

blending: transhucent

reproducibility

Robert Haase o
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Napari— Python Scripting

* Removing layers

for 1 in viewer.layers:

viewer.layers.remove (1)

opacity:

* Modify visualization while adding layers contrastlimits

gamma:
colormap: green

Viewer ° add_image (j_ma_ge / blending: translucent

interpolation: nearest

colormap="'green’)

* Modify layers after adding

layer = viewer.add image (image)

layerlcolormag = 'green’

layer|contrast limitg = (0, 128)

Robert Haase
ScaDS.ANl s .
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Napari— Python Scripting

* Binary images and label|images visualized as label layers

File View Window Plugins Help

X O

from skimage.filters import threshold otsu &¥ 7 2 Q

label: 1

threshold = threshold otsu(blurred image) opacity:

brush siz

blending: translucent

binary image = blurred image > threshold

color mor  auto
contour: 0
n edit dir 2

contiguo v

# Add a new labels layer Containing an image preserve | zls:  show sel

viewer Jadd labels|(binary image)

binary image
blurred_image

image

> ed i f

enter paint or fill mode to edit labels

Robert Haase .
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The Napari Assistant

* A pocket-calculator-like interface to build image analysis workflows
Assistant n

Enter operation or plugin name to search

CALC

fx-991MS
S=-V.rP.AM.

IV TS

Remove
background

o F>o

Remove noise Filter

Transform Projection Binarize

IR S I LN

Combine Measure Measure

rocess lAbels L
FpEEss ElEEE labels labels labeled image

»:}_ l’.>>:{ t‘..» | | »_

Label
neighbor Label filters Mesh
filters

Compare
label images

::; S %(y) .

Generate Save and load

J
code... workflows Unda

Measurement

Robert Haase TECHNISCHE ;_
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The Napari Assistant

* Tools > Utilities > Assistant (na)

Viewer
controls

ScaDS.All

DRESDEN LEIPZIG

! napari
w Q

E i I -

s Q

label: 1
opacity: ) 0.7¢
brush size: 10
blending: translucent v
color mode: auto v
contour: =

n edit dm: —

contiguous:

preserve
Ishale-
snow
calartad-

= Q
@® Result of voronoi_o...

® human_mitosis

>~ODeoo:Ef

Result o...peranto) widget: do_label

Robert Haase
@haesleinhuepf
Repro BIA Python

File View Window Plugins Tools Help

- O X
\

Enter operation or plugin name to search

& . . [ 1O, e

et Ded WDt DY %
R S Remove Filt

emove noise .y oround ilter

Vi - 7 e [

> F>o J:2>x

Transform Projection Binarize

‘.'
A . . *°
¥ > >4 | MDY | gy Pk
L L
P label Combine Measure Measure
SOLESSAanEs labels labels labeled image
v

w Q
Image or labels human_mitosis
Operation voronoi_otsu_labeling (clesperant
spot_sigma 2,00

outline_sigma 2.00

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode “ activity )

EMBO LSM 2025
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The Napari Assistant

Classical image processing operations +grdvancad tnnle

Saving&loading supported
Undo [redo]

Hints for next steps .| e

Q

Ryan Savill ()
@RyanSavill4

Robert Haase
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Workflow building

* Try different
algorithms,

f opacity: 1.0C Enter operation or plugin name to search
e . g . O r contrast mits: o
re rr\ OVi n g auto-contrast: once Cont. Reset | :{» :,‘ .ﬂ» :’. :'_>> %3(2 c
gamma: 1.0C .
M d Remove noise bal::mr%‘:fnd Filter
n O I S e colormap: oy ~ 9

. . blending: translucent. ¥ 6» 6» 0 :{».:"
® Fl n d th e m | n interpolation:  nearest v

the pulldown

Transform Projection Binarize

2% N2

g

.............

Combine Measure Measure v

N

blobs

@ Result of gaussian_...
Operation gaussian_blur (desperanto)
>
- blobs Gaussian {n-SimpleITK)
sigma_x Gaussian (sckitimage, nsbatwm)
gaussian_blur (clesperanto).
mean_box (desperanto)
mean_sphere (desperanto)
Median (n-SimpleITK)
Median (scipy, nsbatwm)
- T : median_box (desperanto)
>— D e D mue ﬂ sigma_z median_sphere (desperanto)
Percentile (scipy, nsbatwm) v

“ activity

sigma_y

UNIVERSITAT
LEIPZIG
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Workflow building

¢ Try d iffe re nt File View Window Plugins Tools Help
b i n a ri Za t i O n — b4 Q 7 o L Q -.-Er:r:r operation or plugin name to search
algorithms : =

opacity: 0.7¢ Dl DL SE>RY 7

brush size: 10 -

Dad

Remove

Remove noise Combine

blending: translucent background

color mode: auto - mgl |®
G0 @O >l

contour:

n edit dim:

contiguous:

preserve

lahale- : . = o

sSnow

calartad- Image or labels Result of gaussian_blur (desperant

Transform Projection Binarize

Operation threshold_otsu (desperanto)

L SR

® Result of threshold_... ¢ d trangle,
d (Yen etal

> Result of gaussian_... [ d (Yen et al 1995, sckit-image,

blobs o
SimplelTK)

threshold otsu (desperanto)

use < 1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode “ activity

Robert Haase
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Workflow building

° M u |ti p I e |a be | i ng File View Window Plugins Tools Help
algorithms S =
available obet e

opaciy: 0.7¢ ; IOl DY SAD Y

brush size: 10

/ O\ Enter operation or plugin name to search

Remove noise SEHIONE
blending: translucent v background

color mode: auto 6» e 6» 0 :{» :"

contour:
n edit dm:

contiguous:
preserve

Ishale- E E= S L >> [ >> L L >> ..'_
snow T -
calartad-

Transform Projection Binarize

= Process labels  ComPine Measure Measure
: labels labels labeled image

NG . _ IS
- d ® Q
Result of Connected...
Image or labels Result of threshold_otsu (desperar
® Result of threshold._...

. . P Operation Connected component labeling (scit
Result of gaussian_...

exdude on edges Connected component labeling (n-

blobs

[ nuS cor{hected_components_labeling_box
>— D e D . ﬁ (desperanto)

connected_compo...d (desperanto)

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for acfivate the fill bucket, use

S RS A L S SRR X PRSI

Robert Haase
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Export code to Jupyter Notebooks

iew Window Plugins Tools Help

opacity: nsba
contrast limits:

auto-contrast:  once continuous 22D el WDl

D58 :.:.'_>>.'-‘A

gamma: Remove Remove

ke backgrou... Filter Combine

colormap: B ooy

blending: I os\y ey o9
ending translucent IS SN > x(y)

interpolation: nearest

Process Generate

Binarize Label labels code...

(I

Save and
load
workflows

zfish_eye_c1 Cd

> Deooi M

zfish_eye_c1[1090 886]

UNIVERSITAT
LEIPZIG 9
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Export code to Jupyter Notebooks

M napari - O X i i x 4+
File View Window Plugins Tools Help € 2> C @ localhost:8888/lab/tree/test.ipynb

w Q s . . . .
~ File Edit View Run Kernel Tabs Settings Help

b +4 Q / &‘ , O\ Enter operation or plugin name to search - & Launcher X | [A testipynb

label: = 1 + : B + X O [ » m C » Code v # Python 3 (ipykemel) O

U ) - £y . - . re) .
opacty: 0.7¢ elVed WPl $2V08 oD o threshold otsu &

- L
brush size: 10
¢ Remove : :

g Remove noise Filter Combine e A = ) A
blendlng: translucent background = ;::::i_ﬁz cle.threshold_otsu(imagel_gb)
color mode: auto Vo / 'S oy | )

: >> e n 0._>> .’_ o * cle._image

contour: = T Y shape (254, 256)

. i - — = & N y
n edit dim: - . Transform Binarize 1o dtype uint@
contiguous:
preserve ) . >> ., e size 63.5 kB
Iahale- . - . .
sSnow = S .- 06 min 0.0

lartad-:

e Combine Measure Measure X max 1.0

T label i
- Process labels labels labels labeled image

U S i ol | M >

0.0

@® Result of Connected... - Label

Compare

2 ighbor Label filters
= label images neig
@® Result of threshold_... , filters
o

® Result of gaussian_... G x(y) )
s - a connected component labeling

O
® blobs Ger

O m image3_C = nsbatwm.connected_component_labeling(image2_to, False)

>— D "e D‘ anm ﬂ EtportlupyterN.otebook image3_C

Export Python script to file

Export Jupyter Notebook using Napari
nshatwm made

image

shape (254, 256)

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activatethe  Copy Python code to clipboard

dtype inte4

size  508.0 kB

Sca Dsm https://github.com/haesleinhuepf/napari-assistant
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Bio-image Analysis using Large-Language Model

* Analysing images in the browser, e.g. using ChatGPT

Analysis

r

) ChatGPT

%e:} skimage io, filters, measure, morphology
matplotlib. pyplot plt

Original Image

0 Q numpy np

Prompt: -
“Please segment the
nuclei in the blue
channel of the
image”

100

image = io.imread(

200 200

blue_channel = imagel[:, :, 2]

300 300

thresh = filters.threshold otsu(blue_channel)

ann 400 binary = blue_channel > thresh

500 cleaned = morphology.remove small objects(binary, )

500

0 100 200 300 400 500 600 100 200 closed = morphology.closing(cleaned, morphology.disk{:})

The segmentation of the nuclei has been performed on the blue channel

label image = measure.label(closed)

the figura shows the segmented nuclei in different colors, each correspo

the field of view. Each color represents a unigue label assigned to the ind
fig, ax = plt.subplots{l, 2, figsize=(12, 5})

image. [>-)

ax[0].imshow(image )
ax[0].set_title( )

ax[1].imshow(label_image, cmap=

Robert Haase ax[1].set_title(
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How good are LLMs for Bio-image Analys

e Test case: segment the image and measure the average area of objects.

area
955.0
31.0

815.0

=

1166.0

1135.0
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Benchmarking LLMs for Bio-image Analysis

e Summary: 57 use-cases (yet), 24 LLMs (yet), n=10

-

reference I e O B m 1
claude-3-5-sonnet-20240620 .
gpi-40-2024-08-06 s
01-mini-2024-09-12 — I | I
gpt-40-2024-05-13 | — ! — e v S e cmo oo 8
gpt-4-turbo-2024-04-09 | | I F— s,
claude-3-0 pus-20240229 [ I — mmm
gpt-4-1106-preview | | ' P—
gemini-1.5-pro-001 | [ ‘
gpt-40-mini-2024-07-18 | e e fe
—ean s, deepseek-coder-v2 | I | P e = o B o
[] . . messure_intensity_cuer time B 04 0.1 B8 0204 0.1 0004 02 0.0/0.3 02 0.0 03 0.0 0.0 0.1 [ o
renegt llama3-70b-instruct-g8_0 | | ' ; ! R e S A AN
llama3-70b-instruct-q4_0 [ I | = T e

warklaw_batch_process_falder_measure_intensity 4000007000100 0000000000000 00
subtrast_background_toohst 030200030001000200010000010.20800
measura_intansity_of_labels H0.0 00402 0204 04 0.1 ‘4m01 0.1 000200 0001000100

1 . measure_aspact_ralic_ol_region: 0200 I'I[!ml)dmﬂﬂ 01020201 0104010000 000000000000 o4
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0102000500000 0.1 000000 0000000000000500
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I I { s
count_number_af_touehing_neighbors
measure_pixe|_oount_of_labels

mask_ image

workflow batch process folder count Iabel
mean_squared_error

llsd_jmage_roessin

mean_sid_column

map_pixel_caunt_of label

rmgion growing segmentation
expand_labels_aithout_overay
workflow_walarshed_ssgmenialion_coraction_maasuremen
lisl_image_liles_in_lolder

su_images
apply_otsu_thresheld_and_count_postive:_pixels
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ramava_naisa_adga_pressruin

dilatl_srga:

doconvolve_imag;
open_image_read_voxel_sze

O+

O

O00O00 -0

(@]
@]
(0]
0]
000000
0]

extract_surface_measure_area mDD 00000.0000000000000000000000000000000000040.00000 00
command-r-plus-104b-q4 0 | o) Hiowootmmoinentonmiimmoemasnisstassniones
— FEdecasdiftiseiflysssiibel
codellama I 0] O PidaiFraEiiiigioiiselisd
IR R AN EEEEFE RN REE RN
Plceegdtece b IidTAEREL T2
ST ELIEILEEESEEETEELE G
S BT 53 G Beod Pg gl 3 3 2
4 13 5% RE&AEE ]
. . . . . . £ g3 s EE ENE 45 53
4 "3 5 52 §3fEg s E
g §fa i 3

Pass rate :

UNIVERSITAT
LEIPZIG

Robert Haase
. . P TECHNISCHE
ca DSA gehpar?;m;&pgn https://www.biorxiv.org/content/10.1101/2024.04.19.590278v3 - UNIVERSITAT

SRESDEN LEIPPIG EMIBO LoM 2025 https://github.com/haesleinhuepf/human-eval-bia/ DRESDEN



https://www.biorxiv.org/content/10.1101/2024.04.19.590278v3
https://github.com/haesleinhuepf/human-eval-bia/
https://github.com/haesleinhuepf/human-eval-bia/
https://github.com/haesleinhuepf/human-eval-bia/
https://github.com/haesleinhuepf/human-eval-bia/
https://github.com/haesleinhuepf/human-eval-bia/

Scientific code writing: bia-bob

First steps: Keep it simple

#bob Load the blobs.tif image file and show it.

| will load the blobs.tif image file and then display it

using the appropriate visualization function.

shape (254, 256)

from skimage.io import imread

import stackview Lo L
20 size 63.5 kB

# Load the image file i 8

filename = 'blobs.tif"’ e -

image = imread(filename) 200

# Display the image

stackview.insight{image)

Robert Haase =
| TECHNISCHE i
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Scientific code writing: bia-bob )
v
o« After learnin g how to import bia_bob e

import matplotlib.pyplot as plt
import pandas as pd

rOm t fO r CO d e L4 tr %%bob :i.mpor‘t pycles?erant:_prntctype as cle
e # Load blobs.tif from disk T FE SEEEE
# Segment the bright objects on the dark background

more Com plex * Measure area and perimeter of the objects
# Segment the bright objects

* Show the original image, the segmented image and an
: = = = = thresh = filters.threshold_otsu{image)
area versus perimeter plot side-by-side using subfigures. binary = image > thresh

This notebook may contain text, code and images generated by artificial intelligence. Used model: claude-3-5- # Lobel the objects
sonnet-20240620, vision model: claude-3-5-sannet-20240620, endpoint: Mane, bia-bob version: 0.21.0. Do not labels = measure.label(binary)
enter sensitive or private information and verify generated contents according to good scientific practice. Read

# Load the image
image = io.imread( blobs.tif’)

.htt .ul.'.r 'th b rh | B h f,‘fb 'b Hd' | - # Measure DPSF‘EFtiES
mare: P&/ grithuiD.comy naesleinnuepr/ta-oo IsClaimer properties = ["label’, 'aresz’, 'perimeter’]

df = pd.DataFrame(measure.regionprops_table(labels, properties=properties))

# Create the figure with subfigures

Area va Perimeter fig, (ax1, ax2, ax3) = plt.subplots(l, 3, figsize=(15%, 5))

Original Image

Segmented Image

.

20 # Original image

.o. * axl.imshow(image, cmap="gray’}
g & . axl.set_title{ Original Image’)
" o §3" axl.axis('off')
H o ‘
E ~ 'J' # Segmented imoge
& - axl.imshow(labels, cmap='nipy_spectral')
L axd.set_title('Segmented Image")
07 5 an.anis('off')
-
o- 8
# Scotter plot
o 0/ “©0 a0 o«
o ax3.scatter(df[ "area’], df[ perimeter'])
) ax3.set_xlabel( Area')
label area per‘lmeter‘ ax3.set_ylabel( Perimeter”)
(%] 1 433.0 91.254834 axi.set_title{ Area ws Perimeter’)
1 2 185.8 53.556349 it degeut()
2 3 658.0 95.698485 pIt. shau()
3 4 434.0 76.870058 .
# Display the dotaframe

4 5 477.0 83.7989%0 print(df.head(})
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Setup: bia-bob

* Unzip the “.env” file out of “api_key.zip”.

. — O
03_bia_bob X +
&« - ™ c J » - code > embo-lsm-bia-2025 > docs > 03 bia_bob > Search 03_bia_bob Q
® New - 35:., (8] EI] = [E]' T sort ~ = View - ses (B Details
v 7 embo-lsm-bia-2025 (] Name Date modified Type Size
3 it __ .ipynb_checkpoints 8/8/2025 12:46 PM File falder
> T github ~ data 8/8/2025 12:37 PM File folder
=1 .ipynb_checkpoints |ﬂ D env ’ 8/4/2025 1:.57 PM ENV File 1KB
) w4 api_key.zip 8/8/2025 3:.22 PM Compressed (Zipp... 1 KB
v  docs
D bia_bob-statistical_testing.ipynb 8/8/2025 12:45 PM Jupyter Source File 56 KB
__ .ipynb_checkpoints
D bia-bob-demo.ipynb 8/8/2025 10:06 AM Jupyter Source File 78 KB
> 00_setup
D blob_segmentation_and_average_area.. 8/8/2025 10:00 AM Jupyter Source File 108 KB
> 0 _juypter_notebooks
D generate_notebookipynb 8/8/2025 10:06 AM Jupyter Source File S KB
> 02_napari
-nap D under_the_hood.ipynb 8/8/2025 10:07 AM Jupyter Source File 29 KB
> i 03._bia bob D Untitled.ipynb 8/4/2025 2:17 PM Jupyter Source File 3 KB
10 items 1 item selected 43 bytes =al
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Generating Jupyter notebooks

* Ask %%bob to generate a Jupyter notebook

%%bob generate a jupyter notebook that
loads data/blobs.tif

*

* segments the bright blobs using thresholding and connected component labeling
*

*

measures the area of the objects Blob Segmentation Notebook

22wkt (e AT YL HEER ST (e bokn Lurg urride Seidng s trmecte coTeo

prints out the average area

A notebook has been saved as blob_segmentation_and_average area.ipynb.

Bl sees

Robert Haase
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Translating notebooks

® 10_nd_image_oats.ip;

8 +

£

“Please translate
notebook
<Xyz.ipynb> to
<language>.”

ks
mensionsal image

Inuiti.channel image data.

e-dimensional image stacks

e aiso images with three spatial cimensions: X, Y, and Z
s in microscopy and in medical

t an Magnetic Resonance Imaging (M

Pe slicing

ree dimensions are spatial dimensions, we can also make
e image piane and corresponding to

€ images correctly, we cas

xes by adding .T by the end.

, emaps'Greys_r

mage ataset has a temporal dimension, we call it a video.

hannel images and

Multidimensional Bildstapel

Muttidimensionaie Bilddaten kSnnen ahn

vie mehrkanalige

Bilddaten behandelt werden

Dreidimensionale Bildstapel

Es gibt auch Bilder mit drei raumiichen Dimensionen: X, Y u

import matplotlib.pys
inage_stack = isread

Bildschnitte

Da alie drei Dimensionen rdumliiche Dimensionen sing, kénnen wir

T

Videos

Wenn ein Bilddaten eine zeitiiche Dimension ha
&in Video. Die Verarbeitung von Videos funktioniert 8hn

mehrkanaliger Bilder und Bildstapel. Offnen wir el

e die
nen Mikroskeple-

™ 10_ndimage_cataesioyns @ | + a

£

[ B

00 » mCc »

Pilas de imagenes
multidimensionales

Los datos de imagenes mutigmensionales se pueden manejar de

manera similar 3 los catos de imagenes m:

Pilas de imagenes tridimensionales

También hay imagenes con tres dimensiones espaciales: X, Yy Z
Puedes encontrar ejempios tipicos en microscopia y en imagenes
3 un conjunto de datos de Imagenes por

nage.io import imread
nshow

Corte de imagenes

Como as tres gimensicnes son dimensiones espaciales, también
podemos hacer cortes ortcgonales a! pianc de la imagen y
6micos. Para orientar comectamente las

correspondientes 3 Planos An:

sus gjes afadendo LT &

magenes, pocemos traspone

="Greys_r')

nto de datos de imagenes tiene una dimension temporal, lo
video. Procesar videos funciona de manera si

mananas molbrana

® 10_nd_image_data_fripynd X

a

+ X

o0 » =

Piles d'images
multidimensionnelles

Les données dimages multidimensionnelies peuvent étre traitées de

Piles d'images tridimensionnelles

existe aussi des images avec trois dimensions spatiaies: X Y et Z.

from skinage.fo import imread

ckview import

tplotlib.pyplot as plt

data/Has

* izread(

Coupe d‘image

Comme les trois dimensions sont des dimensions spatiales, nous
pouvons également faire des coupes orthogonales au pian de limage
etco

ter correctement
T

dant aux plans anatomiques. Pour or!

501

noUs pouvons t

pOser leurs axes en 3
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Code for statistical analysis

* Be careful when prompting for code and provide as many details as you

can!

%%bob load data/data.csv and
determine if the columns A and B
are significantly different.

=

import pandas as pd

imy p rt numpy a:

fro scipy tats ort ttest_ind
import mi tpl otlib. pypl ot as plt

e CSV file
df = pd.read_csv('data/dataAcsv')

# 2. Keep only rows where
df = df[['A’, 'B']].dropna()

# 3, Exti the two series
df[ ]
b df['B'].v

Perform independent two-sample t-test

# 4.
t_stat, p_v: 1 ttest_i d( b equal_y

# 5. Output the resuLt
print(f- : tisti (t stat:.4f}"
print(f"p-value {n val:.de}" )

if p_val < 0.05

print("a> The diffenence betwesn columns: A an

print("=> No statist

# 6. Visual comparison: box-plot
plt.figure(figsize=(s, 4))
plt.boxplot([a, b], labels=['A', 'B'])
plt.title('Box plot of columns A and B')
plt.ylabel('Value')

plt. show()

ically significant

=Fals:

e)

difference

t-statistic:

p-value:
=> No statistically significant difference detected (a=8.85).

both A and B are present

# Welch's t-test |

d B is statistically significant (a=0.05).")

detected (a=0.05).")

LLMs often

provide “simple”

ScaDS.All
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solutions.

Value

-1.3287
1.8428e-01

Box plot of columns A and B
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Code for statistical analysis

* Be careful when prompting for code and provide as many details as you
can!

# Assuming df, a, b are already defined from the previous step.
# If not, uncomment the following lines to Load them again:

# import pandas as pd Histogram of Column A Histogram of Column B
# df = pd.read_csv('data/data.csv')[['A’, 'B']].dropna()
# a = df['A’].values

# b = df['B'].values

# Determine a common bin range for both histograms
min_val = min(a.min(), b.min())

max_val = max(a.max(), b.max())

bins = 30 # you can adjust the number of bins

Z 504
%%bOb plt.figure(figsize=(10, 4)) 5
Z 40 |
" # Histogram for column A g
1t.subplet(1, 2, 1)
Plot hl Stngr‘ ams -Fnr A and B :1::352(2 :in:=b;n5) range=(min_val, max_val), color='steslblus', edgecolor='black') 30 4

plt.title( 'Histogram of Column A')
plt.xlabel( value')
plt.ylabel( ' Frequency') 10 4

104
# Histogram for column B
plt.subplot(l, 2, 2) 0 - 0-
plt.hist(b, binszbins, range=(min_val, max_val), color='indianred’, edgecolor='black') 10 20
plt.title('Histogram of Column B') Value

plt.xlabel('Value')
plt.ylabel('Freguency')

plt.tight_layout()
plt.show()

Look at your

data!
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Code for statistical analysis

* Be careful when prompting for code and provide as many details as you

can!

%%bob

Please test again if columns A and B are significantly different.
Before applying a statistical test, ensure that the necessary

pre-conditions are met.

RobertHgase
S C a D S.ml Eitdﬁehparis:BelI,Ar\1 E;Shp;n

DRESDEN LEIPZIG EMBO LSM 2025  https://scads.github.io/embo-lsm-bia-2025/03 bia bob/bia bob-statistical testing.html

=== Assumption checks ===

Shapiro-Wilk A: statistic=0.9972, p=5.6236e-81 normal

Shapiro-Wilk B: statistic=0.8937, p=4.8635e-18 non-normal

Levene wvariance test: statistic=88.6718, p=1.3016e-18 unequal variances

=== Final hypothesis test ===

Test used: Mann-Whitney U test (non-parametric)
Statistic = 113657.0060

P-value = 1.3000e-082

=» Significant difference between columns A and B (a=0.85).

LLMs cannot be brave
scientists yet, but you can! TECHNISCHE 3
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