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Installing napari and napari plugins

For this course, an environment with containing napari and a few plugins should already be
installed in the local computers (napari-intro-env or devbio-napari). They should work for most
exercises, but we should create a new one for the latest napari-clusters-plotter changes. The
instructions are provided here:

— https://biapol.github.io/Biolmage-Analysis-and-Data-Processing-Workshop-2025/intro.html

The following slides are meant to clarify what these instructions mean. We will create the course
environment together soon after.
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https://biapol.github.io/BioImage-Analysis-and-Data-Processing-Workshop-2025/intro.html

Installing napari as a Python package

napariis a Python library

The recommended way to install napari is as a Python package

https://napari.org/stable/tutorials/fundamentals/installation.html#install-as-python-package-recommended

Your computer needs Python to run a Python package

— How do | install Python?

Install Miniforge!

] README & License

Miniforge

Download

i reter (aka

Miniforge installers are available here: https://github.com/conda-forge/miniforge/releases

Miniforge3

os Architecture
Linux x86_64 (amd64)
Linux aarch64 (arm64) (+)
Linux ppc6dle (POWERS/9)
0sX X86_64
osX armé4 (Apple Silicon) (+++

Windows ~ x86_64

)

Latest installers with Python 312 (+) in the base environment

Download

Contributors 40

¥8200686
S99 6 ae

Languages

https://github.com/conda-forge/miniforge?tab=readme-ov-file#miniforge

« Miniforge is a minimal installer
for conda and mamba
(efficient conda in C++)

e conda is an environment and a
package manager

« conda can create Virtual
Enviroments and install Python
(and other) packages, including

napari
https://hackmd.io/@talley/S]B_|ObBi#Terms
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https://napari.org/stable/tutorials/fundamentals/installation.html#install-as-python-package-recommended
https://hackmd.io/@talley/SJB_lObBi#Terms
https://github.com/conda-forge/miniforge?tab=readme-ov-file#miniforge

Installing napari as a Python package

P ~ N
0C vy
Wait, environments ? Yes, virtual environments!

Images generated by DALL-E, developed by OpenAl.

Conda, mamba?

Smiley icons from Flaticon.com
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Installing napari as a Python package

Install it as a Python package in a Virtual Environment

— Avirtual environment is an isolated collection of packages, settings, and an associated python interpreter
e python 3.10.8

* numpy 1.23.5
e pandas 2.0.3
* napari 0.5.1
pyqt 5.15.9

B Miniforge Prompt - ] et

(base) C:\Users\mazo26@d>conda activate napari-intro-env

(napari-intro-env) C:\Users\mazo26ed>

name channel

Commands: { A A

| [
mamba create -y -n napari-intro-env -c conda-forge p

Some packages can only be installed with pip
n=3 10— conda checks for version compatibility

' before installing

- pip tries to install, then lets you know if

_ _ something went wrong

mamba install -c conda-forge napari pyqt - pip cannot create environments

mamba activate napari-intro-env

TECHNISCHE -,
“ @mazoc.bsky.social UNIVERSITAT o O ’_5 ES.OCSISL.fe D) eresoen A
. Y. DRESDEN Hhaing Platiorm .‘ TUVDFESden *.%%  conce ot N 4



Installing napari

Napari can also be downloaded and installed like other software

« https://napari.org/stable/tutorials/fundamentals/installation_bundle_conda.html#how-to-install-napari-as-a-bundled-
app

This is more convenient, however it may be difficult to manage different plugin versions mid-long
term

« In case of a dependency version mismatch, it may be necessary to uninstall and re-install the
software and all the plugins again
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https://napari.org/stable/tutorials/fundamentals/installation_bundle_conda.html#how-to-install-napari-as-a-bundled-app

Installing a plugin

A napari plugin is also a Python package

install

Commands: Via Plugins Menu:
mamba activate napari-intro-env B nopai
File View Layers PBElaginsy Window Help
mamba install napari-plugin “ pip install napari-plugin . a l;wnm”plugm;

Plugin Errors...

conda install napari-plugin
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Napari: 3D viewer for Python

Multi-dimensional image viewer in
python

napari: a fast, interactive viewer for multi-
dimensional images in Python

https://napari.org/

napari.imshow(imagedd)

Napari is a Python library for n-dimensional image visualisation, annotation. and analysis. With

napari you can:

« view and explore 20, 30, and higher-dimensional arrays on a canvas;

« overlay derived data such as points, polygons, segmentations, and more;

+ annotate and edit derived datasets, using standard data structures such as NumPy or
Zarr arrays, allowing you to

» seamlessly weave exploration, computation, and annotation together inimaging data
analysis
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https://napari.org/

Napari: 3D viewer for Python

File View Window Plugins Help

X Q

opacity:

contrast limits:

gamma:

colormap: green
blending: additive
interpolation: linear

rendering: mip

(0]

" " a A
; ?::"csq“‘.’ i
" 2 TN s B

B

Mesh ]

g Estimated membran (id
Segmented cells <

Detected spots  [id

Background subtrac [l

& @ Tribolium [

>>Deoo:i#f

Mesh [ 0 35 1049 -536]

https://napari.org/

TECHNISCHE : " o -
“ @mazoc bSky social UNIVERSITAT BiopBolliSODESLEF: ‘ :53 @ PPhysgs%Life ® ,) DRESDEN \
' ’ DRESDEN Imaging Platform ~‘ X concept v‘

TU Dresden

Image data source: Daniela Vorkel, Myers lab, MPI-CBG/CSBD


https://napari.org/

Napari user interface

Menus

F

View configuration /
tools

0.5

layer.opacity

Add empty layers
S R

Delete layer

Layers

layer.visible False

Viewer controls

Open Python Console

“ @mazoc.bsky.social

M napari - [m] X

File View Window Plugins Tools Help

* Q

opacity:

contrast imits: | O
f 0, A
AV

continuous

auto-contrast: ~ once

v

Remove
noise

>

Transform

> e Dt

Remove
backgrou...

gamma:
Filter Combine
turbo

translucent

colormap:

blending:

VN

>0

Projection

interpolation:  linear

5 5 Binarize
rendering: mip
depiction: volume *y

| ] ->> :’- 5

Measure
labeled
image

V%

Process
labels

v

Measure
labels

Compare
label
images

2 ‘ 0 [ ] L ]
LASITELAN I

Result of average._.... * Label

neighbor
filters

Label filters Measure

Dock widgets
(custom plugins)

® Result of mean_ext...

® Result of standard... x(y)

® Result of mean_int...

> Result of label_pix... «
X = Q
Result of voronoi....
Labels  Result of voronoi_otsu_labeling (desperanto)

Result of top_hat_...

Operatic average_distance_of_n_dosest_neighbors_map (desperar

g U Q BB B BB

g Ia Image:0

oo mf n

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

9.00

A activity

Grid mode

Reset view

2D/3D view Change axes order Transpose visible axes

https://napari.org/tutorials/fundamentals/viewer.html
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https://napari.org/tutorials/fundamentals/viewer.html

Layer types

Image layer: Can be n-dimensional grayscale  JUMEERENSY Labels layer

data (e.g., [CTZYX])

Labels layer: Similar to image layer, but
contains only integer numbers (e.g., 0,1,2,3,...)
Points layer: List of coordinates in space
Vectors layer: Direction from point A to point B
Surface layer: Mesh (Vertices, Faces, Values)
Tracks layer: Follow objects through time
Shapes layer: Draw paths or regular shapes

Surface layer

K \

\\/< /)

https://github.com/quantumjot/arboretum licensed under MIT license https://github.com/campaslab/napari-stress https://gitlab.kitware.com/vtk/vtk
f‘;
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https://github.com/campaslab/napari-stress
https://github.com/quantumjot/arboretum
https://github.com/lowe-lab-ucl/arboretum/blob/main/LICENSE.md
https://gitlab.kitware.com/vtk/vtk

Layer types

Different layers have different tools and options

Image Layer Labels Layer

M napari — m} x

File View Window Plugins Tools Help View Window Plugins Tools

® 0

opacity: 1,00

contrast limits:

RS RLQ
label: 1
opacity:
brush siz

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

blending: translucent ¥

blending:  translucent

color mo:  auto

interpolation: nearest v

contour: 0

n edit din

contiguot +

preserve show
labels: selected:

® 0

Sl e

blobs

>YDeooii M

Result of voronoi_otsu_labeling [306 256] enter paint or fill mode to edit labels
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Python image & data analysis tools are powerful!

<k
i

Python machine-learning toolbox Cell segmentation
https://github.com/scikit-learn https://github.com/MouselLand/cellpose

Napari

Python scientific image computing

toolbox
https://github.com/scikit-image
oy
S cle.
O —

.

Existing functionality can

Data visualization & exploration GPU-accelerated image processing be turned into p|ug| ns!
https://github.com/matplotlib https://github.com/clEsperanto L.
https://github.com/seaborn 9 Inte raCtIVIty
Object detection with Stardist 9 AUtomatlc G UI
https://github.com/stardist generation
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https://github.com/clEsperanto
https://github.com/scikit-image
https://github.com/scikit-learn
https://github.com/stardist
https://github.com/MouseLand/cellpose
https://github.com/matplotlib
https://github.com/seaborn

napari plugins

"€ Q=B

-plotter

https://github.com/BiAPoL/napari-clusters-plotter

-Sam clusters

MICro

b

2 A s :
https://github.com/computational-cell-analytics/micro-sam
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https://github.com/napari/napari-animation
https://github.com/BiAPoL/napari-clusters-plotter
https://github.com/computational-cell-analytics/micro-sam
https://github.com/haesleinhuepf/devbio-napari
https://github.com/MIC-DKFZ/napari-nninteractive
https://github.com/guiwitz/napari-convpaint

Plugins and Layers Menus

! napari ! napari

File View [FPluginsy Window Tools Help

File View Layers PPluginsy Window Help

- Install/Uninstall Plugins...

@

! napari

Jools) Help File View [Layers | Plugins Window

Plugins  Wind

Filtering / background rerr o

Visua

Install/Uninstall Plugins...

Plugin Errors,

Filtering / decon

lution

Annotate

Help

Plugin Errors... wizard (napari-animation) S ___ o

i ) Filtering / edge enhancement
:Tp:a: khrl;:; I:::t:::_ﬂ " Filtering / noise removal Data
regions of interest (napari-roi) Filtering Layer Type
napari-stl- Games Transform
Image math Measure

Measurement maps

Filter

Measurement post-processi
) Measurement tables Register
r (napari-workflow-optimizer)
. . . Measurement
dget (napari-workflo
Points Segment

Track

nt (clEsperanto)
Surface Annotation Widget (napari-process-points-and-surfaces) Registration
Plugin Search (napari-plugin-search) Segrentation / binarization

napari-plot-profile

Segmentation / labeling
Mou ntrols (napari-mouse-controls) Segmentation p
Surfaces naparl >: 0.5-0
Transf 3

Utilities

Layer Details Di i details-display)

Folder

curtain (napari-curtain)

napari-crop
Visualiz

Layers sub-menu
items depend on
plugin
developers
populating them

napari-accelerated-pixel-and-object-cl

Ortho Viewer Widget (napari orth

convert to 2d timelapse (napari-time-slicer)

devbio-napari plugin
bundle

open in new window (napari-tabu)

duplicate current frame (napari_skimage_regionprops2)
napari-simpleitk-image-processing
napari-segment-blobs-and-things-with-membranes
clEsperanto

napari-process-points-and-surfaces

split stack (napari-assistant)

napari-accelerated-pixel-and-object-classification
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The Napari Hub

The plugin you are looking for may be near you!

Search engine for napari plugins

S napari hub | search x 4+
€ > C @& napari-huborg 1=
naparihub  About FAQ

Discover, install, and share

napari plugins

«nage analysis tools with napar
growing community

Search for a plugin by keyword or author

3 napari hub | search

(5 = (e

x |+

& napari-hub.org/?search=cell+segmentation&sort=relevance&page=1

Search for a plugin by keyword or author

cell seqmentation|

SORT

@ Relevance

O Plugin r~

Browse plugir--

Clear al

Workflow step:  Image Segmentation @ Visual
Workflow step v

Image modality:  Fluorescence microscopy @
Image modality v

vollseg-napari Y

Irreqular cell shape
FILTER BY REQUIREMENT Clear al segmentation using VollSeg o4

4]

Supported data v Varun Kepaoy
Authors v

Workflow step:  Image Segmentation ®

SORT Browse plugins: 227
O Plugin name e
TECHNISCHE
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https://www.napari-hub.org/

¢ napari hub | search x 4

€« > cC

@ napari-hub.org/?search=feature+extraction&sort=relevance&page=1

Search for a plugin by keyword or auth~-

. |
feature extrarti-

O Recently updated

O Newest

FILTER BY CATEGORY Clear al
Workflow step v
Image modality v
FILTERBY REQUIREMENT  Clear al
Supported data v
Authors v

napari-features

extensible, general-purpose
feature extraction

Allen Goodman

An extensible, general-purpose feature
extraction plug-in for the Nopari image
viewer. Fe.

version 0.1.4

release date 24 August 2021
license MIT

python version >=3.7

operating system All

napari-blob-detection

Detects blobs in images

Andy Sweet, Chi-Li Chiu

can leverage feature
ot are availabie to

version 0.0.2

release date 22 April 2022
license BSD-3-Clause
python version >=3.8

operating system All

napari-skimage-
regionprops

A regionprops table widget

version 0.5.3
release date 10 July 2022
license BSD-3-Clause

python version >=3.8 -
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https://www.napari-hub.org/

Inspecting plugin usage and maintenance - GitHub

empanada-napari - napari Pluc. X volume-em/empanada-napari:. X+

github.com/volume-em/empanada

O volume-em / empanada-napari

<> Code () lIssues (8) 1 Pull requests | B Projects Security |+ Insights
empanada-napari (Public)
| ¥ 17 Branches © 10 Tags

@ barrybarrys & pull requ

.github/workflows

-napari

ustom_configs

empanada_napari

images

gitignare

LICENSE

MANIFEST.in

README.md

pyproject.toml|

requirements. txt

setup.cfg

]
[ ]
]
]
0O
0O
0O
0O
0O
0O
0O
0O

B

README
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Exercise: Create a conda environment for this course

Please follow the instructions in the link below to create a local environment:

https://biapol.github.io/Biolmage-Analysis-and-Data-Processing-Workshop-2025/intro.html
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https://biapol.github.io/BioImage-Analysis-and-Data-Processing-Workshop-2025/intro.html
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Demonstration: napari-OMERO plugin



Napari-OMERO usage

| https://github.com/tlambert03/napari-omero
File View Layers [JBUGIRE] Window Tools Help

Install/Uninstall Plugins...

Plugin Errors..

SegmentAnything for Micrascopy
skan

napari-accelerated-pixel-and-object-classification

e — @ 1. Select Plugin from
convert to 2d timelapse (napari-time-slicer) p | u gi n m e n u

2. Loginto TiM OMERO

. server with your TiM
Connection'status: » i, credentials

11:49:09.106, closed=2024-07-16
12:02:02.164567]
b

password
split stack (napari-assistant)

connect

AR Nk
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https://github.com/tlambert03/napari-omero

. 3. Select group and user
NaDaI?OMERO usage 4, Selecting item from file tree loads image into viewer

A Images are loaded lazily A

- Data loaded only when needed (,Virtual stack”)

- Browsing a 3D image plane by plane: Possible lazily
- Rendering a 3D image in 3D: needs all the data

Q
o
v
G—
O
o
LLJ
=
o

Some tips and tricks for OMERO from Phython: https://biapol.github.io/omero-tools
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https://biapol.github.io/omero-tools

OMERO  File- ROIs~ Help~ N182a_SAS_02_02_HE_200626.czi

s - 8211 % + |2
= -

Napari-OMERO usage |

LR IS

Coming soon: Browsing
multiscale

- ROl support data in

- Multiscale support: Browse larger-than- ‘ OMERO

RAM samples (3D limitation remains)

doy  Mop  AyVake TagSemch Figue Admn o o O  §, oo s
epiers | uan o srare Addfitor v -] o)
OMERO
browser
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Image Analysis Classic Workflows

Image analysis workflow is a series of processes/functions (not always linear) applied to images to achieve a certain

goal (usually some measurements)
Here is a classic example:

Segmentatio

Denoising Background subtraction .

Labeling

Feature
Extraction

Glts

255 ‘ L 2ASE [Area [X
23, ¢

[Y

1 658
2 477
3 501
4 660
5 448
6 520
7
8
9
1

506
676
545
0 593

108.8298
247.3092
174.4381
73.8045
138.9688
28.8481
8.3617
175.2855
37.5569
224.4410

13.0684
14.0451
33.6916
41.7788
55.2455
57.9981
98.0217
99.5828
122.7312
127.8558
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Segmentation and Supervised Machine Learning

Random Forest Classifiers
Pixel Classifier
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Application: Segmentation https://scikit-image.org/docs/stable/api/skimage.data.html

Aim:
Separate background from foreground

Vocabulary:

- Segmentation:
= Assigning a meaningful label to each pixel
- Segmentation is a classification problem

- Semantic segmentation:
Differentiate pixels into multiple classes (e.g.,
membrane, nucleus, cytosol, etc.)

« Instance segmentation:
Differentiate multiple occurrences of the same class

into separate instances of this class (e.g., separate label
for each cell in image)

Ins

tance segmentation

)

Semantic segmentation
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https://scikit-image.org/docs/stable/api/skimage.data.html

Instance segmentation

In order to allow the computer differentiating objects, connected component analysis (CCA) is used to mark pixels

belonging to different objects with different numbers

Background pixels are marked with O.

The maximum intensity of a labelled map corresponds to the number of objects.

TECHNISCHE
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Image segmentation using thresholding

Finding the right workflow towards a good segmentation takes time

A priori, we usually don't know which information in the image is useful for a good segmentation

Image data source: BBBC0O38v1, available from the Broad Bioimage Benchmark Collection (Caicedo et al., Nature Methods, 2019)
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https://bbbc.broadinstitute.org/BBBC038

Weka Segmentation
https://imagej.net/plugins/tws/ Python / scikit-
learn / napari /

Machine learning

* A research field in computer science

' apoc

 Finds more and more applications, also in life
sciences.

(micro-) SAM
https://computational-cell-
analytics.github.io/micro-
sam/micro_sam.html

Artificial intelligence SiabKits

https://imagej.net/plugins/labkit/

Biolmage Model Zoo
https://bioimage.io/

Machine learning

= Stand-alone: llastik

s www.ilastik.org

Image data source: BBBCO38v1, available from the Broad B|0|mage Benchmark Collection (Caicedo et al., Nature Methods, 2019)
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https://bbbc.broadinstitute.org/BBBC038
http://www.ilastik.org/
https://imagej.net/plugins/tws/
https://imagej.net/plugins/labkit/
https://computational-cell-analytics.github.io/micro-sam/micro_sam.html
https://bioimage.io/

Machine learning

Automatic construction of predictive models from given data

Pixels, Objects Images, Audio, Text, Measurements, ...
==lll== ' Annotated
= | raw data,
H EEEE S G sl Training Ground truth usually
EEEEEEE generated by
Dense
Segmentation ~ Object Image humans
/ Binarization classification classification g
HEENEEE K 0 o
] :
H EEE SCEEees | Cat o
H HEEN '
HEEEEEEE
Instance segmentation Cont. quantity Precisi
recision
EEEEEEE o Classification o <C ISI on,
. . Puicosone 0.4 / regression €ca
Height = 80
cm
HEEEEEE
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50 a5 to maximize the separability of the resultant classes in gray

Segmentation: Latest developments  peep
learning

2015: UNet
2018:; Stardist

1970s-2010: Filtering,
thresholding

2010s: Random
forests et al.

A Threshold Selection Method
from Gray-Level Histograms

NOBUYUKI OTSU @3@
Abstract— A nonparametric and unsupervised method of automa- %
tic threshold selection for picture segmentation is presented. An
optimal threshold is selected by the discriminant criterion, namely,

levels. The procedure is very simple, utilizing only the zeroth-and the .. Stand-alone: llastik e Q
first-order cumulative moments of the gray-level histogram. It is = . )
straightforward to extend the method to multithreshold problems. = Www.ilastik.org v/

Several experimental results are also presented to support the -

validity of the method. .

Computational demand

Foundational
models

2023: Segment
anything (SAM)
2024: SAM 2

“ @mazoc.bsky.social
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http://www.ilastik.org/
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Segmentation and Supervised Machine Learning in
napari

Demonstration: Micro-sam plugin
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Micro-sam

https://github.com/computational-cell-analytics/micro-sam
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https://github.com/computational-cell-analytics/micro-sam
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Segmentation and Supervised Machine Learning in
napari
Random Forest Classifiers

Pixel Classifier
napari-apoc plugin
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“ @mazoc.bsky.social

In napari: annotation

File View Window Plugins Tools Help
* Q

opacity: ® 1.0
contrast limits: ®
auto-contrast: once continuous
gamma: @ 1.0(
colormap: Moy ~
blending: translucent ¥

interpolation: ~ nearest D

New labels image
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https://imagej.nih.gov/ij/images/

In napari: annotation

File View Window Plugins Tools Help

x Q

BAEL DL

label:
opacity:
brush size:

blending:

color mode:
contour:

n edit dim:
contiguous:

preserve
labels:
show
selected:

Start annotating

Labels

blobs

Note: Label O will be
ignored by napari

>0O®eocifn

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
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https://imagej.nih.gov/ij/images/

In napari: annotation

ile iew Window Plugins Tools Help

XIS
label: = 2 ¢
opacity: o 0.7¢
brush size: @ 1
blending: translucent v

color mode: ~auto )/
contour: = 0

n edit dim: = 2
contiguous: v

preserve
labels:

show
selected:

Labels
blobs

“ @mazoc.bsky.social

Tips for annotations:

- Use small brush size: Pixels next to each other do not
give much additional information to the classifier
Annotate only pixels the class of which (e.g.,
background, foreground, etc) is unambiguous to you
Annotate few pixels: If you already annotated 100k
pixels, annotating 100 more will not change the
result — annotating few pixels allows you to tune the

result

TECHNISCHE
@ UNIVERSITAT
DRESDEN

use <1> for activate the label eraser, use <3> for activate the fill bucket, use <4> for pick mode, use <5> for pan/zoom mode: ~adtiviky I m a g6] . ﬂ I h . gOV/IJ/I m a gES/
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https://imagej.nih.gov/ij/images/

In napari: Semantic segmentation (training)

Two options:

Semantic segmentation: Predict class of every pixel according to annotation

Object segmentation: Assumes that class “1” refers to background - applies connected component analysis to other

class

!naparl
File View Window Plugins [IOOISN Help
« Q Filtering / background removal
convolution
g / edge enhancement
Filtering / noise removal
label: Filtering
opacity: S Games

brush size: Image math
S Measurement maps
blending: translucent

Measurement tables

color mode: auto Measirement

Points

contour: Regmratwon
n edit dim: -~ Segmentation / binarization
‘Segmentation / labeling

Segmentation post-processing

contiguous:
preserve

labels: Transforms
show Utilities
selected:

Surfaces

Visualization

Tools Info

“ @mazoc.bsky.social

Connected component labeling (clesperanto)
Connected component labeling (n-SimplelTK)
Connected component labeling (scikit-image, nsbatwm)
Create labels from points (nppas)

Eroded-Otsu-labeling

Gauss-Otsu-labeling

Gauss-Otsu-labeling (nsbatwm)

Morphological watershed (n-SimplelTK)

Object segmentation (APOC)
Object segmentation (apply pretrained, APOC)
Scalar image K-means clustering (n ITK)

sbatwm)
n intensity threshold (nsbatwm)

Seeded watershed with mask (scikit-image, nsbatwm)
Semantic segmentation (apply pretrained, APOC)
Simple linear iterative clustering (SLIC, n-Simple!TK)
Touching objects labeling (n-SimplelTK)
Voronoi-Otsu-labeling (clesperanto)
Voronoi-Otsu-labeling (nsbatwm)
Watershed Otsu labeling (n-SimplelTK)

TECHNISCHE
@ UNIVERSITAT
DRESDEN

J

Select images Zhannels) used for training

Select image

wsrerrie O€1€CE @NNotation layer

PixelClassifier.cl

Training  Applics

Select ground truth a¥otation

Labels

Select features

sigma 0.3 0.5

Gauss

LoG

SoG v

1

v
DoG v

v

ediction

P

3

Select file

Select features

4 5 10 15 25

Consider original image as well

Tree depth, num. trees

p

Estimated memory consumption (GPU): 1.0 MBytes

Show classifier statistics

Biopolis Dresd®
Imaging Platform

CEIES sigma =5 LoG

'
TU Dresden

ttps://imagej.nih.gov/ij/images/
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https://imagej.nih.gov/ij/images/

In napari: Semantic segmentation (training)

File View Window Plugins Tools Help

® Q@ =

B Q / & ’ O\ Select images (channels) used for training
blobs
label: - 1 +
opacity: L} 0.7¢
brush size: o 10
blending: translucent v Classifier file

color mode:  auto PixelClassifier.cl Select file

contour: - Training Application / Prediction
e Select ground truth annotation
n edit dim: —

Labels
contiguous:

Select features
preserve sigma 0.3 05 2 3 4
labels:

Gauss
show

1
v
DoG v
selected: L6G v

SoG v
Consider original image as well
Tree depth, num. trees 2
Estimated memory consumption (GPU): 1.0 MBytes
Show dlassifier statistics

Train

(e

® Result of PixelClassi...

Unhappy with it? Simply select the
©  bioks “Labels” layer and annotate some more

® Labels

> 0% g i

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

: UNIVERSITAT Bi DL bRESDEN
“ @mazoc.bsky.social DRESDEN Plopolls Dresden ?81/;2553;"‘% concept



https://imagej.nih.gov/ij/images/

Semantic segmentation: Choosing the right features

Why not just do this? * Not all features are equally relevant!
Calculating the features takes time and computation resources!

Select images (channels) used for training

blobs
Select features

sigma 0.3
Gauss «

1 gaussian_blur=1

2 difference of gaussian=1
Do

3 laplace_box_of_gaussian_blur=1 LoG

Classifier file
4 sobel of gaussian blur=1 505

PixelClassifier.cl Select file
5 gaussian_blur=0.3

Training Application / Prediction
6 gaussian_blur=0.5

Select ground truth annotation ttps://imagej.nih.gov/ij/images

Strongly relevant

7. 8.9
‘e

Labels 7 difference of gaussian=0.5

Select features 8 difference of gaussian=0.3

|
sigma 0.3 0.5 9 laplace_box_of_gaussian_blur=0.3 H a rd Iy re‘ ’
Gauss v

10 laplace_box of gaussian blur=0.5

DoG v

LoG v
S0G v v v v 12 sobel_of_gaussian_blur=0.3

11 sobel of gaussian_blur=0.5

Consider original image as well 13 gaussian_blur=2

Tree depth, num. trees 2 14 difference of gaussian=2

SIS M= el sy Ear=in el = ek = 15 laplace_box_of_gaussian_blur=2
Show classifier statistics

.16 sobel of gaussian blur=2
Train

BIODIP , DRESDEN

]
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Imaging Platform ' TU Dresden e



https://imagej.nih.gov/ij/images/
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Feature extraction

- Afeature is a countable or measurable property of an image or object.

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

 Intensity based
* Mean intensity
- Standard deviation
 Total intensity
« Textures

- Mixed features
« Center of mass
 Local minima/ maxima

TECHNISCHE
@ UNIVERSITAT
DRESDEN

“ @mazoc.bsky.social

- Shape based /spatial - Spatio-temporal « Others
* Area/Volume « Displacement, « Overlap
« Roundness « Speed, + Colocalization
« Solidity « Acceleration * Neighborhood
« Circularity / Sphericity
« Elongation
« Centroid

Bounding box

Further reading:
https://focalplane.biologists.com/2023/05/03/feature-extraction-in-napari/

fL

BioDIP ’5 EOlT” . presoen &\
SICS of Life ‘
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https://focalplane.biologists.com/2023/05/03/feature-extraction-in-napari/

Fit ellipse

For every object, find the optimal
ellipse simplifying the object.

Major axis ... long diameter
Minor axis ... short diameter

Major and minor axis are
perpendicular to each other

TECHNISCHE i i
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napari-skimage-regionprops

M napari

File View La

Plugins

o JrabcoR-WP A

opacity:
blendi
label:
brush size:

color mode:
contour:
n edit dim:

preserve
labels:

show
selected:

“ @mazoc.bsky.social

translucent_no_dey
1

Segmentation

Image

Joolss Help

Filtering /
Filtering /
Filtering / noise removal

Filtering

math
rement ma
ment p
Measurement tables Annatation to cluster ID column (APOC)

vieasurement

Segmentation p
urfaces

Tools Info

> for transform, use <1> for activate the label eraser, usi

TECHNISCHE
UNIVERSITAT
DRESDEN

e <2> for activate the paint brush, use <3

Label Image Reference
Intensity Image Reference
+ intensity

relate to other channel(s)
¥ size

perimeter

shape

position

moments

Copy to clipboard

area bbox area

https://github.com/haesleinhuepf/napari-skimage-regionprops

for activate the polygon tool, use <4> for activate the fill bucket, use

Predictions Squeezed (data)
Image Squeezed (data)

Save as csv...

a
intensity  mean inter min_int

1810 72146, v
»

<5> for pick mode

4 activity

Imaging Platform
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https://github.com/haesleinhuepf/napari-skimage-regionprops

Exercise: Object segmentation

r.' .. .‘

Hoolsy Help
Filtering / background removal
Filtering / deconvolution
Filtering / edge enhancement
Filtering / noise removal
Filtering
Games
Image math
Measurement maps
Measurement tables
Measurement
Points
Registration
Segmentation / binarization
Segmentation / labeling
Segmentation post-processing
Surfaces
Transforms
Utilities
Visualization

Tools Info
A

Gd

0? oY

"Rl
‘.!'- *

Connected component labeling (clesperanta)
Connected component labeling (n-SimplelTK)
Connected component labeling (scikit-image, nsbatwm)
Create labels from points (nppas)

Eroded-Ctsu-labeling (clesperanta)
Gauss-Otsu-labeling (clesperanto)

Gauss-Otsu-labeling (nsbatwm)

Morphological watershed (n-SimplelTK)

Object segmentation (APOC)

Object segmentation (apply pretrained, APOC)

Select images (channel -

blobs

Classifier file
ObjectSegmenter.cl

Training Application
Select ground truth an

Labels

Select features

Scalar image K-means clustering (n-SimplelTK)
Seeded watershed (scikit-image, nsbatwm) Tree dEpth, num. tree:
Seeded watershed using local minima as seeds (nsbatwm) Estimated memory cor
Seeded watershed using local minima as seeds and an intensity threshold (nsbatwm)

Seeded watershed with mask (scikit-image, nsbatwm) + Show classifier sta
Semantic segmentation (APOC)

Semantic segmentation (apply pretrained, APOC)

Simple linear iterative clustering (SLIC, n-Simple|TK)

Activate the environment and open napari

mamba activate napari2b

napari

Download and open the Blobs sample

Perform object segmentation on blobs sample dataset

TECHNISCHE
@ UNIVERSITAT
DRESDEN

https://biapol.github.io/Biolmage-Analysis-and-Data-Processing-
Workshop-2025/interactive pixel classification/readme.html
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https://imagej.nih.gov/ij/images/
https://biapol.github.io/BioImage-Analysis-and-Data-Processing-Workshop-2025/interactive_pixel_classification/readme.html
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Multichannel Analysis

- napari-skimage-regionprops plugin
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Exercise: Multichannel Analysis with napari-skimage-regionprops

1. Start up a terminal

2. Activate the environment using:
mamba activate naparizb

3. Run:

napari

*

4, Open the following images in napari

(located in the data/multichannel folder from the GitHub

repository):

on
Bo
En
§:
|
at
$1t
b
Sl
!\
@
St
=x1
®:
o N

— actin.tif
— dna.tif
— cell_labels.tif
— dna_labels.tif

5. Change blending mode of ‘actin”and ‘dna’ Image layers to ‘additive’ (it is a dropdown in the Image layer controls)

6. Selectthe ‘cell_labels’ Labels layer, and change the contour parameter from 0 to 1 (it is a spinbox in the Labels layer
controls)

7. Change the colormaps of these layers to green and magenta, respectively
https://biapol.github.io/Biolmage-Analysis-and-Data-Processing-Workshop-2025/multichannel_analysis/readme.html -
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https://biapol.github.io/BioImage-Analysis-and-Data-Processing-Workshop-2025/multichannel_analysis/readme.html

Feature extraction in napari with multichannel images

M napari
File View Plugins Window Tools Help

» Q

e JPZAR-WP AL

label: < 1 +
opacity: ® 0.7C
brush size: ® 10

blending: translucent A 4

color mode:  auto N
contour: =
n edit dim:  —
contiguous: v

preserve
labels:
show
selected:

dna_labels

cell_labels

dna

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 A activity
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https://github.com/haesleinhuepf/napari-skimage-regionprops

Feature extraction in napari with multichannel images

M napari
File View Plugins Window Tools Help

» Q

e JPZAR-WP AL

label: < 1 +
opacity: ® 0.7C
brush size: ® 10

blending: translucent A 4

color mode:  auto N
contour: =
n edit dim:  —
contiguous: v

preserve
labels:
show
selected:

dna_labels

cell_labels

dna

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 A activity
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https://github.com/haesleinhuepf/napari-skimage-regionprops

Feqture extraction in napari with multichannel images

File View Plugins Window Tools Help

LR I AR WP 4K
label: <
opacity:
brush size: ®

blending: translucent

color mode:  auto
contour: =
n edit dim:  —
contiguous: v

preserve
labels:
show
selected:

dna_labels

cell_labels
dna

cell

>>DeoE M

dna_labels [-12 -64]
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https://github.com/haesleinhuepf/napari-skimage-regionprops

Feature extraction in napari with multichannel images

M napari

File View Plugins Window m Help

» Q

label:
opacity:
brush size:

blending:

color mode:
contour:

n edit dim:
contiguous:

preserve
labels:
show
selected:

3o 2

®
translucent
auto

v

Filtering / background removal
Filtering / deconvolution
Filtering / edge enhancement
Filtering / noise removal
Filtering

Games

Image math

Measurement maps

Measurement post-processing

Measurement

Points

Registration

Scripts

Segmentation / binarization
Segmentation / labeling
Segmentation post-processing
Surfaces

Transforms

Utilities

Visualization

Tools Info

dna_labels

cell_labels

Annotation to cluster ID column (APOC)
Feature correlation matrix (pandas, APOC)
Label statistics (clEsperanto)

Label statistics of all frames (clEsperanto)
Measure intensity at point coordinates (nsr)
Measurements (n-SimplelTK)
Measurements of all frames (n-SimplelTK)

Neighborhood statistics of measurements (clEsperanto)

Regionprops (scikit-image, nsr)

Regionprops of all frames (nsr)

Statistics of labeled pixels (deprecated, clEsperanto)

Statistics of labeled pixels including neighborhood statistics (deprecated, clEsperanto)
Statistics of labeled pixels including neighborhood statistics of all frames (clEsperanto)

Tools ->

Measurement tables ->
Object Features/Properties

dna

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 A activity

‘BioDIP ’_’2‘ =) PolL oresoen &7\
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https://github.com/haesleinhuepf/napari-skimage-regionprops

File View Plugins Window Tools Help

Label Image Reference cell_labels (data)

AL LD intensity
aet . [V'] relate to other channel(s) «
brush size:

blending: translucent

color mode: ~auto
contour: -
n edit dm:
contiguous:

preserve
labels:

show
selected:

dna_labels
cell_labels
dna

cell

>~ 0Oeoiif

dna_labels  [-14 150]

. . TECHNISCHE : & i
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https://github.com/haesleinhuepf/napari-skimage-regionprops

Feature extraction in napari with multichannel images

M napari
File View Plugins Window Tools Help

* Q

e B A~ K -]
label: = 1 +
opacity: ® 0.7C
brush size: @ 10
blending: translucent W
color mode:  auto N
contour: =
n edit dim:  —
contiguous: v

preserve
labels:

show
selected:

dna_labels
cell_labels

dna

dna_labels [-10 138]

TECHNISCHE
UNIVERSITAT
DRESDEN

Biopolis Dresden
Imaging Platform

® Q
Label Image Reference
Label Image(s) from other Channel(s)
intensity
relate to other channel(s)
size
perimeter
shape
position
moments
intersection over target obj area

configure summary statistics

BioDIP 744 b
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https://github.com/haesleinhuepf/napari-skimage-regionprops

Feature extraction in napari with multichannel images

M napari
File View Plugins Window Tools Help

* Q * Q

b Q / & , 0*0 Label Image Reference cell_labels (data)

Label Image(s) from other Channel(s) cell_labels (data)

e — [V'] configure summary statistics = Py

opacity: ® 0.7C

= — +/ relate to other channel(s)
brush size: @ 10

' size

blending: translucent W

perimeter
color mode:  auto Vi shape
contour: = + position

n edit dim:  — + moments

contiguous: v intersection over target obj area
preserve configure summary statistics
labels: Run

show
selected:

dna_labels
cell_labels

dna

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 A activity
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https://github.com/haesleinhuepf/napari-skimage-regionprops

Feature extraction in napari with multichannel images

M napari

File View Plugins Window Tools Help

* Q

label:
opacity:
brush size:

blending:

color mode:
contour:

n edit dim:
contiguous:

preserve
labels:

show
selected:

>0O%®o

L3R JPAR- WP AR
® 0.7
® 10

translucent W

auto v

dna_labels
cell_labels

dna

dna_labels [44 189]: 0

“ @mazoc.bsky.social
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[V'] counts
EVEERE

® Q
Label Image Reference
Label Image(s) from other Channel(s)
intensity
relate to other channel(s)
size
perimeter
shape
position
moments
intersection over target obj area
+/ configure summary statistics
counts
average
standard deviation (std)
minimum
25% percentile
median
75% percentile

maximum

‘BioDIP fﬁg cl:'.)
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PolL
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Feature extraction in napari with multichannel images

M napari
File View Plugins Window Tools Help

* Q * Q

b Q / & , 0*0 Label Image Reference cell_labels (data)

Label Image(s) from other Channel(s) dna_labels (data)
label: = 1 +

opacity: ® 0.7C
brush size: @ 10

intensity
relate to other channel(s)
size
blending: translucent W
perimeter
color mode: auto v shape
contour: 2, position
n edit dim: st moments
contiguous: intersection over target obj area
preserve +/ configure summary statistics

labels: v counts

show

average
selected:

standard deviation (std)
minimum

25% percentile

median

75% percentile

maximum

dna_labels
cell_labels

dna

>0O%®o

dna_labels [19 185]: 0 A activity
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Feature extraction in napari with multichannel images

M napari

File View Plugins Window Tools Help

* Q

Copy to clipboard Save as Csv...
L3R AR - AR )

label: - 1 &

opacity: ® 0.7C

brush size: @ 10

counts dna labels

blending: translucent W

color mode: auto v
contour: =
n edit dim:  —
contiguous: v

preserve
labels:

show
selected:

dna_labels
cell_labels

dna

Object Features/Properties (scikit-image, nsr) | Properties of cell_labels

dna_labels [17 130]: 0 A activity
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Feature extraction in napari with multichannel images

M napari

File View Plugins Window Tools Help

* Q

label:
opacity:
brush size:

blending:

color mode:

contour:

n edit dim:

contiguous:

preserve
labels:

show
selected:
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iR JPAR- NP AR
® 0.7
® 10

translucent W

auto v

dna_labels
cell_labels

dna
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Copy to clipboard Save as Csv...

counts dna labels

Object F es/Properties (scikit-image, nsr) | Prope of cell_labels

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 A activity
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Feqture extraction in napari with multichannel images

File View Plugins Window Tools Help

* Q

e WP AR- WA 2
ELEH .— 5

opacity: ® 0.7C

brush size:

blending: translucent

color mode:  auto
contour:

n edit dim:
contiguous:

preserve
labels:

show
selected:

dna_labels
cell_labels

dna
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Copy to clipboard Save as Csv...

counts dna labels

Object /Properties (scikit-image, nsr) P of cell_labels

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 A activity
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M napari
File View Plugins Window Tools Help
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e B A~ K -]
ELEH . = 6 +
opacity: ® 0.7C
brush size: @ 10
blending: translucent W
color mode:  auto N
contour: =
n edit dim:  —
contiguous: v

preserve
labels:

show
selected:

dna_labels
cell_labels

dna

> 0O®

cell_labels [31 152]: 0
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Feature extraction in napari with multichannel images

® Q
Label Image Reference
Label Image(s) from other Channell)
intensity
+/ relate to other channel(s)
' size
perimeter
shape
position
moments
intersection over target obj area

configure summary statistics

Object Features/Properties (scikit-image, nsr)  Properties of cell_labels
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M napari
File View Plugins Window Tools Help

* Q

e B A~ K -]
ELEH . = 6 +
opacity: ® 0.7C
brush size: @ 10

blending: translucent W

color mode:  auto N
contour: =
n edit dim:  —
contiguous: v

preserve
labels:

show
selected:

dna_labels
cell_labels

dna

> I I

cell_labels [-1 175]
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Feature extraction in napari with multichannel images

® Q
Label Image Reference
Intensity Image Reference
Label Image(s) from other Channel(s)
Intensity Image(s) from other Channel(s)
+/ intensity
+ relate to other channel(s)
v size

perimeter

shape

position

moments
intersection over target obj area

configure summary statistics

Object Features/Properties (scikit-image, nsr)  Properties of cell_labels
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cell_labels (data)
cell (data)
dna_labels (data)
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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
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M napari
File View Plugins Window Tools Help

* Q

e B A~ K -]
ELEH . = 6 +
opacity: ® 0.7C
brush size: @ 10

blending: translucent W

color mode:  auto N
contour: =
n edit dim:  —
contiguous: v

preserve
labels:

show
selected:

dna_labels
cell_labels

dna
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® Q
Label Image Reference

Intensity Image Reference

[V'] configure summary statistics e e cmo

Intensity Image(s) from other Channel(s)
+/ intensity
+ relate to other channel(s)
v size
perimeter
shape
position
moments
intersection over target obj area

configure summary statistics

Object Features/Properties (scikit-image, nsr)

Feature extraction in napari with multichannel images

Properties of cell_labels

cell (data) =

cell_labels (data)
cell (data)
dna_labels (data)

dna (data) ¥

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
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Feature extraction in napari with multichannel images

M napari
File View Plugins Window Tools Help

* Q * Q

b Q / & , ‘*’ Label Image Reference

Intensity Image Reference cell (data)

lebel . - & & [ \/ ] CO u n t S Label Image(s) from other Channel(s) dna_labels (data)

opacity: ® 0.7C
brush size: @ 10

cell_labels (data)

Intensity Image(s) from other Channel(s) dna (data) WV

[V'] average 9 e

+/ relate to other channel(s)

. v
color mode:  auto v size

blending: translucent W
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n edit dim: — + shape
contiguous: v position
preserve moments

labels:
intersection over target obj area

show

selected: /' configure summary statistics
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standard deviation (std)
minimum
25% percentile
median
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maximum
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cell_labels

dna
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>— D e (m ] Object Features/Properties (scikit-image, nsr) Properties of cell_labels

cell_labels [1 142]: 0 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 A activity
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Feature extraction in
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File View Plugins Window Tools Help
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opacity: 0.7¢
brush size: 10
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color mode: v
contour:
n edit dim:
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preserve
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show
selected:

dna_labels
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dna

> 0% i

cell_labels [37 1761: 0

IReE
“ @mazoc.bsky.social DRESDEN

Copy to clipboard

napari with multichannel images

Save as Csv...
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Feature extraction in
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File View Plugins Window Tools Help
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opacity: 0.7¢
brush size: 10
blending: translucent v
color mode: v
contour:
n edit dim:

contiguous:

preserve
labels:

show
selected:

dna_labels
cell_labels

dna
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cell_labels [-51 31]
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Copy to clipboard

napari with multichannel images

Save as Csv...

counts dna labels  area dna labels average na la ter d dna | dna mean intensity dna labels average
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Object /Properties (scikit-image, nsr) perti
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Feature extraction in napari with multichannel images

!napali
File View Plugins Window Tools Help

= Q

%3 d / ». ‘f '*' Copy to dlipboard Save as Csv...

label . 6 + counts dna labels  area dna labels average na la ter d dna | dna mean intensity dna labels average
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blending: translucent v 35, .. 29.. 18.. |98.56890458363957
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show
selected:

dna_labels
cell_labels
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5] napari

File" View Plugins Window Tools

Open File(s)...

Open Files as Stack...
Open Folder...

Open with Plugin
Open Sample

Preferences

Save Selected Layer(s)..

Save All Layers.

Save Screenshat...

Save Screenshot with Viewer...

Copy Screenshot to Clipboard

Copy Screenshot with Viewer to Clipboard

Close Window
Exit
lapels:

show
selected:

dna_labels
cell_labels

dna

“ @mazoc.bsky.social

Help

Ctrl+0
Ctrl+Alt+0
Ctrl+Shift+0

; Saving images/layers as “tif’ files

Ctrl+s
Ctrl+Shift+S
Alt+5
Alt+Shift+S
Alt+C
Alt+Shift+C

Ctrl+W
Ctrl+Q
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Feature extraction in napari with multichannel images

Copy to clipboard Save as csV...

counts_dna_labels area_dna_labels average  na_la ter_d dna_li dna mean_intensity_dna_labels average

66.0 880 9.. 700 940 46.03030303030303
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43.. e 27... 24.. 127.58571428571429
34.. ... 28... 17.. 96.65818181818182
46... ... 34.. 16.. 79.7082066869301

29... e 23.. 94.0 47.297518159806295
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Object Features/Properties (scikit-image, nsr) | Properties of cell |abels:

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
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Outlook: Temporal Features Annotation and Classification

a€d $Qs2
V’H f; E Signal class: S ] %fé

« https://github.com/zoccoler/napari-signal-selector
« https://github.com/zoccoler/napari-signal-classifier
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Object Classification and Supervised Machine
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Random Forest Classifiers
Object Classifier
napari-apoc plugin
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Object classification

« Object classification is a task that can be applied to an existing instance segmentation in order to identify a
particular group of objects

0
50 4 . ‘ 50
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200

250

0 50 100 150 200 250

Class label image

50 100 150 200 250

Ra Object label image

0

w image
0
50 50
100 100
150 150

200 200

50 100 150 200 250 50 100 150 200 250

Pixel annotation Object annotation https://imagej.nih.gov/ij/images/
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https://imagej.nih.gov/ij/images/

Object classification

Random Forest Classifiers based on

« scikit-learn and

« clesperanto

label:

opaaity:

brush size:
blending:

color mode: | auts
contour:

n edit dim: =

https://github.com/haesleinhuepf/napari-accelerated-pixel-and-object-classification

Image data source: Daniela Vorkel, Myers lab, MPI-CBG/CSBD
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In napari: annotation

Ll SR

@® Result of ObjectSe...

blobs
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In napari: annotation and object classification

Tools ->

Segmentation post-
processing ->

Object Classification (APOC)

¥

Image blobs

u' Create a new
annotation layer —
this time annotate
existing objects

Labels Result of ObjectSegmenter.cl
®  Object annotation Classifier file
@® Result of ObjectSe... ObjectClassifier.cl Select file

Labels __ __ o
o Training Application / Prediction
) blobs
annotation Object annotation

Tree depth, num. trees

minimum intensity

+/ mean intensity
maximum intensity
sum intensity

standard deviation intensity

Telling different classes of objects apart requires: v el count
. . shape (extension ratio)
- An annotation for some example objects i

- Features for each objects upon which to make a prediction
https://imagej.nih.gov/ij/images/
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https://imagej.nih.gov/ij/images/

Exercise: Object Classification p——

Segmeantation

1. Activate the environment and open napari
mamba activate napariZ?b
napari

2. Train an object classifier on sample data: Differentiate good nuclei (nicely
separated from other objects) from bad nuclei (two nuclei sticking together)
*Hints for annotation:

- The annotation does not have to overlap exactly with the painted object
« Every annotation should only touch the correct objects
- Save your annotations

« In this case, it makes no difference whether we annotate many or few pixels. The
number of annotated objects is more important in this context.

https://biapol.github.io/Biolmage-Analysis-and-Data-Processing-Workshop-
2025/interactive_object_classification/readme.html

https://imagej.nih.gov/ij/images/
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Object Classification and Unsupervised Machine
Learning

Dimensionality Reduction
Clustering
Napari-clusters-plotter plugin
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Unsupervised machine learning

If you don’t provide ground truth, the algorithm is unsupervised.
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Unsupervised machine learning

If you don't provide ground truth, the algorithm is unsupervised.
Nevertheless, algorithms can tell us something about the data
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frequency

Mean intensity
Standard deviation
Total intensity
Textures

Area / Volume
Roundness
Solidity
Circularity / Sphericity
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Centroid
Bounding box

?

IR
“ @mazoc.bsky.social DRESDEN

TU Dresden

BioDIP
BiopollisoD den gjg ﬁ PPI'Iysiocs%Life ... Ze DF;S?EEN ‘ ‘

resde =~
Imaging Platform ~‘



Dimensionality reduction

Challenge: Find a representation (embedding) of your data that represents the data in fewer dimensions
Preserve local distances at the expense of global distortions

preserved distorted
>
y
Many dimensions X Few dimensions

UNIFORM MANIFOLD

A\ UMAP

APPROXIMATION & PROJECTION

https://umap-learn.readthedocs.io/en/latest/index.html
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https://umap-learn.readthedocs.io/en/latest/index.html

Clustering

Starting point: Feature space or dimensionality reduction reveals “groups” in our data
Can we automatically identify these groups?

o SOAP - Clustering allows to stratify data
10 - Py A D :" ° #'. into groups without previous
| o;".,. ‘e, annotations
a . ?o .'\ )
J" oo & K-means clustering
Z| 8 - -. [ ] ...' }'.c- Iteration #1 e
<§( N “.'ﬂn ® "'.'- *
D oo 3 [ 3
of o '}
I “~ ot 3
o Oy
5 - .9 'J %S .
N PR a%e .\' »
0 2 4 6 8 10
UMAP_O
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Data Exploration

... using interactive
feature visualization...

Laura Zigutyté  RyanSavill  Johannes Marcelo . . :
@zigutyte @RyanSavill4  Soltwedel Zoccoler https://github.com/BiAPolL/napari-clusters-plotter
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https://github.com/BiAPoL/napari-clusters-plotter

Dimensionality |
Reduction and
Clustering

... as well as interactive
dimensionality reduction
and clustering...

“How does this
parameter affect the
outcome of my analysis?”

Laura Zigutyté  RyanSavill  Johannes Marcelo . . :
@zigutyte @RyanSavill4  Soltwedel Zoccoler https://github.com/BiAPolL/napari-clusters-plotter
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https://github.com/BiAPoL/napari-clusters-plotter

napari x

Data Exploration =asmasas PO

-

1

... and introspection!

“How are clusters in my
data influenced by
individual features?”

/
Laura Zigutyté  RyanSavill  Johannes Marcelo . . :
@zigutyte @RyanSavill4  Soltwedel Zoccoler https://github.com/BiAPolL/napari-clusters-plotter
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https://github.com/BiAPoL/napari-clusters-plotter

Data Exploration

Works for all sorts of layer
types!

Laura Zigutyté  RyanSavill  Johannes Marcelo . . :
@zigutyte @RyanSavill4  Soltwedel Zoccoler https://github.com/BiAPolL/napari-clusters-plotter
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https://github.com/BiAPoL/napari-clusters-plotter
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Scientific Plotting with Seaborn

- seaborn
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Seaborn gallery
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https://seaborn.pydata.org/examples/index.html

TECHNISCHE Bi io DIP PoL P
B¢ omanochsiysocal (L) PRSI oot €48 P BeL.. ) e O

Imaglng Platform TU Dresden


https://seaborn.pydata.org/examples/index.html

Exercise: unsupervised object classification

Use Napari to classify objects (nuclei) without ground-truth

XA PG A€> Q=X A
s o i & ‘-‘ LI _: o A a4 ' i hel bfy LY P ¢OD U
" ; 4 AL LY ] e . W % o .~ .

tiardig:

https://biapol.github.io/Biolmage-Analysis-and-Data-Processing-Workshop-
2025/interactive_unsupervised_object_classification/readme.html|
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https://biapol.github.io/BioImage-Analysis-and-Data-Processing-Workshop-2025/interactive_unsupervised_object_classification/readme.html

Exercise: scientific plotting with seaborn

visualizations.

Let’s load all the packages we need here:

1. Activate the environment
mamba activate napari2b import seaborn as sns

from pathlib import Path
import pandas as pd

2. Navigate to your local repository .
cd BioImage-Analysis-and-Data- Loading the data

Process j_ng—Wo r kshop -2025 As a first step, we need to load the measurements from napari. Alternatively, you can download some from the
course repository here. For this, we need to compile a list of all .csv files we take into account.

root = './measurements’

3' Sta rtJUpyter Lab ﬁle_paths = [file path for file path in Path(root).iterdir() if file path.suffix == '.csv']
j U.pyter l ab file paths

[WindowsPath
WindowsPath

measurements/17P1 POSO006 D 1UL features.csv'),
measurements/17P1 POS@@O7 D 1UL features.csv'),
WindowsPath('measurements/17P1 POS@A11 D 1UL features.csv'),

4. Read and run the nOtEbOOk, Wh'Ch can be found |n WindowsPath( measurements/20P1 POS@005 D 1UL features.csv'),

¢
(
(
ind thé' ts/ feat )
. WindowsPa "measurements 29P1_POSBBG}‘_D_1L.IL_ eatures.csyv’ ¥
docs > seaborn >seaborn_demo.ipynb WindowsPath(*neasurenents/ 2691 P0S6008 D UL features. csv'),
WindowsPath( 'measurements/20P1 POS0016 O 1UL features.csv'),

WindowsPath( 'measurements/A9 p5d features.csv'),

WindowsPath('measurements/A9 p7d features.csv'),

WindowsPath('measurements/A9 p9d features.csv')]
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Further resources:

Napari-hub:
www.napari-hub.org

BiaPoL image analysis course materials:

https://github.com/BiAPoL/Bio-image Analysis with Python

Bio-image analysis materials:
https://bicimagebook.github.io/README.html|

https://haesleinhuepf.github.io/BiolmageAnalysisNotebooks/intro.html

Image Science Community Forum:
https://forum.image.sc/
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http://www.napari-hub.org/
https://github.com/BiAPoL/Bio-image_Analysis_with_Python
https://bioimagebook.github.io/README.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/intro.html
https://forum.image.sc/
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