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Installing napari as a Python package

napari is a Python library

The recommended way to install napari is as a Python package

Your computer needs Python to run a Python package

— How do I install Python?

Install Miniforge!

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

• Miniforge is a minimal installer 
for conda and mamba 

(efficient conda in C++)

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

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
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Installing napari as a Python package

Smiley icons from Flaticon.com 

Images generated by DALL-E, developed by OpenAI.

Wait, environments ? Yes, virtual environments!

Conda, mamba?
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Installing napari as a Python package

Install it as a Python package in a Virtual Environment

— A virtual environment is an isolated collection of packages, settings, and an associated python interpreter

Miniforge conda/mamba

Virtual 
Environment

napari

• python 3.10.8
• numpy 1.23.5
• pandas 2.0.3
• …

mamba activate napari-intro-env

mamba create -y -n napari-intro-env -c conda-forge python=3.10

name channel package (version)

install

mamba install -c conda-forge napari pyqt

• python 3.10.8
• numpy 1.23.5
• pandas 2.0.3
• napari 0.5.1
• pyqt 5.15.9
• …

Some packages can only be installed with pip
- conda checks for version compatibility 

before installing
- pip tries to install, then lets you know if 

something went wrong
- pip cannot create environments

Commands:
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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

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

Installing a plugin

A napari plugin is also a Python package

mamba activate napari-intro-env

mamba install napari-plugin pip install napari-plugin

Miniforge conda/mamba

Virtual 
Environment

napari-plugin

pip

install

Commands: Via Plugins Menu:

OR

OR Always check plugin 
installation instructions!



• napari Viewer

• Layer Types

• napari Plugins

Introduction to napari
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Napari: 3D viewer for Python

Multi-dimensional image viewer in 
python

https://napari.org/

https://napari.org/
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Napari: 3D viewer for Python
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Napari user interface

View configuration / 
tools

Layers

Dock widgets 
(custom plugins)

Function widgets 
(custom plugins)

layer.opacity = 0.5

layer.visible = False

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

Viewer controls

Open Python Console 2D/3D view Change axes order Transpose visible axes Grid mode Reset view

Add empty layers

Delete layer

Menus

https://napari.org/tutorials/fundamentals/viewer.html
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- Image layer: Can be n-dimensional grayscale 
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

Image layer Labels layer

Vectors layerTracks layer

https://github.com/campaslab/napari-stress

Points layer Surface layer

https://github.com/quantumjot/arboretum licensed under MIT license https://gitlab.kitware.com/vtk/vtk

Layer types

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
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Layer types

Different layers have different tools and options

Image Layer Labels Layer
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Python image & data analysis tools are powerful!

GPU-accelerated image processing
https://github.com/clEsperanto

Python scientific image computing 
toolbox

https://github.com/scikit-image

Python machine-learning toolbox
https://github.com/scikit-learn

Object detection with Stardist
https://github.com/stardist

Cell segmentation
https://github.com/MouseLand/cellpose

Data visualization & exploration
https://github.com/matplotlib

https://github.com/seaborn

Existing functionality can 
be turned into plugins!
 Interactivity
 Automatic GUI 

generation

Napari

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
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napari plugins

https://github.com/napari/napari-animation
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https://github.com/computational-cell-analytics/micro-sam https://github.com/haesleinhuepf/devbio-napari
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https://github.com/MIC-DKFZ/napari-nninteractive

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/weigertlab/trackastra
https://github.com/MIC-DKFZ/napari-nninteractive
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Plugins and Layers Menus

napari >= 0.5.0

devbio-napari plugin 
bundle

Layers sub-menu 
items depend on 
plugin 
developers 
populating them
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The Napari Hub

The plugin you are looking for may be near you!

Search engine for napari plugins

https://www.napari-hub.org/

https://www.napari-hub.org/
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Latests
updates Documentation

Inspecting plugin usage and maintenance - GitHub



• Demonstration: napari-OMERO plugin

Image Data Management and Access: Napari –
OMERO integration
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Working with images in python

Open images

Images are just
multi-dimensional 
arrays or “arrays of 

arrays”.

https://biapol.github.io/AMHCT_Bio_Image_Analysis_2025/01_images_are_numpy_arrays.html

https://biapol.github.io/AMHCT_Bio_Image_Analysis_2025/01_images_are_numpy_arrays.html
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Opening images should, but it is not always simple

OSError: [Errno 22] Invalid argument:

image = imread(r‘C:\data\blobs.tif')

- Paths need attention
- Backslashes often cause problems on Windows

- Proprietary file formats (‘.czi’, ‘.lif’, ‘.nd2’, ‘.ims’, etc) may need additional packages
- In Fiji, Bioformats usually takes care of opening many different proprietary file formats
- In Python/napari, you may need to install:

- https://github.com/bioio-devs/bioio
- https://github.com/AllenCellModeling/napari-aicsimageio

- Metadata may be lost
- For example, some libraries return an image with dimensions like this

?
TimeTile I don’t knowZ

(1, 1, 1, 80, 520, 692, 1)What dimension is this?

- Data may be too big for your computer
- They would need to be opened lazily

Add a lowercase ‘r’ before path to fix that:

https://github.com/bioio-devs/bioio
https://github.com/AllenCellModeling/napari-aicsimageio
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Data Structure

Image by eikira from Pixabay (https://pixabay.com/photos/trunk-automobile-vehicle-luggage-1478832/)

https://pixabay.com/users/eikira-200847/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=1478832
https://pixabay.com/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=1478832
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OMERO

https://www.openmicroscopy.org/omero/scientists/

Fixed 2 levels 
hierarchy Image 

thumbnails

Metadata

Unique IDs

Filter by tags and more…

https://www.openmicroscopy.org/omero/scientists/
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Napari-OMERO usage

1
2

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

1. Select Plugin from 
plugin menu

2. Log into BiAPoL 
OMERO with ZIH 
credentialsConnection status

https://github.com/tlambert03/napari-omero
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Napari-OMERO usage

3

3. Select group and user
4. Selecting item from file tree loads image into viewer
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⚠ Images are loaded lazily ⚠
 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

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

https://biapol.github.io/omero-tools
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Napari-OMERO usage

- ROI Upload

- Multiscale support: Browse larger-than-
RAM samples (3D limitation remains)

- Coming soon:

- ROI download

Download ROIS into napari

Upload ROIs to OMERO
OMERO 
browser

Browsing 
multiscale 
data in 
OMERO



Random Forest Classifiers

• Pixel Classifier

Segmentation and Supervised Machine Learning
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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:

Denoising Background subtraction 
Segmentatio

n
Labeling

Feature 
Extraction
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Application: Segmentation

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)

Instance segmentation

Semantic segmentation

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

https://scikit-image.org/docs/stable/api/skimage.data.html
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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 0.

The maximum intensity of a labelled map corresponds to the number of objects.
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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: BBBC038v1, available from the Broad Bioimage Benchmark Collection (Caicedo et al., Nature Methods, 2019)

https://bbbc.broadinstitute.org/BBBC038
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Machine learning
• A research field in computer science

• Finds more and more applications, also in life 
sciences.

Artificial intelligence

Machine learning

Image data source: BBBC038v1, available from the Broad Bioimage Benchmark Collection (Caicedo et al., Nature Methods, 2019)

Stand-alone: Ilastik
www.ilastik.org

Weka Segmentation
https://imagej.net/plugins/tws/

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

Python / scikit-
learn / napari /
apoc

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

BioImage Model Zoo
https://bioimage.io/

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/
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Quality
Classification
/ regression
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d
ictio

n

Machine learning

Automatic construction of predictive models from given data 

Raw data

Model

Ground truthTraining

“Cat”

PCat= 0.5
PMicroscope= 0.4

Height = 80 
cm

Pixels, Objects, Images,

Object 
classification

Image 
classification

Dense 
Segmentation
/ Binarization

Instance segmentation Cont. quantity

Annotated 
raw data, 
usually 
generated by 
humans

Precision,
Recall

Audio, Text, Measurements, …
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Segmentation: Latest developments

1970s-2010: Filtering, 
thresholding

Stand-alone: Ilastik
www.ilastik.org

2010s: Random 
forests et al.

2015: UNet
2018: Stardist

2023: Segment 
anything (SAM)
2024: SAM 2

Computational demand

Deep 
learning

Foundational 
models

http://www.ilastik.org/


Random Forest Classifiers

• Pixel Classifier

• napari-apoc plugin

Segmentation and Supervised Machine Learning in 
napari
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In napari: annotation

New labels image

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

https://imagej.nih.gov/ij/images/
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In napari: annotation

Start annotating

Note: Label 0 will be 
ignored by napari

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

https://imagej.nih.gov/ij/images/
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In napari: annotation

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

good

Not 
so 
good

bad

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

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

Select image

Select annotation layer

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

https://imagej.nih.gov/ij/images/
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In napari: Semantic segmentation (training)

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

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

https://imagej.nih.gov/ij/images/
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Semantic segmentation: Choosing the right features

• Why not simply do this?

• Not all features are equally relevant!

• Calculating the features takes time and computation resources!

Hardly relevant

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

Why not just do this?

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


• Demonstration: Micro-sam plugin

Segmentation and Supervised Machine Learning in 
napari
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Micro-sam

New labels image

https://github.com/computational-cell-analytics/micro-sam

https://github.com/computational-cell-analytics/micro-sam


Feature Extraction

• napari-skimage-regionprops



@mazoc.bsky.social

Feature extraction

• A feature is a countable or measurable property of an image or object.

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

• Intensity based

• Mean intensity

• Standard deviation

• Total intensity

• Textures

• Shape based /spatial 

• Area / Volume

• Roundness

• Solidity

• Circularity / Sphericity

• Elongation

• Centroid

• Bounding box

• Spatio-temporal

• Displacement,

• Speed,

• Acceleration

• Mixed features

• Center of mass

• Local minima / maxima

• Others

• Overlap

• Colocalization

• Neighborhood

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

Further reading:

https://focalplane.biologists.com/2023/05/03/feature-extraction-in-napari/
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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
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napari-skimage-regionprops

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

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


Random Forest Classifiers

• Object Classifier

• napari-apoc plugin

Object Classification and Supervised Machine 
Learning in napari
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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

Raw image

Pixel annotation Object annotation

Object label image Class label image

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

https://imagej.nih.gov/ij/images/
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Object classification
Random Forest Classifiers based on 

• scikit-learn and

• clesperanto

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

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

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

Create a new 
annotation layer –
this time annotate 
existing objects
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In napari: annotation and object classification

Create a new 
annotation layer –
this time annotate 
existing objects

Telling different classes of objects apart requires:
- An annotation for some example objects
- Features for each objects upon which to make a prediction

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

Tools -> 
Segmentation post-
processing ->
Object Classification (APOC)

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


• Dimensionality Reduction

• Clustering

• napari-clusters-plotter plugin

Object Classification and Unsupervised Machine 
Learning
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Unsupervised machine learning

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

Aspect ratio
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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

Aspect ratio
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ElongatedRound

• Mean intensity

• Standard deviation

• Total intensity

• Textures

• Area / Volume

• Roundness

• Solidity

• Circularity / Sphericity

• Elongation

• Centroid

• Bounding box

• …

?
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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

Local distances 
preserved

global distances 
distorted

Many dimensions Few dimensions

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

x y      z      …

x

y

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

Starting point: Feature space or dimensionality reduction reveals “groups” in our data

Can we automatically identify these groups?

UMAP_0

U
M

A
P

_1

 Clustering allows to stratify data 
into groups without previous 
annotations

K-means clustering
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Dimensionality reduction

Ryan Savill 
@RyanSavill4

Laura Žigutytė
@zigutyte

Uniform manifold approximation and projection (UMAP)

t-distributed stochastic neighbor embedding (t-SNE)

Principal component 
analysis (PCA)

Image Data Source: Daniela Vorkel, Myers lab, MPI-CBG/CSBD Dresden

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

Marcelo L. Zoccoler
Robert Haase, 

Thorsten Wagner, 
Johannes Soltwedel

https://github.com/BiAPoL/napari-clusters-plotter
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Clustering
K-means clustering

Agglomerative clustering

Hierarchical Density-Based 
Spatial Clustering of 

Applications with Noise 
(HDBSCAN)

Image Data Source: Daniela Vorkel, Myers lab, MPI-CBG/CSBD Dresden

https://github.com/BiAPoL/napari-clusters-plotterRyan Savill 
@RyanSavill4

Laura Žigutytė
@zigutyte

Marcelo L. Zoccoler
Robert Haase, 

Thorsten Wagner, 
Johannes Soltwedel

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

… using interactive clustering

Ryan Savill 
@RyanSavill4

Laura Žigutytė
@zigutyte

Marcelo L. Zoccoler
Robert Haase, 

Thorsten Wagner, 
Johannes Soltwedel

Image Data Source: Daniela Vorkel, Myers lab, MPI-CBG/CSBD Dresden

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

https://github.com/BiAPoL/napari-clusters-plotter
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Exercise: Object segmentation

1. Activate the environment and open napari
mamba activate amhct

napari

2. Open the blobs image
3. Perform object segmentation on blobs sample dataset

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

https://biapol.github.io/AMHCT_Bio_Image_Analysis_2
025/interactive_pixel_classification/readme.html

https://imagej.nih.gov/ij/images/
https://biapol.github.io/AMHCT_Bio_Image_Analysis_2025/interactive_pixel_classification/readme.html
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Exercise: Recording and Reproducing a Bio-Image Analysis Workflow

Creating a workflow: Reproducing your colleague’s workflow:

https://biapol.github.io/AMHCT_Bio_Image_Analysis_2025/nap
ari_apoc_omero_workflow/workflow_creation.html

https://biapol.github.io/AMHCT_Bio_Image_Analy
sis_2025/napari_apoc_omero_workflow/workflow
_reproduction.html

https://biapol.github.io/AMHCT_Bio_Image_Analysis_2025/napari_apoc_omero_workflow/workflow_creation.html
https://biapol.github.io/AMHCT_Bio_Image_Analysis_2025/napari_apoc_omero_workflow/workflow_reproduction.html
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Discussion

- How many succeeded in creating the workflow?

- How many succeeded in reproducing the workflow?

- Which were key items to ensure reproducibility?

- Which part was the hardest?

- What could hamper reproducibility?
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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://bioimagebook.github.io/README.html

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

Bio-Image Workflow Tools:

https://galaxyproject.org/

https://github.com/nextflow-io/nextflow

Image Science Community Forum:

https://forum.image.sc/

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://galaxyproject.org/
https://github.com/nextflow-io/nextflow
https://forum.image.sc/
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