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DL4MicEverywhere: deep learning for
microscopy made flexible, shareable
and reproducible

M Check for updates

eep learning enables the trans-

formative analysis of large multi-

dimensional microscopy datasets,

butbarriers remain inimplement-

ing these advanced techniques'’.
Many researchers lack access to annotated
data, high performance computing (HPC)
resources and expertise to develop, trainand
deploy deep learning models. Inrecent years,
several approaches have been developed to
democratize deep learning usage in micros-
copy?. Tools such as the Biolmage Model Zoo
facilitate sharing and reuse of pretrained
models, distributing themas one-clickimage
processing solutions®*. Yet often, deep learn-
ing models need to be trained or fine-tuned
on the end-user dataset to perform well***,
We previously released ZeroCostDL4Mic®, an
online platformrelying on Google Colab that
helped democratize deep learning by provid-
ingazero-codeinterfacetotrainand evaluate
models capable of performing various bioim-
age processing tasks, such as segmentation,
object detection, denoising, super-resolution
microscopy and image-to-image translation.
Here, we introduce DL4MicEverywhere,
an advancement of the ZeroCostDL4Mic®
framework (Fig.1).

DL4MicEverywhere is a platform that lets
users train and implement their models in
different computational environments.
These environments include Google Colab,
personal computational resources such as
a desktop or laptop, and HPC systems. This
flexibility is achieved by encapsulating each
deep learning technique in an interactive
Jupyter Notebook within a Docker container,
enabling others toreplicate analyses consist-
ently across multiple platforms. DL4MicEve-
rywhere (https://github.com/HenriquesLab/
DL4MicEverywhere) enables users to install
andinteract withalarge offering of standard-
ized, user-friendly deep learning workflows,
away fromthe limitations of proprietary plat-
forms such as Google Colab and in a secure
computational environment with controlled
data privacy and resources. DL4MicEvery-
where can be launched graphically, via X11

forwarding, or directly through a command
line (headless mode), supporting HPC usage.
This cross-platform containerization technol-
ogy boosts the long-term platform’s sustain-
ability and reproducibility, enhancing user
convenience’.

DL4MicEverywhere features a zero-code
interface that handles all the behind-the-
scenes complexities, so users no longer need
to deal with Docker configuration and deploy-
ment through a terminal. The intuitive inter-
face abstracts away these technical details
while providing astandardized Docker encap-
sulation for executing advanced techniques
reliably. Researchers can select a notebook,
choose computing resources and run the cor-
responding deep learning-powered analysis
with just a few clicks (Fig. 1c-e). This allows
users to train and apply models on various
computing resources they control, eliminat-
ingreliance on third-party platforms. Further-
more, researchers can launch a notebook on
local or remote systems with GPU acceleration
whenever available, without worrying about
complex software dependencies, Docker con-
tainer management, or loss of access to deep
learning frameworks (Fig.1f-h). Compared to
ZeroCostDL4Mic, DL4MicEverywhere dou-
bles the number of deep learning approaches
and provides new bioimaging analysis tasks,
such as semantic segmentation, interactive
instance segmentation, image registration,
3D single molecule localization microscopy,
temporal and spatial upsampling, and image
generation. The platform is designed to
encourage the sharingand reuse of deep learn-
ing workflows provided as Jupyter Notebooks,
which are then integrated into the Biolmage
Model Zoo. DL4MicEverywhere is strength-
ened by automated build pipelines® that allow
tracked versioning of ZeroCostDL4Mic note-
books and the seamless integration of new
trainable models contributed by the commu-
nity as user-friendly notebooksindependently
of the original ZeroCostDL4Mic framework
(Fig.1b). DL4MicEverywhere handles the cor-
responding testing and building of fully docu-
mented and open-source containers, making

it easy for researchers to share not just the
latest method, but the full software environ-
mentrequired to runitreliably.

DL4MicEverywhere is an open-source ini-
tiative that aims to make deep learning acces-
sible to everyone by providing a flexible and
community-driven platform. Encapsulating
software in Docker containers makes it pos-
sible to integrate new methods without wor-
rying about complexinstallation procedures,
enrichingthe microscopy community through
supporttodeveloperstoeasily contribute new
pipelines, encouraging participatory innova-
tion. Users canrely onshared techniques while
customizing models across diverse hardware,
retaining control over data and analysis. The
platform sets a baseline for the development
and use of cutting-edge foundation models’.
By bundling these sophisticated models into
shareable containers, researchers can easily
exploit them in their microscopy applica-
tions. It is noteworthy that containerization
approaches canincrease local storage usage.
Compared to proprietary platforms, which
are not universally accessible, DL4MicEve-
rywhere simplifies complex deep learning
workflows through open, easy-to-use graphi-
cal user interfaces and automated pipelines.
It leverages local computational resources,
HPC and cloud-based solutions, which pro-
vides flexibility for sensitive biomedical data
where privacy risks may limit reliance on pub-
liccloud platforms. It also helps with continu-
ously scaling data, such as high-throughput
high-content imaging data, whose storage,
dissemination and access often rely on
institutional infrastructures with specific
data-sharing protocols. The containerization
of notebooks is secure, as Jupyter Notebook
ports are virtualized, private and protected
with tokens. DL4MicEverywhere also adheres
to FAIR (findability, accessibility, interoper-
ability and reusability) principles, enhanc-
ing data-driven scientific discoverability'.
We expect DL4MicEverywhere to represent
animportant step toward reliable, transpar-
entand participatory artificial intelligence in
microscopy.
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Fig.1| The DL4MicEverywhere platform. a, DL4MicEverywhere eases

deep learning workflow sharing, deployment and showcasing by providing
auser-friendly interactive environment to train and use models. Cross-
platform compatibility ensures reproducible deep learning model training.
DL4MicEverywhere contributes to deep learning standardization in bioimage
analysis by promoting transferable, FAIR and transparent pipelines. The
platform exports models compatible with the Biolmage Model Zoo* and
populates free and open source container images in Docker Hub for developers
toreuse. b, DL4MicEverywhere accepts three types of notebook contribution:
ZeroCostDL4Mic® notebooks, bespoke notebooks inspired by ZeroCostDL4Mic®,
and notebooks hosted in external repositories that are compliant with our
format. The requirements and format of these contributions are automatically
tested. ¢, In the DL4MicEverywhere graphical user interface, the user chooses

h Segmentation

CellPose

anotebook, images and output folder, and chooses a GPU-running model if
possible. d, DL4MicEverywhere automatically identifies the system architecture
and requirements, checks whether the corresponding Docker image is available
inDocker hub to download, and it builds it otherwise. Thisimage is used to create
aDocker container: a functional instance of the image that gathers the code
environment to use the chosen notebook. e, A Jupyter lab session is launched
inside the Docker container to train, evaluate or use the chosen model within
aninteractive notebook, equivalent to ZeroCostDL4Mic® notebooks.

f-h, DL4MicEverywhere enables the use of the same notebooks for super-
resolution (f), artificial labeling (g) or segmentation (h) pipelines, among many
others, indifferent local or remote infrastructures such as workstations,

the cloud or HPC clusters.
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Code availability

The source code, documentation and tuto-
rials for DL4MicEverywhere are available at
https://github.com/HenriquesLab/DL4MicE-
verywhere under a Creative Commons CC-BY-
4.0license.
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