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NCA Overview

Our project and Motivation

Neural Cellular Automata (NCA) is a very niche research field, and more often than not, researchers have
never heard of them. We are participating in the MICCAI Educational Challenge 2025 to broaden access to
NCA knowledge and create an entry point, making it easier to get started! To become more familiar with
NCAs and gain a deeper understanding of them across different tasks, we provide minimal working
implementations in notebooks of several notable NCAs:

Notebooks:

1. Growing-NCA (Mordvintsev et al. 2020) a generation task.
2. Med-NCA (Kalkhof et al. 2023), a segmentation task.
3. WBC classification NCA (Deutges et al. 2024), a classification task.

This repository will not only provide minimial working examples of NCA on practical tasks, but we also provide
an organized overview of established NCAs in general. We do hope to encourage readers to explore the
fascinating field of NCAs!

Below, you'll find:

¢ A brief Introduction to NCA.
e An overview of prominent NCA papers which shaped this research direction in form of a mindmap.
¢ Links to our references for further study.
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Neural Cellular Automata: What are they?

Neural Cellular Automata (from now on referred to as NCA) are a fascinating class of architecture. By
combining traditional cellular automata with flexible neural networks, they enable the simulation of self
organizing systems. Unlike classical cellular automata, defined by hand-crafted rules (such as in Conway's
Game of Life for example), NCAs learn their update rules via gradients and optimization.

NCAs generally excel in scenarios where memory efficiency is valued as well as robustness. Naturally, NCAs
can handle a wide range of tasks, with notable strengths in image segmentation, generation, and
classification. Based on Awesome NCA, a repository that provides a curated list of NCA related research, we
have created this mindmap as an overview of the different tasks NCAs provide.

NCA tasks: An Overview

As previously said, NCAs can tackle a broad number of tasks. Since NCAs can be applied in a variety of
scenarios, we attempted to organize them into 5 general tasks:

1. Generation: NCAs grow patterns, textures or shapes from seeds.

2. Image Segmentation: Using NCAs local updates to our advantage and producing accuate segmentation
masks.

3. Classification: NCAs grow to recognize patterns or classify input data.
4. Image Registration: Aligning images through refinement.

5. Autoencoders: Compress and reconstruct data using NCA dynamics.

o Med-NCA (Kalkhof et al., 2023)

 M3D-NCA (Kalkhof & Mukhopadhyay, 2023)

o eNCApsulate (Krumb & Mukhopadhyay, 2025)
o NCAdapt (Ranem & Mukhopadhyay, 2025)

o Unsupervised Training of NCA on Edge Devices
 Self-Classifying MNIST digits (Randazzo et al. (Kalkhof et al. 2024)

2020)

« NCA for 2D Shape Classification (Walker et al.,
2022)

IMAGE

« NCA for WBC Classification (Deutges et al., CLASSIFICATION
s IMAGE
 Deep Learning with photonic NCA(Li et al. 2024) SEGMENTATION

CLASSIFICATION

« Adversarial Reprogramming of NCA (Randazzo

et al. 2021) J ADVERSARIAL

(s NCA-Morph (Ranem et al. 2024) )

« LANCA (Ihm et al. 2024) AUTO-
o Attention-based NCA (Tasfaldet et al. 2022) ENCODERS
« VNCA (Palm et al. 2022)
GENERATION VARIATIONAL |3 vAR NGA (Chen & Wang 2020)
« Gonerative Adversarial NCA - -
GAN « Growing NCA(Mordvintsev et al. 2020)
(Otte et al. 2021)  Goal-Guided NCA (Sudhakaran et al. 2022)
« Empowered NCA (Grasso & Bongard 2022)
o Growing Steerable NCA (Randazzo et al. 2023)
GROWING  |o Growing 3D Artefacts with NCA (Sudhakaran et
al. 2021)
« DIf-NCA (Kalkho et al. 2025) o Texture Generation with NCA (Niklasson et al.
o NCA Diffusion for High-Res Image Synthesis DIFFUSION 2021)
(Elbatel et al. 2024) P « Evolving Hierarchical NCA (Biclawski et al. 2024)

o Differentiable Logic CA (Miotti et al. 2025)
o HyperNCA (Najarro et al. 2022)
o GNCA (Faleao et al. 2025)

Resources and further reading:

For further reading please check out the Awesome NCA repository!
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Generation:

1. Variational:
o VNCA, Palm et al. 2022

o VAE-NCA, Chen & Wang 2020

2. Growing:
o Growing NCA, Mordvintsev et al. 2020

o Goal-Guided NCA, Sudhakaran et al. 2022

o Empowered NCA, Grasso & Bongard 2022

o Growing Steerable NCA, Randazzo et al. 2023

o Growing 3D Artefacts with NCA, Sudhakaran et al. 2021
o Texture Generation with NCA, Niklasson et al. 2021

o Evolving Hierarchical NCA, Bielawski et al. 2024

3. Diffusion:
o DIiff-NCA, Kalkhof et al. 2025

o NCA Diffusion for High-Res Image Synthesis, Elbatel et al. 2024

4. GAN:
o Generative Adversarial NCA, Otte et al. 2021

5. OTHERS:
o Differentiable Logic CA, Miotti et al. 2025

o HyperNCA, Najarro et al. 2022
o GNCA, Falcao et al. 2025

Classification:

1. Image Classification:
Self-Classifying MNIST digits, Randazzo et al. 2020

NCA for 2D Shape Classification, Walker et al. 2022
NCA for WBC Classification, Deutges et al. 2024
o Deep Learning with photonic NCA, Li et al. 2024

[e]

o

[e]

2. Adversarial:
o Adversarial Reprogramming of NCA, Randazzo et al. 2021

Autoencoders:

e LANCA, Ihm et al. 2024
e Attention-based NCA, Tesfaldet et al. 2022

Image Segmentation:

e Med-NCA, Kalkhof et al. 2023

e M3D-NCA, Kalkhof & Mukhopadhyay 2023

e eNCApsulate, Krumb & Mukhopadhyay 2025

¢ NCAdapt, Ranem & Mukhopadhyay 2025

e Unsupervised Training of NCA on Edge Devices, Kalkhof et al. 2024

Image Registration:

* NCA-Morph, Ranem et al. 2024
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Releases

No releases published
Create a new release
Packages

No packages published
Publish your first package

Languages

. _____________________________________________________________________________________________________________________________________________________________J
® Jupyter Notebook 100.0%
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