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Quick survey

Question Number of 
raised hands

Who has tried ChatGPT, Dall-E or 
other large language model based 
tools before?

Who is using them on a daily basis?

Who knows how they work under the 
hood (roughly)?

Download slides:
https://doi.org/10.5281/zenodo.10784549

https://doi.org/10.5281/zenodo.10784549
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Bio-image Analysis

…. is about assembling [image] processing-tools in workflows 
to gain quantitative measurements and new insights.
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Bio-image Analysis

… programming languages vary over time, according to my experience

2008-2015

C++, Insight ToolKit

https://itk.org/ https://fiji.sc/ https://napari.org/

2015-2021

Java, ImageJ macro,  

Fiji

2019-today

Python, napari, 

Jupyter

https://itk.org/
https://fiji.sc/
https://napari.org/
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Challenge: Data load / processing time

• State-of-the-art software for more than 20 years: ImageJ / Fiji

2x

https://imagej.nih.gov/ij/ https://fiji.sc
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Challenge: Programming languages

GPU-acceleration? Lear the Open Computing Language (OpenCL)!

Maximum 
intensity 

projection 
along Z

OpenCL: https://www.khronos.org/opencl/

Kernel collection: https://github.com/clEsperanto/clij-opencl-kernels

https://www.khronos.org/opencl/
https://github.com/clEsperanto/clij-opencl-kernels
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GPU-accelerated image processing

Speedup depends on operation, image size, parameters, hardware, ….

Intel Core i7-8650U

2x Intel Xeon Silver 
4110

Intel UHD 620 GPU

Nvidia Quadro 
P6000

vs.

Haase et al. Nat Methods (2020), https://www.nature.com/articles/s41592-019-0650-1
https://www.youtube.com/watch?v=uMj0OS1TiQE

https://www.nature.com/articles/s41592-019-0650-1
https://www.youtube.com/watch?v=uMj0OS1TiQE
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GPU-accelerated image processing
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Challenge: User-friendly GPU-acceleration

2x

https://clij.github.io/
https://www.youtube.com/watch?v=_2yBn8MfP-I
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Challenge: Workflow-generation + understanding

https://clij.github.io/

https://clij.github.io/
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Challenge: Code generation IJ Macro Python
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Challenge: Code generation

The clesperanto project

http://clesperanto.net/

With Stéphane Rigaud
Image Analysis Hub, C2RT, 
Institut Pasteur Paris

http://clesperanto.net/
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Napari

Viewer 

controls
(Napari core)

Image 

Analysis

Plugins
(Napari Assistant)

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

https://www.napari-hub.org/plugins/napari-assistant
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The Napari Assistant

A pocket-calculator-
like interface to build 
image analysis 
workflows

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

https://www.napari-hub.org/plugins/napari-assistant
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The Napari Assistant

• Classical image 
processing operations 
+ advanced tools

• Saving&loading
supported

• Undo [redo]

• Hints for next steps

• …

Ryan Savill 
(now at MPI-CBG) @RyanSavill4

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

https://www.napari-hub.org/plugins/napari-assistant
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Versatile data types

• Images, labels, tables, surface meshes, …

https://github.com/haesleinhuepf/napari-simpleitk-image-processing
https://github.com/haesleinhuepf/napari-process-points-and-surfaces
* The Gastruloid example is derived from AV Luque and JV Veenvliet (2023) which is 
licensed CC-BY and can be downloaded from https://zenodo.org/record/7603081

Image data

Label images

Tabular data

Surface meshes*

https://github.com/haesleinhuepf/napari-simpleitk-image-processing
https://github.com/haesleinhuepf/napari-process-points-and-surfaces
https://zenodo.org/record/7603081
https://creativecommons.org/licenses/by/4.0/legalcode
https://zenodo.org/record/7603081


Bio-image Analysis using LLMs
IMOL Seminar, Uni Frankfurt
Robert Haase @haesleinhuepf
March 6th 2024

19

Napari – Code generation

https://github.com/haesleinhuepf/napari-assistant
Image data source: Mauricio Rocha Martins, Norden 
lab, MPI CBG (now at IGC Oeiras)

Design your image processing workflow using the Assistant and generate code!

Ryan Savill 
(now at MPI-CBG) 

@RyanSavill4

https://github.com/haesleinhuepf/napari-assistant
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Napari – Using via Python / Jupyter Notebooks

Smooth interaction between viewer and code
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Export code to Jupyter Notebooks

• Jupyter notebooks are an ideal way for communicating about code and 
solving issues collaboratively

https://focalplane.biologists.com/2021/09/04/colla
borative-bio-image-analysis-script-editing-with-git/

https://focalplane.biologists.com/2021/09/04/collaborative-bio-image-analysis-script-editing-with-git/
https://focalplane.biologists.com/2021/09/04/collaborative-bio-image-analysis-script-editing-with-git/
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chatGPT
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ChatGPT for analyzing scientific image data

• ChatGPT can perform [yet simple] analysis tasks, 

• and tell you what it did.

https://chat.openai.com/g/g-HMNcP6w7d-data-analyst

https://chat.openai.com/g/g-HMNcP6w7d-data-analyst
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Short detour: Generative Artificial Intelligence
Definition: “Generative artificial intelligence […] is a type of artificial intelligence (AI) system 
capable of generating text, images, or other media in response to prompts.”1

Commonly based on Neural Networks

Bridges fields:
• Natural Language Processing (NLP)
• Computer Vision (CV)

Use-cases
• Translating text
• Writing emails, text, grant proposals
• Summarizing articles
• Writing code
• General question answering
• Image generation

1 source: https://en.wikipedia.org/wiki/Generative_artificial_intelligence

A picture of

a cat and a

microscope

https://en.wikipedia.org/wiki/Generative_artificial_intelligence
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How does it work?

Combination of neural networks + other elements + various [multi-modal] data sources

Examples: GPT / DALL-E, 
Stable Diffusion

Use-case:

• Generate image from 
noise + text

25

The cat’s fur

is black and

white.
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u
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The cat’s fur

is black and

white.

O
u

tp
u

t

In
p

u
t

Word Embedding 
Self-attention
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What are large language models good in?

Translation tasks

Restructuring data

https://scads.github.io/prompt-engineering-
tutorial-2023/01_prompts/02_use_cases.html

https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/02_use_cases.html
https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/02_use_cases.html
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What are large language models not so good in?

Querying knowledge

(in particular recent 
information)

Math 
(in particular counting)

https://scads.github.io/prompt-engineering-
tutorial-2023/01_prompts/02_use_cases.html

https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/02_use_cases.html
https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/02_use_cases.html
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https://scads.github.io/prompt-engineering-tutorial-
2023/01_prompts/03_prompt_engineering.html

Prompt Engineering

• Set context / assign role

• Define output style

• Give hints / conditions

• List tasks

• Provide data

https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/03_prompt_engineering.html
https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/03_prompt_engineering.html
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https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/03_prompt_engineering.html
https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/03_prompt_engineering.html
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Prompt engineering

Prompts can be used to write code, but also to generate images, e.g. with DALL-E.
One can generate quite realistic images given a detailed prompt.

https://haesleinhuepf.github.io/BioImageAn
alysisNotebooks/07_prompt_engineering/02

_generating_images.html

One cat 
is real.

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/02_generating_images.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/02_generating_images.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/02_generating_images.html
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Prompt engineering

chatGPT can solve simple image analysis tasks

Prompt Response

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_en
gineering/04_generating_code_for_processing_images.html

Result

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/04_generating_code_for_processing_images.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/04_generating_code_for_processing_images.html
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https://chat.openai.com/g/g-psAohb1OY-

bio-image-analysis-gpt

ChatGPT for analyzing scientific image data

ChatGPT in comparison with the Bio-image Analysis GPT 

https://chat.openai.com/g/g-psAohb1OY-bio-image-analysis-gpt
https://chat.openai.com/g/g-psAohb1OY-bio-image-analysis-gpt
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ChatGPT for analyzing scientific image data

ChatGPT in comparison with the Bio-image Analysis GPT 

Limited BIA 
domain-
specific 

knowledge

More concise 
responses 
with some 

domain 
knowledge 

https://chat.openai.com/g/g-psAohb1OY-
bio-image-analysis-gpt

https://chat.openai.com/g/g-psAohb1OY-bio-image-analysis-gpt
https://chat.openai.com/g/g-psAohb1OY-bio-image-analysis-gpt
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BiA-Bob

• Open-source 
alternative to 
OpenAI’s Data 
Analyst

• No need to upload 
your [image] data

• Extensible through 
plugins

https://github.com/haesleinhuepf/bia-bob

With Christian 
Tischer (EMBL 

Heidelberg)
@tischitischer

https://github.com/haesleinhuepf/bia-bob
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napari-chatGPT

Napari-chatGPT can automate programming plugins / “widgets”.

Source: https://github.com/royerlab/napari-chatgpt (BSD3 license)
https://twitter.com/loicaroyer/status/1653600252807757824

https://github.com/royerlab/napari-chatgpt
https://twitter.com/loicaroyer/status/1653600252807757824
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What else can [multi-modal] LLMs do?

Generate images, e.g. for augmenting data

Image 
Variation

Potentially useful to 
make algorithms 

more robust

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_
prompt_engineering/60_image_variations_huggingface.html

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/60_image_variations_huggingface.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/60_image_variations_huggingface.html
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New technologies bring new risks…

If you can generate images, 
you can also generate parts of images…. 

https://github.com/haesleinhuepf/darth-
d/blob/main/demo/demo_replacing.ipynb

Interesting 
challenges for our 
community ahead

https://github.com/haesleinhuepf/darth-d/blob/main/demo/demo_replacing.ipynb
https://github.com/haesleinhuepf/darth-d/blob/main/demo/demo_replacing.ipynb
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Generative Artificial Intelligence

Challenges

• Data safety / security / integrity

• Computational cost of training 
of neural networks
• CO2-footprint/climate change

• Accessibility

• Bias: “a nice photo of a human”

• Hallucinations

• False information / fake news

• Glitch tokens

• Debugging is hard

Sources: https://replicate.com/stability-
ai/stable-diffusion https://chat.openai.com/

May 2023

March 2024

https://replicate.com/stability-ai/stable-diffusion
https://replicate.com/stability-ai/stable-diffusion
https://chat.openai.com/
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Further reading / watching

https://www.youtube.com/c/digitalsreenihttps://www.youtube.com/watch?v=JMo6Sn-L_j4

https://www.youtube.com/c/digitalsreeni
https://www.youtube.com/watch?v=JMo6Sn-L_j4
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