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Bio-image Analysis

• My job …
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Bio-image Analysis

• My job is changing, since we have ChatGPT

Prompt: 
“Please segment the 

nuclei in the blue 
channel of the 

image”
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Vision language models

• Combine image + text to generate text

What is shown in 

this image?

“Cell nuclei, 

presumably 

imaged with a 

fluorescence 

microscope”
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Vision language models for counting objects

• Combine image + text to generate text

How many objects are 

in this image? Answer 

with the number only.

“14”
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Vision language models for counting objects
VLMs were not exactly built for this purpose…

n=1
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Vision language models for counting objects

• Prompt: „Analyse the following image by counting the bright blobs. 
Respond with the number only. “ (n=25)

https://scads.github.io/generative-ai-
notebooks/80_benchmarking_llms/20_vision_models.html 

Nov 
2023

Apr 
2024 May 

2024

Lesson learned: We need physical 
control of models and infrastructure 

to secure reproducibility!

Model no longer available (Apr. 2025)

https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
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Vision language models for counting objects

• Prompt-engineering also works 
with VLMS

https://scads.github.io/generative-ai-
notebooks/80_benchmarking_llms/20_vision_models.html 

Baseline: Otsu-
threshold

Baseline: Otsu-
threshold, excl. 

borders

“Analyse the 
following image by 
counting the bright 
blobs. Respond 
ONLY the number.”

“Analyse the 
following image by 
counting the bright 
blobs, including the 
objects touching the 
image border. 
Respond ONLY the 
number.”

“Analyse the 
following image by 
counting the bright 
blobs. Ignore the 
objects touching the 
image border. 
Respond ONLY the 
number.”

gpt -4o-2024-08-06

https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
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VLMs for bounding box segmentation
• Recap: VLMs combine images + text to produce text

Give me a json object 

of bounding boxes 

around ALL bright 

blobs in this image…

python

[{"x": 0.191, "y": 0.111,...},
{"x": 0.313, "y": 0.161,...},...]
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VLMs for bounding box segmentation

Claude 3.7 Sonnet Moondream 2BGPT-4o

https://scads.github.io/gene
rative-ai-
notebooks/81_benchmarkin
g_vlms_counting/limits_of_v
ision_moondream_bb.html 

https://scads.github.io/ge
nerative-ai-
notebooks/81_benchmark
ing_vlms_counting/limits_
of_vision-claude.html 

https://scads.github.io/ge
nerative-ai-
notebooks/81_benchmar
king_vlms_counting/limits
_of_vision-gpt.html 

https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
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VLMs guessing segmentation algorithms

• Combine image + text to generate text

What’s the best 

algorithm to segment 

this image?

CellPose!
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LLMs guessing segmentation algorithms

VLM: gpt-4o-2024-11-20, n=25
https://scads.github.io/generative-ai-
notebooks/47_vision/40_vlms_guessing_segmentation_alg.html  

+ no image

https://scads.github.io/generative-ai-notebooks/47_vision/40_vlms_guessing_segmentation_alg.html
https://scads.github.io/generative-ai-notebooks/47_vision/40_vlms_guessing_segmentation_alg.html
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VLMs guessing segmentation algorithms

VLM: gpt-4o-2024-11-20, n=25
https://scads.github.io/generative-ai-
notebooks/47_vision/40_vlms_guessing_segmentation_alg.html  

https://scads.github.io/generative-ai-notebooks/47_vision/40_vlms_guessing_segmentation_alg.html
https://scads.github.io/generative-ai-notebooks/47_vision/40_vlms_guessing_segmentation_alg.html
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VLMs guessing segmentation algorithms

VLM: gpt-4o-2024-11-20, n=25
https://scads.github.io/generative-ai-
notebooks/47_vision/40_vlms_guessing_segmentation_alg.html  

https://scads.github.io/generative-ai-notebooks/47_vision/40_vlms_guessing_segmentation_alg.html
https://scads.github.io/generative-ai-notebooks/47_vision/40_vlms_guessing_segmentation_alg.html
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Speaking of Cellpose[-SAM]

“Foundation 
model”

https://www.biorxiv.org/content/10.1101/2025.04.28.651001v1 
https://github.com/ScaDS/BIDS-lecture-
2025/blob/main/07b_dl_segmentation/cellpose-sam.ipynb 

https://www.biorxiv.org/content/10.1101/2025.04.28.651001v1
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/07b_dl_segmentation/cellpose-sam.ipynb
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/07b_dl_segmentation/cellpose-sam.ipynb
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Bio-image analysis beyond segmentation
• Crossing this border seems challenging

“Frontier of 
perfectionism”

Feature 
extraction

Dimensionality 
reduction

Classification Clustering

Statistics Visualization

Background 
removal

Denoising

Deconvolution

Segmentation

Insight

Wide variety of [computational] skills required to achieve all this
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Benchmarking LLMs for Bio-image Analysis

• Use-case: segment an image, extract features and create a UMAP.

Unit-test pass-rate (n=10):

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1    
https://github.com/haesleinhuepf/human-eval-bia 

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
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Benchmarking LLMs for Bio-image Analysis

• Use-case: compute the correlation matrix

Unit-test pass-rate (n=10):

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1    
https://github.com/haesleinhuepf/human-eval-bia 

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
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Benchmarking LLMs for Bio-image Analysis

• Use case: Open a zarr file

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1    
https://github.com/haesleinhuepf/human-eval-bia 
Data Source: https://www.ebi.ac.uk/bioimage-archive/galleries/S-
BIAD634-ai.html 

Unit-test pass-rate (n=10):

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD634-ai.html
https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD634-ai.html
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Benchmarking LLMs for Bio-image Analysis
• Summary: 57 use-cases (yet), 26 LLMs (yet), n=10

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v3 
https://github.com/haesleinhuepf/human-eval-bia/   

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v3
https://github.com/haesleinhuepf/human-eval-bia/
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AI-assisted bio-image analysis in Jupyter

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

• bia-bob: long-
context prompting 
for image-analysis 
code.

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

Scientist with 
limited 

coding skills

LLM (hallucinates 
broken code)

Coder (misunderstood 
something)

Unprompted feedback 
may facilitate identifying 

issues in code early

Unprompted feedback from 
an AI-assistant cannot 

replace human peer-review

Cheap, fast

https://github.com/haesleinhuepf/unprompted 

https://github.com/haesleinhuepf/unprompted
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Can LLMs solve real-world GitHub issues?

Source: Jimenez et al (2024), 
licensed CC-BY 4.0
https://arxiv.org/abs/2310.06770  

Plot data source: 
https://www.swebench.com/ 
(2025-06-21)

http://creativecommons.org/licenses/by/4.0/
https://arxiv.org/abs/2310.06770
https://www.swebench.com/
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Collaborative working with AI assistants
• If technical solutions do 

not exist, socio-cultural 
solutions may help.

• Human-human-AI 
interaction

• Transparency

• Knowledge exchange

https://github.com/haesleinhuepf/git-bob/  
https://www.nature.com/articles/s43588-025-00781-1 

H
Domain 
expert

H
Data 

analyst

Github / Gitlab CI

Hi! I have data and would like to 
measure x.

I propose to try algorithm alg.
git-bob comment on how to do 

this with Python

AI

git-bob

LLM service 
provider 1

LLM service 
provider 2

Certainly! Try this:
from algorithms import alg

x = alg(data)

boxplot(x)

For result visualization let’s better 
use a violinplot.

git-bob ask claude to try this!

I created a 
notebook for 
using alg and 
drawing a 
violinplot:

LLM service 
provider 3

LLM

gpt-4o

LLM

claude

LLM

gemini

That looks ok/correct!

Nice! Thanks!

https://github.com/haesleinhuepf/git-bob/
https://www.nature.com/articles/s43588-025-00781-1
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Chatting with LLMs on GitHub/Lab
• … about data analysis tasks

https://github.com/NFDI4BIOIMAGE/training/
issues/250 

https://github.com/NFDI4BIOIMAGE/training/issues/250
https://github.com/NFDI4BIOIMAGE/training/issues/250
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Chatting with LLMs on GitHub/Lab
• … to receive support on python libraries

https://github.com/haesleinhuepf/stackview
/issues/79 

https://github.com/haesleinhuepf/stackview/issues/79
https://github.com/haesleinhuepf/stackview/issues/79
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LLMs are everywhere

https://bioimage.io/chat/
https://www.nature.com/articles

/s41592-024-02370-y 

Bioimage-io ChatBot

https://bioimage.io/chat/
https://www.nature.com/articles/s41592-024-02370-y
https://www.nature.com/articles/s41592-024-02370-y
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LLMs are everywhere

https://github.com/royerlab/napar
i-chatgpt 

https://www.nature.com/articles/
s41592-024-02310-w 

Napari-chatGPT / Omega

https://github.com/royerlab/napari-chatgpt
https://github.com/royerlab/napari-chatgpt
https://www.nature.com/articles/s41592-024-02310-w
https://www.nature.com/articles/s41592-024-02310-w
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CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

NATIONAL RESEARCH DATA MANAGEMENT INFRASTRUCTURE 
FOR MICROSCOPY AND BIOIMAGE ANALYSIS

GLOBAL BIOIMAGE 
ANALYST’S SOCIETY

Good Scientific Practice for 
[AI-assisted code generation]
Robert Haase

These slides can be reused under the terms of the CC-BY 4.0 license.

https://creativecommons.org/licenses/by/4.0/deed.en.
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Rules…

• „When making their results publicly 
available, researchers should, in 
the spirit of research integrity, 
disclose whether or not they have 
used generative models, and if so, 
which ones, for what purpose and 
to what extent.“

Source: DFG (2023)
https://www.dfg.de/resource/blob/289676/89c03e7a7a8a024093602
995974832f9/230921-statement-executive-committee-ki-ai-data.pdf 

https://www.dfg.de/resource/blob/289676/89c03e7a7a8a024093602995974832f9/230921-statement-executive-committee-ki-ai-data.pdf
https://www.dfg.de/resource/blob/289676/89c03e7a7a8a024093602995974832f9/230921-statement-executive-committee-ki-ai-data.pdf
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Rules…

Source: 
https://www.helmholtz.de/assets/helmholtz_gemeinschaft/Downloads/Hel

mholtz_Recommendations_on_use_of_AI_Version_1.0.pdf 

https://www.helmholtz.de/assets/helmholtz_gemeinschaft/Downloads/Helmholtz_Recommendations_on_use_of_AI_Version_1.0.pdf
https://www.helmholtz.de/assets/helmholtz_gemeinschaft/Downloads/Helmholtz_Recommendations_on_use_of_AI_Version_1.0.pdf
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Rules…

Source: 
https://www.helmholtz.de/assets/helmholtz_gemeinschaft/Downloads/Hel

mholtz_Recommendations_on_use_of_AI_Version_1.0.pdf 

…

https://www.helmholtz.de/assets/helmholtz_gemeinschaft/Downloads/Helmholtz_Recommendations_on_use_of_AI_Version_1.0.pdf
https://www.helmholtz.de/assets/helmholtz_gemeinschaft/Downloads/Helmholtz_Recommendations_on_use_of_AI_Version_1.0.pdf
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Helmholtz Blablador

• Use your own LLM service provider!

https://github.com/haesleinhu
epf/bia-bob?tab=readme-ov-
file#using-custom-endpoints 

https://helmholtz-
blablador.fz-juelich.de/ 

https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#using-custom-endpoints
https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#using-custom-endpoints
https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#using-custom-endpoints
https://helmholtz-blablador.fz-juelich.de/
https://helmholtz-blablador.fz-juelich.de/
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Summary

• Using AI / LLMs in [bioimage] data 
analysis seems more and more 
unavoidable

• Maintaining good scientific practice is 
challenging (esp. peer-review)

• Relying on institutional infrastructure 
exclusively is important but hard

• Learn how to use AI responsibly
(-> train the trainers)

• We are on the edge towards AI-agents 
analyzing image data autonomously.

https://scads.github.io/generative-ai-notebooks/
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/  

https://scads.github.io/generative-ai-notebooks/
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/
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