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Bio-image Analysis

My job …
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Bio-image Analysis using Large-Language Models

My job is changing, since we have ChatGPT

Prompt: 
“Please segment 
the nuclei in the 
blue channel of 

the image”
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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
• Image interpretation / analysis

Ein Bild mit

einer Katze

und einem

Mikroskop

A picture of

a cat and a

microscope

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

https://en.wikipedia.org/wiki/Generative_artificial_intelligence
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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
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• Translating text
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1 source: 
https://en.wikipedia.org/wiki/Generative_artificial_intelligence

How many

cells are

there?

There are 4

cells. I just

marked their

nuclei.

https://en.wikipedia.org/wiki/Generative_artificial_intelligence
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What‘s new?
Traditional architecture: Encoder-Decoder Networks

Related: „Auto-encoder“, „Variational Auto-Encoder“, „U-Net“

Encoder Decoder

“Bottleneck”, 
“Embedding”, 
“Latent space”

O
u

tp
u

t

In
p

u
t

1 2
Images demonstrating noise2void, cropped from
https://github.com/HenriquesLab/ZeroCostDL4Mic/blob/mast
er/Wiki_files/FigureS2.png license: MIT

Skip-connections (optional)

Input: 
noisy image

Input: 
denoised image

https://github.com/HenriquesLab/ZeroCostDL4Mic/blob/master/Wiki_files/FigureS2.png
https://github.com/HenriquesLab/ZeroCostDL4Mic/blob/master/Wiki_files/FigureS2.png
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What‘s new?
LLMs use the transformer neural network architecture

Related: Generative Pretrained Transformer (GPT)
Encoder Decoder

Input

Output

[Shifted] Output

Masking

1

2

3

To avoid 
cheating 

while training 
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What‘s new?
LLMs were originally developed for translation tasks and next-word 
prediction.

Encoder Decoder

Input

Output

Output

Masking

1

2

3
„Die Katze sitzt 

neben dem 
Mikroskop.“

„The cat sits next 
to the […]“

„[…] Microscope“
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What‘s new?
VLMs use combinations of traditional neural network architectures and  
transformers.

Encoder Decoder

Output

Output

Masking

2

3
„The cat sits next 

to the […]“

„[…] Microscope“

“Embedding”, 
“Latent space”

In
p

u
t

1Input image
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What are large language models good in?

Translation tasks

https://scads.github.io/prompt-engineering-
basics-2024/20_use_cases.html

https://scads.github.io/prompt-engineering-basics-2024/20_use_cases.html
https://scads.github.io/prompt-engineering-basics-2024/20_use_cases.html
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What are large language models good in?

Restructuring data / information retrieval

https://scads.github.io/prompt-engineering-
basics-2024/20_use_cases.html

https://scads.github.io/prompt-engineering-basics-2024/20_use_cases.html
https://scads.github.io/prompt-engineering-basics-2024/20_use_cases.html
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What are large language models not so good in?

Querying knowledge (e.g. for recent information)

https://scads.github.io/prompt-engineering-
basics-2024/20_use_cases.html

https://scads.github.io/prompt-engineering-basics-2024/20_use_cases.html
https://scads.github.io/prompt-engineering-basics-2024/20_use_cases.html
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Vision language models for counting objects

LLMs were not exactly built for this use-case…

n=1



Workshop on AI in microscopy
ChatGPT for Image Analysis
Robert Haase @haesleinhuepf
August 25th 2024

16

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

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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https://scads.github.io/prompt-
engineering-basics-2024/60_bio-image-
analysis.html

Prompt engineering
Unspecific questions 
lead to random-ish 
responses.

Not specific 
enough?

https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
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https://scads.github.io/prompt-
engineering-basics-2024/60_bio-image-
analysis.html

Prompt engineering
• Define the role of 

the language model,

• Define the Task,

• be specific!

• Give examples (if 
possible) Too 

complicated?

https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
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https://scads.github.io/prompt-
engineering-basics-2024/60_bio-image-
analysis.html

Prompt engineering
• Define the output 

style.

Wrong 
algorithm 

used?

https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
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https://scads.github.io/prompt-
engineering-basics-2024/60_bio-image-
analysis.html

Prompt engineering
• Use image-analysis 

terminology

Learn the 
technical 

language of the 
task at hand!

https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
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Ask for explanations!
In case you don‘t understand the code, ask for explanations!

Endless 
patience!
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Work step-by-step

If you are new in programming, work step-by-step. 

• Prompt for single processing steps.

• Ask the LLM to explain what the code does.

• Understand the individual code snippets.

• Combine the code later (or ask the LLM to do it).
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Benchmarking LLMs for Bio-image Analysis

How good are LLMs for 
Bio-image Analysis?

Do LLMs 
introduce bias?

What are the limits of 
the LLM technology?

Can LLMs act 
according to good 
scientific practice?

How can we validate 
LLMs for BiA?

How can we validate 
specific LLM output 

without ground truth?

Will we all be 
replaced by AI 
anytime soon?

Is GPT-4o better 
than Claude?Which LLM should I 

pay for?
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Benchmarking LLMs for Bio-image Analysis
Example test-case inspired by HumaEval (Chen et al 2021)

Prompt

Reference 
solution

Unit test 
(excerpt)

We formulated 
57 of such test-

cases (yet)

Chen at al 2021: https://arxiv.org/abs/2107.03374
https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia

https://arxiv.org/abs/2107.03374
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: segment the image and measure the average area of objects.

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

858.04

…

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

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

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

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

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: Count segmented objects in a folder of segmentation results.

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):

300
398
368
378
363

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

Unit-test pass-rate (n=10)

Statistics / tabular data wrangling

Measurements / feature extraction

Advanced workflows / big data
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Benchmarking LLMs for Bio-image Analysis
Summary: 57 use-cases (yet), 20 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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LLMs are everywhere

https://github.com/royerlab/n
apari-chatgpt

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

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

cles/s41592-024-02370-y

Napari-chatGPT / Omega Bioimage-io ChatBot

https://www.globias.org/activities/
bia-seminar-series

GloBIAS Seminar 
Series

Sept. 27th 2024
Oct. 18th 2024

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
https://bioimage.io/chat/
https://www.nature.com/articles/s41592-024-02370-y
https://www.nature.com/articles/s41592-024-02370-y
https://www.globias.org/activities/bia-seminar-series
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LLMs are everywhere

https://jupyter-ai.readthedocs.io/

Jupyter-AI

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

bia-bob

https://jupyter-ai.readthedocs.io/
https://github.com/haesleinhuepf/bia-bob
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LLMs are everywhere

https://chatgpt.com/g/g-FGdNx7MIl-
microscope-image-analysis-gpt http://chat.openai.com/gpts

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

https://chatgpt.com/g/g-FGdNx7MIl-microscope-image-analysis-gpt
https://chatgpt.com/g/g-FGdNx7MIl-microscope-image-analysis-gpt
http://chat.openai.com/gpts
https://chatgpt.com/g/g-psAohb1OY-bio-image-analysis-gpt
https://chatgpt.com/g/g-psAohb1OY-bio-image-analysis-gpt
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Exercises

Robert Haase

CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

https://doi.org/10.5281/zenodo.13336075

https://doi.org/10.5281/zenodo.13336075
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Exercises

1

2

3

3

https://scads.github.io/prompt-engineering-
basics-2024/10_prompting.html

1.Copy prompt
2.Paste it into ChatGPT
3.Read response
4.Repeat ;-)

https://scads.github.io/prompt-engineering-basics-2024/10_prompting.html
https://scads.github.io/prompt-engineering-basics-2024/10_prompting.html
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Exercises: Prompting basics (optional)

https://scads.github.io/prompt-engineering-basics-
2024/20_use_cases.html
https://scads.github.io/prompt-engineering-basics-
2024/30_prompt_engineering.html

https://scads.github.io/prompt-engineering-basics-2024/20_use_cases.html
https://scads.github.io/prompt-engineering-basics-2024/20_use_cases.html
https://scads.github.io/prompt-engineering-basics-2024/30_prompt_engineering.html
https://scads.github.io/prompt-engineering-basics-2024/30_prompt_engineering.html
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Exercises: Coding + [Image] Data Analysis

https://scads.github.io/prompt-engineering-basics-
2024/40_code_generation.html
https://scads.github.io/prompt-engineering-basics-
2024/50_data_analysis.html

https://scads.github.io/prompt-engineering-basics-2024/40_code_generation.html
https://scads.github.io/prompt-engineering-basics-2024/40_code_generation.html
https://scads.github.io/prompt-engineering-basics-2024/50_data_analysis.html
https://scads.github.io/prompt-engineering-basics-2024/50_data_analysis.html


Workshop on AI in microscopy
ChatGPT for Image Analysis
Robert Haase @haesleinhuepf
August 25th 2024

37

Exercises: Bio-image Analysis

https://scads.github.io/prompt-engineering-
basics-2024/60_bio-image-analysis.html

https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
https://scads.github.io/prompt-engineering-basics-2024/60_bio-image-analysis.html
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Neural 
networks   

Outlook

LLMs   

Prompt 
engineering

Retrieval 
Augmented 
Generation 

(RAGs)
Fine-

tuning

Embeddings

Vision-
LMs   

Image-
Generation-

LMs   Function 
calling

https://www.globias.org/activities/
bia-seminar-series#h.l3k3h33clzzc

“LLMs – Introduction for Life-Scientists”
GloBIAS Seminar

Tuesday 27th August 2024, 3pm CEST

https://www.globias.org/activities/bia-seminar-series#h.l3k3h33clzzc
https://www.globias.org/activities/bia-seminar-series#h.l3k3h33clzzc
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Summary & outlook
• LLMs can generate code to analyze 

biological microscopy images

• Open-source benchmarks can help 
targeting further improvement

• Challenges:

• Identify best strategy (prompt-
engineering)

• Introduce good scientific 
practice -> trustworthy AI

https://doi.org/10.5281/zenodo.13336075

https://doi.org/10.5281/zenodo.13336075
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