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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


Bio-image Analysis using LLMs
ScaDS.AI Living Lab Lecture
Robert Haase @haesleinhuepf
April 4th 2024

5

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

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


Bio-image Analysis using LLMs
ScaDS.AI Living Lab Lecture
Robert Haase @haesleinhuepf
April 4th 2024

6

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

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


Bio-image Analysis using LLMs
ScaDS.AI Living Lab Lecture
Robert Haase @haesleinhuepf
April 4th 2024

7

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

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 are large language models good in?

Translation tasks

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 good in?

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 (e.g. for recent information)

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?

Math (e.g. 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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Prompt Engineering
Prompts can also be used 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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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/BioImageAnalysis
Notebooks/07_prompt_engineering/04_generatin

g_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
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/04_generating_code_for_processing_images.html
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Prompt engineering
With more advanced tasks, it requires hints

19
https://haesleinhuepf.github.io/BioImageAnalysis

Notebooks/07_prompt_engineering/05_generating
_advanced_image_processing_code.html

ChatGPT does not 
know how to do this 

and hallucinates code 
that does not work

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/05_generating_advanced_image_processing_code.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/05_generating_advanced_image_processing_code.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/05_generating_advanced_image_processing_code.html
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Prompt engineering
With more advanced tasks, it requires hints

The more 
sophisticated 

prompt had errors 
in 4 out of 10 runs.

The more 
sophisticated 

prompt produced 
useful results in 5 

out of 10 runs.

https://haesleinhuepf.github.io/BioImageAnalysis
Notebooks/07_prompt_engineering/05_generatin

g_advanced_image_processing_code.html

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/05_generating_advanced_image_processing_code.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/05_generating_advanced_image_processing_code.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/05_generating_advanced_image_processing_code.html
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How about doing this locally? 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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BiA-Bob: Available language models / backends
• ChatGPT by OpenAI • Gemini by Google

https://github.com/haesleinhuepf/bia-
bob/blob/main/demo/gemini.ipynb

Interesting variable names

https://github.com/haesleinhuepf/bia-bob/blob/main/demo/gemini.ipynb
https://github.com/haesleinhuepf/bia-bob/blob/main/demo/gemini.ipynb
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BiA-Bob: Available language models / backends
• Mistral through Blablador • CodeLLama via ollama

https://login.helmholtz.de/oauth2-as/oauth2-authz-web-entry
https://ollama.com
https://github.com/haesleinhuepf/bia-
bob/blob/main/demo/custom_endpoints.ipynb

Free online 
service for 

German 
academics, 
offered by 

HelmholtzAI

Runs on 
your local 
computer 
(offline)

Many OpenSource models seem less 
capable than the commercial models, 

when it comes to complex code

https://login.helmholtz.de/oauth2-as/oauth2-authz-web-entry
https://ollama.com/
https://github.com/haesleinhuepf/bia-bob/blob/main/demo/custom_endpoints.ipynb
https://github.com/haesleinhuepf/bia-bob/blob/main/demo/custom_endpoints.ipynb
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BiA-Bob: Vision models 
Image-input, to guide analysis / code generation

• ChatGPT by OpenAI

https://github.com/haesleinhuepf/bia-
bob/blob/main/demo/vision-microscopy.ipynb

https://github.com/haesleinhuepf/bia-bob/blob/main/demo/vision-microscopy.ipynb
https://github.com/haesleinhuepf/bia-bob/blob/main/demo/vision-microscopy.ipynb
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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/digitalsreeni https://youtu.be/XrtJqlwfqQ4 https://youtu.be/nC0REzvOT5s

https://www.youtube.com/c/digitalsreeni
https://youtu.be/XrtJqlwfqQ4
https://youtu.be/nC0REzvOT5s
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Exercise: Installation

Install mini-forge

https://scads.github.io/prompt-engineering-
tutorial-2023/00_preparation/readme.html

https://scads.github.io/prompt-engineering-tutorial-2023/00_preparation/readme.html
https://scads.github.io/prompt-engineering-tutorial-2023/00_preparation/readme.html
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Get an OpenAI API key

Yes, this costs money.

https://openai.com/blog/openai-api

https://openai.com/blog/openai-api
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Get an OpenAI API key

Yes, this costs money.

https://openai.com/blog/openai-api

https://openai.com/blog/openai-api
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Store the API key in your environment

Add the OPEN AI API Key to your environment variables

1

2

3

4
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Exercise: Text generation

Download the notebooks and reproduce them!

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

https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/01_prompting.html
https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/01_prompting.html
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Exercise: BiA-Bob

Download the notebooks and reproduce them!

https://haesleinhuepf.github.io/BioImageAnalysisNo
tebooks/07_prompt_engineering/40_bia_bob.html

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/40_bia_bob.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/40_bia_bob.html
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Exercise: BiA-Bob
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https://haesleinhuepf.github.io/BioImageAnalysisNo
tebooks/07_prompt_engineering/40_bia_bob.html

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/40_bia_bob.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/40_bia_bob.html
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