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Bio-image Analysis 
Code Generation
Robert Haase

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

CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

NATIONAL RESEARCH DATA MANAGEMENT INFRASTRUCTURE 
FOR MICROSCOPY AND BIOIMAGE ANALYSIS

GLOBAL BIOIMAGE 
ANALYST’S SOCIETY

https://doi.org/10.5281/zenodo.14001044

https://creativecommons.org/licenses/by/4.0/deed.en.
https://doi.org/10.5281/zenodo.14001044
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Large Language Models (LLMs)
Text-to-text, translation, code generation

Open hela-cells.tif
from skimage.io import imread

image = imread(“hela-cells.tif”)
English

Python
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Large Language Models (LLMs)

https://www.youtube.com/watch?v=9Y7f4j396hI https://www.youtube.com/watch?v=5sLYAQS9sWQ https://www.youtube.com/watch?v=9dtVlVwk2eg

https://www.youtube.com/watch?v=9Y7f4j396hI
https://www.youtube.com/watch?v=5sLYAQS9sWQ
https://www.youtube.com/watch?v=9dtVlVwk2eg
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Bio-image Analysis using Large-Language Models

Analysing images in the browser, e.g. using ChatGPT

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

the image”
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Large Language Models (LLMs)
Text-to-text, translation, code generation

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

https://creativecommons.org/licenses/by/4.0/deed.en
https://arxiv.org/abs/2310.06770
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bia-bob and git-bob
Both AI-assistants can generate code for bio-image analysis in your browser

• installed on your computer • on Github.com
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Why code generation using LLMs?
Output of LLMs is often criticized for

• Limited reproducibility

• Hard to evaluate (automatically)

Output of LLM-generated code is

• Reproducible

• Can be executed and evaluted 
(automatically)

No matter how often you 
execute this code, the output is 

always garanteed to be „a“.
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How good are LLMs for Bio-image Analysis?
Test 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

…

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
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How good are 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/10.1101/2024.04.19.590278v3
https://github.com/haesleinhuepf/human-eval-bia

18 more currently on 
their way…

Open for your (!) 
contributions

https://arxiv.org/abs/2107.03374
https://www.biorxiv.org/content/10.1101/2024.04.19.590278v3
https://github.com/haesleinhuepf/human-eval-bia
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How good are LLMs for Bio-image Analysis?
Test 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):

Large language models

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
Summary: 57 use-cases (yet), 24 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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Prompt Engineering

To further improve 
LLMs capabilities
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Prompt Engineering
Modify a prompt until it works.
Write python code to open the image file 'data/blobs.tif' 

and threshold it using Otsu's method.

Apply connected component labeling to the result to 

retrieve a label image. Visualize the label image.

https://scads.github.io/generative-ai-
notebooks/50_code_generation/03_gene
rating_code.html

https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html


BIA Code Generation
#I2K2024 Virtual
Robert Haase 
@haesleinhuepf
October 28th 2024

14

Prompt Engineering
Modify a prompt until it works.
Write python code to open the image file 'data/blobs.tif' 

and threshold it using Otsu's method.

Apply connected component labeling to the result to 

retrieve a label image. Visualize the label image.

Do not explain the solution. 

Only write Python code and short comments are ok.

https://scads.github.io/generative-ai-
notebooks/50_code_generation/03_gene
rating_code.html

https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
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Prompt Engineering
Modify a prompt until it works.
Write python code to open the image file 'data/blobs.tif' 

and threshold it using Otsu's method.

Apply connected component labeling to the result to 

retrieve a label image. Visualize the label image.

Do not explain the solution. 

Only write Python code and short comments are ok.

Assume the code is executed in a Jupyter notebook.

Do not use any of these Python libraries:

* OpenCV

* PIL

* Pillow

https://scads.github.io/generative-ai-
notebooks/50_code_generation/03_gene
rating_code.html

„L
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g

“ 
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o
n

te
x

t

https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
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Scientific code writing: bia-bob

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

• First steps: Keep it simple

https://github.com/haesleinhuepf/bia-bob
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Scientific code writing: bia-bob

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

• After learning how to 
prompt for code: try 
more complex 
workflows

https://github.com/haesleinhuepf/bia-bob
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Under the hood: prompt engineering
Context-dependent / 
configurable system 
prompt considering

• local variables and 
functions

• installed python 
libraries

• chat history

You are a extremely talented bioimage analyst and you use 
Python to solve your tasks ...

## Python specific code snippets
If the user asks for those simple tasks, use these code snippets.

* Load an image file from disc and store it in a variable:
```
from skimage.io import imread
image = imread(filename)
```

## Todos
Answer your response in three sections:

1. Summary: First provide a short summary of the task.
2. Plan: Provide a concise step-by-step plan without any code.
3. Code: Provide the code.

+ your prompt

About 
6500 
tokens 
(words)

…

…
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Under the hood: prompt engineering
Context-dependent / 
configurable system 
prompt

• System message 
in git-bob config

• Code hints in issue 
templates

• Chat history

https://github.com/haesleinhuepf/stackview/
blob/main/.github/workflows/git-bob.yml

https://github.com/haesleinhuepf/stackview/blob/main/.github/workflows/git-bob.yml
https://github.com/haesleinhuepf/stackview/blob/main/.github/workflows/git-bob.yml
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Under the hood: prompt engineering
Context-dependent / 
configurable system 
prompt

• System message 
in git-bob config

• Code hints in issue 
templates

• Chat history

https://github.com/haesleinhuepf/git-bob-
playground/issues/new/choose

https://github.com/haesleinhuepf/git-bob-playground/issues/new/choose
https://github.com/haesleinhuepf/git-bob-playground/issues/new/choose
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Including vision language models (VLMs)

Computer
scientist

That 
makes 
sense!

Biologist

That’s 
right!

To write prompts like this, you need to 
have image analysis knowledge!
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Including vision language models (VLMs)

Computer
scientist

Jeey!

Biologist

Jeey!

To proof-read this code, you need 
programming skills.

https://scads.github.io/generative-ai-
notebooks/50_code_generation/25_vision-
microscopy-hints.html

https://scads.github.io/generative-ai-notebooks/50_code_generation/25_vision-microscopy-hints.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/25_vision-microscopy-hints.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/25_vision-microscopy-hints.html
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Including vision language models (VLMs)

…
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Generating notebooks using vision models 

Ask %%bob to generate a Jupyter notebook

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

Present Bob an image like this

https://github.com/haesleinhuepf/bia-bob/blob/main/demo/generate_notebooks.ipynb
https://github.com/haesleinhuepf/bia-bob/blob/main/demo/generate_notebooks.ipynb
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Generating notebooks using vision models 

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

https://github.com/haesleinhuepf/bia-bob/blob/main/demo/generate_notebooks.ipynb
https://github.com/haesleinhuepf/bia-bob/blob/main/demo/generate_notebooks.ipynb
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Initializing bia-bob
When you run it for the first time, and want to use …

• OpenAI GPT 4omni (optional, as it’s default)

• Anthropic claude

• Github Models

• KISSKI Models

https://github.com/haesleinhuepf/bia-
bob?tab=readme-ov-file#using-openai--chatgpt-as-
backend

https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#using-openai--chatgpt-as-backend
https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#using-openai--chatgpt-as-backend
https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#using-openai--chatgpt-as-backend
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Scientific code writing
Reproducibility

• Who has written code 
when and why?

• What were results of the 
code in its first version?

• If code was modified, what 
did the developers discuss 
in that context?

• How do we integrate AI in 
our coding workflows?

git can 
help 
with this
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Scientific code writing: git-bob
Reproducibility

• Who has written code 
when and why?

• What were results of the 
code in its first version?

• If code was modified, what 
did the developers discuss 
in that context?

• How do we integrate AI in 
our coding workflows?

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

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

Default 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://github.com/haesleinhuepf/git-bob/
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Scientific code writing: git-bob
Reproducibility

• Who has written code 
when and why?

• What were results of the 
code in its first version?

• If code was modified, what 
did the developers discuss 
in that context?

• How do we integrate AI in 
our coding workflows?

https://github.com/haesleinhuepf/
git-bob/issues/231

https://github.com/haesleinhuepf/git-bob/issues/231
https://github.com/haesleinhuepf/git-bob/issues/231
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Scientific code writing: git-bob
Reproducibility

• Who has written code 
when and why?

• What were results of the 
code in its first version?

• If code was modified, what 
did the developers discuss 
in that context?

• How do we integrate AI in 
our coding workflows?

…

https://github.com/haesleinhuepf/
git-bob/issues/231

https://github.com/haesleinhuepf/git-bob/issues/231
https://github.com/haesleinhuepf/git-bob/issues/231
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Scientific code writing: git-bob
Reproducibility

• Who has written code 
when and why?

• What were results of the 
code in its first version?

• If code was modified, what 
did the developers discuss 
in that context?

• How do we integrate AI in 
our coding workflows?

…

https://github.com/haesleinhuepf/
git-bob/issues/231

https://github.com/haesleinhuepf/git-bob/issues/231
https://github.com/haesleinhuepf/git-bob/issues/231
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Scientific code writing: git-bob
Reproducibility

• Who has written code 
when and why?

• What were results of the 
code in its first version?

• If code was modified, what 
did the developers discuss 
in that context?

• How do we integrate AI in 
our coding workflows?

https://github.com/haesleinhuepf/
git-bob/pull/232

Human peer 
reviewing AI work

https://github.com/haesleinhuepf/git-bob/pull/232
https://github.com/haesleinhuepf/git-bob/pull/232
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Trigger words
git-bob comment (aliases: answer, think about, respond, review)

- Only responds in text-form

git-bob try

- Generates + runs code, shows resulting images

git-bob solve (aliases: implement, apply)

- Generates + runs code + sends pull-request

git-bob ask … to …

- Answer using a specified LLMs. 

Example: git-bob ask claude-3-5-20241022 to solve this!
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Reviewing pull-requests: git-bob

AI peer reviewing 
human work

https://github.com/haesleinhuepf/git-bob/pull/11

https://github.com/haesleinhuepf/git-bob/pull/11
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Scientific code writing: git-bob

“I will document the code later.”, finished PhD student just before leaving the lab.
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Scientific code writing: git-bob

“I will document the code later.”

“AI will document the code later.”
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Optimizing documentation
E.g. to make code more readable



BIA Code Generation
#I2K2024 Virtual
Robert Haase 
@haesleinhuepf
October 28th 2024

39

Translating notebooks

“Please translate 
notebook 

<xyz.ipynb> to 
<language>.”
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bia-bob versus git-bob
• [image] data analysis tasks

• Close interaction with data

• HPC clusters, notebooks in the cloud

• Sustainable software development

• Python library maintenance

• No local hardware / cluster needed
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Comparison with ChatGPT and friends 

• Can generate code for bio-
image analysis

bia-bob git-bobChatGPT*

• Knows what variables, functions 
and libraries are used in your code.

*or other online services such as 
Claude, Gemini, Perplexity, …

• Can search the internet

• Can involve multiple LLMs / 
agents in one session

• Can involve multiple humans in 
none session

• Costs 0-20$ / month < 0.05$ / session < 0.05$ / session
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Generating stories
Bio-image analysis unrelated

git-bob`s use-cases 
range much wider 

than bia-bob`s.
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Good scientific practice
If you use custom code written by …

       a human expert       an expert LLM 

You should …

• Understand the code (roughly)

• Question used methods

• Check results carefully

• Test code on samples the 
expert didn‘t see



BIA Code Generation
#I2K2024 Virtual
Robert Haase 
@haesleinhuepf
October 28th 2024

44

Good scientific practice
If you use custom code written by …

       a human expert       an expert LLM 

You should …

• Pay the expert

• Mention the expert

• Share responsibility

• Ask the expert endless 
questions

• Share how you prompted the expert

$100/h $0.1/h

co-author in methods
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Important note

Whatever you enter in #biabob / #gitbob / ChatGPT / Claude / 
Gemini / any other LLM-based system will be sent over the 

internet to people you don‘t know. 

DO NOT enter private / sensitive / personal information.
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Installation: bia-bob
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API-Keys

My Computer
Remote 
server

Login using  username / password

Login using API key, to use some tools only

While logged in: 
Obtain an API Key

Application programming interface (API) keys: A modern kind of password 
basically invented to avoid entering username/passwords over and over again

Save the API key on 
my computer

Never share your API key with others 
(unless you trust them)

API key can be revoked / 
invalidated any time,

https://en.wikipedia.org/wiki/API_key

Some 
tools

https://en.wikipedia.org/wiki/API_key
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Anthropic / Claude API Key
To use claude, you need an API Key from Anthropic (usage may cost money)

1
2

3
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OpenAI API Key
Create an OpenAI API Key (usage may cost money)

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

1
3

2

4

https://openai.com/index/openai-api/
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GitHub Models API Key
Create a GitHub Models API Key (usage may cost money)

1

3

2

https://github.com/marketplace/models/

https://github.com/marketplace/models/
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GitHub Models API Key
Create a GitHub Models API Key

1
3

No need to 
configure any 

rights. Just create a 
key with default 

settings.

https://github.com/settings/
personal-access-tokens/new

Free service by Github / 
Microsoft Azure

https://github.com/settings/personal-access-tokens/new
https://github.com/settings/personal-access-tokens/new
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KISSKI / GWDG API Keys

https://services.kisski.de/services/en/service/?service=2-
02-llm-service.json
https://kisski.gwdg.de/en/leistungen/2-02-llm-service/

Create an KISSKI API Key

Free service by 
German Academics

https://services.kisski.de/services/en/service/?service=2-02-llm-service.json
https://services.kisski.de/services/en/service/?service=2-02-llm-service.json
https://kisski.gwdg.de/en/leistungen/2-02-llm-service/
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Exercise: Store the API key in your environment

Add the OPEN AI API Key to your environment variables

1

2

3

4

Enter
OPENAI_API_KEY

Or
ANTHROPIC_API_KEY

Or
GH_MODELS_API_KEY

Key here

https://github.com/haesleinhuepf/bia-
bob?tab=readme-ov-file#setting-api-keys

https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#setting-api-keys
https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#setting-api-keys
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Setup an environment on your computer
conda env create -f https://github.com/haesleinhuepf/bia-bob/raw/main/environment.yml

conda activate bob-env

jupyter lab

Setup a new 
environment using a 

predefined set of 
Python image-analysis 

related libraries

Log in to this 
environment
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Bia-bob installation on the web

https://github.com/haesleinhuepf/bia-
bob?tab=readme-ov-file#installation

https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#installation
https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#installation
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Installation: git-bob
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Installation: git-bob
Upload git-bob.yml file to .github/workflows/ in your repository.

https://github.com/haesleinhuepf/stackview/
blob/main/.github/workflows/git-bob.yml

Consider pinning a specific 
version here to avoid 

updates being installed 
automatically.

Modify the 
system message 
to your use-case

https://github.com/haesleinhuepf/stackview/blob/main/.github/workflows/git-bob.yml
https://github.com/haesleinhuepf/stackview/blob/main/.github/workflows/git-bob.yml
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Installation: git-bob
Configure 
API keys
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Installation: git-bob
Set access rights in the Github Repository Settings under Actions > General 
> Workflow permissions
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Installation: git-bob on the web
Github Gitlab (experimental)

https://github.com/haesleinhuepf/git-bob?tab=readme-ov-
file#installation-as-github-action
https://github.com/haesleinhuepf/git-
bob/blob/main/docs/installation-tutorial-gitlab.md

https://github.com/haesleinhuepf/git-bob?tab=readme-ov-file#installation-as-github-action
https://github.com/haesleinhuepf/git-bob?tab=readme-ov-file#installation-as-github-action
https://github.com/haesleinhuepf/git-bob/blob/main/docs/installation-tutorial-gitlab.md
https://github.com/haesleinhuepf/git-bob/blob/main/docs/installation-tutorial-gitlab.md
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Exercises
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Exercise
Ask bia-bob to segment nuclei, before and after installing pyclesperanto!

After installing 
pyclesperanto!

Learn more!
I2K virtual, Oct 
30th 14:00 CEST

https://github.com/haesleinhuepf
/i2k2024-ai-code-generation

https://github.com/haesleinhuepf/i2k2024-ai-code-generation
https://github.com/haesleinhuepf/i2k2024-ai-code-generation
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Exercise
Login with your Github
account and create a 
new issue. I’ll chat with 
you and the AI to make 
it happen.

Bio-image analysis or 
kids’ stories - your 
choice!

https://github.com/haesleinhuepf/i2k2024
-ai-code-generation/issues/new/choose

https://github.com/haesleinhuepf/i2k2024-ai-code-generation/issues/new/choose
https://github.com/haesleinhuepf/i2k2024-ai-code-generation/issues/new/choose
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Summary & outlook
• LLMs can generate code to analyze 

biological microscopy images

• We can learn how to use them

• We need to understand bio-image-
analysis, no matter if we write 
code ourselves or if we generate 
code using LLMs

https://doi.org/10.5281/zenodo.14001044

https://doi.org/10.5281/zenodo.14001044
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